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This rouost descrides the manufacture and development
work on explosive oils at three representative German plants,
Two tvoes of contihuous units and the batch orccess eguivment
were observed.
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NITRGGLYCERIN, DIETRYLENE GLYCOL DINITRATE AND SINMILAR
EXPLOSIVE OILS w MANUFACTURE AND DEV!I}OPR’.EN'I'.‘ IN GERMANY,

1. Intreduotion,

Plants for the manufacture of the explosive oils wore investiga~
ted by this team at Schlebusch on 28 June, at Krummel on 15.July, and
at Bomlits on July -17th and 2lst, -

The Dyramit AG vlant at Schlebusch had three units, the old dateh
process, » modified Schmidt-Keissnor continuous plant and the Biazxi
unit, the most modern, This plant made only Nitroglycerin (NG) and
Ethylene Glycdl Dinttrate (EGN) for use in coumercial dynamites made
there,

The DAG plant at Krummel had four datch nrocess units, two for
the dynanite cils and two for the Diethylene Glycol Dinitrate (DEGN)
and similar oile used for cannon ard rocket powders.

The Eida plant of Wolff and Co, at Pomlits had six complete
Sohmidt- Neissner continuous units, producing only DEGN for powders.
There were five small units and ono lerrge one,

Germen crnnon and rocket powder compositions wers doveloped .ori-
marily taking advant+ge of the denirnble provertios end the availebdil-
1ty of Diethylene Glycol Dinitrnte (DEGN), The menvfacturing process
ond equipment for this material ware based on tho uxperience gainud
in the plants making Witroglycerin (NG) ond Ethyiene Glycol Dinitrete
(Z6N) for dynamite,

On the threc plants visited, informetion was obinined on three
types of nitration equipment which cover the most iriportant differ-
ences in modern technique,

Until adbout 1925, all dynemite olants used the batch process for
nitration of NG and XGN, A4} about that time Schmidt developved a con~
tinuous nitration end neutralizingz unit at Krunmel works of Dynemit
AG, the first dynomite factory of Alfred Nobel, the inventor. A num-
ber «f those units werc built st other plants but there are none now
at Krummel, Serieus accidents occurred 2t several of the instellations.
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I Cont,! ol
Because of the inherent hezard of the Schmidt type of NG waste A
acid separator, the Biazxzi Co, of Italy developed a continuous unit, e
one of which was observed on operation at the Schlebusch Works of Co
DAG, Aftor its successful operation was demensiroted, tha Schmidt
unit at that plant wns chenged by revlecement of the separator with e
n Biaxzi type edparator, RN
The LEGN units observed at Bomlits were the stmdnrd Schmidt )
tyrc &3 manufactured by the leissner Co, The staff at thot plant oo
rendily ogreed thrt the Biazzi separator wes suvarior and preferable non
to the Sohmidt separntor, They preferred, however, the Schmidt wash- IO
ing systom to tho Biazs:i, TR
This report covers only the ilnformation on explosive oils nnd .';:'.':::'.:
roforenco to their further processing and use is contnined in the fol~ R
lowing technicel renorts! N
Nitrocelluloss end Pnste, No. 25845, RN
Cannon Powder, No, 2359-45, i
Rocket Powder, No, 260-45, ' AN
. . prEd
3, Schlebusch. b
The NG nifretor units at Schlebusch werc duilt in dunkers with a I::::_.:Z:‘::f
horizontal cylindrisel concrete roof coverad with earth, One end of e
the Toom wes mede of frame nnd glass windows to serve as a blow-out y A
wall in case of explosion, In all three units, nitration, reperation, . st
wator wasiiing, and sods neutralization were carried out in the one Sel o wed
room, ) )

For nitretion of Glycerin or Ethylene Glycoldinitrete and mixe

tures of these, the Schlebusch dyhsmite vlent hrd three units. The »
£irct and oldest wrs the Botch process, The second wes a Schmidt- X
Meissner, modified by use of ~ Biryzi sepprator. The third wes the vl
\; most modern, the Biazzi unit, . e
-:.‘ ) R :~:.:-' s, ':
: (a) Batch Process, SO
‘.-:‘ . e ;t' : c:
;.- The eouipment used for the batch nrocess and the sequence of ._._._.‘
ol overations is shown in the attached diagren.
kN . : .:
: - Wewwr
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The nitrater charge was 200 kg of (Glycerin and 990 kg of mixed
acid containing 51-52% Hi0y and K1-52% HyS0,.

The nitrator wee made of Vak alloy, the separator was lead, and
the wash tanks were made of Vad,

The time cyclo for nitration was one hour. As the equinment was ft-: ;

s0 small and had no irteresting features, other details were not recor— W

ded, Full details on the DAG equipment and process for batch nitration <~

are describod in the Krummel part of this report, KWK

n'_\:,"

-..-; (b) Schmidt-Heiyaner Process, R
Cod)

o .
[
. 0. Y

« <

The detnils of ths Schmidt-Meissner unit at Schlebusch bave
not been recorded because complete description of this equivment is
given in Part IV « Bomlitz. The original sevarator and washer towers
o on this unit had been replaced by Biazsi type separstors and washers
Lo because of the difficulty of cleaning and the inherent hazards, In .

