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MITMOGLYCIRINO DIMLMM GLYCOL DIITRAT AN SIMILAR

UPOSIM OILS -, 1MVFACT AN DSMOFF21 IN; GENRW '

-:,"+.V ...

"'" ~Plants for the manufacture of the exvilosiva oils were investiw-,,.'-
,,', to& by this team at Schlebusch on 28 June,+ at Krummel! on IS.July, and,.-"
" ~at 33omlits on July -17th and 21st. " -- "'

The Dyzilt AG -olant at Schlebusch had three units, the old batch
, process, a modified Scbm~idt--1Yeisnor continuous plant and the B iazxi ' "

.: , unit, the most Aodern, This plant made only i~itirglycerin (NfG) and .,,
i: " ~thyleno Glycbl Dinitrate (S(W) for use in ot-,3,aercial dynamites made ,-v..

t- h TAG plant at ]Krummel had four batch Troceen unitn, two for L,,.,
. the dynamite oils and two for the Diethylene Glycol Dinitrate (D)F'..

:.',"' and similar olle used for cannonx ar rocket powders. .. '

The Sibe, plant of Wolff and Co. at Bomlits had six complete r,,
Schmilt- Maeisoner continuous unit-R producing only, DEG.N for powders. :-,.
There were five small unita and ono lprge r ne. v%' "

' ...

German cnnon and rocket powder compositions. were doyeloped ,ori- g ,,
Xarily taking avtntge of the denirnble properties .nl the aailabil-.

wkity ofDiethlene lycol Dtnitrre D IT)T actrinr

in the uunti mking NTitroglycerin (NG) and Ethylene Glycol Dinitrtr

On the three vlastis viited0 informa~tion was obtnined on three ,
types of nitration eotuilment which cover the mo~t tnportrnt differ- _

ences in modern technique. ,\:-

Until about 1925, all dyn1mite "olpnts use& the bntch processfor.

nitrtion of X/G and S GIT. .4'4 about that time Schmidt develoaed a con-.'..:

'..

tinubushistaio ad nheuaiching 8une at Krumel wok of Juyand,

AG the first dn ly te factory f Alfred Noel, the inventor. A num- r
.er of those units were built 4t othesr plant but there olre none now

eat srummel. Serieus accidenti occurred a t severo l of the installations.

: 'A

unit,~- W the'' Ios modrn -his pln Meol-Ntoly i.(G n

Z N ... ,
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Introdct ionl (Cont Id.)

Because of the inherent hazard of the Schmidt type of NG waste
.id syeparktor, the Biast o. of Italy develoed a continuous unit,

ione of ephch r observed on operation at the Sohlebusch xls rke of ,d
DAGr After its successful operation wns de ionstcted, the Schmi t f"

.unit at that pnnt ts chaed by ralcement of 'he separator withli t i er
.B zi type' eftrater,..,.

":"The r-S units observed at Bomlits were the stmdnrd Schmidt

typ o as manuf~tured by the Maesner Co T, o. 2tf t tht plant
i. . ~readily Pgreed thr~t the Biazzi separator w.s superior and preferable"': .

-,to the Schmidt Cenrto, They preferred, however, the Schidt wa-
. .. ;,p; In g y se m to the B i azz ,. .i ..

,,:..:, • ...

reference to theirtr ute pSocebin cnd use is contained in the fol-

• ".'horits cylior cver concre.e rooforod.onion earthoe ne en srd of'-:

loing technica, o remorie nwn o w

llin"eoNitroellulos Ind nste, Noi, 58-45.,..'.
• .,w r in annon Powwere Noc o59-45.u".ith"on

• ""' Rocket Powder: No. 260-45.

.. The o hirtor units at Schlebusc wer built In bunkers with
fhorzonta cylindrical concrete roof coverd ith earth One end of
the room w~s mpde of frame and glasse windows to senrv' n~ blow-out ':.-

wal in cae, of explosion. In d ul three units, nitration, rep.raton, " , .*L.5"' water win., nnd sod. neutraliza tion were carried out in the one .- ,..-

~ ~roome ,."o

':: ! For nitration of Glycerin or Ethylene Glycoldinitr .te and mix-, :":
. . tures of these, the Schlebusch dynasmite -olpnt hpd three units. The ""

' - firot an& oldest. wr.s the Be tch process. The second was a S chmidt- %-'

°., Hoaiesner, modified by uma of n. Birtsi sepa~r~tor, The third w,=e the

moot modern, the Binzzi unit.

(a) Batch Process.

The equipment used for the batch 7orocei and the sequence of
oD.erations is shown in the attached diagrn.

- -4-

N t.. * t~ t * at, .-... '.,*..

.O d 'ttq .-'tt
- -.. .. .. . . .. .~ **.a, - .- - - . .v- ,, v . a - S : : t.
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The nitrator ch rge was 200 kC of Glycerin end 990 kC of mixed
acid containing 51-523 W40 3 ,-ind SI-524 050 4 . -"

The nitrator wes made of YU alloy, the separator was lead, and
the wash tarks were made of YA.

