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Section 1. Chemistr- of the Production of,Properties of, and Arplications of
the Nitro Derivatives of Benzene

I e - ve Linuid wi
e S .- . Yanzene is & colorless, highly refractive liquid with a characteristic aroma,.
..-‘\‘_ - i SN g e
v N - 4o + v
7~ Its bo?ling point ils 80.1%, melting point 5.58°, specific gravit: dig” = 0,8787,
50°
d/+0 = Qo8hLsk.

Technical benzene always contains foreign impurities., The major impurities
in venzene from coal are sulfur compounds: thiophene (roiling point 84°), which
mav constitute up to 0.5% of the whole, and traces of carton disulfide (poiling
point 47°),

Thiophene differs from henzene by its capacity vigorously to oxidize nitrie
acid, and therefcre, in the nitration of benzene, additional nitric acid is expended
*o oxidize the thiophene.

Tricchane and carton disulfide are usually not present in ‘enzene made from
retroieum. However, this benzene does contain a considerarle quantity (up to 5%)
of gasclines, as well as of unsaturated hydrocarbons.

The following specifications must e met by coal-derived henzene to be used .-

2

o
for nitration: specific gravity dhg = 0.875 ~ 0.880; boiling point between

is
79,0 - 80.5°, The degree of purification determined by the absorption of bromine
titer

(the bromine wmust not be more than 0.42 per %OO cc benzene), and by the
color due to sulfuric acid (not more than 30% of a standard sample), Moreover,
131 not less than 954 of the benzene b; volume should distill within 0.8°, The
~enzene is tested for the presence of these I¥ impurities in a manner similar to
i

. "
the testing of the toluene, as described in the section {frinitrotoluene}.

Bengene is difficultly soluble in water: 100 cc water dissolve 0.082 cc henzene

ether, disulfice,
e TR T g I EEES gt 20°. Benzene will mix with alconol, M#NJ acetone, carbon ATMMXXXISDNXSUXKINEL




and ligroin,
IIFEAXENY in any ratios. It is a solvent for fats, oils, rubber, nitrocellulose,

etc., and burns with a very smoky fire.

Bensene is toxic, ani safety rules must be strictly adhered to in working
with it.

Ber;zene is transported in iron tank cars.‘ Inasmuch as it has & high
freezing point, it is necessary to thaw frozen benzene in winter. Thia is
usually done in thawing sheds, in which ﬂh tmperature of LO - 30° is maintained,
and in which the benzene thaws out in 24 - 30 hrs. Other methods of thawing
frozer benzene are also employed.

Mononitrobenzene is formed upon nitration of benzene by nitrie acid or
mixed acid, in accoriance with the equation

Cytle-+ HNOy -+ CHNO, + H,0.,

Mononitrobenzene is a yellow liquid smelling of bitter almonds., It boils
at 210.6°, freezes at 5.7°, and its specific gravity is di?f = 1,204,

Mononitrobenzene is readily distillable by st;m. Its solubility in

sulfuric acid and mixed acid at 43° (Bibl.81) is presented in Table 33,

Table 33
al ’) b) { <) d)
50 0,02 \ 40~—50 about 0,015
60 0,03 60 abeut 0,02
70 | 0,04 # -— -—

a) Strength of HyS0,, % b) Solubility of mononitrobenzene, %; c) Strength of
Hy80,, containing 0.2% HNOj, %3
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Mononitrobensene dissolves very slightly in water, but well in ether,
aleohol, bentene, and strong nitric acid. It is ..self a solvent for Wi many
organic substances, including nitrocellulose, with which it forms a gelatinlike
substance. In its chemical properties, it 1s typical nitrocompound, and yields
aniline upon reduction. It dissolves in sulfuric acid, but if undissolved
nitrobenzene remains, it can be extracted by anhydrous sulfuric acid out of
the acid layer, ylelding a compound of the following composition 66H5N02 * HaS0,
(Bibl.82).

In the liquid form, mononitrobenzene does not have .explosive properties.
Hm‘nver-, in the gaseous form and in a vessel heated to high temperature under
pressure, it is capable of decomposing with great force (Bibl.83).

Mononitrobenzene is widely used as an IHEM#MI intermediate product in the
aniline dye industry for the production of aniline. A small amount thereof
goes to the making of cIEX chlorate explosives, in which it serves as fuel and
phlegmatizer.,

Dinitrobenzene. Nitration of mononitrobenzene by mixed acid yields technical
dinitrobenzene:

CeHly (NOp) + HNO, =+ CeHy (NOY), + HO.

The nitration velocity of mononitrobenzene under homogeneous conditions rises,
as was demonstrated by Martinsen (Bibl.84), with increase in sulfuric acid strength
to 89,1%,and thereafter it falls. Hetherington and Mason (Bibl.85) have investigated
this reaction under heterogeneous conditions and determined that the nitration

reaction proceeds only in the mineral phase.
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stage (Bibl.a7). e

. .f.ri..a..= Bé%- at 75, —'80°..~, ééﬁsists of three isomers and has the following percentage

_ dinitrobenzene obtained; MEXEXYX d) Meta-; e) Ortho-; f) Para~

to
Mononitrobenunc may be nitrated I meta-~dinitrobenzene by nitric acid in the

presence of boron fluoride {Bibl.86) with a yield of up to 90%, Nitration of
mononitrobenzene by sodium nitrate with excess strong sulfuric acid yields the

same good yield of dinitrobenzene as when fuming nitric acid is‘ unployed.' $

Binitrobenzene ma.ly be px{bd_uco'd b'y"m nitration of benzverie, and in a single

Technical dinitrobenzene, obtained by nitration of mixed. acid with

composi ‘uon

m(sih.as 89): N

iy

' .f". é.."' Meta—&iﬂitrobcm‘ne : ¢ s 0 0 0 e ; e s s o ¢ 90 - 91.

OrthMinit!’Ob.nz‘ne N N A AR 8-9

Para-dlnltrobenzme S e o o 0 st s s 00 1 =2

[
A . -

The fr;b.iiﬁé point of techng}calx‘fiiﬁ?.fpben;_ejng,;is"8..J..°".'

L ,
y, . e T L R
impurity in ta-udinitrobgnzene. The yleld of the meta-dinitrobenzene isomer

-17 %o —10

-5 qio 4—5“’ :
, 2529 .

\ .t 6560 -

) ' 90—100 .
- ‘ - 124—129

a) Nitration tinpératﬁro 9C; b) Freezing point °C; c) Percentage composition of
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132 Tables 35 - 37 present certain physical-chemical constants and properties of tte
isomers of dinitrobensene, from which it follows that the meta-isomer, which is the

chief product of nitration, is more soluble than the other two.

‘Table 35
Product Melting Boiling Point,
. : , ‘ Point, °C
- Meta-dinitrobenzene : ‘ 89,7 ’ 302
, ot Ortho-dimitrobenzene . \ 116,5 l 319
. 3 . . 2 00
. . » Para~dinitrobenzene . \ 172,1 l 3
. o, ' ot : . L ‘,. ~_. ¥ . 'T'I;able;.BA ' . h
J;"Q-..:. ‘;"“_, “:":":‘ R T ’ ’ XU . 0
, NS B, ARL A MR S I
: ) 20 | % | -129_~ ‘ Mo | a0 | e :
) 1,577 ‘,1,3644 13349 3149 IR | 0,02528 .
1,50, | = .| L3N ]t m291s - 1,177 K —
- L. - . . . [y
SRR BRI R - -
i U L
'l ST e TR Lol
s A . B ': o et “", .
- 13, . Sl .Table ‘3. S B .
‘.t E ' . . o . ‘:,). . R
o' o : .
5
o c)
a) - by ! o
. o | meta- |~ ortho- pdrq.
: : d) - . [ 2,5 ’ 675 .| 3,3 080 e
* . e) ‘ C00,5 3.5 1,9 . 0,40 - ‘
12 ©20,07 0| £2,4 1,09 0,30 .
q) : S A S O 0,24 | 0,14
h) : A - - B | 1,82
i) S L 39,45 5,68 2,56
i 18,2 ] 36,27 12,96 3,56
K) . 16,5 1 30,66 3,63 2,36
oo 15 | 1,8 - 0,14 0,12
m) 20,0 ; 0,02 0,01 0,01
m) : 100,0 032 | 03 0,30

a) Solvent; b) Temperature, °C; c) Parts of dinitrobenszene dissolving in 100 parts

of solvent; d) Methyl alcohol; e) Ethyl aleohol; f) Propyl alecchol; g) Carbondisalfides
h) Chloroform; i) Bentene; j) Ethyl acetate; k) Toluene; 1) Carbontetrachloride;

m) Water
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133

The solubility of meta-dinitrobenzene in .00 parts of aulfuric acidi X ef

various strengths is presented in Table 38 {Bibl.91),

Takle 38
| b
a) | )

' P 0 e | %0
0 0,60 i Ly LTS
10 065 | 1,4 | 772
B, 015 | LT 7,9
00 1 0 |18 2,0
0 | 1,00 l 22 0.1
60, 1,15 27 11,25
70 Lao 03,5 1 13,40
B0 1S T 40 160

- @0 | 205 | 48 i 186

100

300 1 65 | 23

a) Temperature, °C; b) Fercentage solubility of meta-din::robenzene
in sulfuric acid. of various strengths, in 2%
Tne comparativeir low solubility of meta-dinitrobenzene in sulfurie acii
facilitates the separation ¥X thereof {rom the spent acid in production.
'Dinitrohenzene is a poispnous substance, aﬁd the danger of poisoning therevy
is increased by its volatility (particularly in steam).
Meta-dinitrovenszene i3 = -<eutral substance that :does not react with metals.
Upon boiling with caustics, ortho- and para~dinitrobenzene form the corresponding
ortho- and para-nitrophenols. Caustic reacts with meta-dinitrobenzene only a:

clevated XK#X temperature, and the reaction product IKX is apparently a complox

With sodiwm methyiate and ethylat., the

chemical compound of unknown composition.

ortho- and para-dinitrobenzenes form the corresponding nitro ar‘soles w1l ' ~ro

BEKMXEI phenetoles.

Reaction of sodium methylate and ethylate with XX meta-dinitrobenz:ie ; ields

P

COIREBXEXXC 257



135

insoluble compounds, brown in color,
Amonia and methylamine react only with the ortho- and para-dinitrobensols,

yielding the corre<yonding nitroanilines and nitromethylamines, on the equation

Cally (NOg); + CHyNH, — Cytl, (NO;) (NHCHy) + HNO;.

A L

A
N,

S\oq\itim sulfite exchanges a nitro group for a k¥ sulfo group in the ortho-

e

7

. ard para-dinitrobenzenes,in accordance with the equation

NO, /Nu2
NN N\ .

NO SSO,Na
| |7 7 Nas0s-+| [T + NaNo,.
N NG

Sodium sulfite reacts with meta-dinitrobenzene only at ¥X elevated temperature.
As was demonstrated by O.M.Golosenko, the reaction proceeds in accordance with

the following mechanism

oH
N/SON
NO, P SON:
VN ! .
at 00 <+ INaOH
i\ )No, +H,0+2Nag80; — ';NO-
SO;Na
OH
7 . NHSO;N.
N—SONa et
’/\f N
|
\I/_N02+N32503 C— f\"_Noz-}-Nagsm
|
$O;Na SO;Na

There is a side reaction

OH

N—SO;Na
NO; 8!
a AN

i | ' : Y
| +2N2,S034 Hi0 —= | | _n.4+-N2:804+NaOH,
\/No2 3 AN NO,

which, later, upon acidification, results in the formation of unsulfated amines:

OH
)Iq/_soaNa PIIHSO;Na
FAN EERN
‘\)__Noz"}'Nﬂnsoa - - I\.)I_N02+Na250.:
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134
Y]JHSO;,Na Nl'i2 g .
VAN N ce

| /J__‘N02+ngo == { | N0, FNalISO,.

135 The ratios betwwen the comﬁounds formed are: : . .

e

before acidification °, ) .

-
-

Ol o o . . .
S o/ :
N- SO4Na © N=SONu o’
\‘ \\i - /
.86,
. ‘\ —=NQ;, . 85 ’ v
. |
SO,Na .,

Nn_:""“"“{ " ) oNo =%, .

I | .
Tt S0O,Na

.

after acidification

NI,
IN . oll
-. .. ‘I \] 1 " ’/ ¢ 0
. . —No, 80 ',:,; N 'TN‘)-‘—T' .
. - | R A
. : . so.n CLe . 4. sod, . ‘
.Din:}trobq'pzon'e is an"explosive ti}iat '-i:;"'higb_;y stabLé at elevated téﬁperaturé And '
LT VR AFEEE MR RO N
of low sensitivity ¥ to mechanical influences (the shock sensitivity Y is'less
that of‘TNT);_,,-_It;_B.;"'éxplosi've propérties are about 13% veaker f.;ﬁa.ii.',those of TNT:;-'. e
(Bibl.js); ) '; . -' -J \ ‘ N . . ¢ . N D S . r,";f‘
The-heat of detonation “of.dinitrobenzene is 820 kcal/kg
gaseous explosion products is 635 ltr/kg, the detonation ve.iégipy_éloo fu/s"e'é-":‘?',‘,,t.t)e‘g} ‘

. fugdcity *is 255 cc, the.brisance is 3.4 mm according *t’;,t;-l(a'st, and 10 mn according A N
: i o ER

2 ' o o'

to Hess. " . Y e s
. . SR ot e o
" Dinitrobenzene is peorly detonatable., When KEiX cast, '.it' re&m;ns a very :
powerful detonator, but, unpressed, it.may be detonated by a cap contafning 1.5 gm °
. P . . * ' . .t .- ‘ ‘
mercury fulminate, whereas when pressed uhder a pressure of 290 kg/c;l_lz ard 2 * .

density of 1.B9 it may be detonated by a cap with 3 gm mercury fulminate, while

. - .

when pressed under a pressure of 850 kg/ en? to a density of lobds, it cannot. by

LuXaH
259
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136

o _— 'A.:'siibstamial:s'uﬁﬁ;y of raw materials t‘or‘t‘hé. production of  dinitrobenzene ‘is’

':_;,“Iaz‘:ge—cglibcr shells. Ifi Germany, a mixture of potassivm chiorate

detonated by & 3-gram cap. X
Dinitrobensens with a.powerful detonator XX may be employed to fill shells, both

as an i'ndc;'sorx:lont‘ explosive, in the pressed aﬁd ciat condition; in’each case .the

1

éimesity of casting may be in the range of 148 - 1.5, Most, 'f;-equent.ly! dinitrobenzene

" is employed in mixtures with at_mpohimi nitrate, as well as in the. form. of ;al_loirg with

e

:..'-:‘('i'th'ei‘: ,iéﬁﬁioﬁves. T - - - N

s

av&ii#blé;'* In t'hisqusp?é,t, it enjoys a significant advantage over the othier: IK
imiviq'ugi cxp‘l'os.i;reg.‘_ . Therefore, in wartime, the prd&uction‘of“dinitrobenzene‘is

. expand ed¥BKX: congiderablys - .. T ¢

oy
iy

" A major ;sborti‘éqming of dinitrobenzene is its toxicity.. For this reason, it is

I R [
R
e e

_ produced. ig_pea'q'etim.eﬂoni?y f_inlqug.nt‘,‘li:‘t?i;g‘i"ec.';h;lged to-satisfy the need of the aniline " ‘

dye industry for $&¥ production

-

of metﬁl-ni_troanilir;_e-'j'a\r‘id.‘-'vrjx“lﬁe_f;;-phenylenediamine , ‘which
are intermediate pr-odug.ts for dyes. :'I'{'i.‘\ia;t'inio, dipiiroﬁé'nz'e.he' is frequently

s .
Lt oL

produced in aht;ps that manufacture TNT (when toluene is. unaw}é;iaﬁle),/—the starting

Y

[N

rather KXXIN similar in their properties.

5
£

Duriné Wér]d'.WAr ':"I, picricjicid WX Was mplo;fed in ‘an"'al‘-loy}wi't,h.‘_dinitrok;enzene .

and a 1i§£13’;va.‘qc'lir'ur, as a phlegmatizer (87% p.iéz::ic acid, 10% dihitropehzine, ‘and
3% vaseline). InEngla.nd, :thia'll.;loy was ’us“e‘g to tfil-i_aﬁno?-piercing'shé_ll_s., a.nd T

JERTRLIN . . .
[ St ~ - . . .
ae L)

- of the following composition was -n'plc;yod: 56% KC104,; 32%-d1nit.robonzcne;u.nd 12%

dinitronaphthaléne. When heated, this mixture liquifies, and it -is thorofox;o oAy

.
.

to fill shells with it.

Alloys of dinitrobenzene and TNT have not found application, as they ‘melt at’

260
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»

and intermediate products emploved in the manufacture of INT -and dinitrobenzene are S

PR

u:xi ‘difitrobenzerle




136

.~ dinitrobenzene was pouréd :in_'to‘fill,up-.'A

" The density practically at;aihg,la_ie'

low temperstures. . A T o '
; ' . i

. _ . ' _ with
During World War II, dinitrobenzene was employed in a mixture ¥X ammonium

"

nitrate and ‘other explosives in the filling, primarily, of aviation bombs. Ir Germany,

. 4 -
- . o

serial bombs were filled with dinitrobenzens by t

he so-called piece method ¢ pieces of
PTEN, RDX, calcium nitrate, and ammonium nitrate were loaded in, M and .then melted

" The use of dinitrobensene to produce érsatz explosives makes it possible to

.

expand the supply of raw materials available; ;

'I‘rinitrohénzeqe. ‘The 'i;3,5'-is.oingi; was firsf‘ob‘t'ained by Hepp (Bibl.l6) in

'1870 by reacting very str'ging," ‘mixed aéidfﬁit_h’d_iritrobenzehe at high temperature

<=L (NOR) i HNUg = Celly (NOpg + RO,

A

1,3,5-Trinitrobenzens is crystaZ.L‘livzed#f'ro;{' alcohol in the form of white platelets

. of rhombic shape. The freezing point is 123.25°, and ihe epecific gravity 1.49,

o Table 39 presents data 6&"thé. solubility of 1,3;5-trinitrobenzeéne in various

Y

: ’Ao;ve’gxtg (Bib1,92), and-Table 4O’ stiows its solubility in sulfuric acid. The Tables
. show :ﬁ_hét;j t',hé' t?éa't, solvent for 1,3,'5.-trinivirop~enzene is pyridine and acetone, The
' s'o'lhbili't..y"d 71.,3',~5-tr_ini:tro,benzono: in.qulfux;ic acid is practically equal to the

‘ qoiubi.;ity'of.'m meta~dinitrobensene (see Table 38). - °

261



136

Table 39
al b)
17 s | 10
— ; -
c 12,60 | 194,23, —
d) 59,11 1 160,67 —
e) 29,83 52,40 -
£) 1,86 46,31 : -
q} 6,18 | 2570 | -
) 6,24 i 18,42 | -
2] 3,76 7,62 —
) 2,00 1,57
k) Lw | 2,72 -
, | Cat 32
U 0,24 | 0.4 -
i i { at 33°) '
m) o003 | 0,0 0,50

a) Solvént: b) Solubility of trinitrobenzene {in 100 gm solvents), in gm, at
. . . . 1
temperature in °C; c) Pyridine; d) Acetone; e) Ethyfacetqyg; f) Tcluene; g) Benzene;
) Chloroform; i) Methanol; 3) Ethanol; k) Etherf 1) Carbonrisulfide; m) Water
L THXXE
i leloe ol e &5ciid LLE melling point of alloye of L 7 S trinitrotenzene and

meta-dinitrotenzene, which, as is evident from the data presented, first drops, and

then inareases. This testifiea tn tha aviciomco o7 & guiéLuic maxture oi 4,3,5-

.

trinitrobenzene and meta-dinitroberzene. In point of fact, trinitrobenzene-1,3,5

does ;ield a eutectic mixture with méta-dinitrobenzene, melting at 61.9° (Bibl.87). .

.

Some investigators (2ibl.92, 93) regard this to be an unstable modification of

- -

1,3,5-trinitrobenzene. Urbanskiy (Bibl.94) has convincingly demonstrated tre acsence

of'dimarphism in 1,3,5-trinitrobénzens.

TEEXMXKEX
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137 ‘ Table 4O

Fd
a) . | _
70 ‘ 80 \ 90 100 .

o5 0,5 ’ 1,05. 7.8 20,5 ¢ ¢
10 075 | 1,75 8.6 Mo
50 0.9 | 1,0 71,3 2%,5 .
& , LIS i 2,3 " 1ion68 | 28,0
70 1,2 2,95 12,05 32,0
80 1.5 3,75 14,75 34.3 o
%0 1 20 415 .0 17,95 ' 810

| | ' . P R
100 25 5,90 21,30 | 42,4

a) Temperature, °C; b) Percentage solubility of trinitrovenzene in sulfuric

acid, strength in percentage

Table 41 .
a) |
| d)
k) <) i -
ey - -
100 | 0 120,3
a0 ' 10 . 109,8
80 20 i 98,3
70 ‘ 30 | 86,2
60 ' 40 ! 74,2
55 i 45 { 65,5
50 | 50 i 61,9
40 60 ‘ 65,5
30 | 70 | 72,3
20 | 80 ] 78,2
10 90 | 84,5
0 , 100 : 8,9

a) Composition of alloy of trinitrobenzene and dinitrobenzene; %; EIXXYJyExX

b) 1.3,5~trinitrobenzene; c) m-dinitrobenzeme; d) Melting point of alloy, °C

1,3,5-Trinitrobenzene is a neutral substance that does not react with n.ntals

.

and oxides thereof. With alcohol solutions of bu.u, such ag NT, it yields metallic

derivatives red in co.lor, having & low detonation point and high nmitivity to.'

mechanical action:

23 | a
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NO,
/AN

ok

1%

o,

0O OK

N/
N.
| -

CH30K

———

O,N_ 'NO,

I
N
!
/
N

TN

H OCH,’

~ Reduction by tin in hydrochloric acid permits-the conversion of trinitrobenzene

to triaminobenzene. Certain oxidizers (for example, K3[Fe(CN)s]) transform

1;'3,5-trinitrobenzene to.pieric acid. The dilute soJution of caustic .soda converts

1,3,5-trinitrobenzene to sodium dinitrophenolates:

NO,
o ONaOv -
f ."N'(:);-{:vr\m !

ONa

e aNO,F 11,07
N aﬂum%+MN_+l

“amines, as well as other:co_xﬁpbunds"-(8:@‘0_1".'95-,9'.4). With 'miphlqroélucine, in alkaline

solution 1,3,S-trinitrdbenlzen.e-;'foms 'polycyclic compounds -(Bi'bl.97~').'

The. asymmetrical trinitrobenzenes are more. rohctive..,_'l'hus, substitution of .° :

. .
. °

the nitro group by the hydroxrl occ}urs"eyen under the influence merely of weak soda

solutions:s” | - c e

. NO,
c 0N,
) LT Naco,
e N
'No,

T NO, C Ve,
.| ONa . L
S FNaNO,4:CO,. - * ¢
N ‘ ;
NO,

264




138 ‘ When as:nmqt:tical trinitrobenzenes are heated with an aqi:eous ammonia eolu't:ion,

the nitro group is renlaced by the amino groud: .oy :
. ' NO, . NO,
- -ol - ’/\ ) * . . . . . . .
"NO, -:-2NH,; * NI T . .
. . : i 2. Rabiidc] 1 b + NH,NO,.- . .. )
- . - S ) - ~ »’} . © -
S s < S AU
e T .-7 .When an aqueons sodium sulfite BRIE soliution is reatted with asymm otric "XERKKNK
isomers, scdium salts of dinitrobenzéne’ sulfonic acid.resvlt: . © ..
. . N . .- . . ’ °3, .
: - ."NO, - Nog g
z : .-V B ) \ , : ) "/i“ ) e . ' v ' S . .,_' |.‘ .
- : : NO, ) - " SO;Na
2 v d
T e e +Na80,—| | 77+ NaNO,. :
aren T NG, N0, R L

bt mm 204 s

~v santwnl an'utdien T XXX ¥V anidd ec
. . .

, the Tollowing equeticn’ .. .°7- T T MU

CyHy (NOy)y- N2yS09 411,80, =+ Gl ly(NO; + 11,0 £ Na,SO, 480, "

. fe . o, HR
*»

¢, - st ¢ . :

The method emﬁioyed’,"sépqrate' trinitrobenzene”from an alioy thereof with .

S .-

R
e ey ben RV,

'is’.basedupon "this property. - R P
T s, . - c e .
"’Fﬁg stahilit._,}lr- pi}’t_.x;inﬁ.robenzerge is equal Lo that of TNT, whereas its ghock TS
Ee e _'..:,.,'_.w.' e W - .
. PR Z R e e )
7 ‘sensitivity .is considerably higher (it explodes upon'the drcpping of a2 kg weipht . .

3 .
. o . . s,

a . .

t‘r-om. a height of 45 cm, whereas in the case of TNT, the distance required J','s 1¢0 em) .

- - e . .

et s (_Bihl.35). As comr;ared with INT, the raw materials XX that may be used for production

° are more e.xt.e'nsive, and if a favorable IX solution is four;d to the problem of production
. . " of t.rinitrobenzene, it could find the same field of a'.pplicat.ion as TNT. An insignificant
- quantity of trinitrobenzene was employed in World War I in the filling of naval

armor-piercing shells.
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139 Table 42 presents the explosive properties of irinitrobenzene.

A

*

" Table 42

. L Ghara;;é;istic N"N“T< Trinitrovenzens
) Volume of gaéééus explosion 1 71
. . ’ prodycts, in ltr/kg %
) . Heat of expleslon, kzal/kg g 1104
. . Speed of detonation, m/sec ? 7300
Erisance, due to Kast, mm i 4.7
. ; Fugacity, in cc 325

. Tetranitrotenzene (1inl.98) -~ the 1,2,3,5~isomer - is a crystalline, bright

vellow substance, having 2 melting point’ of 129 - 130°. It fuses without decomposition

‘

in the fused state, and will not decompecse in a fH~hour period.
E 2] L;quids containing oxrgen in their molecules {alenhol, acetone, ether, etc.)

will dissolve it. In hydrocartons and their halide derivatives, 1,2,3,5-

tetraniirc-enzene dissolves to a sufficient degrbe {particularly when heated), and Is

capatle of heing recrystallized therefrom. .
In water, 1,2,3,5-tetranitrobenzene virtually u:lergoes no dissolution at all,

but when it iz ailowed to stand in a vessel with water, the latter acquires a yellow”

coloration even within half an hour. The color is due to the reaction of 1,2,3,5-

tetranitrobenzens with water, resulting in the formation of pleric acid: .

: . NOy, ‘. N,
!

0 ~OH
L0 - Lo
2

. +HNO,.
NO O,N . ;

O.N O -NO,

The reaction speed increases with increase in\tegpyrature, and boiling water

¢ . —— o S— g

completely converts 1,2,3,5-tetranitrobenzene to plcric acid within a few minmtes.

o

However, aiorage ofugpq;product in the air results in vi-tually no decompositicn,
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18] D, Irinitroxylene and Cther Nitro Derivatives of Xylene

Trinitrox~lene C4H(CH3)2(NOp)3 (or xylrl) is & nroduct of tle nitration of an

aromatic hydrocarbon ‘v xrlene, Irinitroxylene was first oftainel in

&9 1o Fittip.

As a consequence of its weal exrlosive properties, as well as of tre comparativelr

(considerahbly less x-lene than toluene is
small supnlv of raw materials for making it FX¥IEKEIEXKERENTHEAXARXEKEXATHXITAXKINK

=
Q
=

in tie disti]lation‘products of coal and petroleum), X¥IKE x1-1 ras
congidera: - less significance as an explosive thran does TWT. X:-lvl was widel:r
emploved in tne First World War, rut. was used to an orlr irsipnifi:ant iepree during
tle ¥ Second Jorld war. Juring wne First world war, it was produced in rrance, XXX
the USa, and Russia.

in reacetime, xr-iri is emplorei as & componen. o ammonium nitrate explosives

containing 887 MEEGKIMKE ammonium nitrate and j2U x-lvi.

In nssia, tre produston ¢! x1;) was undertaren on tre initiative of
rrofs AsA,30lonina, wio leveioped a method of producing it «» nitration of coal ligrt-
fraction resin x; "enes ' mixet acii. he producticn of x1-1 was undertaiken
s'muiltaneousi; at tiree rlants: the tkita, Krotre, and Shterov. 4rlyl was employed
in a mix*re wit” ammonium nitrate ‘o fill hand grenades and mines. I¥§ later, a

mixiure of xyiri XRX with THT and ammoniwm nitrate was emploved to [ill shells.

Jection i. Chemistry of Production, Properties, and Applications of Nitro Derivatives

of Xvlene

Xrlene CgHL(CH3)2 (or dimethylbenzene) exists in three I¥¥¥ isomeric forms:
ortho-, meta-, and para-, in addition to which ethyl benzene (C¢HsCoHs) is isomeric
therewit.n. The hasic phvsical properties of these aromatic hydrocarbons EI are

presented in Tables 43 and 4.
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151 Table L3

| L ‘
a) | b) ¢) ! dJ
, ; - ;
ej ConHO =20 0,881
f) P130,3 47,4 0,867
- 9)- .. 1385 —13,2 0,861
h) B I IR LT

" L2000
a?d

’
(AN

a) Compounds Y Foiling point,® ®Cs~ oy _d)_.'Spé_ch_'ic gravity

o g

e) Ortho-x-lene; f) Meta-xvléne; g) enzene

Tabie L,

™~ T - . . .
* 1 ) . | . N noa P :
[— .« . Golurility in-l0C gm of, at i5°
Compound . A T e I —
Water . Arsolute Alcokbol ' dtler
Ortho;xviene Insoluile ' © Jolwrlé in am prantits iSolunJe dinany
' ‘ . : : ©gquan*titr
Meta~xvlene Insol: le . X&Xﬁhlﬁilhi@h#]qﬁlﬁthgA ﬁhg
Para-x. lene Insoiurle
nthyrlienzene ‘ Colid . ‘
152 wren strong sulfuric acii is reacted witt xvlenes, vre reaction witr *l'e meta-
. £ ’ .

5

isomer goes most readil, and resui<s In formation of meta-xi-lene-l-sulfonic acii and

meta-xyiene-2-sulfonicy acid:

CH, CHy
N S SsOH
ooty Ao,
SOH .
Ortro- and para-xr-lenes react with greafer difficulty wi}h sulfuric a~id itecause

.
hd -
.

of tre difference in the effect of theAmethyl groups upon the orientation of th; ‘

. .

sulfo group., The reaction products are XI¥¥ ortho-xylene-L-sulfonic acid and

para-xylene-2-sulfonic acid (Bibl.110):

CH, CH,
N N
i SOH
: ® and o
SOM Cliy
290




i

152 At 100°, weak ritric acid.{30% HNO3) oxidizes c:itho- and para-xylene to the
* corresponding XEZ¥¥ toluie aéi&q; meta-xylene does not react under these conditions.

LA m}xturé«of ‘chromic and sulfuric acids oxidizes ortho~xylene to0.COp and H20, and

meta- ‘and para-xylenes to phthalic acids (Bibl.117). ' . .

" ., . . .

. ..

.. * ‘
w® - -

. .
Xylene is-obtains

]
[ors
<]
[
o)

the hok@ﬂé.éf coal ard in the pyrolysf% of petrbléuﬁ products.

Technital-xylene condists-of all ihree. isomers

»

-
. e -
v, R .
- 4 ‘ . . o .. . ‘e hS
b . o N [ \ ‘Y W 1. . . . -
- small ‘amounts of trimethylbenzene:and
" gasolines... .Lomposition of.coal xyiéne.
Oxtuu-xyAene‘lj TS o R . s
B o differs sharply from the petrolerum produvct -
3 B~ . c .
TR | . : N
R k rnnzenn_ Jemo e T .
Gesclines o (Table 45) (Dir1.117,118) in trat it has a
) ’ : o b K
- srndtan -.N-t—y-&
. . . £ - ' o
. . . ‘ ¢ A -
"content’ of -ethyl tenzene-and paraffins.- * - ~
. ' . . . - .. . ?..’ " " * . .' . A . .ﬂ N
Due tc the small difference in their toiling poinis, these hHydrocarbons cannot '
R - RN IR .-
! Yo . ., . - . - ., 3 ,":—‘,' KT
-, te separated by distilation. . re et
R . o - Seraration 'y freezing (1:irl.119) or »v employment of *hc qiffe}endes in the )
. : - sclubilities of tie calcium salts of their sulforic zcids (Eibl.120) also does not
Uvield BAKIX¥EEXEXKNX satisfactory results. The most valuable,X, for purposes cf ) .
- nitration,~meta-xyvlene, may te separated by uﬂ» aub‘ec*ing uechnlcal xyleﬂe to .
. T , sulforation KKx ty sulfuric acid (96% H2S04,) at 50 - 55°. This results in the
-~ ) csuifonation of, ard the entry intc solution merely of the crtho- and meta-iscrmors,
- while the para~x:lene, the ethyl benzene, and the gasolines are separated out.

The ortlo- ani meta-xyiene sulfonic acids are decomposed hy steam, the meta.-xylene-

sulfonic acid decomposing between 130 - 140°, and the ortho-xylene sulfonic acid
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53

decemposing at 1oC®. The liberated hydrocarbons were driven off with the water |
1
vapor and separa;edfrom the water vapor in a condenser ({iibl.121).
Purification of technical xylene to be nitrated is unprofitable, when performed
in the manner described.
Tnerefore, it is primarily xylene derived from coal, wh}ch contains the largest

amount -of meta- and para-isomers, that' is chiefly employed in nitration. The content

.o

ol other.impurities is limited by the technical spee¢ifications, in accordance with

.

x,tene has tc have’a Speclfin pravity of 0.843 : 0.003, must ‘go over in tre

A

137,5 - 141,50 températnre interval, and not less than 95% of xvlene must go over’

in ‘a temperature range of no more tran L.5°,

Monenitroxyiene.  Wher technical xylene is nitrated By mixed sulfuric and nitrie

acidi, techknical.mononitroxvlene is formed.
" CeH, (CH,),+1INO, = CgHy (CH,), (NO,) + 0.
The nitration product is a.mixture of isomers. Thus, nitration of. meta-xvlene

cesults in the formation of three isomers (Bibl.122, 123) chiefly

clt, T et ey )
" NO TR B PP S .
} Il ? 2-nitro-meta-xylene and.: .‘- i v U h~nitro-meta-xylene,
. <. CHy-

. . T 5Ch
as well as a small amount of '
OIR

| |. . 5-nitro-meta-xylene.
onN. a; %

. . JET. . I .
.

Hitration of para-xylene resnlts in the formation only of

Cli,
RN N . - . . .
{ ©: 2-nitro-para-xylene .
N : !
Cty,

It is more difficult to nitrate ortho-xylene than the meta- and para-isomers

«miEXXIZXXIKdHKXﬁMKXii&NiK¥X“EXK3XXZKJXiR8Xﬁ&ﬁﬁ&¥X33XKIBJ3?33¢¥K£¥K
ot Avcitntle CoDY
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{Pin1.127), and two iscmers (Eihi,128) are formed as a consequence:

Cli; ‘ CHl,
N o1 | R . CH, Y .
! { 3 3Zenitro-crtho-xylene and : | - Lenitro-ocrtho~xylene
'\/NO, \
No, v

Kobe and Pritchett (#it1.129) have investigated the effects of various factors
nren nitration of ortho-xylene to the mononitroderivativz. They determined that, when
the optimum ceniitions are adhered to, a vield of 90% mononitroorthoxylene may b
achieved. Tre nitration product c-nsists of 58% 3-nitro- and 42% l-nitro-ortho-xylene.
Uf the trree xylene iscmers, meta-xylene is nitrated nost readily (£!11.123, 130).
Nitrztion o) meta-xviene requir-s; KAX half as much‘sulfuric acid as does nitration of ithe
ort.n- and para-isomers. .

Tatle Lr presents a comparison of the conditions of nitration of the isomers of

.

xylené. ’ X ,
Table l;fﬁ
l b} ! | ) I }
a) : el l 1 9) h)
_ — — !
; <) [ d) E d) I ) | .
e v“-.____.,l_ i __l, . - -
ortho(2 . I6=3 1 25 158 | 80 78-32 ' 60 1T 9%
Pare.(2). Doneqo 30 5.0 | 85 ! 77—85 | 30 o
meta.(1,08)- { 5-55 | 3o 10,0 ! st | =8 ! 60 98

a) Molar ratio zﬁx%gfg; : b) Temperatuvre ©C; c) Permissible; d) Optimal; e) Excess
29

HHO3, 95 f) Strength of 112501, #; p) Reaction time, min; h) Maximum yield, %

Nitration of ethvl benzene L¥N¥ forms a mixture of three isomers: ortho-, para-,

and mera~, The technical prodvet, obtained at 35 - LO®, consists of 48.5% para-, KX

h5% ortho-, amd #.%% meta~nitro-athvlhenzenes (Bibl.131, 132).

Best Availeble Copy
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Para-nitroethylbenzene was recentiy suggested as the starting mate:iial for‘the

production of an important pharmaceutical, synthomycin, and a continuous metiiod of

producing moné-nitroethylbenzene, with subsequeni separation of para-nitro-derivatives,

hag heen developed for this purpose.

The physical properties of the various nitroxylene and nitroethyltenzene isomers

are cresented in Table 47.

Table 47

Chemical
150

———

'

2-Nitro-meta-x»ylene

/i-Nitro-mesa-x;lene RiE

S=-Nitro-meta~X:lene
1,142

2-Nitro-para-xylene

)

|

L i

!

|
3-litro-ortho-xyiene !
=Nitro-ortrho-xylene :
Ortho-nitroethylienzene
Para-nitroetllhenzene

Meta~nitroethvirenzene

Dinitroxvlene, When technical mononitroxylene
—— T

tenknical AKX dinitroxylene resuils:

Specific Doiling Melting
Gravity at Point

oC

228
43
246

Point
oC

"

Appearance under
Normal Conditions

P
-4

Light yellow liquid.

The same
Ilongated needles
Light yellow liquid

Tre same
Yellow prisms
Yollow liguid

The same

ey s
4@ daliic

is nitrated with mixed acid,

a1y (CHy)y (NO,) + HNO,-— CyHy (CHy): (NO,), + H,O.

The nitration product is a mixture of isomers. Thus, 2-nitro-meta-xylene has

“wo izomers: primarilv 2,hk-dinitro-meta-xylene, and a sma

11 arcunt of 2,5-dinitro-~

meta-xylene., The L-nitro-meta-xyliene isomer yields primarily 2,4-dinitro-meta-x-lens;

L ,f=dinitro-meta~-xvlene, and a small amount of 4,5-dinitro-meta-xrlene. The

4=nitro-meta-xylene isomer yields L ,5~-dinitro-meta-xylene.

The 2-nitro-para-xylene isomer yields primarily: 2,46-dinitro-para-xylene,

294

Reost Av

wﬂ?‘{“k}%iﬂ (:;{)g)),

el 1




154

2,3dinitro-para~-xylene, as well as a smail amount of 2,5-d nitro-paraexviene. The
3-nitro-ortho-xvlene isomer yields (Pibl.128) 3,L~dinitro-ortho-xvlene, 3,/-dinitro-
ortho~xvlene and 3,5- or 4,0=dinitro-ortho-xylene. The L-nitro~ortho-xylene isomer

vields 4,r-dinitro-ortho-xylene, 3,h-dinitro-ortho-xylene, and &,5-dinivro-ortho-

xvlene (Iibl.132).

For all practical purposes, the ortho- and para-nitroettyltenzenes yield onlw

J,h-dinjtro-etkylhenzehe. Tr.e mete—iinitroettyltenzene usuall- oxldizes as earlyv as

.

t-e corriitions o:taining in tre second phase (Fit].133)
The o r'sical prOpe:tiepxof cre variouns iscmers of tre dinitrox: enes and HIKIKES
1initroetr:!: enzerie are XXXKE¥X 'i]llustrated in Table A8.

I .Trinitroxyiene., wren ‘ecrnical’iiniiroxiene s nitrated wit! mixed acid,

CsHy(CHy), (NOy), + HNO, -+ C,H(CH,), (NO,); 4 H,0.

As was srcwn rr i,i1.31dnev, tre sreed of Lris reactinn uniler tcmopeneous conditicns

is quite ‘righ, and does not .iiminisi. under reterogeneous conditiens. This las- is

explained b

tre fact that tre trinitroxviene ortained under conditions of nitratior

. gt

is Jirerated in tte form of sclid

rroduct and therefore does not dissolve dinitroxvlene

Fali .

state

(unlite INT, whic’. is.in tre 1iquii EEKXXKIEK under these conditions), and consequentir, .

‘ices not reduce tre strengtl t!ereof.
» . A i

Tre nitration product of technical dinitroxrlene is a mixture of isomers. Thus,

-

2,L~dinitro-meta~xvlene vields two isomers: primarily 2,4,5~trinitro-meta~xrlene, and-

a verr small quantity of 2,4,5-trinitro-meta-xylene. The 2,5~dinitro-meta~xylene isomer

vields XFKYEXARINIVEUMNYNL 2 L, 5-trinitro-meta~xylene, The 4,6-~dinitro-meta-xvlene
isomer yields primarily 2,4,/=trinitro-meta~xylene and a very small amount of
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s

: -
v ta T S
15¢

AFal

2 y-’lt yo=-Triritreo-meta-x-

. meta-xlene.

Compound

2,4-Dinitro-meta-xylene
2,5=-Dinitro-meta-xyliene
L ,=-Dinitro-meta-xylene
I, 5=-@initro-meta~xylene
2, =linitro-para-xvlene

2,3-Mnitro-para-xviene

2,5-Dinitro-para-xvlene

3,4=Dinitro-ortio-xyliene

3 - ~Dinitro-ortro-xvlene

Lyt =Dinitro~ortlo-x-lene or
3,5=dinitro~ortho~xyiene

iy 5=liini ro~ortho-x-lene
2,L4=-Dihitroethy-lrenzene
,

. .
. .
H . .

‘2,5, veTrinitro-meta-x-lene

.
. .

L,5, =Triri* ro-meta-x-lene

lene

<y 3, =Trinitro-para-x lene

- 3yh, ~Irinitro~ortho-x.ere
3,4 ,5-Trinitro-ortho-x-lene

Tz, neTrinitro~ethr, -tenzene

l,8, «trinitro-meta-x-lere.

. hY
. o . .

-

)

2,h,=trinitro-meta~x, lene isomer that is ortained, which contains only traces of the

o
"t

otrer ‘somers (li VLIBL )Y

_ .Tre rer al rield ot‘Apr‘u‘)ﬂucL is 88 o‘f the theoretica’. . Nitration goes easily,
and requ '2 a ~05 excess of nitric acid.
A1l * 1. isomers of X¥IKXX dinitro-para~xylene, 2,6, 2,3- and 2,5~ rield 2,3,4~
or 2,3,5-trinitro-para-xylene, at o2 ~ 63% of the theoretical (Bibl.123, 135).

Nitration of para-xylene goes with greater difficulty than that of meta-xylene.

.

Tte /., 5=dinitro-meta~x-lene isomer ~ields 4,5,f=trinitro-

Wren-pure meta-xlene is nitratea

-

Melting ( Solubility, gm, in
Point Appearance © 100 ce 95% Alcohol
oC ! —_
: at 150 ’I at 2(°
Lo S
2% Jrite platelets - 1 -
O Colorless needles - -
93 . - -
e - - -
24 Thin needles - -
47 Monnclinic prisms - 4: - ‘
'LLA 7ellow neadles“ - r - - *
2y S31kv needles - ‘ - . . :
e - - ‘ -
'-'_'/(,. Transparent neeiles . -
e Write needles - -
n ’ Oily liquid . - -
e wWhnite crrstals of [CRR LY
rrombic form, spec.
Fraveei s
Tricliinic crystal - S
o tonoclinic crystal 22U
FRAEN Yellow needles P -
s ccloriess neeales 10y -
e Yeliow needles LN ; -
|Co]or‘;ess neei’es = - -

Tarle L8

ot
(o]

tre trinitro compound, it is primarily thre:

. . PR v N
<, ' - .
~ . *
% L. . o v
. - . . . .
. .
M . -
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Upon nitration of the XX 3,4~ and 3,é;-dinitro-ortho-mlenes, 3,4, 6=triniwro-ortho-
xyvlene is formed, while nitratien of 4,5-dinitro-ortho-xylene results in tre formation
of 3,4,5-trinitro-ortho-x-lene. Nitration of 3,9~ or A,*-dinitro-ortro-xvlene vields
¥ 3,h,5- or 3,4, -~trinitro-orthio-mxylene (Pik1,128, 135),

Ortro-xylene nitrates wiil: considerably more AIXFIXINK Aifficult: than meta- and
para-xvlene, Its nitration to the trinitro compound results in the production of an
211 wrich freezes w:':-h diffizuies at 15 - 18%, The vield of trinitro-rroduct is
acont 4587 of the theoretical (l‘i?].ljiS).

Wren etl:7 nenzene is nitratel *o the trinitro Jerivative, usuaily, a singie
isomer, 2,L,'~trinitroet> !renzene is formei., Tre nitration of etnyl henzene 'nder
vre same conditions as x-iere I8A¥¥X leads to incomrleie conversion to tre trinitro
zomrouri. Tre rroduct contains a considerarlie mquantits of ninitro derivative and Iis

an o0ii 3utsgrance what ioes not soliditr EMBKXEXX even at ARWX -20CC(ii:1.33).

Ire rieid of this product, calculated as

Tat le L
Jolutiiitr, gm, of trinitro compound, is '~k It ghould te
2, oty
a3
xriene
So0lvent . solvent) roted that, due to the lengtr of the side

ay 20¢ Iat ﬁf«orilinfrz,

Point chain, a considerable part ¢f tre eu:: 1l

I o
- Herzene o [ AN
o ‘ . its nitro derivativ 1 oxidi
Toiuene é‘ - | ol enzene and its nitro derivatives Xl oxidize,
Btrol aleoro! 5 Ly _

l under conditions of nitraticn, 'o -itrotenzoic
- acids (Fir1.137).

The rhysical properties cf tie various trinitroxylene isomers (Rih1.138&, 13v) are

ilTustrated in Tables L& and 49,
The quality of technical xylene is dependent, primarily, upon the composition of

the xvlene being nitrated. Only the meta- and para-~xylenes vieli a quality non-oilv
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product (rivl.140). The trinitro derivatives of the meta~ and para-xyienes form a
eutectic mixture of the following composition: 7/% trinitro derivatives of para- and
245 trinitro derivative of meta- melting at 124 , - 1270,

Inasmuct as the *echnical rroduct alwavs cortain more meta-~ % ar. para-isomer, % ese
two isomers usuallr yield trinitroxylene with a melting point of 170 - 17/°, corresponding
tc a conient of 80 to 74 of trinitro-meta-x-lene, and from 20 <o 10% trinitro-rara-
x-]ene,

crthoxvlene
Mixtures of tre nitro derivative o BFXKEXXYIENE and ety ' .enzene [ feld a liguid

ol rroine’ fror wiic! tre go.id wrinitroxrlene 'as 1o te ~leansex.

AS <l e meva-x'ene nitrates more reallls tran dc obrer §4 isomers, an attempt was

made to create ~enditions of nitration suct as 4o nitrate t:e mela-xvlene to RENENIXKE

incompletei: nitrated components from the mononitroxylene. However, work as shown
Lrat it ia not possi:le 1o nitrate meta-xy-iene to mononitrox-lene witiout nitrating
tne o%.rner isomers.

In industr:, “ecnnical xr-iene is nitrated to trinitrox;lene, and onliy then are
the liquid oily products separated from the main product. Tre separated liguid oily
rroducts are called xvlene oil, The geparation uf the bulk of the oil from tle product
is performed '~ treating witi i.0% ~ater on a centrifuge, and the residual oil is
removed rv use of a solvent (extraction).

The technical xylyvl, freed of the o0il, is a fine crystalline substance,BKXX white
or sligntiyv vellowish in color. The freezing point of the purified product is
170 - 1760, its specific gravity 1.65, its gravimetric density O.A. Xylyl is virtually

in
insoluble in water, dissolves poorly in alcohol, and/a mixture of aleohol and henzene
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157 (Tatle 50), Xylyl dissolves ratner well in benzene and acetone.
Xylyl is a neutral substance that does not react with metal. ILike TNT, xvlyl
vields metallic derivatives witl, alcobolic hases, and these metallic derivatives have
a detonation point in t“e range of A2 - 1/50, and a Vshock gensitivity less than that

of mercury fulminate, rut 'igher than
Table 50

Yolumetric Ratio of Solubilitr of Xrlvl, 7, that of lead azide. For this reasor,
3olvents in Mixtnre at Various Temperatures
o¢
L L washing with caustics is ruled out in
Alcohol PFenzene 20 K0
w |

0,5 1 0,7 ] - the production of xylyl.

1 1 0,15 J 0,32

1, 1 021 o -

2.0 ] 0,2 - Xv1v1l does not form salts in

. ammonium-alcohol sointion, and does

not react with rasecus ammona {(“it1,44, 141), whereag, under these circumstances,

TNT forms comrounds that are.dangerous to handle., [Inis proper:: makes i* possirle to

recommend xyivl strongl: for tve production of ammonites. However, 1% mus' 'é& norne

in mind that tre presence of mois-ure, as we.l as conditiona </ low tempera*ure,

faci’itate onset of reaction hetweern xvi-]l and ammonia. Canstic and cartonate !ases

act uron xv/1»3 to form metallir xv.irl lerivatives of greater sensitivity than x1v1.

An aqueous solution of sodium sulfite 10es not act upon trinitro-meta-xvlene, tut

.

does ¥X react with other trinitro derivatives of x;lene, to form soluble sulfur salts.

Tre reaction {cilows the "ollowing equation > ’
Gl CH,
o VAN
O,N Cli, O,N; “Cil,
: + Na,50, — {177  -NaNO, .
NO, e ' 'SO,Na .
NO, . NO,

However, the purification of xvlyl br an aqueous sodium sullite sclutipon does not,

despite thre substantial losses of xvlvl, vield a completelv oil-free product, inasmuch
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as the sodimm sulfite does not react upon the nitro derivatives af ethyvl benzene.

The treatment of technica! X¥IMX x-1-1 with a 5% sodium sulfite solution at 409,

for three hours, result increasing tre freezing point frem 12 - 1+30 to 1+8°, The
treatment with a "' - 9% sulfite solution at 70° for four hours rields a rroduct raving

a freezine point of 17/4.-°, tut losses attain 2% in this process.

“ith respect to neating, xyivl 1s very hignly stalle and, despite the ' igh

melting roint {170 - 1809), it fuses witlout decomposition, Its detonation point is

about 330°, . ) ‘ DL

Wren compared with THT, xvivr] is somewrat more sengitive to shock and less

recentive to letonaticn.(ihe minimum initiating charpe of mercur: fu'minate for
. - . ¢ " . .

v - P - .

Ter e . S . . .
compressed x:1-] istalout (.+2 gm; whereas .for TNT i{ is (.38 gm). ¥Xrlvl, freed of

oilr impurities, causes 270 cc expansion®in the Trauzl !lock, wnile its urisance

. .9y . .' . .
is 1L mm on '-we liess scule, while detonation velocity is '+ CC m/sec, Tlus, xvl
3 "

is inferior to TUT In explosive properties.

A1+l is omplored te fiil muritions’ in allows with TNT, in mixtures wiw:
oo PR .

3

ammor:ium nit-ate, ani is also capa:rle cf veing used in .he pure form. A composition
. . .

. . - ’
of 504 NHRNU3, 37.57 INT, andel2.5% xvivi is used to fill shells, whereas one

sonsisting of 82% NHANoj-and'IS% x 1yl is used, to fill mines and hand grenades.

Tre mixture of B&A NHAHOB'and lg% xy1r1 is] used fo} hnderground work,

K. 1l oil, wrich Is a ty-product of xy1yl production, is used as a plasticizer

-
» B

in th.e manufacture of powder, and as a component of dynamite,

Section 2. Trinitroxyleke Production Technology.

Xylene undergoes nitration more readily than toluene, thanks to the fact XX that

it contzins two metal groups, but it also oxidizes and undergoes resinification more
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readily. The intensity of the oxidizing processes alsc increases as a consequence cf

the KMEEN presence of ethyl tenzene in tectnical xylene (the ethyl tenzene is oxidized

more readilv tran tfe xvlene). Xy lene mar te nitrated to trinitrox-lene in one, 4wo,

and three stages.

Tre metrod of nitraticn of xvlene in a sinple stage, develcoed '~ A.A.Solonina,
. .

-

wag nut into eftfect during sorlti War I ‘at three plants in Russia. Under “ris method,

.
.

x-lene was ni‘rated b prainall’ running it into t®e mixed acid (79% #5580, , 18 HNOq,
. . 3

“e treoretical., KBIK Yron

and 3V M0, at 350, The excess nitric acii was™ht ot

1

lip.%6 - Diagram of Xv1r1l Producticn

1,b,70, and 1Y - Risirg devices; 2,14 - Vacuum funnels; 3 ani & - Settlihpe columns;
',",11,12.15, and 20 - Measuring vats; 8 and 13 - Nitrators; © - Separator;

17 - Was inp, va.t,; 18 « ’I‘I.-aps; 19 - Centrifupe

z) Compressed air

o

completion of run-in, it was held at 105° for an hour. The x-lvl was then separated
from the spent acid on a vacuum funnel, and sent to the washing vat, where it was
wasiel free of acid. The washed xy1lyl was centrifuged and sent to drying. The
resultant product had a freezing point of 163 ~ 1650 (Einl.138).

A shortcoming of the single-stage method is the large vield of acids and the low

quality of the xvlene. A certain advantage is the minimum need for equipmert and the
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simplicity of the technological process.
Another economical method is the two-stage prccedure,.in acsordance with whict,
the xvlene was first nitrated to mononitroxvlene, whereupon :ne mononitroxy .2ne was

.

nitrated to trirnitroxvlene. The two-stage method was introduced into intustrial
rractice in a4 somewhat modi}ied variart.

Jpecifically, the first stage’c?nsists of nitratjén of xyvlene to dinitroxvlene,
wrereas in tl'e second,s¥Agi trinitroxyiene is HEMA{ produced. Under tris nitration
procedu?e, all tre spent acid is emplored for the first stage, acid circulation is
closed, and this reunces the acin consumed in nitration.

Tre “hree-s-age methgg»g; ~lelds even grealer econom: of aciz than does the twec-ghage,
gt tre tec'nolopical process is Mrirer comp!icated upder ‘ris melrod (}itl.lAC).

Tie rroduction of x iyl i tre two-stage method is illinstrated in Fip.7-.

Tre mixed acid is rourei from tre measuring tank (+) into tre ni<rator (#), and
x.ene is ¥4 ther praduall aided from the measuring tank (7., Wren nitration is
comnleted, “he nitro mass is forced into a separator (¢}, (- comrressed air, ari
separation of tre fused dinitrex-lene from thne spent acid is performed trere. After
seraration, the fused AXKIXKMRI&K dinitrox-lene is emitted into tre measuring tank (11),
and the spent acid in‘c the rising device (1C), from which it is transmitted,br
compressed air, Lo the settiing column (5). After settling, the spent acid is deiivered
r: riging device (L) to denitration,

The second atage of nitration is run as follows. Spent acid is run into
nitrator (13) from measuring tank (20), and mixed acid is run in from measuring tank (12),
whereupon nitration is performed by slowlr running molten dinitroxylene into the
apparatus. Upon completion of the process, the nitro mass is transferred to the

vacuum funnel (14), with the agitator operating. Compressed air is used to @ffect the
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159 transfer. The spent acid is collected in risine Jdevice {(1%), whict, as required,

functions either as a vacuum collector or as a rising device.

“pom rising device KXB43 (15), the spent acid is torced partiall: to measuring
tank (20), the res. going to the settling column /3). After settling, tne acid is
filtered throupgt funne! (2), and sent on to rising device (1), whick, like receiver (14),
furictions either as a vacuum receiver, or as a rising device, dependiry upon necessit. .
The secondar— spent. acid 13 trarsmitt‘ed * compressed air from rising device (%), to
‘he acid mixinr skop "o make up tle firgt-stage mixed acid.

The x. 11, separated from tire aciis, is E¥AnX{ transierred 1o tne WEEKXN/(XXX

waghing vat (1 ). wasricp is merformei first wit: coli, and iien witr ron water, from

~ «
3

meaguring tarr 17), ATier eac) wasring, Lre was' water is allowed to siand, ana tien
to
I% is roured in“c a s.stem of “rars ¢ .8#), from whic! 1. goes XKKEEKKK tre sewerare
srstem, iron comnletion of une washing, wre x-iri, arong with tre final wasr water is
irainei, wit: agitator functioning, inte centrifuge (17,, where t-e water is separated
out, and the nroduce ig tren agair treaten for a trief period wity ol water and steam
to eliminate <re 'viiv of xivi oils The x-irl oll goes 10 a trap along with tre was!
water, ani accumulates on +tre icottom of tne trap., The xlyvl, wasted froe of acide,
centrifured
ani EXEMAMA free of water, s emptied fiom the centrifuge into wooden foxes and is then
tawen, on o WAMEN§ car, for final purification from oil,
T:e apraratus emploved is standard. The cast iron nitrators have jackets, coils,
ani a propeller gtirrer making 140 rpm. A separator is mounted on tle agitator shaft
at the level of the surface of the XXBK¥ liquid. The separating funnel is vertical,

has a conical tottom, and a side tap for removal of the nitro product. It is made of

iron or cast iron. The metering tank for the dinitroxylene is iron, and provided with
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159 a coil,
a porous

The vacuum-funnel casing is iron, and the filtering surface is EN¥EWE ceramic

rlate. ide hatches are provided in the vacuum-f{unnel to discharge tt.e product. Tre
-~

decanters for water washting of the product are wooden, conical vats, having a wooder:
frame stirrer, and two drainage aperturest one for water (at tre side wall) and one

for products (at he ‘ottom). The capacity of the vat is & m3,

In the first stage of nitration, a mixed acid of nitric acid and secondar: spent

acid is emploved. ITts composition is: "l.- =27 HS0,; 18% HNO3; 35 NoOgp 4% nitro

-

rroduc* and 12 - 135 HpC. The amount of mixture for nitration ig tsken to provide a

104 excess of ritric acid.
T e x+‘ene is aliei tc tne mixed acid with a gradua. rise in temperature ‘o 50©

over a two-' our period, wtereupor the nitro mass is leid for half an hour at 80°,
Upon cemrletion of tre rrocess, W/m the nitro nroduct should rave a specific
gravity of ',3, and i-8 freezing proint s-oull re in tre range :etween 18 and 33°.
'I;“:we cield is O - 9RY of tre L}".eorretjca].

Tre anid mixture for thre second stage nas the following composition: 8. HpS0,
and 14 HNO3. Tre giantit of mixture X¥ emplored is caiculated to yield a 50% excess
of #l0~. In order to ircrease the module, EKMNXAKX spent wcid is added in tie amount

+

of 1 part b weight to 1 part t;- weigrt of dinitroxylene. The run-in of dinitroxvlene

into the mixed acid is performed WIXK¥X with gradual elevation of the temperaturc from

160 70 to 80°, over a two-hour period. Then the nitro mass is held at 120° for an hour,
whereupon it is cooled to 25 - 30° at the conclusion of the process. If the mass is
sent to the vacuum filter in the.uncooled state, dissolved oil, which will rapidly

.clog
@EE8I the pores of the filtar)will separate out of the spert acid as it cools in the
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1%0 npores of the ceramic plate.

The quality of xrlyvl is largely dependent on tre manner in which tne process of

nitration is performed., If the ~onditicns of nitration are violated, the resultant

xy1v1 is in the form of very fine crystals. This complicates further processing,

rarticulariy filtering, as the pores of the filter rapidiy clop. Nitration !. strong

.