2 most aspects the Schmidt unit was then quite similar to the Biazai, N

0 5
S ‘.:_r"..:“ K

.
]

D

. »

(e) Biaygl Procesn,
:: The equipment sequence and aizes for this process are shown
e in the attoched dlagrem. A picture of tho nitrator is also shown.
e 4 411 of it wes locrtcd in the one house exceot the finel W.G. sevarator

and the wash wator setting tenks.

by In the Biazzl nrocess, small voasels (50 liters) with intensive

- mechanical agitrtion werc used for washing the NG, These mixtures were
“ then separcted continuously in larger vessels (360 liters) which were
<o quite sinilar to a conventionpl cyclone sepnrator. All of the equip~

‘ nent was n~de of VA alloy., *he welding of this equivment appeerad to
be very well done,

The Glycerine or Ethylens Glycol mixture with Glycerin was fed

X continuously from & constant level tank thraugh a Rotemeter type flow-
*:':v{S meter, The mixed acid was added through similer equipment, *he anal-
e ysis of the mixed ecid was 51-53% HNOz end 51-52% Hy%0,. The mixed
acid to Glycerin retio.wrs 4,9 parts to 1 pert,

The crpacity of tho unit wes 800 to 1000 kg, (3200 1bs.) of NG
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ver hour, hith o volune of 200 1iters in.the nitrator, it wns stated
thet thcro was abeut 80 kg o!' KRG retained in tho vessel,

The nitretar hnd gix conling coils, The agitator blado turned
et 400 APX pnd pulled the charge downward, The degree of emulsifica~
tion of the oil and.sold was highly important since. tno nmuch agitatinm
hinderod prnpgr senn*‘aﬁ ton. “ho tenperature nf tho charge was main-
tained at 33..25°

Thoe nitration niziurd wws mn from an sutlet pipe at the top of
the nitrator avex to the sido, inlet of tha separator, - Thia inlet was- .
placed to provide targontial Ilov. The separstor was & cylindrical
tank with a conienl Vattem. With the eaulsified.feed fed in at the .
middle: peint, the sevnoated waste acid war run out the dottom through
a trep rising un to 2 line to the after separntor. The.acid oil was
run off fron a top ocutlet of the semntnr and over to the first wash~
er, The simple conatruction and the lack nf baffles or pockets in tho
3iazzi separator were distinet advantages ovor the Schnidt sevarators,:
It was stabod thai separation was quite uniformly gnod and nn agonts
such as guhr for improving semaratinn werc needed, e

The first washer for the acld oll was 2 50 liter agitated vexsel
whers the wmh*wtor wns thoroughly mixed (430 RPY) with the oil com~ |,
tinuously, The ovorflow of tha mixture was lod to the next separator
which wes built similnr to the nther vessel descrided: above, Froa
here the wesh wnter wns sent to a final separator in tho. next duilding
and then either te the scwer or to the-denltrating rocovery towcr, Any
ni]l enllocted in the final wntor smmtnr wrs returncd to the systom
et the neutrelizer vaaher.

!ko pre washed oil was next run to two agitntcd washers in sor-
tes.” Thesd hod been nrovided tn allow the addition of sodiun carbon-
ate solution at twn wnints. In umctice, the soda solution was added
only in ‘the firat, The ndditionnl nzltntion provided in the second
nixer anpigted in obtninim; conpleee neutralization of the oil, The
emulsion of oil snd sndn water ‘wes the: run by gravity thru V24 nipo
to the socond builr‘in&;, about 50 feet 1wmy, for finel aen Tation, -

=

This building ve.s 'built a8 a bunlrer similar to the ﬁrst but with
the blowout wall at right angles to tt. The fincl separator for oil
end .gode web or wps oxactly the -snne ng the others Aescrided above,
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Th& sevardted 04l was ™an out the trap ast through a line to a Shird

dullding where 1t was oollected in a b\xgg, or a tank on wheels, for
transfer %0 stormgze tanks,

The soda wash water was run to another aevarator and then to the
dteh, Aay oil recovered hers was returned to the asystenm,

The standnrd onerating proeedure required daily draining of the
whole system. The nitrator and separator were than flushed out thow
roughly with o synthetic wasto acid (mixed acid of the anme éomovai-
tion dut nn Alssolved NG) to renave rll G, Due to tho simole unobw .-
structed paeseges and nipink in the aystem, very grrd clerning wns Ty
odtained, The Femainder of the equimment wra washed by running water
through it. At ghut down, the synthetic wmste roid remrined in the
first two vessels and the rest of the equindent wns filled with water,

The unit was started the next day by additiun of the Glycerin and
mixed acid, first at redueced rate and then at normal rete, The agita-
tion speeds and the coonling envacity, onés estadlished, required very
Yittle further ad justment,

It yas stnted thet o yleld of 334 1lbs. of KG wns odbtained from
100 1‘n|. of glycerin ~~ n conventionnl yleld, .4
Thc B1azxi unit was completed in 1942, Juring che firsat six
.y monthe of aperation snne small slteratinns to oiping were made dut
. sino¥ then the Schlebusch staff has congidered this process and equip-
ment ‘to be most satisfactory;

Scon after the start of operetions, there oceurred one snall ac-
cident when a slight exnlosinn rinmed open . pilece of the *mste acid
line from the first deparater to the after separntor, This ocourred
on a Sunday afterncon while the unit was ahut down and Arnesze was neg-
1igible, It was due to a small trav in the line which bnd not washed

clean, Thig line wes et;nightenod and no further sccidenta have oc~
curred, .

; The above information was obtained from Dr, Demoff, Acting Plant

\‘ Manager, and Dr, Von Sommerfeld .the NG Aren S\merintendent. The lat~
ter i¢ considered dy other German ¥G technicians to de one of the

nresent leadirg authorities in this field, While at Schlebusch a vis-
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it was paid to Dr, Ph, Naoun, former head of JAG's ladoratory, now re-
tired, He wag the suthor of the worldw-renomned book on Nitroglyeerin
and 13 considered tn %o one of the world!s authorities on high exolo-
sive merufacture, Dr. Naoum hasg not been active since 1939 when he
lost his leg in an oxplesion of an experimental unit,

'8, Xryel,
A very thorough descrintinn of the Xrwmol NG operaiinns was dre~

pared by tho staff at that nlant, A translation of this remort is as
follows? .