The time cycle for nitration was one hour. As the equitnent was
so small and had no interesting features, other details were not recor-dad. Full detaila on the DAG equipment and process for batch nitration
-re described in the Krummel part of this report,

%',.* .d(b) SCmd-ojLe Process.
The details of the Schmidt-Meissner unit at Schlebusch have

not been recorded because complete description of this equiment is
given in Part IV - 3omlitz. The orlginal" searator and washer towers-.
on this unit had been replaced by Biazzi type separr.tor3 and washers
because of the difficulty of cleaning and the, inherent hazards. In
most aspects the Schmidt unit was then quite similar to the Biazzi. -:

(c) Biauui Pioenix.

The equipment sequence and Rizei for this process are shown
in the att-ched diagram. A picture of the nitrator is also shown.

.. All of it was locrted in the one house eoce-ot the final 1T.G. se-arator
-' and the wah water setting tenks.

.*. . In the inuZi 3roceRR, small vessels (50 liters) with intensive
• "-mechnnical agit-tion were used for washing the NG. These mixtures were

then separated continuously in larger vessels (360 liters) which were -.
quite similer to a conventional cyclone eeperator. All of the equip-
ment was m.de of V2A alloy. 'ho welding of this equioment appepred to
be very well done.

The Glycerine or Etnyleno Olycol mixture with Glycerin was fed
continuously from .constpnt level tank thrrugh a Rotareter tyhe flow- -

meter. The mixed acid was added thrnugh aimilar equipcent, The anal-
ysis of the mixed ecid was 51-52% HU0 3 end 51-5 H2804. The mxed

acid to Glycerin ratio.wrs 4.9 parts to 1 mrt.

The capacity of the unit wps 800 to 1000 kg. (2200 lbs.) of NG

4W,- ti..v W - . . . - '.'.

*..p . . .

a. , , . . . . . . . . ....... ,. . ... ..a. a ~a t 4, . . . .ag ... .t ,.. . . . ::: +:
,. .',', . .- . .. .r...."., ,- .- ... " .. . a... ." .- .- . -" ,,a a; + *.... : ... . a

% '''. aaN



4.~ 
..

a.J'

LYC vRIN ..,

.'.,

Y R X- "MI ED ACID 
.£.,

T)t

No

WATER

TAXI_ TANK WATER TO DITC.

9V 
e

"- 

V,

,. . .,,a .. ..,' -_'.a , '-, '-.;.,'-?, . , . - . ,,.- . , . " " .a .. I.... ...- , .... . .... ... , . . .:. .. .. ... . .. . ... ..::....': .::': ...- ,.-,t.

•..- -. .,. " ." '- .. -",.. ,,.." . ''-.1.

• ';.:; ' ., ,, .:- . .,: - ,... -"--...-., ,' , '.' <,- ... :. ,:..,,", . . .... .. • ...--. .. 'S T -E;
'. - ,.,'F-. -.. ,: '- - . ~ o . .-. - .'.'. .: -... - . ACID... TO.... -R• .O,-" R.. .. .. . . .. .. .. . . . , , ... ... ... ... .. . .... .. .. .. -. .:.' :. .'- -:. -," ..



.I "4 ,,

Ain ITRTIG zo;

Ill ERR

* 
.£....

SEA RA..-

. ',:::::

.-. . Z' %+.% .; -. 'o. " .++"Z.P  ,°~r, , . ,';'..'.. of.A..-. I.....,..'.eoo..

-I.- 
-. ,.- . I

SEPARATING HOCUSE U ff-TS 4ATER

.... .. .,... ... . . ,

SHER J 2 CO3  
60 - L ,'%

RECOVC4Me N.G.
WASTE .. fATER

WASHERR

11,4 OARATOR SEPARATORt.
360 L. 360L

tEOenED.
-GG qECOVeR ED NI.G

low.' *,*r*%'e..I.. £4we;* ib

.~ %.A .A~..j

2l~ IWt;: £ "+'.f++ S++.' 4- + l'++@ 4+l -+. "~ ft.! :-!-.---,
+ -I -- ": l.. !

Iv . .: +- . , , .. ;.,,,,,,. .- .. .. .... , . ; ... /.. , .+.. . .:.. ,..-.. •.. .. •.. .... . ... .. .. ,,...,, ....

____,_ , ,- ,,-.,.. ,- ,,; A,',, - ,' ,.,, ,, ,, -,,: r , % ',,+.,,, . . , . + , .,, ,',; -, , , ,

*- - - - q -. + ' . o' -°.' @.-;, -- " " "+ '. , S + - * - '-,. '*,, -S. .+ 5r.-, .,J .,* -. :- ,,- 0 ,. .. -- t' ,

.,.*,*.*.*. * i .11 .- I ..... * . t.I.. l * * * l',1.zm 
* * *



* * *.bS**.* .. **--- -
* - '~'7'ri-rr--.-* - - -

* * * *..,** ** *~ *~ .... I' Ij.K *'

ok

fl

*5 .**5

~. .5,

*'. 4

5.'