L]
acid mixtures at 5C ~ 750, and tolding at 1200, faciiitate the, formation of larger
.. : .

crrastals. It ghonld 'e noted that an increase *n temreraiure ‘efore roldine must ve
Al

.
.

“{one ver: careful!l., inasmucr. as a rise in temperature is accomraniel '» a skar
. 2 .

innrease in tre cxidatien of tre nitro ierivatives cf the ortho- and para-x.lenes
! s,

.

as well as ett <! renzene. Tr.is is accompanied !: atundan. serara® on of ni*rogen

oxines. The separation o tre gas res: .3 in feoaming o7 tre nitrator contents., Tris
overfilling

ma- res: it in SEMEXYXXIXIKE of < e arraratus wit!? foam, Tris is com'ated @ XK

energetic stirring and coolinp. As a consequerce of oxidation of “*e impurities,

the quality of the x¥1) i3 somewrat ‘mraired,.

As a result of ni-ration, x ivl is ot tained with a freezine point of atout 155 - 1+2€

I H PN
s unsnitel

Jtitary needs and ¥#W requires purification. Xrlrl of this. kird

21

.
i5 a semi-solid, containing arout 28 - 30% of liquid nitro derivative {nitro derivative

of ortlo-xvlene, ethvl benzene, and the products of the lower stages of nitration of

. *

para~ and meta-xvienes;, The oilr impurities in the xylene reduce its susceptibility

.

to detonation. Moreover, as has teen puintad eut %y A.G.Gorst (Fibl.138), during World

War I, an oily 1iquid was observed to leak out of shells filled with an alloy IX ¢

TNT and xylyl dSETHEXNBRTOMEEXILX This impaired the physical structure of the shell.
In France, purificaticn of the xylyl of oil was performed by washing it in five

times its quantity of cold alecohol. As a consequence of the lower solutility of MREXX

XX
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1eC meta~x lene triritro derivatives in alcohol, the meta-xy%ene wag ottained in virtually
pure form, with a yvield of about 75%. Because of the large amount of alcchol expended
(with consideralle losses upcn washing anl recover.), this method is unprofitable,
Thie spent acid from stage one, and a mixture of gasoiine ani ‘renzene were triei
as solvents. for the oil, In the waghting of xiyl, Utilization of *this t.pe of acid

renders denitration more Jifficult, ani results in losses of Iiguid nitro derivatives.
Utiiization ol a mixture of gasoline and heuéene is not ver profitatie, Tre REE cost
of purification rises as a consequence cf tre loss of solvents upon washing and recover:y,
lise 0" trese solvents ic inconvenient lue to toxicit- ani “re danger of fire,

,Tné‘most nraztieal metiol of removine oil from x¥Xe&¥ x-i.] is ftrat of wasling it
wity ‘ot wate~ or tre cenirifuge, where 4 ccneiderai e cnantit of'oi]y impuri* 1es is
remove. Tre x171] E;inp te wasning contains 28 - 32. oil, and IS5 - 185 after wasiing,

ant ras a freezing roint of IRBUXIE 15 ~ I'8°, Tre removal of oil from x il wasted

or tre centrifipe is illustrated in tre diagram in rig.s.
Zvlene is measurel inwc extractor (i) from metering tank {2}, ani <te x'1r1 is
charged in !> hanl, -atcr-wise, trroug! tre hatch, with 4he stirrer in operation.
lron +'e comrletion of extraction (I - 1.5 "rsj, the mixture is allowed t? stand, and
tte x-lene, saturated with xvi;-l oil, is forced inte collector (4) of cily xvlene, 5ol
comrressed nitrogen. After removal of the bulk of the x-lene, water is run into the
i71  extractor from the metering tank (3), and, with agitator operating, the entire mass is
emptied into tre centrifuge (5), where the xrlyl is separated from the water, and tre
xv1lene residuea. The xylyl is washed on the centrifuge with warm water to full removal

of the mother xviene (the wash water should then he transparent).

The water from the centrifuge, containing xylene, flows into receiver (%), from
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which it goes to Florentine receiver (7), ¥WIXK in which tie water is separated from

the xylene. The water passes through a trap‘gnto the sewerare systgm, and the xylere

to rrceiver (8), from which it is transferred ‘o tie main collector
%-lene can re completelr separatei from xvivl on a centrifuge,

done, losses due to evaporation are preat.

I - Lxtractor;

an1 & - Rec-eivers;

drring in wooden :oxes on

In extraction, (.-

hut when this is

T - Diagram of Puriflcation ol I

ani ? - 'e*ering “anks; /4 -

i, ani now corntaining on

Tris prrodunct ras a IXREEBREXSY freezing rcint of

rarts of x iere per weiprt are emplored rer rart x-lrl
is a consequence, the mother xvlene oitained
impurities, andlé specific gravity of (.96 - (.98, Tre mother xvlene is sent <o

Thus, employment of the xylene as a solveni for purification of xvlvl has

the advantage that the mother lique® does not require regeneration.

- Jern‘rifuge;

Fiorentine receiver

contains 17 - 25% oilr

accumulates

No more than 14 - 18% of oll MENHMMHIMX¥E in the xylyl going to extraction,

hecause all the surprlus oil is drained XXMX >ut along with the water, when the xvlvl




11

12

is washed on centrifuges,

The xv1vl is dried for 12 hrs in a tunnel dessicator vy air feated to 70 - 720,
Before irving, tre xvlyl is rurled trrough a Ne.lG sieve.

The vield of pure x:ivl is 48 - LYY of the treoretical.

Xvlene from petroleum XX mav alsc te emploved to produce trirnitroxviene. The

with the single difference that thre

technolopicil rrocess i3 the samne, WAXKKXXKEXEXNEAXAXKIXKEISXAITTRFERERY amount of nitr?c
acid used or nitration, as well as the amoun§ of nitro mixture is comruted ne* on thre
rasis of the entire initial product, iut cnly on the nasis ¢f the aromatic portien
vrereof, The amourt of excess nitric acid provided in eact nhase is tre sane as refore,.

In tre nitration ot EBKKBRIEIKE retroleum x lene, certain Tire danger exists iecause
cf Lre n}esence cf rasotine, particnujarir in tre secori stare, where a hiprer
temrerature ‘s maintained., iowever, -tranrs to “'e fact that tre rulk of tre pasolines

‘

a»e removed wi'~ the ¥KAKEFEk fumes in

*

tr.e first stare, ‘te fire danger in tle second
stape is not, as rreat.

£

X¥XI4K8 c~ca‘nel from retroleum x-lene contains consideratrl- more oi; tran thrat
from coai x-‘ene, In crder, in prart, tc pet rid of the oil, 'tre spent acid from the
second rrocess is diluted with EXKEBX srent acii from the first process, until an 83%
sulfuric arcid content is atgained. As this occurs, 0.11 part of oil separates out
per rart of initial xy]eng v weight, The dilute spent acid is permitted to settle
free of tre oil, whereupon trne acid is removed tv separation, and KK#X is trhen sent

in its entiretr to make up the first-stage nitro mixture.

was
When petroleum xlene XX nitrated, the dinitroxylene was separated from the

gasolines b solution of the dinitroxylene in 98% sulfuric acid, followed bv separation,

Further, the dinitroxvlene, dissolved in sulfuric acid, was nitrated. The seconu~stage




spent acid was diiuted with first-stage spent acid for partial separation of tne

dissolved «ylvl oil, before being sent to be used in making mixed acid (for the
tirst svage).

Be Dinitronapht. lene and Cther Nitre Derivatives of Naphthaiene

Tle nitro derivatives of nanhtralene, and particularl; dinitronaphrtialere
{a mixture of vve 1,5 and 1,8 isomers).employed in [illing she.ls, are consiieran)y
less powerfu! tian the nitre 1erivatives of toluene, ievertte'ess, tiere is adequate
reason for protucing Jdinitronaprthalene as an explosive, as tris mares pnssihlé Lie
uge of an additionai source of raw material - naphthalere.

In view of iws Jow explosive precnerties (detonation welceit: 115C m/sec,
expansion in Trauz! rlock 10U zc, compress.on of lead cylinder 4 mm) and 1.8 iow
detonation sens:tivit;, dinitronapriralene is not emplo;ed as an Eniep?nlent explosive,
It is wilei~ emplored as a combustirle component (0 explosives useu in milipar:
engineering ani in mining.

Trus, dinaphtralite, containing 127 dinitronaphthalene and 88" ammorium nitrate,

is .

X¥d emplored "o fill certain trres of artiller; SKBX¥ shells and mines, A mixture

consisting of 20m_dinitronaphtbaiene and 80% TNT is emploved teo fill aviation bombs.
Granular dinaphthalite No.l, consisting of 12% dinitronaphthalene and 88% ammcnium
nitrate, is ¥# widely emploved as a moisture-resistant ..igh explosive in underground
explosions, and no danger from gas or BXLIKXIK¥K dust is involved. Dinaphthalite
reveais a 360 cc expansion of the Trauzl block and a brisance of 14 ~ 17 mm, which
permits thre conclusion that it is a good ammonium nitrate explosive for resistant

rocks,
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Section 1. Chemistry of Production: Properties and Applications of Nitro Derivatives

of Naphthalene

Nitronaphtraienes are produced in the nitration of naphtha]e;e, nsualle as a
mixture of various Isomers, the number of whict incr;ases with increase n the derree
of nitration. In nractice, tie possib:le maximau degree of ni<ration of napt.thalene
‘v omixed sulfuric and nitric acii corresponds to the production of tetranitronapithralene.
Penta- ani rexa-nitronaphthalenes are produced indirect.r.

T-e initial product is naphthaiene, which js containes in relatively large
quantit’-in coal tar (1C - 11277, "iris is particularl: tre case in medium and heavv
oils, as weil-as in certain grades of petrcleum, from which iy is extracted ry
fractiona. distiliation, The separated naphthalene is sul ‘ected to rurification iy
caugtic and sulfuric acii, witl suisequent vapcr iistillation or volatilization,

‘ Yar'thalene s readiir velatilized and suisimatet. It is volatile wiin steam.
Nariti.alene crrsta’lizes as gleamine white plate’etg melting at 800 and foiiing at LIRO,
Its specific pravi‘: at 2¢¢ iz 1.1517 and av 8¢ - (,979C, Tre latent reat of fusion

is 30,37 wea’ /g,

Naprt-atene is weakl: solvrle in water (0.003 gm dissolves in 1C0 gm of water at
250), ani is readiiy solutle in to* alcohol, ether, 'enzene, and acetone. It is
readil~ aistillarle in a shaa;m of steam.

Tre solurility of napitl.ajene at 16.5° in 100 gm toluene is 31.%4 gm, and at 15°

in 100 gm ahsolute alcohol it is 5.29 gm.

. oo
When naphthalene is oxidized with weak nitric acid, potassium bichromate,, potassium

BRIRARRX

*The yield of coal tar in the coking of Donets coals is 2 - 3% of the amount of coal

ciarged. This tar contains up to 12.4% napthalene (Bibl.142).




1n3 permanganate, pnthalic acid is formed: C“HA(CUOH)g. dith picric acid it forms the
following molecular compound:
Cipllg | G, (NOQ), OH —~ Cpbg CH L (NOy), Ol

in t'e form of golden rellow crvs'.als having a melting point of 149° and solutle in

+3
v
w

alconol, ether, and henzene. Unen holiling with water, this comround decompuses.
reaction is employed for quantitative determination cf narrilalene.

Naprthalene -ields similar compounds wit! man; other lerivatives of ihre XA
aromatic brdrocarrons, and, with each of the isomers of <re ii- and KEXXMIXER trinitro-
aerivat%ves, it forms a characteristic'compound. jifferent. "rom tne otiers. When
reacted wili lead tetraacatate in acevic acid soiution, tre nar tralene is ‘ransformel
into an acet i lerfvative {1'ihi,i42].

Jdren 'rdropen atoms are replaced i identical radicals, napttiaiene is capahle
o vieliinp: two monosu:stitnted procucts (> or 1)}, ten di-surstituted, fourteen
sri-surgtituted, and, Turtier, twent -two tetra~, fourteen penta- , len rexa-, two
rnepta-, ani one octa-isomer.c lerivative.

Tranks to the speciflic siructure of rapt-alene, it l.as a number of d.s%inctive
featires, Lhe most significant K¥AXXKK:¥ of wrnici. are the following {(Hinl.1hh):

a) the reactivitr of naphtnaiene is greater than that of renzene, t oxidizes,
rednces, ani underroes gnistitutlion more readily,'particularly in the g-pogition;

i) tre formation of mclechnlar compounds goes more easily with naphthalene tran
with tenzene., Tris may relate to the fact that naphthalene 1s less saturated tran
renzene;

c) hvdrogenation of naphthalene goes more easily than that of benzene;

d) the properties of the mono-derivatives of naphthalene differ noticeably from

3n




the meono~derivatives of renzene. Moreover, tie sui.stituting group reveals a specific
influence upon the ring in which it is found, and upon the adjacent one;

e) the sutstitution reaction in the naphthalene ring, even in the productior of
monc sutstitutes, ig very complexs thlus, the a-pesition 1s consideraily imore reactive
than the O-pogition., However, at higl temperatures, when *hermod-mamic equllil.rium
is achieved more rapinly, one wiil get, to gite AHIXB an example, the { naphthalene
sulfonic acild, and not tfe us

Data on the heat of comrustion and tre rormatimn of naptt'alene and iws nitro
derivatives are presented ‘n ¥K& a work t: :odosche (1i:i,l\%,, and in Appewiix 18,

Tre following speciflications must re me. ' naynttd.ene: temperature ¢f
crrghallizat on TaRC) and 1,OL2 - C.0L T ash content. The legree of rurilication f‘
also leltermined . the zcolcration irduzed ‘v osulfnric acig.

For militar rurposes, na~tiralene ‘s empiored net only teo produce nitro derivatives
trere’rom, n* lirectl: as a comtustit.e or a smoke-{crming component v varicus
mix'ures.

larrthalene is #x wiiel emrlered in tre production of prtralic ¥Mus anhvdride,
1 e s-ntresis, “ire making of piastizsz, ctc.

Liquid products of naptthalene hidrogenation - tetralin and dekalin yield nitre
derivatives, and ma. consequently te used as raw materials {or the production therecf.
Ther are alsc technical solvents and are, in addition to this, emploved as fuels for
engines.

The production of naphthalene nas BX reached large figures in all countries. In
the USA (Bibl.1lh4¢), the discovery of a method of catalytic oxidation of raw KAHXK

naphthalene by air in phthalic anhydride has considerahly increased the demand for
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naphthalene. Phthalic anlydride has come into large-scale use for tre rroduction of
s'nthetic resins, dibutyl phthalate, anthraquinone, “enzoic AI# acid, etc. Its
production ¥SKXXXKEXRE attained 20,000 tons in 19:0. In England (i11.1.7), a
rroduction of naphthalene from coal reacned 8(,C00C tons in 19'&3. In Germanr, more
than 40,000 tens of naphthalene was produced per rear in the prewar vears,

Mononitronaphthaline is formed upon nitration of naphthalere wit® nitriec acid cr
mixed suifuric-and nitric acids:

C.oHy+ HINOy — €\ H,NO, + 11,0.

Tre nitration product is an ,-isomer

313




1 containing traces of fi~isomer

arfi the oxidation products: nitrotenzoic Céﬂh(HCZ)COCH arvl nitrophthalic ¥

’ ., ;rj(:;hg)(«:un);z arids, an well ag nitronaphthols CygHg(10) 500

.
Uniler certain onlitions of nitration (élevatei‘témcerature and strong mixed
asid), ti& riell of sile preducts increases. Thus , in technical mononitrcnarttihalerne,
ol bl Haninrepart Lhatens wnd we Lo du0, o hadinitro-lenaphthold wag found (V10 ,148),
TegrnIlcd .
fectnica) mononitrenapkthalene has a freez'ng point of £1 ~ 5L°, The freezing
* L]
roins of f-moncniironaphthalenc is #1°, and that of a- mononitronarhthralene is 7.C.
.
a-ilznonifronarbnh o erestallizes in the ferm of preen aal ellow crrrstals.
1. N R S . . Ny * . - .t - IS N . . o -
TomTe e T - . .. - . bevmevm g cwu o Jwalllorw Ul Al
.
witole by i o0 enttene, cblarefarn, ant acetie ncid,  ag distinet from o tle X - and
=rinisronapttt ateres, monenitronarhitralene. dissolves readil in savhen 10
. .
e ogelt Tlite of monenitronankthalene in sulfuric and nitric acids is presenieid
- TPy Y,
. tichromile
Vmacnitrenanitialene ls readilys oxidized Yrroan acetie acid solution KXYxkxpmate
rnonieeme ten S ie ant i, dea’ allaline solutlons ao net act uporn mononitronaphthalzone in
L]

ce ocetoand 68 oxilation with formation of the oxy derivatives of naphiralene czzurs
anl. wron benting with strong solutlons,
Loan B8IN sclium fisuifate s reacted with %-mononitrenaphthalene, Lie reault

13 J=amino-nan-ttajene-h-sulfoénic w2 d

Stelies © CdSkoryein and KINCTEEEYEERY A V.Tor~  rov (r1id h) bave stown tiat

3
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Tarle &7

a) ; b) ~

<) d) e) f)

o
~—

e)

41.0 0,38 5

[
=)

0,14

64,5 0.75 5 58,5 0,22
81,0 1.12 50 70,5 0,29

37.5 0,13
35,0 0,72 60 hh.5 0,20
14,0 0,28 60 66, 0.27

L~
py
(=<,

23.0 0,42 70
32,0 0,56 70
.0 n,8] 0

0,06
0,12
0,19
0,25
- - - Y 58,5 . 0,31

50
50
50
60 215 0.36 6o
60
70
70
70

[~]
o
[~ -

]
|
i
2
o o
&S a
©»

ir nitric aciiy ) Solurilin in sulfuric acid; B)YBLYEHE

vy T itela Anti strensti, 73 i Temmerature,, °0; e) Solurilit:; f) Julfuric

fa mirmatal os N L e )
<o
k ey, "“m”ni“:ﬁfgnaék‘hﬂle“e I forred rielding 90 - 787 of tihe theoretlcual.
wher the exsoos D50 1o sread (as hiph as fouriold}, and temperature is raised o O,
. otinltrenarintoalene o foraod, along with the e-menonitronaphthalene. It should re

woted sran nitratieon vniler Shese conditlons mabtes use oni ef 507 of the oxides, so

Kl st s ratioi Tw oo IiWtle vieing, rracticallr speaking. VThese anthors founi Shat
ritrension o naprsialens o LOng,
even ot low tomrerature. Un bie btasis thereof, therrronosed that naphthalene e emplored
L AT sor 61 pages of nitratleon installations, with the purpese o using
R . . .

mariizr stulies on the nitration of narhthn}ene v nitrous an'rdride and tle
nitrosl Bikl.315C, 151, 152) were of no nractical sipnificance.
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(%4
i.V.Stepanoy (Fik1.153), s*vl*éﬁjthe nitration of naphthalene t; sodium nitrate
nl other nitrate salts, noted the considerable reduction in tre intencity of oxidizing

nrocesses, and Lhe improvement in the quality ol the produects. However, tie difficulties

.
5

ot

@

3

@

(2]

0

<3

[

H

o)

i
<

the spent acids, resulting from contaminaticn thereof b sullatce

saits, renders bie employment of t*is method for practical roles to be out of the

itration of naphthalene has been nperformed with ANWX weak nitric acid, accompanied
b whe transmission of elestric current (Eibl.l15h). Thic resulted in an increase in the
ield of mwonenitre nroduct (450 instexd of 23.50).

A numner oY further stwiles on the nitration of nanhukalene (Tikl. 155, 154)
nown. A rrcqcnt, ther are of nurelr historical interest in scientific terms. e
note merel™ tﬁe rescarch dus Lo Cdde (1i11.157), to arrive at a more rrecise imowledse
of the mechanism of nilration of KXEX narhthalene and mononitronapithalene. He performed
nitration > first treabing the narbtralene witl nitric acid of 1..0 specific pgravit-,

w.ereuron strang sulfuric acii was added therete at /.0°, The anthor came to the

. the oilr prolucts he obtiined by nitration are complexes of nitrisc acid

5
e
[e]
o
o
.Z
ot

nenec

‘ol narhiralenc.

Joris cine to A.l.Titer (i1, 158) demonstrated the erroneousness of BR Oddo's
centertion., Tre complex be proluced proved to he a solution of nitric acid and #Y
allegedly
moncnitronaptthalene.  The conclusion that ¥#X 1,5-dinitronaphthaleone XXXUAZEATX
rredominatel was also fourd to he untrue.
Fatar (7:11.159) studicd the effect of the male-vp of the mixed acid, the methzod

of intreoducing the reactants, and the dnration of the process, upon the degrec of nitration

¢ napitialene,

316 Best Available CopY



. !
T.G.AJeirsandrov and A fuShtam (i ehi,!/0) demonstrated tnat. naritialene would

not react immediately with o mixed acid not containing nitrogen oxides. A certain
mime of imduction is required, at the conclusion ¢f which vigorons reaction sets in.

- -

who cbserved the same phenomencn in the nitration of nanhtltalene bty

weai: nitric acid (iFibl.158), nolds that weair niiric acid nitratec onl: through tre

meiivm o nitroren oxides, and a nericd of irducticn ig required Lo form these.
in tte rregenze of nitrepen ouniles, tie reaction tegins at once.

navhibalene b ritric acid contadining mercury nitrate, leads to

Tn 10l ' owas emnlorel In lermans in smoleless Jew-heal vowiers (as 77 of htre

. replacing Lla
wole,, kkkkveue pireing lerivatives of/cartamide and vretlans serizs, n
s ot sore b, .
sinitrenar 4 a'ene.  Tecinical tinitronupittalene is usualls obtained ' nitraticn
& mononlteona noalent o mixsupes ol sulturic and nitric acids, or L nitrie acld.

The nitratlon reetien censishg ciief!r of Ltie 1,%« or a-isomer, ani tre 1,8~ or

©oomid o admixsure ot the 1,3- or y-isomer

g lecomar, wi'

XO,  XO,NO

_ N AA S

- : | P
! P H ! 11’

i
.‘\ . P \',

NO,

e

i\ 4;'N0!7~

T r a~ ani f=iaemors XFB7T rerresent L0 andl .G, resncctivel:.
e seotnlead rreoduect also nsually contains Lrikitronapht?a]ene, menonitronapithalene,

ard nitronaptthiolg, [lor example, upen nitration ol mononitronaphtralene witl a mixiure

“aniforic and ¥R nitric aclds, a nroduct of the following rercentage composilions

. o et A\!&&a‘ te GODY
. 3¢8



results {1311,142):

J,8=tinitronaphlhalent o ¢ o o » ¢ ¢ 5 o o o o o o o 55
I,5- ard 1,3-dinitromaphthalenes . « o o1y o o o o o« 32,0

QopiirenanthNalene +v o o o o o s o o s 6 s 0 0 s 0 s, I
1, %, 5= and'i, 3, &—tr%nitronnphthnloncs c e e e fe23

Titronaphtbols (e ofle 2,00) 0 0 0 6 e e 0 e e le2

tabie 92 nrescents #8Y certain constants of the isomer dinitronashtlalene.

tabile 52

— e e U e 2 U
', O-iinitro- pLEKATELE J,8-Dinitro- 1,3-Dinitro-
Ooaracteristlies ra- Ll alene nanhthalene naprthalenc
e e _
.
Telbine rolnn, OO 217° . 173.5 _ Ve
Shane o eroonis Yellow negdies of o Yellow rhom: ic rightt ~elliow
. monoelinic srshem platelets needlles

Toe wucinical

of hardt prannies, Tlakes or trigrt yelliow crrstals

yrvree——

iereritne whon tie pote o nijratien and irving) ani HEXA rnas a meliing point of

oo

CioL o nlll, o ul lsumerit podinitrenaprthalenes, canaile ol

-

]
2
3
e |

cmnlo w1 Cor Liermedtannlrsis, are nrosented inoa work Yo Pasial (13

Ta.te ¢4 vresents Lhe solubilities of a- and B-dinitronaphthalenes in certain

g is evident frew tie Table. a-dinitronaphtialene dissolves KEEEY poorl:

in Lee vzuay orpanie solvenis, iub ietter in nrridine.

fable th preseats tata on the goluiility of dinitronmaphthalene in nitrlic and
guliarie acids. .
e apecific pravite of tecinical XINIXEEEE dinitronaphthalene at 20° is 1.5C,

and fhgegravimerrlic ddensity 0.9 pn/cmj. .

318
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. Table ©3

Uichiloreethane
PR 0,
) i.l.(l;‘

Criioroform

Temperature of
Solution, °C

19

Solukility,

i,8-dinitro~
naphthalene

1,5=1initro-
naphthalene

2‘08
0.02

1.37

Or"!«5
0.01

2.01

. Acetonc 12 7,459 0.59
“Acetone AtHKER boiling 15.58 1o 2.3

| . ! enzene 15 2.03 C.5
" enzene AtUpER oiling 1 T 3.82
G401 aleotol (u5¢) 19 i G. 07 0.0
Acetin aniid At toiling 2.0l C.\3
var ondiygs” Pide at bolling - irnsoluble
Alsoline ¢lir alzoiod 22 G.37 Wl

flaso in 0 v Gl : .02

Tateorn Ab boiling C.07 insoluble
i 1

Foridine 20 - C.8

Ioritine At tolling - 9.1

owon siow reatinz to 318Y, dinitronaphthalenc dBA¥ decomposes with formation of

_foam. JIeniticrn b a reated wire occurs at XE 2459,

Tn gtrone sniwelc geid, dinitcronaphtlzlene vecomes dark due to the formation of

nai thazarine (5,8-dioxi-a~naphthaquinonc). lFormation of this rroduct ma: take place

via the isonitroso compound of nitronarhi:ioquinone:

[a] (o) O o]
RO, NO. i HOHN ) NH:|| - OH ||
NS SN NN AV NN
b o=t - SR I S
NG S . NN N

N, 1 I OH | o
NOH 0 (o] [¢]

Tiege reactions pgo very slowly with sulfurie acid, but considerab ;' more rapidly in

LY
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Table 5’ b

- a) b) ")
) 0 | | s 1T

15,5 - 0,09 0,82 -- -—
25,5 0,07 0,1 1,02 13,1 0,05
31,5 — 0,21 1,87 15,05

42 -— 0,35 -— - —

EL ] 0,14 0,12 — -— U,
55 0.2 0,19 —_ -_— -
61,5 0,2 0,59 - - _
67,5 | 044 S - -

-

a) Temnerature, °C; 1) Soluvilit;r of dinitronaphthalene in 77, in nitric

an"1 of various strenpth, ;3 2) Percent solul.ility in 907 1250y,

subjiected
iv e rresence of nitric acid, [For exampie, when trinitrenapithalene is JIFE¥EE

~a E¥el reastion. wish mixed aeid having a high factor of nitrating actiwvity, tne

” »

[.¥
senmeuenze is i orelves Laving We lower nitropen sontent thlan the initial XLX¥IHIYKE

Jenction o nitric acid and zinc witl 1,5~linitronanthalene at 110° results in

wre formatiem nf an dinvmanbtbaneinens

[REpyTag
~

At 150F,  EKE dilute nitric acid oxidigzes 1,5-dinitronaphtralene into tre nitro

ras of phtialic and benzoic acids. ieaction of sodium hisulfite rields

‘aninenant bra'ene-sulienic aeid
%

NH,
NN\

.
NN\
NH, SO,H

Sodim sulfite and caustic alalies have KB rio noticeable effect upon

l.0=dinitronartialene,

T=tindtronaptialene reacts witin sodium sulfite. Its beravior toward acids and

pie GovY
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1

N - e - 2. . . - - . 28
“ases is the.same ag Laat ol I,f~ilnitronanitlalene. 1,3-Dinitronanittalenc reacts

wit!t sodlym saliite, ‘vt less EEREX! stronglr than does 1,R=dinitronari:ialene.
H LA Py nani.o

.2lene is readily soluble in alcolol. Upon teating, it volatilizes

2, h-Ninitreorant thalene wma- Ce premared from 2,h-linitro-rura-tolnenesnliond~1-

vk %, iselation ¢ She intermediate amine (Tiv1.1758),

nachtralene has teen o' vained from rara-sulfonotoluene-~2-nantii:-lamine
Uonelrime 1, (80 mr) In hol concentrated aceitic acid, ani sursequent itreatmenc of

3

oo aseiiz anii (speciric pravits 1.A2) at 550 (1§i1,147). Tre resultant product was

. .
g1 jectei wo cllazotyinoticn in sulivrie acide Tren, the diazo coirpcund was convertei

~ .
naainthalene
Lo dhe i, —ilniurondREYHANEAE - heating in alcohol solution.

Ly = i 3, 7=Dinitronapitialene are nreduced by nitrating f-mononitronap: tialens |

R

o siadena [ientical fo 1,8-dinitronaphthalene (7401.18)] was ortained

i e Tollowinsg wa et a-noclirallde

ed, with malenic ani acetic acid, o

srairalenit aslii, o lch converted ¢ nav tirlasrrlie aecid. Iitration

6. e LauLer, Tuilowedn oo oxidaticn, rielded, 45— or 1,8-dinitronaphthalene.

Lien ¢ a-mononiironarnshalane b a HIXEEEE mixture of nitros:yl sulluric and

1ds {sotuslon of LU, aml 1103, srecific rravit: 1.50) at 20° was performed in

4 narentetracolovride medium (in different solvent), as a consequence of whicl o

i 1

rixhure of 4,3- 2nd i,5-linitronari tialene was ohtalned (Iibi.l179).

naphtialene Uy fuming nitriec acid or %%w mixed acid Jeads to the

- »

~ -
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e 1,8-isomers.

Jinitronaphtialene is an explosive comparable in strength wo Jdinitrotoluene,

&

ut somewhat-wealer than % latter (Tibl=171). Its detonation noint ig 300-31¢°,
img detonuiion veloeity 1150 1/sec (at a density of 1) (¥ibl.172), eyvansion Zn the
Tranz’ “loz's iz 10C ce, less irisance is Y&# /. mm at dengit; 0.9, with a detdnating
225 o.M,

Az a consetuenze of the weal exnlosive propnerties and the low sensitivit: zc

iz not cmnlced U itselfl as an explosive. It enters

‘nio e mae~un of explesives emplored in military enpgineering and in mining.

A numter of Formulizis -~ontalning Jdinitronaprtialens fave teen developed and

adarsel ror Fllllng of mmizlons, A mixture of 48.5. dinitronankitalene and £1.5,.

.

sarlic nzidd, calied the Mussion nixture!, was widel; emrlored during Jorld Wur I <o
D113 ariillers steils of gmell and medzwn cailiber, and aerial ¥KE¥X tombks. In Fronce,

2 fermala censisting of 20 dinitronanhithialene and €CC nicric acid was develeped,and it

LIESETEGD came 1o e nnowm as Lhe "French mixtore!” (melting weint 10M.0), Tris mixture

-

w2 used in France anl a2 number of other countries to fill artiller: 3hells, aerial

advanteges
o s, ~rd el prenades. Tre Wyggian mixture® had some XANARKAAREME for Jilliing

arrnoses . ecavse iis meliing roint was 82 - 87°, .
‘dinitronanctialene bepan to e used for militar; purposes, in mixtures wit» ammeniurm
nitrate, starting in 1909, XANEFRE dixtures consisting cS_ESZ’WHhNGB vith 12, JIKY

diritronan: tralene, and 80 {103 with 207 dinitronar.thalene, and given tie des;rnutlcn

134 dinaphthalites {scrneiderites) are employed to this day.

In, 180, favier develoned a mixture of 88. NHEHO} and 12 dinitronap

“tralene for

wnlergrovnd explosive work, as o safcer cxpldsive than aynamite.

322
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uwrleosives econtalning variona muntities of dinitronapithalene came into use in

.

all countries. . .

n tre Goviet Unien, tre following dinapi-thalites came into use, starting in

1335, for underpround worl: in mines not dangerous in terms of pas and dust: granuvlar

Jo.1, and pressed il0.2, sontaining 120 and 2,57 dinitronapktialens resnectivelr.

. .-

ds a conseqnence of treatmenl on crugbe? rollz, the

¢ Franular

than that of the FAEXE¥ Favier formula (when

o)
[

dinani tralites is consliderablr igl

rrenarect i othe wonal manner, Lhe ravier Sformulin ras Y wm trisance and 2435 cc fupacity,

.

wherelds aiter treooment on e crusher roll, it ras a Yrisance of 1 - 17 mm and

ginartiialite is one of ilie roweriul amwenium nitrate exricsives emplored to Hlast

regisgeant roc . Coreover, of all the eraatz niph cxnliosives or the ammonite tiye, cnl

Lislies 4ie reqrirement in tLerms of emission of toxic pases (50 Zir

M
[us
3
)
3
2
ot
-
o
(6]
0
r‘
<
e

Loxic pas per T Iy tict exelosive). [Ihis important indicator is of ma‘or signifisance

Lf mm, a fupacit: of 320 cec, and is
srolest o cdenonntion Delwuen WO :urtrﬂw&: at a distarce of 5 mm. Tre grain

size H§ 2 ma'er influence upon brisancc. The formula having minimm rarticle size

wrovlies preatest trisance and suscepuitilii to detonation.

Jien BT dinanithalite is treated on roll crushers, the result is a dernse uixture
o ARIEFSARRERA AT Adnitronant Llatene and L7504, whick also males for a certain

stal 114t wo waker. Thls gualiby maltes it nossiklec to emmlor dinanbthalite in wet



1°a ' In France, inisronanm.itralenc iz emplored in talliistic rowders.

Dinitrenapitlalene is empio-ed in the aniline dye industry as an intermediate

for rnreducing pramilar brovm dye. It is observed that, with increase in tie

of Levter vint,
dinitronapithalene isemer, thre coloration recomes more stable and vprettyder,

i

170 Foreover, witi inercase in the 1,5-isomer, a hipier -ield of d-e is achieved.

1,8-binitronapithalene i3 cmplojed to produce 1,f2-naphthylenediamine, which is

emploed (v oho form of its I derivative) in the production of azo dres.

sration of 1,5-dinitronaphthalene :-ields a mixture ol

T, 00 5= rinllrorr v VIalent o 6 o b 6 s e s e 0 0 s s e s e s RT745
V5, wCNATIEIALCNC 4w 4 e e s s s s e a e s e s s 2LC
F,5=rina londri S AlBAC o o o o o 5 o o o o 8 s e 6 0 0 e 2.0

{4+ 6 ane ina fama arine A Tmewl bias )

Tren onltrublon of §,8=dinilronacihtnaienz, a mixture of Lthe fellewing comrosition

I,
fip ¥ Is oo ointneld:d

srenaphiialens o Ve i e h e e w6 s e s e e e o 85,1

1L, Pe identicad to 1,0,0- el LA R

Teeinien? trinitronanhitiniene s of tie following nercentare compositions

. s . . )
a (1, 3, S)-trinltrenanhbtindene o s o o o o o o » o ¢ o o o o 13

- \ - . -
BlZ, 2, Bi=irinitronarithalene o« o o o o o o o o o o o o & o 5
8

y{i, By S)-trinitronarithalelie o o o o o 6 o 6 o 5 o o o o

£101, 2, S)-trinitronaphtiaiene « o« o s o o o o o o s » o o o 23

wilhin certein Timits in accordance

-




179

“

Lre melting polnl llncu tes in Lte ranpe of 110 - 1409, Under piven sondirions, a

u

nixture of tri- and tetri-nitronapi:thialencs iz o u:*nc (

11747,

o v

1, 3, 4=Trinitronanithalene wn« cbtained by Aquiar (Dib1.170) tw nitration of

g

iy:=dinitronaphitialene, 1,3,5-Trinitronaphthalene forms monoclinic er:stals melting
w4230, aniTSohle in acetis acid, chicroform, ;;; alcotol.

1,2, 8=-Trinitronaphtialene iz ohtained uron nitration of 1,8-linitronapnthalene,
and errstallizes in She ‘monoclinic form. The melting roint is 2189; it is soluble in
Aleshol, amd wea sl solui-le in ether and chloroform.

P, f=Trinitronant Limitene arcstallizes in the form of plittering rellow nlatelets
meltine at 1177, 1t dissolves reail!: in tenzene AWEMKI and weald: in ether, alcohol,
ant «i loroforn. .
,2, = Trininronupt Lhalene crostallizes in the form of a needle melting at 1312 - 113€C,
and readit- so.urde in aleolel.

LJhen earstizg aro reached with Lecehnical srinitronapht!aicne, tlie latter poes into

suiueren weabls, paving the caustic a dark ret coloratien. An agueous scolution of

ot

sultine v lissolves trinitreonaphthalene in the cold, while upon heating, i

zenverts b to Yie corrennenting nltroaminonaphthalenesulfonic acid.,

<

Sodium snlUrie reacts with all Ilgomers of trinitronaphthalene.

At oot it temperatures, strons sulfuric acid reacts with trinitronarphthalene,

.
PN

2

converting it to uhg soluiion of Jdarl: trowvm or hlack color.

In ius explogive nroperties, this product js gimilar to dinitroheonzene., Tatle &5
aiinces nie exniozivo properties of trinitronaniithalene in mixtures with ammonium

nitrate and wiv:, otner ritro compounds. Unon explosion, trinitronaplithalene lilerates

“il itrfip of pasecus products, while tie neat of explosion is 923 lrcal/kr.

325
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A0

of trinitronarltiaiene may, under

o

Fedard skowed trab the detonation ef veloeit:

sertain specifiz cirveaastances, eresed “hOU m/sec, and tiat dinitrona.thalene does

.

rot iispla- stacle detonation (FIv1.172).

Table 55

] d}

|
|
|

©
—
~—r

—

| i
' S 0w b 3 f I I .
n 1. o 216 - s 1,13
k) N 106 i RU N ] - L6 U7
' - ' i :
: 21 a ¢ o= 1 7s . = 0T
g : : Hessat
. ‘ test
m) 1 285 3. - 1,05
: i U3 3N ' oas
n .
g 200 3,89 — — 1.2
o Moo |
! i
; i .
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326

|  gest Available Gopy




170

that of TNT.

200< 257, in trisance !y 25 - 307, hut that its shock sensitivit” is ¥¥ higher than

not produced in significant
Trinitronaphthalene is BXENHMAAYIRXELEHATTEXHEXEKHNHXIKF quantitc aniwhere. It

T

wxs emrlored in German as a partial substitute for T

i3
.

T in the form o an allo;

consisting o 77 THT and 33 trinitronap! tralene, for the filling of shells.

Small
quantities were emplo-ed in France in a mixiure of 357 NIHC, and 5 - trinltronap

+thalene,
for the manuracture of safet exrlosives. XX
Tetranitronap! th:alene.

Accorline to A S.Oorst (¥ikl,?75), tre nitration of
1,8-iinitronartthalz=ne ields ctie

f17 1,3,6,8-tetranitronaphtialene, or the B-isomer.
Tts meliing noint is 2020, .hen 1,5-dinitronaprthalene is nitrated, the result consists
rrimarily of *wo “scmers of

uron reating

" tetranitronaptthalenc: 1,2,5,9~ or the -

isomer, wiich,

+
wilier iz 10L - 1950, ¥

at 270°, Jecomnoses, and thz 1,3,5,6-, or y-isomer, t:
Furt! :

ol
3
ot
oy
&)
3
-
ot

e melting noint of

re 1,/ ,7,8-isomer was also ortained. It decomposes a%
1 temperature of

atoul 30C°, wi-tous rrevievsls raving fused,
o -igomer tre rosition of

Finall:;- Ltere is thre
ste ni rours .n which bas not
ized ont of

~een letermined.
crlorcform,

o
ol e

result is cri'stals
roint of 2890,

of rrom-ic form with a melting
Jren tezrnical trinitronaphthalene is nitrated *o

iec and nitric

tetranitronanhthalene with mixed
acids, 110 kcal reat 1s emitied for every 1 kg of trinitronaphthalene.
A tetranitronaphthalenes are obtained
171 Davis points out (Libl.177) that XTHIXFENARKXKAXMNE XEXFXMUKKXKAXEKE upon the
N nitration of dinitronaphthalene in tle é@h presence of Hp50), at a temperature of 80°,
and an adequate excess of nitric acid.,

The product rield does not exceed 5C%.

in acetic acid.

Technical letranitronaphthalenc consists of four i<omers, and is readily soluble
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TNT, and therefore, the pure product should not be inferior to TNT in its explosive

properties. .
Tetranitronaphthalene is not rroduced anywhere on an industrial scale because of
itz nigh cest (large acid consumption).
Nitration of sulfo derivatives of naprthalene, HNitration of the snlfo derivative§
of naprthalene does no* result in the forcing out (surstitution) of tre sulfo group by
nitro groups as occurs, .or example, in éke nitration of sulfonhenols, In the case of

tre gulfo derivatives of naphthalene, tle nitro proups enter the ring in the meta position

with respect to the sulfo grourc B¥ alread;” rresent, wren nitration occurs.

Lantz
Rh#E  (1ir1.178) studied the conditions of nitration of mono-, di- and

trisulfonic acids of naphbthalene “n sulfuric acid solution and found that the most
favoratle resnlts are ohtained when a mixture containing #5 - 907 sulfuric acid is
em~loved. lnder opt;mnm conditicns of nitration, 2 maximum of four groups ma;” he
intrednced into tre napht-a’ene rjng (counting the S03H alread; present, and the NO2
Frouns entering).

Here it is important to note XKAX tte fact that the corresponding nitro derivatives
of naphthalene cannot bhe ortained from the naphthalene sulfonic acids in solution)and
therefore convenienﬁﬁ,in the tectnolegical sense. lowever, in the production of KIX¥$X
nitrosulfonin acids, it is desirable first to perform sulfonation, followed b nitration.
The verformance of nitration immediately after sulfonation makes it possitle to emplor
sulfuric a.id in the sulfo batch. MHoreover, if the processes were run in reverse order,

gnlfonation of nitro compounds might result in a small rield of the required compound

and in contamination thereof with side produets, as a consequence of the ability of
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nitronaphtralenes to react with strong sulfuric acid. .

B f
9 ¢ l

In the products oktained upon nitration of naphthalene, F.F.Feilstein and

.
A AJKurtatow (1i%1.15°) discovered phtialic,X¥d nitroprthalic and nitrolenzoic acids, °
TXX¥8% nitronaphthols, etc. .

Witk increase in ihe strength of the mixed acids and the nitration temperature,
there is an dincrease in.the intensit: of the oxidizing processes, rarticularl;- those

pr. ceding with destruction ol one benzene ring of the naphthaleue.

b1 1.3.6.0.5.9.9°54
Section 2. Technolog of Nitronap.ithalene Production

Production of menonitronanhthralene. liononitronaphthalene 1s produced b nitration
of nan't alene with mixed s»)furic ani ni:iric acid of various compositions, raving an

identical Factor of nivratineg activit- (*1 - 727 in terms of H»30)). Tefore nitration
2 13 ’

tle nan t'alene is rmlverized (or fused) and first mixed wit! spent acld from tre

rrecedihr operation. Tve run-in time is emrlored to regulate t'e rate of -eat emission,

so as o 'old %tre temrerature at 50 - - 0O, At tle end of run-in, tre rroduct is leld
cr T 'r.  Tre oroduct is separated from the snent acid in tre fused state. Tre

nroduct shonld rave a [reezing point of not less than 51°, ani its rield is 97 - 987

P 7

L2358 R0600.56.2.11 1.5483.2 34
ol Lreoretical, In some cases, the produc:lon of technical mononitronaprthalene for -

tve needs of the aniline ire industry XES4X¥E spocial conditions of nitration are
jerelored and a special prwrification of the product is performed,

Production of dinitronannthalene. A numrer of industria) methods of producing
dinitronaphthalene are known. XEEERATEEXKEX

According to Shtettbakher (Bit1.179), it is recommended first that one part

mononitronaphthalene be mixed in the nitrator with four parts commgrcial sulfuric
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acid of K&X 1.84 spec{fic pravity, whereupo% 0.8 of nitro mixt re is slowlr poureé into,

the contents. The nitro mixture is prepared of equal quantities o? strong sulfuric

and nitric acids. The dinitronaph}hélene, that comes into teing in the form o; rellow

errstals, 1s separated from the acid on the centrifure, and is washed with hot water X#

until a neutral

EERERRTXHRABEAENY reaction is obtained. In the piven case, nitration is performed

in excess strong acid, which can be utilized onlr in part, in the first ohase of nitration.
. According to tre data of A.A.Scloninia (Bihl.180), German~ had a metlod of

rroducing dinitrona-ttialene “r nitration of mononitronaphthalene wiith strong nitric -

aci@ in tre cold., Detalled tecrnical nformation wiil® respect to this method 1s now

availarle, Accordine to vis data (¥ 1.120), linitronaphthalene was made in German:-

during Vorld Jar I ¥ mixing '8 I mononitronaphttalene and 39 g sulfuric acid of

1.2 spec]

ic pravit;, surce.ent to w 15 &y strong nitric acid was run in. In

course ol the.
tie/reaction -rocess, whict lasted for & krs, the tatéh was periodically agitated.

.

Tue resultant rroduct was filtered and washed with water., This method is not economical,
as it is tas~i on a consideratle excess of ni.ric acid (more <ran 200.) over.the
theoretical,

A more profitarle vrocess was organized at a plant of the Franco-Russian Society
in Srterovka in l;lh - 191°. A mixtu;e of 587 1pS0L, 28 - 307 HMOB, and 22 - 23% H0,
wit® a 707 factor of nitrating activit;-, was emplo;ed to produce dinitronaphthalene.
Nitration of mononitronaphthalene was performed over a four hour period at 48 - 50°,
Twelve parts mononitronaprthalene were run into L4 parts of mixture. After 30 min of

holding of the mass in the apparatus, it was cooled to 25 - 30°, and made over for

filtration. The product removed from the acids was washed with water in 5% soda solution,

LLE 330 ’




172 and again‘in cold water, subsequent to which it was washed on the centrifuge and dried

at A0 - 70° in a rack dessicator. The spent acid was emplored in the first stage of

nitration. .
/4 .
f al
’ e
r M E——
] 7
te
|
a J
Fig,58 - Method of Producing Dinitronaplthalene
1 and 7 - litrat.rsy 2, 5, 5 and 11 - letering tanks; 3 - Separator;
. (duciion Filters);
). and @ ~ Rising devices; & and 13 ~ A.-utsches’\l(‘) - Washing vatg
12 - Feater; 1. - Trap

a) Comnressed air

Suring World War II, diniironani thalene was used in a single stage in German:-
("i1.181) ¥; nitration of naprthalene witr mixed acid of the following composition:

58,570 11550, 22.27 HLO3; 19,37 HpU.  The components were run-in in "inverse' water.
3/ - 380,

Tre temperature at the time of mixing was held at BEXXYBR®Y while that ¥I at the end

of the nrocess was .C - 50°, Upon completion, the mass was cooled to 30°, and sent

was performed first with cold wateg/"
on to a filter. washing WXXKERXAAXYXXAKEE (4 m3 per ton dinitronaphthalene), and then

wits hot water, (12 - U m3). Drring was
y b performed at 7C - 80°, The yvield of dry

el

rroducts ef 80% of the theoretical.
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172 The production of dinitronaphthalene in two phases, by a hatch process, emploring
. mixed sulfuric and nitric acids as a n;tratjng agent, is illustrated in the diagrim

in Fig,Z8. . a

According'to the diagram, naphthalene is charged into the nitrator (1), wrere a

has

certain amecunt of spent acird from the first stage K8 teen left as medium. Run-in is
through the hatel, with the apitator operating, Then, nitro mixture is gradually
ru-in from measnring tanl- (2}, ani the nitro mass is leld £¥§ for some time, to
rgrmit shirrine. mon comnleticn of t'e process, the stirrer is stopred, and tre
nitre mass s nermittel to sbtand, whereuron a »ortion “lereofl is forced into
serarator (3) ' comrressed air.8f

3 i"e entire mononitronar!tralene s forced ovt ¢f tie nitrator. s portion cf the

snent acli is e ‘n ‘e nlirator, w.ere It serves as velimn in whic! to nerform the

O

“ollowrin~ oreration.

The rroivel, tute [or ABIA deliver: of acli and the rroducts into tie senarator
coes net reac. tle lesiom of re nitrater. ris males for i@ maintenance of a constant

next first-stage operatlion.

resiine ¢ srent uzld L the riirator for Lhe MEXKXEXXHE NEERAXARKY

Trom serarabor (3), the mononitronar-tralene trat ras settled out is sent ‘o
metering tanv (5] for tie second pase, anl the spent acid is sent to a settling tank

¥ S

“hrougr risimedEree (L),

All the nitro mixture to e nitrated is run from measuring tank (%) to nitrator (7),
wiereupon, the molten mononiironapihtiralene is slowly run in, with the agitator

operating. ’

Unon conclusion of the run-in and hélding of the nitrator contents, with ﬁgitator
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.jé sent to settling

Au/‘zl""
operating,it is then sent to the Uulee+r(8), with the aid of compressed air. Here the

3 /' W :/ 7.
, from the HNubseh-
spent acid is squeezed out of the dinitronanhthalene. The spent acid XBA¥EXXNXEE¥eA
h

Lo oL
EECEOSEXTTHE BENKENE columns via IFTNINEXASFIEEEYX rising-deviee (9), and the preduct

.
P
is raled irto the funnel through the side Fatch in the Nuteel iv

of special
raies. I'ram Fere it poes, via a wide pine, to the was''ing vat (10).

Tre,dinitrona -t-alene orzained is washed several times wit™ lhot water. T-e was’
water is t'en senit, :- means of ar. overread rire, to « srstem of Lraps.(1)), and tren

o te drainace s:stem. Tre lot water “or was!ing comes f{rom :eater (12) trrouet

meterins tant (11). Unon comnletion of wasling, tie dinitronaphihalene and itfre water

'

are “owered over n lutsel (13), wi

» aFitator oneratine, where the rroduct is sgueezed
free ¢ water. 1 .e rressed 1lnitronartiialene 1s lcaded Into specla’ cars and sent to
dr-ing along 2 narrow-irack railwar,

sield of nrgggggg)

1t s-oull me rotel ‘ra:c the pXEIREK/tett in the first and the second si:ge are
dierernient, to a considerable degree, uron the provert; of ‘he napithralene emplorei.
Tre nse of ~ressed nariiralene insteal of crrstalline nanitralens (wlic!: is oure) results
in a relcoction in tie rie’l in s%are one ”"'arrroxinat 1 57 and in stage two '
anrroximatel: 27, .

In stage two, the mixture consisting of LY H,S0; and 15 INO3 is emplored. The
tiprer percentage of nitric acid facilitates the lumping of the nitro vroducts in tre
course of nitration. The amount of nitro mixture is determined on tre hasis of as;uring
a .0 excess of nitric acid monot;drate over the theoretical. Comnlete separation of
the spent acid from the dinitronaphthalene does not prove possiblg, and up to 307 goes

to the washing.vat, ¥¥X along with the dinitronaphthalene. YRKEXEX&EK

333 ’
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17,

The spent acid from stage two is employed to make up mixed acid for stage one,

2

s+

the factor of nit}ating activity of whrich should be 41 z é27. Tre composition of the
.

mixed acid of stage one will vary. For example, a mixture of A57 H80,,, 37% HNO3, and

185 Ho0 will te used, and if the second-stage épent acid and weak nitric acid are

complete%y emplo;'ed in stage one, the consequence is a mixture containing from

10 - 3137 HNOg and 5% - 57 HpS0y,, with a factor of nitrating activity of 41 - /2%,

Nitration'is performed in stage one with a gradual rise in temperature to 50°
toward tre end of run-in of nitro mixture, and with holding at 0% for 1 hr. In the
second stage, nitration is performed by runniug the HEKERIXNENXBEXX mononitrotoluene
into the mixed arid over a period of L hrs, with gradual rise in temperature from
15 - 18° to .0°., This low temperature '3 required during the run-in time, as a
wonseneuce of the tendenc: of tinc nitro preoivet to lhume at higher temperatures.

The mononitronaprtralene entering a cold, energeticall; agitated nitro mixture
freezes in ‘e form of fine granules. (raduall:, starting at tle surface,lthe granules
of mononitronap-thalene underss niiration in depths Tre process of nitration nroceeds
in t'e solid prase, and its velocit;” is AKX determined - tie rate of diffusiﬁn of
acid mixture within trese gfanules.

It is rarticularl; important, in the nitration process, to BKEE¥¥E® adhere to the
temperature conditions, as the lumping of the product Aepends upon this. FPecause of
lumning it is the formation of a X¥KEE low-melting mixture at a given ratio between

dinitronaphthalene and menoniironaphthalene (L0 and ACs respectivel:-).

Tahle 5% presents the freezing points of allors of dinitronaphthalene and

" EEKEHXEREKXNKE moqonitronaphthalehe. Upon achievement of a formula approximating or




ao

1% -

°

equaling the eutectic, the granules of producte will begin, if temperature is

°

elevated, to soften and merge. into lumps. Table 56 shows that the melting point of

a eutectic mixture of ¥M¥XE pure dry mononitronaphthalene and dinitronaphthalene is

43.5°, and that of the product impregnated with acid is even lower.

Table 56
. al Y —
d | d)
b) |; ¢) ) ! by | ¢
P _‘l _ o
0 l 100 15:.3 | 60 i W 43,5
5 0 152,58 1 o ] w 44,4
10 %0 148,8 85 | 19 46,6
15 & 145.2 ] o | 0 18
0 60 1238 | 9% | 5 50,1
50 50 1 TN (L 0 53

a) Alloy composition, %; b) Mononitronaphthalene; c) Dinitronaphthalene;

d) Freezing point, °C

In practice, there are cases in which the entire product ¥X merges into a single
viscous mass that adheres to the agitator and the walls of the nitrator. Even XK¥ a
small amount of lumping, leading merely to s little increase in gra’n size, sharply
incresases the nitration time and complicates further processing of such a product.
The use of mixed acids for the second phase having a nitric acid content of more than

15% makes for lumping of the product inasmuch as nitric acid substantially diminishes

the XWMEEENX¥¥E melting point of a eutectic mixture.

Thus, running mononitronaphthalene into mixed acid is terminated at 40°, subsequent

to which the temperature is raised to 45°, and the mass is held at this tempsrature for

.

1.5 hr.

Aftpr the spent acid is separated out, the dinitronaphthalene is washed repeatedly,

.
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17 first with cold, and then with hot water, As a consequence of the fact that nitration

results in producing dinitronaphthalene in the form of granules, washing presents
serious difficulties. The acid trapped inside the hard granules can only be washed
out vrit_h great difficulty and it usually takes 10 or 12 washings to reduqe the

acidity of the product to O.1%. In addition to a considerable lengthening of the time

hy . e
LY RENXIKXKKE required for the process of washing, K considerable quantity of waste

waters requiring special EMI cleaning. mesusbes THEGRMKEXXNESANEXLTE
The washed product is dried by two methods: in chamber driers on racks at 90 - 959,
or, in the same manner as TNT, in the fused condition, at 160 - 180°, in drying baths.
I'ering is followed by flaking. In this situation, the product is produced in the forn L

of fine flakes.,

Production of trinitronaphthalene. A number of investigators have concerned XKSM#X¥i

¥EXK themselves with the manufacture of trinitronaphthalene.

17% Patard (Bibl.159) has nitrated naphthalene with mixed acids of various compositions
at 1100, He has found groups of nitro mixtures of various compositions capable of
nitrating naphthalene to specific degrees of nitration. A.V.Sapozhnikov (Bibl.l765 R
who elaborated on Pabard's material, showed that trinitration of naphthalene ‘can be

. 50 molar and not less than
carriei out by mixed acids containing not more than
25 molar percent HoO. When the mixed acids are stronger than this, the result is, at
first, tetranitronaphthalene at up to 20% molar Hp0, followed by the possibility of
partial carbonization,
Friendler (Bibl.182) produced trinitropaphthalene by direct nitration of

mononitronaphthalene.

A.A.Solonina (Bibl,180) provides a recipe for producing trinitronaphthalene,

®
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employed at the Okhta Powder Works, under,which 11 kg mononitronaphthalenes are mixed

o
°

with 39 kg sodium nitrate, the mixture is rubbed through a sieve, introduced into. the.
reactor, to which 102 kg commercial ?uli'uric acid is added. This method was developed
by A.V.Stepanov (Bibl.153). Its chief shortcoming is the impoasib:{lity of utilizing
spent acid, as this sharply increases the cost of the product.

Aguiar (Biiul.l70) produced trinitronaphthalene from dinitronaphthalene, To do
this, ¥X¥ 100 gm 1,5-dinitronaphthalene was m.ixed with 1000 gm strong nitric acid at
120 ~ 130° for one hour in a reactor with a reflux ABKA condenser. The result of the

reaction was the production of 1,3,5-trinitronaphthalene.

F. Trinitrophencl and Other Nitro Derivatives of the Phenols

Trinitrophencl was first obtained in .1771 by Woulff by reacting nitric acid and
indigo (Bitl1.183). Because of its acid properties and bitter taste (Iluupoo - meaning
tister) was called picric acid. In 1813, the same product was obtained by Loran, by
the nitration of phenol, The comparatively accessible initial raw material made it
possible to organize the manufacpure of picric acid, which was employed as a yellow dye
for wool and silk, At that time, the explosive naiure of pieric acid was not known.

In 1868 ~ 1869 it was proposed to employ the potassium and ammonia salts of picric
acid as a componen? of explosives made from potassium nitrate. In 1873 Sprengel
discovered that picric acid could be exploded by the use of a mercury fulminate

detonating cap. This made it possible to employ it independently to fill artillery

' shells. It was found that, to EXKIKE explode cast picric acid, one needed an

intermediate detonator of pressed picric acid, which in turn would dependably detonate

due to the action of a mercury fulminate detonating cap.

Starting in 1886, picric acid came to be employed widely to fill shells in
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France under the designation of Melinite, starting in xmnxngmu 1888 in England
under the designation Lyddite, in Japan under the title of Shimose, in Gem'ny under
the designation C/88 and in Russia, starting in 1896, under the designation Melinite.
Thanks to the fact that picric acid was the first explosive which, having high
black
power and brisance, was less dangerous to storo and to handle than the MilK¥ powders
hitherto known in military practice., nitroglycerin ENXXf¥ and Pyroxylin, its manufacture
immediatel: was undertaken on a very large scale.

In Russia, the manufacture of picric acid wds first EHIMM undertaken in 1896 at

the Okhta Works (which burned in 1907; and somewhat later, during World War I, at

manufactured from phenol,
three other plants. At two plants, picrlc acid was EEKKXAMXRFIKEXBEKEREYY and at

the third frum benzene, through dinitrochlorobenzene as intermediate (Ribl.184),

Toward the end of World War I, about 10,000 tons of picric acid was being manufactured
per year in Russia, 25,000 tons in Germany, and about 50,000 tons per year each in
Britain and France.

However, the scale of production of picric acid, ¥X even at the b'eginning of the
Twentieth Century, EMEKIKX began to ¥WIH¥¥ diminish, as a conswyusace of its negative
properties such as reaction with the shell casing, x:esulting in the formation of
iron picrate, highly sensitive to shock, and the fact that it could not be employed
to ammonites.

At the present time, TNT has replaced picric acid almost in its entirety, and its
production in peace time has EKWEEIJ¥X been sharply reduced. In wartime, the significance

of picric acid as an explosive remains, " This 1s Xi§ testified to, in part, by

investigations in the field of MMEXANKIXMF'¥UXIMEY rationalization of existing methods,

.
v .

as well as the development of new methods°of producing picric acid. Particularly great
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attention has been given, in revent years, to producing picric ac:ld directly from,
benzene, by the method of oxidizing nitration.