[
.
.

MMechnical and Nanufacturing Processes of Digly-coliinitrate
Triglycoldinitrate and Methrioltrinitrate.

The explosive oils necessary for the nroductirn of rowder naste
vers made in Xrummol in 3 plants. In the older plant (Auring the last
few years only Triglycoldinitrate was nade here) nitration and washing
was conducted in separate tuildings, In the new nlant the comnlete
process from nitration to washing wns oarried out in sno duilding. The
nev plent hed two nitrrtion houses, Here Diglycoldinitrate was made
exclusively, Yor the Methricltrinitrats r trinl nlant wes installed in
one nitratiom house, Prdustion on a larze wcale such 2s in the case
of Diglycoldinitrate hnd not yet been oarried out,

. The production of Dislycoldinitrate from diglycol was by menky of
seterification with nitric acid mccording to the following equation!

OH, — O ' CHg — ONO,
)2 ‘ ) o
‘CRg o= ) OHy : .
P Ao = No + 3 H0
A 7~
CHy . CHy
1 . 1 .
CH0H | 0Hz-0NO,
(047003) (041507 5)

Sfnce' esterificntion is an equilidbriws renction, for nitration a
pure nitric acid was not used but a mixture of .65% HNO:s and 35% Ha804.

=10~
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Krummel (Cont'd,)

The sulfuric acid combdined with the reslting water and thus shifted
the delanco of the reactinn townrd the éster dide,

L]

In Krummel only the discontinuous or batch vrocess wee emnlayed.
Charges of 420 K. diglycol wers used, ZThe average yiold nf Diglycold-
inttrete was ca, 710-715 kg per charpes 1.e,, in round figuros 1708,
Theoreticelly 777 kg Diglycoldinitiate sheuld be obtained from 430 kg
diglycol, Part of the loss of exuloaive oil was in tho wnste acid,
nnd also a smaller nart was lost by washing,

Diglycol 1s s 1iquid clear as water and has a suneci.c gravity of
1,126, As a rule it contained ca, 0,1% moisture and up to 1% glycol.
The nitration was carried out by slow addition of diglysul to the ni~-
tration acid with intensive alr stirring and good cooling with brine,
The latter was a 35% sodium nitrrte solution which was nunped at a
temperature of -15° through the ceoling vwockets.

comuosition:

‘ 65%.
35% ’?;384

The acid should be as free from nitroso ns nossidle, It was ob-
tained either reedy mixed from the I.G. or else mixed in Krummel from
26% fuming sulfuric acid and 98-99% nitric acid or HS acid which con-
tained 88% HNOz and 1i% Hp80,, The initinl mtio was 112,9 1.e, for
420 kg diglycol 1218 kg mixed acid was used, Of that ca, 790 kg wes
HNOz and 428 kg HyS0,, Theoretically only 497 kg HNOg are necesaary,
Thus ‘an excess of 393 kg wes used, By this relatively high oxcess a
higher strbility of the resulting wnste acid was obtained. Therein
lies the grest Aifference bezween the waste acid of diglycol dinitrate
and nitroglycerin, While the NG acid lasts for days and could de
etored" in the aftor-separation’ vessels the diglycol waste acid had
to bo processed immediatsly becnuse it hrd a tendoncy after several
hours to decompose. At the same time the temperature rose eapidly and

large quantities of nitrous gases escaped, cmengcting from the over-
heated oster.

As already mentioned, a mixed acid was used having She following

The maximwn temperature of nitration was 35° £, Two thermometers
each with a different dip~depth mrde it possidle to watch over the tem-
perature in the nitration apparamtus, *he nitration with a cooling

~11~
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brine of -14° to -15° lasted ca. 33-35 minutes. After nitration the w
explosive oil acid mirycure was cooled down to¥15° and then drained in- vea

to a seperator,: Here thé heavier weste acid renaratad fram the 1izht
acid oil. The separation lested 7 mimutes. Tho clearly nevoratcd

waste acid was drained off for denitration, tho acid nil Tun into the TN

vreliminary washar in vhich threre werc ea, 300 liter wober, end a o

wash water consisting of ca, 4% HNOg, 5% H,80,, 2-3% cstor, remainder v

-3 water resulted. This wighwater was aleo used in the denjtration. The Y
o weste acid just montioned hed the following comnosition! * O

' 64-66% H -
% ‘ 89 % 83334 i o
S e , 4-5 % ester, rost wnter, OO0,
oy ‘ - ' N
:-:'f From the priliminary washer the explosive oil then wns ron into the NS
*e final washing mnperatus, Therc first, wnshing with ca, 500 liters cold R
\ weter was used. Then with 150 1liters eca, 5% soda solution, herted to oz
N €0° The sodn wash lnsted 10 minutes with intensive ali-stirring, The o
Ty final washing wns mode with .ca., 500 liters cold water, From this wash- RS
e ed oil a sample wrs tnken to the laboratory, <she test (roaction to e
o potassiun lodide-starch peper) must last ot 829 ot least 20 minutes, Sos
3 " If the t st wrs satisfrctory, the oil was then relensed for the manu- )
facture of peste, T