5 r
I ~ ~ -1J

.4..- III
S. *
.5 ..5., *~
- 5.55 S

5*5~5 ~ ) ~

j t

(55 A

'-S.
* S I

5~5 I
*55 * I

;i -~.i S.-.
"5' I '~~1*5.*** I ~ j I- 5*%

5. .~ I * I

I I
5. ~.*-.

5~5 S.c..
*. S
* S

4.
.5..'

* SI.

.5. ~55

PHO1i~OORA~H OP SCHIz~BUSCH-flG-flIAZI ~17~
-St...

S.
-~.

27
5*S!

*~<
%

5-..

5555~ 5,

~..
5.. * *. N

- *. *..4~.........* 5 . .. ,r.,.... *. * .
a 5...S.**.S5.~S4.S.555.~St .

S * * S . * . S S -



C.e', _

°rm

IF .,

Sehlobich (goCnt ;, j"

Der hour. With ct volume of 2W litersw in the nitrntor, it Wts state&
thet there was about 80 kg of NG retaine d in the vessel,

The nitrptor hPA six cooling coils. The agitntor blade turned.
a.t 400 NK and oulled the charge doward. The degree of emulsifica"-
tion of the oil end.noid was highly lartant since, tno much agitati-ir ::':'4
hinderol prnper aewn.Ation. ho iemperature mf the charg e was main-
tained at 2325" (,

The nitrati.in I.T.ur.s run from an Autlet pipe at the top of "
the mtrator over to -he slo. inlet of tho ae nrator. .This inlet was--
placed to provide tnrentinl flow. The separator we a Cylin~ricie.
tank with a doniceol bittn. 0ith the 'muliftol.feed fe in at th.",- middle, oint, the w#%2tUd waste acid.va-P run out the bottn. through "

a trap rising u, 'to . line to the fter meparator. The. acid oil was
run off from a top outlet of the seeamtnr aw over to tbe first wash-
or. The simple construction and the lack nf affles or ockets in the

3iazzi separAtor were distinct a.vantAgen over thn Schmidt neoarntzors,.
It was stated that aepratinn was qu te unifornly good and nn Pgonts
such as ghr for improving semrratinn were needed.

The first wsheTr for the acid oil was . 50 liter agitated veieel
where the wfth.wtor wra thoroughly mixed (420 RP) with ,the oil pon-
tinuously. The overflow of the nixture ws l d to the next separator 71
which wA built similar to the other vessel doscribe&. above. Prom'
hero the wrsh water w s sent to a final separator in the. next builing
and then either ta the sewer or to the'denitrating recovery tower. Any

'.') 'il collected in the in±l water sepazrtnr ws returncd to the system
at the neutralizer wpsher. %-%

.Tko.pre washed oil was next run to two ngitntcd wishers in sor-
ie. hese had ben' -orovide tin allow the adilition of 1sodium carbon-
ate volutign at two -ointsa. In nzsactice, the soda solution was added
only in *the first. The nd&ttionnl "n*itnt4on provided in the seconA
mixer a'nuisp . in obtnintnq comnplete neutralization of the oil. T .he .

emulsion of oil and sn'da w.ter 'wts the run by grnvity thru V2A -ipe"
to the second builing, about 50 feet iwmky, for final sap. Tatinn.

This bui)jin g ws .built as a bunker similar to the first but .ith r
the blowout wall at right Pngles to tt. The final senrptor for oil
end .soda w tr v4e exactly the .sre as the others described above,

K, 4. T.-.'.-

__W 4 as

'... %'

I , I ,. .

-~ . . .. C***** ' * *......
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.-.[4The' sep0ated oil was va out the trap mA through a line to #L third .,
-busldt' * where it ws eolleeted in a b r or a .ta on wheelsi, for --

The soda was waterr~ wa m- to -nte eort hnt h

Utah# Any oil reeoered here ws returned to the system,.

i . The standard onernting proeetre required daily drai ning of the". "
whole system. The nitratar anA. separator were than flushed out tho- ..... t
roughly with r. synthetic w oto e- 4 (vixed Paid of the armse dnrmosi,- ,-.
ties but nn, dissolved *G) to remny'e r.11 NG* Duo to the simole uob..
etruoted passage@ and ripink in the system. very g-4 ©lepning e"" ,s.
through It. At shut down the synthetic w.ste Paid remeined in the i!

first two vessels and the rest of the equtynt was filled with water,

..-.-..

The unit was steted the next da by WAities of the Glyceerin and"',3
r.txod ma.id, first a.t reduaei r'ate and then it norma rte, The agita. '"-"

* . .,,;

lttein eseefuheS ada smethe cooltn , ememcity. no established, required very .-.:

It Va stated that .yield of 334 lbs. of wa s obtained from ..,
100 Ibes of glycerin - n conventtonn1 yield* ,-..