During World War II, a number of major scientists worked on the problem oY a more
profitable method of producing picric acid, to wit, by oxidizing nitration of benzene

catalyst,

in the presence of a mercuryxamxk. These scientists i.ncluded N.G.Laptev and
A.I,Titov (Bibl.385), and in the USA Dunning, NEEN¥¥MH] Robertson, Westheimer, etc.
(Bibl.186, 187).

In the course of World War II, 33,000 tons of picric acid was manufactured in
Germany. In Japan, according to the data of Colley (Bibi.188), picric acid production

was on a rather substantial scale.

Section 1., The Chemistrs- of the Production of Phenol Nitro Derivatives

Nitro derivatives of phenol and, in particular, trinitrophencl, ‘are produced in

industrial practice from phenol or benzene [XK# (via dinitrochlorobenzene as
the nitration "

intermediate, or ZEKXX¥HXIEX of benzene in the presence of mercury nitrate). BEach of
these methods enjoys ¥X certain advantages. In peacetime, they permit the manufacture
of highly valuable intermediates in the fo.rm .of dinitrophenol and ATRIXFEEKEY
dinitrochlorobenzene,. which are widely employed in the manufactur;, of dyes.
a) Productilm of Trinitrophenol from Phenol

Phenol C¢HsCH is a crystalline substance, colorless or pinkish, with a freezing
p;)int of 42.5° and boiling point of 1820, The specific gravity of phenol at 50° is

4
2 1,#
1.0466. Tts thesmad capacity is 0,561 kecal/kg/©C, and its latent heat of vaporization

at the boiling point is 114 kcal/kg. The temperature of autocombLustéon of the fumes

in air is 430°, .

N
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Phenol constitutes from 10 - 25% of coal tar. The large demand for phenol on the

176

part of a mumber of branches of the chemical industry {plasti¢s, aniline dye, lacquer

.
¢ €

and paint, etc.) gave rise to the need'for lirge-scale production of synthetic phenol.

Modern methods of phenol synthesis employed benzene as the starting substarfce.
Phenol is ﬁroduced in the following ways.
1. By fusing the sodium salt of benzenesulfonic acid with caustic, the principal
stages of the process being:
a) sulfonation of benzene
CgHg + H.804 — CgHsSOzH + Hy0;
b) formation of the sodium salt of benzenesulfonic acid
2CgHsSOLH -+ Na S0, - » 2C4;SO,Na 4- SO, 4 H.0;
¢) fusing of the sodium salt of benzenesulfonic acid with caustic soda:
CoH;S0O.Na 4 2NaOH — CgHsONa + NagS0, + Hy0;
d) decomposition of the phenolate
2CeH:0Na 4503+ H,0 —» 2CgH;01 4 Na,S0;.

177 2. Hydrolysis of chlorobenzene by caustic, in accordance with the reaction

CeHCl + 2NaOH —> CgHzONa + NaCl +- H,0.

sodium phenolate
With subsequent decomposition of the NNEMEXNXEXK¥XEAY#MX by acid (sulfuric or

hydrochloric)

CeHisONa + HCI — CgHsOH - NaCt,

Hydrélysis is performed with a 10% aqueous caustic soda solution at 200 - 250 atm

pressure and 300 - 350°,

3. Catalytic hydrelysis of chlorobenzene by steam. Hydrolysis of chlorobenzene

by s‘toam

CgHaCl 4 Hy0 = CgHsOH 4 HCI
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177 is performed at 450 - 500° over a catalyst (silica gel and others).
L. Decomposition of hydrogen peroxide of isopropylbenzene. Under-this method,

two valuable products, phenol and acetone, are obtained simultareously. The process is

run in stages:

a) production of isopropylbenzene (cumene) by

60 / \ alkylation of benzene by propylene:
5
a¥ (;.H;
¥
Z N\ —CH — e TN CH :
» C_S+em=cti-cily — ¢ _ % ?H,
oll o CH,
b)
. b) oxidation of isopropylbenzene by air

Fig.57 - Effect of Temperature
(in an aqueous alkaline emulsion under pressure
upon Solubility of Phenol

in Water ' at 130°) with conversion (as the consequence of
a) Terperature, in °C;

a chain reaction) into the hydrogen peroxide
b} So.ubility of Phenol

"
2 AN C = O — OH:
<.=>\"‘|:“+°""\.: C~0—OH;
CH; CH,

¢) Decomposition of the hydrogen peroxide isopropvlbenzene (by boiling in dilute

sulfuric acid under pressure) into phencl and acetone:

CH,

TN _C—0— TN X

D (l: 0—OH — ¢y~ OH+(CHy); CO
CHy

Synthetic and coal~derived phenols contain cresols and other impurities. Phenol
designed to yield trinitrophenol should be a colorless or slightly pink crystalline
product with a freezing point at not less than 37°.

Phencl and water are mutuvally satisfactorily so}ublo (Fig.59). The c;'itical

soh.xtion is
; 68.3° above which phenol and water will mix in any ratios.

. Lemperature of

Upon long contlct. with the air, phenol, undergoing oxidation, acquires a reddish tint,

o o 341




177 and, dpon absorption of moisture from the air, liquifies. l

’ .

Phenol is weakly acid, amd, upon reaction with bases, yields salts called
phenolates
SNENEX¥XMX, Thus, for example, it dissolves readily in aqueous solutions of caustic
soda and caustic potash with formulation of phenclate in accordance with the following
equation

C(H,OH +-NaOH — C,H,ONa+H,0.
Phenol does not react with soda.
. In working with phenol, it must be borne in mind that it is highly poisonous and
heal
moreover, tends to eat away the skin upon contact, and causes ulcers that K¥¥X with
difficulty.

Phenol is considerably more reactive than banzene and toluer:. It undergoes
sulfonation and nitrates readily. Nitration with weak nitric acid is an autocatalytic
process and is caused by the formation of nitrous acid as the product of secondary
reaction (Bibl,189).

176 When phenol is nitrated with nitric acid, a mixture of ortﬁg; and para-nitrophenols
resuits. The temperature at which nitration occurs ¥X affects the composition of the

a
nitrophencls, and increase in temperature increases yield of the ortho-isomer(Bibl.190),
. The reaction

MEUXEXIEN goes analogously when a mixture of sodium or potassium nitrate and dilute
sulfuric acid is employed for nitration (Bibl.191). Meta-nitrophencl does not come
into being upon direct nitration of phenol, and its production is usually from

meta-nitroaniline via the diazo compound.

Table 57 presents certain properties of nitrophenols.

As we see from Table 57, ortho-nitrophencl differs from the meta- and KIEKXKIXN&ENENE)

para-nitrophenols by the coloration of the crystals and the sharp odor. Moreover,

. . 3h2




. Table 57

Melting |Boiling .
Chemical Point, Point, Appearance
oC oC
Ortho-nitrophenol 45 | 214.5 Yellow crystals having & sharp odor
. similar to that of nitrobenzene

Meta-nitrophenol 96 194 at Colorless, odorless crystals

70 mm Hg s

(with

sublimation)
‘Para-nitrophenol 11 - Colorless crystals, but a solution in

alkali is colored yellow

as distinct from other isomers, it is readily distillable by steam. The cause of the
coloration, according to Hantsch is the tendency of ortho-nitrophenols to form acy

forms:

C6H4<
NOOI!,

having a quinoid structure

o
1 o

7 =N

U

Phenols can be nitrated directly only by highly dilute acids. This is difficult
and mabflr%m the.technical point of view. Nitration of phenol by a mixed acid
even ot'”'i-'is.d‘-le strength (total acidity 70 - 75%) is, however, virtually impossible, as
the high reaction velocity and', as a consequence, the rapid liberation of heat results
in oxidation and resinification. To prevent these processes from taking place, the
phenol is first éulfonated, to yield a less reactive compound ~ phelol sulfonic acid.
Moreover, the nitration of the latter nm results in a lesser thermal effect than the
direct nitration of phenol.

Sulfonation of phenol. When pHenol is acted upon by sulfuric acid, one, two, and

sometimes three hydrogen atoms of the sulfo group may be replaced in its molecule. The

.
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178 number of eptering sulfo groups depends primarily upon the strength and amdunt of acid *

axi, to a lesser degree, upon the temperé.tpre and reaction time,

*

In accordance with the reaction equation

I

CgH,OH + H,50, <= CgH, (OH} (SO3H) -+ H,0
the sulfonation process‘l';ccompanied by the formation of water, which dilutes the
sulfuric acid and, moreover, is reversible (Bibl.192). In accordance with the most
¥¥§¥ recent studies (Bibl.193), the active sulfonating agent in agueous sulfuric
179 acid is the monomer of sulfuric ankydride (S03) or, péssibly, the sulfate solvate
thereof, and, in oleum, also the dimer of sulfur tricfgxide (820¢) which is present

there in the form of the ¥XIXHXE¥ solvate of trisulfuric acid.

These particles are formed in accordance with the following equations:

2H,50, 2 2 §'0;+H,0 "+ HSOf;
4H,80, == $,0,+ 2H,0 54 2HSOP.

Sulfonation apparently &‘v‘é'ihﬂa manner similar to that of nitration, in two

stages:

A W
AtH + SO, = Arix ;
: Nsof

H
Ay’ o Ar3S0OP + Hb¥,
1o}

Melander (Bibl.194) found that, as distinct from nitration, sulfation is
accompanied by a noticeable hydrogen isotope effect: in the sulfation of benzene or
bromctranzene containing tritium, the proton is displaced by weak EXEIXXE¥X oleum
somewhat more rapidly than is the tritium. This testifies to the fact that the

second stage is quite slow as compared to the inwverse direction of the first stage.

: reactions of onatio rolysis,
The velocity constantsof the mﬂ and as a
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consequence therecf, KX the equilibrium MM constants depend upon the strength of
"the sulfuric acid (Bibl.195).
\

With reduction in the strength of the sulfuric acid, the sulfonation velocity
constant diminishes, and the velocity constant of hydrolysis increases, although in
less marked fashion. In this case, the equilibrium constant also diminishes. 4s a
consequence of the significant diminution in the sulfonation velecity constant, the
reaction virtually ceases at a particular concentration of the sulfonatimg agent.
This strengt ¢f sulfuric acid, expressed in per cent of 503, has come to be denoted

!
as tne n ENXXBHMXINNX of sul’onation. )

The value of the n of sulfonation depends upon the nature of the compound being
sulfonated, upon the temperature and degree of sulfonation, i.,e., upon the number of
sulfo greups entering.

The quanuity of sulfuric acid or cleum x (in kg), required for monosulfonation BX

I# of p kg of organic substaunce WXKKEX® with a molecular weight of M, may be computed

on the equation

80(100 —x).p_

rE S —M

where S is the total concentration of SO3 in the initial sulfonating agent. It is
clear from the formula, that the higher the concentration of SO3b§he initial sulfonating
agent, the lower the quantity thereof required for sulfonation.

Tne n of sulfonation may be reduced by increasing the reaction time and, particularly,

by increasing the sulfo acids content of the reaction mass. These, undergoing hydration,

are bound by the water of reaction (Bibl.196), R

For the monosulfonation of phenol, n= 55% 303, for disulfonation, it is 68% Sv3,

and for trisulfonmation it is 81.6% S03. In all three cases, the temperature at which

° 3&5 .
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179 the material is held has to be ,120° (Bibl.197). . :’

In choosing the strength of the sulfonating agent and the temperature of
sulfonation, one must take into consideration the possibility that side processes
will occur. The employment of a sulfonating agent of high strength (containing
free 803) may result in the formation of sulfones:

. ‘ArSOJH+HAr — ArSO,Ar + H,0,
180 the obtaining of which is facilitated by the presence of the sulfor:ic.acid, which is
already quite considerable in quantity, and by high temperature.

The high temperature of sulfonation may also induce oxidation, This is facilitated
by certain XXX catalysts such ang and Se (Bibl.198). 1In sulfonation, tl:xe oxidizing
effect is manifested both in the formation of oxy compounds, and in far-reaching
changes that may include the combustion of crganic substances.

The temperature at which the sulfonation process occurs BX affects the position
of the sulfo group entering “he compound. When suifonation occurs in the cold, the
sulfo group enters in the ortho position. When it occurs at 100°, the sulfo group
enters in the para position. The heating of ortho-phenclsulfonic K oxide at’ 100°
converts it to para-phenolsulfonic oxide. This fact is made use ‘of iin production of
picric acid. Inasmuch as para-phenclsulfonic oxide nitrates at ﬁ%ll higher speed
than ortho-phenolsulfonic oxide (Bibl.199), 2s a consequence, when phenol is
sulfated, the sulfo mass is held at 100 - 110° when the process comes to an end, for
the purpose of converting ortho-phenclsulfonic acid into para-phenolsulfonic acid.

The heat effect of reaction of sulfonation of aromatic compounds is less than

the effect of the nitration reaction. From this, we are able to understand the
convertibility
reversible nature of the sulfonation reaction, and the mutual EEIDHEXXKIX of the

* .
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. o

isomers of the sulfonic acids, as weli as the possibility of ready substitution of- i

the sulfo groups by the nitro groups. .

The isomerization of the sulfonic acid is explained by the fact that the ortho-

*

isomer is less stable to hydrolysis than the para-isomey. However, inasmuch as the
rate of sulfonation is high in the ortho-position, when temperature is ML
primarily this isomer that is formed. When temperature rises, the orthc-isomer
undergoes hydrolysis, and the para-isomer is simultaneously formed. Under these
circunstances, it does not undergo hydrolysis (Bibl.195).

Tables 58 and 59 illustrate the effect of the strength of the sulfuiic acid, XX
the length of ENXYERAXTHNY sulfonatios time, and of temperature, upon the yleld of
In XK& all the experiments, 5 parts sulfuric acid by weight

phenoldisuifonic acids.

are taken per part of phenol by weight (Bibl.200).

Table 58

Percentage Strength of H2S0, ! 92 ’ 93 1.94 ’ % ‘ 97 ! 100

Yield of disulfonic acid per hr at 100°, %I 62 ’ 66 l | e ( o I'OO

Table 59
Percentage Yield of Phenol Disulfonic Acid
Time, when Reacted with 93% H2SC,, at ©C
hrs _— —
75 100 150 ¢

0,28 - 48 50

0,5 51 65 66

1,0 59 66 66,5

2,0 - 68 -

4,0 - 68,5 -

¥t is evident from the

phenoldisulfonic acid are a

of about 30 min.

»

data adduced that the best conditions for producing KKMNEX

temperature approximating 100°, and a sulfonation time KX
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An increase in the temperature to 150° has virtually no effect upon the yield of

disulfonic phenol, but, at the aam; time, it results in the formation of sulfenes.

(Bibl.201).

.

When phenol is heated with ten times the quantity of 20% oleum at 120° for three

hours, a mixture of the A¥¥X di- and trisulfonic acids of phenol is produced (Bibl.202),

The sulfonation of phenol by 20% olewn results in the formation of 2,4~ and 2,6~
{
disulfonicphenol and partially, of trisulfonic‘phenol. 2,6-Disul'foni%phenol readily

¢

isomerizes at 100 - 110° to 2,/+-disulfonia}shenol. Therefore, in the manufacturing
of phenol

process, when sulfonation/comes to an end, it is held at 100 - 110°, with the object
of converting the 2,6—disulfor:i¥phenol to the 2,L-isomer, which then ¥I undergoes
freer nitration.

The sulfo derivatives of phenol usually are not separated from the sulfo mass,
but undergo direct nitration.

In the pure form, the sulfo oxides of ph'enol are colorless crystals, which acquire
a reddish tint in air., They have HEXXE no characteristic melting and boiling points,
and, when heated, decompose with carbonization. Sulfonic acids readily dissolve in
water. They are strong acids and form two types of salts: sulfonates, in which the

replaced

hydrogen of the sulfo group is ¥ENEEA¥EEX by a metal, and phenolates, in which the
hydrogen of the hydroxyl group is replaced by a metal.
The sulfo group is readily neutralized evan by carbonates, However, the hydroxyl

group in the monosulfonic acids is neutralized with difficulty by carbonates.

The acid properties of the sulfonic acids of phenol increase in the following

-
. .. .

uquonéo: meta~, para-, ortho-phenoldisulfonic acids., Their susceptibility to

-

hydrolysis diminishes in the same order.

. . . '3&8




181 Nitration of sulfonicphencl, This process goes considerably more quietly than

» -

’ « the nitration of phenol, and is capable of being affected bJ mixed aulfuric‘and nitric
acide The stabilily of phenol with respect to oxidizers increases when electrically
negative groups are present in the molecule, Therefore, when the degree of sulfonation
of phenol is increased, the yield of nitro derivatives rises, and the intensity of the
oxidizing processes diminishes.(Bibl1,197, 200).

In dilute sulfuric acid, nitric acid exercises MKIXE¥IAIXE an oxidizing effect
at elevated temperature, as a consequence of which oxalic acid is formed. Oxidation
goes the more noticeably, the less the degree to which the phenol ring is protected by

substituting groups. KINEXKEEXEXBGUXRIEIXIWEIYXRKXGERENR

King has shown (Bib1.199)f'that,when nitric acid acts upon phenolsulfonic acid

in the presence of excess strong sulfurdc acid, the hvdrogen in the ring is replaced
by a nitro group. In the presence of dilute sulfuric acid, the sulfo group is replaced
by nitre groups.

The introduction of the nitro group may be expressed by the following diagrams:

. Ok

xeﬁ.a'[:]uo’
oM e‘\k}fa’ + H20
QO“° SOJH
+ HNo,

Consequently, when three nitro groups are introduced into the phenol molecule,

the most advisable procedure is to employ thg-o regularities of the process in the

. . .

following order:




OH . OH B
/'\ * :
" 1~ SO,H - -
I | s +HNO, concen_) O,N(j' SOH +H,0:
NS trated -é\l/
SOH SO,H
182 o OH
! |
AN
ON- ;| )--SOH dilut —~ NN
! ’ l ! +2HN03 _“L‘e'-—-oozN , N°3+2H So
N N =
SOH 1\[‘-0’

In this case, no acid circulation is required in the production of picric acid
from phenoldi{,sulf‘onic acid. The most concentrated mixed acid is required at the
beginning of the process for the purpose of introducing the first nitro group.
Subsaquently, the nitro mixture is diluted by water as a reaction product, rendering
the medium more favorable to substitution of a nitro group for the sulfo group. If
the nitration process is properly set up, it will go under the most favorable
circumstances: a homogeneous medium, thanks to the good solubility of sulfonic acids
aid their nitro derivatives in sulfuric acid, At the end of the process, crystals
of a considerably more difficultly~soluble trinitrophenol will come down,

Disulfophenol nitrates at a lower rate than does phenol, and is more stabie with
respect to oxidizing processes. Nevertheless, oxidation does occur upon nitration.
To reduce it, the temperature is held at not over 60°, in the introduction of the
first nitro group.

In the first stage of nitration, upon addition of 1 mole HN03 to mole of
disulfonic phenol, nitrodisulfonicphenol is formed:

C¢Hy (SO,.H),OH +HNO, — CH, (NO,) (SO,H),OH +H,0.

e

The SXXXKXXHEX 6-nitro-2,4-disulfonicphenol isomer is produced, as the bulk of

e .
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182 the sulfonidphenol consists of 2,i-disulfonicphencl. A certain quantity ‘of 4~nitro-
’ .
[ . .
2,6-disulfoni¢phencl is also formed from the 2,6=disulfonicphenol present in the
sulfo mass.

The effect of the second ﬁl molecule of HNO3, is that the SO3H group is replaced

by an NOp group, and the two following isomers of dinitrosulphonic phenol result:

OH OH
| Tt
N .
O,Nf_\/ N0y g ON=| SO
f :
SO;H NO,
1 11

Both these isomers are formed from é-nitro-2,4-disulfonicphencl, the forw:r isomer .
predominating. However, the L-nitro-2,6-disulfoniphenol isomer yields only L,6-dinitro-
2-sulfonicphenol. The formation of 4,b-dinitro-2-sulfonicphenol is undesirable, as its
further nitration goes only with difficulty. This is not to be avoided completely, but
the quantity diminishes as a consequence of conversion of 2,6-disulfonicphenol inf
2,4-disulfonicphenol by holding the sulfo mass at 100 - 110° for some period.

With further nitration, both isogxers of dinitro-sulfonicphenol converts to
pleric acid, in accordance with the equation:

CqHz (NO,), (SO;H) OH + HNOy — C¢H,(NO;); OH + H,ySO,.

The second nitro X¥#X group enters at 60 - 80°, and upon t'ho introduction of the
third nitro group, the temperature rises to 100°. The mixture is held at the same
temperaturs. The high temperature of the nitration process results in a considerabkile

183 _ oxidation of nitrophenols to oxalic acid, which increases the consumption of nitric

nitro products. i
acid by 20 - 25%, and substantially reduces the yield of EXEERNEMNNXEXX

* The need to perform nitration at high temperature is induced by the difficuity




183

in converting 4,é=dinitrophenol-2-sulfoni¢ acid to the trinitrouderivatives The

N
L) -

Mcmplotdjdonitratod product reduces the yield of picric acid and reduces its quality,
inssmuch as it is not possible to separate it completely from the ni'tric acid by wuhi:ng
with water.

In the production of nitro compounds, it is desirable o replace oleum by
commercial sulfuric acid, as this makes it possible to set up a closed acid circulation.
After regeneration, the spent acid is reconverted to commercial sulfuric acid, which may
again he used for sulfonation of the phenol, In connection therewith, a process for tle
preduction of picric acid without oleum was investigated, consisting of the following::
sulfonation is carried out by adding 91 ~ 91.3% commercial sulfuric acid to the molten
phenol at 40°, in a period of 5 ~ 7 min. The temperature rises at first as a consequence
of the heating reaction, and is then brought to 100 or 110° on an oil bath, and allowed
to stand at that level. The resultant sulfonicphenol, consisting of a mixture of mono.

and disulfonic derivatives, the composition of which ie indicated in Table 60, is

nitrated by melange to trinitrophenol.

Table 60
a) )1)2’3‘4'5'6'718‘9
b) ’lo‘lo 20‘20’30'30 4 | 40 | 60
monod 74,7 | 44,4 | ~ | 43,5 58,0‘44,2 57,3 (40,7 =-
c) —_
di- | 25,3/856| — |565)42,0|558 424 5,3 —
mono-| — 1335 — |20,9( — {30,8] — | — ]2,.6
d —|-—
die | ~ |665| — |70,1| — 169,2] — | — | 71,4
I

Note. In experiments 1,3,5, and 7, the temperature maintained was 100°. and
in experiments 2,4,6,8, and 9, was 110°, -

a) Experiment number; b) Holding time, min; c) Composition of the sulfonicphencl, in %,
at a 'l:5.4 ratio of phenol to sulfuric acid; d) Pcrc'ontlgo composition of sulfonidphenol

at 1317.5 ratio of phenol to sulfuric acid

. 352 .
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¥n c_ardoi- to hold constant the amount of sulfuric acid produced in nitration, and
‘thereby to olli;mate the effect of oth;r factors upon th.o yield of picric acid, the
aulfo;xit‘#vhonol produced is diluted in ;ho cold by commercial sulfuric acid. After
nitration, the spent acid cor;taina 77.8% 8ulfuric acid, IX Under these conditions,

the yield of picric acid, regardless of the degree of sulfonation, is ldentical, and

comes to 83 - 84% of the theoretical, Consequently, the nitrability of monosulfonj:c{phenol
upon identical acidity of the medium is the same as that of disulfonicphenol. This
circumstance compels one to assume that the factor influencing the yield of picric

acid is not so much the degree of sulfonation as the strength of the nitratiag mixture,
Conseguently, ¥X in the production of pieric acid, oleum may be replaced by c.ommercial
sulfuric acid, if we take the ratio of phenol to sulfuric acid monohydrate as 1:7.5.

This does not require the dilution of the sulfo riass by commercial sulfuric acid, as

is the case in sulfonation with oleum.XX

b) Proguction of Trinitrophenol from Benzene via Dinitrochlorobenzene

The production of trinitrophenol from benzene requires several stages, X¥IILuielik
in accordance with the following eguations.

1, Chlorination of benzene to chlorobenzene:

C¢H, ++ Cly — Cgl1,Ct + HCL,

When benzene is chlorinated, tne result is not only monochlorobenzene but .
polychlcrﬂp‘. There is also a part of the k;cnzene that does not go into the
chlorination reaction, ani therefore the liquid obtained in chlorination is to be
divided by distillation, in order to emerge with comparatively pure monochlorobenzens,

2, Nitration of }nonochlorobonzono to .dinitrochlorobonum by fixed sulfuric and

I S

nitric acid: '
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H,;S0
CiHsCl-+2HNO, 2E2¢, H, (NO,), €1 4 2H,0.

18, 3. Sl.ponifiéation of dinitrochlorobenzene, to sodium dinitrophenolates

.

CyHs (NOy); Cl + 2NaOIt — CgH, (NO,), ONa + H,0 + NaCl.

4, Production of dinitrophenol by treatmc;nt of sodium dinitrophenolate by

sulfuriec acid:

2C,H, (NO,),ONa + H,S0, -~ 2C,H; (NO,), 011 4 Na,S0,.

5. Nitration of dinitrophenol to trinitrophencl by mixed sulfuric and nitric acid:

11,80,

CeHy (NOp),0H + HNO, =" CgH, (NO,)g OH + Hy0 + 12,9 Keat | mote

The polychlorides obtained as by-products in the chlorination of benzene are

purified and employed for the production of dyes, and the hydrogen chloride liherated

is trapped by water and used to produce hydrochloric acid. Chlorination of benzene

is performed by gaseous chlarine in the preserice of a catalyst - iron chloride, the

strength of which in the benzene should be 0,01 -~ 0.015%, The iron chloride, ¥XK#X mav

either be introduced
§342 5734 9¢ 005311

into the benzene deli-rered to chlorination or produced directly

in the reactor, To accomplish the latter, iron is placed in the reactor, and is

converted to FeCl3:

2Fc + 3Cl, — 2FeCl,.

In accordance with modern concepts, the catalyst promotes the formation of

positively charged ions of chloride in accordance with the following mechanism

(Bib1.203)
FeCly - Cly 22 FeC1P +CI¥,

The Cle ion reacts subsequently with the aré.ntic compounds ¢

H }"I H
c da (l,
S 2N\ /7 Z \
He~ C C—~H H-—C Cm—
i é (] + Cl? — I D - I
-— C~H -C C-—H - -
N/ N/ H C\ /C
Cc L c
| | |
. H H H
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The ‘proton reacts with FiCll:, recovering the catalytically wctive salt FeCli, and

forming hydrogen ‘chloride:;
FeC1® 4 HP Z FeCly -+ HCI

In accordance with the mechanism presented, the catalyst.acts only upon the
chlorine. However, the action of the catalyst upon the aromatic compound is also
possible. This is testified to, in part, by the effect of the nature of the catalyst
upon the ratio between the chlorine derivative isomers.

When benzene is chlorinated in the presence of iron chloride, the process goes
in the direction of formation of chlorobenzene only at the very beginning:

CgH+ Cly — C4H Cl+HCI,
but later, the chlorobenzene formed converts to dichlorobenzene:
Cgti.Cl+Cl, — CH,Cly+HCIL

The vield of chlorcbenzene (in terms of benzene) approximates 100% 2t the onset
of chloriration, As the reaction progresses, it continually declines, inasmuch as,
the cor entration of chlorctenzene increases, the rate of conversion thereqf into
dichlorotenzene becomes greater than the rate of formation.

To avoid the formation of a large guantity of polychlorides, it is desirable to
stop the chlorination reaction when the coricentration of chlorebenzene attains
32 - 5042, In this situation, the polychlorides formed constitute not more than 5%
of the resultant monochlorobenzene by weight.

The chlorination reaction is monitored by determining the specific gravity of t-he
reaction mixture.

The temperature of chlorination influences the formation of polychlorides, 'f'ha

temperature coefficient of the chlorination rate of benzene is 8 or 9% lower than that
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of chlorobentene. Therefore, with incresse in temperature of chlorination, more ’

polychlorides are formed. .

Previously, £he chlorination process was carried out by a batch-wise method at
20-- 250, Today, chlorination is performed by a continuous method at the boiling point
of the reaction mixture (76 - 83°)s This makes for intensive loss of heat of reaction
due to partial evaporation of benzene and chlorobenzene from the boiling mass.

Inasmuch as the chlorination reaction is exothermic (about 28 kcal are relsased per
mole of chlorine), the output rate of chlorators depends, for all practical purposes,
upon the rate at which heated reaction is removed. Therefore, ch.orators KX that
function under conditions of boiling of the reaction mixt.ure show a higher rate of
output than the ordinary type.

For purposes of chlorination, the benzene and chlorine should be as dry as possible,
as the * 'r~o~in chloride formed in reaction, upon dissolving in water, rapidly decomposes
the catalyst and the apparatus.

Drying of the benzene is usually performed by-means of azeotropic distillation,
and drying of the chlorine by passing it through sulfuric acid."

Chiorobenzene is separated from the chlorinated benzene by distiliation, which
presents no great difficulties in view of ithe great difference in the boiling point .f
the components, constituting chlorinated bensens: 80.4° for benzene, 132° for
¢hlorobenzene, and 172 - 180° for polychlorides. Prior to distillation, the chlorinated
benzene is treated with dry soda or limestong, followed by filtration. This is necessary

_in order to remove hydrogen chloride, which may induce corrosion.

-

Chlorobentene (nono'phlorobomono) consists of a colorless, mobile liquid smelling

.

" of almonds. It is not soluble in water, but dissolves well in alcohol, ether, benszene,

*
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chloroform, and carbondisulfide. The boiling point of chiorobentzene is 132,20

the freezdng point is 45.2°; specific gravity is 1,106 gn/cn.13 at 25, The temperature
is 0.31 kcal/kg/°C. Chlorobensene is hot, and emits hydrogen chloride when heated.
-Its chemical activity is lower than that of the halide-substituted hydrocarbons
of the aliphatic series. Chlorobenzene reacts with ammonia only when heated in an
Strong

autoclave to 180 - 200° in the presence of copper salts or pulverized copper.HiIXE
agueous solutions of caustics cleave chlorine away from chlorobenzene only at
300°, The strength of the bond between the halide and the ring is diminished .
upon introduction of NG, and the COOH K¥BEXE group into the ring. Chlorine is
activated with particularly high degree bv these groups which are in the ortho-
and para~position with respect thereto. Chlorobenzene is slightlr narcotic.

Tatle 61 presents some of the physical properties of the polvchlorides, which
are also produced in the chlorination of benzene.

Tatle 61

a) | b) L c) ‘ d)
! I R

| |
I h2,69-53,2 171174 at 20°—1,3581

1,4 ~dichlorcbenzene (para-)

1,2-dichlorobenzene (ortho) M { 179 at 19°—1,303)
1,3~dichlorobensene (meta-) i e) ! - ot 201285
1,2,3-trichlorobenzene 53]-7'54 ?’(1);_;:: ’ -
1,2,h=trichlcrobenzene | 53.4 J . ,,(;; 5 ' at ]0:1'5“
1,3,5-trichlorcbenzene L e oss | _
1,2,3 ,h-tltruhlorobonlom ‘| 5051 246 ‘[ —
1,2,3,5-tetrachlorobenzens | 137138 | 236—246 | at 175°—1,3968
1,2,k,5-tetrachlorobenzene | 81—t 975276 | ot 81°—16005
Pentachlorobenzene i 222,5 ' 302—332 l at 203°—1,519
Hexachlorobenzene

a) Isomers; b) Melting point, °C; ¢) Eoiling point, ©C; d) Specifie gravity;

o) Freezes in a mixture of water and ice

Nitration of chlorobengzene to dinitrochlorobenzene goes in two stages. First,

the first nitro group is introduced at a tﬁponturo of 45 - 50°, The result of
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nitration is a mixture of ortho-, para-, and meta-nitrochlorobenzene. The formation

it
of the meta-isomers is undesirable, as upon further nitration,/converts to

agymmetrical trinitrophenocl., The yield of meta-isomer depends upon'tenporaturo.

The higher ﬂhe tempsrature of nitration, the higher the yield of meta-iscmer.

Certain of the physical properties of nitrochlorobenzene are presented in

Table 62.
Table 62
a) b) - l <) ; d)
Freezing l
[} 32,5 46,0 83,0
Yig¥XHg point, in “C ! 242

. us | 2%
Boiling point, in.°C

a) Nitrochlorobenzene isomers; t) Ortho-; c) Meta-; d) Para-

dinitrochlorobenzene
Nitrochlorchenzene is subjected to further nitration to RIXEBERIEXX

at 75 - 80°, ZYEXATHINBF 2,/,-dinitrochlorober.zene (or a-) is a virtually
colorless crystalline substance with a freezing point of 53.4°, The 2,6- or
B—isoﬁer freezes at 43,2°, and tge 3,5-, or y-igomer, at 27°. The technical
product consisting chiefly of X a-isomer has a freezing point of L6 - 476,
ingamuch as it contains impurities. The chief impurities are 2,6~ and J¥EX
3,5-dinitrochlorobenzene, as well as the ortho-, para-, and to some degree, ttre
meta-nitrochlorobenzenes, and 3,h-dinit;o-l-chlorobenzene. The quantity of the
temperature
latter depends upon the XX¥¥¥ conditions of the first stage of nitration, The
higher the temperature of the first stage, the greater the yield of the undesirable

3,k~dinitro~1-chlorobenzene.

In addition to the impurities cited, dinitrochlorobenzene contains considerably

: 358




smaller. quantities of dinitrobenzene and nitropelychlorides. These impurities
187 are formed ih the nitration of bengene and ti:e polychlorides contained in the
: initial chlorobenzene. )
o
Dinitrochlorobenzene is virtually insoluble cold water and is slightly

soluble in hot water. 100 gms of water dissclve the following quantities of

dinitrochlorobsnzene, in gms:

at g 0,0008
absoe ... L 00410
at 100° . . ... ... ... ... 01590

Its solubility in 85% sulfuric acid (in %):

atope L L L about 1,7
at 80 ... ... L about 4,0
at 70° ... oo about 6.5

degree of ’
This/solvbility of dinitrochlorobenzene resuits in considerable losses thereof,

inasmuch as the spent acid contains 85% sulfuric acid. These losses may be
eliminated by employing acid ciréulation, i.e., by utilizing the spent acid in
the first-stage nitration.

Table 63 presents the solubility of dinitrochlorobenzene in organic solvents.

\
\/
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\ ) ‘Table 63 '

b)
a)

18 30 © 50
Ethyl alcohol 8,2 18,8 -
Methyl alcohol 11,2 32,3 -
Ethyl ether - 23,5 128,3 -
Chloroform 102,7 210.0 -

119,4 —_ 297.5
Ethyl acetate 139.9 . 282,5 _
Toluene 153,1 339,5 -
Benzene 27,9 -— : 531,0

Acetone
a) Solvent; b) Solubility, gms (per 100 gms of solvent) of dinitrochlorobenzene,
at the following temperatures, °C
9€ A mixture of dinitrochlorobenzene and strong mixed acid is heated for
12 hrs at 130, the result is picryl chloride, with a yield of 85% of theoretical
(Bibl.204).

Dinitrochlorobenzene is —~eadily saponified by hases, and fcrms
dinitrophenolates. When it is saponified in the presence of aleohols, the
consequence is ethers, such as dinitrophenetol, dinitroanisole etc.

In wor.king with dinitrochlorobenzene, it must be borne in mind that its

~ workshops
fumes are powerful irritants of the mucous membrane, and therefore the &PBP’X
must have good ventilation.
de-c8,
2,4-Binitro~l-chlorotenzsne is used to manufacture sulfur e It
condenses with a large number of compounds in the aromatic series, and the
condensation products produced are reduced by sodium sulfide and sulfur.

As NKI¥SX¥ already indicated, 2,4~-dinitro-l-chiorobenzene is saponified by

bases, to yield sodium dinitrophenclats:

C4H; (NO,), Cl 4 2NaOH —» C,H, (NOy); ONa--NaCl - H,0.
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g'I'ho reaction goes at high velocity even whe.n weak alkali solutions are
. i

employed, The ease with which chlorine is ?ubstituted for by the hy&roxyl .
is due to.the prasence in the MEINE moleculs of dinitrochlorobenzene, of two
nitro groups, in the ortho- and para-positions with respect tc chlorine. The
chlorine atom in chlorobenzene is saponified with difficulty by hases (the
reaction will occur in an autoclave at a temperature of about 300°, and with
strong caustic soda). Introduction of the nitro group into chlorobenzene activates
the chlorine atoms. Even in the ortho- and para-nitroch]orobenzepe, the chlorine
atcm is fairly easily exchanged for the hydroxyl, uader the influence of a base.
THE A nitro group in the meta-position with respect to the chlorine, does not
activate it, and meta-nitrochlorobenzene usually dées not saponify a caustic.

The saponification reaction of 2,4~dinitro-l-chlorobenzene is accompanied hy
the emission of heat, and this mar induce a pronounced rise in tempsraturs. To
avoid processes of oxidation and possible flare-ups, the saponification of YK
2,i~dinitrochlero.. ~zene is performed at 100 - 105° by a weak aqueous alkaline
solution (7%) used in very slight ﬁ; (1 - 2%) over the theoretically necessary.

Certain impurities in dinmitrochlorobenzene ~ the ortho- and HEBEXIINYXEEUETENEEENEN
para~dinitrochlorobenzenes, are also saponified by caustic, and convert, ¥DE%
correspondingly, to ortho- and para-nitrophenclates, which subsequently undergo

picrie
transformation to HEOBSGPAX acid. 3,4~Dinitrochlorobenzene reacts with caustic,
but this is accompanied by an exchange not of the chlorins, but of the nitro group
in the meta~position witﬁ respect to the chiorinc, for hydroxyl, the consequence

being IXUKIS¥INEX l-chloro-4~nitrobenzene, in accordance with the reaction:
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C: Cl
() 0
+NaOH - <+ NaNO
-NO —OH 0
N N/ :
NO, NO, .

Subsequently, upon nitration of dinitrophenol to trinitrophenol, this
compound diminishes the quality of the latter.

As already indicated above, meta-nitrochlorobenzene does not saponify, but
remains in the dinitrophenci as an impurity. Reduction in the quantity thereof
may be achieved by increasing the period of time at which the reaction mixture
is held at 105° toward the end of saponification, the meta-nitrochlorobenzene
being driven off by steam under the circumstances.

Sodium dinitrophenolate is readily decomposed ty dilute sulfuric acid, with
literation of dinitrephenol, in accordance with the reaction:

LQC,H. (NO,); ONa 4 HySO; — 2CsH;(NO,)y OH + Na,SO,.

2,L=Dinitrophenol is a crystalline substance, bright vellow in color, having
a freezing point of 112.5°, and a specific gravity of 1.483 (at 24°). The freezing
point of 2,6-dinitrophenol is 62.5°. The 2,4-isomer crystallizes out of boiling
water MMX in the form of small platelets or in the form of pale yellow or, sometimes,
completely colorless neeiles. When carefully heated at 7(0°, dinitrophenoi undergoes
slow volatilization. It can also bs driven off with water vapor. Its solubility

in 100 gms of water is, in grams:

Ca L oo
. . 'qua'................o.m
at 100° . ., ., .., ., . 478
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The solubjlity of dinitrophenocl in organic solvents is illustrated in
Table 62&.

Dinitrophenol is acid in its properties and reacts with metals, oxides
thereof, and carbonate salts, to yield dinitrophervlates, which are less
sensitive than the corresponding picrates. With bromine,dinitrophencl forms
dinitrobromophenol, melting point 119°,

Dinitrophencl is very toxic. It is essential that health and safety rules

he adhered to when working with it,

Table &
b)
a) .

l 15 [' 50

Pyridine ! 20,1 71,0
Acetone [ 359 98,3
Ethyl acetate i ]2'5 49.5
Benzene ‘ 4 2.7
Toluene |03 19.9
N 5.8 19,8
Chloroform C4,9 16,9
Methyl alcohol L 3.0 11,3
‘Absolute etiiyl alcohol N Y
Ether ‘ 0.4 1.8
Carbon tetrachloride 0.4 1.0

Carbon disulfide

a} Solvents; b) Solubility (in 100 gms of solvent) of dinitrophencl, in gms,.

at the following temperature, °C

As an explosive, dinitrophenol is similar to dinitrobenzene, It is not

employed by itself., During the First World War, an alloy of 40% dinitrcphenol

POAEX picric,
and 60F KXX¥IX ‘acid was employed in France.
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c¢) Production of Trinitrophenol from Benzene by Oxidizing Nitration in the
Pregence of a Fromoter :

The production of trinitrophenol from ¥ENX benzene by nitration of the
latter with weak nitric acid ir the presence of mercury nitrate as promoter has
been
KMMK investigated by many scientists (Bibl.205, 206, 207). The most complete
studies in the mechanization of this process, as well as its practical realization,
are due to A.I.Titov and N.G.Laptev (Bibl.185).

Oxinitration

EX¥¥iXBXXXEK (oxidation and nitration) of benzene to 2,i-dinitrophenol and
to 2,4,6=trinitrophencl by mercury nitrate in nitric acid goes through the

following stages:

C‘H‘ + l'!g (NO.), - CCH‘HgNO; + HNO;:

CaHHENO, + N0, — CHNO+He (NOY; o

CeHNO +2NO — CeHNP + NO;
CeHNP +H,0 — CgH,OH + HO + Ny; (3)
C¢HgOH 4 HNO;y — O,NC4H,OH + H,0, (L)
( orthe) (5 )

or .
CeHsOH + HNO, — ONCHOH +H,O, (6)
pdra)

subsequent to which tre mononitro derivatives are nitrated further.
‘ (3)
AJI.Titov and N.G.laptev regard reaction KEXKI(RJ and those which follow
it (4) and (5) as not being the basic ones. According to their views, the basic
reactions subsequent to the decomposition of the mercury derivative amd the

formation of nitrophencl are the following:

C4HyNO +8HNO, = C,H, (NO,); OH + 2HNO, + Hy0:
C,H,(NO'), OH + HNO, - COH’ (NO’). OH + H,O;
HNO.+ HNO. b d N.O‘+H,O.

According to the mechaniﬁ envisaged by A.l.Titov and N.G.lLaptev, the total
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expenditure of nitric acid in the formation of one mole of trinitrophenol is”
7 Tormed
5 moles, and one mol¥ of the dimer nitrogen dioxide,is ¥XMMXX simultaneously.

Production of trinitrophenol by ghis mechanism is carried out by circulation
of benzene through 50% nitric acid, containing B.E%Enercufﬁ nitraté: The reaction
occurs at 50°. The benzene, saturated with nitro derivatives, and having a
specific gravity of not less than 1,2, is removed from the cyvcle. The spent

benzene
¥WKAINE is heated at 60° for 24 hrs, and the dinitrophencl is nitrated by the

nitrogen oxides iﬁ;;enzene to picric acid. Upon completion of the reaction, the
mixture is cooled to 5 ~ 79, and the crystallized picric acid is filtered off the
henzene, which is returned to the cvcle.

A neczusary condition f9r introducing oxidizing nitration into production is
regeneration of the mercury. Only if this problem is XEXXEXXEX¥¥¥ satisfactorily

solved can oxidizing nitration successfully compete with other methods (Bibl,208).

Section 2. Properties and Applications of Trinitrophenol

Pleric acid or 2,4,6-trinitrophenol is a crystalline substance existing in two
orthorhombic
polymorphic forms. The cryvstals cbtained from the alcohol solution are KEXKEFERKIK
in shape, bright vellow in color, having a freezing point of 121.3° and a melting
point of 122.5° (Bibl.183)., The specific gravity of crystalline picric acid is
1.763, and that of the liquid acid is 1.589 (at 124°).

The gravimetric density if 0.7 -~ 1.0, and the density of the cast picric acid
is 1,61 - 1.67. Pressing at a pressure of 2000 kg/cm2 yields a density of 1.63, By
increasing the pressure to 4125 kg/cmz, it becomes possible to increase density
to 1.74., The latent heat of fusion of picric acid is 20.4 kcal/kg, and the specific

i

tifermel capacity of 0.234 cal/gm. Picric acid is virtually non-hyjroscopic. When
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Y¥¥EY fused, it volatilizes to a limited*degree: vapor pressure 195° - 2 mm Hg,
..and at 225° - 50 mm Hg (Bibl.183).
pleric

Tables 65 - 67 illustrate the solubility of WIX¥XK acid in water and other

solvents.

Table 65

aj b) “ a) b)
0 1,05 40 1,98
5. 1,07 '; 50 2,53
10 Lo i 60 3,17
15 L1 7 3,89
20 L2 80 ! 4,66
25 a7 9% | 549
30 1 1.5 100 6,33

a) Temperature, °C; b) Solurility, g of picric acid §#¥ in 100 gms water, gm

191 Table 66
‘ b)
a) — - -
} 18 ~ 50 80
|
0 1,184 | 2,389 4,541
2,3 0,0230 . 0,692 1,940
47 0,142 0,368 1,251
10,0 i 0,081 { 0,265 0,727
18,0 | 0,049 ' 0,214 0,561
25,5 0,092 ' 0,230 0,587
50,5 0,429 0,645 1,104
69.7 0,928 1,424 2,203
87,9 2,461 5,826 7,610
97,4 7,532 12,768 24,024
100,0 10,180 16,230 25,860

a) Strength of sulfuric acid, %; b) Solubility, gm, of pieric acid (in 100 gms

acid), at temperature, °C
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Table 67 *

. b)

. G) | o 1 y
15 mmias'as‘w 48‘51‘56160]65478

! { i

l 1 \ Cooro

¢) —5.9—@—1— — == —i— — | 40
d) —3.451-—-1————8,4 - -
e - 183! ~ 133,83 — !38,3] — 142,5/46,2} = | — | —
f) o | —=l12,3114.3016,7] — |22,7] — |20.4| — [39.7] ~
9 6,818,8(11,417,6| — |25 — | — 13,5 — J41.7| 30

a) Solvent; b) Solubility of picric acid, %, at temperatures in CC; ¢) Alcohol;
d) Dichlorohenzene; e) Nitrobenzene; f) Dichloroethane; g) Benzene

Picric acid dissolved in ether, methy' alcohol, glycerih@ chloroform, carbton
AXERIXAKEY disulfide, and also in res?ns and lacquers. The golubility of picric
acid in water and in sulfuriec acid is of practical interest.u In view of its
considerarle gsolubility in water, hot water cannot he emploved to wash pieric acid.

Aqueous solutions of picric acid are yvellow in color, while solutions cf
picric acid in sulfuric acid and ligroin are colorless. A gimilar phenomenon occurs
in the cultivation of erystals of pieric acid. Ordinary industrial BXEX picric acid
is vellow, but picric acidi recrystallized from sulfuric or hydrochloric acid is
virtually colorless.

Certain hypotheses exist with respect X# to the reason for the coleration of
picric acid., It is held that undissociated picric acid is colorless, but that the
rcéHz(N02)30f3 ions are yellow. Other views hold that the coloration of ritrophenols,
including picric acid, depends upon the fact that they exist in two tautomeric forms:

the benzoid and the quinoid:

o i
ON—/N~No; ___, ON-7 }—Noz .
. i J € — o .
\Y% \" o ' -
| |52
NO,» N—OH
benzoid form quineid form
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Both these forms are in equilibrium, and the equilibrium is shifted in

the direction of formation of the quinoid form. The quinoid form of picric acid l
is colored, and the benzoid is colorless. In the opinion of Hantsch, as -already
indicated, salts of the nitrophenols have the quinoid form.

Picric acid and its solutions color tissues of animal origin (wool, silk,

skin)
hair, IMKXKE¥J yellow. As 3s the case with other nitro cormpounds, they form
complexes that crvstallize well (Bibl,209); for example, with naphthalene, they
form golden vellow crystals having the following composition CygHg CéHZ(NOZ) BOH.
This reaction is frequently employed to separate picric acid,

A characteristic reaction for picric acid is provided by KCN, which forms
isop\{puric acid with it. This is a reiq compound (qualitative determination of
small quantities of pieric acid).

Upon reduction, picric acid converts to triaminophenol. This reaction is

rid
emploved to get ¥XA¥ of the picric acid in wash waters as otherwise they dirty and
poison bodies of water.

Nitric acid dissolves picric acid, and virtually does not react with it
(Bi»1.,210). Eleaching lime converts picric ac’d, in the presence of water, to
chloropicrin CCl3(N02) {a poisoca).

Picric acid is a somewhat stronger acid than carbonic acii. It reacts with
carbonates to liberate XMk CO, and form picrates. In the presence of moisture,

glycerol
ricric acid decomposes cellulose and IIXMEKI nitrates, as well as ammonium nitrates,
éleaving HNOB away X)¥¥X¥ therefrom. ‘Thonfor_o, it can be used in a mixture
wi'chhihue components. In the presence of moisture, picric acid reacts with

virtually =11 metal: other than tin and the ¥X noble metals), yielding salts

)
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. " (picric). Picric acid reacts with metal oxides or carbonate‘ salts more ! l

- 3

. readily with metals (Bibl.211). ‘

The majority of picrates are more soluble in water than is picric acid,

hut, nonetheless, they are not goluble in dry tenzene. This property is

employed to determine picrates in picric acid.
Al]l picrates are solid crystalline substances having substantially greater

gensitivity to water and friction than does picric acid. The greatest sensitivity

is thet of lead and iron picrates. In sensitivity, lead picrate is similar to

lead azide. Minimum sensitivity is displayed by the picrates of sodium and

ammonium. The latter is emploved to fill shells. The shock sensitivity of

picrates is illustrated in FIRL Tabie 68.

Table 68

a) b) ) a) b) c)

Picrie acid Iron picrate

95 300 7 300
Lead picrate 5 20
Sodium picrate 80 360 .
i | Silver picrate 5 -
Zinc picrate 60 35 | 4 -
Copper picrate 7 310 l Lead azide 2 210
pper p Mercury TEDRKXINE
fulminate

a) Explosive; b) Height from which weight is dropped (2 kg), em; c) Detonation point,°C
In the process of production of picric acid, picrates may come into being

ir tve washing and drying process, as a consequence of the lpreaence of salts in

the wash water, Salts reacting with picric acid yield picrates, which remain in

the picric acid in greater quantity, the more poorly the KNEM¥X separation was
193 performed. Therefore, the washing of picric acid ;hould be performed with soft

water (not containing salt), and before it is sent to drying, the product should

»

on
ve XM¥EXXME thoroughly centrifuged from the wash water K a hard-rubber or

XX
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tin-plated centrifuge. To avoid the formation of picrates as washed picric
acid contacts metfll, the washing and ‘drying portions of the apparatus should.
E¥EYE¥E preferably not be of metal, or, in any case should consist of certain
particular metals {alumimum, tin-plated copper, bronze).

The »ossibility that picrates may be formed by direct reaction between picric
acids and metsals in the process of nitration is eliminated by the presence of
sulfuric acid in the nitro mixture. The formation of picrates may occur upon
reaction of picric acid with alkali earth bas#s and salts in cementq floors, and
therefore cement must not be used for flooring in picric acid production.

When the aqueous solution of picric a.ciii is saturated with ammonia, ammonium
picrate results.

Ammonium picrate is a crrstalline substance (yellow or red in color, in
different modifications), having a specific gravity of 1.72, fusing at 265 - 27(°
(Bit1.183), and having a detonation point of 290°,  Ammonium picrate dissolves

per

readily in boiling water (74.8 gm XN 100 gm water at 100°) and less satisfactorily
in cold water (1.1 gm per 100 gm water at 20°). It is considerably more
hygroucopic than pieric acid, and when stored in a moist XX atmosphere for a
month, absorbs more than 5% water. It is insoluble in benzene. Completely dry
ammonium picrate undergoes virtually no reaction with metals and their oxides,

picrate
whereas moist ¥IK¥KXMEE reacts,but more slowly than does picric acid,

Ammonium picrate is a comparatively unstabie substance, and when heated to
220°, vigorous decomposition, with liberation of ammonia, sgts' in:

CsH, (NO,);ONH, o= C;H,(NO,), OH + NH,.

This reaction also proceeds at a lower temperature. If ammonia be removed
picrate
from the reaction sphere, considerable decomposition of ammonium @SOS s possible

) 370
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accumulation ) y
(and consequently, EXYHININKXIMX of picric acid when it is stored for a long

-

period in conditions other than airtight).

picrate
In the United States, ammonium XMX¥KX¥ is produced on the irdustrial scale

in the following way: when heated, one part picric acid per weight is dissolved
in 10 - 12 parts water per weight, to which 20% ammonium picrate is added until
complete neutralization is achieved (0.L - 0.5 parts per weight), and upon cooling,
ammonium picrate K#¥¥ comes down, which is filtered, washed, and dried.

Ammonium picrate does not react with salts, inasmuch as the hydrogen of the

Previously,
hvdroxyl group therein has already been replaced by the NHh group, FESRIEHEIT

p1.39 64
ammonite of the following composition: 72% NH)NO; and 23% picrate ("gromoboy" or

"maisite™) was manufactured on ammonium picrate as base.

Ammonium picrate is less shock-sensitive than picric acid., It detonates
when a weight of 2 kg is dropped from a height of 100 cm. The heat of éxplosive
decomposition is 800 kcal/kg, and the rate of detonation (at & = 1.63) is
7150 m/sec (Bibl.183).

jemolition shells

In the United States, NMMNN¥XKIS¥EINE armor-piercing and fumscshedis used
to be XIXIA filled with ammonium picrate ( by the method of pressing),

Picric acid also forms picrates with organic bases. Thus, for quantitative
determination of picric acid, emplovment is made of acridine picrate

. benzene,
013H9N . CéHz\N02)3OH which is poorly soluble in water, MEIXIN}¥Y and alcohol.
Quantitative determination of picric acid may be formed with the aid of nitron,

with which picric acid yields a picrate poorly soluble in water,

Picric acid *ls poisonous, and therefore the appropriate safety rules have

.
.

to be adhered to in working with it.
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In the pure form, picric acid is very stable to the ususl temperatures of

storage., A small quantity thereof may even be subjected to volatilization by
heating to 125 - 130°, At 160°, one observes slight decomposition of pieric’
acid with liberation of gases, and deflagration occurs at 300 - 310°, Ignited
picric acid burns slowly, with a smoky flame, in the open air or in wooden
packaging.

When hot used picric acid is brought into contact with iron, slaked lime,
or salt solution, and the like, the entire mixture explodes, as a consequence,
apparently, of the formation of highly-sensitive picrates. To avoid this, the
walls of storehouses aind factory buildings housing this material must be covered
with a gypsum plaster, and ele.ctrical equipment must not include either lead
cr iron,S¥ER#¥Y but only AXX¥X aluminus or copper, as these metals form compounds
with picric acid only with difficulty.

Upon rapid heating in an enclosed shrell, to 300°, pieric acid explodes.

explodes when a 2 kg
Picric acid is }¥ more sengitive than TNT to shock., It ¥k
weight is A¥ENEA dropped from 80 cm, whereas T™NT requires dropning from 100 em.
gensitivity

Because of the comparatively high shock ¥MIKE of picric acid, the pure

product is employed only to fill small and medium-caliber shells. Large-caliber

shells are filled with mixtures of picric acid and ATKIX¥MMEKXYX dinitronaphthalene.

Addition of silica considerably increases the sensitivity of picric acid to

shock, as is evident from Table 49.




Table &9

o) [ 5) ‘ ¢) X
I S
) |
0 ! 25 25
0,25 { 2% , 60
0,50 ; 25 ! 100

T

a) Percent silica sand in piceric acid; b) Number of tests (10 kg ey

REXEEIYXEIX 25 cm height); c) Complete explosions, ¥

’

in the presged or cast form, picric ¥X¥ acid is less shock-sanai;t,ive than
in the B¥kE powder form.
When pulverized picric acid is subjected to friction between plates of
hard metals (iron, steel) and stones it explodes.
Tre explosive properties of picric acid are as follows: volume of gases
730 ltr/kg, heat of explesion 1050 kcal/kg, temperature of explosion 3300 - 3500°,
expansion in Trauzl block 305 cc, Hess brisance 16 mm, rate of detonation
7350 m/sec.

Picric acid is employed both in the pure form and in mixtures with nitro
: reduces
compounas to fill munitions. The addition of nitro compounds XHAMEMK the
sensitivity of picric acid to mechanical influences and KENKEEXE permits the
filling of .arge-caliber shells with alloys thereof.
The most widely employed picric acid alloys were: the French mixture
(80% picric acid and 20% dinitronaphthalene) having & melting point of 1049,

and the Russian mixture (51.5% picric acid and 48,5% dinitronaphthalene) having

a melting point of 82 ~ 87°, and also an alloy consisting of 60% picric acid and '

LO% dinitrophenol (meXting point 85¢), and an alloy consisting of 60% trinitrocresol
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arnd 40% picric acid (melting point 85°), The use of readily fusible auoys_
makes it possible to fill shells w.ith molten explosives with;:ut having to heat
them excessively.,

During World War II, picric acid was employed in Germany to fill hand
grénades, detonators, aircraft bombs (in the form of a mixture with
dinitronaphthalene) and certain special shells (‘explosive smoke shells),

When picric acid is employved to fill shells, special attention must be given
to providing complete isoliation thereof from the shell casing and the detonator.
This was previously done by covering the interior of the shell with tin plate or
lacquer, This method does not provide a complete guarantee of isolation of the
picric acid, because of the difficulty of monitoring the quality of the covering.
A more reliable method is the cartridge-type of filling. The explosive chagge of
picric acid is placed in a papertoard or some other nonmetallic container and is
¥KKX thus kept divided from the shell casing, Assemtcly of the two into a unit is
performed not toc long a time prior to the employment of the shell, The Japanese

used
X¥# this method ¥X as far back as the Russo~-Japanese War,

Section 3. Technology of Trinitrophenol Production
a) Production of ¥X¥ Picric Acid from Phenol

The method of obtaining pieric acid from phenol was developed and widely
employed on an IR industrial scale as far back as the last eentury. Subsequently,
this method underwent considerable XEMKKKXKE¥ technological changes. The major

improvement was employment, [of Sulfurization  and subsequent nitration, of

phenol instead of weak acids (92% sulfuric and 45% nitric acid), ¥KEMAXEE strong
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acids (oleum and melange), The use of strong acids made it possible to MMKX¥
employ cast iron XEX¥MA instead of ceramics for the apparatus. The use of
in making - .

metal XEXMNMNXNEXXEE the appa.ratua’in turn,ma.de it possible to make them of
more advanced design. Apparatus came to be produced: with mechanical agitators,
as well as with jackets and coils for the deliverv of coolant water therein.
This facilitated the attainment and sustaining of precise conditions o¥ temperature]

The production of picric acid consists of the following operations: XJXX

sulfonation
1) ¥MIXYINEXI®K of the phenols; 2) nitration of the phenol sulfonic acid; 3) separation
of the product from the acid and washing with water; 4) drying of the washed picric
into

acid; 5) separating INXYd# batches and packaging of the finisted product,
Moreover, there are usually special workshops to purify the wash water and the
spent acids.

The production of picric acid frem phenol in batch-type apparatus is
diagramed in Fig.60.

The phenol is carried, in zinc-plated drums, on cars (1) and is raised to
the top u of the building by means of an elevator (2)., The drum is placed in
a melting device (3), provided with a jacket inco which steam is emitted, As fusion
of the phenol occurs, it flows thrcugh a hole in the hottom of the drum and through
the bottom flange of the melting device into a metering tank (4), which stands on
scales. The metering device is provided with a coil for delivery of steam so as
to keep the phenol in molten condition. -

Sulfonation is performed in a sulfurator (5), which is a eylindrical cast~

bottom and -

iron vessel with a spherical MEXXW] cover, and provided with a steam jacket. The

sulfurator contains a coil for water, and an impeller agitator for stirring. A ,

e
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specific quantity of oleum (computed in terms of I[l-sulfonation) is charged

¥I¥ via the measuring tank (6), and the phenol is added siowly, over the course

of an hour, with the agitator in cperation. The phenol is run in under conditions
of a gradual increase in temperature from 20 to 90°. Upon completion of the
run-in, ¥ the mixture is held at 100° for 3 hrs, then is sent to the collector (7),
ard then to the metering tank (8), for delivery tc the nitrator (11).