N . EN
‘\ The Diglycoldinitrate is n yellowish oil with a spec. gravity of -:::;,.:-
o 1.38 - 1.39 and o ni%vogon content of 14,1 - 14,2%, The decomuositions R
o point is 1629, AL 200" it oxplodes, Sensitivity to impact dy & 2 kg A
Lo drop hnmmer amounts to i60 em. Diglycoldinityate is in Shis respect, o
. compared to nitroglycesin (with 2 kg drophammor only 4 cm), consider- eiioss
ST £bly less sensitive, The freczing voint is Dolow -10°, The water sol- e
;.::% : ubility is ca, 0.4%, : : o
A As to the nitration plant itself, £ll buildings were massive rein— R
il forcod concrete structures which were surrounded dy earth barricades, o
| The front’ side of these buildings had e lorge window meent to be a Lo
v oiow-out wall. In thc case of an explosion it wouiX'fell toward the "
< cuisidé and thus would manke an escape route for 4he high pressure, -':.j
:-_:: Zach tuilding had two escape corridors, one at the upper exi: and one ;
- nt the lower exit, In the building were the nitration avperatus, Y
" separator, proliminary wesher and finsl washer, all mede from V2A, The
93 required cocks were of cley, and pertly amor-plated. The drowning f_"_q
- . :
NN . Lt e
N =13~ S
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Krygnol (Cont'd.) e
tanic (safety vat) was of ‘iron lined inside with rubber, It wns largo O
enough to receive the whole charge from the n{trntion or sepuration o
apnaratne with e goodly anount of dilution with water, As the name R
indicetes, it wes installed in orler to prevent the charge from ex- -
vrloding in case decompositioh sets in by means of strong dilution, Sl
If during nitration or even afterwnrds an abnormal risc in tempers O
turo wos noted, then the operator 'whould imnediately wull the emer- e
goney lovar, In this wey, the automptic safety installation wes put D
in action. 3By menns of the thc operating air which was proscnt in X
the air maing— - e

. oo

{1) Beil signnis wore switched on by way of a relay in and on

top of the bullding, also in the ndjacent buildings, smou
- (2) By way of a so~called gun (ksnone) the cocks of the nitra~ RSN
tion avverstus and the scovarator were openad sowards the Pl
drowning tank, .;.‘,:,:
(3) A mombrane valve was opencd, pemttting fxash wnter to flow, R
for the vurpose of dilution, into tha safcty vat, and, AN
(4) The eir-stirring in thé sepnrebor and snfety vat was started. s
In cese of disturbances in the vlant ni oach nitrnting house RN
hed & roeserve alr vessal whicl: could be switched over in orw “
der to finish the charze which was in progvass, Tleon
Communication between the houses wilch belong togather was carried RO
out by means of signnl installntions, e.g., between the woighinz house .:w‘;{-:
and tho nitrating house, bdetween the nitratini hiuse and oil storage, TN s
botween nitrating house:and denitration, Qnly.after confirmation of a s
14ght siznal by a return signal could operations in question be resumed, e
| The capecity ni the entire nitration vlants for regulrr operations ' __
was stated ns 60 tons per dey or 1500 per month, on the bosis of con- P oo
KN . vinuous 3 shifts £nd dnsed on 25 working days, JFor this 35 operators A
o ond 1 foromen wexc required, - mE
o ' e
i'.,:- T ) '.:::."":.‘
B In the nitration of tr¥iglycol & mixed acid composed of 70% HNOg .
E;_% and 30% Hz_SO4 wes u:'s'eds ‘The initial ratio wrs 1:2.5, 1.e., for 500 kg " '
,:,'-_, . . N
n‘:i ]
o ~13~
.y
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triglycol 1350 kg nixed acid wes used, The yleld pmounted to roughly
650 kg with the above mentioned initisl mixture, *he solubility of the
triglycol dinitrote in the waste acid wes very high, amounting to ca,
8-~9%, The donitratiun of this waste ncid wans difficult on account of
the high explosive oil content. Inmemuch as the seperation which lest-
ed 30 minutes and more, wos sudjoet to cortain dangers the: oil-ncid mix-
ture was diluted after nitration and this ncid water wms then procossed
in the denitretion: In this manner the ncid losses remeined within the
usual- limits, e

. t
The manufacture of the trislycol dinitrite proceeded sccordtng to

the following equatien: '
0B,0H OHAONO
1 22

3
N . N 0

o, ¢

1% + 2 K05 - :a +2H0
CHp OHy

\.\ ‘\

CH0H CHaONOg :
(CgH, 00,) (CGH, ,0g¥3)

Basically the mamufacture of triglycol dinitrate was the same as

.that of diglycol dinitrate, with this differences

" Nitration time amounted to roughly 30-minxtes, After 3 weshings
with water a soda wesh. with 30 kg soda per initial mixture takes place,
thereupon the usual after-wesh. '

.

The Yriglycol dinitrate is a brownish oily 1iquid with a sneci-

. Tic gramity of 1,335, ‘he nitrogen content is 12,1-12,2%, theoret—

ically it should be only:11,78. This difference s expleined by’ the -
diglycol content of the triglycol smounting up to 23, The sensitives

#4140
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Krymme] (Cont'd,)

ness to impact of the trigiveol Atnitrate is still less than that of Ai-
£lycol dinitrate. A test with the 2 kg £all hammer showed no effect, -
The iodide starch naper test shnuld last 20 minutes at 82 degrees,

The cepacity of tho nitratinn vlrnts {c;r the. manufacture of trigly-
col dinitrate wos stated t o be 44 .tons ver day.

s 0 e

In addition’to 4iglyeol &initrate snd triglycol dinitrate ccoas
ionally smaller amounts of methriol trinitrate were also manufactured.
Tor this nitration the game mixed acid wat used as for diglycol dini-
trate, thus

655  HNO
ash  HS A

Tho initial mixture ratic was ~.113.5. The formation of explosive oil
tokes place according to the following equation: .