' " The -Oiazzt unit was cormleted In 1942, Durlnr, 4he first 66 .'-.
", months of aoeratin n me small alteratinns to -ot.ping were made but '.'
Ifsned then !be Sehlebuech stAff has const4ered this ,proess And equi- ,.,

.meet',to be most satisfactoryI•

Soon a~fter the start of oerattons, there occurred one wAale- [.[.
el~cdst when a slight exrlostnn rlpod copen r. piece of the -note Acid .'''

.:line from the first loeparator to t6e after separator. This occurred
on a aundrq afternoon wle the unit was shut down And -nee was neg -
lible. It was due to a em trl ln thein . a line which hnd not washed

-, clean, This litne was letihtened and no further accidents have o -

:. e~urred. "' '

• " The above Information was obtained from Dr.. Demoff, Aeting Plant ,14 i tanafer, and Dr, on omerfel4the NG Aren Superintendent. The lat-
The ster is considered by other errman 90 teahnia'nn to be one of the -

wresent leem.l authorities In this field, While at Sohlebush a vie---"

rogl ih snhtcwaqoa~i uxd c4c~ h rv osol~.
ti'bu odi-lvd -)t wnv,'".M.?' oth ii~e~ios

str,_td,.....-...-. ii:i.h ytm vr r' l~ii a
obtind.Th wmi.i~r f heeqiven ws sh::.:: rnuin wte

, '2".-.-.-. throu gh. .- it '- - . t shut':- don the *y-" th" " tic "':"" ." " c"L" re-me""n... in the;" : '":" "'



Schlebusch (c)(- et 'd.)

it Va Paid to Dr. Ph. lnoun, former be~t of kG1s laboratory, now re--
tired. He wa; the author of the Vor-renounef book on Nitroglycerin
and is considered to be one of the world's authorities on high exolo-
Sivo mzufacture. Dr. Naoux has not been active since 1939 when he
lost his log in an oxplosion of an experimental unit.

A very thorough de'ri-tinn of the Xrmael NO oporwA;inns wrs bre-,
ared by the stpff Pt that nlant, A translation of thin ronort is as

followst

ITeohnic4 and ) nufaecturung Processes of Digly-col -,.itrvte *-','.

Triglycoldinitrate and Xet.hrioltrinitrate. -. c.

The explosive oils neceezary for the productimn of rowder paste
were nde in Irummel in 2 plpntm. In the older pOint (d,.:ring the last
few years only Triglycolinitrate was mMe here) nitration pnd washin-
was conducted in se. arate buildings, In the new nlant the comnlete .. ,
process from nitration to washing ws carried out in nno building, The
new pleat hn. two nitrtinn houes. Here Diglycoldinitrate was made
exclusively, Por the Nothrioltrinitrate . trial -nlAnt was installed in "..
one nitration house. Production on a, lare scale such as in the case
of Diglycoldinitrate hAd not yet been carried out,

The Production of Dilyoldinitree from diglycol wns by meaft of
N serihation with nitric acid accordik to the following equation.

.i.~ - (In bA - usi V

6 6°:'

4 2,003 0 2 20

O -O.;CH

3. b L-

111

CHgDR CH2 -0N02
(O4H,0o3) (04%07IF2)

Since, esterificntinn is an equilibrium renctinn, for nitration a
-pure nitric acid was.not used but a mixture of 65% iDO3 anti 35% H2U04

7".
%61.

0...

0 %c 
c 4

b .:c::

*8cc -• m m *Ia • • i • • , • • + I . - + .• l
+  

1 mm , I " • • i

cc "=e + 
+  

I. " "• " •I+• - *m l + t 
e  

m .m
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4-,, The sulfuric acid combined. with the result'ing water and thus shifted
the balanco of the roaction toward the 6ster iide...

In KXru ol only the discontinuous or batch vroceos ir emnloyed.
Charges of 420 K". diglycol were used. The avorpo yield nf Diglycold-
initr.te was ca. 710-715 kg per charrel I.e., in round figuros 170%.
Theoreticn.lly 777 kg Diglycoldinitrate should be obtained frrim 420 kg
diglycol, Part of the loss of, ex )lohiwe oil was in tho vate ncid,
nnd also 6 smaller *art was lost by washing,

Diglycol is a liquid clear an water and has a saec,'.c gravity of .

1,126. is a rule it contained ca. 0.1% moisture and u7) to l' glycol,
The nitration was carried out by slow addition of digly,.ol to the ni- .. *-'.

tration acid wtth intensive air stirring and good cooling with brine.
The latter was a 35% sodium nitrpete solution which was numped at a
temperature of -150 through the cooling 'ockets.