Monitoring of the sulfonation process is performed ty chservation of the
sulfonation temperature and analysis of the sulfo mixtnre for acidity, which,
after holding, should not be less than 64% in terms of 59y, .

in

Tre process ¥IK of nitration is performed ¥B¥ apparatus of the X¥¥XA same

design as sulfurator. The nitrator is made of cast iron. The solution of

by
disulfophenol is charged into nitrator (11), and spent acid (2.13 parts k¥ weight
per part phenol by weight) is run in from metering tank {10), for dilutien,
inasmuch as fcrmation of the pieric acid yields a mass so thick as to render

oxides,

1ifficult the #X# escape of the nitrogen BXXEMY with the consequence that the
mass foams. Nitration i by melange, which is run in from metering tank (9). The
amount of melange is calculated to ¥IBIX deliver 3.75 gm-moles HNO3 per 1 gm-mole
rhenol. The total melange is divided into three parts, in a ratio of L:4:5, run in
at various temperatures. The first part begins to te run in at 40°, and run-in
terminates at 60°; run-in of the second part is terminated at 80°, and of the third
part at 100°, During the third stage of nitration, after approximately 2/3 of the

melange has been runrin, crystals of picric acid starts to come down. Run~in

continues for about 3 hrs.
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Upon completion of run-in, the mixture is held for 1 hr at 100°, whereupon

the‘contonts of the apparatus are cocled to 30°, and are transferred through
collector (12) to funnel (13), which serves tc supply the centrifuges. Settling
out of the acid from the product and of the mechanical impurities from the acid
ig performed therein over a period of 10 - 12 hrs. As settling occurs, the
pieric acid floaés to the top, while the spent acid accumulates at the bottom

of the funnel, and the mechanical impurities (minerai salts and others) settle at
the bottom of the funnel. After settling, a portion (AC - 45%) of the spent acid

ig let out of the funnel into collector {21). All the mechanical impurities that

have gsettled out are dumped along with the acid.

S L &) b)
N

15 \
; 7 i A&g tﬁ ] 9

Fig,40 -~ Diagram of Producticn of Picric Acid from Phenol
1 and 19 - Cars; 2 - Elevator; 3 - Melting device; L, {, 8, é, and 10 - Measuring
tanks; 5 - Sulfurators; 7, 12, 18 and 21 - Collectors; 11 - Nitrator; 13 - Settling
funnel; 14 and 17 - Centrifuges; 15 and 16 - Decanters; 20 - Drying drum; 22 -~ Trap
a) Acid to recovery; h) Water
After the discharge of a portion of the spent acid from the funnel, the
stirrer is started, and the remaining turbid mass of spent acid, along with the

picric acid, is discharged to XEMENXXEEE centrifuge (14), where the spent acid is

centrifuged away from the product. The centrifuged acid goes to collector (21),
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unloaded
ard the picric acid is IANAM into decanter (15) (a wooden vank), into which acid

wash water had pre.viously been run from collector (18), this being the wa;er from
the 'washing in the previous operation.

The contents of de;anter (15) are stirred with a mechanical wooden agitator,
and the acidity of the water rises to 3 - 3.5% due to the spent acid remaining
in the picric acid. The picric acid, which is turbid in the acid water, is
mmped to the ¥KE upper decanter (14) where it is permitted to settle for
10 - 15 min, and the wash water, having an acidity of 3 - _3.5% (min/imgm solubility

20 |
of picric acid) and being XX¥X in a quantity of 3 parts by weight/to one gart by
weight of product, is discharged trrough the upper drainage flange to trap (22),
from which it goes to purification. After discharge of the acid water, pure water
weight),
is run into decanter (1%) (2 parts by weight per 1 part product hy KEXEKX} the
mass is mixed, and discharged to XKX¥XKH¥E centrifuge (17), where the water is
geparated from the BI¥X ovicric acid, and X)ﬁi it is washed once again with cold
water (1 part water tv weight to 1 part product by weight). The wash water is
collected in collector {18), and is used for first washing.

Thus, water circulation is empl.oyed in the washing of picric acid. The
consumption of water is 3 tons per 1 ton of picri: acid, with the consequence
that there is a considerable I¥EE reduction in picric acid losses in washing.

At some plants, the washing of XX picric acid is performed in a somewhat
difference fashion.

The acid product is chargéd into a decantar, into which acid water from

the preceding second washing of product and final washing on the centrifyge has

previously been run in. The product is mixed in the decanter, then permitted to




settle, and the acid water is discharged t.hrough’ the uppez: flange. Fresh water
is then. addeu, iX :sated to 90°, and the entire mass is stirred at this tehperature
for 1 hr, whereupon 1E _i_a cooled, and .tth-e .;Jroduct is permitted to settle out of the
acid water, After the second washing, the acid water is run into a receiver, and
the product is discharged into a centrifuge. On the centrifuge, the product is
separated from the acid water, and washed with fresh water. The wash water goes
from the centrifuge to the receiver, and is mixed with water from the second
washing of the picric acid., This water is then emrloyed for the first washing,

Thus, the washing is performed in a single decanter, also with return watgr.

The second method of washing pieric acid permits a reduction in the acidity
of the product (to less t};a.n 0.1%), thanks to the use of hot water, and simultaneously
improves its quality. This method of washing was emploved chiefly in the production
os picric acid from tenzene, through the dinitrochlorobenzene intemediate.e;;

The spent acid, having settled out in collector (21;, is employed in part
to dilute sulfophenol, whereas the rest goes to recovery and further to denitration.
The product, having undergone a final centrifuging on .centrifuge (17), is discharged
into car (19) and transported to the drying division.

Pieric acid, after wzwhing_, should be of not more than 0.1% acidity, or more
than 10% KEI¥XHERY moisture content, It is dried in drum drier (20).

designing
In N¥E¥KNEINE driers for the drying of pieric acid, it is necessary to bear

in mind that this acid reacts with metals and forms picrates. Therefore, wood

or aluminum, which do not react to picric acid, are the preferable materials for

the desqic%tors .
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. .

.

Ceilings in these buildings are made of wood, and roofs are covered with
g .
tar paper. Concrete must not be used, inasmuch as pleric acid, being stronger
than silicic acid, displaces SiO, in the concreste from its compounds of metals, to
form picrates (Ca, Mg, Fe, Na, and others) which may be ca.use' for accidents., A
strong shock or friction causes the picrates to flash, and this may result in a
fire or explosion. Floors should also preferably be made of wood, covered with
XX linoleum, which facilitates washing of the floor and rrctects the wood against
{

permeation by pieric acid.

The dried picric acid is hauled in boxes on cars to the packaging department,
where it is sieved through copper mesh and packaged in wooden boxes or containers

lined with paper. The rield of picric acid is 85% of theoretical, Picric acid

has to satisfy the technical specifications indicated i:1 Table 70.

Table 70
Il 3 ae r. o {- e A
Appearance (all grades) Crystalline powder, without
#¥ mechanical impurities
Color Bright 3"ellow
Freezing point,oC, less than 19,5 19,5 110
Benzene-insoluble residue, %, 0,2 0,3 1,0
not more than
0,1 0,2 0,3

H280;, content, %, not more than

a) Properties; b)-Grade 1; .c) Grade -2; d) Grade 3

The quality of the picric acid is determined by the EMEIXI¥ purity of the
initial phenol.(absence of cresols XEEEEXK¥E therefrom), and also by the lack
of incompletely nitrated dinitrophencl. The quantity of impurities insoluble in

bensene may be increased by the dinitrophenol sulfonic acid (not converted into

pieric acid) which undergoes partial dissolving in the picric acid.




. Spent acid, of the following percentage composition, is a picric acid

«
“

byproduct:

stoh"""'"""""“'77'79
HNO3 v o0 v oo v o v s v oot oo~
N203 c e s e e e s o s e s s e s e e e e e h=5

Oxalic acid . &4 2 o ¢ 6o ¢ o 6o ¢ ¢ 0 0 a o 0 ol =1.5
Dinitrosulfoph®nol .« ¢ ¢ o ¢« o o ¢ o s s o o 0.5 = 1.5
Pieric acid o o o ¢ o s o ¢ ¢ 0 0 o v ¢ ¢ o o 1052

Water . o v o o s o ¢ s ¢ » s o ¢ o o o o o ragidue

This spent acid must not be seni directly to denitraticn, as, upon
denitration and concentration, the pieric acid will be HI¥LIAX volatilized
and will deposit upon the apparatus and piping, which may ts a cause of accident.,
As a consequence, the spent acid is subjected Lo special cleaning, before
denitration, with the obtject of extracting the nitro produsts. Usually, they
are extracted by organic solvents.

A second WHEEE¥ waste product of pi~ric acid prod}xction is the wash water,
which contains as much as 1.8% picr'ic acid in solution and suspension. This water
is of substantial toxicity, and therefore it musi undergo purification btefore being
dumped into bodies of water (Ribl.212).

In industry, the spent water is purified by reduction of picric acid to
triaminophenol by iron filings. 5.4 gm iron filings are consumed in the reduction

wash ’
per 1 ltr of/water containing O.4% plcric acid, At a temperature of 15 - 20° the
process is completed in 8 - 10 min., The triaminophencl obtained as & result of
reduction is then oxidized by atmospheric oxygen, with destruction of the benzene

ring. To perform reduction by iron filings, the acidity of the wash water must be

1]
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no less than 7 - 8%, i.e., the water going to purification must be acidified.
It is usually acidified with spent acid. The purification process is illustrated

in Fig.6l.

The wash water is delivered to receiver (2) and acidified with spent acid

[

from the pressure tank {1). Agitation during acidification is by means of
compressed air. Usually two such tanks are provided, which work alternately. The
acidified wash water is delivered from them by pump, continually, through metering

device (3), to apparatus (4) for reduction.

"~
&~
o

Dy

e 3

=
-

X
ul
S
P,

Fig.fl - Diagram of Purification of Spent Water

1 - Pressure tank; 2 - Receiver; 3 - Metering device; 4 ~ Apparatus for

reduction; 5§ - Neutralizer; 5 - Elevator; 7 - Hopper

a) Wash water; b) Compressed air

The reduction apparatus is an ordinary cylindrical wooden tank containing a

wooden pipe that does not reach to the bottom. The tank is filled with iron filings.
The water enters the upper portion of the pipe, passing through it to the bottom
of the apparatus, and rises through the iron filingé, going out of the upper porticn

of the apparatus.,

From the reducer, the acid water goes to a wooden neutralizer (5), where it

is neutralized with lime. The 1ime is delivered continuglly, in controlled qufntity,
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by elevator (6) through hopper (7). SXX¥BINE Agitation in the neutralizer is
‘performed by compressed air. The purified water goes from the neutralizer through
a system of traps into the sewerage aystem./ The process of purification is run

at normal temperature,

b) Production of Picric Acid from Benzene through Dinitrochlorobenzene as
Intermediate

‘The production of picric acid through dinitrochlorobenzene as intermediate
should be organized at plants that manufacture chlorine and are near benzene plants.
This makes it possible to chlorinate the benzene with gaseous chlorine, without
necessitating large expenditures to compress chlorine and transport it in cylinders.
The production is performed in four major departments: the chlorobenzene, the
dinitrophenol, the picric azid and the picric-acid drying.

Chlorobenzene department. Figure 42 illustrates the production of chlorobenze..e
(Bibl.213, 214).

Benzene from tank (1), and gaseous chlorine, are delivere& to the lower portion

chlorinator {2). The chlorinator
Dato . NIOPEDO 1s 2 AKEMXE steel column with acid-resistant

lining, having a packing of steel and ceramic rings. The upper {wider) part of
chlorinator
the JXDGHKDOF serves as a spray-catcher, and the KRI¥EEMME hydrogen chloride formed
in chlorination is removed from its very top, along with benzene and chlorobenzene
fumes. The amount of benzene vaporized is 1.4 - 1.5 ton per 1 ton of
chlorobenzene obtained.
chlorinator

The gases emitted from the JADDAEEUF are sent to a reflux condenser (3) with

graphite tubes impregnated with BKMEEXXIKEEKIANN)A¥ phenol-formaldehyde resin. Here

t'he gases and I} fumes are cooled to 30°,-a.nd about 90% of the benzene contained
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.

in the vapors condenses. The benzene is separated in separator X¥kd (L), and
the remaining fumes and gas go to a mixing condenser (5), where they are cooled
to -2°, More than 9% additional henzene is sepanated thereby.
packed
The mixing condenser is a ¥¥MEXEA column through which the chlorobenzene
flows, The benzene fumes condense, and the solution of benzene and chlorobenzene
flows out of the bottom of the XKXXKXM¥X apparatus. A portion cf the solution is

4
rected to flow through the mixing condenser via ‘condenser (7). Benzéne

v g,,;,cf’f
is separated from the other portion of the solution in fractional distillation
column (8). In order to prevent the chlorobenzene from becoming saturated with
the condensing henzene, which ma; result in solidification of.the solution upon

fresh
cooling, YSMKMX chlorobenzene is added to the circulating solution in collector (0).

From the chlorinator (2), the reaction mixture goes iith the solution taken
off sondenser (5), to separation in a two-column fractionating unit, employing a
econtinuous process. The mixture, entering fractionating columr. (&), contains
& - 65% benzene, 33.5 - 34% chlorobenzens, about 1.5% polychlorides, and a small
amount of dissolved hydrogen chloride and ferric chloride. At some plants, the
reaction mass is treated with a weak solution of caustic alkali before fractionation,
to neutralize the HC1 and decompose the FeCl3.

The temperature in the vat part of column (8) is maintained within the limits
of 133 - 141°, and in the upper portion, within 75‘ - 88°, The distillate driven
cff the colum contains 99.5% benzene and 0.5% chlorobenzene. Raw chlorobenzene,
containing 0.15 - 0,25% benzene and 3.5 - 4.5% polychlorides flows directly from

the vat portion of the column. Commercial chlorobenzene is driven off the raw

material in column (12), The resultant chlorobensene contains 0.3 - 1,1%
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Fig.62 - Diagram Showing Continuous Chlcrination of tenzene
Trickle
1 - Pressure tank; 2 - Chlorinator; 3 ~ Trigide condenser; 8X 4 - Separator;
5 ~ Mixing condenser; ¢ - Intermediate collector; 7 - Condenser; 8 and 12 - Fractional
distillation; 9 and 13 ~ Fractionating column; 14 - Condensers; 11 and 15 - Poilers;

17 and 17 - Vacuum collectors; 18 and 19 - Absorhers; 20 - Neutralizing column;

<l - Graphite condenser; 22 - Sulfuric acid collector

a) enzene; t) From apparatus (5); c¢) Criorobenzene; d) Steam; e) Lime;
f) To apparatus (8); g) Water; h) B 87 caustic solution; i) Hydroehloric acid;

1) To vacuwum pump; k) Polychlorides

nolychlorides and about 0.3% benzene. The chlorobenzene content of the mixture
of polychlorides flowing out of the column vat usually KEX does not exceed 10%.
This mixture may be employed to produce tetra- and hexachlorobenzene.

Hydrochloric acid is obtained from the hydrogen chloride formed on chlorination.

discharged
To do this, the hydrogen chloride mitted from the mixing condenser (5) goes to

. series (18), (19), and (20)
three column~type apparatus connected in GEEMCOBOOOSCONBHIXAX, of which the first

(18) and (19)
two (in the direction of gas flow) %cm as absorbers, whereas neutralization
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of the residual hydrogen chloride occurs in apparatus (20). Absorber (18) is
irrigated with dilute hydrochloric acid. The sirong hidrochloric a-id emerging
from it is cooled to 20 - 30° in the graphite condenser (21). A portion of the
° strong hydrochloric acid is returned to absorber {18) to increase the density of
irrigation.'

The gases emitted from absorber (18) are sent to the second absorber (19)
for absorption of the residual hydrogen chloride. The resultant dilute hydrochloric
acid goes to irrigate absorber (18) ., To neutralize the residual hydrogen chloride,

the gas is sent to column (20), irrigated by an 8% aqueous solution of caustic.

Fig.63 - Diagram of Production of Dinitrophenol from Benzene
1 ~ Extractor; 2,3,7,8,15,20,21,22,23 - Metering tanks; 4,10, and 13 - Separators;
5 - Receiver; %4 and 14 -~ Rising devices; 9 - Nitrator; 11 - Washing vat;
12 and 18 - Traps; 16 - Saponifier; 17 ~ Apparatus for decomposition of
sodium dinitrophenoliate; 19 - Centrifuge

a) Steam; b) Compressed air

Dinitrophenol ngg. The preduction of dinitrophenol from chlorobenzene may

performei
be fermed in accordance with the mechanism illustrated in Fig.63.

: { iron vat enclosed
In extractor (1), which is an irecdiW EIXMX in a jacket, spent acid is

- [ ]
charged in from metering tank (2), and cooled to 45°, Then, chlorobenzene (1 part
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'por 2.5 parts spent acid) is gradually added from measuring tank (3). During
the charging period, the temperature is adjusted so as not to rise above
'55 - 60°, After run-in aﬁd mixing to follow it, the extractor contentsare
transferred to separator (4) over a 20 min period. The purpose of the operation
is the chlorohenzene extraction from the spent acid of the dinitrochlorohenzene
A1KK dissolved therein (about 2 - 5%). and utilization of the residual HNC3

.
(1.5 - 2%).

The spent acid remaining in the separator is sent to receiver (5), and
from there to denitration, and the utilized (Mstirred") chlorobenzene is sent
to measuring tanlk (7) for nitration. Nitration of the chlorotenzene to
dinitrochlorobenzene
ATEXT WFEMIXFEKBNUUNE is performed in a single stage. To accomplish this, a nitro
mixture consisting of %5 - 66% HpSUy, 28 - 297 HNO4, and 5 - 6% Hp0. is KEKXMAX
poured into nitrator (9) from measuring tank (8).

The amount of mixture is determined on the basi§ of 10% excess HNOB over the
treoretical. The chlorobenzene is added to the nitro mixture over a 3-hr pericd,
with temperature rising slowly from XEXX 20 to 45°. Upon completion of the run-in,
the nitro mass is heated for an hour to 105 - 110°, and then held at that temperature
another 30 min, At the end of the operation, the dinitrochlorobenzene must be
solidified at a temperature not below 47°,

Upon completion of nitration: the contents of the apparatus are forced intc

separator (10) by compressed air (this is a cylindrical vessel w'th a conical base),

WG and are permitted to stand for 3 hrs. The XINXXE¥¥ dinitrochlorobenzene that

with a connecting piece
settles out of the spent acid is drained, by XX means of a valvn'\W to the

‘ washing vat (11) and the spent acid goes to the rising device (6) from which it
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. is deliversd for ¥IEXEMXISK extraction.
The washing vat (11) has a buhhler , with steam and compressed air attached.
Water is run into the vat, which is then heated by live steam to 70°, whereupon
the dinitrochlorobenzene is run in (1.5 part water per part dinitrochlorobenzene).
After agitation by compressed air, and settling, the wash water is drained and
fresh water is run into the vat. Four such washings are made, XKIX&¥# followed by

one or two
a fifth with soda (3% solution), and then another IXE¥X2 water washings (until the

of the
residual acidity ¥XXE product is 0.02%).

The wash waters go to trap (12) and the qinitrochlorobenzene to separator (13),
for the fullest possible separation from the water. The separator (13) has a coil
for heating. Settling is performed at a temperzture of 70 - 80°, After settling
for an hour to free it from water, the product is sent to MKNEKXIX saponification by
rising device (14). The saponifier (14) is an iron pot with jacket or coil for
heating, and an impeller agitator. Water heated to 75°, and a 25 - 30% caustic
solution are run into the saponifier from metering tanks (20) and (21). Caustic

calculated
soda is in 85% KX excess over the theoretical, and the ¥M¥X water is EMI¥E
to yleld a 7.5% NaOH solution for saponification.

Because of the exothermic reaction involved in saponification, the temperature
rises to 93 - 95° during the run-in of dinitrochlorobenzene from XKk metering tank (15),
The mixture is then hested to 100° and held there .1til saponification is completed

(20 - 30 min).

The completion of saponification is monitored by a sampling for ﬂ. abaenco. of

dinitrochlorobenzene, which is performed as follows: XX 5 cc phenolate is dissolved
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in X®® cc hot water, and acidified with 10% sulfuric acid until acid reaction

is observed. If drops of oil appear at the bottom of the test tute, this will

testify to the presence of dinitrochlorobenzene. The abssnce of drops of cil

-

indicates that saponification ¥X has been concluded. 4 second control is
titration with free caustic, the streﬁgth of which should be 0.4 - 0.8%.

In order to decompose the sodium dinitrophenclate, the mixture, at temperature
100°, is diachargei from ‘the saponifier into apparatus (17), consi:sting of a wooden
vat with coil, lead wuhbler , and agitator. Water X¥ and spent acid from picric
acid production is run into the apparatus beforehand from measuring nigee (22) and
(23). In order to bring about decomposition, spent acid, in 8% excess over the
thecretical, and water calculated to vield a 10% sulfuric acia seol.ition, are
emploved. Sodium dinitrophenolate solution, from the saponifier, is charged into

the sulfuric acid solution over a 25 min period, with stirring. After this run-in,

the mixture is held for 20 min at 75°. The operation is monitored by determining

should

the acidity of water in the bath,which/no. be less than 0.34.

When the holding period is completed, the apparatus contents are E#I cooled hy
water (via a coil) to 35°., Further cooling to 25 ~ 30° is performed by addition of
cold water to the apparatus.

Upon conclusion of the operation, the XX mixture in the apparatus is drained
to centrifuge (19), running at low speed, where it is washed with water, after which
the centrifuge is switched to high speed for better remova’ of the water. The

[ ]
centrifuged water goes to trap (18). The dinitrophenol, having a moisture ¥X content

of 10 - 13% goes to picric acid production.

Picric acid is produced by nitration of dinitrophenol in an ordinary batch~type
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iron nitrator (Bitl1.215). Spent acid and 20% oleum is charged into the
nitrator in quantities calculated to vield g 94 - 95% sulfuric acid (2.5 parts
. moist

203 mediwr per part dinitrophenol by weight), whereupon the MEIXX dinitrorhencl is

run-in. The apparatus contentcare heated to 300, whereupoh, over a period of
hrs . . < . 5s

3 - 3.5 yxsy’°the nitrating mixture is run+tin, and the temperature at the end
of the period of run-in is raised to 55°. The acid nitrating mixture has the
following composition: 71 - 72% HpSO, and 28 - 29% HNO5. It is run in to yield
a 50% excess of nitric acid over the theoretical. After the mixed acid has been
run-in, the reaction mixture is slowly heated for 1 - 1.5 hrs to 110 - 112°, and
held at that temperature for 1.5 hrs. It is then cooled to 30° over a period of

2.5 hrs, and removed L compressed air to the settling funnel. After settling,

a por+ion of tre spent acid is discharged into a receiver, and the remaining spent

LT e

acid, along with the picric acid, is sent to a centrifuge or ﬁ;;;;QQ‘

Tre further treatment is identical with that described in our heading-
“Production of Pieric Acid from FPhenol'.

In Germany, nitration of chlorobenzene is performed in two stages in batch-type
apparatus. After the dinitrochlorobenzene has been produced, the spent acid is
utilized in
BEMOIKXEX its entirety for nitration of chlorobenzene. After nitration of the
chlorobenzene, the gpent acid is #¥ extracted by the latter, and goes to
denitration and concentration. The consumption data per ton of dinitrophenocl are:
1.2 ton dinitrochlerobenzene, 0.43 ton caustic soda, and 0.26 ton sulfuric acid.

Nitrat%on of dinitrophenol is performed in batch-type apparatus. 96 - 98%

, (bath ‘
Sulfuric acid, and dinitrophencl, are ¥MMXI run into tha apparatus /module 3:1)

.subaaquont to which mixed acid consisting of 51% H280h and 49% HN03 is run in
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gradually at 45°, Upon the conclusion of nitration, the reaction mixture is

o

diluted with wat;erJ a.nd]/t,he pleric acid is separated from the dilute spent acid
on a Mh. {"I‘%le"%?cric acid is then washed with water and dried on a rack
ANE¥INK desiccator, In order to extract picric acid from the spent acid, it
undergoes chlorobenzene extraction and then goes to denitration. The chlorobenzene
employed for extraction is treated with a #8 soda solution to remove picric acid
XEEEEXE therefrom in the form of sodium KIXX¥MXMX picrate.

The consumption data per ton of picric acid are: 0.86 ton dinitrochl‘.:robenzenA\

2.85 ton sulfuric acid, 0.3% ton nitric acid, and EZ¥ 0,05 ton chlorobenzene.,

Section L. Nitrophenol Ethers

The desiraiility of emploring ethers and in particular di- and tri-anisole
offered to
and FRENELE phenetcle is dictated by the possibility BXYEFEMAXEXEX¥MEIX¥ employ them
tc make ammonium nitrate explosives. Di- and trinitrophenols are unsuited to this
purpose, as they react with the nitrate to form nitric acid. The ethers of the
di- and trinitrophenols are less sensitive, but more powerful explosives than
are the responding nitrophenols. Like the ethers, they are capable of undergoing
ERI¥RHI¥EIE hydrolvsis (even with water) to form the corresponding phenols and
alcohols., MNYABI¥KI Hvdrolysis goes the more easily, the largerﬁ ber of nitro
groups in the nitro ether.
ethers is

The most important of the nitro derivatives of & phenol EERE¥EXIX
KIKIXFUXANINNIE dinitroanisole 06H3(N02)2OCH3, the production of which attained
300 tons per month in Germany in 1944,

"Dinitroanisole is a crystalline substance that exists in two modifications,

11
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heat
one of which has a freezing point of 86.9° , and the other 95°, Its MMM of

formation is XKML 16.42 kcal/mole (Bibl.:16). Dinitroanisole dissolves in
water with difficulty, KEXX¥¥ better in alcohol and ether, anc very well in
acetornie and benzene. The following are the explosive characteristics of
dindtroanisole. The volume of gaseous products of explosion is 72/ 1tq(kg, the
velocity of detonation is 5620 m/sec, and the fugacity is 245 cc.
Dinitroanisole is produced by the treatment of dinitrochlorobenzene with

caustic soda in the presence of methyl alecohol, in accordance with the reaction:

cl ocH,
“NO "INO,
[ P cnont! Naoth = | [ + NaCl+11,0.
7
NO, NO,

The NaOH soiution 1s added to the mixture of dinitrochlorobenzene and methyl
alcobol at 18 - 20°, with a rise in temperaturc to 45°, After cooling, the
dinitroanisole is filtered, waéhed, and dried. The vield is about 94% of
theoretical.

A method of direct nitration of anisole has also been descrired (Ribl.217).

Dinitroanisole is employed as one of the components in the manufacture of
powders with a non-volatile solvent.

Trinitroanisole: 2,4,A-trinitroanisole CgHy(NOp)40CH3 is a crystalline substance
with a melting point of £8.h°, It has somewhat greater brisance than TNT, but IEEEE
less than picric acid. The volume of gaseous explosion product is 740 ltr/kg, and

the fugicity is 314 ce. .
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was
Trinitroanisole I¥ produced on a rather large scale IX in Japan during

- L] . -——n eree s e

L 4

World War II. It was MXKXE mploy?d in mixtures with RDX (40% trinitroanisole,
.

LO% RDX) and with hexyl (60% X¥XKIXMKXKI¥EI trinitroanisole, 23% hexvl, and 16%

aluminum). A mixture of 70% trinitroanisole and 30% aluminum was employed in

naval incendiary shells (Bibl.188).

2,4,6-Trinitrophenetole

BAYEXTFIHIXSENUNEXETE C Hy(NOo)40CoHs is a crystalline substance with a
melting point of 81°, The brisance of trinitrophenetole is less than that of
TNT.

Trinitroanisole and trinivrophenetole are produced by nitrating the
corresponding dinitro derivatives, which in turn, are obtained from m‘
dinitrochlorotenzene and the corresponding alcohol, in the presence of caustic
soda (Fibl.218).

A considerable advantage enjoved by these ethers over picric acid is their
neutralitx'; making it possitle to employ them in a mixture with ammonium nitrate.
However, i has heen pointed out by AYBIGEX A.G.(;orst (Pitl.219), the emplovment of
these mixtures during World War I showed that, in the presence of moisture, the

ethers undergo hydrolysis to convert to picric acid and alecohol.

Section 5. Trinitroresorcinol (Bibl,208, 220)

Trinitroresorcinol was first obtained in 1808 by Chevreul. In 1946 EXEXEEE

wowtale: styphnic
Boettger and Ville again obtained this substance, and called it EXXXXNX¥ acid.

: strphnic

. a
In 1871, Stenhouse and JUN¥EKWK¥F Schroeder showed that woRPWEt® acid is ¥K¥ product

of the nitration of resorcinol, and hes the following formula

OH
~N

oN{ Oy
k/o“ :

NO,
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to produce
Trinitroresorcinol is employed/scdium ‘rinitroresorcinate (TNRS), which is

an initiator.

205 . 'I‘rinitroreaorcinol (2,4,6-trinitro-1,3-dicxybenzene) consists of bright
vellow crystals of the hexagonal system. Its specific gravity is 1.83, ard
melting point 180°, This product is weakly soluble in water: at 14°s only 0.65%

dissolves, and at 62°, 1.,1%. The solubility in various solvents is shown in

Table 71.
Table 71
b)
. a e _ C—
) A Y T A L | 8
|

_— . e —
Alcohol T S R B B
Renzene - 45 - - 7
Toluene - - alo - -
Acetone - - b y a13.1 -

a) Solvent: b) Solubility of trinitroresorcinol,‘ﬁ’m, at temperatures,

in ©C (in 100 gm solvents)

An aqueous solution of trinitroresorcinol is bright yellow, apparently khs-
lmri;sdissociation into ions.

Trinitroresorcinol is a rather strong acid and is similar to trinitrophencl
in its properties. Being a dibasic acid, it can form neutral and acid salts,
Its neutral salts are as stable as the salts of trinitrophenol. A strong aqueous
solution of prinitroresorcinol dissolves iron and zinc to liberate hydrogen, and
this reaction goes with particular ease upon heating. It does react with copper,
sulfur, lead, tin, and cadmium. The carbonates decompose trinitroresorcinol,

with liberation of carbon dioxide.

Nitric and sulfuric acids (dilute and strong) do not react with trinitroresorcinol
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..

sven upon boiling, but merely dissolve it, Agqua regia, howsver oxidizes it

to oxalic acid and other products. Trinitroresorcinol is'”:’somewhat more BENNHX
powerful explosive than picric acid (Bible221), Ignited trinitroresorcinol burns
with & bright flame but without explosion. A cap detonator will cause it to explode.
products
Production of trinitroresorcinol. The initial K¥SAKEX for production of
trinitroresorcincl are resorcinol, nitric acid, and sulfuric or acetic acid.
Resorcinol (meta-dioxybenzene) EXMX{JMY Céﬂl"(OH)2 is a white crystalline
substance. Its specific gravity is 1,272, melting point 110,7°, and boiling

point 276,5°,

Table 72 presents the solubility of resorcinocl and various solvents.

Table 72
| &
a)

Y e T s A [
Water 56,4 147 ' -— ‘ - l‘ 22§
90% Alcohol - - 127 - -
Renzene - - : - ! 2 -

a) Solvent; t) Solubility of resorcinol, gm (in 100 gm solvents) temperature, °C

Resorcinol is virtually insoluble in chloroform and carbon disulfide, In the
presence of ammonia it takes on a reddish tinge, and in an ammonia solution of
silver nitrate, it ¥iA#¥¥ reduces silver. With aqueous solutions of ferric chloride,

204 resorcirnl yields a blue volor. When chlorine or bromine react with aqueous
solution;of resorcinol, the consequence is trichloro- or tribromoresorcinol. This
is the .ba.sis for the method of quantitative dotormiriation thereof. To an aqueous

solution of resorcinol, a titrated solution of bromine water is added XXNINEEGEFEEEENTNKY




(tribromoresorcinol being obtained), and the excess bromine is determined by
back~titration with lodine and hyposulfite.

Resorcinol does not yield a precipitate ﬁilead acetate, but its XNEMEFXNFFEEAXE
isomer-pyrocatechinol does form a precipitate.

Resorcinol is obtained, from benzene through disulfobenzene as intermediate.

The raw resorcinol is purified by vacuum distillation. Depending upon the dezree

of purification, the technical products may contain homologs and isomers as

Yrocatechtol Lopeslonde ol
impurities: phenol, ¥¥XANEXEEKIKEXY hydroquinone, ﬂlﬂmgh:oino'l, and AXE

diresorcinol. In addition, one also encounters thioresorcinol, organic acids
(salicylic

XMEXEHIIIE and phthalic), resins, and water-ingsoluble impurities. Resorcinol trat
ras heen inadequatelr purified is K&¥t hrown in color and smells ol phenol. Even
after careful purification ¢y wvolitilizatior, steam distillation, and crystallization,
technical resorcinol may still contain phenol and pyrocatech;iol.

When technical resorcinol is to be nitrated, the presence of ¥¥NIKE¥¥ resinous
substances, which cause the nitro mixture to foam mp {due to oxidation) and reduce
the quality of the nitro product, is particularly undesirable, Therefore, special
technical requirements must be met by resorcinol, under which its melting point.
has to be in the 109 - 111° interval, the resorcinol content must be not less

prresnsest ol
than 99%, that of pm)ocoooobdnod not over 0.3%, that of phenol and other brominators
must he not more than 0.1%.
Nitration of resorcinol, as that of phenol, can only be performed at low

temperature (0 - 5°), and by a weak mixed acid or nitric acid. However, IX even

if these cont.iitiona' are adhered to, the yield of nitro product is small because

3%




of oxidation.

Considerably smaller losses of resorcinol due to oxidation ozcur when it
is nitrated by a diacetyl dori;/ative. To do this, ‘ finely ground resorcinol
is dissolved in glacial acetic acid or in acetic acid chloroanhydride. The result
of the reaction is formation of a diacetyl resorcinol solution, which 1s ¥EEXX¥

.nitric ‘
run into Xk strong MESXI¥ acid, accompanied by careful agitation'and cooling.
Three times the theoretical quantity of nitric acid is employed. After run-in,
the reaction mixture is permitted to stand for 2 or L hrs, with continued stirring,
and with heating from time to time until bubtles hegin to he emitted. At the end
of the holding time, the mass is poured into five times the quantity of conmercial
sulfuric acid, with cooling and agitation, and is heated to #0° for 2 hrs. The
resultant reddish brown mass is poured into a large amount of water, in which the
vright yellow crystals of trinitroresorcinol come down. The product vields is
approximately 707 of theoretical.

Today, trinitroresorcinol is obtained through resorcinol sulfonic acid as
intermediate, with subsequent nitration of the final product. The yield is 84%
of theoretical. The technology is substantially similar to that of the production
of picric acid, and consists of the following.

Resorcinol is finely ground in iron drums with cast-iron balls, or on special
mills. Commercial ¥i¥ sulfuric acid is run from the metering tank into the
sulfurate, and the resorcinol is runfin batchwise, with the agitator operating.

The sulfuric acid has to be five
SO NOGE OMKEXXEEXTNXXXNE times the theoretical, by weignt, in order for

v

disul'foresorcinol to be formed. Sulfonation 1s performed at 35°, and, at the end

»
[ ]
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°

.

of the procou,‘;"osult is a reddish-violet transparent solution of disulforesorcinol
in sulfuric acid. In order to bring the reaction all the way to conplotir.;n, the
sulfo mixture is held for 1 - 1.5 hra at 60 - 70°, subsequent to which the
disulforesorcinol solution is cooled to 30°, and nitratior. is undertaken.: -

Therefore, mixed acid is gradually run into the disulforesorcinol in
sulfuric acid solution, thus raising tge temperature to 37°, At the conclusion of
the run-in, formation of trinitroresorcinol crystals begins, as a consequence of
which the viscosity of the mass increases, and liberation of nitrogen oxides
results in foam formation, IKM If stirring is inadequate, due to foaming, the
HEXE¥ consequence mar he local overheating and sudden changes in temperature.
“herefore, pa}ticularly careful stirring is necessary at this stage in the
process. To do this, a foam-rreaker is provided on the agitator. Should there be
a sudden immp in temperature, the nitro mixture has to te dumped into the
emergency pot, At the conclusion of the run-in, the temperature is raised to 500,
and is then held for an hour at 40 - A5°, Completion of holding is determined
ny the color of the crystals, which have to be from orange X¥¥ to vellow, The
nitro mass is then ccoled to 25 - 35°, and drained into a dilution tank filled
with water. This operation is aceompanied by foaming and incriase in temperature,
and therefore has to be performed stepwise, to avoid sudden emisslon of nitrogen
oxides and sudden changes in temperature.

Upon dilution, trinitroresorcinol comes down as a precipitate, inasmuch as
its solubility in the water is less than in spent acid. The crystéls are
separated from spent acid in a vacuum funnel, and are washed first with KIS

warm water (50°), and then with cold (20°).

4




When low-grade BEENIXXJ re;orcinori are employed, the trinitroresorcinol is
purified by treatment with sodium bicarbonate:

C,H (NOg)3(OH), + 2NaHCO, — CH (NO,);,((.)Na)2 +2C0,+-2H,0.

Neutralization of sulfuric acid to Nay50;, occurs simultaneous with the X¥
above reaction. Further treatment of the solution obtained by nitric acid results

is
in precipitation of pure nitroresorcinol. About 5% of the product/lost in
purification, Purification is performed as follows.
3 =4 times

The trinitroresorcinol is mixed with EXK¥MBXE¥XYBE¥XXIMNME its weight in water,
and a IX 12.5% sodium hicarbonate solution, in a little more than the theoretical
quantity, dis ¥¥HXIX run into this mixture in a thin stream at 85 - 90°. The
approximately 15% sodium trinitroresorcincl solution obtained is cooled to
L0 - 45° and treated with strong nitric acid. The precipitated trinitroresorcinol
is refiltered and washed with water. The product rield is about 78% of the
theoretical., After purification, it is dried in a rack—t,t."p'e drier at 50 - 60°,
for 3% hrs.

The technical product usually contains isomers, mon:;- zid di-nitroresorcinol,
as well as a certain amount of Hy50; . The tr.‘.nitroresorcinol emploved to produce
lead trinitroresorcinate has to ¥MXXEX satisfy the following conditions: melting
point not under 17.°, water-insolutle impurities not over 0.5%, ashes not over 1%,
and HyS0), not over 0.27%.

Section 6. Trinitrocresol and Other Nitro Derivatives of Cresol

Trinitrocresol can only be regarded as an'auxiliary explosive to be obtained

from an extra source of raw material - cresol. It has no particular sdvantages as

RNk : ’
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an explosive over picric acid, if we do ¥X not consider its lesser degree of
s¢lubility in water and lesser reactivity. It is equal to TNT in its explosive
qualities.

The starting material - cresol - is hardly suited to nitration in the raw
form, as it consists of a mixture of meta~, ortho-, and para-isomers, of which only
the meta-cresol yields a XEIRIX¥EANFXWKXI¥E trinitro derivative.

208 Trinitro-meta-cresol is a bright vellow crystalline substance melting at

109.5°, Its formula is

CH,

ON- N,
l\ I o’

NO,

A trinitro-meta-cresol of 1.64 density may be produced by pressing and
pouring, It dissolves in water less readily than does KI¥¥X picric acid. Thus,

100 parts water by weight will dissolve (in parts by weight)

at 6° .. ... 000 0,15
at 265° . . oo oo 0,20
at 1002 1,83

Trinitro-meta-cresol readily dissolves in alcohol, K4KEENEY ether, benzene, .

and acetone., Jts chemical properties are similar to those of picric acid., With

salts, so-called
" metals and oxides thereof, it forms NEIX-¥USKS cresylates. Cresylates are somewhat

less sensitive to shock and heating than K¥MX are the corresponding picrates. Like

the picrates, the most sensitive are the salts of- the heavy metals, and the most

sensitive of all is the lead salt.




Trinitrocresol is a wholly stable substance, which begins to decompose
at about 200°, Its flash point is 2'5°, It is someyhat less shock-sensitive
than pieric acid, and is inferior .thereto in fugacity and bx;tisa.nce. Trauzl bomb
expansion is 290 cc, br\!isance; gccording to Kast is 2X 4.2 mm, velocity of
detonation is 4850 m/sec, volime of gaseous explosion product is #75 ltr/kg, and
heat of explosion is 912 kcal/kg.

.

Trinitrocresol is not employed by itself. In France, it has been emploved
in
¥IXX alloys with picric acid. The most frequently used was an alloy of 60%
trinitrocresol L0O% picric acid, called cresolite. A valuable property of this

it

allor is the fact that X¥ is less sensitive than pieric acid, has a low melting
point (75 - 80°) and is plastic at £5 - 70°, whic: makes it possihle easily to
ortain a dense charge {4 = 1,45), In Austria, emplovment wac male of an

ammonium salt nitrocresol, which has no particular value as an explesive.

Ppoduction of trinitrocresol. The starting material for preduction of

trinitrocresol is meta-cresol which is obtained from the neutral cil of coal tar,
in a mixture with ortho- and para-cresol., Technical coal cresocl] is cf approximatel:
the following composition: 4O% ortho-, 35% meta- and 25% para-isomer. Table 73

rresents the properties of cresol isomers.

Upon nitration,

Table 73 NEXECEFEEEY meta-cresol yvields
2,4,6=trinitro~-meta~cresol, with a yield
al b) c)
- of about 80%. Under the conditions of
Ortho- 190,8 30
Meta- 202,8 3—4 i .
Para- 202.0 % nitration of the meta-isomer, the XX

-a) Cresol isomer; b) Boilimg point, °C3  ,rtho. and para~cresols uridergo complete

¢) Melting point, °C . : S

. oxidation with formation of oxalic acid,




. Nitration thereof at low temperature makes it possible to obtain the

209 trinitro derivatives, which are, however, so unstable as to decompose even under

*w

the effeét of cold water. Therefore, before technical cresol may be used for
.nitration, it is distilled, to separate the ortho-isomer, the para~ and
meta~isomer remaining in the mixture, inasmuch as their boiling points are quite
similar. The gso-called technical meta-cresol, thus liberated, contains about
L0% para-cresol.

Further separation of these isomers may be achieved by ¥ oleum treatmer.t of
technical meta-cregol. The result is that the para-cresol goes into a crystalline
sulfo compound, poorly soluble in acid, and the meta-cresol goes into a sulfo
compound readily soluble in acid. The crystals of the para-cresol sulfo compound
are filtered off, and the solution:of the sulfo compound of MEKAXE¥E¥I meta-cresol
in sulfuric acid XYS¥XKIX are nitrated, to yvield trinitro-meta-cresol.

Nitration may be employed io obtain the dinitro derivative from the sulfur
derivative of para-cresol, or , by live-steam treatment, tc recover the initial
para~crescl. However, it is more economical to use techhical meta-cresol in nitraticn,
without XK¥ separating the para-isomer.

The technical process of production of trinitrocresol is s;milar to that involved
in obtaining nitric acid from phenol. The yileld of trinitrocresol is about 50% of
the theoretical. This low vield is emplained by the oxidation of para-cresol.

In recent years, considerable interest has iaveloped in 3,5-dinitro-ortho-cresol

Cil,
. . . N |
' - o/ \-oH

| |
/N CNNO, *
ON 0, )

Lo2




209

as & product of considerable herbicidal activity. This product may be produced X¥¥
via the disulfo derivative of ortho-cresol, for example, by saturating it with an t
aqueous solution of nitrogen oxides (Bibl.222).

Not long ago, a patent has been published (Bibl,223) for a continuous method of
prcducing dinitro-ortho-cresol, in accordance with which 12.9 kg ortho-cresol and
3L kg 70% nitric acid are admitted, in the course of an hour, throupgh a calibrated

nozzle, into a water-coovled metallic tube 1 m long and 38 mm in diameter. The yield

of dinitro-ortho-cresol was 80% of the theoretical.

403




209 CHAPTER VI

NITRO COMPOUNDS OF THE ALIPHATIC SERIES

A. General Description
The nitre compounds of the aliphatic series Kl(nitrq paraffins, nitrq alkanes)

have come into wide use in the last 10 - 15 years as compcnents of jet fuels. Eecause
of their high reactivity, they may be employed as the starting materials for the

. production of XK¥X a number of valuable chemicals, acids, amires, nitroalcohols, etc.,
as well as for the synthesis of powerful expicsives. The problgm of obtaining and
utilizing nitro compounds of the aliphatic series ¥X for these,pﬁrposes is also ¥$¥¥
impertant hecause a cheap and large s:pply of raw materials for thaﬁ is availahle,
inasmuch 2s #X paraffins are KX¥X a basic component of petroleuim, inaustrial, and
natural gas.

210 The nitroalkanes were B¥¥ obtained in 1872 by V.Meyer b reacting silver nitrite

with alkyl iodides:
C,Himsd + AgNO, — C,HansnMO,+ Agl.
Sutsequently, this reaction came to he performed by XX reacting-niteite saltc
A
;g-other metals with sulfuric esters, for example:

CHO\
CH 0~

80, +1'NQ, — Ctl;—NO, + CH;0SO,0K.

The reaction product inciuded not only nitro compounds, but nitric esters (for
example, ¥X CH30NO), and, because of their lower boiling point, these latter ¥IXI ware
readily separable from the basic product by distillation.

Formation of nitro compounds &s a result ef the reaction of nitrite having a
fact that,

tri-valent nitrogen atom, I¥ is explained by the fggpy along with the exchange

reaction, leading to the formation of nitric esters, there is a halide alkyl

Lok,




210

addifion reaction, i followed by the cleaving off of a halide salt:

;0 ]e

B € Bl
Ag[O—=N-- O] +CH;—~J -—'-[Ag-0~N g J -
\CH,

0 o)
° N/ y
— Agl+0-~N or Qe N )-
¢ NCH, ( \CH,

The obtaining of nitroalkanes by means of AgNO7 is of significance only in the

. /
a medium °

laboratory. Running this reaction in XKAXIMMEAXXX®XXIK dimethylsulfoxide or
dimethylformide, containing urea, makes it possible to IXXWMEIE¥E employ NaNO2
instead of AgNOp. When this is done, the yield of primary and secondary nitroalkanes
attain A0% (Pibl.1, 2).

Twenty vears Tater, in 1892, M.I.Kenovalov obtained nitroparaffing Ly direct
reaction of nitric acid (10 - 15% strength) ween liquid saturated hydrocarbons:
pentane, hexane, etc., at temperatures in the vicinity of 115 - 1500, Considerably
later, A.I,Titov, investigating this reaction, demonst.rated, (Fib].3), that the
active EKMEI chemical agent-.therein is a molecule of the monomer of nitrogen dioxide,
similar to a radical, and MXBENEXKEXNMA regenerated from nitric acid,

Reaction of the nitrogen dioxide monomer with paraffin hydrocarbons results in
the formation of radicals

R:H+:NO, —» R: 4+HNO,,
which combine ;rith extreme rapidity with the next molecule of the nitrogen dioxide
monomer
R-+:NO; — R~—NO,.
Simultanecusly, the regeneration of *NOz occurs

HNO’+ HNO; - H20+2'N01.
Formation ofvhi;.x-ic. esters is also possible as side products: *

’
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s

‘NO; —» -O—=NO;
R 4+:0—=NO — R—-0ONO.

These latter go into a .series of reactions, reversible in nature, such as

hydrolysis
R—ONO+H,0 <z ROH + HONO
and other f.ransformations.

To be noted that the ease with which substitution by the nitro g.group occurs
increases as one proceeds from the primary hydrogen (in the CH3 group} to the secondary
(in the =CHp group). The substitution of the ternary hydrogen goes easiest of all
(in the group ®CH),

When nitric acid is re.a.cted witn paraffin hydrocarbons, ovxidation products (Bitl..)
are produced in significant quantity simultaneous with tic r.ltration product. The
yield of these omidation products not infrequently exceeds the vield of the nitro
compounds, particularly if the process is run at nigh temperature, inasmuch as the
temperature coefficient of the oxidation reaction is higher than that of the nitration
reaction.

It is proposed that nitrogen dioxide be employed to RIXEMX nitrate paraffin
hydrocarbons instead of nitric BXI4#X acid., This process is run ir'{':liquid phase at
150 - 200° at 20 atm pressure (Bibl.5,6).

A.I,Titov expresses the mechanism cf formation of oxidation products in the
nitration of paraffin hydrocarbons as follows (Bibl.3):

N\

NAXENXTRRXEY \

N
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a) Oxines and oth?r conversion products; KEJX b) Lower ra.dice‘tls, ketones,
aldehydes, and their conversion products; c) Olefir:’/s and their conversion
products; d) Ketones alderydes; IIX e) Lower acids, nitriles, HCN, oxy ’acids, ete.;
£} Acids; g) Esters

Nitration of paraffin hvdrocartons in the ligquid ¥¥X prase is rendered difficult
v the fact that .'e hydrocarbons and the nitric acid are mutually insoluble, and,
moreover, the resultast nitro producteis partially scluble in nitrie acid, with the
consequence that it undergoes further nitration and oxidation.

In 1935 and 1937, studies appeared on the nitration of pentanes and butanes in
“he gaseous phase by nitric acid of 1.5 specific gravity. According to the data
of Bachman (Pivrl.7,8,9), fuhis process goes better in the osresence of halides or
oxygen, which I‘ac‘ilitate the formation of low-molecular nitro paraffins. The
mechanism by which these additives WE¥EMXIEK operate consists of the formation of
ree hydrocarbon radicals arieing through the reaction of the hydrocarbon with the

halide or ox'gen. Moreover, the halides take up the nitrogen oxide, and prevent

.

nitration.

. TANE
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In the gaseous phase, the reactants are miseible in any proportion. The essence

of the producdfqles in the fact thdt the hydrocarbon vapors are passed through a

.
coll reactor, into which hot, strong nitric acid is admitted simultaneously. Faseed
the coil reactor, the mixture of hydrocarbon and nitric acid fumes passes through a
reaction apparatus in which a temperature of LOO - 450C is maintained. As a
consequence, the free radicals formed at high temperature (Bibl,9) participate in tre

o e i )

reaction. Thus, wissaweke {irst lmy & process of decomposition of paraffin hydrocarbtons
into free radicals: X¥ R - R 2R+, and then}&ubsequent combination thereof with a
decompesiticy product of nitric acid: NO, NO2, Hp0, into nitroso~, nitro-, and
oxyparaffins.

At a temperature of LCO ~ L50°, derivatives of the lower hydrocarbons are obtained
from the higher paraffin-K¥A¥EENPSKE hydrocarvons. However, if the process he run at
a temperature under 350°, cracking of the paraffins KX does not occur, and formation
of products of nitration and oxidation of the hydrocarbons taken for nitration occurs.

For iﬁé’;&plosives industry, it is only the nitro derivativesof the lower
rvdrocdrton paraffing that are of interest: nitromethane and nitroethane. The latter

vapor-phase
may be obtained hy FAXAYXIAES nitration at 460 - 450°, from the higher paraffinic
rydrocarhons, constituting a component of petroleum (Pibl,10, 11). The ratic of the
components is of importgncq~5n connection with pfocess safety. When the HNOB-to-
hydrocarbon 'ratic ¥¥1y is 8:1; one obtains a stoichiometric ratio of combustible ana
oxidizer, constituting and explosive mixture., Therefore, the process is run with
mixtures containing excess hydrocarbon (from 2.5 $o 10 parts by weight per part HNO3

by weight).=-This aimultaneously facilitates an increase in the yield of nitration

products.
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In nitration in the vapor phase, more than 607 of HNO3 is consumed in oxidizing
processes, in which it is reduced to nitrogen oxides. The nitrogen oxides are sent
to absorbers to recover nif.ric acid., This s‘ignificantly reduces the dead lcsses
thereof, and the degree of loss is governed solelv by the completemess cf{ which the
apparatus is sealed,

Tr.e resultant nitroparaffins must immediately be removed from the highatemperature
zone,' and cooled, to prevent decomposition thereof. The temperature and time of
contact of hvdrocarbons with HNO3 are interdependent. The higher the temperature,
the less must he the contact time, For example, for pentzne at 4500, 0.22 sec contact
time is adequate, at 398°, 1,0 sec. will do, and 366° - 2,9 sec, and at 248° - 852 sec.

The optimum temperature for the various hydrocarbons differs and is determined by
their stahility. The more difficult it is for a hrdrocarton to he cracked, the higher
must be the temperature of ritration in the vapor phase, Thus, for example, the
optimun nitration temperature of methane is 550 - 400°, that of ethane is 500 - 550°,
propane - 410 - 4,50°. butane - 380 - 410°,

The optimum temperature drops ~ith increase in the mclecular weight of tre
hvdrocarbon, and with branching of the carbon chain. Hydrocarbons of larger molecular
weight/’and, molecu ar ¥K weight being equal, isomeric hydrocarbons, crack more
readily. Pressure, which does not @&ffect the nature of vapor-phase nitration, has
a major effect upon its velocity, inasmuch as XX an increase in pressure 1s accompanied
by an increase in the volumetric concentration of the components. This makes it
possible to .reduce the ;:ontact temperature and time. Nitration ‘is usually performed

at 7 - 10 atm. There. are also installations that function at atmospheric pressure.

Installations functioning under pressure are more compact, and the reaction goes

L0o9
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212 at lower temperature, however this requires absolute airtightness of apparatus KRIKIIEYIEE
i
(Bibl,.5,10).
The iron walls of the apparatus are inhibitors of vapor-phase nitration and
sharply dimirish the yield of nitroparaffins. The introduction of KNO3 or NaNO; #xM¥¥
into the apparatus makes it possible to reduce this effect somewhat {Birl.9).

In the USA, -g'“—phaae nitration is performed in reactors of chrome-~nickel steel.

AT
The metering and delivery of the components is automatiec. They aure preheated by KAMEXHEX

rososlin s s .
YT IR peglaoraE Ling

213 XXBEKEX ‘tranwxission through heat exchanges or tubular furnaces. The durabdon of-ine
sbar of the mixture in the reactor is regulated b the rate of component delivery.
mixture
The ¥HNKXE¥ goes from the reactor tc a condenser. The distance hetween reactor -
and condenser should be minimal so as to assure rapid coocling of the nitroparaffins
and prevent decomposdtion thereof. Cocling is performed stepwise. High-boiling

fractions condense in one condenser, and low-boiling in another., These fractions go

to preliminary distillation, subsequent to which each fraction is subjected to chemical:

‘fr al’
purification and is again distilled in a/distillation apparatus.

Figure /L shows a schematic diagram of the apparatus for gaf-pFase nitration.

a0

MQ4H"&“‘2ﬁ>ﬁ¥

- 1poY——

Fig.64 ~ Diagram of Apparatus for GEs-Phase Nitration of Aliphatic Hydrocarbons

1 - Heater; 2 - Mixer; 3 - Reactor; 4 - Condenser; 5 - Preéliminary distillation;

6 = Chemical purification; 7 - Distillation

In some apparatus, the nitric acid fs not heated to high temperature (of the order

410




of 250 - LO0°) tut is merely vaporized., This prevents deep decomposition to NO and 0z,

A number of indirect methods of producing nitroparaffins (Bibl.12,13,1\) are -

also known:

1) oxidation of amines in accordance with the following mechanism

o, Oy
~ 2RCH—=NOH ~—-» 2RC!.NO;.

[+]
2RCH;NHy —~ 2RCH;NHOH — P

The yield of nitroparaffins is 30 - 50%. Nitrocompounds are formed upon the
the
oxidation of the primary amines only. Oxidation EX does not cause/secondary and

ternary amines to yield nitro derivatives., Reaction of olefinﬁ with nitrogen

tetroxide goes ac follows:

+(CHy)2 C (NO3) - C (NO3) (CHy),

2(CH3):C € (CHyg-+ 2804 < . -
*(CH,)2 C (ONO) ~ C(NO,H{CH3):

The dinitro compound constitutes 30 - 50% of the mixture, while the residue
corsists of nitroalkyvl nitrite. This latter has a ten. .ncy to spontaneous decompesition,
which is responsible for the instability of the resultant reaction mixture;

2) reaction of ketones with nitric esters (Ribl.15) or with hydrexcl 3mine, -
followed by reacting ritrogen and an oxidizer (a chromium mixture or nitric acid)

with resultant oxime in accordance with the following mechanism

CH cH CHy chy
/% My oH S eN0, N0 0 S :
(mmg ——— (=N0H ——~ -—No,—-r\(m,)z

\. N H
ey .~ H20 CH,  —HNO, I CHy

The yield of dinitre compound is 25 - 35%;
3) permanganate oxidation of ternusy carbinamines is cmpl;yod to obtain ternary

nitro compounds, the yield being 70 - 80% (‘Bibl.16).

Properties of nitroparaffins gBibl.l’Q. Mondnitroparaffins are colorless liquid
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or solid suhstances. INEXEK

Table 7 shows the physical properties of mononitroparaffing, from wrich it is
clear that, as the molecular weight ANAXMEKEX of mononitroparaffins rises, their
boiling point increases, and their specific gravity diminishes.

Mononitroparaffins ‘are poorly soluble in water. Thus, 10.5 cc nitromethane
dissolves in 100 cc wate;' at 100°0 The solubility of the residual members of the
homologous XX series diminishes as molecular weight rises. The mononitroparaffiins
are readily soluble in henzene, toluene, xvlene, alcohol, acetone, ard carkonic acid.

fhe lower nitroparaffins are themselves solventsfor manv organic substances.

Tablie 74
] l
a) | b) ¢) d) e)
N o I Sl
Nitromethane I CH,=NO; 101,2 | 1,132 ‘ 1,3935
o o ’at 204y
Nitroethars L CH—Cly=NOy [ n40 | roa7 | 1,30
] e ‘J (at 24°)
1~Nitropropane CH;,--(.Ih—Clig—NO; 131,6 1,008 4003
(at 24°)
2-Nitropropane u:d—cr:—uua 1208 | 104 | -
NO, |
l-Nitrobutane ’ (i'_'d'(c”’)’CH _N()" ) 152—9 ! B i“ -
| CH—CHy=CH—CH 1306 | 0088 | —
2-Nitrohutane : ) ? ) ' !
NL)g . . I l
137—140] - -
1-Nitro-2-methylprecpane >CH—C|12—N02 ‘ % (
CHyg i i i
2-Nitro-2-methylpropans | P f | _
- O=2-me ropane
r mechy.lprop : CHJ-—J,: -NO; 126,58 - -
j“‘.——_“ CH3 L ~
1-Nit ropentane CHy—(CHg)3 =~CHy—=NO, 172—173| 0,948 1 ,421;
) ( at 20°)
1-Nitrohexane | CHy(CHa)—CHy—NO; | 193—194 0,949 ,““__ )

a) Compound; b) Formulaj ¢) Foiling point, OC; d) Specific gravity at 159

e) Refractive index
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Dinitroparaffins are Elk colorless, and in a majority of cases crystalline
substances, insoduble in water, and readily soluble in organic solvents.

In the primary and secondary nitro compcunds, the hydrogen, standing near the
carton, bound to the nitro group, is mobile, and therefore these nitro compounds are
capable of undergoing a number of reactions characteristic thereof. They react with
aqueous solutions of caustic alkalis, forming water-soluble compournds with the
prcperties of neutral saltg. These substances are #XX salts of the isonitro compounds,
and constitute strong acids.