"-" oxﬂx ' ’ 0%2?‘08
B0 OHOR 6.3 BWOy —s  HyCL-0BZ0N0

~ csﬁn L N 0E0N0;

(05H, 05) (058,04¥5)

The averago yleld was c¢», 200%, The nitrogen content of the éxplosive
011 theorstically anounts to 16.47%, the actual values were between
16,32 - 16,365,

¥hile the methriol is a white, vowdery material with a noisture -
content of ca. 0,5 = i%, the ester obtained from it is an oily, slight=
1y cloudy liquid wvhose density 1s 1,460 at 20 degrees, The decomposi~
tion of the explosive oil starts at 182¢, The scnsitivity to impact
corresponds to that of nitroglyvcerint 3 kz fall hemmer 4 em helght.
The o1l is practically insoluble in water, The starch iodide paper test
should last 20 minutes at 83°, '

A smel)l experimental apparatus was:available for the nitration of

methriol, For the wurpose of introducinz (into the aoparatus) methriol
which ie a fine vowder (previously sieved), an apportioning screw was

v] 5
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'E {nstalled which vermitted the materlal to.be fed in a fine ‘stream as R
o evenly as vossidle. The formation of lumps sfiould bo evolded at all
Y costs, for they may onsil:f cnusc¢ dccomnosition. .

‘ Tha period of nitraticn for 50 kg methriol: wns ca. 20 minutos rt T
Lot ‘ s meximun dbrine temperature of 30°, Yor the separntion ca, 15 minutes '
et should bo required, The temperaturd in the pre-washer and at tho so-

::-3; ia wesh should be 40° because at lower temverature methriol is conald-

- oradly more viscous than diglycol dinitrate, The sod~ wash lasts 30
s minutes, thoerouvcn the usual after~wnsh with water. '

‘I::‘: X The cevecity of the cxperinental ylent for methriol trinitrate
. wes 60 tons per month.
;I::.f The new plent for. the manufrcture of cxplosive oil Aiffers from '~

s the old plant mainly in that tho nitration and washing wore done in
R one building, Thus & considerrbdle lnbor snving wns obtained, While
- the 0ld plent required 4 mon por shift, the how ~lant with 2 nitration
3 houses, roguired only 5 men, A dimpdvrntrze, howover, wos thnt accord-
= ing Yo safety reguletions the nitration of a new charge could bo stert - K
ed only whon the finished nil of the previous charge had left the duild- et
{ng, This rogulrtion was chenged so that botwoen 3 oporntinns there G
* bad to be 3 empty vessels, FProctioally, the result wrs that s new ni- | St
N . tration was stnrted at a time when the previous one wns in the soda SR
N wash, N e
g . ‘ .. _ R
oA The comnletely washed exnlosive oil wna then transferred to the RO

o stornge, The exvlosive oil line wes locrted in o tunnel in whidh p man e
ol could ‘'walk. At the end of the tunnol was a swinging arm from which the e
W 611 could be run ints » wegon. ‘THis wogon wns large enough to take a RO
o whole charge, 1.8, cn. P00 kg exnlosive oil, The wepon -was used to USRS
‘transport the oil into the real sterage, Here, according to regula- RN
o tions, up to 4000 kg explosive oii could do stored, The storage s ‘;}SQ
@ built so thet it had 2 Mexactly equal" hilvés, éach for 2009 ki explo- AR
give oil, From each hnlf 3 pnste Bixing houses could be supolied with Loy
XN explosive oil, In each helf thére were ¥-reétanguler trnks éach with e
- 700 kg ocontent,. When the explosive nil was xin out ¢f the wegon it o
Rk flowed mcross a filter which hnd to be weshed regulerly, At the bote el
o tom of the tanks $herc were drainase cocks from which the 0il could be ::;-:"-_:
] drnined off into n scald by wey of n rigid pipeline snd a swinging amm, r"
T This ecela wes used to weigh the éxnlosive oil ner charsé for each in- _,_,‘_f
e
:‘Z: ]G R e
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dividurl initindl mixture of paste. The explosive ril flowed fron the

senlo inte p conteiner from which it was ejected by norns of wator into :.'}::.
tha veste mixing houses. For the operation of the storsge one man was \' Y
reauired for ench half. At full production the weighing had to dbe _:f.‘_‘
done quickly but correctly. . -
() Denitration of the Exvloaivb 043!~ Nagte Acid, ' 7

o C for A

In the denitration operation of the factory at Xyummel the Ve

waste acid emorging from the severstor, of the nitration house and the e
wash acld, which was formed by drowhing of the acid oil, wers mnde - 5
usable again, ~ . ) © ’ fol
OO

Tho aclds were freed from the exnlosive ofl dfssolved in them by o :::::
running through the so-celled brenkdown columns ~% high tempernture and AN
thus ~ndo usble sgein. In the cnse of the waste anid from diglycol A
normnlly 3o separation of the explosive oil took wlace, or elsc ohly 4n L

trnces, .

Due to the action of moisture the waste acid from dlglycol was
easily decomposcd snd therofore could only be storad for o few hours at . '
the mozt, The decommosition startrd at ono plmco and sprend farther
and farthor 2t a jump~like incrensd of temmerature. Tho licuid then fsl
boilod end developed lexrge quontities of nitrous geses. ' "

The same process occurred in the dbrumkdown columnsy however, here )

1t wes regulated and contimuous. In order to inerease tho oxygen sur— N

Plus clropdy oresent in the nitric acid in the waste acld, and thue to P

de suro that nll. ester was dburned, a 50% nitric scid or, in its place, e

wash rcid wns added, e e

Ol ...:‘: 'd

. Incomplote burning of the cster wans shpwh by dark coloring of the I:::'.:::.:

wasto sulfuric acid =8 o result of suspended cnrbon prrticles. Incom- :.:-:.:.{

vlete oxidetion could cruse & ¢logging of the colwmns by means of cor- At

gnnic meteripl, ' . !l

o : P
N0 The ester dissolved in the wrsh acid wrs destroyed merely by run- e
e ning ‘through the Weskdown solumn and by addition of steom st 100° C. N
::.::: 4 by .“o ' .;.‘;::-:
O] , - Foed
e -7 - . : R
t:: ¢ ' Cf_':::»:
b . woate
- . ety
T fowor
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Operating Rules. A

At tho otart: Careful hoating of the column. . . ‘*:,.

hr, 75 cdn wnter 150 cdm 33504/10 sc. ==

hr, 125 ctm " 250 " % "

hr, 250 ctn * 400 * ® " R

then nddition nf stenn up to 4 grrdntion moxks of tho {.:::.