As already mentioned, a mixed. acid was used havinr -;be following .

com',osition:

The acid ahould be as free from nitromo ns ioossible. It was ob-
tained either ree.dy mixed from the I.0. or else mixed in Xrumel from *'

'6 fuminz sulfuric acid and 9899% nitric acid or HS acid which core-
tained 88 H0 3 ens ,11% H280, The initial ratio' wrs 112,9 i.e. for 4

420 kg d1glycol Iz!i kg mixel acid WvAs used, Of that ca. 79() k was
HNQ 3 and 428 kg H2K04a Theoretically only 497 kg HN0 3 pre necessary. " *

Thus an excess of 293 ke was used. Sy this relatively high excess a "" :' "K."
higher st.bility of the resulting waste acid was obtained. Therein

* lies the grent difference be ,oen the waste acid of diglycol dinitrate
and nitroglycerin. While the NG acid lasts for days nd could be.
11.1ored" in the aftor-separatio" vessels the diglycol waste acid hnd
to bo processed immediately becnuse it hrd a tendency after several
hours to decoiooe. At te same time the temperature rone rapidly and
large quentities of nitrous gases secaed, emmanating from the over-

heated ester.

The maximim temperature of nitration wns 250 0. Two thermometers _

each with a different dip-deDth mrde it possible to watch over the tem-
perature in the nitration apparatus. The nitration with a cooling*:: .-a :

S 4.l
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brine of -140 to -150 lasted ca. 22-25 minutes. After nitration the .-2
, explosive oil acid mix'cure, was cooled down toe.150 end then drained I-.

to a semarator. Here the, heavier waste acid C -int .. i .f rnm th, 14ht .,
acid oil. The searciton lasteA 7 minutes. The clearly netaratod
waste acid wai drained off for denitration, the acid oil run into the -
.reliminary washor in shich threre were ca. 300 liter wabr, on& awash water consisting of ca. 34% MHo3 , 5% H2S04 , Z-3% ester, remainder
water resulted. This wsmshwater was also used in the dentration. The
vs.ste acid Just mentioned had the following comnositiont

64-.66% 112Wa i~
4-5 % ester, rest ater ...

Prom the preliminary washer the explosive oil ,then w'G r. 'n into the
final washing nv).yratus. There first, wnshng with ce. 500 liters cold

wetar vas used. Then with 150 liters ca. 54 soda solutinn, hea~ted to600. The soda wash l.ted 10 minutes with inteniive ini-stirring, The

final wihng w.s mpde withca. 500 liters cold wnter. Fr'om this wash-
e oil a Somple ws tnken to the laboratory, The test (reatiton to
potassim ioid6-starch paver) must last Vt 820 at least O minutes,
If the tNst wris atisf,4ctory, the oil wng then released tor the manu-
facture of mste.

The Diglycoldinitrate is a yellowish oil with 1 Spec. grpvity of '

1.38 - 1.39 an&. a n 1tiogen content of 14,1 - 14.2%, The deconmositions
point is 1629. At 1J0 it explodes. Sensitivity to impact by P. 2 kg
drop hnumer amoirnts to 160 cm. Diglycoldinit 'ate is in this respect, -

--=" ce p'ore to ntroy!¥erin (with 2 kg drohammor only 4 c.m), consider-
ab,ly less.sensitive The freezihg point is bslow -lO°. The water soi-

". U iity is 4.. 4 "

* . As to the nitrottion plant itsel, all buildings wore massive rein-
lor~od concrete structures which wore surrounded by earth barricades.
The front' side of these buU.l~ings had, large window meant bo be a
bi.ow-out wall. In the case of an explosion it wouV'fsll toward the
O'itsid6 'and thus would make an escape route for the high pressure.
Bach building had two escape corridors, one at the upper exit and oneA
at the lower exit, In the bu'.lding were the nitration ato9aratus,Csevarator, prolimin.ry esher and final w."her, all made from 2A, The

required cocks were of cly, and p-rtly PrMor-.p ated. The drowning
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tan (safety vat) wr'gof'iron lined Inside with rubber. It w.e largo-.,
enough to receive the whole charge from the ntrntion or separation

- , +.- th P. Coodly amoeunt of dilution with water. As the nipme"

• ...'.indicates, it wos installed in order to prevent the charge from ox%,--.,
~~ploding in case deoompositioh sets in byv mens of strong dilution.-,

" " ~turo was noted,. then the operntor 'whould immediately vull the emer- ,i,.

.... egncy lover. In this wpy, the Automr.ticonsfety installation wase put ",

;-" ~In actions By menne of the the operating nir which was prosent in .
the air mains-

(i) 36i1 signals wore, switched on 'by wqy of n rolny In =4 on."
[ , top of the buildino #a%6e( in the adjacent butl!dingxt • z

(2) By wy of a so-cmlled gun (kenone) the cocks of the nitr-

\ ~tion armaratus and the searater were o.aeii towzrds the -:
~~drowning t ank,

'm .' ,(3) A mombr~me wnlie -ias opened, peomttng frash w.ter to flow, :

'. for the vurpose of dilution, into the safrty vat, and, ''t. (4) The var-stirrn in thn' senrp.ir a h ty vt was started.
enou~h t In ce ef dsturbanoe in the lnt ai o rch nitrting house,