Reaction of nitro compounds with alkalis follows this mectanism:

3,0 B 01 9
CH,—CH—N< o +Na — [CH,-—CH—N’B< Na+ H,0.
| 0 (ol

1 H 4 OHe I
The fact that the neutral nitro compounds are isomerized to acid isonitrolB compounds
is confirmed by the fact that when strong acid reizcts with an isonitro compound salt
(I1) the water-insoluble nitrc compound (I) is not obtained immediately. First, the
BERATNEXHAXUFXEEINKIE isonitro compound (III), which is readily soluble in water, is

44

H.
liberated, and it undergows conversion to nitro compound (I) only gradually:

0@ sl . 0%
CHy—CH- N h( Na* -;—C-lcna ~CH=-N?" |H? —
09 —NaCi oe

,0
s Clly =CHy =NV
CHy—CHy—N Lo

1

isolate
It has not been possible to ¥EKMMNXE the simplest isonitro compounds in the pure

form, because tieir conversion into true nitro compounds occurs very rapidly.
It is possible to replace one hydrozsn.atom in the secondary nitro compounds, and

one or two hydrogen :toms in the primary nitro compounde by halide atoms,as &
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consequence of reacting halogohs with alkaline solutions of the nitro compournds., This

results in the following:compounds:

R
R— CHBr~NO;; R— CBr,—NOjy; R’> CBr—NO,.

The reaction with nitrous acid is characteristic and permits differentiation of
the primary, secondary and ternary nitro compomnds:
a) the primary nitro compounds react with nitrous acid to form so-called nitrolic
acids:
. ., NOH
R-CH,—NO; 4+ ON—OH — R—C~_ -+ H,0.
NO,
The alkaline salts of nitrolic acids are bright red;
the secondary nitro compounds react with nitrous acid to form so-called

pseudonitrols:

R R
- H,0.
R’/\/( {=NOi+HO=NO =  >C{ -+t

In the crystalline state, these substances are colorless, but in the fused
condition and in solutions (in ether, chloroform, etc.) they have a bright turquoisé
coloration;

¢) the ternary nitro compounds do not react with nitrous acid.

Reduction of the nitro compounds results in the formation of the primary amines:

CHy—NO, +6H — CHy—NH, +2H,0.

This reaction shews that in nitro compounds, the nitrogen atom is iirectly bound

to the c?.rton atom. On the contrary, in reduction of isomeric nitro compounds of

nitrous esters, in which an alkyl is bound to oxygen, one obtains alcohol or ammonia

L1k
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or hydroxylamine:

CHy— O—N=0+ 4H — CH,OH + NH,0H.

The products of reduction of nitro compounds in an alkaline medium are
aldoximes end ketoximes, It is probable that the isonitro compound is reduced in

¢

these cases:
R-CH—NO= OH +2H — R —CH=N~ OH + H,0.
Under conditions of reduction Hy tin and hydrochloric acid, oximee are capable
of being hydrolized, and decompose‘\ to form hydroxylamines and aldehyies or ketones.
The primary and secondary nitro compounds enter into condensation reactions with
the aldehvdes under the influence of alkalis, to vield nitro alecohels {7ibl,.18),
for examples
R—CH -O+4CHy;—NO,; —» R—CH (OH) —CH,—NO,,
Under specific conditions (acid reactions), the nitro alcohol obtained may be
converted to a nitro.clefind;
R—CH- CHNO,.
Primary nitroparaffings condense more readily than secondary.

Be. Maior Nitroparaffins.

Secticn 1. Nitromethane

Nitromethane CH3NO has recently found applicati.on in & number of countries as
a rocqet-fuel compoment and as an additive to diesel fuel. Its use has been
suggested as a sulveut for cellulose nitcrates and as an explosive in explosive
ariiling operaticns in pai.m:;eum recovery It may be employed as a starting product

to produce EKXXEEKE¥ chloropicrin (CCl3N02), tetranitromethane, XiXXK and a number of

explosives. .




Nitromethane is ¥kI a colorless liquid, boiling point 101°, freezing point ~29°

(Bibl.19, 20). Table 75 illustrates the specific gravity and viscosity of nitromethana

. at various temperaturss,
Table 75
4 ‘y
The thesmed capacity of nitromethane at 20°
a) b) ; © is cp = 2,07 cal/mole/°C.
10 1,1490 0,748 ‘ Nitromethane is soluble in water (about 9%,
25 1,1287 0,625
o | 11080 0.583 at 20°), and itself dissolves 2.2% water. It is

miseible with viruually all organic liquids, and
a) Temperature, °C; b) Density,

gm/cmB; ¢) Ostwald viscosity ie a good solvent for many organic and inorganic
substances, including celluloge esters and certain
resins,
Nitromethane is a reactive substance. Caustis alkalis induce a peculizr

condensation of two molecules thereof, leading tc the formation of methazonic acid:

0«
9CH,NO,;+2KOH — KO>N=CH—CH=N0K+ 3H,0.

Nitromethane and excess formaldeh:de forms triatomic alcohol:

3CH,0+CHy—=NO, — (HC~CH,); C—NOQ,.

Upon esterification ty nitric acid, this alcohol will, like glycerol, yield a
trinitrate (OoN - O «~ CH2)3C - NO2 - which is a very powerful explosive.

Nitromethane is an explosive having a negative oxygen balance, Its briéance,
according to Hess, is 25 mm{with an auxiliary TNT cap of 5 - & gm). The fugacity in
the Trauzl' block is 470 cc. Shock sensitivity is as follows: the dropping of a 10 kg
weight from a height of 25 cm ylelds O - 8% explosion. Veloeity of detonation is

6600 m/sec (Bibl.21).
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Nitromethane is a toxic substance (Bibl.22),
. ' et
Nitromethane is obtained on an industrial scale in phase nitration of
paraffin hydrocartons, and alse by a number of indirsct methods (Bibl.23, 24). Direct

nitration
REXKKXXEY of methane has not yvet been performed on an indusiria! scale. Nitration of

. provides
methane ty nitric acid in the gas phase under laboratory conditions ¥IMIIE a nitromethane

vield of aboit 25%,
Of the method of producing nitroparaffins described above, the method involving

!
the production of nitromethane from dimethvlsulfate is of practicdl significance:

_OCH,
0,5 +2NaNO, — 2Cl1;—NO, + Na,SO,,
~OCH,

pe. 3

which gives .
ZEEDOCHAKX o vield of arout 6C« . The reaction is run in an aqueous solution, firwt

at 60°, and then at 120°, in tre presence of small amounts of KyCC3 (Rinl,258),

Nitrometrane may alsc be ottained ty reacting chloroacetic acid with potassium
nitrit~ or sodium nitrite in agueous solution. The nitroacetic acid I¥X resulting
tnerefrom decomposes upon trcilirg with water:

CH,Cl—COOH 4 NaNO, —» 911,—COOH — CHNO,+CO,. -
NO,

Section . 2. Dinitromethane

Dinitromethane CHa(NO)2 was first obtained in 1893 by Duden (Bibl.26). Thanks
to its exceedingly high reactivity and the presence of tm; mobile hydrogen atoms, it
is able to serve as the ba;is for the production of polynitro compounds., MIKXX¥N

Dinitromethane is a colorless, free-flowing and volatile liquid with a characteristic

sharp odor, recalling that of methanoic acid. It is stable only at low temperature,

whereas at room tem-erature it decomposes within a few minutes to liberate nitrogen

oxdde (Bible26). .




217 Dinitromethane may be driven over without decomposition only with benzene vapors.

It is virtually XX insoluble in cold water but rather soluble in warm water (Bibl.28),
Ether and btenzene solutions are stable and may bv 3tored for a long time (Bibl,26),
Studies of the absorntion spectra (Bibl.29, 30) and ¥XX¥XE the electrical ¥¥KX
conductivity of agueous solutions (Bibl.27) have shown that dinitromethane may exist

in two tautomuric forms:

CH,(NO,), = NO,CH-=NOOH.
1 11

Free colorless dinitromethane is a true nitro compound (I), 1In a.nh,yrdx"ou’s '
unpolarized organic solvents (henzene, ether), dinitromethane:also exists in the form
of a true nitro compound, in which case the sclutions a.r.e colorless.

Dinitromethane “as a tendency to convert to the acy ;‘om (II), solutions of which
are redlow., Conversion of dinitromethane goes more rapidly when water is added., In
aqueous solution, XK uinitromethane is a monobasic acid, similar in strength to
methanoic acid. The dissociation constant of the ac,'v' form cf dinitromet'nane is
1.43 ¢+ 10~ at 0° and 2.78 - 104 at 25°. In aqueous solutions of dinitromethane,
equilibriun exists hetween the true nitro compound and the a.ci form., In very dilute
solutions, this equilibrium is vholly shifted to the ac‘y form:

H,C (NO,); 2 NO,CH=NOOH < NO,CH==-NOO® + H?>,
When alkali is added, the equiiibrium is shifted IX to formation of the ac'y form,
and when acid is added, in the direction of the true nitro compoind. In a strong
218 sulfuric acid solution, dinitromethane exists only as the true nitro compound.(Bibl.30,
31).
In its chemical

EXKXXFSMEXNINE character, dinitromethane is & rather powerful monobasic acid.

An aqueous solution thereof ylelds an acid reaction to litmus paper and to methylorange.
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In the presence of dinitromethane, free iodine is liberated from a mixture of
potassium iodide and iodate )
BSOS TTOENRIXIRINXE (Bibl.27). Dinitromethane decompcses salts of carbonic,
sulfuric, and nitrous acids.(Bivl.26), It readily forms salts with inorganic and
organic bases, for example, when mixed with ammonium, barium, and copper carbonates
or hydroxides with dinitromethane in ether solution. An aqueous sciution of its
The completely
potassium salt yields a neutral reaction, EMAEXMXEI¥ pure potassium salt is stable

and may be stored in the open air for a long time.

Salts of dinitromethane explode when heated to over 100°., ‘/hen dinitromethane is

. reduced in an acid medium, ammoria is liberated, tut if reduction is performed ir. water

bv a sodium amalgam, the result is so~called melliiazouronic acid - a crvstalline
subgtance #X that explodes at 980,

When dinitromethane is treated with btromine water, 1. converts to XXKEREEAARIXERY
ditromodinitromethane (Pinl.26)., The effect of free halides upon the potassium salt
of dinitromethane in the presence of caustic results in the formation of BEXXKENXHMX
rotassiumhalidedinitromet!.ane

{Biri.32)., However, if potassiumdinitromethane i:e

treated with@ excess bromine in neutral solution, bromodinitromethane is formed (Bibl.33).

Dinitromethane readily reacts bty condensation with formaldehyde and amines to form

.dinitroamines. It.is capable of 'atfcaching to activated double bonds. Usually, the

potassium salt of dinitromethdane is employed for this type of reaction.
I?initlromethane is obtained hy acidification of an aqueous solution of its
potessium salt, accompanied by cooling. This latter is obtained in turn from the

more accessible organic compounds, for example, dibromodinitromethane:BrC(NO3)2.

Dinitromethane may also be obtained from symitrical'{dipotuai~mtetranitrogthane:
F

H,S80,
KOON ==C~ CmNOOK —— 2CH, (NO,),.
Lo
NO,NO,
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Section 3. Trinitromethane

~ l

Trinitromethane CH(NOz)3 (nitroform) was first obtained in 1857 by L.N.Shishkov

(Bibl.34k)s In view of the exceedingly high reactivity, ¥X it is capable of being widely
N
used for the synthesis of polynitr&compounds. With this object, nitroform or a salt
thereof is condensed with nitro compounds or aldehyde. Condensation with aldehydes
results in the formation of nitro alcohols, the nitrates of which are powerful expliosives.
Pure anhydrous nitroform is a colorless crystalline substance having a BXNRHEXEE

characteristically sharp odor., The melting point is not exactly knmown, but it is

apparently in the range of 23 - 25° (Ribl.19, 35). The boiling point is k5 - 470 at

2
[

22 mn Hg (Bib1.35). The specific gravity-is 425 = 1,41 (Fibl.18).

Nitroform readil; ahsorhs moisture, and acquires a yellow color as a consequence.
It is readily solutle in water and in the common organic solvenis. Solutions cof
nitroform in water, alcohol, acetic acid, and anueous ether are vellow. Solutions in
anhydrous benzene, chloroform, carbondisulfide, ligroin, ether, and in strong sulfuric

or hydrochloric acids, are colorless (Bibl.37). The yellow color relates to

isomerization of the nitroférm to the a.cj form:

0

H.C(NOp)y 2 (NOp),C—N7 .
1 i “OH

In aqueous, mildly acid, and basic media, Wee nitroform exists “in the aci form.

1 4 i o
(11), in a medium of very strong HpS0L, HNO3, and other acids, as well as in =he
anhydrous condition, it exists in the form of nitro compound (I). The nitroform explodes
when rapidly heated. An attempt to Adrivo it off at atmospheric pressure results in

\

decomposition at 100° (Bible3h). The Nitroforn may be distilled without decomposition,
Under ordinary circumstances, it is relatively stable, and may be preserved without

undergoing change, in the cold., Strong mineral acids decompose tds nitroform (Bibl.34}37).
420
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Tbtgit;ofom is a very KKM¥¥IMX strong acid (Bibl,37)., It readily forms salts
with inorganic and organi; bases, All these salts are substances light-yellow in
color. Thev XKX lack odor and have little stability in the dry condition. Inorganic
salts deccupose after a few hours, HEXNEFIKEXEX converting to nitz-ates' in accordance
with the equation:

2(NO,), C = NOOMe —» 2MeNQ, + 2CO,+2NO + N,.

Solution of these salts in water is not accompanied even kv the glightest signs

" of hydrolysis. The resultant yellow solutions have & neutral reaction.

of
The potassium, ammonia, and sodium salts XEMXEXXXKE nitroform§ are osbtained by

reacting a weak solution of alkali with tetranitromethane in the presence of a reducing
agent, Tris is a side process of the formation of the carbonate. The reaction goes
as follows:

C(NOy), +6KOH — 4KNO, + K,CO, + 3H,0.

The potasgium, sodium, and ammonia salts are derivatives of the ac; form and are
therefore ellow in aqueous sclution.

The silver and mercury salts of e nitroform are taxztoqeric qompounds capable
of existing in two forms. Solutions thereof in ether, bgnzene, and chloroform are
colorless. Salts freshly crystallized out of these solutions are also colorless
crrstals., Solutiong in alcohols, X¥Id acetone, and glacial acetic acid are weakly
yellowish. Acqueous solutions are strongly yellow, carry electric curre~t, and afe

quite acid., IX

Thus, the hydrogen of ®@ls nitroform is XBNX capable of being substituted fes

btoth in the aci form and in the pseudo form. Reaction with bases results in replacement

of the lmydrggon not only by metals or organic residues, but also by ¥k haljdes, for
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exampls, chlorine, with formation of chloropicrin:
C (NO,);H+Cl, —» CCI(NOy), + HC},
or by nitro -group, with formation of tetranitromethane:
C (NO,);H + HNO; — C(NO,), + H,;0.

e Hitrofom is capable of undergoing condensation., Of rarticular interesi, is
condensation thereof with formaldehyde, as a consequence of which trinitroethvlalcohol
is forried:

CH(NOQ,),+ CH,0 -+ (NO,),C - CH,0H,
which is a powerful explosive. Because of its hygroscopicity and low stability, it
has nojy practical value.

Ze hitroform is cavatle of comtining with unsaturated compound; at “re douvle or

triple bond. - For example, it combines with acetylene as follows:

Hg (NOL),

CH Cl+CH(NO,, *20

cnmoy. (NOG),C-CHl,— CH,-C(NO,)

—Cll, CH=C(NOp, o 2" ’ i
%(NO,)iC — Gl — C (NO,),

Cll,

Its salts, and pérticularly the silver salt, are capable of condensing with
aromatic compounds.

The Nitx‘oform is an explosive. It can be detonated by shock or .a capsule.

The simplest and most convenient method of producimg tdenitroform is decomposition
of tetranitromethane by an aqueous solution of caustic potash. The reaction follows
the following equation:

* C (NOQ)"*' KOCgHs el KC (NO2)3 + (:’l |5ONO,.

‘Pree nitroform is liverated by adding EX excess strong sulfuric acid to an aqueous

-

solution of a salt thereof:
KC (NO,);+ H,80, — HC (NO,);4- KHSO,.
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The liberated oily preduct is extracted with ether. After the ether has heen
driven off in vacuum, W#e nitroform remains as a volatile, bad-smelling oil, which,
after solidiflcation in a freezing mixture and EMN separation over porous clay, forms
virtually colorless cryatals that melt at 25°, The next 5ection describes the method
of obtaining tjse nitroform from K¥#¥ acetylene,

Section 4. Tetranitromethane

Tetranitromethane C(NOg)L was obtained in 1857 by L.N.Shishkov hy the nitration
of trinitromethane (Bivl.34).

The absence of a dipole moment in tetranitromethane testifies to the symmetrical
structure of its molecule. This refutes the hypothesis of certain Investigators to
the effect that the molecule contains one nitrite group O - NO and three nitro
groups -~ N0g.

Tetranitcomethane coniains a considerable amount (about 50%) of active oxygen:

C(NO,), — CO,+2N;+30,.

This property was emploved in Germany to make jet fuels on tre hasis thereof
(Rib1.38).

Tetranitromethane is a very free-flowing, volatile, transparent, and colorless
liquid with a sharp odor. Its EBMI¥X specific grgvity is diz = 1.65 (Bibl.39), its
freezing point 14.2° (Bib&.LO), its viscosity at 20° is 0.0177 poise (Bibi.h2). The
technical product freezes at 13.5 - 13.8°, The boiling point of tetranitromethane is
126 -127° (Bibl.41l)., Upon boiling, it partially decomposes into CO; and nitroger

.
oxides.
Tetranitromethane is not hygroscople, virtually insoluble X in water, glycerol,

.

and other multiatomic alcohois. It is readily soluble in many organic solvents: toluene,
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benzene, dichloroethane, etc., When these solutions are cooled below the freezing point
of tetranitromethane (below 13.5°), the solubility diminishes shatply, and the product

crvstallizes out.

Several organic substa.nc.ea. suct as TNT, paraffin, anl naphthalene, are migcible
with tetranitromethane in any rat;ios at temperatures above their melting points. Upon
cooling of these mixtures, the substances dissolved; crystalli;e out.

Tetranitromethane is insoluble in sulfuric acid. Nitric acid and tetranitrometlane
are mutually soluble. At 159, &X it dissolves 22 - 2/ volumes of 98 - 98.6% HNO3. As
the strength of the HNO3 diminishes, its #X solubility diminishes. Tetranitromethane
readilyv diss¢ives nitrogen oxides, and a mixture of various volumes of these substances
has a freezing point of =340 (Kibl.L3).

Tetraniirometrane is volatile. Even at 0°, tnere is a perceptible odor reminding
one of the nitrogen oxides, It is read:lr distillable with steam. The fumes have an
irritating effect upon the mucuous membrane, cause tearing, running nose, and cough,
Continued irhalation of the fumes has a poisonous effect upon the organism.
Tetranitromethanes are readily absorbed by activated charcoal,

Pure tetranitromethane presents a neutral reaction. Upon standing it becomes
acid) due to decomposition. Decomposition proceeuw most actively in the presence of

water:
H(»;i .
C(NOy), =2 CH (NQ,)3+ HNO,.
The quantity of acid products formed is readily determined by titration with
alkaif. Both decomposition products: HNO3 and CH(NO2)3 IX are titrated (Bibl.ik).
Decomposition of the tetranitromethane usually procesds to equilibrium at an -

acidity of about 0.1 - 0.2% in terms of HNO3, If the acid decomposition products arz

: L2,
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removed by washing with water, decomposition of the next batch of tetranitromethane

will occur, and so forth until the entire product is decomposed.

Tetranitromethane is stable in acid media and may be stored for vears in this
conélif.ions. Thersfore, the technical prvoduct is stabilized by acidification with
sulfuric acid, or with nitrogen 8% oxides to an acidity of O.Jﬁ - 0.2%. In this form,
it may be stored in iron apparatus.

Jecomposition of tetranitromethane in an alkaline medium may bhe expressed v twe

equations:

C (NO,), +6KOH — K,CO,+4KNO, + 3H,0;
C(NOQ,);+ KOH + C,H,0H — C(NO,);K + C,H;ONO, + H,0.

With aqueous sclutions of alkalis, what occurs is primarily nitrite decomposition,
- properties of
rut with alcohol solutions it is nitroformed. The sgpecific KBENE¥X¥ tetranitromethane
include its avility to produce a dark diacoloration IX with organic substances containing
unsaturated bonds.

Tetranitromethane is a weak explosive, has little sensitivity to shock and to other
types of initizl impulse. Its explosive propertlies, computed on the basis of the
theoretical decomposition equation, are the following: heat of explosive decomposition -
580 kcal/kg, temperature of explosion 29000, velume of gaseous explosion products -

A70 1ltr/kg, velocity of detonation - 6300 m/sec.
Mixtures of tetranitromethane and organic subst.aces are usually explosives. Scme
100% in power. However,

of them excesd TNT by 50 to XEEEIXXKEMEMEF{XERXEHEM such mixtures are highly sensitive

and therefore very dangerous to handle.

Only subatm?es ¥X soluble in tetranitromethane, but which do not react with it,

.

may be employed as fuels.
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223 Pure tetranitromethane is a substance that presents virtually no danger, However,
. in working with it, it is necessary X rigidly to observe precautions, and completely
to eliminate the possibdlity of contamination of tetranitromethane hy organic
substances of any kind.
1h ou

Ppeduction of tetranitromethane. The literature describes more !ten methods of

producing tetranitromethane, but only a few of these deserve attention from the view
point of recommendation for industrial purposes.
1. The acetic anhydride method. Acetic anhydride reacts with KENXMEE¥NXA strong
nitric acid at 25 - 309, in accordance with the following eguation:
4 (CH,C0), 0+4-4HNO, — C(NO,), + 7CH,COOH + CO,.
Tre initial svbstances are mixed in stoichiometric ratio, and are allowed to

stand from 5 - 7 darse The temperature of the reaction mixture has to te 25 - 280,

v
After standing X¥¥ for 5 - 7 days, *re tetranitromethane liverated in the form of a
o
reav: 0il on the hottom of the vessel. It is decanted steamedistilled., Tetrani*romethane
BWPLX is purified rr repeated steam 1istillation, and is dessicated with calcium

chloride, The product vield is 70 - 75% of the theoretical,

The raw
Rl materials consumed per ton of finished product are: 1,8 ton HNO4 (monohydrate)

: The:
and 3 ton,(CH3C0)20," ﬁetic anhydride may be recoversd, in which case the absolute
consumption of acetic ¥¥IX anhydride is about 0.6 ton.
duration
A shortcoming of the acetic anhydride method is the ¥KXXMK of the process.
2. Destructive nitration. When dinitrobenzene or other mono- and dinitro
severe

derivatives of the aromatic hydrocarbons are nitrated under EIN¥M¥NE conditions

(high~temperaturs, strong mixed acid), the reaction proceeds in two direotions:

HNO,

CeHy (NOy); = C.H;(NO,),-{-H,O; .
HNO,

CoH, (NO,)y 2l 8C (NO), + 3CO, +8H,0 + 2NO.
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Tee consequence of the low yields of both products, the method is not economical.

 Moreover, the process is very dangerous at high temperature.

3, Nitration of acetylene {Bibl.L5, 4f)., The action of acetylene with strong
nitric acid proceeds through several stages and may he described by the following

supmary equation:

5C,H,+ 38HNO,; — 3C (NO,), +24H,0+7CO,+26NO;.

<7

Thus, approximately (0% of *he acetylene is converted into tetranitromethane, and
the remainder is oxidized. The process apparently may he expressed by the following

mechanism:

CH=CH+ HNO; - (NO,) CH=CH (OH) oxinitroethylene;
(NO,) CH=CH(OH) 4+ HNO; —
- (NO,), CH~CH (OH), d ".Oxidinitrqethane;
o ;
(NO,)s CH— CH (OH); — H,0 +(NO,),CH~ c{H dinitroagetic
aldehyde;

0
(Nmmm—c'”+uNm--

. dinitroacekic
0 acidg
-« HINQ,+(NO,),CH—-C¥
LT *OH
0 dinitromethane;
OH .
nitroform;

(NO,), Ctly + HNO; — H;0 4+ CH(NOQ,), .
CH (N02)3+ HNOQ, — H?O +C (NO,)‘ tetranitromethane.

The last of these reaf:tions occurs in the presance of sulfuric acid, Nitrotorm is
produced as an intermediate, ard may he isolated by nitrogen dioxide extraction,\ o°
(Bibl.38).

The possibality of converting acetylene to trinitro- and then to tetranitromethane

by nitric acid reaction was discovered in 1700, However, the product yield was

20 .- 25%. In 1920, mercury nitrate came to be used as promoter, and the',viold was
TN

m L7 :
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oxides have
increased to 40 - 45%, Subsequently, it was found that nitrogen MMEHOIGEVMNE a

positive effect upon the yield, and particularly upon the process rate. It was also
found that certain metals (Fe, Ni, Co, Al) are inhibitors of this j. ocess. Consideration
made

of these factors MiKE it IMEEE¥XMI¥ possible to increase the ylelid of tetranitromethane
to 90%,

L, Nitration of ketene (Binl.:7). Tetranitromethane ¥X is ootained by slowly
admitting ketene {produced br prrolysis of acetone) into XEEIX¥X¥K cooled strong nitric
acid. At the conclusion of the reaction, tre mixture is poured over ice, and the

tetranitromethane which settles out is separated. The yield is 90%. The reaction

follows this equation

4CH,=CO + 4HINO; == C(NOy),+ CO, +3CH,COOH.
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PART II -
NITROAMINES --

CHAPTER VII

GENERAL DESCRIPTION OF NITROAMINES

The polrnitro derivatives of the amines are widely emplored as high explosives.

This class includes RDX and TNT, which are brisant explosives widelv emploved in the
manufacture of detonators and caps, as well as in the filling of munitions.

The iritial materials for the production of nitro amines are the amines of the
aromatic, heterocyclic, and aliphatic series, nitric, sulfuric, and, in a numher of
instances, 2lso acetic acid and acetic anhydride. The production of these explosives
is more dangercus than that of the nitro compounds in view of their high sensitivit;
to temperature and mechanica. influences, as well as their high tendency to detonate.

The polynitro amines are usually ottained bx nitration of the corresponding amines,
in wﬁic‘x. the nitro group may‘replace either hydrogen at the carbon (=CH .::_Ngé’ =C - NOp),

or the hydrogen at the nitrogen (=NH ._"_gli)}, =N - NO3). In the first case, the result

is a C-nitro compound and in the latter a N-nitroamine.

The formation of nitro compounds under the effects of nitric acid or mixed acid

naztanise

{so-called Cénitration) proceeds in accordance with the #PWAYdM previcusly described.

The nitrating agent in N-nitration, when strong nitric acid or mixed acid is reacted

»

with an amino compound will also be the nitronium cation N02@ (Bibl.62), and the reaction

will also go IKKK in two stages: addition of NOQQIM subsequent detachment of the

replaced hydrogen by the proton acceptor (Bibl.3). However, in performing this reaction,
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s,
it is necessary to take into consideration the presence El\(readily oxidized ¥MXKE amino

EBKX#X group in the compound. Therefore, in order to prevent or at least to reduce
oxidizing processes, the amino group is stabj:,liz;ed or as they say protected either’by
obtaining a salt (usually by means of sulfuric acid) or an acyl derivative (by XK means

of acetic acid)., The product obtained is then nitrated.
reactivity

In Nenitration, XRMXN¥XIWIX¥ 1s higher than in C-nitration of the unsubstituted
benzens, Thus, for exampie, the unshared electrons of the nitrogen atom in XEIKIX¥E
trinitropheny i-N-methylamine are taken up by the the nitronium cation l.5 times faster
than the unsatura’..cu ii-electrons in benzene, but at only XX 1/17 the rate observed
in toluene (Ribl,3).

Accorcing to Lang (Birl.h), Nenitration caused by weak nitric acid occurs in the
presence of nitric oxides via the fcvmation of the nitro derivative (by the effect of
the nitrosyl-cation NOO), which is also analogous to tne mechanism of C-nitration.

In choosing a solvent for nitration, it is necessary to bear in mind the.possibility
that it may change the guiding effect of X& the amino group. In sulfates, the amino
or alky! amino proup direct tne nitro g}roup part'l,v to the meta-positioﬁ (Pitl,5), while
acr-lated alkyl amino groups are directed solely to the ortho- and in some degree to
< e para-pogsition.

The direction of the nitro group entering the ring is determined in a numher of
cases by the concentration of sulfuric acid in the nitrati'ng mixture. Thus, if in
the nitration of acetan.clide the nitrating mixtursesinclude not 100% but 78.8% sulfuric
acid, the yield‘,{para-nitroanilino will drop to 23.6%, with a correspording rise in the

yield of the ortho-isomer. This is of practical significance, if we bsar in mind that

“he nitration process always is accompanied hy the formation of water diluting the

& L30




225

nitrating mixture.

In nitrating various aniline deri;ratives, it waa ohserved that the formation of
the N-nitroamine facilitates the presence in the ring of a nitro group in meta-position
with respect to the amino group.

In some cases, N-nitration goes thpough the stage of salt formation. Thus, in
reacting dilute nitric acid with the amine, the consequence is a nitrate salt, because
of the fact that the amines are of weak basil;t‘ Suhsequent treatment of the salt tnus

A
obtained with strong nitric acid or acetic anhydride (Pibl.#) resu!ts in the profuction
of N-nitroamine. It would appear that this stage involves a stage of dehydration
of the salt, accompanied by formation of N~nitrcamine, for example, in accordance
with the reaction:
Ar = NHy HNOz —» Ar-NH —NO; + ;0.

Some N-nitroamines, such as nitroguanidine, #IX¥¥ or nitro urea are produced
specifically via the nitrate salt as intermediate, dehrdration of t%e‘salt teing
performed bt sulfuric acid.

The reaction follows these mechanisms:

for primary amines
o a5 -HN . .
RNty == INO, - » RNH;NO3 — = RNH NO7;

ror sscondary amines

R Ri'v. & & -t1o R i
SN HNO; - NHNOg —= = "N X0,
R R ; R

Secendary and tertiary aromatic amines, such as methylaniline, RX¥I eihylaniline,

or diethylaniline are converted, by the vigorous effect of fuming nitric acid, to

monoalkyl-N-nitroamines, and, where the tertiary amines are concerned, cleavage of

+

L4
one alkyl group occurs, Simultaneous with this, pitration of the aromatic ring
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225  ocecurs (Bibl.7):

CH,

'+ CgHo (NO;); N .
eHe ( 3 \No,

Ny l +HNO
CGHS -~ NH— CH3 H

(o]

The entry of the nitro group into the rinz of an aromatic amine, i.e., formation
of the nitro compound, occurs as a consequence of two reactions: regrouping of BEEN¥X
phenylnitroamine (which is promoted by acid) and nitration by nitric acid. A.I.Titov
(Bibl.9), and Hughee and Ingold (Bibl.10) hold that tkis regrouping is intramolecular
in nature and proceeds through ¥X intsrmediate formation ol cation by attachment c. .
KK¥ a proton to the amine nitrogen. This lagt explains the need to have an acid medium
in onder‘for Lrig reaction to go. Subsequently, Hughes and otlers, employing Qégéiéjef/
niirogen, obtained direct préof of the intramolecular nature of tre regrouping (Fibl.10).

Weakly rasic amines nitrate readily, whereas strongly tasic amines nitrate only in
the BYENEKK presence of a promoter (chlorides are usually employed).

The amine nitration“reaction is RXX not infrequentl; accompanied b~ a treaking
of the C~N tond, tre consequence of which another organic molgcu]e, most frequently
alecohol, which is tnen etherified, is formed simultaneous with the N-nitroamine.
Nitration with EEMEIKXEFMEKIKE breaking of the C=N bond is called nitrolymsis and may be
dep’cted ny the following mechanisms:

a) nitrolvsis with alcohol formation

R.NCH;R' + HONO, -+ R,N—~NO,+ HO—-C‘HQR'
NO,— O— CH,R’;
224 b) nitrolysis with formation of a free alkyl cation (forming a nitrate eater

under the influence of the NO3@ ion)

' , R @ ‘ @
R,NCH,R' +NOp — >N —CH,R" = R,N-NO,+CH,R
R | {+NO®
NO, NO,— O~CH,R.
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The reaction by which RDX is formed via nitration of urotrdpine, which detaches

/»
CHa

the -CH2 CHp-,grouping, is a nitrolyais reaction, In addition teo RDX, an aleohol’

nitrate ester is formed, specifically, methyleneglycoldinitrate

ONO;,

cH,{ .
"N ono,

A considerable amount of nitrating agent is consumed in producin} N-nitroamines,
and the reaction is usually run at low temperature, recause of the low stability of
the side product. These process cornditions result in a considerable consumption of
materials {raw material, cooling agent,) when Lhev are performed on a factory scale,
and lead tc a high product cost.

fin tre industrial scale, the production of certain N-nitroamines, specifically
both hydirect

cyclotrimethrlenetrinitroamine (hexogen) is conducted XKEXEEKXE hi*ration of amines and
by an indirect method: condensation of ¥X formaldehyde with ammonium nitrate in the
presence of a promoter (FF}). In some cases, *this is economically more desirable than
direct nitration of the amine.

A.lamberton (Pit1,11) holds that N-nitroamines may be regarded as amides of
ntric acid. If one hydrogen atom in the simplest inorganic N-nitroamine NH2NO, be
replaced by alkyl or aryl groups, the result is the primary N-nitroamine ArNH + NOy.
If both .
E¥XRXK hydrogen MXKEM¥XK¥E atoms are replaced, the result is the secondary N-nitroamine-
ArpN © NO3.

The nitroamides (primary and secondary) may be included among the W—nitroamines.

The difference between the two lies in the fact that in the latter, I one group (Ar)

VY

K is acid (for example, acyl, sulfanyl, etc.).

The behavior of the C-nitroamines and their properties are mlog;ma to the

32T IIRET OO EaTIEIEETIAT LTI T 00

"
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as
properties of the nitro compounds, irnasmuchMEXEKXX the nitro group therein is directly

attached to the carbon atom.

The behavior and properties of thg N-nitroamines differ sharply from the

properties of the nitro compounds, as the nitro group therein is attacrei te the

*
nitrogen atom. This bond of the nitro group is weaker than a direct bond to carbon.
Thie is the reason, as a rule, for the fact that the Ne-nitroamines are less statle than
the nitro compounds. The N-nitroamines are usually more gensitive to mechanical
effects, and therefore many explosives of this class are emploved to fill! shells, only
in the phlegmatized form,

Characteristic reactions for the N-nitroamines are reducticn by hydrogen.arni the
effect. of s:lfuric acid. When primary N-nitrcamines are reduced, -virazine derivatives
result, whereas the redu-tion of secondarv N-nitroamines reanlts in the formation of
alkvlhyvirazine. Vigorous reduction of alkylhydrazinew results in reduection of
alk-lamine and ammonia.

Nren surong suifuric acii is reacted with N-nitroamines, the nitro group attache?l
to tre nitrogen clieaves awav. The primary N-nitroamines are particularly readily

sutject to decomposition. Under the influence of dilute sulfuric acid, alzohol and

N0 are f’or‘m’:l\

RNH:NO, -- ROH +N,0.
The secondary N-nitroamine are more stable to sulfuric acid and decomposition
sets in

frequent.ly SEEMBEXEX only at high temperature.

trong sulfuric acid induces cleavage of the N-nitroamines of the alipnatic or

. heterocyclic serlies, accompanied by vigorous liberation of nitrous oxide. In some

e
cases, this reaction Xk leads to the formation of N-nitrosoamines. This Lehavior of

-
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N-nitroamines frequently renders it impossible to ohbtain them in sulfuric acid as
medium,

There also exists & group of isomeric compounds witl primary Nenitroamines, which
also vield hydroxvlamine Jderivatives on reductions These compounds differ from the

N-nitroamines in that the oxygen atoms are separated:

R-—III—-OH
NO
which i1s due to the manner in whi thev are ottained, to wit: nitrosification, and not

nitration, as is the case of l-mitroamines.

The physical properties of the primary N-nitroamines are completely different than
thogse of “he nitrose derivatives of tre hvdroxylamines. For example, plenyl-N~nitroamines
CiHENHNOp {iffers surstantially from pkenyl-N-nitrosohydroxylamine.CgH5¥OH. The nitroso

NC
rriroxylamines have not et been studied in terms of their explosive properties,

Tre structure of l-nitroamines, kased on their chemical properties is ronfirmed
tv xe-rav analysis of the simple N-nitroamines, which show that the atoms of the XXk

0
N-N{ group are in a single plane (Pibl.12).
0

N-Nitroamires do not display basic properties, whereas thre primary cnes even have

weal acid properties’and are capatle of yielding salts alons with the bases. Tne acid
twentieth-

properties of the primary N-nitroamines are only one JBMMXKXMEK as strong as those of

formic acid. Contrariwise, nitroamides are capahle of being strong acids, substantially

more powerful than formic acid.(this is true for example of nitrourethane).

The primary KX N-nitroamines react readily with ammonia in a benzene medium,

vielding ammonia salts. The majority of the N-nitroamines are subjected to denitration

when heated with phenol, particularly in the presence of sulfuric acid.
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227 Some of the aromatic Nenitroamines, for example, trinitrophenylmsthyl-N-nitroamine
(tetryl), form addition products with the simplest amines. These k&l addition products
are, for the most par<, intensively colored. In many cases, these compounds convert

to picramide (2,4,46~trinitroaniline) or to its N-alkyl derivatives (Ribl,13).
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CHAPTER VIII .

THE CHEMISTRY AND TECIHNOLOGY OF THE NITROAMINES

A. Tetryl and Other Nitro Derivatives of the Aroma'ic Amines

Tetrvl was first obtained by Maitens in 1877 by heating dimeth-laniline witth
fuming nitric acid. Sometime later Romburgh (Bill.1l) determined tra structure of
+tetryl, and obtainel it by nitration of monomethyl- and dimethvlariline., From the
fact that nitration of dimethylaniline reveals the formatiorn of 0y and ahundant
liveration of nitrogen oxides, which is hardly to be noticed in the nitration of
monomethylaniline, he drew the corclusion that tetryl contains only one methyl group.
he found it possible to reinforce this point of view by onbtaining tetry! from
N-methvl- and N-dimethylpicramide, as well as from picryl chloride ani potassiun

CH
methvlinitroamine., Romturgh ascribed the following formula to tetr,vl:C/‘Hz(NOZ)BN\ ,

NO»
and it is stiill accepted todar.

Tre explosive properties of tetr'i were studied in 1885 - 188~ in the Prussian
Department of War b» Lenz, who found that tetryl was unsuited to filling shells because
of its high sensitivity to friction,

Tetrvl has a good sensitivity to detonation, and therefore, starting in 1906, it

came into use in detonators and detonating caps. Today, tetryl is of secondary

importance, and its production and consumption are being reduced.

v

Section 1. The Chemistry of Production, the Properties, and the Applications of Tetryl

“Tetryl (trinitrophgnylmethyl-N-nitroamine) may be cbtained from dimethylaniline,

monomethylaniline, and bsnzene (via dinitrochlorobenzene), Its. structural formulg is
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ch,  NO,
N
ON | | NOy

NO,

a) Production of Tetryl from Dimethylaniline

On the industrial scale, dimethylaniline is produced by pagsing aniline trases
with methylether (a methanol-producticn waste) over active aluminum oxide at 230 - 2959,
Contact alkylation of aniline by dimethylether makes it possible to produce dX
dimethylaniline which is virtually free of aniline and monomethyvianiline as impurities
(Rirl.2,3,4,5).

- . 1 : Y . . D 13 !

Dimethvlaniline is colorless liquid heciling -t 193,59, having a freezing point
of +1.,94%, and 2 specific graviv, of C.955, The technical product is from yellow to
srown in color.

The highlr reactive aminc- or alkrlated amino group greatly increases the ability

para-position

of tre benzene ring to undergo oxidation and resinification. The BAFKNE¥IXIEK relative

to dimethvlamine group is the most reactive in dimethylani’ine., Thus, when nitrous

acid is reacted with dimethylaniline, green para-nitrosodimethylaniline is formed:

N (CHy). N (Clly)n
<N\ N
. 4- HONO — ' |+ 110
N - N

NO

Dimethylaniline, as a ternary aliphatic-aromatic NMI1I amine, reacts in one of two
ways with concentrated sulfuric XX acid: it either forms & salt -~ dimethylanilinesulfite,

or dimethylanilinesulifonic acid. The temperature determines the direction in which the

* (the salt is formed, ard ‘1!‘)
reaction goes. At low temperaturs, gh temperature (of the order
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of 180 - 190°), para-sulfonic acid is formed:

N(CH,), N(CH,),
L’ \ /\“ . L]
LIRS0 | | #1140
s
SOMH

Dimethylaniline~-para-sulfonic acid is a colorless crystalline mass which fuses
FEARXAKEXKEF] (acquiring a dark shade) at 2570,
At lew temperature (40°), dimethiylaniline forms a ¥¥I¥¥k salt with sulfuric acid:
CeHgN (CHy)y+ HySO, — CsHaN (CHy)gH] -HSO,,
which, at righ temperature (over 100%) is capable of undergoing conversion to

dimethylaniline sulfonic acid in accordance wit.. - o
[CeH;sN (CHy),H|-HSO, —» CgH, (SO;H) - N (CH,), 4 H,0.
The sulfate salt dimethyvlaniline is a cclorless crystalline material having a
melting point of 91.5°, It is very hygroscopic, dissclves readily in sulfuric acid,

water, and alcohol. Bages cause it to decompose, with liberation of free dimethvlaniline,

As the salt of a weak base and a strong aci&, it hydrolizes readil;, to yield an acid
reaction.
When dimethylaniline is nitrated with weak XEXAXIBEX nitric acid (50%) or mixed

sulfuric ap? nitric acids, at low temperature {0°), mononitrodimethylaniline is obtained
CeHsN (CHa)g 4 HNO; —» CgHy (NO3) N (CHg)o 4 H.O
as is dinitrodimethylaniline
CgHa(NO)g N (CHa):.

According to Orton (Bibl.6), the presence of nitrous acid is required to nitrate

.

dialkylanilines. In his opinion, an intermediate may come into being here - the

-

nitroso compound DN + CgHy, « N(CH3)2, which is subsequently oxidized to the nitro

2205228588 439 - .




229 XXEX¥ compound. A study by lang (Bibl.?) gives some support to this view. lang

reacted nitric acid with dimethylaniline to produce a mixture of di- and

.

trinitrophenylmethyl-N-nitroscamines:

— NO _No:  No
ON{ SN = and ON={ S=N{ .
N/ \CH3 - \_'/ \CH;;
NO. NO,

Stronger nitric acid resuits in the formation of dinitrophenyimethyl-N-nitroamine

o’ TN
LN __'l/ \CHS'
NO:

later, (+irl.8,9) it was determined that the reaction cf conversion of FANIE¥E
dinitroiimet' vlaeniline tc tetrl is promoted by nitrogen oxides (nitrous acid) which,
at the same time, constitute a rowerful demeth:lating agent,

Hodgson {¥ii1,10) and lirtangkiy ([il1.11) having studied the effect of nitric

of
acid I¥¥ various concentrations upon dimethyvlaniline, found that at 0°, reaction of
99,645 nitric acid results in the formation of Nenitro-2,4,A-trinitromethvlaniline;

54% and 4O0%Z nitrie acid

70% nitric acid yields 2,4,6-triniiromethylaniline; EKXXKIKFEXMXK&XAX¥XUXAE vields
2,l-dinitrodimeti ~laniline, and reaction of 20% nitric acid yields a mixture containing
atout 40% 3,37,5,5'-tetranitro-N,N,N? ,N'-tetramethyluenzédéne and ahbout 40%
2,k-dinitrodimethylaniline. The reaction does not occur if the nitric acid is weaker.
With increase in temperature, cleavage of the methyl group is observed, as is the case

when 507 and 40% nitric acids are used., With 207 nitric aecid, it is only nitration

trat occurs.

Sodium nitrite apgg}eratos the reaction, and urea has the opposite effect.

440 *




229 Comparative tests show (Pibl.8), that nitrous acid is a more effective

demethylating agent than is nitric acid. .

230 The seguence of nitration of dimethylaniline by nitric acid may te represented

by the following mechanism (Bihl.8,10):

CH, CH, Cl, ci, CH,  COOH
{ I
, . NO
’ \: . NOQ ! ’ !
N N NO,
NO,
1 I 11
Cli,. H Cli, NO,
N N
. ' \ NO, . i NO,
NO, NO,
v Y
Cll, H Cl, NO,
‘N N\
. O.N -NO,
N NO,
Vi Vil

Tarle 7/ presents th.e properties of the niirc derivatives oi dimetnylaniline.

Table 76
Compound Melting Appearance
Point ,9C
Para~-nitrodimethglaniline 161 = 162| Yellow crystals with steely cast
Crtro-nitrodimethylaniline 20 Free-f‘lowihg orange oil
Me*a-nitrodimethylaniline 50 -~ 41 Red crystals
2,4=Dinitrodimethyrlaniline ) 87 Bright vellow crystals
2,6=Dinitrodimethylaniline 78 -
. 3,L=Dinitrodimethylaniline 17, - 175 -
3,5«Diritrodimethylaniline 112 -

When Ml dimethylaniline is nitrated in two stages (Bibl,10), first by weak, and

then by strong nitric acid or mixed acid, the tetryl is obtained by the following

b A b e
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probat.le MEXNAE mechanism:

first stage

CH
CGH,N<CI :-}-2HN03 — CH, (NOy), N (Cl1), +2H,0;

3

second stage

CgHy (NOg), N (CHy)y +BHNO, —
— CgH, (NO ), N (CH,) (NO,) - CO, + 6NO, + 6H,0.

On the industrial scale, this method is not emploved, due to the large consumption
of acids (ratio of mixed acid to dimethylaniline 50:1). A smaller consumption of
concentrated :;id occurs when the process is run in such fashion 4s to cause oxidation
of the methyl group in accordance with the eguation

C N (CHy)y+ SHNO, - Cilly (NORY, NI (CHy) + 6H,0 +.6N02+ CO,,
and in the second phase, there is further nitration:
QM”NOMAWHCHQ+MD“L‘-QHANQhNéHJNm)+%MO
However, this variant of the process is also guite complex in the E8AX technological

'
A

sense.

In industry, tetryl is ottained from dimethylaniline in two stages. In the first

P

stage, dimethylaniline is converted to the sulfate salt by ireatment with commercial
sulfuric acid., In the second stage, the dimethylaniline sulfate ohtained is nitrated

with concentrated nitric acid or melange. Running the proéess in this way is most
practicable, inasmich as the activating effect of the amino group, causing the oxidizing
processes, is diminish;d by conversion to the more stable sulfate salt. This may be

seen from the foliowing example: dimethylaniline added to the melange (at 20 - ,00)
immediately flashes with formation of an oily black substance, while AXMBEXKIXKIIXNEASIXAX
dimethvlanilinesulfate nitrates to tetryl under these conditions.

hh2
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231 Theoretically, production of dimethylanilinesulfate requires 0.81 part Ha80), by

weight per part dimethylaniline., However, in practice, 8 parts sulfuric acid is
employed by weight, 1: the fcrm of 93 -~ 9L% commercial sulfuric acid. The large excess
of sulfuric scid makes for cqmpleto conversion of the dimethylaniline tc salt, and its
solution in excess anid. The excess acid goes to strengthen the mixed acid., Reduction
in the amount or concentration of ‘he sulfuric acid may lead, on the one hand, to
incomplete neutralization, which in turn results in XX{BK flash when the galt is

run into melange, while on the other hand it results in producing weak mixed acid,
inducing premature oxidation, foaming of the aitro mass, and reduction of the quality
of the tetrvi. TKi

The process of neutralization runs at 35 - 409, Increase in temperature ma:
induce partial resinification of the dimetr;laniline, as well as the formation of
sulfoniz acid, nitration of which yields unstal le side products and reduces the tetryl
wield.

Production of the sulfate sa.li;t/dlmethylanlline is a very critical operation, amd
the skill with which it is performed governs the rield of tetryl, as well as the safety
of the proceas, to a considerable degree.

The conversion of diméthrrla.niline to the salt IX may be checked by the appearance
of the reaction liguid: /t}ansluscence ard the, Tack of oily spots on the surface when
diluted with water is a reliable proof of the absence of free dimethylaniline.

Dimethyrlanilinesuilfase may be nitrated either by concentrated nitric acid or by
melange. Nitration with melange goes more quietly, as the nitrogen oxides are.in the

form of nitrosyl sulfuric acid. However, upon nitration with nitrie acid, the nitrogen

oxides contained therein give rise to resinification of dimethylanilinesulfate.

L3
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When tetryl i3 formed from 1imethylanilinesulfate, two reactions occurs nitration

amd oxidation. One of the methyl groups is subjected to oxidation, and a nitro gmoup

.
AN

L
has to tare its place, Oxidation of the methyl group geee thanks to the nitric acid |
which is reduced to NOp and NO. Depending upon the degree of reduction ¥X of the

nitriec acid, the consumption will vary and the reaction will be expressed by one of

two equations:

CHsN (Cllg)g- H,SO, + 10HNO), —

— C,l1,(NO,), N \C”’+ H,SO,+6NO, 4 CO, |-811,0. (1)
NO,
Cal IsN (CHy), HySO, + BHNO, —
CH,
= Cily (NO)N | "+ 1150, +2NO+CO, + 611,0. A1)

When the reaction follows the first squation, 5.2 parts nitric acid monohydrate
are ¥X required per purt by weight of Jdimeliylaniline., In practice, it is this ratio
that is employed. However, the residue of nitric acid remaining in the B¥EEX spent
acid (as much as 8%) indicates that the reaction goes, in part, in accordance with
the second equation.

in nitraticn of dimeth?lanilinesulfate, the nitro groups oﬁviously enter the ring
at the cuiset. Upon entry of electrically negative NO; groups into the benzene ring,
the ma jor properties of dimethylaniline disappear, the e¢xistence of the sulfate salt
becomes impossible, and the attadhed sulfuric acid detaches., At this time, the mixed
acid is diluted somewhat with reaction water, and its oxidizing effect increases,
Subsequently, oxidation of one methyl group to carboxyl, *1¥¥ with subgequent

detachment of COp, sets in., i .

Despite the fact that the activating effect of the displaced’amino group is .
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substantially diminished by the attachment of sulfuric acid in dimethylanilinesulfate,
this salt nevertheless oxidizes and resinifies rather easily, and therefore nitration
has to be condncted with great care, Nitration is performed by running in a sulfate
solution of dimethylaniline sait to melange in the nitrator. If the reverse procedure
were used in run-in, powerful oxidizing processes would occur, and ignitio« of the
product might occur.

Nitration is performed ir a specific temperature interval (5C - 0°) and deviation
from this results in proncunced change in the process. HReduction in the temperature
of onset c¢f nit . on inki.its oxidation of the methyl group and therefore, even an
increase in the tine does not make it possible to ortain ¥X hipr yield and good -
quality tetrr1l, Moreover, at low “emperature, in view of the negligible reaction
velocity, unreacted product accumulates in the apraratus, and this pregents a great
danger. Nitration at higher temperature results in deeper BE oxidation than is required
for tne production of tetrrl, and therefore results in a reduction in rield and
impairment of thre quality cf the latter. Tetryl produced at high temperature is darker
in coler, due to the partial resinification.

The temperature of 150°, at which flash of the reaction mass occurs, is critical,
From tre point of view of safety, nitration is best performed at 600, ¥RX “nder these
conditiocns, most of the component mixture is able to react during run-in, and if
cessaticn of stirring or cooling occurs, the heating of the mass due to continued
reaction will be small,

The unpurified tetryl obtainedf?f:;thylaniline contains & small quantity of
impurit.ies, which reduce its freezing point by 1.5 ~ 2°,

The major impurity is tetranitrophenylmethyl-N-nitroamine (meta~-nitrotetryl), in

. b45




232 which the nitro group in the meta-position is readily replaced by hydroxyl when boiled

with water, and forms trinitromthyl-N-nitromingﬁhano1

233 _CHy
N —NO,
o;.N,/ “\No,
N OH
NO,

Thanks to the presence of thrée nitro groups in the ring, the hydrogen atom of

the hydroxyl has a pronounced acid nature, in comnection with which trinitromethyl-N-
strong

nitroaminophenolﬁaa the properties of a KEKEEIWI organic acid and communicates

residual aciditv tou tetrrl.

Trinitromethyl-N-nitroaminophenol reacts freely with alkalis, carbonates, and
metal oxides, to form phenolates.

An increase in the yvieid of XX metanitrotetryl is faciliated by the use of low-grade
dimethvlaniline, containing up to 0.3% monomethylaniline, as well as by the use of
mixed acid of increased strength cr tv IK increasing the quantity of sulfuric acid
therein, IKMX inasmucr as, under these conditions, there is an increase in the
meta-corienting effect of the N(CH3)2 * Hp30), group.

According to Romburgr (Fibl,12), the formatien of meta~-nitrotetryvl proceeds

through the focrmation of mononitromethyrlaniline:

CH; NO
CHy, H CH; M NI
\ / N 7 N
N N ]
/ﬁ — (\ e %M/\—Noe
S _No; \~No,
: |
NO;

An increase in the temperature of nitration also makes for an increase in the
vield of meta-nitrotatryl.

Meta-nitrotetryl diminishes the stability of tetryl, With a 1% meta-nitrotetryl

content, “he time required for an Abel spe.

LLs

iminishes to 15 min (instead of




. !
.

) l
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233 25 min), and when the content is 10%, it is reduced to three minutes. According to

Obermueller, meia-nitrotetryl yields an increase in pressure of 588 mm per hr; while
vurified tetryl causss a rise of only 20 - 30 mm. Thus, meta-nitrotetryi decomposes
25 times more rapidly than does tetrvl.

Meta-nitrotetryl also is responsible for the acidity of tetryl, inasmuch as, when
reacted with water, it nydrolizes to KXX¥I nitrous acid and trinitromethrl-N-
nitroaminophenol. Meta—nitrotetryl also affects the color of tetr] to a considerable
degfee, 2iving it a vright greenish tint under certain circumstances.

The yield of meta-nitrotetryl may ‘e reduced by emplering qualitr dimelhylaniline,
not containing monometh;laniline, and by the XX use of a less concentrated mixed acid.
Howeve#, this results in turn, in increasing the contents of incomplete nitration
products in the tetr:-l, which results in a reduction irn tre analit: and *the —ield of
the bagic nroduct.

r) Production of Tetryl from Monomethvlaniline

Monometh+laniline is »utained hy passing an ¥RY alcoboi sclution of aniline,
containing PCl3 trrougl a system of autoclaves (Fibl.l13), or kv reacting an aqueous
metiylamine solution upon chlorebenzene in the presence of combined copper (Bibl.l4),

Monomethylaniline 1s a transparent liquid ranging from vellow to brown in color,

20°

jo = 0.989.

hoiliﬁg ai. 195.50, 1Its freesing point is =579, and its specific gravity is d
The chemical properties of monomethylaﬂiline are very similar to those of dimethylaniline.
However, monomethylaniline is NMMMMY¥UX somewhat more reactive than dimethylaniline.

This is expressed, in part, by the ¥dI fact that it o;idizes more readily and resinifies

upon reaction with nitric acid.

Martens, nitrating monomethylaniline with weak nitric acid (10 parts 50% HNO3 by
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k¥ weight per part monomethylaniline) obﬁained trinitpomonomethylaniline.
Desvergnes (Bibl.15) developed a two-stage method of pitration of monomethylaniline

to tetryl, The following reactions occur therein:

Cyl ,NHICH, 4+ 2HNO, — Cylly (NO,); NHCH ;4 211,0;
CoHa (NO,); NIICH, + 21INO, - CgH, (NO,); N (NO,) CHy + 2H,0.

4s is evident from the equations a.ddl}ced, it is not necegsary, in nitrating
monomethvlaniline, to expend nitric acid upon the oxidation of the methyvl group, and
therefore, the corsumption thereof has to be considerably less than in the nitration
of dimethvlaniline., This makes for what is indubitably XXKX an expedient process.
However, this prodess har not come into practical use, apparentl: tecause of the
complexitry of work wit!. dilute nitric acid., However, the nitration of monomethylaniline
trrougl tie sulfate salt stage, as occurs when tetrri is made from dime*hrlaniline max
result in the production of a consideranle amount of meta-nitrotetryl.

Taile 77 presents some of the properties of the nitro derivatives of HEX

monomethylaniline.

Table 77
Compound Melting Appearance
point,oC
Para-nitromonomethylaniline 150 - 151 | Yellow-brown crystals with violet
' shading

Ortho-nitromonomethylaniline 34 - 35 Red ;:rystals with violet shading
Meta-nitromonomethylaniline 65 - 66 Reddish-yellow crystals
2,=Dinitromonomethyiaziline 176.7 Canary yellow crystals
2,6=Dinitromonomet.hylaniline 106 -
2,5=Dinitromonomethylaniline 161 -

When monomet.hylanilin; is nitrated to tetryl, the following amounts of heat are
lirerated (Bibl.16):

methylaniline to para-nitromethylaniline - 36.4 kcal/nole; para-nitromethylaniline

*
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243l to 2,h~dinitromethylaniline - 25,2 kcal/mole; 2,4-dinitromethylanidine to 2,4,6~

N

trinitromethylaniline XEXX¥X¥ - 1.9 kcal/mole; 2,4,6~trinitromethylaniline to
tetryl ~ 1.C keal’mole,
tetryi
¢) Production of ¥MX¥¥ from chlorobenzene and methvlamine. Synthesis of tetryl
from chlorobenzene goes through a number of stages:
1) prreduction of dinitrochlorobenzene

C;HCl + 2HNO, ~+ CgH, (NO,), CI + 21 1,0;

2) production of dinitrophenylmethylaniline (melting point 174,7°) (Bi:1.17)

~CH,
—H
/CJ\NOJ +NaOH " NO
a - 2 't
| y -+NF&CH,§€Z%;\ ; + NaCl--H,0.
\‘/ L
NO, NO,

wax able
The reaction of replacement of chlorine by the alkvlamino proupzfsidet: to he

.ooatalyss
rur in organic sclvernts with copper ugsedcas pvomoter (Sitd.l8).
Nitration of dinitromonomethvlaniline by mixed acid containing 1¢ -~ 17% water

having
at 30 - 409 results in a 957 rield of tetryl XKN¥IKE a melting point of 128.1- 128.,°

of
(Pirl,19)., This method/producing tetryl is less dangerous than production from

dimethylaniline, A consideratle advantage therein alsc lies in the fact that
dinitrochlorobenzene is simuitaneously an intermediate product for production of
235 s:nthetic drves., The second starting produciﬂl,methylamine—is, under standard
conditions,-a gas, and is usually employed either as a salt (sulfate) or as an
aqueous solution (solubility in 100 gmg of water at 25° is 959 cm3, and in ether
solubility is virtually unlimited o
The EBEEXI specific gravity of methylamine IX is d'Z8.= 0.7691, its melting

point 'is 92.5°, and is boiling point 6.5°.
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Methylamine is produced by reacting formaldehyde with ammonium chloride

- o

(Bibl.20) or from acetic scid and ammonia.

Properties of tetryi. Tetryl is a white crystalline substance, The technical

product, is bright yellow. The specific gravity of tetrvl is 1.73, and its

i LA,
gravimetric densitv is 0.9 - 1 gm/cm3. Tetryl is readily sumrEphible-to—paswiner—
to a density of 1.4C = 1.¢3 gm/em> (at P = 2000 kg/cm’ XEESEmmameivoupreseerd o
1.715.

Tre melting point of etr:l is 129.45° (fusion is accompanied V. decomposition),
tie freszing point of chemically oure tetryl is 128.5°, aad that of technicai
tetryl 127.7°, Tre specific heat capacity of tetryl at 20° is 0.218 kcal/gm€C
(Fripl.21). Its melting point is Zid.r" kcal’pm.

TEE¥¥XIK Tetr-] is nonh;.?roscopic, and very slightly solutle in water
(0.,019% at 50°, and 0.184% at 10C°). The solubility of tetryl in varicus solven:s
is presented in Tahle 73.