. scole. ' - O

. 1. Donjtratirn of the Wagte Aci . .'"I.

oy 1000 ~ 1500 cbn wnste ncid e

R - 8C cba wash ncid/10 sec,

3. Tempern the Co ‘ ‘ ' o

L ‘,f:‘

nt the top 120 ' - o

ot tho votton 160 , o

Stoam until necessnry temperature is reached. ::.::3.

» s‘:%::

3. Mo £ Wash Actd: - . R

800 ~ 1200 cbe wrsh ec1d/10 sec. o

Steam until neccessery tempornture s rerched. . e

Temnornture rt umper end of column 100° | . "

Tompernture nt lower end of colwm 1057 ‘ el

— 4. Congentration of Niyric * ) '.;“"’

) (Wns cerried out only when the building wes nvailedle,) o

800 cbw sulfuric acid/10 sec. : e

500 cbm nitric ~cid/10 sce. e

Addition nf steam . =

Result: 965 nitric scid. ‘ ‘ L=

'-’:‘- Physicel dntn end n sumnnry of the re-worked and menufngtured aid, ;::ZE:‘,
;::"E:*_. Vaste ncid from diglycol (not yok degurageﬂ -j:::i
L Onc datch: 385 liter - ' P
~ o Spee. b, 1.66 X .
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wsﬁ sater dissolved in the acid
64865 H,80, .
9:; HROS R

Vag‘o Acid, (denttrated) ’ :::::} -

ﬂec. "to 1.64 ‘;:J-:
¢ Ba80, , e
0% ¥30, ' . S

u“_‘n‘. > )
‘."‘ .‘.‘ ‘n'.‘
¥ash icid ‘Pnor to rupning througd the gemtrgtor} ORI

Ono datch: 400 U ter: ' g

lpec. mo 1.26 * ', :‘:
3% ester R
5 Ha%04 ‘ v
bk 3 e
. ; s
. P . ednedom
Tower: 45-507 HNOy, . A
Bienching apparatus 38-40% HNO4 - ' DR
Tankt receiot fron tower and wnsh acid from denitrator 33 HNO S
’ 3.3;; 32&4 -.':..::.*"
S ” t 3 ﬂ-lh
Renarks ' 5o :::'?::
The donitrnted waste'zcid wns tested with FeS0s solution during op- e
erations for the presence of HNOS, or N304, réspectively. j::'.::i::
The diglycrl wnate ncid from the nitretion house flowed into a stor- . ",;;_
ne container and from here 1t ron by wey of the DAG seperator into the AN
2 denitrator, The ester dissolved in the waste acid was burned by addi~ RN
a0 tion of wash acid or nitric ncid and steen., The nitrous geses thus de- R
-7 velopcd woere drawn by a.fan.t hrougch the condensers end forced into the ._:_.:-: .
" absorption tower. Back of each condenser: s blershiag npparstus was con- v
nectod 4in which the nitric acid, flowing off from there wes freed by v,
means nf sr-suction frem the nitrous acid contained thereis, The nit- T
ric acid ran by woy of a rotaneter tn the tank, . ;{.'_-:.:;:
e e e A
-19~ o




Xrummel (a)(Cent'd,) ] )

Tha oulfuric acid fronm the lower end nf the donitrrtar.ran through

n siphen inte the ceoling enlumn, frem thofo dy way nf & coeler into oy

nn intermediery vesscl-ond than wac opuspcd intn the tenk. The eir cur- s

rent omennting fron the cooling dolumn  still crntaining smoke partic-— o

les pullod slons fram the sulfuric acid wns, prior to its rolense in%o

the apen, cenducted inte n condensins colunn which was soroyed with wo~ RO

ter cbtninod frem the condensers. ‘ o

In the gencentrati n nf nitric nold the ncid. went te the bleoch- N

ing rpparatus by way of o wre-wnrmer hented with stepn into the oxhaust I

N colunn whare the nitric oxides nresent wero removed dy »iT induced by 2 o
RN frn, The acid ren through a ui'ahon intn an intemecdiato containor and o
- wns punped frrm there intc the tmk.. The wesh ncid ron from the stor- R
aco contoiner by wey of o amall separntor snd a nitrocellulose filter 12

into the donitrator, ¥ron the dmltrotnr the acid flowed through the F

coolar inte tho intermediate contelner, “he cooling colunns were noi, - =

neaded ‘here, . Do

. 4o Bonlitz, e

it the Bonlits plmt of Eidia, there were aix Schnidt-Meissner ni- m—!:

teation units instnlled to mke DEGN for the naste which was used for
crnnon and rocket wowder, The five sonll units onch had a croacity of
300 kg per hrur and the one larme unlt had a capncity of 1000 kg per -

hour, ° \ A0

Tho NG pren wns described by Dr. Werner Schrodding, Superintondent =

o of tho NG.end Acid Arcn operrtions, Ho had baen at the plant for six -
Ay years and hed suporvised the start up operntions in 1939, There had e
heen no explosions or soricus nccidents on this arce, ‘ - e

. Dr, Schmedding was well ncqueinted with mnny other oxplosive oil ot
 Tectorios in Germrny nnd is nrobn’olv the ‘best m:.thority on Sehnidt-Meis- !l.—:' '
sner units, i

* B

aftor Schmidt develovnald this equipment, the menufacturs nnd ingtal- .-T: .

lotinn of plents was undertrken by the larze Europenn firm rf Meigsner e

. and Co, This cuncern treined thé first plant operntors dut did not pro- A
Th vide overating manmuals, Unfortunstely, the nlant drawings of this equin—- Vo
T ment cruld not be Iocated, =
S It wes Dr. Schmedding!s ovinion that the best continbous NG equip= el
o > : ~
AN N , v

; \- ~ N ...a ’.. .. ‘:.
> ! . annd

s
------

--------
.....