. t ha a raory air votsbl which ould be s'ih w tched over In ort"

'ct iw in ldnder to finish the charhag which ws In frooss."-

.Comnunication between the houses Ych belong to th r w s clruied
Sout by means of st innl instlations, e.g. abetween the notrmhanrhouse rm

Strwand the nitratn h-m , between the nitrattn Mute ant% i st6rhee ::.--
.otv~n nitrating house-and denitraton.ic saft i nfi atio n of a-
lht sional by a return steal could operations in uestion be resumrte

The ca citym a the entire nitrs.tton olants for regul.r operations
wa ) stated ls 60 tons per w or 150D br month, on the basis i f con-
1tnutus 3 shifts tm based on 25 worklte, anys. or this 25 oerators.

iand 1 foremn wer rtquired. s t e e o r t

In the nitration of t lycol a mixed acid comosed of 70 HNOu

14and tho nirSiO h'su be wee tThe i ratjt wn e 2 n, ie. for,, 500 ~ *g
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triglycol 1250 kg mixed acid we's used. The yield pmounto& to roughly
650, k, with the Above mentioned. initiea mixture. 'he solubility of the
tri lycol dinitrate An the waste acid v.. very high, amounting to ca.
8-911. The donitratitm of this waite acid was difficult on account of
the high explosive oil content. Ine, uwch as the septration which lrst -
ad 30 minutes and more, was subject to certain dangers the. oil-ncid mix--
ture wea diluted after nitration and this acid vater P.as then procossed ",
in the denitrationi In this manner the acid losses remained within the
usual, limits.

The menufacture of the trinlycol dinitrkte proce4W aoord~ng to-

the following equation:

ON2u CH20 2
1 1

CH2  OH2
0 0

..,o€.

1.'. '0 ..

CH2  ,2 w3 - N 2R0
CR20 CH2NO

0C
Bscl the H w

• -. ,% ~ H ROO

:.,' • 3asically the ' mamfcture of triglycol dlnitrete was the' same ase

.tbat of iglycol dinltrate, with this differences

Nitration time amounted to roughly30mirratee. After 3 ikshings
with watir a soda ve.oh with 30 kg soda per initial mixture takes place,
thereuoon the usual afteri-L*,h.

"!a:! ""The triglycol, dinitrate jis a brownish oily liquld with a. soeci.-
.ic graxity of 1.35., a'he nit.rogen content is 12.1--12.2%. hooret-
ically it shouldb1 only:l1,7%. This differenco OR explpinod by' the
diglycol content of the trigiycol amounting up to 2%. The sensitive"-

-14"'
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noes to impct of the trigi.ycn] dinitryte is still loe tM that of di--3"~L4YC(V!L humer showed no effect..:
rly~ol dinitrate. A test with the. 2 kg inll A' hoe no eet,".4
The iodide starch rner test elviuld last 230 minutes at 82 de~rees, ..

~The cp~oity of" tho nitratinn vlpnts f r the. manufpcture of trlp-'
:[': €ol dinitraite was stated t o be 44 .tons',oer ,dhy..'

<;iIn addton'to dllyeol dinitrate and triglycol Uinitrmte oooes-
i~onally smaller amounts of methriol trinitrato were also manufactured*

For this nitratioh the same rsixed acid wat used as for diglycol dini-
'?' " trate, thus ,.

The initial mixture ratio was 11.S. The formation of xlosive oil
.'.' takes place according to the f ollowing equation: ...

11 O ID 6_ 0VS C -00

=4.4.. ::

.4,.;...,

The a diion toel ai le, 2DOnTertoge cotnto heidl

oil t aeoretically anounts to 16.4, the actual values were between

16.32 - 16.30,. :. '''

"-'." Yhtle the nethriol to i white, vowdery material with a motsture ."::." :tcontent of oa. 05 - Vi the *tear obtained from It i an oily, slight-

[.; , • , ,,D .,,

[..- ly cloudy liquid whonso.density is 1,460 at 3DO degrees, The decomoei- ,.
' - tion of the explosive oii starts at 18:3. The sensitivity to impact .

- , ceorresponds to thet of nttroglycerit 2 k.. fall h~mmer A em height. 4"
=.qThe Loil is practica.lly insoluble in wnter, The starch iodide paper test..

"ishould* last 20 minutes at 820,

I : A small experimental apparaetus. was. ivailablo for the nitration of.'"
~~methriol. Yor the zurpose of introducing (into the na~ratus) methriol .:

which ie-a fine towder (previously sieved), an arporttontng screw was . -

-. 74
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installed whch oernitted the materilf to \be fed in a fine stream an.

evenly as essible.Tefroino up Ea oaodda l

costs, for they may' onsily cause decomoesitton. .::

The meriotl of nitrati(n for 50 kg nethriol" was ca. 20 minutes Ft '
ameximum brine temerature of 20 . Tor the separa.tion ca. 15 minutes

should be required. The temperhturb in he- ore-,vnshr and at the go-
A wash should be 400 because at lower rammeratufa methriol is consid-
erably more viseqhue tha~n diglycol dinitre.te, The soep wnsh lasts 20).
minutes, thorouocn the usual after-wsh with water.