Tetr1 is a neutral substance and does not react wit: metz 4, but does

react with alkalis and sodium and potassium carhonates, When tetrvl is heated

th dilute sclutiens o” alkalis, picrates result (Ribl.22):

CH
CeHs (NO,), N<NO°+2Naou ~ NaNOQj+ CH,NH; + C4H, (NO,); ONa.
2

When tetryl is heated with water over a long period, it decomposed slowly
to form piceric acid,
The addition of up to 10% sodium picrate virtually does not change the shock

sensitivity X¥ of tetryl, but merely reduces its melting point by 0.4°. Therefore,

soda has been used in France to accelerate the washing of acids out of tetryl

Lso
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(Bibl.23). ; !

With alecohol solutions of alcoholates, a toluene solution of tetryl forms

metallic derivatives, usually the metallic derivativez of trotyl.

The metallic derivatives of tetryl are carmine red substances having a

fuﬁninate
flash point between 93 - 115°, and similar to mercury PuimmExr® in shock

sensitivity
Tahle 78
- o] -
| ! l |
a) | \
¢) d) e) | f) 1 q) h) i \ 4)
! \ : ! .
- T T 1 }
- 0,32 |0.,007 | 0,188] 0,00
R AR R L R
: | 4582 | 38 | O . . .
2 %% 9.9 | 4 - 0,76 | 0,039 | 0,493 | 0,029
0 001l | — - 77 | 1012 |00 | — | 0.0%
5 ' i = 1038|0073 ] — | 0,094
45 0,014 ' '
0 | 009 | — 1| —~ 1’72 loless | — z
6 | 0,035 |- 8.8 | 2064 0158 | — -
70 0,083 | 2:,86 - - 423 (o028 | — -
5 | o066 | - — 533 |[0,207 | — -
80 | 0081 | 42,43  ~— 64,5 s = - -
100 0,184 | —_ -_ —_ — —_ -

a) Temperatuve, OC; r) Grams of tetr:l dissolving in 100 em3 of;

c,) Water; d) Fenzene; e) Acetone; YJXRIXKIE¥¥XK#¥ f) Dichloroethane;
‘ Ether;
g) Alcohol; +) Carton tetrachloride; i) MEXKNKEY :)Carvon Jisulfide

234 When gaseous ammonia is admiiled in the cold intc an alcohol acetone solution

of tetr:l, the solution vecomes dark red, Heating results in the gradual

disappearance of the red coloring and the XX liberation ¢f picramide (Bibl. 24):

Cll, NO,

: Nil,
N .

e ON | Y NO, N ON - NO,

. ' NO, NO,




In the presence of metallic mercury, sulfuric acid iiberates one atem
[ ] ‘ .

of nitrogen from tétryl in the form of nitrogen oxide. According to the data

of A.A.Solonina, the following reactions occur accompanying this:

CH, B cHy
‘.’CGH,(NO,)S!\I\NOQ-&&H,SO4 32 2CgH, (NOg) N sogH +2HNO,;
2HNO, 4 6Hg =8Hg,0--2NO + H,0;
3Hg.O +3H,S0,=3Hg,SO, + 3H.0;

CH,
2CH,(NO N7 +5H,SO,--6lig=
NO,

=—.QCGH,(N03)3N\CH3 +3Hg,S0, + 2NO + 4H;0.
SO;H
The reaction of tetryl with sulfuric acid, leading to the formation of
trinitropheny]{neth;:l sulfamine, also occurs in thLe absence of mercury, tut thisy
is apparently a reversitle reaction, and the equilibrium is shifted sharply from
right to left.. However, in the presence of mercur), when HNOB, wi.ich reacts with
it, is eliminated irom the sprere of ¥#MA reaction, te equilibrium shifts from
left to rig:nt.
We know, that when concentrated sulfu=~ic acid acts upcn dinitrophenylmethylnitro-
amine (in the ahsence of nitric acid), regrouping occurs, as a consequence of which

XEIIXMEMNNEEY trinitroplienylmethylaemine is formed by the following mechanism

NO, No,
_ CH . cH
STNCNST e ONZ Ny OB
oN =D~ ON o™
NO,

The weak (not over (KEXXEME¥ 70%) sulfuric acid does not cause this
FERRSEEINEY rearrangement, but merely the expulsion of the nitro group from the

side chain, ¥ith formation of dinitrophenyl methylamine:
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NOy
NO: A CH,
/TN N< + HySO¢+ HNO,.
H

O,N_(_'_'l)_ N<:gt + HS04+H0 2 ON-C . )

In tetryl, all the ortho- and para-positions in the ring, with respect to
the amino group, are occupied, and therefore, not ¥XX¥¥W¥ onlv weak, but
concentrated sulfuric acid will result not in rearrangement, but expulsion of.
the nitro group at the nitrogen.

With K® 48% trotyl, tetryl forms a eutectic mixture melting at ~ - 48,5°
{(Birle25).

Tetryl is more po.sonous than trotyl and particular cage must be exercised
in working with it (Fir].2f).

The stabilit: of tetryl is somewhat lower than that of troty;l and other 3
nitro compounds, hut it is nevertheless sufficient for long-term storage under
normal conditions,

‘ Okhta .

According to ##m data o* the latoratorv of the BXMEX EMXK Works (Rirl.23),
tetryl withstood the Airel test (at 100°) for 20 min after heing heated for 2 yrs
at A0° Wren tetryl was held at 75° for 320 days, the weight loss was 0.3%,
but at 110° it attained 11.5% within only 1% days.

The shuck sensitivity of tetryl is higher than that of trotyl and nitric
acid. Tetryl explodes when a Xi¥ 2-kg weight is dropped from an ¥XWMX## elevation

tetryl
of 40 cm,& and its flash point is 190°, The explosive properties of XNX¥¥ may te
chax;acterized as follows: temperature of explosion 1100 kcal/kg, volume of gasecus
in ¥rauzl Heas ~ .

explosion product 745 1tr/kg, work performed INTEAEXX block 340 cc, . brjisance

19 m)d-no-“-uuo-, velocity of detonation (at 1.63 density) 7500 m/sec. Tetryl
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is more susceptitble to detonation than trotyl, The maximum indtiating charge

L4
of mercury fulminate for pressed tstryl is 0,29 gm: and for lead azide is 0,03 gm.
Tetryl is employed primarilv to make detcnators, tooster charges for combined
capsules and detonators, and in detonating fuges, and occasionallr as a ‘ursting
phlegmatized

Bagmiriiand
charge in small-caliber shells, sometimes in the XINKMEX¥¥¥ form.

Section 2. Technology of Tetrvl Production

Tetryl
a) Production of TWE¥¥ from Dimethylaniline

The technological process for the rroduction of tetrryl includes the following
stageg:

1) Production of dimethylaniline sulfate;

2) Nitration of dimethrlaniline zulfate;

3) Processing of the tetr-], consisting of washing and cervstallization;

!,) Recover: of the mother solvents;

5) Drving of the tetr:l.

TEEIk Figure A5 illustrates the process of tetrvl manufacture (Bibl,1%).

Production 8Xd of dimethylaniline sulfate. Dimethvlaniline is graduall:

(over a period of 50 - /0 min) run into a neutralizer (3), at 35 - A5°, into which
comnercial sulfuric acid has first been run. When run-in is.completed, it is
held (15 min) at KBXXXX 45 - 50°, and a sample for analysis is taken.

The solution of ATKMXK dimethylaniline sulfate should be a homogeneous

trangparent liquid, brown in color, and having the specific gravity of 1.8 - 1.70.

The to%al acidity of the ¥I solution finctuates in the range of 83 - 84%., The

composition of the solution of the dimethylaniline sulfate is (in %):




~ag

stOh (monohydt'ate) ® 0 o 0 2 8 e 6 0 0 o 0 0 s 4 ¢ 8300— 83.8
Dimethylaniline sulfate e 0 o o 6 o 0 & 0 & o o @ ]O.[# - 1005

WaLl@r o o o ¢ o 6 o o 0 a s 06 s 0 o 0 0 s 0 0 00 5.8~ 7,1

Nitration of dimethylaniline sulfate. A sulf‘ate solution of dimethylaniline
sulfate is added slowlr to the nitrator (7), filled with melange and heated tc
L0 - 45°, The rate of run-in should guarantee that the temperature will rise
to 50° in the first 5 min, and to #0° thereafter (1 - 1.5 hrs), The temperature
of the nitro mixture is regulated %y the rate of run-in and cooling.

Upon conclusion of run-in, the mixture is held for 10 min at 58 - F(°,
whereupon the resultant tetr;l is monitored in terms of its color (against a control
color scale). Tetrvl, wetted with water, should be rright X veliow. If tre color
product is dark ellow or reddish’i’éo]or this means that the nitration process has
not been completed and the mixture must te held for an additional period, with
the addition of a little more melange to the nitrator.

rn-in period,

At the end of the sulfate FANXINY foam is formed because of the abundant
liveration of gaseous ¥X products of oxidation. During the holding time, formation
of foam graduall; ceases. If foaming is particularlyv abtundant, the charging of .
the salt must be stopped and a careful observation of temperature must be
maintained, so that it does not rise above the permitted limit. Sometimes, if

foaming is strong, it is useful to add a little melange. This reduces the

viscosity of the mixture and facilitates removal of gases.

©
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Fig.t5 - Diagram of Production of Tetryl from Dimethylaniline (DMA) .
1 - Commercial sulfuric acid metering tank; 2 - Dimethrlaniline metering tank;
3 - Neutralizer; L - Sulfate salt collector; 5 - Sulfate salt metering tank;

Diluter;
~ - Melange metering tank; 7 - nitrator; 8 - BXXNKE¥Y 9 - Water tank; 10 - Filter

and hopner
a) Water; ') Tetryl to washing

At the end of nitration, the nitrator contents are FM4X run intoc diluter (8),
haif filled with water. Dilution is performed with intensive mixing, and
temperature not over 5C°.

Treatment of the tetryl. The dilute nitro mass is discharged X8X to thre

filter~hopper, where the tetrvl is separated from the spent acid and waghed with
cold water. After washing, the tetryl contains 0,5 - 1% residual acid, while the
tetrvl going to recrvstallization should contair, upon recrystallization from
benzene, not more than 0.15% acid, whereas ¥E upon recrystallization with acetone
it contained not more than 0,11% acid. The required acidity may be attained by
) cold

increasing the number of washings with/water (to 6 - 7)} however, after this, the
tetryl has a low freezing point, amd it is therefore treated several times INNKXX¥

in vats of boiling water.

At identical acidity, the freezing point of tetryl will differ very sharply,
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depending upon the method of washing. The msan increase in freezing point

i o
after hoiling Bt 1.4

{ {from 126.0 to 127.4°). 1In the process of

waghing tetryl with hot water, and boiling‘, not only are the mineral ¥IAK acids

removed, butf’n‘the organic acid impurities, which reduce the temperature at which

tetry] freezes., Tetrvl washed only with cold water cannot ve recryvstalilized, as

under these conditions the solvent is rapidly saturated with impurities, and

partial replacement is required.

In order to accelerate tre washing of tetryl, the traces of acids and other

impurities in tetr] are removed b cooking in dilute soda solutions, at certain

plants in the United States,

In technical XXERX tetrrl, the following impurities are found after washing
with water: dinitromonou}ethylaniliqe; tetrani’:z-cp.‘:en;']meth;:lnitroaminé (meta-
nitrotetr=1); rroducts of the resinification of dimethvlaniline, as well as of
monometrylaniline, which are alwa s present in *ectnical dimeth:lanilineg
inorganic acids; mineral salts and mechanical impurities carried into the tetryl

with the acids and wasl. water; pruducts of hytirolvais of tetryl and

meta-nitrotetryl.

The product of the lower degrees of dI nitration of dimethylaniline, and the

product of resinification reduce§ the susceptibility of tetryl to detonation, and

its brgisance.

—

The products of the higher cegrees of nitration result in reduced

an
chemical stability of the tetryl. (The uncrystallized tetryl will stand/Abel test

tetryl
for a few minutes, whereas XMX¥¥ recrystallized from solvent will stand it for tens

of minutes),

The presence of mec ..ical impurities that have erntered as a consequence of
L]
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_corrosion of the apparatus or inadequate purification of the water entering

4

for washing increases Sensitivity to mechanical effects, which also makes for the
need for further purification of tetryl by recrystallization.
Of the large number of solvents in which tetryl is soluble to a greater or
lesser degree, cnly acetone, benzene, and nitric acid are of practical value.
°
Acetone is the best solvent. Tetryl crystallized from acetone has a higl.a
golidification point and forms crystals of spicular form, which flow rather frecly
and are therefore convenient for the filling of detonator caps. Crystallization
from benzene vields tetryl having a somewhat
- lower freezing point. A Product is obtained
in the form of small crrstals and flows

poorly, making it d4ifficult to use if for

fil1linz. However, this method makes it

possible to wash tetryl in solution and

is therefore employed in industry (Bitl.16).

Fig.6f - Diagram of Recrystallization Desvergnes (Binl.15) has described the

of Tetryl from Benzene
purification of tetryl with nitric acid.
1 -~ Solvent; 2 - Benzene metering tank;

w
t

Filter; 4 - Washing apparatus; He has demonstrated the good solubility

5 « Crystallizer; 6 - Vacuum hopper;

of tetryl in nitric acid and its suitability
7 - Hot water tank

a) Wash water; b) Tetryl to drying; purposes of ST
for KXRAMMRDKEKNcrystallide of tetryl.

¢) Steam; d) Tetryl
A significant shortcoming of this method is the difficulty involved in the subsequent
the
washing of/tetryl free of nitric acid.
Recrystallization of tetryl ‘from benzene is illustrated in the diagram in

Fig.66 (Bibl.16). .
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The benzene is run into solvent (i) from metering tank (2), and raw tetryl
is ‘rharged in. At the conclusion of the charging pericd.the conteﬁts of the
diaso}vin‘g' un}t are heated, with stirring, to A5 = 70°, and held until the
tetryl has dissolved completely. The solution obtained is forced through filter (3)
and washing apparatus (%), to which hot water is added. The washed tetryl solution
is lowered into crystallizer (5), which has first been heated to 30 ~ 35° to avoid
the formation of a crust of crystals on the cold parts of the apparatus. After
charging and stirring of the solu*ion for 10 min at ¢5 - £8°, it is cooled,, with a
slow reduction in temperature to i5 - 20° {in a 3 - 4 hr pericd).

When crystallization has come to cempletion, the crystallizer contents are

Te
discharged to the vacuum hopper (4), with, agitator werking., Tre telryl is separated
out and washed once or twice with benzene. The mother benzene is used geveral
times., From the vacuum hoprer, thre tetr:l is unloaded into sacks and sent to
dr+ing. The tetryl crust formed on the walls of the crvstallizer l= removed with
whe mother solvent at =0 - 75°,

A special feature of the crystallization of tetryl out of acectone is the
impossibi]iity of performing aqueous washing of the solution,as a consequence of
which removal of the acid impurities from the solution of tetryl in acetone is
FEIMAKK ruled out. When the mother Jiquor is used repeatedly, the acidity both
of the tetryl and of the solvent increases sharply. As early as the second
cycling of the mother acetone, the acidity of the tetryl prior to wash.ing with
alcohol (on the vacuum-hopper) exceeds 0.020%. After 12 - 13 cycles of the
mother liguor, the acidity of the tetryl rises to 0.090 - 0,100%, and the acidity -

NP ou-.ﬂm
of the mother acetone achieves 1%7. Therefore, the care with which the mother
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acetone is separated from the crystallized tetr;l is even more important in

dny
this situation W@ the quality of the final product than upon crystallization

from benzene. Particularly great is the effect of the residual unremoved mother
acetone upon the acidity of the tetryl. ’J"’Removal of acid impurities from the
tetrvl ¥UEIANE was achieved by careful centrifuging of the motler acetone, as
well as bv the use of crystalline tetryl alcohol for washing.

Crvstallization

ERUEXKXAXXUXE of tetrv]l out ¢f acetone is performed as follows,

Tre tetrvl is first dried to a moisture content of not more than O.L7
(if moist tetryl is to he crystallized, the quantity of acetone is XX sharply
increased), Pure acetone {or mother acetone with pure ;Lcetone added) and tetry]
are charged into the solvent. One part tetrrl b weight is charged in)per rart
pure acetone t:- weight. When mother acetone is emrlored, l.L part mother X¥XAX
acetone is charged per part tetryl by weight .

Upon conclusion of the charging, the contents of the dissolving units are
beated (wit: stirring) to 57 - 29, and held for 20 min, sursequent to which
+he filter is driven from the solvent into a crystallizer. In the crystallizer,

(over
the solution is slowlr cooled K¥¥/a 3 - 3.5 hr period, with stirring) to
15 = 20°, whereupon the crvstallizer contents X are delivered to ths vacuum-hopper
to centrifuge the mother solvent. After careful removal of mother acetone, the
crrystaliized tetryl is washed on a vacuum-hopper with alcohdl, centrifuged to
SBUMFXXEY separate from the alcohol-acetone mixture, and sent to drying.

»

The methar solution mar be used as wony as 13 times in the ¥X crvstallization

process, and is then redistilled after it has become saturated with impurities.




Recovery of mother solvents. After being employed through many cycles, |

the mother solvents become gsaturated with impurities, [¥¥#K from which they
ara cleansed by distillation. To do this, the mother benzene is placed in the
distillation still, and is heated with spent steam to 55 -~ A%, At this
temperature, live steam is “ad into the still., The water vapors and benzene

rectifier
pass through a aatepasesr to a EEKAUNEE¥Y condenser, where the; are condensed

and collected i a receiver. The distilled benzene is returned to tre tetr:]
erstallization cyclef The still residues are cooled, drained to the
vacuum-hopper, centrifuged free of water, and sent tc e urned. Before distillation
of the mother acetone, it is diluted with water througl concentratien of 40 - h57%.
The mass is stirred for 40 min, and then discharged into the vacuum centrifuge.

The centrifuge telrl is sublected to recrystallization. The filtered,
diluted acetone is charged into a still and YIKMH heated with spent steam. Tre

rectifier

acetone fumes go trrough a dsfragmator and condenser. In the #2 - 70° temperature
interval, the first fraction, consisting of acetone at a concentration of more
than 92%, is taken off. This acetone is reused as a solvent in the crystallization
of tetrrl, The second fraction, consisting of 50 - 55% ace%one, which is thsm-
redistillea, is taken off in the 70 - 90° interval. The still residues are
.centrifuged free of water and sent to be burned.

Drying the tetryl. The drying of crystallized tetryl is performed in
rack-type Xifi#d dryers or in vacuum AMEMIEMXE¥E desiccators. Tetryl crystallized

out of benzene 1s dried at 60 - 65° for 24 ~ 32 hrs, and, if crystallized out of

acetons, the temperature is 75° and the time i4 - 18 hrs. Upon completion of

drying, tetryl is sent throughea MEI No.10 sieve, packed, and:-made up into lots,

.
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The tetryl has to satisfy the following specifications (Bitl,16):

- Appearance -.crystalline powder with no mechanical impurities visible
to the eye;

- Color - bright vellow, ard homogenecus throughout. For tetrvi obtained
upon cryvstallization from benzene, a yellow color is permissible;

- Freezing point, °C - not less than 127.7;

~ Temperature and volatile substances in i - not more than EXX¥ 0.02;

- Impurities ir-oluble in acetone in % ~ not more than 0.1;

- Total acidity, in terms of stoh in % - not more than 0,01,

Types of tetryl rejects: a) rejects due to freezing temperature are corrected
b washing on the vacuum-hopper with uvenzene or acetcne, or by B¥ recrystallization;
L) rejects due to acidity are corrected by washing wit}! hot distilled wztar on

the vacuum-hopper; c) rejects due to color (green telr-l) cannot ‘e corrected, and
r H ]

the product is hurned.

t) Production of Telryl from Chlorobenzene and Methvlamine (Firl.lé, 27, ?8, 29,30)
The production of tetryl from chlorobenzene and EMX¥X meth-lamine consists of
the following rrocesses: prreduction of dinitrochlorohenzene, production of AXKIKEEEERY
dinitromonomettylaniline, and production of tetryl. The first two processes were
verformed, in Germany, where this was the method used in World War II, at plants
manufacturing INKENSEAINXRE dye XHEM intermediates, and thq latter process - nitration
of dinitromonomethylaniline - was performed at an explosivesplant.
The production of dinitrochlorobenzene has been described previously (see p.201).
Dinitrcmonomethylaniline is XXX obtained by condensation of dinitrochlorobenzene

with methylamine in aqueous solution.
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Methylamine may be produced by RX heating a mixture of ammonium chloride and .
formalin at 105 - 108° ¥E¥XX for 2.5 hrs, with consequent formation of CB3NH2 * HC1
(Pivl.20).

The R

XX¥%¥ condensation reaction is run in the presence of caustic alkali at A5 - 70°.
The resultant product, having a freezing point of 170 - 172° and a moisture of 10%

13 . : .
is sent explosives plant for nitration to tetryl.

Figure A7 illustrates the production of tetryl frum dinitromonomethylamiline,

For safe nitration, dinitromonomethylaniline is converted to the sulfate salt.
With this object, dinitromonomethylaniline is introduced into agitator (2), containing
2.5 times its guantity in sulfuric acid (96 - 98% HpS0,). The solution of the sullate
salt in sulfuric acid is delivered, simultaneousiwith the nitro mixture, into ke ma‘or,
continuous RIE¥EXKX nitrator (¢)., The temperature in the major nitrator is held at L0°,

‘ ¥
ant %re turfer nitrator 20°.
/

From the ruffer nitrator (7), the reaction mixture goes, in sequence, to two vacuum
hoppers (9). At the center of tLhe vacuum hopper there is a discnarge aperture with a
cover atop it. Vacuum is employed to centrifuge the spent acid out of the vacuum hopper,
ard the tetryl is washed out with water through the central aperture into one of two

agitators (10), with stirrers andi a conical bottom. Here, the precipitate is mixed with

water and the suspension is sent to vacuum-centrifuges (11), whers the residue is__

soda
centrifuged free of water and washed, first with KKEM¥ solution, and then with water.

The spent acid contains approximately 60% HaSOjeand 7% HNO3.

The raw tetryl 1s sent to recrystallization in another building. The recrystallizatic
procedure is 1llustrated in Fig.s8.

XllKXl11;Xl1IXIliX1I3XIlIXiiiX!lﬂXIIlliﬁXllXii!‘lX
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3

Two hundred liters of water are run into crystallizer (1), of stainless steel,

o

from tank (7); 80 -'90 liters of acetone are run into tank (2), and the raw tetryl is

run into tank (3) (onto a sieve at its bottom). The acetone from tani (2) is drained
into crystallizer (1) (over the water) and heated to boiling. The acetone vapors are

sent to condenser (4) from which the condensate is diécharged to a tank (3), where the

acetone dissolves tetryl, ard the solution flows to a crystallizer. After solution of

Fig.A7 - Diagram of Production of Tetryl from Dinitromonomethylaniline (DNMA)

1~ Commercial sulfuric acid metering tank; 2 and 10 - Agitators; 3 - Sulfate

receiver; L - Sulfate metering tank; 5 - Mixed-acid metering tank; 6 - Main

nitrator; 7 - Buffer nitrator; 8 and 12 - Water tanks; 9 and 11 - Vacuum filters;

13 - Tank for ¥8I soda solution; 1 - Spent acid collector

a) Tetrvl to cryvstallization
all the tetrrl, which occurs in about 3.5 hrs, the acetone is sent fron the cendenser
to tank (2), and heating is continued until it is completely driven out of the
crystallizer. The contents of the crystallizer are Xd then cooled to 20°. The driving
off and croling take about 1.5 - 2 hrs, Then, a little soda is added to the
crystaliizer (1), and the mass is sent to a vacuum filter (5) where the tetryl is
filtered off. The filtered water from receiver (&) is sent to tank (7) and reused. The
filtered and washed tetryl is dried at 70° over a period of 15 - 18 hrs.

'3

The melting point of the product is 129,5°,
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A2 Safety. Tetryl manufacture is dangerous. IEEXNIXEKXXXXXEX
The nitration of dimethylaniline gulfate is accompanied by the considerable heat
effect. A sudden rise in temperature due to cessation in agitation or cooling will
usually terminate in the exyulsion of tro
mixture from the nitrator, and in its ignition,

Should the temperature drop, the rate of nitration

is sharply reduced, and the conditions arise for

sudden development of an exothermic reaction

{due to accumulation of unreacted components),
which often terminates in ignition of the mass.

Fig.68: Diagram of Recrystallization

of Tetryi from Acetone Prevention of these phenomena requires that

1 - Crystallizer; 2 - Tank for

acceleration of run-in of components to the
acetene; 3 - Tank for tetryvl;

5 b 3 . . s o A, :
h - Condenser; 5 - Vacuum filter; nitrator to a speed irducing rise in temperature

+. ~ Receiver for water; 7 - Tank
atove the permissiblie level be prohitited. It is

for water
necessary to maintain a proper relationship
23 among the components delivered into tre nitrator. If the temperature rise is greater
¥XMNthan that estaolished in\tetvm of a technical process, run-in ras to ve stopped XMMEIXNYRIY
immediately, and sooling intensified., If these measures do not suffice to stop the
rising temperature, it is necessary immediately to dump the nitrator contents into an
emergency vat already full of water. - -
The nitration shop must have good ventilation of the processes, inasmuch as a large

quantity of dangerous gases (nitrogen oxides, XXWIXMMX dimethylaniline fumes) is

liverated in the course of the work.
Unpurified raw tetryl ‘has little HMX stability. Among other things, this renders .
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difficult nitration in continuous-action apparatus, Whereas, in EKXX batch-type work,
the nitrator, and the other apparatus are carefully washed free of products after each
operation, in continuous apparatus, some portion of the tetryl will he retained for a
considerable period on such portions of the apparatus as the coils, the upper portion
of the inner surface of the nitrator, the cover, etc. In the course of time, this
product will decompose and mav even ignite. Thus far, periodic stoppage of
continuous~action systems for washing and cleansing of all apparatus continues to be
a realistic method of combating this phenomenon.

The process of crystallization of tetryl is also dangerous, and it particularly
pertains to cryvstallization out of acetone, which is highly combustibie and may create
explosive mixtures with air,

Before repair, it is necessary to clean and wash the apparatus carefully. The
possitility of flame must be eliminated completelr in the shop, and therefore there
must be dependable insulation of wirez. Motors must be installed in a different building,
and i1llumination should be from without.

Section 3. Tetryl Analogs
z,h,é—Tripitroaniline (picramide)

NH,
O;NI/ \NO,

|

\/
NOs

is a BX¥X hygroscopic crystalline substance, yellow in color, with a melting point of
192 - 195°,
Production of trinitroaniline begins with ortho- or para-nitroaniline, which is

dissolved inﬂ. 10 parts 95% EMl sulfuric acid by weight and then nitrated with a mixture

cohsisting of 1.5 part potassium nitrate by weight, and 10 parts 95% sulfuric acid.
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Nitration is performed at a temperature of O - 59 When run-in is completed, the mass
is left until the next day and then 4.5 ltr saturat.d table salt solution is added at ©°,
The picramide comes down as fine crystals. It is centrifuged out and washed with
water. The yield of product is about 80% of the theoretical, The low yield is due
to partial hydrolysis of the product, in the course of which ammonia and pieric acid,
which are comparatively readily soluble in water, are formed:

CgHy(NOg);NH; 4+ HiO —> CgHa(NO3)3 OH +- NH;.

Picramide may also te obtained from aniline by ¥¥# preliminary conversion therecf
into acstanilide CgHsNH~COCHy, in the nitration of which the metanitro derivative is
not obtained as occurs in the nitraticn of aniline in sulfuric acid sclution.

The explosive properties of picramide are: volume cf gaseous explosion products
72 1tr/kg, heat of explosion $90 cal/kg, Trauzl block expansion 294 cc.

trinitroaniscle

Trinitroaniline approximates E¥IHIX¥SMHIYXM as an explosive, but is considerably
inferior to tetrv! (Rirl,30), Picramide has no practical application at the present
time.

2,3,4,6=Tetranitroaniline

NH,

oN,” \‘NO,

k/"°2
NO,

is a yellow crystalline product which decomposes upon fusion at 217 - 230°, ani has a
specific gravity of 1,867, A density of 1.68 is attainable by pressing, TRIEMHIX¥E

Tetranitroaniline is virtually non-hygroscopic, insoluble ir water, and poorly soluble

in the common solvents, and can be recrystallized frcm nitroxylene.

i
At room temperature, water virtually fails to react with tetranitroaniline, but

at 500, the reaction goes at a noticeable velocity, while upon boiling, conversion into

.
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trinitroaminophenol goes quite energetically:

Al
s .
;
ONT IO 4o = O 4 hiNo,
N/ N4
NO, NO,

Heating with ethyl alcohol results ir the formation of trinitréaminophenetol. The
nitro group in the meta-position is instantaneously and completely detached at room
temperature in an aqueous acetone solution of sodium acetate, also resulting in the
formation of trinitroaminophenol., Wwhen KOH is reacted with trinitromminophencl,

trinitreresorcinol is formed:

rim, »Imz o

o,N-/\j_No, . oN-" \I_.No2 . ON—"""—=NO;
., —No, . =o t\,/—on .
tllOg PIJOg NO,

The statility of tetranitroaniline is satisfactorv. It will stand an Abel test
at 71° for 1 hr. The k& tetranitroaniline mamufactured during World War I was no
longer useful after B¥ 9 vears and further storage was dangerous.

The flash point is 222 - 223°, The shock sensitivity is considerably ..ess than

[

that of ‘tetryl, Expansion in a Trauzl block is 430 cc, i.e. 1C ~ 15% higher than that
of ;etfyl.¢' 5
| ‘Accqmdgg to' A.A.Soloﬁina. who made a detailed study of the properties of
t;atranitroani line, it may serve as a substitute for tetryl (Bibl.23). A plant to
manufacture tetranitroaniline for use in filling dotonaf',ors was built in the USA during
World War I.
According to the Flurscheim patent, tetranitroaniline is obtjained from

meta-nitroaniline by solution of 1 part thereof by weight in a mixture consisting of

3 parts KNO3 by weight and 36 parts commercial sulfuric acid by weight at 68 - 70°.
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After «the mixing of the components, the mass is held at a temperature of 100°, Then,
(upon completion of the reaction), it is ccoled 'Eo 200, and the product is filtered,
The product yield is 70% of the theoretical.

A.A.Sodonina nitrated with nitric acid, having firs§ dissolved the metanitroaniline
in commercial sulfuric XI¥ acid.

Nitration of the meta~nitroaniline with mixed acid goes through the stage of

formation of nitrophenyl-N-nitroamine, which is then prearranged with dinitroaniline

(Ribl.31):
H
/
NH, N —NoO; NH;
AN N N
I\ /INO¢ _no, . INO,

2,3,4,A-Tetranitrophenrimethvl-N-nitroamine (meta-nitrotetrrl)

Clly  NO;
N
N
0N N0,

s

NO,

.

was Tirst obtained by van Romburgh in 1889 (Dibl.12) by dissolving dimethylaniline
(1 part » weigrt) in commercial sulfuric acid (37 parts by weight) and then by
pouring a mixture consisting of nitric ¥¥X acid (1.2 parts by weight 89.4% HNC3) and
commercial sulfuric acid (4 parts by weight) into the mixture cooled to -2°. The

temperature during the run-in has to be -2°. The mixture is held at that temperature

' meta~ and para-
after the acid is run in. Under these conditions, it is chiefly MEXMXKMEXENERXKIX¥EX

nitrodimethylaniline)
P 663687 that is formed. The large amount (37 EKN¥XE times as much) of concentrated

sulfuric acid facilitates an increase in the yield of meta-isomer, from which

meta-nitrotetryl is obtained.

»

The solution resulting after holding is run into nitric acid-(22.5 parts 89.6% HNOs
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245 by wnight) and held for a week., The meta-nitrotetryl which forms crystallizes out of
solution, and the tetryl obtained simuitaneously remains in the mather liquor.

The meta-nitrotetrvl that has come dewn is separated from the solution, washed with
water, and dried.

As already indicated above, meta-nitrotetryvl can be ohtained ¥ under other
conditions by the nitration of dimethylanilinesulfate (the conditions for production —
of tetryl). However, the main gource. of the formation thereof in this latter case is
deemed to be an admixture of monemethylaniline in the jnitial dimethylaniline.

Meta-nitrotetryl is a white ¥R crystalline substance with a vellowish tinge, having

a melting point of 146°,

The nitro group in thie meta-position is readily replaced by rvdroxyl when the

meta-position and the nitro amine grour undergo saponification, the consequence being

a dourle sodium salt of styphnic acid:

cll;  NO;
N/ (?Na
o._.N—"\'--No2 +1M1.Co, 0N~/ —NO;
\[/-NO-_. \'/—ONa .
NOy NOy

Analogous reactions also occur wnder the effect of other reactants (Bibl.32):

CH;,\ /NO; CH;\ /‘NOg
ON -(N \‘_No, _tho ogN-‘/ ‘luno, :
\l _—NOy L (- OH
NO; NO;
CHy =N — No; CHy ~ N—NOy
one{ g i, o872
\'/"‘“0* o
NOy NO,
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CHy - 'N-Noz

CHy —-N'- NO. NH,

J
o.u—‘/ \‘-NO, MM N— N =NOo, N 0-.Nl/ \l-No.,_
\'/-NO-,‘ N —NH, \|/.-Nng
NO, . NO, NOy
CHy— N —NO
|

CHa-llV- NO;

O,N-/\-—NO.. 4+ NH,CH, O_-N—/\—N()e

|
N . —NO»

!
NO,

A ‘ \—Nucm'

\,/
NOy

The reaction product of meta-nitrotetryl and water - ERIRIXFGEGRNENFGREKFINXXFEKRTR
trinitrooxyphenylmethylnitroamine is a colorless crystalline substance with a melting
point of 187°, Ip is readily soluble in water, alcohol, tenzene and :ther. The
éresence of three nitro groups in the trinitrooxyphenylmethylnitroamine ring causes the
hydrogen atom of XKEK the hidroxyl group to acquire acid characteristics. Upon reaction
with metals, trinitrooxyphenylmethyvlnitroamine forms salts. Specifically, upon reaction
with iron, it forms an iron salt in the form of a crystalline dark hrown powder readily
solutle in ¥ water, acetone, and alcohol, and YKEEXIEX insoluble in henzene, ether,
and carbontetrachloride. When crysta.ls' of this salt are heated siowly, they carbonize
without melting, and when they are heated rapidly they flash.

2,L,6~Trinitro-3-methylphenylmethyi-N~nitroamine (methyltetryl)

CH;  NO,
N4

L lcH,
|
NO;
is a crystalline substance melting at 101°, It was first obtained by van Romburgh in
1876 (Bibl.33) by the nitration of dimethyl-meta~toluidine. Davis (Bibl,34) obtained

I
it from the sodium salt #XHIX#4 of dinitrotoluenesulfonic acid:

.
~
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26 CHg
NH(CHs)y  ON/ .

—

CHy N (CHs); CH,
O,Nl/ \‘ NO, HNOj o,NI"\]No2
- ———— -
\/SOQN. CH, \/N<(‘Ha
NO, I\ NO, “NOz .
NH,CH; Ole |
{//NHCH,
NO,

An anadogous proceas'waa developed by T.Urbanski (Bibl.l6).

Methyltetryl may also be obtained from the ¥M#XEX wastes of trotyl production:

sulfite caustics (see section "Troiyl Production™).
2,h,4~¥rinitro~1, 3-di-(methyl~-N~nitroaminc)-benzene (ditedryl)

CHy NO4
N/
N

o.gNi/ \wo,
\N=cCH,
No, “NO.

247 {or, more accurately, methyl-N-nitroaminotetryl) is a crvstalline subtstance melting at.
2060, It was first obtained by van Romburgh in 1887 (Bibl.35) by nitration of

N,N'-dimethyl-meta-phenvlenediamine. A more convenient method is that o." obtaining

it from tetranitromethyl-N-nitroamine, as developed by van Durn {(Bitl.32):

GH; NO» CH O,
cih,_ )Jo.. (.H‘,\ /r\o_ " /N .
N N N
ON/ NNO, ANHEN. ON7 “No,  yuwo, O"Ni/ \NOy
Tl Ino, o) ‘\ NHGHy 6 LN CHy
N/ . Ve N\O.' \\Noe

NO, NO,
In its explosive properties, this substance is virtually equivalent to tetryl.
However, it is more sensitive to mechanical effects. Ditetryl explodes when a 2 kg
weight is dropped from 21 - 26 cm (for tetryl a height of 49 - 51 cm,is required)
(Bibl.,16). The flash poi‘nt of ditetryl is 214°.

2,4,6-Trinitrol~1,3, 5~tri-(methyl-N-nitroamino)-benzene
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CH, NO.
N/

N
O,N‘/ \‘No._. .
HaC—N'\/N-CHS

ON” NO, WO

Tritetryl, or, more accurately, dimethyl-N-nitroamino-tetrvl is a crystallized

.

substance with a melting pcint of 280° (melts with decomposition)., It was fhrst
obtained by Blanksma in 1908 (Bibl.36) by nitration of 2,4,6-trinitro-1,3,5-
trimethylaminobenzene., In 1937, T.Urbanski (Bib1,37) suggested a method of producing

tritetryl from trinitrotrichlororenzene:

CH NO:
\/

cl NHCHj, /N\
O:Nl/ N\NO, +aNHcH,  ON/NNO,  +ao, O/ NO,

al Ja TEa menn INHCH, O.N-N_/N—CHy

)
Yo Nos Hic” NO, “NOy

He ;1150 was responsitle for determining the explosive properties of thig product'
and showed that tritetrv] is similar‘ to tetryvl.

Thus, despite the fact that ttre molecule of this substance has six nitro groups,
as against four in the case of tetryl, no greater explosive property is observed.

2,4,6-Trinitrophenylethyl-N-nitroamine (ethyltetryl)

-~
CHs  NO.
\ /

o:N‘/ \kNO-,.
N\’
NO,

is & crystalline substance with a meltipg point of 96°.) It was first obtained by

van Romburgh in 1883 (Bibl.33) br nitration of ethylaniline. In its properties, this
product w‘is similar to tetryl (its explosive characteris'tica are somewhat lower). Medard
(Bibl,38) showed the fugacity of ethyltetryl to be 1,04 times that of picric acid.

' Ethyltetryl may be produced by condensation of dinitroshlorobenzene with
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monoethylamine and subsequent nitration of the dinitro compound obtained by mixed

sulfuric and nitric acid‘ (50 - 60% H2S0), and 4O - 50% HNO3) ‘at LO ~ 50° (Bibl.39).

Seetion 4. Hexanitrodiphenylamine (Hexyl)

NO,  NOy
[ o obtained
Hexanitrodiphenylamine  ON—(_ J=NH—{  >—No,  was first KNEKINKEX by
|

NOy NO,

Austen in 1874 by nitration of picril-para-nitroaniline:

NO, NO»
__NO¢ N\ +2HNO, /'—“\ NHe— L'\—NO«.
o ,\"'NH"\ N0 —3H,0 ON=__ ™ N ’
N ' !
NO, NOyg

Gnehm ortained it by nitration of diphenylamine. These methods have not found
practical application because of KIE the high cost of the hexvl.
T+ 1913, €arter worked out the method that has found practical application, vased

on reaction of 2,lmdinitrochlorotenzene with aniline, resulting in dinitrodiphen;lamine:

— — - N AN .
oN—¢ " S—Ct2, "~ D=NHy— ON-{_ NNH— S =Nty HC

Noy No,

Nitrgtion of this product witr nitric acid ylelds hexyl. Thke production of hexyl
was begun in Germany in 1915, witl.'l the use of this method,

"In 1920, Marshall in the USA suggested that hexyl be produced by ireatment of
dinitrodiphenylamine with mixed sulfuric and nitric acid.

Properties of h;_razl. Hexyl is a yellow crystalline powder with a melting point
of 245° (and it decomposes on melting).

Hexyl is not soluble in the usual solvents or in water. It hygroscopicity is
0.09%. It is capable of being recrystallized from acetone, glacial acetic, and

concentrated nitric acids.
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Because of the presence of six nitro groups, the hydrogen atom in the amino group
is acid in character, and this is expressed in the fact that it is capable of being
replaced ky a metal, i.e., hexyl behaves as an acid MK (Binl.40, A1), Metallic s;its
thersof may he obtained by heating aqueous or.aicohol EBIHEXIBKX sclutions of metal
hvdroxides or carbonates with hexvl suspended in these solutions. The metal salis
are, except for the ammcnia #XEX and magnesium salts, XX more sensitive to mechanical
effects than is hexyl, The lead salt is the most sensitive.' However, in view of the
fact that hexyl is virtuallv IN¥E¥ insolutle in water, the formation of salts ig of
little probability under normal conditions.

Hexrl turns brown under solar BEAXAXIKK irradiation. Tts starility is somewhat
less than that of trotyl, tut higher than that of Lelr.i. The flash point is also
higher than that of tetrrl, and is _2500. Shock sensitivity is less than that of tetryl,
but somewhat higher than that of picric acid. Hexyl is more sensitive ‘Po detonation
than tetrrl., The maximum initiating charge (a mixture of mercury fulminate and

potassium chlorate) is 0.18 gm for hexyl, and 0.20 gm for tetryl. The volume of gaseous

ot
€&~

explosion products is #75 ltr/kg, the heat of explosion is 1080 kca}/ke, the brisance
is 4.9 m’w-laai, and the fugacity is 320 cc.. The velocity of detonation of
hexvl (at a density of 1.50) is 7145 m/sec.

The effect of hexyl upon the skin is to cause dermatitis. Hexyl dust irritates
the mucous membranes of the mouth a.nd" nose, and affects the lungs.

During the First World War, hexyl was employed with trotyl to fill naval munitions,
as a mixture of the follovv"ing composition: 30 - LO% trotyl and 60 - 70% Vhexyl. The
density of these mixtures m lebl -~ 1,70, In tBRe UBA, the proposal was advanced that

] -

hexyl te, used for detonators instead of tetryl. During the Second World War, hexyl was
[ ]
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24,9 manufactured in some small quantity only in Germany, where it was employed in a mixture

with trotyl ard aluminum to rill-naval munitions (torpedoes and submarine mines). The

explosive properties of these mixtures are presented in Tabtle 79.

. Table 79 .
4
a) b) ' ¢) ' d) ¢ £) q) h)
- A T T e T
60/24/16 85 1,73 ‘ 6840 610 1400 408 4,2
67/8/25 85 1,81 | 6600 468 1665 358 4.4
1

a) Mixture {trotyl-hexyl-aluminum); b) Temperature of filling, ©C; c) Density gm/cc;
d) Velocity of detonation, m/sec; e) Volume of gases, ltr/kg; f) Heat of explosion,
kcal/kg; g) Fugacity, ce; h) PBrisance due to Kast, mm
Production‘fg:lyggzl: Hexyl may be chtained by nitration of diphenylamine in one
or two stages. In the former instance, the diphenylamine is dissolved in sulfuric XX
acid, and the resultant solution i? slowlr run into concentrated nitric acid. In the '
second case, nitration is run %n two stages, the first emploving a mixed acid consisting
of /0% Hﬁ03; 20%4H230h; 207 HQG; whereas the second stage uses a mixture consisting of
7% HNO3; 25% HpS05; 2% Hp0 (Rinl.h2).
Whén hexyl is produced on an industrial KM scale, the starting substances are
4initrochlorohenzene and aniline, condensation of which vields dinitrodiphenylamine,

The resultant product is nitrated in two stages to hexyl.
in
These processes were developed XEli Germany ty Carter and in the USA ny Marshall,
According to EX¥XKEE Carter's method, alcohol is.used as the medium for condensation
(2.5 parts alcohol by weight per part of dinitrochlorobenzene). Two molés .. aniline

(1 mole going to neutralize HC1) is used per mole of dinitrochlorobenzene. Toward the

end of the reaction, the mass becomes thick and takes on & dark red color. Then, water
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249 is added, neutralization with chalk is performed, and, YAXXEKXXKKY after lltration,

the mixture is washed with water. The result is dinitrodiphenyvlamine with a melting

point of 150 - 1540 (the pure substa.;ce melts at 156 ~ 157°), )
Nitration to tastranitrodiphenylamine is performed with 527 nitric arid (8 parts

by weight per 'part of product by weight). Delivery of the nitrc product into the

nitric acid was begun at 400, ard ended at 90 -~ 100°, Upon cooling, the XKMX¥X

tetranitrodiphenylamine dissolved in the hot HNO3 came down:

1 No,
s - /—\\
OzN\\_— s — N ’-\_//NOZ'

NO,

Nitpation of the tetranitro product to hexvl is performed with 987 nitric acid

in R4XKIA eight-fold tle weighlt of the product. Mixture of the components regins at
‘ suction filters,

0O and ends at 9C°. Hexyl is separated from the spent acid on Nebsewes, Washing of
the hexyvl with water is also conducted in this equipment. After the wasring, the hexyl
is centrifuged free of water and dried at 70° for 35 - L8 krs,

Undex: Marshallts metlﬁ.od? condensation is performed in wa-er. Toward this end,
2 moles of aniline and I mole of dinitrochlorobenzene are suspended in water heated
to 609, in three-fold the weight of the combined chemicals. The mixture is heated,

250 with continuous agitation, at 80°, for 1 hr. The dinitrodiphenylamine forms as large

-

clumps of red spicular crystals., For complete golution of the aniline h,vdrochloride)
L@ Mmadd
Ais stirred for another half hour at 80°., The resultant dinitrodiphenylamine is
filtered, washed with dilute hydrochloric acid, then with water, and dried. The
resultant product has & melting point of 148 - 1520,

Nitration is performed with a mixture of sulfuric and nitriec acids. One part

. dinitrodiphenylamine is added, at 70°, to four parts mixed acid of the following

13
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250 composition: 30 - 45% HNO3 and 40 - 50% HpSO,. It is then held that 80 ~ 90°, at the
conclusion of which the mass is cooled and filtered. The result is an amorphous
suhstance of yellow-btrown c910r, which is nitrated to hexanitro compound ry mixed acid
consisting of 60% HNO3 and LO% HpSOL, 3.75 parts mixed acid by weight veing employed
per part tetranitro productlby weight. Mixture of the components is performed at 70°,
and it is held at 90°, The product is filtered, washed, and dried. The hexyl obtained
has a melting point of 238.5 - 239,50,

Depending upon the method of production, the hexyl mayr he loose, dense, or
finely crystalline.

R, Hexogen and Other Nitro Derivatives of iLhe Heterocyclic Amines

Hexogen or cyclotrimethylenetrinitroamine, along with PTEN, is one of the most
powerful explosives used in minitions in wWorld War II by all the warring countries.

The reason !or this is its high brisance and the srabilit. of hexogen, a relatively

. Fig.69 -

a) Airy b) Water; c¢) Coal; d) Oxygen; e) Nitrogen; f) Hydrogen; g) Amqonin (NH3),
h) Carbon monoxide (C0); i) Nitric acid (HNO3)j J) Formaldehyde (CH20);

k) Urotroping{(CHz)¢ N,); 1) Hexogen [(CHyNNOZ)4)
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simple production technology, and a virtually unlimited supply of raw materials,
inasmuch as the raw materials - urotropintand nitric KX acid are ultimately

| is
produced from coal, air, and water, as/shown in Fig.49.

Hexogen was first obtained in 1897 by Lenze. In 1899, lenning (Fibl,43) took.
out a patent Yor a method of producing it via urotropiredinitrate, in the belief that
hexog;n would necessarily have to have pharmaceutical properties., In 1920 Herz
(Binl.hh) suggested that hexogen Le produced by direct nitration of urotropirewitb
concentrated nitric acid, and showed that it is an explosive. Since that A¥X day,
investigationsof methods of production of hexogen and study of its explosive properties
nave continued.

As earl,v‘ as 1932 - 1933, production of hexogen by the Herz metbod in continuous-
proces's installations was begun in England {Eirl.A5) and apparenily in other KE¥XX
countries as well, In subsequent yvears and, particuiarlr during World War II, additional
methods of producing hexogen were developed.

The preduction of hexogen during World War II attained 360 tons per day in England
(Bibl.L5),

¥ 350 tons per day in the USA, 33L tons per day in Germanv, During World War II
as a whole, Germany produced a total of 113,000 teons of hexogen (Biil.u6).

In Japan {Pibl.i7), hexogen was employed in a mixture with trinitroanisole
IEBZX (40% trinitroanisole and.ho% hexoggn). Hexoéen was employed in mixtures with
other explosives in various types of munitions; artillery shells, aviation ahelis,
sutmarine mines, and torpedces. The majority of ersatz explosives contained from
10 - 305 hexogen.

Section 1. Chemistry of Production, Properties and lications of Hexogen

Hexogen may be obtained by nitrolysis of hexamethylenetetramine, or urotropine

(CeHagdy,) .
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synthesized

This last waqxgiaﬂlgﬂaiqug.Butlerov in 1859, He believed urotropine to have

the following structure:
N(N/CH!)..
™~ CH'_- ]

Later, Lozekan, proposed the following structure for urotropine, on the basis of

.

the structure of the product of reaction between urotropine and nitrogen cxides, which
rroved to be dinitrosopentamethylenetetramine:

. CHQ—N=CH2
NZCH, —N = CHy,
NCHy—N = CHy,

and trat the reaction between urotropine and nitrogen oxides proceeded in accordance

with the following mechanism.(Piv1.48)

NO
l
//CHQ— N= CHg +N,O, /CH’ hand :\;CHQ
N—CHy—~ N =CH, TI;_()) N—CHy —~ N\
=L
N\ Cly—=N = CH, NCH, — N—CH,
J
NO

Duden and Scrarf, like lozekan, hold that all the nitrogen atoms in tre urotropine
molecule are of the same tvpe - trivalent, 'mt that they are not in a single plane,

rather in the corners of a right tetrahedron:

This is confirmed by the reaction between urotropine and nitric acid, resulting in

the formation of trinitrosocyclotrimethylenetriamine:

480
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CH,
) AN
AN
/ N -
Y N IHa
NEIN CH, NO—=N N -NO
CN | |
i N | +No, CHy,  CH:
| ~N (CH,0IT), N
CHy  Cly  CH:ppipethanolamine T - ee - -
. ' ~ NO
» \\
N

According to Rachman (Bihl.49,50), a medium of pH = 2 is required for the
formation of dinitrosopentamethrlenetetramine, while a medium of pH = 1 is required
in order to ohtain trinitrosocyclotrimethyrlenetriamine.

Studies of the structure »f the crystal lattice of hexamethylenetetramine coniirm
tte correctness of the Duden and Sharf formula, ty means of: whicrn one mar arrive at
trhe structural formula of rexcgen. Under trese circumstances, hexogen mar e regarded

as a derivative of a Lhypothefical ¢rclotrimethylenetriamine:

CH, . : —
CH, VAN .
i N/ \\, " ON=~N  N—=NO.
| 1 eyclotrimeth; lenetriaméne ”'i" t.'”’ cyclotrimethelenetrinitroamine
CHy  Clb e
L N
N !
! NO,

H

Urotropine is a white crystalline rowder, sweet to the taste. It is statle upon
sterage in air. When heated to over 100°, a small quantity vsolatilizes with partial
decomposition, ani methylamine is formed. In vacuum, velatilization occﬁrs at

230 - 270°, virtually without decomposition. The solubility of urctropine at 20° in

various solvents is adduced in Table 80C.
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Table 80

- B

Solvent Solubility of Urotropine,
in gm, per 100 gm Solvent
Water 167
Absolute ethyl ,alcohol 2,89
90% ethyl alcohol gg:
HEenzene 0:1 . .
Xylene

Urotropine is capable of reacting with hydrogen peroxide in the presence of

citric acid, to form hé:amethylenet,riperoxidediamine: -

| CH,—0—0— CH;
CaHiN, + 3H,0, — N—CH,— 0— 0 — CH;—N+42NH,
“CHy—0—0-— CH,

Wnen an aqueous solution of sodium nitrite and sulfuric acid are reacted with

hexamethvlenetetramine, dinitrosopentamethyle +etramine [EIRIXBIX is produced {(bHibl.51):

CH,—~N—CH,
o
ON—N CH, N-—NO,

Cill,—llI—Cl‘li,
which is an unstatle substance completely decomposable bty water in accordance with
tre following mechanism:
CsH,oN4O, + 8H,0 — 5CH,0+ 2NH;+2N,,

Urotropine is a weak hase. With weak nitric and acetic acids, it forms salts,
tut sulfuric and hydrochloric acids decompose urotropine in accordance with the
following equation

CgtoNy + 4H,S0O, + 6H,0 — 6CH,0 + 4NH,HSO,.
Acetic acid ¥ISIEX yields a salt of the following composition: CgHyoly, * 3CH3COCH.

Nitric acid in the form of a weak alcoholic solution forms urotropine nitrate

®

CgH12N, * HNO3, a crystalline substance readily soluble in water. An aqueous solution
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thereof is neutral in reaction., When weak nitric acid (50%) reacts upon an aqueous
1594 solutic;n of urotropine, urotropine dipigrate CgHjoN; « 2HNO3 is formed.

Urotropine dinitrate may be obtained h two ways:

1) one part urntropine by weight is dissolved in 2 parts water; the solution is
cooled to 9 - 59, and 0.9 part 65% nitric acid by weight is added thi:reto gradually,
with agitation;

2) dry urotropine, one part by waight per 2.5 parts acid is added gradually to
35% nitric acid with agitation and cooling (to 5°).

In voth cases, a wnite cryvstalline precipitate of urotropine dinitrate comes down
out. of solution., It is filtered anl washed with a 50‘,‘; aqueons solution of alcohol and
ether. Vield isg 9%% of theoretical.

Tmatrenine dinitrate has a melting point of 165° (it decomposes on melting), It
is readily soluble in water;. As a consequence of hydrolysis, the solution acquires a
highlv acid reaction and, when allowed to stand, decomposes with liberation of
formaldehre. Urotropine dinitrate is not soluble in alcotrol, ether, chloroform, XKAX
acetone, and carbontetrachloride.

Urotropine dinitrate is an explosive, with a flash point of 190°, Trauzl hlock
expansion of 190 cc, and a sensitivity to mechanical effects somewhat higher than that
of trotyl.

The formation of urotropine dinitrate apparently occurs at all concentrations of
nitric acid, and instantaneously, but in concentrated nitric acid it remains in
solution, where it reacts with nitric acid, while in weak acid it crystallizes out of

solution and leaves the zore of reaction.

Le3




253 . Reaction of hexamethylenstetramine dinitrate and strong nitric acid at low
. temperatures (-50 to -60°) results in the formation of 1,3~dinitro-1,3,5-triaza~-n-pentane
nitrate

NOQNH ‘CHzN (NO,) CH" NH;‘ HNO;

and of methylenedi~1(3,5-dinitro=1,3,5-triaza~cyclohexane) KKEX {Birl,52,

CH, CH,
RN N
ON—= N—CH,—N  N=NO,
i ; w X
Cl, CH, H,.C CH,
‘N N
| |
NO, NO,

The solubility of tre dinitrate in nitric acid depends upon the temperature and

the concentration of the acid, 1In 20% HNO3, its solubility is minimal, hut at lower
254 and higher concentrations of nitric acid, it increases. Whren the concentration of

HNO3 is less than 107 and greater than 307, the solubilitr of the dinitrate rises
sharply.

In air, urotropine dinitrate decomposes slowly, and the nitric acid disintegrates.
The XX dinitrate is hygroscopic. Its crystals contain about 27¢ water., In the Arving
of moist crvstals, the nitric acid voiatilizes along with the water'of.crystallization.
-De)si%?tion (dehydr;tion) of the crystals is performed in practice by washing them with
alcohol.

A higher yield of hexogen is attainable from urctropine dinitrate than from
urotropine, Moreover, the concentration of the nitric acid, the module, and the nitrogen
X oxides content cf the HNO3 has less of an effect upon the hexogen yield.

When urotropine is nitrolized to hexogen by concentrated nitric acid; 88 kcal/mole

of heat is emitted, but nitrolysis by the dinitrate is accompanied by the emission of
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only 41.7 kcal/mole (Bibl.53).
Figure 70 i1llustrates the heat of reaction of KIXFI¥EI nitrolysis of urctropine

and urotropine dinitrate with allowance for the heat of the side processes and of

hydration when nitric acid of various concentrations is employed for nitrolysis

(Bibl.54),
%
120 1 i 20— 36 % N0y
3 ¥ | e 53%
L & T
3 £\ a)up {
g 50 | %
o N s —

20 3 j
o 'ﬁ"‘qﬁ 02036 %0 50 85 70 Tmin

Fig.70 - Effect of Concentration of Fig.71 - Effect of Strength of Nitric
Nitric Acid upon Heat of Nitrolysis Acid upon Rate of Hexogen Formation
of Urotropine and Urotropine Dinitrate a) Hexogen yield

(DNU) (with Allowance for Heat of Side
Processes and Hydration).
1 - Urotropine nitrolysis at 200;
2 - Same at -35.5% 3 - Urotropine
dinitrate nitrolysis at -35,5°
oo - as

An important advantage enjoyed by urotropine dinitrate Ki¥ intermediate productf
for the production of hexogen is the fact that X¥¥ it may be obtained not only from
urotropine, but also from formalin and ammonia, bypassing the stage involving zeparation
of urotropine from solution, and drying thereof. A method has also been suggested for
producing hexogen via urotropine dinitrate, in which the initiali products are formalin,

ammonia, and nitric acid, However, it has not gained application because of the

solubllity of urotropine dinitrate in water, and the inadequate stability.

N
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ANitz‘-ic’: acid, ir §>O - 80% concentration, decomposes urotropine, and more
concentrated acid converts it to hexogen. With increase in the HNO3 concentration,
the yield of.hexogen increases (Fig.71) (Bibl.55)., From this it follows that hexogen
production requires the employment of nitric acid ;f not less than 93% concentration.

None of the velocity curves in Fig.71 reveal any period of induction. This
demonstrates that the process rate is characterized by the speed:of the nitrolycis
reaction, and not by that of other processes. .

The hexogen yield is significantly affected by nitrogen oxides, which give rise
to oxidation of B¥¥ urotropine. ITf the nitpic acid contains aveut 4% niirogen oxides,
the urotropine will burn out completely, and hexogen will not form at all, Therefore,
nitric acid containing not more than 0.5% nitrogen oxides is employed for nitrolysis.

The optimum temperature of urotropine nitrolysis by nitric acid is 10 - 209, and
an increase therein makes for oxidizing processes and leads to a ¥BAKEMA reduction in
the hexogen vield. The maximum rield when thi; reaction occurs is about 80%, in ierms
of urotrepine.

A vield of 83% has been ohtained ty conducting the process very carefully and
following the rate of MNi urytropine addition (to eliminate local decomposition).

The process was run with 21 moles 99.5 - 99.9% HNO3 per 1 mole of urotropine at
20 - 25°, for more than 30 mir. Upon completion of the mixing of the components, the
reaction mixture was decanted into water (Bibl.49),

It has heen MEXNXAX established (Bibl.56) that the rate of nitrolysis of Kk
hexamethylenetetramine by nitric acid increases with increase in the modulus.