S - Tt Tt i - S art. ard ~ r ¥ e
P — - - Pl St S TS TS T T T 24 G4 Al fud Sud St g & £ A IS S BN MUY )
R T T T P R S A T T T S e T T T e e S e e T T
- .
.

FISTRICTED

3 4,)

nent would consist of Schnidt nitrators, Biszzi scparators zad Schnidt
washers, T

Eqch unit consisted of three bunkers or earch darrioaded concrete
iglcos with one end nrde of frome. In the first, there were two ronms,
one onch for Diethylene Glyeol (DEG) tanks and mixed mcid storpge tanks.
The second contrined the niirater, separntor, And washing systens. The
thirdA contpined the NG stornie tenks end the vessels for emulesifying
the oil and water for tranafer to the Paste mixing houges,

The expenditure for congtruction of this »lant wns avnerently much
more than that on the DAG plonts, The nrovislions for srmouflege trees e,
and for sinking the Yuildings into side hills were mich more obvi~us,

The rnw materisl, IEG wns obtained in tank cars from the I.G. fac~
tories ot Huls/Recklinghausen, nemr Essen nnd ot Leunn/Mersebery nesr
Berlin., Bach cer lo~d war anelysed for watoer content, for unsaturatss
end the boiling noint range was dotermined. The maximum avpcification
for weter wos 0,57 ap Aetormined by bensene distillation, “ha apccifi~
ention for arbaturatea allowed ncne as detarsined dy tho test with sil-
ver nltrate and ammonia. The'boil}qg pdint range wns ?46—~849° C.

The mixod acid used had the followinz comuositlon:

634  HNO
L ”-é 80,
3 By

-

4 ratio of 3,1 prrts mixed ncid to 1 part DEG was used and a wasto
acid of the following compositiin wae obtnined:

.
s’

108 " 10z . e

60%° S0, R
’ e

ash B0 Sl

w0 8
l'r'a

2Yale

It ués nlgo neceatary to nrevide a synthetic waste acid with the \
following comnesition for cleaning t@e nitrater snd senarntor: {s-;}
, . 60%  HasO, | RS

30% Hﬁ ) '.:- .:::1
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- « It vng stoted that a yield of 173 1ds. of IEON wes odtained f ron el
e 100 1bs. of DEG when usingz the most efficient wesh water recovery sye- SN
= tes, Tho oversll nlent Nitric Acid loss wes 0,75 lbg, per 1b, of DEGN :l_‘;;_;
made, Tho theorelicnl consumotisn would be 0,65 1bs. of nitric acid, -

(2% Y
.
«

. ®

. The ravw nateriels, DSG and mixed ncid were fod to the nitrotor by "ot
N aeans of alr nressure on the skorage tanks, through Roteneter tyne flow- ’ -.;i
::.::: neterss The rnte was controlled dy the air pressure velves, . ?
-~ e —id
i The large nitrator unit only is descrided in the following nare~ ";_."
AN graphs. The sanall units were nf identical Aesign but of smaller dimen— o
e siona, X
) AR ol
o Tho DECG wes introduced thru ~ verticol nine which extended to o ..
o noint 3 inchea nbove the 1 inch hole in tho glass cover. No dlstride F.“
i utor wos needed, L4
e The mixed acid wos introduced at the botton of the Ndtrntor, e
A . ;'- R 4‘:‘
;:::: The nitrator wns nnde of V8A alloy in threeé mrin prrts flanged and L ek
bolted togethor, It was mbnut 30" diemoter ant 40" hish., The ton sec e
tion was cylindricnl, nbout 10 inches high, and wns covered dy a loose .Q‘ ,L‘:!
glass nlate allowing very mond observation. The centor section contain— NG 1
ed tho cooling eloment, This wns A ses of tubes open at the too and e
bottom through tube sheats, <he dooling drine (NaNO3 solution) was cir- D
oulated in the chmber surrounding the tubes. In the center af the tude e
sheet there wes an opening of mbout 8 inches for the agitator shaft. .,.;;.,,i
N {f:;: The bottom section was conical with a 4 inch outlet on the bdottom, .f’.i.‘_-?i
"y . .:,:.. n!
\'-2 Agitotion was provided by o proveller and paddle at the point Jjust . Sl
N below the bottom tude sheet and wummed the nitrator charge up the cen— LNl
AN ter opening over the top sheet and down the tudes, -'f:f,_:‘
= At the bottom outlet there was a quick ovening drowning vslve and ';”;_5!
D also an alternate drowning merns consisting of » Mipolem vlastic disc RV
o which could be cut open by a knife nctuntod by a tempersture controller R
o and from o switch outsids the house. )
. S
> The agitrtor shoft was driven from n vnrinble speed, cnrbon brush e
na motor loerted in n room walled off from the nitrntor room voroper. s
o B!
RS !
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The motor electric drivo was connected to spfety controls which
shut off the nitrntor fecds in crae of electric failure. On the motor
shaft thera wng & flywheal 18 inches in dinmetor to provide agitation
for tha timou intcrval botwesh olectric failure and the introductiontof
the 1rat DZC, ‘