The cavacity of the experimental plant for mothriol trinitrnte ,-"

• ft •.-..

ins 60 tons per month. t..f r

The new l t for-the mnnufcturo of explosive oil differs from. .
the old plpnt mainly in th t the nitrtion nd ashing wore done inuts

one building, Thus a censiderrnble labor |oyvng vi o~tnined, Whle .41
the old blt reured. T en .apr shift, the hew -lslrstwith nitration.
houses, rquirod nly 5 men. A di.drntreor howeve, tis th t cord-
Ina to safety regul.tions the nitrato of a now chrge could b start

ed only when the f inished nil of the previoum charge had, left the buiild-
inq, This roguletinn waR ohrnged On that between 2 operati~ns ,there
Mn tes e empty vesselsu Practically, ethhat a ew ni-

tration was strted at a time when the previous one wns in the nod&

The completely f hed exrelosite ol wf then transferred to the .ft

strrnm. Th4i explosive' oil line vns lontedt In P. tunnel In whidh a man
ii ' could "wak,. At the end of the tunnel wns n iwinging arm from which the -

" iil coul& nbe run inth . won. ',This wagon vas large enough to take a.
Twh6e charge i.e., ca. 700' mu nle" oil. The waon was ued to

transprt theotl into the rel ttc:rae, Here, according to reula-
tions, up to 4000 kg explosive oiA could b stors The storage W e ,,"4

obuilt se thrt it hl 5 exactly equal" hlVs, inch for00 t expl-,
-:.ft-. i to si sa oil. Fromeach hIf'1 hnste fixing houses €u d e col be with '

'" e~xolosivs oil. In each halIf there weie,3.redtangalar trnks dach with "

70 oo t. w hen the nhe oil ofi the wreios rn 'ou hd lheft theO bildtt-

flowed across a filter which Whe. to e •ahed regarly, At the bet-.
tom of the tanks ther e re drinage cocks from which the oil culd be

"'" drained werf into at scale by wy nf te rieid pipeline iend t rWinine arm
This scale was used to weig h the exlosive oil pei thn r .s ferdto. -c

?.-''
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dividul initial mixture c'f paste. The explosive ril floweA from the
sonle Ivite it cnntninor from which it vs ejected by norms of wtor into
the panto mixing houses. For the operation of the storaee one man was
relquire& for each half. At full production the wieighing ha to be
done quickly but correctly. -:

(a) Denitration ot the Zxylosiyb Oil!-,Vest, ,Ai-

wtecIn the denitration oeoeration of the factory at Krumnel the
waete acid emorging from the semrat9r. of the nitration house end the
wash ncid, which wns formed by drowil-g of the acid oil, were mnde *

wusable ain.'

The acids were freed from the exi)losive oil diissolved in them by
running through the io-elled brernkdown co+uns .+ high tenuervJuro 'md
thus , ,do usnblc egain. In the case of the mste aid from dilycol
normally ao se.wration of th ,exploiiVe oil took -6lace, or else ohly -in 1 ,
t rnces. #

-Due to the action of moisture the .w'te acid from diglycol wns
easily decomposed ind therefore teouldonly be stor d for .few hours Pt
easily dcmoe d hrfr ol.ol esoe o e or ~

the mo:t. The decomnosition startrd at one place and spren& farther
an& farther at a ,Jumplike increnso ,of ; Dmorture. Tho liouid then
boiled end developed largo quantities of nitrdus -daes.

The sama process occurred in the brakdown columnsl owever, here
it was regulated nd continuous. In order to increase the oxygen ffur-
fus already .oresent in the nitric acid in the waste acid, and thus to

be suro thnt ll. ester w.s burned, a 5a% nitric acid or, in its place,
wash ricid ims added. ".

Incomplete burning of the ester vns shown by dark coloring of the
.. waste sulfuric acid as a ,esult of suspended crbon or.rticlos. Incom-

olete oxidation could cnuse a clogging of the columns by means of -or-
gnnic materiel.

The ester dissolved in the wrsh acid. wrs destroyed merely by run-

ning through the breakdown oolumn and by addition of steem at 100 0.

-17-
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...r.e0 (n) (Cnht III,

Vagte aciA from Aitlycol (not X t Aenitr.,ted)

U5% eter dissolved in the acid
64-46% H23049% =w3

V....

S.c. wg. 1.64
*5o *

H 2 S0 4 ks

0% N2 0 4  .~a %

_Vah Acid (Prior to rEninin throui& the denitrztor) -.. ,

Ono batcht 400 I tar
Speo. WO. 1.26
•.3% ester
6% H2304  :.