Figurs 72 illustrates the efifect of the -__E!gi__ ratio on the hexogen yield (Bibl.56)
, Cehaaly, o

At all concentrationa of nitric acid, up to 88%, maximum yields of hexogen (about 80%)

i
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255 were attained on the condition that an adequate molar ratio _é_;m_o%_ was adhered to.
6F12M, i

The minimum molar ratio for maximum yield rises approximately from 26:1 with 97% acid i
OBX to 110:1 with 88% acid.
If the molar ratio .._.H.HOJ_ is selectxl accordingly, one may obtain identical

CeHiaNy,

nitrolysis rate with nitric acids of various concentrations, as is evident from Fig.73,
which shows the rate of hexogen formation at 0° and various concentrations ~f nitric

acid,

o=y vy 20
a -9 » 22 "

a9 ” &5 "
%  97% HNO, X ~8 v 100 »
80 —~— o-% " 18 0w
. . o s ~9 " 22 ”»
('
60 } Howw o %
a)s0 / 7 - .
20 a) [
[
20 47 50 80 100 20 %———4
bl 2
20 0 60 80 160 T min
Effect HNO
Fig.72 - PE¥T&EX of F‘I{lr’ Ratio Fig.73 - Effect cf ._Eﬁgﬁ_ Ratio
RTIRY C
VAR, Y6712

upon Hexogen Yield upon Hexogen Formation Speed

HNO: a) Hexogen yield

a) Hexogen vield; b) Moiar ratio
CeHyNy,

HNG
At very large ratios —_— , the yield of hexogen is directly proportional
CeH1N,

to the amount of urotropine employed, and is not dependent upon the strength of the
nitric acid (more than 88% HNOB). Figure 74 illustrates this ratio, and it is assumed

that one mole of hexogen is formed from three moles of HNOB.

In practice, high molar ratios¥ANXANEXINEFEKEEXXKEXEEEXXKTXKEXNYE™ ﬂ)}_

. 6H12N1+
rapidly increase the cost of hexogen, and therefore ¥XEk urotropine nitrolysis is
performed at a molar ratio of 22 - 24, corresponding to 11 - 12 parts 98% nitric acid

' .

by weight per 1 part urotropine. This amount of nitric acid does not result in

MR L87

i
\




.
’
ha » . " o e

maximum vield, but an increase therein by increase i‘n“ni/tric acid consumption
is economicall,s.r urdesirable,

Cn the basis of the fact that the maximum yteld of hexogen is
achieved only with a large excess of nitric acid, and that this excess increases
sharply with reduction in the concentration of tre acid, A.Vroom and Cl.Winkler
(Bibl.56) concluded that the concentration of the active nitrating agent in the
acid is not great and increases with reductior in the concentration of acid, These
writers hold that the active nitrating agent is the nitrate cation of
"nitPOCidiQm", the NO(OH)é;)ion, formed from bimolecular HNO4 in accordance with

equation

Ig support of this supposition they adduce a graph (Fig.75), in which the
curve of the change in the concentration of the " nitrocidium' ion coincides with
the curve of rate of formation of hexogen and various nitric acid consentrations.

Figure 75 illustrates the change in intensity of the infrared absorption band
at 1,017 micron at HNO3 concentration‘in accordance with the determinations of
Dalmon and Freemar, who ascribed this band to associated molecules of acid.

Wirkler (Bibl.57) comes to an analogous conclusion on the basis of an .

investigation of the nitrolysis of urotropine in acetic acid,
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®* Fig.74 ~ Effect of HN03/C6H12NA Fig.75 - Effect of Strength of Nitric Acid

Ratio on Yieid of Hexogen in upon Concentration of "Nitrocidium ' Ion and

Terms of Nitric Acid Consumed Initial Rate of Hexogen Formation.

a) Hexogen yield with respect to The hollow circles are the Dalmon and Freeman

HN03; h) Molar ratic E_;ﬁgﬁ_ values taken as indices of the concentration
67127,

of the "nitrocidium " ion. The solid circles

are the initial rate ol formation of hexogen at

MO _ 0,

a) Brightness of 1.017 micron absorption tand;

b) Rate in i

min

The ¥X¥ urotropine nitrolvsis reaction may be written in its general form

as follows:

N—NO,
| !
——  CH, CH,  +NI,NO;+3CH,O.




However, the small yield of hexogen and the large ccnsumptior »f nitric

to

acid testify/the fact that this reactjon is considerably more complex and is

accompanied by side processes.

Hale and others (Ribl.58) hold that the hydrolysis of urotropine is such

a prciess. An investigation of the side products formed on the synthesis of

hexogen has demonstrated the presence of a certain amount of methylene dinitrate

AIKIX¥K CH,(ONOg)o and trimethanolamine nitrate N(CH20N02)2 in the concentrated

spent acid.

On the basis KK¥¥&X thereof it is assumed that

proceeds in accordance with the féllowing mechanims:

i
—— cH,  CH,
N

CH,

N N

.

H,  CH, |

O,N=N N~ NoO,

N

Ctl,

N © +61INO, -
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N 4+ 10HNO, -

+3CH, (ONO,), + NH,NO, + 3H,0:

urotropine nitrolysis
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CH
S

O,N-I\'f N-NO,
——~ CH, CH,  -N(CH,ONO,)+8H,0;
\ .

N | +8HNO, — 2N (CH,ONO,); + 2NH,NO,,

‘ | |
CH, '
CH,
'/

The intermediate products are comparatively stable in concentrated spent
acid, but when allowed to settle or, particularly, upon dXINKE dilution with

water, they undergo saponification:

CH, (ONO,): + H,0 — CH,0 +2HNO;;
N (CH,ONO,); +38H,0 — 3CH,0+2HNO,+ NH,NO;.

Formaldehvde is detected in dilute acid by its odor and may readily be driven
off the neutralized solution with heating. . .. .

The most recent investigations do not confirm the mechanisms presented
above, It was found that éhe side products XX iiffer in that ¥Al¥ composition, and
the process itself goes stepwise.

Vroom and Winkler (Bibl.sé), performing the nitrolysis of urotropine with

97% nitric acid at -40%, obtained a substance with a melting point of 98 - 99°,
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upon %X
which converted to hexogen #K subsequent treatment with/nitric acid. Analysis

showed that the substance is 3,5-dinitro~1,3,S-triazaéyclohexine-l-nitrate (1):

- CH,

ON=N NHPNO?
t |
Ci, :

Ci
N/
N

NO,

Conversion thereof into hexogen also was performed by treatment of suspension
I¥ in nitromethane with boron fluoride or by treatment with P50 solution in
88% HNO 3o
3,5-Dinitro-1,3, 5-triazacyclohexgne~l-nitrate approximately equals hexogen X¥d as
explosive propertieé, and its shocé sensitivity is somewhat higher thar for hexogen.
Tre authors hold that 3,5-dinitro—l—,3~5ftriazncycloheane-l—nitrate is an

by
intermediate in the nitrolvsis of utropine/nitric acid, and that the final conversiom

speed.
thereof into hexogen KX characterizes the overall process 3. This conversion is
inhibited by the side products of re:~tion and may lead to complete decompositiorn of
the intermediate product, resulting .. 2 low hexogen ¥#X'yield., The urotropine

/
nitrolysis reaction mechanismp is, according to these investigations, the following:
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AN N NO, CH,0H
/ \ | f
N N N N
AN / \ |
CH, . CH, CH, |
N/ HONO, N . HONO,
N - N b
| , | ‘
l CH, | cH,
CH, ‘ CH, CH, l _ CH,
\\ Ve \\ /
. / kN
% AN \/
N N
CH,
/N CH,0H
O,N—=N N — = CH, = N :
! | CH,OH 4 uNop
- CH’\ /CH’ N (CH,0H)s
N
NO,
CH, CH,
SN /SN
O,N—N NH?®.HNOf O,N—N N—NO,
. | | O x l
> CH, CH, -0 cH,  cH,
N N S
N N
| i
NO, NO,

Berman and others (Bibl.59) do not believe the intermediate product in
hexogen process to be 3,5-dinitro-l1, 3,5triazéchlorohex@ne-1-nitrate. According
to their data, formation thereof occurs ¥XIXEX when the reaction mixture is diluted

. l-dimethylolaminomethyl-1,3,

240 as a consequence of the decomposition of XXAXHEXAXAAMEYIEIEIXEKEYKFLXNY

5-dinitro-1, RBXXFIMEMENIE¥E 3,5-triazacyclohexspe, the formula of which is

493




SN CH,0H
N
“CH,01

The composition of the latter in concentrated acid results in cleavage

dimethylol nitroamide,
of the dimethylamine group with conversion thereof into GERRCHHTOREEHURLIEE

. lemethylol-3, 5-dinitro~1,3,5-triazacyclohexane.
and the hexagonal ring yields XXMMXK¥XIIYEXUTKUXINNTYRYEXXXTAXHMNETKKIOMIEX

This last compound converts to hexogen, but may also yield 3,5-dinitro-1,3,5-
tria,z&cyclohe:&ne- l-nitrate.
The process cdiagram looks like a series of nitration reactions of the

ternary amine

H,

O,NH-N_ NeHNg
“CH,  OH; 1NO,
W~ l ——t
conc.
cH, c‘n, CHy
N — 1
cH CH CH cH
/A / /TR
O,N—DIJ )ll—no, oga-—»lz »'J—No, o,u-—T }li-ﬂo, ON—N N—NO,
—CH (K — CHy CHy —— CH CHy CH
\N/ 2 mings Q / C\'\‘, / 1 t
' uocn,—pll—cnzou ’l‘ r NH - HNO,
CHy NO, CH, OH N0,
HOCHy— N~—CHy OH
| minus CHy 0 v NHy Plus dilule HNO

XXE 1-Dimethylolaminomethyl-3,5-dinitro~1l, 3,5-triazacyclohexgne yields
an insignificant amount, upon decomposition, of the linear compound 1,9-dihydroxy-2,

hy6,8-tetranitro=-2,4,6,8-tetrazanonane (dihydroxypsntamethylenetetranitroamine):
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H'ocu,-N—CH,—rs\:—CH,—r?'-CH,—r‘q —CH,0H
|
NO, NO, NO, NO,

or, to be more exact, its nitrate ester.

Chute and associates (Bibl.%5) have shown that when urotropine reacts with’
concentrated nitric acid, the consequence is no£ only hexogen but AAKIXHE
dinitropentamethylenetetramine (melting point 198°), Product yield rises with

reduction in reaction time and increase in excess of HNOj. The yields of

are
dinitropentamethylenetetramine and hexogen/apparently mutually related. The

authors assume that this is due to a single comuon initial compound which may
possibly he utropine dinitrate, the primary formstion of which in the reaction/
whereby urotropine is nitrolvsed to hexogen, has been AMMBEX¥X¥M demonstrated on the
Lasis of comparison of the heats of nitrolvsis of noth products (Bibl.53;5h).

261 According tc¢ Cerrione (Bibl.hb), the formation of dinitropentamethylenetetramine
ig the first sile reaction in the nitrolysis of urotropine by concentrated nitriec

acid:

CH,
////
/ AN
N
™ 4 cH,— NN
CH, CH, pauko \}CHQ
\N/. | 4 2HNO, — N—CH,— N{ oy, TCHO+HO.
l l “eHy =N
CH, NO,
AN S
N
N
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In a nitric acid solution, dinitropontamethylonetciramino behaves as a

di-acid base and is converted, to begin with, to the primarv nitroamine:

_No,
CH=N H CH, NH-NO,
N—CH,— N\'CH‘+2H.0 = N-CHy NH, +2CH,0,
CCH=N{ ° CH,-NH-NO,

which then converts to dinitrotriaminctrimethylamine. Under given conditions

of nitrolysis, this latter converts partially into trinitrotriaminotrimethylamine:

__CH, NHNO,  CHy-~ NH:NO,
N-CH,NH, - HNO; — N-CHy~ NH-NO,+ H,0.
“CH,-NHNO, \CH,— Nii-NO,

This substance is relativelr stable in the cold, but at 60° it decomposes to
rield formaldehyde and ammonia.

Similtaneous with the formation of dinitropentamethylenetetramine and
its conversion products, urotropine nitrolysis is accompanied by the “c¢- “an

of trinitrodiaminodimethylamine {TDA) in accordance with the followi  reaction:

/'CHZNHNOQ ’
3CH,,N,+12HNO, ~ 4O,N-N\CH NHN +2H.0 + 10CH,0.
2 H

As distinct from the preceding one, this product does not dissolve in water.

Therefore, when hexogen is separated from the nitro mass by dilution with water,

unstabilized
trinitrodiaminodimethylamine is also liberated. This is an impurity in KXEXKXXE

hexogen. In scme cases, this substance constitutes 10% of the whole.
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262 Trinitrodiaminodimethylamine slowly goes into solution at low temperature,
converting into soluble primary nitroamide - methylenedinitroamine:

,CH;NHNO,  ,NHNO,

ON- . CH +CH,0 +N,0.
*" " \CH,NHNO, *NHNo, !

/ o]
({75 - 80°)
At §¥ elevated temperaturd; this process proceeds with more complete

- -

decomposition in accordance with the reaction:
CHGNO; — 2CH,0+ 3N,0+H,0.
Therefore, what is termed the stabilization of hexogen is merely degtruction of
trinitrodiaminodimethvlamine.
A tnird side product of urotropine nitrolvsis is methylene nitrecarmine
(or nitroiminomethane) CHy = N » NO?_. (monemer c¢f hexogen), which forms in

accordance with the reacticn

CeH 3N+ 4HNO, -+ 1CH,;— N-NO,-; 2CH.0 + 2H,0.
_ and

This compound exists only- in solution KKEM readily decomposes in accordance

with equation
CH: N NO; — CH:O N0,

Cerrione regards hexogén as 3 trimer of methylene ﬁitroamine, the greater
chemical stability of which he ascribes to its cyclic structure.

Cerrione indicates the following conditions of formation ‘of hexogen and
the products accompanying it.

Hexogen is formed primarily at a 1:8 - 1:30 ratio urotropine to nitric acid

(or a modulus of 8 ~ 30}, acid concentration in access of 95%, and nitrolysis

temperature over 10°, The product does not result if the modulus is less than .
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or more than 500, and if the concentration of nitric acid is less than ¥EXX 25%,
BIHIEXS Trinitrogiaminodimethylamine forms primarily at a modulus of 8 - 20,
a nitric acid concentration of more than 97%, and a temperature in K¥¥k excess of
10°, with a maximum yield of about 10%. The product is not obtained at a modulus
of less than 4 or more than 500 and a concentration of acid less than 95%.
Dinitropentamethylaminetetramine is formed in mcre dilute X¥XAKY acids.
Maximum yield is achieved ¥¥ with 855 acic and a modulus of less than 10 (at a
modulus of 3.5, the yield is 45%). The yield rises with reduction ¥X in the
temperature of nitrolrsis. Methylene nitroamine does not form if the concentration
o

of nitric acid is less than 95% or if the modulus is less than 10, With rise in

is
modulus to 300, more methylene KI¥ nitroamine is:formed thran XK hexogen, and at

a modulus of 7QC - 80C, the ';ii;;; thereof attains 70% in terms of methylene groups.
With rise in temperature, the product yield increases.

Thus, the yield of trinitrodiaminodimethylamine is determined, in practice,
by the same parameters as the ¥#X yield of hexogen. ﬁowever, the maximum yield
of this product is.not great (10%). The conditions serving as an obstacle to
the formation of dinitropentamethylenete.ramine and increasing the. yield of
hexogen‘ (concentrated acid at high modulus) are most favorable to the formation of
metlylene nitroamine, and XEKXEKEXWIER vice veraa'. The maximum yield of hexogen
is obtained under conditions in which the curves of evolution of yield of
dinitropentamethylenetetramine and increase in §'ield of methylene nitroamine

intersect, Simultaneous formation of dinitropentamethylenetetramine, methylene

nitroamine, and hexogen, is a simple and convincing explanation of the btew yield
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of the latter, occurring upon nitrolysis of urotropine by KI¥ nitric acid.

When w;k.'nitric‘ a'.c-id acts upon urotropine, the consequence is either
hydrolysis (under the effects ¢f 80 ~ 90%Z acid) or formation of a salt (acid
concentration less than 80%)., In the former instance, methyl;nediamine,
‘triaminotrimethylamine, and diaminodimethylamine are formed (the maximum yield
of these compounds ;‘-l:‘i;'!a 80%) and in the second case it is urotrdpine dinitrate
that is formed. At very low concentrations of HNO3 (less than 15%), the yield
of dinitrate diminishes as a consequence of its solubility in water.

Hexogen formed upon nitrolysis o. urotropine will be almost entirely
dissolved in't,he spent acid. To sepax:ate it out, the solution KK obtained has
to be diluted to an HNO3 concentration of not more than 40%, at which the
solubility of hexogen is quite negligible., Dilution with water may be performed
in two wayrs: either vy pouring the solution ohbtained into the necessary amount
of water or by adding water to tne hexogen solution.

Wren the first method is employed, hexogen is IXMM¥NXMAX separated out in ‘

further
the form of very fine crystals., This greatly ccmplicatea. XXEI¥ work therewith
{it is difficult to filter it, amwfilters clog). However, when the second method
is used, the spent acid is diluted with the water gradually, and hexogen formation
KX takes place less rapidly, ¥X making for the formation of larger crvstals thereof.

This method is complicates somewhat by the circumstance that the spent XX acid
¥¥NK contains, not only hexogen, but side products of the synthesis which decompose

when diluted with water, as indicated above, to formaldehyde. Formaldehyde is

vigorously oxidized by nitric acid at concentrations of 60 - £5% or more, and the
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heat of reaction thus liberated is capable of heating the HXX¥iM nitro mass !

(inducing the composition of the hexogen). Therefore, the dilu:ion must be

accompanied by careful adherence to the appropriate conditions of t'emperaturp.
’

In practice, this process is carried out in continvous app;;ratus (Bibl.Ls, *0),
and as a consequence the hexogen solution is poured, simuitaneous with the water
diluting it, into an apparatus filled with dilute acid., The 50 - 60% spent acid
obtained as the result of dilution is not stable, as it contains formaldehyde,
which oxidizes readilv KXX under these conditions. In order to increase the
stability of the spent acid, it is heated to 40 ~ £5°, at which temperature
formaldehyde is completely oxidized to COZ. In. industryv, stabilization of the
spent acid by heating is performed simultaneous with dilution with water (B.ibl.él).

Willson (Bir1.52) has BEXMX¥ patented a methed of producing large hexogen
crvstals whicn fiow well., The method consists of adding to the nitration mixture
{produced ryv introducing urotropine into concentrated uitric acid) with agitation
and at a temperature of 45 - 70°, weak (50 - 70%, nitric acid containing a little
sodium nitrite, When the temperature, regulated by BXL¥¥KKIE external cooling,
rises, the side products begin to decompose. The gaseous products of the

containing

composition, EBKXKIK a large quantity of nitrogen oxides, gre removed through the
system of ventilation and trapped in absorption equipment.

Destruction of the side product of the reaction, formaldehyde, by WKEXAXX

oxidation thereof with nitric acid is one of the weakest sides of this method.

In actuality, the yield of hexogen from urotropine, computed on the formaldehyde

(from which urotropine is produced) is only 35 - 40Z. The rest is oxidized, and

unproductive
this is the cause of a large WNKEMENYM consumption of nitric acid.

s
,
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This shortcoming is eliminated to some degree by the two-stage method

+

formaldehyde
of proilucing hexogen from urotropine or from XXMENIAENREE (Bibl.63). In the - -

first :5;:‘age.., urfotropine is obtained by saturation of formalin (30% formaldehyde ..
solution) with gaseous ammoria:
6CH.:0 + 4NH, = C;H2N, +6H:0.

Under these conditions, urotropine is produced in thé form of a 20 - 25%
solution. When weak nitric .a.cid is added to the urotropine solution, the acid
comes down out of solution, almost quantitativelv, in the form of grotropine
dinitrate:

CeHuN,+ 2HNO; — C;HiN,-2HNO,.

Thus, the evapcration operation is replaced by the operation of precipitation,
which is cheaper and more productive. XI It proved possitle, on the same pr.inciple,
to recover the formaldehyde from the spent acid. After washing and drying, the
pressed cryrstals of urotropine dinitrate convert into hexogen for which only five
parts concentrated nitric acid are employed, bty weight.

The hexogen yield from the dinitrate is approximately 5% larger than from
urotropine. Moreover, the hexogen yield may be increased at the expense of the
formaldehyde in the dilute spent acid. With this purpose, the spent acid is diluted
at low temperature (15 - 20°), and t.r?en the acid is neutralized by ammonia to
protect the formaldehyde from oxidation. The result is the formation of urotropine

and ammonium nitrate:

6CH1O +4NH, &= C;HisN,+-6H;0;
HN°|+ NH@ nad NH‘NOQ-
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The urotropine is precipitated as urotropine dinitrate by weak nitric

acid. The filtered spent acid is a 50% solution of ammonium nitrate and goes
to evaporation.

In Germany, during World War II, various other methods (Bibl.47) were
employed in addition toc the major method of nitrolysis.

When hexogen was produced by the '"W" method (suggested ir.1 1934 by Wolfram),

the raw material is formaldehyde which is converted, by a series of successive

inte
reactions, XXKXKXXK potassium cyclotrimethylenetriimino sulfate, wamsX termed

Myhite salt™, and is then nitrated ¥BX to hexogen. The following reacticns

occur herein:

Sulfaminic ;
1) SEXXIXNIE acid‘ is formed by the action of ammonia on sulfur anhydride:

SO, -+ NH, — HSO,NHy;

sulfaminic
2) Reaction of EMIXENIE acid witl opctassium carhonate resul-s in the

formation XX of potassium sulfaminatle:
2HSO,NH: + K:CO, -+ KSO,NH; 4+ H:04-CO;;

2) Further, condensation of the potassium sulfaminate XX with formaldehyde

X

occurs to form "white salt':

CH;
v

. AN
‘ KOyS - rlq N—S0,K
3KSO;NH; + 3CH:0 — CH, Cl'llz
\ rd

/
N

I
SO;K

+-3H;0;

. L) The action of concentrated mixed acid upon "white salt™ results in
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hexogen: “ : B . .
'
. CHa S
. S
KSOy— 1}1 N-SOK
CH: CH; +3HNO; —
\ // h
|
SO,K
265
CH;

VAN
O,N—N N~—NO;
|
— CH; CHa + 3KHSO,.

The hexogen yield is approximately 80%, in terms of the formaldehyde
consumed.
e
Ay fhe " method (its inventor was Elbe) is based on condensation of
paraformaldehyde with amnoni; nitrate to hexogen:

CH:

OzN—N/ \N-NOa
(CH:0); 4 3NH,NO, cr|1,\ /crli, + 6H;:0.
N
1\‘102

The reaction is performed in an acetic anhydride medium, in which pulverized
paraformaldehyde and dry ammonium nitrate are introduced, with energetic agitation.
The acetic anhydride takes up water, converting it to acetic acid,

if
The reaction goes better #XXK boron fluoride is employed. This is

503




catnlyste

simultaneously a dehydrator and ppssmtsr. The acetic anhydride is first
saturated with boron fluoride, to form the compound (CH3CO)20BF3 (Ribl.6%) .
"However, this method results in hexogen having a low melting point, because

.

it contains a large quantity (up to 20%) of impurities,
dinitrate
Hexamethylenetstramine AXKIXXX¥ (Dibl.h5) has been isolated
from the reaction products of paraformaldehyde and ammonium nitrate in glacial
acetic acid. The authors hold this Lo te an intermediate product in the TEFEXXIER
“ocrmation of hexogen under these conditicns.
. a
The "K' method (due to Knoffler) consists of treating XKE¥ mixture of urotropine

and ammonium nitrate witr concentratel sulfur:c acid, Formation of the hexogen

apparentl: proceeds in accordance with two reactions:

1) CgHiN,+4HNO, — C;Hs (NNO,); +3CH,0 4+ NH,NO;;
2) 3CH,0 +3NH,NO, — CiH, (NNO3),+ 6H;0,

or, in sum:
Ce¢HuN, +4HNOQ, + 2NH,NO; — 2C,H; (NNOy); + 6H:0.

The yield of hexogen with respect to formaldehyde is 40%. A shortcoming
of this method is the large consumption of nitric acid and ammonium nitrate that
has to benmetered in, Tnis is because ammonium nitrate is not very good as a
condensation medium.

When acetic anhydr’de is employed as the dehydrator, the conditions for
cordensation of formaldehyde and ammonium nitrate improve. Simultaneously, more
complete conver;ion of HNO; to NOZQ’, which is an active nitrating agent (Bibl.66),

takes place., This method is called the "KA™ method, as distinct from the preceding
L]
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one, There are two versions of this mthoé.
In accordance wit; the first version, ammonium nitrate is suspended in

acetic anhydride, and nitric acid and urééropine are added simultaneously to the

suspension’ An increase in yield 1s achieved by employing the dinitrate of

urotropine for nitration, instead of urotropine itself.

The reaction goes in accordance with equation

CHoN, - 2HINOg + 2N ,NO; 4 2HNO; -6 (CH,C0),0 ~-
—> 9CsH, (NNG,); + 12CH,COOH 4 118 Keal/ mole

As a consequence of the XKEXRX insignificant solubility of hexogen in
acetic acid at 20°, the reaction mass is not diluted with water.

During World War II, hexépen was produced in the !Inited States, Canada,
and England, oy “achman-Rcss methods, analogous to the German "KA™ method.
Nitrolysis of urotropire by nitric acid was performed in the presence of ammonium
nitrate, acetic acid, and acetic anhydride. The technological procedure employed
in the Pachman process differs somewhat from the "KA" method (FEibl,67, 48, 49, /C).
According to Ross (Pirl,7C) the formation of hexogen from urotropine occurs as

follows:

Cst1;N, +4HNO, + 2NH,NO; + 6(CH;C0), O - -
- 2C3Hg (NNO,), + 12CH;COOH;

in which 140 kcal/mole of heat is liberated (the energy of activation, is 12 kcal).
The reaction XX occurs in a number of stages and is accompanied by the
formation of side products which are capable, ¥ under given circumstances, of

vecoming the major products.‘ The intermediate reaction product is apparently
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urotropine mononitrate (Bibl.53, 71),.

Urotropine goes into reaction almost instantaneously (within 5 sec at 35°)
one molecule of hexogen being formed as a result, Addition of NHANOB results
in the formation of a second molecule of hexogen (Bibl.72,73). This shows
that the second molecule of hexogen is formed from the cleavage products of
urotropine and ammonium nitrate.

Hexogen produced by the Dachman-Ross method contains up to 10% oxygen
(tetranitrotetrazacyclooctane) (Bibl.74).

With the object of studying the mechanism of the reactions cccurring,

+ labeled 15 um
ammonium nitrate containing ac#¥xnitrogen atom (N*?) in the ammonia group
N H/;NO3) was emploved. Tt was found that hexamethyvienetetramine is subiected
to two major types of decomposition, resulting in the formation of compounds
containing t-ree atoms of amine nitrcgen KX¥AKEEMK (hexogen) and a compcund
{oxygen).
containing four atoms of amine nitrogen KSNXX¥EKIX If the medium is highly acid,
and the nitrating agent is highly active, the consequence is cleavage of the
former type, resulting in the formation of hexogen. 1f acidity is low, and
activity of the nitrating agent is also, cleavage of the second type resulting
in the production of oxygen occcurs.
to

Thus, the hexogen-producing reaction is intimately related #XXK the KXEMEK

oxygen~-producing reaction.

Epstein and Winkler (Bibl.75) determined the relationship of the hexogen and

oxygen yield to the amount of NH),NO4 (Fig.76) introduced into the reaction. These

-

authors hold that urotropine converts at least to two intermediate compourds, one




)
-2

*

of these capable of serving as a source of hexogen and oxygen, while the

)’»r
other will yieldyhekogen only. Thus, if the NHhNO, is added later, the hexogen

"vield is not more than 30%, while postponement of the introduction of NHANO3 is

not reflected in the oxygen yield.

T?e optimum yield of hexogen {70% CgHq N, -9203H6(NN02)3) occurs at a
molar ratio of CéHIZNh : HN03 : (CH3CO)20 1:5.,2 ¢ 20 and 2,7 moles NHhNOB. Further
increase in the amount qf NH,NO3 has no practical effect upon the hexogsn yie.d.
The optimum yield (25% CgHyoNj, - =1, CQHB(NNOQ)h) at the same ratios of CgHyply,
HN03 and (CH3CO)2O occurs in the presence of ¥k 2,3 moles NNKHQX NHANGB.

The amount of nitric ac’d has a significant influence upon the yielid of
excgen awnd oxyvgen. At a 0*412Nh:(CH3CO)20:NHbN03 =1 : 20 : 3 ratio, the optimum
~ieid of hoth products is obtained in the presence of 4 moles HN03 (Fig.77).
Simmltaneous increase in tre amount of NHhNOB ghifts the ontinum ;ield of rexogen
and ox-gen toward higher values (see Fig,7f),

With increase in the amount of (CHBCO)zo, the vield of hexogen rises, and

with the ratio CgHioN, : HNO3 : NH,NO3 = 1 : 5.2 ¢ 3 achieves a maximum at

Further
15 -~ 20 moles of {CH4C0),0. X¥# increase in the amount of (CH,C0),0 does not
32 32

lead to an increase in the hexogen vield. The yield of oxvgen is at & maximum at
15 moles of (CHyCC)20 (see Fig.77).
Investigations serve as the basis for suggesting the following mechanism

of urotropine nitrolysis by nitric acid in the presence of ammonium nitrate and

» ~

acetic anhydride (Fig.78) (Bibl,75)., Stages 5, 6, and 7 regulate the process rate
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in the production of hexogen under the Pachman-Ress reaction. If stage 5 is
eliminated b; slowing the ammonium nitrate addition reaction, the consequence
is the formation of linear products, but there is nc reduction in nitric acid
consumption, inasmuch as, instead of hexogen, formation of diacetoxytetramethylene-
dinitroamine occurs (Bibl.l), containing the same number of nitro groups:

CHa—(‘,—O—-CH,--N—CHQ—-I\{—CH:—IIJ—CH,—O-—ﬁ—-CH,.
I |
0 NO, NO, NO, )

Replacement of acetic anhydride by nitric acid anhydride (at a ratio of
CeHioNj, @ HNOj : NOs = 1 : 11,7 : 3.9) leads to the XE¥MX formation of

. . dinitrooxytetramethylenetrinitroamine (Bibl.55) in addition to the hexogen
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O.NOCHg o= N == CHp = 'N - CH., —'N — CH,0NO..
|
NO. NOy NO, *

Chute and others (Bibl.55) produced dinitropen'ta:net;kxy.le’:,efetra.uiine by
treating urotr.opine dinitrate with acetic anhydride for L day:. Nitrolysis by
the latter by a mixture of 99.¢% nitric acid and NH NOj (in a molar ratio of
1.78 : 1) at 25° and 70 - 7'5° led to the formation of a mixture of52% hexogen
and 17% oxygen. Change in the ratio between HNO3 and NHANOB to 1 : 1 increases
the yield of hexogen to 57%, and the yield 91‘ oxygen is diminished accordingly

(Bibl.7%):

NO,
i N NO»
N VAN |
/ N\ 71N N
CH, CH, CHg CH, AN
' Noy MO 0NN cH, N—No, O "
~N  Ne= ' O.N—N CH; N=NO;
o | [ % = I NO;=N N~NO;
CH, CHy CHg—N—C”g \ /
N/ CH,
: 'r
NG + ‘ HNO; (DPT)
t -+ | NH,NO,
(CHCO%0 |
o, |9
/7 Y
o, 7hNe, WNON, ¢
L/ (CHLO),0 (CHC0), 0
\
L f ] [ 0) |
T | e
! [} | (CHC0),0
(CH,C0),0 {CH,C0),0 N ,00,0 |
HNOy DR b (cnyco0 LomNg, K
1. NH(NOy | | HNO; |
| ) NH, N0y |
(™ [ 0] [0l =] m]
. 5 -
?)

or
Fig.78 ~ Nitrolysis XWRUMMSX¥ABIN¥E Urotropine by Nitric Acid
in the Presence of Ammonium Nitrate and Acetic Anhydride

: (For captions, see next page)
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Fig.,78 (cont'd)

. a) Urotropino- b) Stage 1 (veary fast); c) Stage 2 (fast); d) By atomic
compound; e) Stage 3 (fast), TIXETRXAMMKITNE X E MR | ) Six—tem—rmg
compournd; g) Stage 4 (slow); h) Stage 5 (slow); i) Carbon compound for
oxygen and hexogen (possibly DPT#*); j) Stage £ (slow); k) Stage 7 (slow);

1) Hexogen; m) Oxygen; n) Linear products; 0)*Dinitropentamethylenetetramine;
us
BEIXEXXHEXEXY¥ p) Diacetoxytetramethylenetrinitroamine
When dinitropentamethylenetetramine is treated with nitric acid containing
N205 at 0 - 25°, a linear compound 1,-dinitrooxy-2,/,t6,8-tetranitro-2,4,6,8-

A

tetrazanonane (I1I):is isolated:

NO,—OCHg—N—CH,—TI— cn,-r‘v—cng—rlv—cngo —NOy, (111)
1
NO: NO, NO, NOs

which, under the influence of sodium acetate solution in acetic acid is converted

to 1,9-diacetoxy-2,L,A-tetranitro~2,4,4,8~-tetrazanonane:

CH,-—ﬁZ-QCHg-.;J—CHg—N—CH-_,-I;J—CH,—-YEJ- CH,o—til-cn;,, (11)
[
) NOy NO, NO, NO, )

obtained earlier by Eennett and others (Bibl.77).

269 1,9-diacetoxy-2,4,6,8~tetranitro~2,4,5,8-tetrazanonane may be obtained
directly from diniiropentamethylenetetramine by treating ®X it with a mixcure’ of

to this system
HNOB and (CH3CO)20 at 44°. Addition of NHANOB/at 65 — 7C° directs the reaction
towards the formation of hexogen (Bibl.74).
Marcus and Winkler (Bibl.78) also obtained AXKEMXEX¥ diacetoxy-2,k,6,8-tetranitro-

X000 2,4 ,6,8-tetrazanonane from dinitropentamethylenetetramine through the
following intermediate: 2~acetoxymethyl-l,6,8 trinitrocyclotetramethylenetetramine

(PHX )1
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The mechanism due to McKay and others (Bibl.76) appears as follows:

I
NOQ—OCHQ-—N—CHQ—'N—C“g—N—CHQ—N—CHQO—'NOQ“‘”"———

o) NO, r\i'o2 702 rfoz CI?
il .
-»CH,—-C-—O—CH-,—N—CH;—N—{CHQ—N—CH,—N—CHg-—-O-—C-CH,
! NO,
i !
i N
| .
[ CHl, CHy
. | |
2 ON=N N—=NO,
Qi } |
< CHy CH,
- XI N4
= I .
g 3 N
C 't |
g o CH,00CH,
) z f
E‘ 'N\
2 W o
3 ; CH; . CHg
T i |
© O;N—N CHp T-No,
I |
i CH, | CH,
! ., \//
| N
1 i
[ N02 NU: NOg NO;
i

Formation of oxygen in the presence of ammonium nitrate in a solution
consisting of the system HNO3 - (CH3C0).0 means that NH,NO3 either facilitates
the removal of formaldehyde or prevents etherification. These effects are
apparently interrelated. Thus, for example, it is known that when ammonium

nitrate dissolves in this mixture, the ¥k reaction temperature has tc .e raised
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60 - 70°, before the nitric acid becomes effective ‘for etherification, or for i

nitrolysis. Rais_ing of the tanperatuf'e is apparently necessary in order to
clean off the formaldehyde. o )
270 Thus, the mechanisms of Chute (Bibl.55), McKay, Richmond, and Wright
as

(Bibl.77), KM¥ supplemented by Marcus and Winkler (Bibl.78) support the right
side of the general mechanism due to Epstein and Winkler (BiLl,75).

The literature also describes a number of XX## the methods of preducing
hexogen, but these have hitherto not'been practical applications.

Methods (Fibi.79, 80) have been suggested for the production of hexogen

urctropine
that, it is claimed, yield 9C vields, hbased on trea‘ment of RESKFEEIAK with
nitric acii in the presence of P205 according to one BAKKEN patent, and in tne
presence of acetic anhrdride, ammonium nitrate, and lithium nitrate in accordance
with a second patent.
One mole urotropine is added, in 25 min, at £5°, to a mixture of 4.25 moles
HNO4, .16 moles NHjNO3, ©.7 moles(CHBCO)2O and 2.58 moles Li(N03)2.

'Caesar and Goldfrank (Bitl,81) have proposed the production of hexogen by
nitration of utropine by a solution of N205 in chloroform, carbon tetrachloride,
or dichloroproprlene. According to the authors, nitrolysis by this method ma be
performed either batchwise, or continually, in either case the product vield is
high.,

An interesting method of preparing chemically pure hexogen was developed
by Brockman and others (Bibl,82), ‘The initial product is 1,3,5-trinitroso-

1,3,5~triazacyclohexene, which is made from urotropine. The nitroso compound

*
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reacts vigorousl;or {with ignition) with concentrated ¥ nitric acid at low

.
temperature. However, at a temperature of -4,0%, the reaction goes calmly. The
authors oxidized a mixture in 82 equivalents of 99% HNOB, three equivalents of Hyla
and 3,7 equivalents ¥X of Hp0 (in the resultant mixture, the HNO3 concentration
is 92 - 94%). This solution was cooled to -40°, and one equivalent of nitroso
compound was added to it, gradually, with vigorous agitation. The nitroso compound
dissolved under these conditions. When the consequent solution was decanted
onto ice, a bright yellow precipitate came down, which was l-nitroso-i,5~dinitro~1,
3,5-triazacyclohexene, When this product was returned to the same oxiuizing
RDEE mixture at -40°, and the solu.tion was allowed to heat up to 20°, it converted
to chemically pure hexogen with a melting point of 204°., The product yield was

arout 75% of the theoretical., Thus, the reaction of conversion of 1,3,5-trinitroso-

IXIYESAFTHRRMENXE 1, 3,5-triazacyclohexene to hexogen proceeds as follows:

CHa CHa CH,
SN /N N
ON— ';: N—NO 40, OQN'_T rIJ ~NO: o, ogn—r'« b‘l —NO,
CH; CH, HNo, CH, CH, HNo, CH, CH,
\ 7/ N/ N4
N N N
| | }

NO NO NO,

Properties of hexogen. Hexogen consists of white odorless and tasteless '

crystals. As shown by the most recent investigations, it is a powerful poison
(Bibl.83), and therefore safety rules must be rigorously adhered to in working

with it.

The specific gravity of hexogen is 1.816, and its gravimetric .density is

0.8 = 0.9 kg/ltr. Pressing at a pressure of 2000 kg/cm? yields a density of

1.73, The melting point is 204.5 - 205° (Bibl.82), The technical product cbtained
[

- . »
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by direct nitrolysis of urotropine by nitric acid fuses at 202°, Ku¥¥iE

corresponding to approximately 1% impurities content. By boiling with nitric
- may be

acid, the melting point of hexogen 1M raised to 203.5°, and repeated

recrystallization out of acetic acid raises the melting point to 204.5 -~ 205°

(Bibi.82). The spscific heat of hexogen at 0.30 kcal/gm®C, and the heat of

crvstallization is 21.3 kcal/mole (Bibl.8k).

Hexogen is non-hy%roscopic, and poorly soluble in water, ether, 'alcohol,
SXB8 chloroform, anq weak nitric acid. It is readily soluble in acetone and
concentrated nitric acid. The solubility of hexogen 4-”“1 various solvents (E151.85,86)
is presented in Tahles 81 and &2.

The solubility of hexogen in boiling butyl acetate is XX 7.2%,

271 Table 83 presents data on the solubility of hexogen in aniline and in

mononitrololuene, and Table &, presents the solubility in a number of ¥¥¥ new

solvents (Eih1.87).
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Table 81 Table 2

a) ! b) f c) o) ‘ b)

.
Nazer 15 0,01 — _l‘.__ —_—
( p
Acetone 12)3 ;J.:;; “ [ 2.5
" 53 17,50
Ethyl alcohol 3;’ 0,104 80 : 2,2
Methyl alcohol ol 3(‘)?; . :
Renzene 18 0'032 «'
Toluens 2 0,008 ' o0 044
Crloroform 20 0,038
Anhydrous ether 18 d) 0 traces
€Sy and CCYy, ;’5 ‘ 12,7 ‘
Cvclohexane 7 27,0 : :
" » 1.5 !
o7 12,4 i
Nitrobenzene )

a) Solvent; b) Temperature, °C; c) Solubility a) HNO, concentration, %;
of hexogen in 100 gm solvent, gm; d) Does not b) Hexogen solubility, %

digsolve

Tahle 83
i

a !30{40{60{50 95‘103‘135!’140%154 -
T T T T T T T : i j : ‘ T

b) ]o,w(—;2.55‘3.&5;4.20’—l4,74§—!5,12
A R S Rt R D T R

c) l - ’1,93:3,51! - 19.03}12,22; 27.4i29.431 -

| [

in
a) Temperature, °C; b) Solubility ¥X aniline in %; ¢) Solubility in

mononitrotoluene in %

Table 84
| b)
' ‘ ! P,
a) ) i d) I o | ¢ ‘ q) I h) ‘ i)
L o : _l_ _ ! |
2 1,6 2,8 | 26 | 31 | 1,5 1.6 | 31,9
100 9,3 '] 13,3 | 10,0 .| 13,5 7,9 6,4 l 7.1
temperature, ¢)Cellosolve; d) Methyl—-cellosolve;

a) Solubility of hexogen at YNMKE¥UK oC; b) Solvents;
e)Carbitol; f) Methyl~carbitel; g) Acatate-—carbit{ol; h) Butyl-carbitol;

i) Dimethylformamide 515 (cont'd on next’page)
[ ]
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glycol mong fhyl ether
Annotation. Cellosolve - is mm&mmm CH2(0H)CH2(002H5);

methyl-cellosolve - is EXKYIENEEIEEET ethylene glyeol methylether CHz(OH)CHZ(OCH3);
carbitol - is bdiethylene glycol ethyl ether CHp(OH)CH3-0-CHp~CHa(UC2Hs) 3
Methyl-carbitol is diethyleneglycol methylether CHZ(OH)CH2-0-»CH2-CH2-CH2(OCH3);
acetate-carbitol is disthylenaglycol monoazstate MEKEEXK¥X¥HE monomethylether
(CH3CO0) - CHz—CHZ-O-CHz-CHz(OCH3); butyl-carbitol is diethyleneglycol tutylether
(C,Hg0) * CHy=CHp=0-GHy=CHo{OH),
monoclinis:
Hexogen is crystallized out of acetone in tle mOnRdEFY1EE system, and out
- of nitric acid in the tetragonal system. _

Tarle B85 illustrates the eutectic mixtures formrd v hexogen and other

organic substances (Bih1.84),

272 Td: Table 85
a) \ b) | ¢)
4 |
Para-nitrotoluene | abet 0,5 | 50,4
Para-nitroanisole . oabout 0,5 i 50,9
a-nitronaphthalene | abwt 15 | 55,4 N
Meta~dinitrobenzene f ; ?5
@~trinitrotoluene . "53 ‘ ];g'g
1,3,5-trinitrobenzene abeut 3.3 2 g
Picric acid | i; 181
Tetryl . . ! ! '
17 12,4
Dimethyldipn+nylurea f 3 ' 704
i ‘ .
Diethyldiphenylursea : 22 137,5
Camphor ’ ‘

a) Organic substance; b) Quantity of hexogen in the eutectic, %;

¢) Freezing point of eutectic, °C




Hexogen is stable to u.olar radiation. - - : T
. Hexog.on is a neutral substance that does not react with dilute acid,
equation (Bibl,88).
Concentrated sulfuric acid composes it in accordance with SR xx
(CH,NNO,),+2i‘<lgSO. —3CH,;0 -lf‘-".?l{NSOS—f-?N, + H:0.

This reaction is explained by the insignificant yield of hexogen when
urotropine is nitrated with mixed MX sulfuric and nitric acid even containing
a little H,50, (the mixed acid consists of: 88% HNO3; 8% Hp50,; 4% H0).

Hexogen dissolves in concentrated nitric acid in the cold without
decomposition g.nd may be precipitated therefrom simply by diluting the acid with
water.,

When hexogen is treated with alkali dissolved in an aqueous acetone
solution, hydrolysis occurs (l?ibl.89). The energy of activation of this
hydrolysis is equal to 14 kcal/mole (Bibl.90). The high speed of hydrolysis
of hexogen by dilute caustic soda solution is employed in industry to remove
hexogen from the appar;tus (Bivl.60).

The hydrolytic cleavage of hexogen alsc occurs when it is cocked with

an
water in/autoclave at a temperature over 150° (the technical method of removing
acid from the hexogen crystals), HNOB, CH0, NH; (as nitrate) as well as Cety N, .

are found in the mother liquors (Bibl.91). The hydrolysis apparently goes in

accordance with the following equation:

- 3NH, + 3HNO;
{CI1,NNO,); +6H,0 2 31{,CO+ 3NHNO;

Hexogen,' prepared by the acetic anhydride method contains EX¥EL oxygen as

.
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an impurity.

The amount of oxygen in the hexoger is dstermined by thermal analysis
based on the melting point of the hexogen-oxygen mixture (Fig.79).(Bibl,.82),

The bottom line of this mechanism represents the first observed softening of

specimen,
HEKEIUENKY whereas the upper line denotes the disappearance of the final crystal

therecf,
Hexogen obtained by the method of nitrolysis contains bound HN03 and

oxyhexogen (up to 0,04%). Oxyhexogen

CH,
o,N-rT r\I'—-No2
Cll, CH,

is a vifnit—e crystalline substance with melting pojnt of 92 - 98° and crystallizes

[
! ~

. out of a mixture of water and acetone, Its solubility in acetone is greater than

that of hexogen, and therefore it remains. in the mother ligquor. Oxyhexogen is

stable in the pure form and therefore its presence il} hexogen does not affect

. " ‘the stability of the latter (Bibl.91).

*

Hexogen is highly stable and may be stored for months at 50° without

decomposition. It withstands #XXK the Abel test at 60° for more than 60 hrs,
The stability of chemically pure hexogen considerably exceeds that of tetryl,

N ]

“but the stability of the technical produt is not infrequently lower than this,

There may be two reasons for the imd;quate stability of technical hexogen.

The first ia the preaénco”in the product of di&cetomgtrmthylenetr'initronine




as an impurity (BSX). This latter may be present in hexogen obtained by the

acetic anhydride method. Hexogen is qtcbi'liaed by long-term boiling in water,

during which the unstable ATAERXEY

¢

2 diacetoxytetramethylenetrinitroamine
mp—2 7 '

L / // decomposes.,

20
' m / 7

P — A second reason for the inadequate

P
0y 80 60 e 20 0 tecnnical hexogen

——— %l Hexogen stability of ENMXENEXKEEN is the presence
of nitric acid therein that has not been

Fig.79 - Diagram of Fusibility of

Hexogen-Oxygen Mixturs washed out. This shortcoming is inherent
a)Oxygens-b)Hexogen
in hexogen obtained by the nitrolysis
method, in which the hexogen is isolated from 55% nitric acid, The hexogen crystals
formed contain bound'nitric acid, the removal of which occurs very slowly even upon
long boiling and the presence of small crystals., In order to achieve 0,13% hexogen
acidity, a long period of washing (40 - 50 hours) is required. This is difficult to
achieve under industrial condition.s (Bibl,91). The presence of a considerable
amount of nitric acid in the tecl:mical hexogen induces EM¥¥X corrosion and renders *
utilization of standard specimens difficuit in determining stability, It has
been shown (Bibl.%1) that nitric acid virtually does not reduce the stability of
hexogen. Thus, a Qecond HEN* ‘reason for the low stability of XEMMNINMYK technical
hexogen 1is easenti;lly merely apparent,
The acid present in hexogen destroys the packaging material upon storage.

It has been suggested that this phencmenon be combated by ldding‘B - h%_, N, .

NEX Nt~diphenylethylenediamine or some other similar substance, capable or.
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reacting with nitrogen oxide, to the packaging (Bibl.92),
. Upon heating, hexogen starts to decompose with noticeable rapidity to
20c°, 'l'he. flash point is 230° (Bibl.93). In the open air, hexogen burns with
a bright white flame, leaving no residue, whereas upon rapid heating it Idecomposes
with explosion.
Pure hexogen is thermally stable.
The comparative data on stability due to Mansen (in terms of pH) after
: a
heating 5 gms of YN#XXEKK/substance at 132° are pr:esented in Table 86‘.

27 Data on the stability of mixtures containing hexogen, ammonium nitrate, and

di eyarcdiamidg, are presented in a work by Brandimarte (Bibl.94).

Table 86
‘ ; \
a) b) c) f d)
‘:
O 6,53 6,85 6,50
1 -— 1 3, 3,03
2 5,81 2,96 2,64
3 - — 2,32
4 o8 2,22
5 5,73 - red fumes
6 - _— —
7 - 2,73 —
8 5,068 2,68 —_

a) Heating time, hrs: b) Hexogen; c) Tetryl; AJRXM d) PETN

In stop sensitivity, hexogen occupies a position midway between tetryl
and PTEN PETN, In impact testing, a 2 kg weight causes explosion of hexogen

when dropped from a height of 30 -~ 32 om, Sensitivity in the standard test

. (p = XRXKEX 10 kg, h = 25 cm) XXEEKX is 80K,
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: explosive
The heat of BERISENX decomposition of hexogen is 1320 kcal/kg, the

explosion velocity ’
volume of gaseous EXKIMNINE products is XK 910 ltr/kg, the ¥NXM of detonation
(¢ = 1,7) 8,00 m/sec, MXBANIE expansion in the Trauzl block is 476 cc.
’ phlegmatized

The explosive K¥E¥ properties of XXNSMEXIXMA hexogen diminish substantially
with increase in the quantity of .XXN¥MKKX¥M¥X phlegmatizer (Bibl.95),

Hexogen is employed to fill small-caliber shells, shaped charges, in

In o

UMNXEMN detonators, and in caps. 4 mix with aluminum powder or trotyl, XN it is

employed to fill various types of munitions., Also employed are mixtures of the

TEXE following BEBHERXXEEN percentage composition:

TPOtYl o o v o o o ¢ o o o s°s o o o » « 60 80 20 12,5 50

Hexogon ..'........-.....ho 20 7805 7500 ‘%0

Paz'affin e & o s @ 6 8 e s s e 8 s s 0 e - - 1. 5 - -
Tetryl ® ¢ & s o » e 0 s & T e s s 0 s = - - 120 5 =
Aluminm “ & & o 4 o ¢ 4 o s o o s 0 s hid - - - lo

Hexogen is a.so employed in so-called plastic high explosives or WXjl

explosive putties, A mixture of hexogen and a binder is soft, plastic, and somewhat

blasting,
tacky. These are employed in sapmimgy for example, may be used to cut metal,*x-"’

to demolish
bridge girders, blow up tanks, (Tegnforced-concrete fire points, etc. Mixtures
of this type EMENXEXXE consist of 88 parts finely-ground hexogen and 12 parts
78%
grease or YEXJOHK hexogen and 22% resinous KXNIMEENKK binder consisting of a
nitro derivative of an aromatic hydrocarbon and nitrocellulose,iik

Section 2. Technology of Hexogen Production (Bibl

During World MEX War II , the production of hexogen attained particularly
large

"MIEK scope in Germany, USA, England, and Canads. In the course of the War, hexogen
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production capacities increased sharply, for exngle, by more than 90<fold in
Germany (from 600 tons in 1938 to 56,600 tons in 1944 ).

In Germany, a total of five methods weré employed in hexogen manufacture,
of which the major one was the SH method, consisting of nitrolysis of urotropine

methods

with concentrated nitric acid. The other MEXXN¥K wers experimental and actual
production of hexogen by those methods was considerably lower than the capacities
of .t.he installation.

;[n England (Bibl..5), development of a method of hexogen production began
in 1932, and in 1933 a plant p!.'oducmg 34 kg of hexogen per hour without recovery
of the spent acid was already in operation. At the end of 1939, recovery of
nitric acid wastes by absorption of nitrogen oxide and concentration of the
spent acid was achieved, This made it possible to recycle about 5.5 ton of nitric
acid per ton of finished proeduct, In 1941, a plant began to function in the

Bringgwazeer 0 oo,

vicinity of B ? o) produc.ing 90 tons of hexogen per week, and subsequently
this figure was doubled. Hexogen was obtained by direct nitrolysis of urotropine
by concentrated nitric acid or by the so-called oxidizing method. By 1942, the
acetic anhydride method, which is economically much more advantageous, was
developed.PI/n the Unvited States and Canada, hexogen was produced by the same
methods as in England., The first BKX phnt/ started in the summer of 1941 worked
on the basis of a technology borrowsd from Britain (Bib1.69)‘. Simultaneously,

Joint investigations were carried out in the USA, England, and Canada, and the

development of a technology for the produstion of oxygen by the acetic anhydride

methed (Bibl,69). In February 1942, an ox'poriunul plant was put into operation




for the production of oxygen by the acetic anhydride methed in continuous
apparatus, and subsequently (1943), a plant went into operation a: which the
spent acid wa:s completely recovered,

Production of Hexogen by the Oxidiz Method {Bibl,60

English Variant

A technological process for the production of hexogen consists of
three stages: nitration, washing, and dr&ing;, performed in separate buildings.
Nitration. At this stage, nitrolysis of urotropine is performed by direct
metering of crystalline urotrgpine and concentrated nitric acid intc a cooled
reaction mixture consisting of the same ingredients. The resultant solution

byproducts,
contains hexogen and various undesirable HXAXEMEAMMAAY as well as MAKIME

a considerable quantity of unutilized

I EARAXA Y XA N XX XAMX AR EMKX nitric acid.

This =olution is run into a vessel in which it is diluted with water to
crystallize the hexogen out, The nitro mass is held at high temperature, so
as to MK make it possible for the byproducts Xi dissolved therein to decompose.
The residual weak acid is separated from the solid hexogen by continuous
filtration and is mixed with weak acid obtained from absorption columns, Xi¥¥
before being sent to concentration.

These processes are performed in two or three nitrators and two dissolvers,
arranged in series,

A nitrator (Fig.80) consists of a rectangular vessel of stainless steel
divided by partitions into three sections each having an agitator. In the first
section there are threes concentric coils (cooling surface 1.8 mz). The second

and third compartments have one coil sach. The te-peutgre of the nitro mass in «-
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the first and second sections must not be over 25°, 1In the third section of
the nitrator, hot water circulates in the coil, and the temperature of the
nitro mass is held at 38°, which facilitates increased hexogen yield,

Th Two gas tubes lead from the cover of the nitrator, and the first tube
contains a cylindrical pyrex observation window for examination of the color
of the gases emitted, The appearance of any considerable quantity of nitrogen'
oxides warns of the need for immediate AKX dumping of the nitrator contents
into the emergency vat, The covers of the first and second compartments have
apertures through which the urotropine is delivered, A feed AMNEK appa.ratuaﬂi“pr:
delivery of nitric acid is provided in the first compartment. A discharge aperture
is provided in the wall of the third compartment.

The feed device for delivery of urotropine is installed in the compartmert
above the nitrators, This consists of a double recaiving hopper having two .
horizontal screw' feeds. These are actuated
by gear hoxes and meter the urof:ropine ,80
that the seco@ INRIXK feeder YIXXIX provides
1/4 as much ;s the first., The speeds may be
regulated so that the total feed is from
57 - 170 kg per hour, The controlled flow

through
of urotropine ls sent through the floor XE

troughs into
two ERKEXXYXANENENIXIR the first two

worm
. compartments of the nitrator, vertical BE¥ik
Fig.80 - Appearance of Nitrator

conveyors being employed. The delivery of

.

* .
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nitric acid into the nitrator is through a variable-area flow meter,
. -‘ .

A discharge valve is provided in. the bottom of the nitrator, through which
* the nitrator cgntents X¥ flow into a tank containing an aqueous urea solution.
When the nitro mass is dischar.ged to the solution, considerably less gas is
emitted than when it is discharged into pure water. The nitro mixture goes

standpipe | ’
from the nitrator into a ¥IKN¥ feeding the diluter.which is }ocated sqmewhat
lower,

The diluters (Bibl,81) are similar to the nitrators in form, but considerably
larger ([l =2.6.m; b = 0,6 m; h -' 1,1). The useful depth is 0,7 m. Each diluter
contains four chambers for mixing, equipped with cooling coils.

The agitators have flat vanes and operate at 195 rpm,

The rnitro mass emerges from the diluters through closed troughsand zoes
to a-cooler consisting of three chambers (a principal chamber and two auxiliary
chambers), The cold mass flowing from these chambers goes to classifying filtqrs-l/
(Fig.82).

At the onsét of nitration, the diluter is filled with 55 nitric acid, which
is then heated approximately to 100° by ¥HjME steam circulating in the coils.
St.ea.m delivery is gradually diminished as the nitro mass arrives from the
nitrator, and water delivery is turnot_i on, The amount of water provided is
such as to cause the concentration of the ocutgoing acid to be 55f. The temperature
of 75° is maintained in the diluter.

The nitrogen oxides, usually XXNEEX liberated in the diluter, are removed

from each chamber through ‘ pipes Joined in a single line, which are
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in turn connected to a single manifold leading to a condenser,

The nitro mass goes to the first chamber, in which water for dilution is

" delivered through the roof by tube., Wash water is used for this purpose, The |

’ "a.mount of water delivered is regulated by a variable-area flow meter,

The gas line is equipped with EME¥E¥NX emergency Venturi-type steam jet
feed devices for use in case of a power fallyre or failure of the fans, me
pressure depression in the gas line is held at 12 ~ 19 mm Hg during the entire

tars Irespresore
operation. Any violation of this &éPpaséishi-regimen mey lead to filling the
bullding with gas, as each diluter produces up to 6.8 kg NO, per hour under
normal conditions of operation, Therefore, provision is made for the use of
emergency jet feeds for the gas instruments, which may be connected at the
building door.

A sloping gas XXNl¥ line runs from 'g‘building to a barometric condenser,
in which the acid condensate is accumulated and' from which it is returned to the
system, while the non-condensing gas goes to another cordenser (diameter 1.8 m,
height 3.3 m, containing 706 38-mm stainless steel tubes, 2.4 m long, in three
passes, cooled with water DN from without), The condensate is collected at

rezvaoled
the bottom and retxrredt to the system, and the gas, which by now is coocled to
20 - 30°, proceeds along the stainless steel line leading to absorption coluims

(Fig.83). o -

The nitration building has a control penel.
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Fig.81 - Appearance of Diluter

The mass of raw hexogen and weak nitric acid go from the cooler through a

closed trough to the first filter, where the spent acid is separated ¥XZl from the

hexogen, The hexogen then goes to a

second filter, in which it is washed

with water to remove the remaining acid.

The acid water is sucked into a sump and

is later used to dilute the nitro mass.

The raw hexogen emerging from the
Fig.82 -~ Appearance of Classifying

Filter second filter goes to a car (stainless
steel) in which it is transported to the washing department., At another plant,
the hexogen is washed off the filter by water into a wooden vat equipped with an

agitator (500 rpm). The hexogen suspension is pumped from the vat to the washing

a steam-jet
compartiment through a 50 mm tube by means of vap@wciet ejector.
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Washings. Raw hexogen contains a portion consisting of coarse granular

-
-

particles which have tb be redﬁced in size inasmuch as, in the intervals between
the crystals, they contain nitric ac'i.d (0,1 - 0,2%). Mcreover, there is nitric
acid in the wash liquid .remining on the raw hexogen, The purpose of the
technological processes in this stage 1s to reduce the size of the large
hexogen grains and remove the nitric acid by washing.