It wns stnved that the prover rgitation speed hnd to be determined
for orgh individurl nitretor unit; Nost of them veried between 380 to
400 R*M, The doterminntion of {he optimum specd w-s mnde by mixing, ve~
tor end paraffin odl stirred at 20° C. Upon stopping ngitation, this
mixturo should settle to » clenr line in 10 minutes,

Iz stnriing up a Schaidt unlt, the nitrator and sepnintor were
first f£illod with synthetic waste acid. The mixad ncid wes then etnrt-
od ot 5/6 robe. After 30 seconds the DEG wes sterted at the sene Tate,
At exectly 7 minutes later, a clear sepamting line shouid be observed
in the soparator sight glass, If ths line had not formed, the raw
nateriels woro {mmadintely sbut off and the synthetic wnste onid was
started to flush out the system Vefora sterting ngnin, If nomal sep-
aration ocourred after 7 ninutes the mites wera incrensed to the st
Mm' ’ . ] '

In normnl vractice the nitrator chhrge wes maintalred at 30° C.
The volumo of the chrrge wes 350 liters.

The Schrmidt seonrator consisted of three nain psrts. Tha lowsr
two wuro cylindrical vessols flonged together nnd supported at an angle
of 45° from the horizontal. 2‘he upper section was & vortieal ellipti-
eal trnk obout 15 inches high on the strnight side with the ton tapered
to & 6 inch dinmeter outlet. Tho bottom wes flnngad to the top of tho
niddle sedtion, ' In operation, tha line of separation was rbout 8 inches
nbnve the flenge. ' :

. The mixture of DECN nnd wnste pcid overflowing from the nitrator
vas run into the seprritor at a moint at the bottom of the uppar sec-
tion., The feod pipe branched to three perforated vipes inside the sep-
arator to provide for distribution., A sight glase in the front of the
uoper section allowed observatinn of the charge to determine the level
of the interfrece of 0il end reids.
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The middle section contained vletes oarnllel 6 the sloping walls,
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:::: Bomlits (Cont'd,) "
_'E:: t.0,, 0t & 450 ongle. These vlates were provided for the str.ted purpose .
- of allowing the drops of separated oil ‘to rise to the top section while S
the waste acid séttled to the bottom, .The numerous plates spnced about el

% inch eport nede clenhing Aifficult, :

X The bottom seation of the separstor was a cooler constructed with .o
3 tubes and sheets simflar to that described for'the nitrator, Brine wns o
o circulsted thru the chest of the cooler to kecp the waste acid at a low RSO
temporature and assuro mexirum seprration efficlency. F_..

XY The waste ncid flowed from the bottom outlet, uo a riser snd thru ey

a sight box to nn outside storsge tank, The height of this riser and e
o the height of the oil drawoff at the ton.could be aljusted for proper vz
operating levels of the senerator, : i

o

The sepnrrator wns equinned with sutomatic drowning voelves and plhe- o

e tic dlses similar to thoss desoribed for the nitrater. L
o Tron the seporator the ccid 511 was run by gravity to the first Y
o of four glass wnshing towers, These wore made of 17 sections of glass :::-:‘-
pipe 20 cm in diameter and rdout 8 om-high, Between sach glass section e
thers was a sieve nlats, Flastic gnskets and nlumimum bands were used F:, A
to secl the jolnts. ;.:}..:‘

Into the bottom of the first tower, air nnd water (from the necond

tower) were introduced throush n jet nomsle to nix them thoroughly with B

g the oil run in throwrh a third pipe, This nixture flowed up through the . =

S sisve nlates which provided Aistridbuticn rnd sgitatisn, AV the top o¥- ey

{3 erflow the.air wag vented nnd the oil water ermlsion wes run into o rec- Y
*’i tenguler V24 box sepnrator, N : o
. * Cd . -‘.:..'

Fron this sepnrator the oil was run down to the botton inlet of - =

the second towor, In this tower fresh weter, mrecooled, was added, =

After the separctor nt the top, this water wns run through a cooler and .

QY _then wes used os tho Toed waber for the first tower déscrived ebove, 0 :::-.
| 55
= By ueing the waver in series in the first two towers, Dr, Schmed~ RO
a ding stated that the yield of DEGN wai immroved to 1?3 fom 170, the T
b yi01ld with reguler Schmidt operation using fresh water in both towers, ¢ TN
: ALso & wesh water wos obtained which contnined 46% HNO, snd 3% DEGK, et
: This was thén -ent to the denitrating recovery. ' ‘ e
s
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e The oll fron the second tower separator was then run through the . \::t_\f‘j
- lest two towers counter current to the 5% sodium cArhonate solution R
- uaed for neutralization. This neutralizing solution'was separmted ond e

Ant to the sewer, L | , o
s From the 1rst neutrnlizing tower semnrrator the oil wns run to Y
e stornge tenks in on rdjeining roon in tho bunker, .Hore 14 was emul- N
e sified with waler and jetted to the large Paste nixer, For the susll RN
= nitrator and Fasts mixars, the oll was weighed out as the mixer charge o

required, ezmlsifi:‘. ~s dederibed 1in the Krummel soction, and Jetted L

o to the mixer house, . - .:_‘;‘:;::
N In addition to theququipment described, there wore sixiliary tanks R
3 in each nitrator rrom for (1) holding synthotic waste acid, (2) the we— O
= ter f1l110d drowning tank, {3) neutralixzfne by batches, the nil separa- E “
e ted in the shut down procedure. ) o . kL
p . i
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