A car contining raw hexogen, upon arriving at the wash builuing, is rolled

third
under a steam-jet apparatus, to the suction end of which a XN¥ME and a fourth

hose is :
K¥IXOKEEN fastened, The water is added to the hexogen mass by means of a hose,

The entire uass is ﬁicked up by the suction of a steam ejector as the haxogen
softens, Thus, a single woman worker is able to EMjX empty and fill a wagon in

five minutes time,

° Fig.83 - Appearance of Absorption Apparatus
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The suspension is ejected by steam and goes to one of the two stainless

stesl mixers, having a rounded bottom 1.2 m in diameter and 2.1 m high. From

these receivers, the mass of water and hexogsn, in approximately 3:1 ratio,

Lo ridwmrmrroller rills
goes by gravity soMEMN where the grains are crushed, Water is delivered to
the rows simultaneocus with the hexogen mass in order to prevent heating should
delivery be interrupted. The grox,\nd"ma.ss is raised over theamgw to a 25 mm tube
of stainless steel, to a X} height of approximately 460 mm, and may be directed
into a vat by means of a rubber hose,

The ¥XK vats (Fig.8i) are of €olumbia pine and are mounted on brick masonry
piers beneath the floor. The height for each vat is 2.5 m, and its diamter 2,4 m,
The bottom slopes toward the discharge aperture, over which a steel-faced valve
is X located, A similar valve is provided on the wall (1 m from the base) for
decanting purposes, The vat has an agitator. The mass it contains is heated

bubbler,
with XX live steam delivered through a / which fails by 150 mm to reach the bottom
of the vat, and which ends in a slit-like nozzle.

About 2000 kg hexogen 1s charged into the vat, After the suspension of hexogen
and water has entered the vat, the agitator is XEJif stopped, and the suspension is
given 45 min to settle, sul;eequent to which acid water is poure. into a wooden

thrice
trap via a decanting valve. The mass is washed XIXEE with cold HNXKEf water, and

after water has been run in for a fourth washing, the mass is heated with live

steam to 90 - 100° and held at that temperature for 12 hrs.

»
G

After decanting, the moist hexogen is dumped from the vat and sent for

. %

further use.
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It has besn suggested that, in order to obtain loose-flowing hexogen, that
0.5 = 5% potassium stearate by weight or other soluble salts of an aliphatic
acid contain.ng more than 10 carbon atoms be added to the suspension in wvarm

water, followed by an aqueous solution of CaCl, or some other water-soluble

salt (Mg, Zn, Pb, or Ni),

Fig.8, - External Appearance of Washing Vat
. desiccators
Drying. Hexogen is dried in vacuum-drying MEEXINYXEMK at. 50°,

Hexogen to be used to make mixtures with INX TNT is not dried. Water
removal is performed during mixing with the molten TNT,
The amount of initial products required per ton of hexogen is (in tons):

Urotroping . . o ¢ o ¢ ¢ ¢ o ¢ o ¢ o 06 ¢ 0 8 00006004+ 083
Nitric aedd . ¢ v v v o v o v s e oo s v 0o s, B8.78
Of which:

Returng as spent acid (551!1!‘03)............ 3.48

(conttd on next page)
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Is cracked by absorption system . . . . + o ¢« ¢« ¢ ¢ s « ¢ o« 3,43
) w’ to m nitrol’.i. * [ ] . . . * L] L] . L] . * . * » L] L] . 1'87
H2S0, consumed in concentration of the spent and adsorbed acid  0.49

Consequently, the hexogen yield is 37.7% in terms of formaldehyde, 56.7% in
terms of the amino groups, and 9.7% in terms of nitric acid. The concentration
of the nitric acid employed is 95 - 96%, and the modulus is 10,5,

The German Variant |

The "SH" method was developed in 1937 by Schnurre (Bibl.49, 65, 86, 98),

As distinct from the English ¥KX variant, the process is run in batch-type
apparatus and a smaller amount of nitric AA acid, but of higher concentration
(99% HNO3)‘ is employed for urotropine nitrolysis. Figure 85 presents a diagram
of tte technological pr;ocess for the production of hexogen.

Nitric acid cooled to 0° is charged into nitrator (2), and pre-desiccated
urotropine is slowly added thereto, the temperature being held at not more than
20°. To avoid liquifaction of the urotropine, it is recommended that it be charged
in the form of compressed balls (Bibl.98). After nitration has ended, the nitratoer
contents are emitted in;.o the buffer apparatus, Xl from which the nitro mass
passes successively through apparatus (4), (5), (6), (7), and (8), in which the
urotropine undergoes complete nitration., A tempera.t;:'e of 15 = 20° is maintained
in buffer apparatus (3) through (8), Further, the nitro mass goes from buffer
apparatu; (8) to stabilization in two oxidizers (mi'.‘ncipal oxidizer 9 and buffer

oxidizerllo_], to which water is delivered simultaneously for dilution. A temperature

of 70 -~ 80° is maintained in the oxidiger,
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Then, the suspension of hexogen in spent acid flows to the cooler (11.)
and then goes in sequence through three more coolers (12), (13), (14). Natural

cooling takes place in t@e first EX three coolers, w_hile in the last the
nitro mass is cooled by water to 20°, i

From cooler (14i) the nitro mass is discharged into a drum filter (or
centrifuge) (15, the spent acid is drained into a receiver (16), and the hexogen
is washed two or three times with cold water, and then stirred with water in
a mixer (17). In the mixer, the hexogen is mived with water and the suspension
is sent by centrifugal pump to autoclaves (i8) (the pressure in the autoclaves
is 2.5 - 3 atm) in another building, where it is heated to 130 -~ 140° and held
at that temperature for 4 - 5 hrs.

The rate of removal of acid when hexogen is washed in the autoclave rises
with. increasing temperature up to 150°, but remains virtually constant thereafter,
Tﬁe velocity does not depend upon the relationship between the amount of water
and hexogen (as it does in cooking without an autoclave), but is dependent on
crystal size XKXXXX and is determined primarily by the rate of diffusion of the
acid to the surface of the crystals,

When hexogen is washed in an autoclave, hydrolysis of the hexogen may
set in at as low as 140°, and it will reach 0.?% within two hours. When the
t;enperat\;re is raised to 150°, the rate of hydrolysis rises sharply. The

decomposition of hexogen upon washing proceeds by ccm.plete deatruction of

the I¥EE molecule to form liquids ;g'r'id gasés which do not impair the properties

."1
¥

X




Fig.85 - Diagram of Production of Hexogen by Oxidation Method
1 - Tank for cooling HNOy; 2 - Nitrator; 3 to 8 - Buffer apparatus to complete
hitration; 9, 10 - Apparatus for oxidation; 11 to 14 - Coolers; 15 - Centrifuge;
16 ~ Receiver; 17 - Mixer; 18 -~ Autoclaves; 19 - Rectification apparatus;
20 -' Filter hoppers; 21 - Sacks

a) Urotropine; b) Water; ¢) Cooking phase, under pressure; d) Spent acid to

concentration

281 of the hexogen: the hexogen is not contuminated by its own decomposition products.

(Bib1.91).

of
Upon conclusion Ml the cooking in the autoclave s the mass is cooled to

1009, and drained into a phlegmatization apparatus (19), containing fused synthetic

wax colored by $udan dye. The amount of wax used is such as to cause it to

EBMGIIXMXNK constitute 5% of the hexogen, After the .hexogen suspension has been

run into the wax, the mass is rapidly cooled to 20° in 30 min and drained to IXIXX¥
-+ - -—-filter=hopper {20), where the hexogen is squeezed out: to- 0% motsture-contemt
‘ ‘ within two hours. The dried hexogen is emptied into silk sacks and sent to ancther

plant -for drying.‘
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The acidity of hexogen after washing on the filter is 0,3 - O.4%, and after

.
. [ 3 .

cooking in the sutoclave it is 0.1%. The melting point of the resultant hexogen
is 202°, 0.83 - 0.8, ton Urotropine and 7.1 ton (99%) nitric acid is consumed
per ton of hexogen, of which 5.2 tons are recovered.

The oxidizing method of producing hexogen, ylelding a high-quality product,

' il
is quite simple, dependable, and sufficiently safe, St XX has a pumber of
significant inadequacies, The mﬁjor ones are the large consumption of concentrated
nitric acid and the low yield of hexogen in terms of formaldehyde (35 - 4LO% of
the theoretical), The need for twice diluting the acid with water in order to
' of concentrating . .

remove the hexogen also greatly increases the cost EEMENKXEMKINEX the spent acid
or recycling., Bearing th?se shortcomings in mind, the researchers in a number of
countries conducted investigations with the object of: developing more perfect
methods of obtaining hexogen. In Germany, during World War II, hexogen was
obtained by other methods as well: the "acetic ¥} anhydride" ("KA"), the "white
salt" ("W"), the method based on condensation of formaldehyde with ammonium
nitrate in the presence of BFy ("E").

In the United States, England, and Canada, hexogen was obtained by the

acetic anhydride method which proved considerably more effective than the oxidizing'

method (Bibl.69).
Producing Hexogen by the "W' Method (Bibi,63, 86)

During World War II, experimental installation operated in Germany at which
hexogen was produced by the highly original "W" method (the sulfaminic ac.id as

L]

intermediate). A schematic diagram of this installation is presented in Fig.86.
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Reaction of ammonia with sulfuric anhydride, which is metered in a ratio
of 1:3, is performed in the condenser (1). This results in the formation of

sulfonate
ammonium imino and dminc disulfonate:

SO;+2NH3 sl NH,SO;NH‘;
250, + 3NH, — NH (SO;NH,),-

T™e salt obtained is dissolved in thrice the amount of weter and discharged
into vats (2), whereupon calcium oxide is added, in 110% of the theoretically
necessary quantity, The soluticn is heated by live steam to remove the ammonia,
and it is filtered free of the excess calcium XJAEEXJUXH hydroxide on filter (3).

' it
The filtrate is received in vat (4), where/is acidified with sulfuric acid
from metering tank (5). In these operations, the following ¥EKEXIKKKE reactions

occur:

NH,SO,NH,+ NH (SO,NH,). 4 2Ca (OH), —
— (NH,80;), Ca 4 CaSO,+ 3NH,OH.
When calcium iminosulfonate is acidified, it hydrolyses to form sulfaminic
acid,
potassium
In crder to produce/sulfaminate, potassium oxide and EX potassium bisulfate
are run into vat (4) after acidification and agitation:
NH,SOgH + KHSO, +Ca (OH), - NH,SOK + CasO, +211,0.
Then, the potassium sulfaminate is filtered on funnel (&) free of the CaSOh.
The filtrate then goes to a vacuum evapcrating column (7), where it is vaporized,

£

and then goes to crystalliser (8) and filter (9). The filtered crystals of
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potassium sulfaminate go to cor:der;ser (10), into whicl'; tor;alin is added from

‘ ;nt. (11). A condensation reaction IN is r;n at 309 the pH of the solution being
held at 5, The solution is then steamed in t.he. #MNNK vacuum vaporizing apparatus (12),
cooled in, crystallizer (13), and the crystals are filtered off on hopper (14)., The

potassium cyclotrimethylensiminosulfonate HIIXEX) ("white salt") obtained is

dried in desiccator (15).

Fi;.86 = Diagram of Production of Hexogen via Sulfaminic Acid
1 and 10 - Condensators; 2 and 4 - Vats for decomposition; 3, 6, 9, 14, and
20 - Filter hoppers; 7 and 12 - Evaporation columns; 8 and 13 - Crystallizers;
5, 11, 16, and 19 - Metering tanks; 15 - Dryer; 17 - Nitrator; 18 - Diluter;
21 - Receiver .

a) "white salt"

e

The nitration of ‘'white salt" is performed by a nitro mixture of the
following composition: 80 - 81% HNO3; 4 - 5% HS0,; 13 ~ 1A% 504, and 1 - 28 N0,
which is delivered from metering tank (16) (the quantity being 1.8 parts by
MEIN weight per 1 rar- .aite ul.t") into nitrator (17). The nitro mass goes

from nitrator (17) to diluter (18), into which water is delivered from metering

tank (19) for dilution to a specific gravity of 1.2 - 1,3, Then the hexogen is
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filtersd EX free of the spent acid on filter (20), and, after first being

washed with water, goes to the final washing and stabilization. The spent

acid is of the ;ollwing composition: 23% HNO3; 13 - Li% JXA® HpS0,; 10 - 118 KHSO,;
52 - 54% Hy0.

Production of Hexog. en by Method “K* {Bibl,.63, 86)

Tn 1‘936, Kno.ffler developed a method of producing hexogen called method "K',
Figure 87 presents a schematic diagram of t,t'fe technology involved in the production
of hexogen by XNIil this method.’

Urotropine is nitrated by"a sc;lution of ammonium nitrate in concentrated
nitric acid, Nitration is performed in two stages, In the first stage,
urotropine is added to a solution of ammonium nitrate ih nitric acid at 20°, This

. ' £
results in the formation of hexogen and formaldehyde, The latter reacts, in the
second sfage, at a temperature of 65 - 70°, with ammonium nitrate and nitric
acid, to form additional hexogen. The mass is'then cooled,

The hexogen obtained is separated from the spent acid on a drum filter,
wasﬁed with v;ater, and crystallized out of acetone. If necessary, the hexogen
is subjected to phlegmatization,

The spent acid contains a certain amount of formaldehyde, as a consequence
of which it is unstable and c;mot'bé NEEJENXEEX subjected to regenerati.on.
Therefore, the spent acid is first heated in special apparatus 90 - 95°, This

‘ and

is accompanied by complete oxidation of formaldehyde XX partial decoiposition

of ammonium nitrate. The nitrcgen oxides and nitric acid vapors liberated therein
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Fig,87 - Diagram of Production of Hexogen by Method "K"

1 - First-stage nitrators; 2 - Second-stage nitratcrs; 3 - Motering tank for
‘aitric acid; 4 - Coolers; 5 - Drum-type vacuum filters; 6 - Washing apparatus;

7 ~ Acetone collector; 8 ~ Acetone metering tank; 9 - Dissolver; 10 - Crystallizer;
11 - Filter-hopper

a) Nitration; b) Spent acid; c) Acetone to purification

go to an absorption apparatus, The stabilized nitric acid, containing about 48%
HNO3 and 2% NHI‘NO:; are subjected to distillation in 8 special apparatus.
' (60%
The major advantage of the "K' method is a good yield of hexogen YEEW of
theoretical in terms of formaldehyde), Serious shortcomings of the method are:

the large
XXXX¥)¥K/amount of material that have to be processed (more than 14 tons of product

-~ roductivity of
per tons of hexogen, which results in a pronounced reduction of the BEBTMNXTWINFE
the apparatus, and complicates the process), and the very complex process of recovery
of the nitric acid and ammonium nitrate,
0.48 - 0.5 ton Urotropine, 4.8 tons ammoniwm nitrate, and 8,6 tons nitric
acid are consumed per ton of hexogen. 3.6 tons Ammonium nitrate, and 7.2 tons

nitric acid are recovered.
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284 Produc by the Acetic ride Method . i

German Variant (Bibl,63, Qé)

In Germany, two methods of producing hexogen with tpe use of acetic
anhydride have been developed: the "KA" and "E" method,

The "-KA" method is a further improvement of the."K" method, The tecfmclogica;
process of production by the "KA" method consists of the following operation:
1) making uro’crogine dinitrate; é) ‘mking ammonium trinitrate; 3) nitrolysis of
ux:gtropine dinitrate by ammonium trinitrate in the presence of acetic anhydride
at 50 - 60°; 4) filtration of the hexogen free of acids, washing of the hexogen,
ard stabilization thereof by cooking witp water under pressure; 5) drying of the
hexogen; 6) regeneration of acetic anhydride and spent acid.

First the dilute spenf; acid is regenerated by decomposition at 700°, This

is XXEEM accompanied by conversiz':m of the acetic acid into monomolecular

anhydride-ketene:

CH,CO0!H —> Clig == CO 4 H,0.

Ketene is a gas that reacts with acetic acid to form acetic anhydride:

CHy = CO 4 CH,COOH —» (CHCO)0.
The hexogen yield by this method KE attains 75 - 80% of the theoretical
in terms of formaldehyde. Shortcomings of the method include production of

hexogen of low melting point (not over 192°) and the drnger involved in the

recovery of spent acetic acid, inasmuch as it contains unstable products,




Fig.88 - Diagram of Production of

The products cqnlu-od per ton of hexogen are 1.4 ton urotropine, 0.43 ton

) anhydride,
ammonium nitrate, 0.68 ton (99%) nitric acid, and 2.4 ton acetic MINGHIX

Another method of producing hexogen
*
(cR,0); was developed in 1935 - 1938 by Elbe, and
(casc0p0
B 13 was termed method "E", The initial products

are paraformaldehyde, ammonium nitrate, acetic

anhydride, and boron fluoride as promoter.

- Hexogen by the "E" Msthod Figure 88 illustrates the schematic diagram

~ Reactor; 2 - Nutsch; 3 - Hexogen '
! cactors ! € for the production of hexogen by this method.

to washing; 4 - Mother filtrate

(to separation of catalyst) The process is carried out as follows,
Paraformaldehyde and dry ammonium nitrate

are introduced into the acetic anhydride containing boron fluoride (0.4% BF3) and
or Lo don

heated to 60 ~ 65° The hexogen produced is sepax;ated from the spent acid ofm

T
e .

‘Nuteetty  The spent acetic acid is distilled and XEIK again converted to acetic

anhydride, which is recycled.

Advantages of the method include the high yield of hexogen (80% of theoretical,
computed in terms of formaldehyde) and the use, as the nitrating substance, of
ammonium nitrate, which is cheaper than concentrated nitric acid. Shortcomiugs
are the low melting point of the hexogen obtained, as a consequence of the fact
that it contains impurities (about 7%), and the dan.ger"ihvol;od in recovering the
spent acid. Other di,ft;iculties include the complexity of preparation of
pa;aromldelwdo, and the large -consmption of ammonium nitrate and’acetic

anhydride. . . L.
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0,019 ton boron fluoride. The hexogen obtained contains up to 6% oxygen.

The following . . .
CENNENSXINX  is the consumption per ton of hexogen: 0,63 - 0.635 tcn

paraformaldehyde, 1.8 ton ammonium nitrate, 5 - 5.1 ton acetic anhydride, and

. .
*

- - .

The Canadian Variant (Bibl 45, 69, 96)

In Canada, the United States, and England, work was done jointly in the
development of an KMNXXX acetic anhydride method of producing hexogen (Bibl.69).
In October 1940, Ross and Shisler (Bibl.72) observed that reaction of

nitrate
formaldehyde and ammonium KXXKAX¥X with acetic anhydride yields hexogen:
3CH,0 + 3NH NOQ, 46 (CH,CO),0 - - (CH,NNQ,); + 12CH,COOH.

This reaction does not require the use of urotropine or large amounts of
nitric acid. The new method employs acetic anhydride, which these countries
were in a position to produce in large quantities (Bibl.693.

The investigations were begun in Canada by a group working under the
leadership of Bachman of Michigan University, and were tested at Canadian plants.
Bachman's work showed that Ross! reaction could be combined with a nitrolysis

products
reaction so as to get the best results, Inasmuch as the initial KERINEX of the
Ross reaction - formaldehyde and ammonium nitrate - come into being as waste of

the nitrolysis reaction, further addition of ammonium nitrate and acetic acid

to the IX nitro mass had to result t‘: the formation of an added molecule of hexogen,

[

This was confirmed by ex_perinent. L
.o . 1

The equation for the combined process suggested by Bachman (Bibl.47, 68) .

may be depicted as follows:

C‘H“N‘ +4HN03 + 2NH‘N03 + 6 (CH’CO)’O -
—» 2(CH,NNO,),+ 12CH,COOH.
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In Rebruary 1942, a.DuPent Plant began operations to produce hexogen !

L]
under INMEIEMEEYREXXMNXNENKY this combined method. In May 1942, producticn

of héxogen by the combined method was begin at an Eastman Plant, At this plant,
the process was performed in continuous apparatus, and the cpert acid was .

recovered in acetic anhydride, and then again employed to produce hexogen.

The acetic anhydride method of producing hexogen, which resulted in twice the

‘yield of the nitrolysis process, proved considerably more economical for England,

Canada, and the 1SA (which had adequate supplle$ of acetic acid and ‘acetic

anhydride) (Bibl,69).
the i, )

The technological process for/production of hexogen byﬂ%achman-ﬁoss method

is as follows,
in

First, solutions of urotropine X glacial acetic acid and of ammonium
nitrate in 97% nitric acid are prepared, The solutions are heated to 4L0°, and
the acetic anhydride is simultaneocusly heated to 60°, The prepared solutions are
slowly run into the acetic anhydride. Run-in of the components is performed
at 70 - 75°, Upon completion of run-in, the mixture is held for 15 -« 20 min at

the same temperature, and then 640 moles of water he.at'ed to 40° is added to the-

nitro mass (Bibl.45).

-

The generation of the acetic acid is performed by adding sulfuric acid to

processes.
the spent acid in two #Wd) The first portion consists of 5 - 10% of the weight

of the spent acid, whereupon the mass is heated to 100°, The second portion is

v

15 = 4LOS. The mixture is subjected to distillation at 120 - 140° for the purpose

of driving off the acetic acid (Bibl,99). It is recommended that the spent acid .

54,2
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first be treated with NHy in order to reduce the HNOg content to 1f (Bibl,100).

It is suggested that the nitro ‘mass obtained be diluted with water at 90 - 10¢°,

. h

and that after separation of the hexogen, it be subjected to distillation XNKNMNY .

]

to drive off the acetic acid (Bibl.10l),
Safety Procedure in Hexogen Manufacture

In addition to th; EX safety rules common to the ¥X production of all
explosives, the high sensitivity qf' hexogen to mechanical effects must be borne
in min;i. All hexogen shops are aangerous in terms of explosion and fire, except
for the urotropire production shop, where the only danger is that of fire,

The harmful physioclogical effects of hexogen dust, urotropine dust, as
well as of nitrogen cmiciesT and nitric acid must be noted,

Buildings in which hexogen are produced, and the a.ppar;atus in which the
process occurs have to be provided with thg appropriate deﬁces to assure safe
operation.

In England (Bibl.60), 'th; production of hexogen is carried out in‘.a. number
of small buildings separated by substantial distances. All t'he buildings are
surrounded by embaniments and connect.ed by special corridors open to the side,
The roofs of these corridors are of asbestos cement and serve solely for'
protection against #XM rain. The floors both of the buildings and of the
corridors are of asphalt, The walls are cemnt.. The buildings have lightening
rods, and the apparatus is provided with special equj.pnent to remove static

electricity.
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In work in the shop, blows of metal against metal are wholly ruled out,

Pl:;ticmr Attention. is directed at the cleaning of the plant before repair,
Sol:i.ci.‘lf)L ﬁxplosive is cleaned only with wooden equipment, the cleaning is.performed
very‘carefully, and is observed by a technologist., IKE When units have to be
heated or repaired By welding, a technoloéist checks them out by test burning,
To do this,‘ small one-man steel shelters, with apertures for the hands, and

1.8 m
viewing slits were employed. The burner has a handle IYRXXXE long.

MX Although it contains some acid or water, hexogen in the various stages
of production is none the less highl%r sensitive to mechanical effects.

However, the major measure for prevention of I"ires X and, particularly, of
explosions, in hexogen production, is strict adherence to the technological
procedures,

In the nitrolysis process, exothermic KMKEXIEMNXX reactioﬁs occur in the
stage of nitration, Even ¥MMKX when the violation of the XEMNNX¥NXY technical
process is comparatively minor, these reactions readily lead .te 'eJection of the |
nitro mass from the apparatus, or flare-up. It is at this stage that concentrated
nitric acid ig employed, contact of which with urot.rop'ino or with fo;eign
organic substances in the absence of agi'tation readily induces a vigorous reaction

and ignition,

. . o
In production, urotropine may EX catch fire in the charging hopper or Athe

prom

@B feed conveyor under the influence of nitric acid fumes or spatter, Therefore »
careful cbservation of the condition of these portions of the KNJIEK apparatus,

KXX§ and periodic cleaning thereof is essential.

Shds
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It must be borne in mind that accidents may occur,.in the process of

-tabiliuti.of\ of the spent acid, n?t on}y at very hig’fﬁ,M ? :g‘;- reaction
temperature. At low temperature (40 - 45°), the oxidation process goes
considerably more slowly, as a consequence of which unoxidized impurities #X
accunmlat;a in the nitro mass, This may give rise to t.hc; vigorous 'reac}cion
with ejection of the rfit.ro mass. The degrée of dilution of the nitro mass by
water has the same effect upon the oxidation process.

Taking the foregoing into cons.ideration, it is necess;sry carefully to
monitor thé hexogen production process, -Moreover, the most reliable type of

»Y

monitoring, guaranteeg the safety of the process, i3 automatic monitoring with
automatlic regulation of the process.

When hexoger is produced by the acetic K¥IX a.nhydrid'a method, the following_
has- to be borne in mind.

Acetic anhydride and acetic acid may form explosive mixtures when mixed with
nitric acid or ammonium nitrate solution %2 nitric aeid irn particular ratios,
A mixture wit.h.a zero oxygen balance may be cttained when one part-acetic

anhydride by weight is mixed with two parts nitrie ac:ld. The greater the amount

of nitric acid in the mixture, the more dangerous the mixture will be (Bibl.93).

Mixtures containing 20 parts acetic anhydride by weight per part nitric acid by

weight are deemsd to be safe in terms of explosion..

When hexogen is obtained by this method, the nitric acid content in the

nitration mass is only 3%, whereas the AEEXXX acetic anhydride content may be

up to 7%, and acetic acid up to 85%. Consequently, from the viewpoint of formation




hard

of explosive mixtures, the reaction mass is sufficiently safe, Danger my °
arise only if vcr"y extreme deviation froa the metering occurs, when the
anhydride’and nitric acid ratios reach dangerous limits. The possibility of
this kind of violation has to be ruled out by automatic metering and automatic
monitoring. In this connection, the dtorage for nitric acid and the solutign
of ammonium nitrate in nitric acid should be set up in a separate building,
isolated from KX the building where the anhydridc, acetic acid, and spent acid
are stored, so as to rule out the possibility that these components may come
into contact.

Transportation of the acetic anh};dride and acetic acid, nitric acid, and

solution of ammonium nitrate in nitric acid must be separate, so as to eliminate

_ the possibility of mixture of these compeonents, which might result in fires and

R ENTH KX expl:osions.

In the building itsslf, .the metering tanksv and devices must be. arx';.nged
so that the comporients capable of reacting with each other are unable to come
intq contact outside the reactor,

When the equipment is stopped without emptying the apparatus, it is necessary
to elimina:s the possibility of accidental entry of nitric acid or the ammonium

wrong

nitrate in nitric acid solution into the apparatus by virtue of IENJ functioning
of the locking ;quimont f"or incomplete closing thereof.

When the work is in progress, it must be borne in mind that acetic anhydride

and acetic acid fall into Class II of readily-flammable liquids. Their parameters

are indicated in Table 87,
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' Table 87

a) { b) ¢

< Acetic anhydride 43—45 385

* Acetic acid 40 566
Bengene ~124-10 490

Acetone —18+4-2 500
Dichloroethane l 14+21 413

a) Component;@lash point, ©C; c) ‘iemperature of spontaneous combustion, oc

Section 3. Hexog. en_Analogs ' .

Cyclotetramethylenstetranitroamine {EXX¥X (octogen)

CH,
: _
O,N— II\J N—NO,
CH, CH,
|
ON—N  N=NO,
\,

cii,

apparently is not'yet in use at the present time, inasmuch as both its
chemical properties and, even more so, its explosive properties approximate those

of hexogen very closely, while the cost of manufacture is substantially higher,

octogen
XYEEN may be obtained from the same raw matarials as hexogen, but the yield is

10'3!' (Bibla 55,76’102).

Oetogen
EEERUN is of INKENENXE interest as a possible admixture to hexogen (up to 10%)

anhydride R
obtained by the acetic NYAXXAE method. Therefore, XX it is necesasry to know its

it Lo
properties, as well as the conditions of its formation, when/undertakem to produce

hexoge}n. This is particularly important in terms of safety proce}iures, inasmuch as

octogen {},s !
XEJEEN #XX has four polymorphic rom , of which only one, 8 -form, is stable., The

\
547 :




.. octogen
need to remove the unstable and more senqit.ive isomers of KXYJEK creates further

difficulties in the purification of hexogen produced by the acetic tnhydrid; method,

Octogen is a solid erystalline light product, When ilowly crystallized out of
octogen .
acetone,/is cptained in the Torm-of-large transparent crystals of rhombic shape. The

product purified by recrystallization from acetone has a melting point of 2761~ 2770

(decomposes upon fusion)., Table 88 presents some of the properties of octogen,

Table 88
Polymcrphic Form of Octogen
. Property i o 8 Y &
Specific gravity 2.9 1.87 1,82 1.77
Relative sensitivity to shesck ’
(180 in the case of hexogen)* 60 325 1 45 75
Stability (at room temperature) [Metastable Stable Metastable | Labile

#The higher the value, the lower the sensitivity.

Octogen is not soluble in methyl or ethyl alcohols, in benzene, toluene, xylene,
or ethyl ether. It is M#X poorly soluble in dichloroethane, aniline, nitrobenzene,
and dioxane, Its solubility in water at 15 - 20° is about RYE®X 0,003% and at 160°

in

about 0,024, The solubility of NIFEEIDGEEX 'oct.ogen ¥l various solvents is illustrated

in Table 89

Table 89
Solubility of Qctogeg,ﬁ
Temperature,
° Acetone| Butylacetate | Aniline Mononitro~
¢ ' toluene

) 2 2,10 1,14 - -

27 2,65 - 0,35 —

a7 3,62 -— — -

44 4,0 3,38 . - 11,89

56 +,13 - 0,49 , 23

60 —_ 0,57 - | pan

68 — - 0,67 ! —_

78 - - 0,89 -

83 - - 1,05 -

- 90 —_ - 1;19 —

oy — — . 1,38 -—

104 — 0,77 ' 1,61 1,60

122 -_ 0,88 1‘ 2,09 1,98

13




The curve of solubility of octogen in acetone is NNEM shown in Pig,&9.
i |

289 When octogen is processed with a solution of alkali in aqueous acetone solution,

hydrolysis occurs at a rate- less than the rate of hexogen hydrolysis (the activation

Y

energy of the hydrolysis of hexogen is 14 kcal/mole,

and that of octogen is 25 kcal/mole), This difference

; d

/ in the rates of hydrolysis has been employed (Bibl.90)

‘s Y 26w for analysis of the octogen content of hexogen. The

adcurady of determination is within '10.2%, thanks to the

Fig.89 ~ Solubility of Octogen
process seduence. Water, 1% solutions of nitric or
and Acetone
a) Octogen dissolved sulfuric acids virtually do not decompose octogen
when boiled for 6 hrs, Light does not affect the
octogen,

The stability of octogen is the same as that of hexogen. A manometric specimen
of octogen run for 5 hrs at 166 - 167° shows a rise of 32 ~ 39 om in pressure, while
that of hexcgen shows. a rise of 39 - 4O mm.

Table 90 shows the explosive properties of octogen when XX compared with those of

hexogen, It follows .from the data presented that there is virtually no difference

between octogen and hexogen in terms of explosive properties,

Table 90
Property Hexogen Obtained by the
Octogen

Oxidizing [Acetic Anhydride

Method Method
Brisance due to Kast when & = 1,52, mm| 4.5 43 5.2
Expansion in lead bowmb, cc 440 481 .1;36
Shock sensitivit at p = 10 kg and - :
h = 250 mm, in i ccqglote explosionl 9% . 8, . 8L
Flash point, ©C 275 - 2891
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In studying the mechanism of hexogen formation reactions by the acetic anhydride

method (Bibl.75, 76) EX¥ octogen wascobtained, and the conditions of its formation

were determined. Epstein and Winkler (Bibl.76) succeeded in getting a 4LOF yield of

" EXJ¥NK octogen (in terms of urotropine) when they treated urotropine with a mixture

» wonrdt'

of nitric acid and acetit; acid, and ammonium nitrate,

The prc;::.ess is performed by pre.li‘minary mixing of the prepared solutions' of
urotropine in acetic acid and ammonium nitrate and nitric acid with acetic anhyd.ric;e,
u}ith the fcllowing molar relationship among the components

~CGH,,;\J.': NH,NO;: HNQ, : (CH,C0O),O=1:2:4:7,
"me.yield of ontogen is 40 in terms of methylene groups. The reéctipn s 4

apparently goes in accordance with the following equation:

2(CH,)s N-2CH;COOH + 4NH,NO,-2HN O, + 12 (CH,C0),0 =
> 2(CH;NNQ,), + 28CH,COOH.

McKay, Richmond and Wright (Bibl.76) obtained :mg:nhy EX treating EXNIX¥ -
dinitropentamethylenetetramine with com;entrated nitric acid at 10°, These studies
have been set forth in greater detail in Sections 1 and 2.

Bachman (Bibl,7.4) developed a method of produ.cing octogen by the action of a
mixture of strong nitric acid (2.2 parts), giﬁci&l acetic ac.id, and acetic anhydride
(6.5 parts) at 15 - 30° upon urotropine.' Under these ‘conditions, about 208
dinitropentamethylenetetramine is obtained, Nitrolysis of this product at 60 - 65°
by pitric acid in the presence of moniv_.m nitrate,/nitrogen anhydride results in the
formation of octogen, with a yield of about 80% in terms of the
dinitropsntamethylenetetramine,

Cyclotrimethylenetrinitroscamine (Bibl.63, 103, 3.0&) isa h?-élo. of ‘hexogen.




290 It was first obtained in 1888 by Meyer by rapid mixing of a concentrated solution

of sodium nitrite wit'h an aguecus urotropine ‘solution containing exceas (computed

against the nitrite) hydrochlnric acid 0141!31.103)', performed at low temperaturs. ¢

His formula is:

The product may be obtained easily by rapidly running an aq;xeous KB XN FXNUE XA A
hexanthylenetctgﬁine solution i;lto an aqueous sodium nitrite solution (5 moles NaNOp
per 1 mole Cé}ilznh) and weak nitric acid, ;in which case the temperature has to be.low
{0 -~ 59), and the.pH of the medium has to equal unity (Bibl,49), A reduction of the

abufts
acidity of the medium mess the reaction in the direction of formgtion of
dinitrosqpent;methylenet.etramine. The initial products may also be formaldehyde and
ammonia (Bibl,103), Wilen sodium nitrite is added to an aqueous solution of formaldehyde
and unor{xia, cyclotrimethylenetrinitroscamine comes down virtually quantitatively
(Bib1.105). |

Cyclotrimethylenetrinitrosocamine is a yellow cr_ystalline sui:'atance melting at
105°. " Its solubility at 15° in 100 gm acetone is 33.4 gm, whereas in .nethylalcqhol it
is 2.35 g, and in acetic acid (100%), it is'5.3 gm. Mineral jcida decompose

cyclotrimethylenetrinitrosocamine even in EEX&X the cold, while pure acetic acid does

not induce decomposition even when heated to 100°,. The product is very sensitive to

.
.

the sffects of light (particularly the ultraviolet portion thereof), which sharply

reduces its stability (Bibl.103), The reduced stability is also due to the presence

551
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of impurities: nitrous acid and diﬁitroaopentm@hylenetot;uine.
Cyclotrimtﬁylenetrinitrosominc ;1u been proposed b;/ the German Vazag Co. u.
an explosive the product:ion of which does not require strong nitric acid. However,
its comparatively low chemical stability has been an obstacle tu its introduction
(Bibl,106). Stability may be increased by ‘recrystallization from methyl aiqohol or

acetone (Bibl.103).

In its explosive characteristics, cyclotrimethylenetrinitrosocamine approximates

INT, as is evident from Table 91,

Table 91
Cyclotrimethylene- g
Property trinitros ne Hexogen{ TNT
Melting point, ©C
. Density, gm/cm3 108 w3 Y 8-
.Velocity of detonation, m/sec 1,53 1,65 1,60
. 7500—7800 8300 6850
Brisance, in mm 4.7 5.9 4.2
Fugacity) in cc 386 489 309
Volume of gaseous products in ltr/kg 853 853 685
900 1326 1085
Heat of explosion,in kcal/kg o ' o3
Shock Sensitivity: 10 kg weight does
not induce explosion when dropped
from an elevation of, in cm

Trimethylenetrinitr;soa.mine is an expensive 'and rather powerful brisant explos'ive
of low sensitivity:to shock. A ,shor;.coming is the.k low chemical 'stability.

Br;clcmn and Downing (_Bibl.82, 107) obtained chemically pur.e hexogen by treating
this product with concentrated nitric acid, and on the basis thereof, have develeped a

method for producing hexogen free of impurities.

C. Nitroamines of the Aliphatic Series
Section 1. Ethylene-NN'-dinitroamine (mz .

Fthylene-NN'~dinitroamine (BSSM or Haleite) was obtained in 1888 bythe nitration

552




291 of ethylens urea by mixed sulfuric and nitric acid (Bibl,108). The formula '

. CH,—NH—NO,
Clly— NH—NO;.

.

) T LT ; .

During World War II, hmef.hods of producing this substance, termed Haleite was

studied, and in 1943, industrial-scale prod\;ction began, Haleite was employed for the

ssme purroses as tetryl, Its advantage'o»;er tetryl is higher explosive properties and
_Synthetic raw materials. Moreover, according to American data {X¥% (Bipl.109), the
cost of procduction of Haleite is considerably lower than that of tetryl,

dindtramine '
Ethylene-NN*-AXNXXEKXNINN consists of white crystals of rhombic shape, Its

8pecific gravity.is 1.75, and its

Table 92 .
b) melting KEXNK point 175 - 176°, It is
a)
¢) d) not hygroscopic, is soluble in
25 0,3 1,25 nitrcbenzene, ‘dioxane, alcohol, and
50 1,25 3,45
: 75 4,95 10,1 .
95 16,4 - . boiling water, but insoluble in ether,
3) Temperature, °C; b)‘Solubili{:y, gm of Solubility at various temperatures in

ethylene~NN'—dinitf amine (in 100 gm solvent);

water and ethyl alcohol aglo illustrated
c) Water; d) Ethyl alcohol 95%

in Table 92.

o dinitramine .
Ethylene~NN'-HINIXXXXEXNE has acid properties and can produce salts with potassium,

silver, and tin. The silver and tin salts are very sensitive to mechanical action,
— . . . dinitramine ¢ )
In alkaline solution, ethylene~NN'-AXNXKEKNNINE is a stable compound, but in

neutral and acid medium it decomposes fo form ethylene glycol, acetal;:lehyde, and nitrous

oxide: ' o ' .
CH,~NHNO, _ CH,OH e CHOH e =
2 )" P w1 4 ¢ H4HO.,
CH,—NHNO, CH,NH-NO, CH,0H | )
. . .- .. CHs
. g Y 7 o .
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Decomposition is accelerated with'rise in temperature and strength of acig.

The dry product virtually does not deconpoae,m but the moist product starts
LK to deceupos* at temperatures in excess of 50°. The decMition products, as
weil as the impurities, catalytically accelerate decomposition,

The exploa%.ve properties of ethylenc-NN'~dinitramine are a3 follc;ws {Bibl,110, 111):
flash point 180°, heat of explosion 1276 keal/kg, volume of gaseous oxplosion products
908 ltr/kg, velocity of detonation 7750 m/sec (at a density equal tec 1.55).

Production of ethylene~NN'-dinitramine {Bibl,112, 113)., Inasmuch as technical

— a direct nitration
ethylenediamine is obtained in the form of/60 - 65% aqueous soluticn, HXXREXTEREXES

thereof by the action of nitric acid leads IX solely to the formation® of a chemically

unstable salt readily soluble in water, 'I'nerefore, ethylene-NN*-dinitramine is obtaihed

.by nitration ¢f the acyl or L} formyl derivatives of ethylenediamine,

- In the USA, this product was obtained in a p23 it tvio—stage process industrially

(Bibl,109, 114). The essence of each of the two stages is the:following: in stage one,

the mixture of aquecus ethylenediamine and AXMX¥¥ diethyl carbonate solution was heated
in an autoclave for 4 - 5 hrs at 170 - 190°, The process results in the formation of

etl;ylene urea:

CH,NH, C,H;—~0O - CHi,— NIl
P gt 211y \}CO':-QE'—ZU'(—)“—o l 2 o .

CH, Nil, Gy 07 Cil;— NH

Water, alcohol, and axcess unreacted substances are & driven off, and the
ethylene urea, obtained in the molten state, is di;chargod into a drip pan and, after
solidification, either crushed to small pisces, or granulated, toward which end the

melt is not allowed to solidify, but is run.into cold water. The ethylene urea thus
obbained has a melting point of 132 = 132,50, and its yleld is about 60% of thecretical,

" .
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_producing ethylere-NN'-dinitramine. The most interesting of these methods is the

In the second stage, the ethylen: urea is nitrated at 10° by a mixture of nitric
and sulfuric acid consisting of 74% HpSO,, 15.4% HNO3 and 10.6% Hy0 (Bibl,109, 115).
Sub.uquently, the mixed acid was replaced by 98% HNO3 (Bibl.109):

NO,

|
(?H’-N“\C +2HNO, (\:”2‘_‘;"_\'\(\0.
CH,—NH” e cn,—rlu

NO,

— ~ R

Epe solution obtained':fs'run. into gi.‘nlmi;i- 'wa.t.e‘;'“.'~ Crystals of NN'=dinitroethylen- urea
come down.. Due to hydrolysis, precipitation is incomplete, The crystals are filtered *
off and washed, first in cold and then in warm water (50°),

In the laboratory, fni?atiop}s performed more convaqiently with nitric anhydride
in;‘/.inert solvent (chloroform) at a 'temper‘ia.f:.ure of 29 -"30°, .The reaction goes
rapidly and almost quantitatively, The reaction product is not soluble in chloroform
and comes out of solution as it forms, The yield is about Y0¥ of theoretical,

NNt-Dinitroethyleneurea is a crystalline product with a melting point of 211 —212°,

When boiled with water, it decomposes into COp and ethylene-NN'~dinitremine:

e
=N . CH,-NH-NO,
(=N o e T +CO;
CH,—N" CH,-NH-NO,
|
NO,

.

“"Because of significant shorteéomings ir the method described (low yield of the
intermediate product ~-ethyleneurea, and the need to run a 'long reaction under pressure),

s largak'nulber of ¥EKX researchers in the USA engaged in a search for other ways of

following:

555 ’ '




292 An aqueous solution of ethyelenediamine XX is heated with acetic KEX anhydride.
o Three or four moles of ace.tic anhydride g.rfe_paken per mole of ethylensdiamine, Acetic
anhydride also serves as a dehydrator. The acyl derivative obtained is nitrated with
?93 98% nitric acid in the presence of acetic anyhydride at a temperature ;Ji‘ 0 - 5°C, At
the conclusion of nitration, .the nit:romass is diluted wi't.h water to a concentration of
30 - 40% in tfrms of acetic acid, The crystals that come down as this occurs are

filtered off and washed with cold water:

Cll,—Nil, - ~#o CHNHCOCH

l H 3 + (CI1,CO),0 - ' 3 3 +2:HN03

Cll, — N1, CH,NHCOCH, ~©°
NO,

|
Gl —N—=COCll; 4 z3n, CHNH-NO,
- =L + 2CH,COONH,.
cu —~N=—COCH, © CH,NII-NO, .-

NO,

The nitration product is subjected to hydrolysis at room temperature by the action
of 11-- 15% NHj3 solu.tion. The low stability of ethylenediamine significantly reduces
.the 'advantages of this method. Replacement of ethylenedia.mine by ethylenéoxa.mide
renders the method more advanced, inasmuch as the latter has greater stability.(it does
not decompose upon nitration with 98% nitriq acid or mixed sulfuric and nitric acid)

(Bibl.112, 115). The chemistry of the product is as follows:

CHy-NH, COOCH,  CHy~NH=<CO =20
. ?

. m.p. 275 - 285° (ethyleroxamide)
NO, :

’ !
CH, ~N=CO 4 ovy, CHNH-NO, s (|ZOONH‘

|
CH,— r;:-co F2H,0° CHNH.NO,  COUNH,

NOZ *
m.p. 197~198°, .

—_
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293 In the course of improving the preduction of ethylene-NN'-dinitramine, a cheaper
method was developed, i;x the USA, for proc{ucing ‘sthylensdiamine from formaldehyde and

hydrogen cyanide in accordance with the mechanism

+NH, 2H
CHZO + HCN —> HOCHZCN —» HyNCH,CN = HNCH,CH;NH,,

and nitration of ethyleneurea began to be performed with concentrated nitric acid.
Ethylene~NN'4dinitramine was obtained XX on apparatus for the production of

tetryl, and the yield cf sthylene-NNt-dinitramine was three times greater, and the

cost considerz’ly less than ine cost of tetryl (Bibl,109).

Section 2. Nitroguanidine (Bibl 116,

Nitroguanidine was first obtained in 1877 by the action of concentrated nitric
or sulfuric acid on KM guanidin- nitrate. In industry, it is obtained by dehydration

of guanidine nitrate by sulfuric acid. N

N

29'h Despite the comparatively high explosive. characteristics it displays,
nitroguanidine is not used as an exialosive by itself. During World War II, it was used
as a component of nitroglycerine and nitrodiglycol powder instead of dinitrotoluens.
There are many proposals for the utilization of nitroguanidine as a component of

explosives, ) . h

Nitroguanidine apparently has a big future, inasmuch as its production is based on
cheap raw materials: lime, coke, nitrogen from the air, ammonium nitrate, and sulfuric
acid, Moreover, its production is related to that-of a fertilizer - calcium cyanamide,
from which guanidine nitrate, whigh is the starting product for the produstion of

nitroguanidine, is obtained.(Bibl.117).

Nitroguanidine 1is the starting product for the production of tetrasene which is an

-
13 -
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294 initiating explosive,

Nitroguanidine exists in two tautomeric crystalline forms (Bibl.118)

/,NH-NO.“ /,NH,
C\- NH &« and C\—N-NO2 f, which has
“NH, “Nt,

ddentical melting points of the order of 232 - 250° (melting with decompesition).
The a~form is obtained by the usual method of dehydration of guanidine nitrate:
the eaction of sulfuric acid followed by decantation in water, This causes the product

to crystallize out of the water in the o-form (long elastic needles that remind one

vy
ST

of ].4»(3&1%ﬁ %ﬁ:estos).

The p~-form is obtained in part upon dehydration of guanidine nitrate in the

'

! presence cof ammcnium suifate, These forms-are s'ep:a.rat,ed by means of a difference in
their solubility in water., In the range of 25 - 100°, ilie p=-form is more soluble than
XXXXXRXuEE the a- .

KNEXXXXEMU) /and at temperatures of less than 25° and more than 100°, the a~form is
more soluble. Crystals of the f-form, recrystallized from water, are plate shaped.

If crystals of the p-form are dissolved in sulfuric acid, and the solution is decanted
‘into water, crystals of the o-form (Bibl.119) are obtained.

The specific gravity of nitroguanidine is 1,72,

Its solubility in water, organic solvents, sulfuric, and nitric acid is illustrated

" in Tables 93 - 55.
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Table 93 Table i
a) b) a) b)

Ether o 5 0.6
Ethyl alcohol 0.18 o 6
Acetone 0.19 '
Methyl alcohol 0,50 20 ' 3,0
Pyridine 1,75
Water ‘ 0,27 0 ! 5.8

“ 1,18 gt 50° 87 29,3
L 10,36 at 100°

a) Solvent; b) Solubility, gm, at 20°, a) Concentration of HNO3, %#; b) Nitroguanidine

of Nitroguanidine (in 100 gm solvent) solubility at 20°, gm (in 100 gm acid)

The best solvent for crystallization of nitroguanidine is water, but the crystals

cce e cppenron Sf oL onk wool
that come down,\au:«mnd and are of very low gravimetric density (0.2 ~ 0.3). The
gravimetric density of crystals is increased
Table 95
by adding colloidal substances (polyvinyl
b)
a) alcohol, gelatin, etec.) or substances that
0 25 .
neutralize salts (urea nitrate, ammonium I¥
48 5,8 10,9
40 3,4 8.0 sulfate, etc.) to the solution. .
38 2,0 5,2 .
30 1.3 2,9
2 0.7 1,8 Depending upon the conditions of
20 0.4 1,0
15 0,3 ' 0,5
crystallization, the gravimetric density
a) Concentration of H2S0,s %; fluctuates from 0,2 - 0,8,

b) Nitroguanidine solubility, gm, at

Nitroguanidine forms eutectic mixtures
temperature, ©C (in 100 cec acid)

(Bibl,115), shown in Table 96, with a number

of substances,




295 Table 96

a) b) c)
NH, NO3 2 1315
Guanidine nitrate 41 166,5 .
;e 17.5% guanidine nitrate 57 113,2
and 25,5% NH,NO3 :

a) Component; b) Amount of nitroguanidine in eutectic, %; ¢) Melting point

of sutectic, °C

The following is the structural formula of nitroguanidine'(Qibl.IZO, 121, 122,-123):

Nitroguanidine XX has weakly basic properties., Under normal conditions it is a

stable compound, In hot water it hydrolizes in part:

NH,—C —NHNO,
I —» NH;+NOHN—CN (nitrocyanamide),

NH
and, upon boiling, hydrolysis goes very intensively to formation of gaseous products:

H.O .
rsmz—(':l--rslmqo2 RO oNH,+N,0+CO,.

NH
its
29% Weight losases of nit,rogmnidine,when/aolutions are heated in an autoclave at

1200 for 48 hrs are (in %):

in acid medium (PH = 3.9 = 6). . v ¢ eo ¢ e 0o 0 o o o+ 0.9
in neutrll mdi\ll (PH'?“9) @ & o ¢ 5 8 0 6 0 0 0 o @ 0051
fn alkaline medium (PH » 8 = 9 o v v v v o o o o s o o o 2.7 ' .
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296 (the change in pH in the course of heating is shown in parentheses). #s these data I

indicate, nitroguanidine is more stable in an acid asdium,

Nitroguanidine results in an explosive substance in an aqueous hydrazine solution

(the substance has a melting point of 182°):

_NiI-NO, NI.NO,
. Ce=NH 4 NMHNH, -+ C=NI-Nii,,
NNH, “NH-NH,

which converts to nitroguanidine azide under the action of hydrazoic acid (at 00)

_NH.NO,
c'\= NH -
\N3

while at 70° it converts to nitroaminotetrazole

N- - N

. -

NO, NH—-C'.  °
NH—N

Both these substances are initiating explosives,

Reacted with ethylenediamine, nitroguanidine yields cyclic derivatives:

/NH’ NH, N
cH l —oNH, CHp
I’ +C—NH.No, =2, ik C—NH = N0, oot
CH, i CH< / —H.0
NH N
NH, : '
r;:o,, No,
/N N
\ \
CH ‘
V' C—-NH.No, -1, Ctla (o
CH, / —NH;  CH,
AN N
N N
|
NO,

The explosive properties of nitroguanidine are: fugacity 290 - 300 cc, brisance

16.5 mm, velocity of detonation 7920 m/sec at 4 = 1,56 and 8440 m/sec at & = 1,64,
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Shock sensitivity and friction sensitivity are considerably less than that of INT
(Bibl,12, 125).

_Mathods of production. A number of methods of producing nitroguanidine (Bibl,126,
127, 128) are known. However, in industry, it is produced by dehydration of

guanidine nitrate by sulfuric acid (Bibl.129, 130):

NHGHNO, o NH:NO,
C=NH FSO NI
, -0 “
NI, NH,

The process is 95% sulr;xric acid, 2.5 parts thereof (by weight) being used per
part of nitrate, The use of less concentfated acid or a smaller quantity thereof
reduces the nitroguanidine yield, H350;, stronger than 95% decomposes the nitroguanidine.
The optimum process temperature is 30°, and reaction time is 10 min, At higher
temperature or longer refction time, the finished product will undergo partial
decomposition, Nitroguanidine is isolated from the reaction mixture by dilution with

spent sulfuric acid to 18 » 208 concentration.

Fig.90 - Diagram of Nitroguanidine Production

1 - Sieve; 2 - Bunker; 3 ~ Screw conveyor; 4 ~ Acid metering tank;

5 - Dehydrator (nitrator); 6 - Diluting tank; 7 - Crystallizers;

8 - Condenser; 7 ~ Feed tank; 10 - Vacuum filter; 11 - Filter hopper
a) Water; b) To drying

.
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The guanidine nitrate entering the production process is tested in the laboratory'
by experimental dehydration. With continuoﬁs agitation of the nitro mass, 125 gm
of 95% Hy50; is run into a beaker and 50 gm guanidine nitrate is introduced at 30° in
10 min, The process should go smoothly without temperature jumps or emission of white
fumes, At the end of the period of agitation, the mass is held at 30° for another
30 min, then cooled to 0 - 5° and decanted into precooled water (500 cc), Then the
hitroguanidine is filtered on a Schott I"ilter, washed with cold water, and dried X for
10 hrs at K 60°,

Figure 90 presents a schematic diagram of the production of nitroguanidine.

Dry guanidine nitrate is deliver"ed from the rocking sieve to a bunker, from which
it goes XEXXKHXXX by screw conveyor to a dehydrator filled with 96 -~ 98% HSO,.
Sulfuric acid, 2.5 parts by weight per part of guanidine nitrate, is employed. The
reaction is run XEEXX at 30 - 35° for 10 min, whereupon the mixture is discharged inte
a dilution tank filled with cold water, The diluted mass is sent by centrifugal pump
to the first crystallizer, #HIX from which it flows into the second. From the secénd
crystallizer, the mass, having undergone further cooling in a condenser, goes to a
érum vacuuwn filter, from which it is sent to a crystaliizer filled with cold water.

Recrystallization is performed as follows; To the hot solution (95 - 98°),
consisting of 300 kg nitroguanidine diluted by 6 o of water, 7.5 kg ammonium nitrate

and 3 kg glue are added. The solution is cooled slowly, witﬁ intense agitation, over

. the period of an hour, to 15 -~ 169, The nitroguanidine crystallizes as a ratherdiiiX

dense deposit (4 = 0,8) which is squeezed out on a filter and dried in a pneumatic
de’aicﬁitor.
During World War II, nitroguanidine production in Germany attained some 3,000 tons
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per month, The consumption of raw materials was 1,36 tons guanidine nitrate and 3,0 ton$
98% sulfuric acid per ton,

Section 3, Diethanol-N-nitraminedinitrate (DINA)

Diethanol-N-nitraminedinitrate or [INA

Mo,y CTHCHHONO,
™ "\cH,CcH,0NO,

was first obtained in 1942 by Wright (Bibl,131) who, during the subsequent years,
significantly improved the initial method of production and found a catalyst for the
N-nitration process, DINA approximates hexogen in its explosive properties.

In 1944, the USA began to produce this product at a small installation., Considerable
expansion of the productlion of DINA was XX envisaged, and *he utilization i of
hexogen equipment toward this end was planned (Bibl.109)_.

DINA was employed to fill detonators fo;- naval guns. Its use for other purposes
was found impossible due to its inadequate stability, high shock sensitivity, and low

melting point,

DINA is a crystalline product, Its apeczific gravity is Wﬂ

its
FTT1366 2860408 dig° = 1.67, and I gravimetric density is 0.8 - 0,9, melting point

49.5 - 51.59, heat of fusion 23.5 kc;l/ké, specific heat 6.38 kvc'a.llkg/°c. The pr;i\wit
is not hygroscopic and not volatile.

Concentrated sulfuric acid decomposes DINA even at 0°, A 10f alkaline solution
induces decomposition, but aticonsiderably slower rate,

In the dry condition, the ‘pure product is of adequate stability, but in an aqueous

medium, and particularly in boiling water, DINA decomposes slowly (attaining approximately

30Z decomposition in MX 6 hrs),
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As distinct from PTEN and hexogen, DINA is a good plasticizer for nitrocellulcse
and may be used to substitute for nitroglycerin in powders,

The explosive properties of DINA are: heat of explosive decompositibn 1250 kcal/kg,
velocity of detonation 7350 m/sec (at & = 1,47)., Shock and friction sensitivity are
somewhat less than those of PTEN, but greater than that of hexogen.

DINA is obtained (Bibl.132, 133) by nitration of diethanolamine, and the initial
diethanclamine is obtained by condensation of ethylene oxide with ammonia in accordance

with the following scheme

NH (CH,-CH,- OH), .
CHQ\ . dist.
| "0+ NH, = NH,CH,CH,0! *. = NH(CH,CH,OH),,
CH, * N (CH,CH,0H),

Condensation is run at 600 under pressure, Thre~ products result: mono-, di-,

and triethanolamine, as a consequence of which the yield of the desired product is low,

The presence of mono- and triethanclamines in the nitration of diethanolamine is

‘ undesirable due to the formation of unstable products from these, The isclation and

purification of diethanolamine is by vacuum distillation, the fraction boiling between
145 = 155° at a residual pressure of 10 mm Hg being taken off,
diethanolamine
The usual type of nitration of results in the formation of
diethanolamine dinitratey but nitration in the presence of a chlorine ion as promoter
leads to the formation of DINA, The catalytic action of the chlorine ion on the
process of the formation of N-nitramines from secondary amines was discovered by

Wright and employed by him to synthesize DINA (Bibli131, 132, 134). ~

Nitration of diethanol to DINA is performed by 98% nitric acid (not containing

. nitrogen oxides) at 20 - 30° in the presence of acetic anhydride and hydrogen chloride
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as a pesmminr . Hydrogen chloride may be replaced by a salt such as zinc chloride, XK

catalyst,
In the presence of a JWMSYSF, product yleld is about 90%, but without one the

yield is low, The process goes in accordance with the followingk equation

/Cl 1,CH,0H
HN7
“CH.Cl1,011
CH.CH;ONO;
o P
CH:CH:ONQ:

3(CH.LC
3lINO, - {CH1CON 0

-+6CH,COOH.

catalyst,
Ih the presence of & pwemoker, the hydrogen of the amino group is not replaced by

the nitrok¥¥N¥X group, but formation of the nitrate salt occurs instead:

~CH,CH:OH _ CHiCH,0NO;
+3HNO; — HNO;-HN

, 4 + 2H:0.
“CH.CH.OH CH:.CH,ONO;

The salt obtained is a crystailine substance with a melting point of 1250, It‘
is unstable, readily loses the HNO3, is ﬁighly hygroscopic, and readily solut;le in
water,

If nitratior be run with nitric acid containing nitrogen oxides, diethanol~N-

nitrosoaminedinitrate is formed in accordance with the equation

CH,CH,0H CH:CH,ONO:
o + 2HNO, + HNO; —» NO-N _ +3H:0.
“CH;CH,0H CH.CH,0NO;

The nitroso compound formed is unstable and is readily decomposed with formation
of nitrogen oxides which, in turn, decompose the MY basic product, The nitroso

derivatives may be converted to DINA by oxidation of the NO group to NO; by, for

example, potassium persulfate,

Technological process for production of DINA, The first stage in the process ‘is

nitration, which is performed in a nitrator. Acetic anhydride is run into the nitrator,

and HNOy and diethanolamine are added to it with agitation. Ten percent more HN03 than
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catalyst

*the thecretically required amount is KX employed, A pme@¥ér in the form of saturated

HCl solution in diethanolamine is introduced, 0,02 mole per 1 mole diethanolamine » intc
the acetic anhydride at the beginning of the process, Fifteen moles acetic anhydride
are employed per mole diethanolamine, The components are run in at 5 - 10°, and the
mixture is then held for 10 min at 409, At the conclusion of the process, and in
order to reduce corrosion of the apparatus, the reaction mixture is blown free of the
nitroso chloride. Then, the mixture is discharged from the nitrator into a tank of
cold water, to reduce the concentration of the spent acid to 308, A portion of the
impurities go into solution as this EXX occurs. The resultant crystals are filtered,
washed with water and NaOH solution to a pH of 5.6 to 6.,3. The filtered prcduct is
transferred to boiling water and, for 15 min,,treated with live steam,

'If the initial diethanolimine is of low gquality, then a solution of sodium
bicarhonate is employed instead of water, and treated with live steam for 8 min, whereyy
acetic acid is added to neutral reaction and again treated with live steam for another
7 min, The molten DINA is HHX¥ separated from the hot aquecus layer and decanted into
acetone, enough of which is used to assure complete solution, The warm acetone
solution is diluted, in an aluminum vessel, with an agitator, by twice the volume of
water, containing 0.25%7 ammonia, and permitted to cool to 20 ~ 25°, with unceasing

agitation., Crystallization of DINA occurs in this process,
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