33-usWi 193

Tower: 4&.50,q 1NO"-
Bjieching apparatus 38406 IwO3
Tank: receiot fron tower andwnsh aci from denitrator 3T ]NO

The donitratoe waste'acid w ,s tested with 7etO4 solution during op.-.
erations for the presence of I0 3 , or N304 , rdspectively,

The diglyor-1 wrste ncid from the nitration house flowed into a stor-
rie container PxAn Aon here it ron by wpy of the DAG separator into the

denitrator. The.ester dissolved in the waste Pcid ws burned by nddi-
tion 6f w Rh acid or nitric ncid nnd sterm. The nitrnus ,mses thus de-
velood wore drawn by. n.ln.through the condensers and forced into the
absorption tower. Back of each condensera'- bicft gPparatus was con-
nected, in %iich the nitric acid. flowing off from there was freed by
means of air-suction from the nitrous acid contained thereia, The nit-
ric acid ran by wy of a rotameter tn the tank.•

. . . ... ,',

.. ,, :: -..
i' \ I -.



r ~. % * a * . a a aa

a~~a Thi, oulfuric ecid frenm the lower end rf the donitrptnr.rnn through
asiivhtn intocth craoling column, fran, t~to by wny of a copler into

rent amcnting from the cooling 6olunn still containing snote prrtic- Z
aei pulled clon;i frnin the sulfuric ncid woe, prior to its rolan-so into

the n~on, condujcte4 into a' concdensing column whidh vrs srryo&l with w%-

ter obtnainot! from: the codnes

In the poncontroti n of nitric acid. the acid went to the bleach-

ia'p.ra~tut by way rf P. nre.warmor her.tcd with.. n nt h xh~s
colun werethe nitric oxides -present wera removed by 'ijr induce4 by

Pn Tho acid ran through a siphon into an intermediatc container Ond
:a: :~ wns pumved frrm there into the tvnlc.. Thao vvsh aicid ren from the ster-

a ace cntcie by way otf r. onwll sepnrntor tnt. a nitrncelluloe filte

into V-~e donitrator, 7knn the denitr'tor,,the acid flowed. thrnurth
cooler i.nte the intermediate conteiner, lie cooling colums were nlot.a

A% the Brimlits -olrint of Eibia, there were six Schnidt-4'.eisengr iii-
tka~tion units IInstalled to iupke LEON for the pasta which was used for
cr-nnon and rocket i'o'wdor. Tho five siwll units orc~h hNO a crnacity of
300 kg per hfur ane. the one larire uihit ha. (% csa'rmcity of 1000 kg per
hour,

Tho NG areno was Aescribed by Dr. Werner Schmc44ing, -Superintendent

o f the-11G.and Acid. Aro~n operptilns.j He hadk boon at tho plant for six --

years annd -hall supervised the start up operptions in 1939. There had
been 'no exploui'nns or seirinus accildntis en 'this area.

MDr. Sc'hmeddinp ips well a-cquainutbd. with 'mrny other ox,1.osive' oil
fepctorios in Germrn sic is 'ornb'bly the tlest 'authority on Schnidt-Y-eis-L
sner units.

Aftor Schnift~ developed this equipmont, the mrnufricturG rnr1 instal-
lrti~in of -olcrnts was undertpken by the larzre Europenn firm rf MIejesner
and Co). Ti 8 C611COZm trained thb firnt plant operators but 4i'A not pro- :

0e: vide o',oratinf, mannl. Unfortunafely, the -bl~nt tdrawings of this eqiii-
ment ac-uld& no~t be Iocpr.ted.'

It wias MDr. Schmeddingt s oinion that the best cbntin.oud R1G 'quip-

*10-
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Lent would consist of Sclhidt nitratorts, Baezi sop rtor ci-ni Schmidt
"- ~ eh "ww-hers.

Zah unit consisted of three bunkere or enrth barricadoe concret-
1glcoR with one end LAO of frae. Irl the first, there were two ronm re,

one o-ich for Diethylene Glyco1 (DEG) tanks nd mixed fteil storrge tonk.$
The second contrined the nitrAtnr, PopArptor, nnd washing systems. The
t.hir4 contnineA the 110 etorni o tanki end the vessels for emulsifying
the oil nnd water for. transfer to the Plate dxin. houses.

"oreThe expenditure for construction of thi l~nt' won a*e.rently much
more then that on the DAG plrnts The nrovisions for armouflge trees ". .*..

a'. for sinking the .uildings into side hills wexre zrch more obvi-us.

The rv materil' IW' w s bbtaine. in tank cars from the .G. fa - J -
tories at huls/Reecklinrhaueen, netr Msnifi Pend at Leunn/Yerseber; noPr
Berlin. 3ach car lo'd ve, snlyzed for wmtor cnntent, for unsgturates
en the boiling hoint range wes dotermined. The maximum npcification
for wettor was O.5; " determined by benuene 0.istillation, 'o seccifi-
cation for iaturatee allowed none as deternined by the test with oil-
ver nitrate and ma-monia. The'boillngoitrnews4-39 C.

Thu mixed aci4 used hnd the folloiim com zosition

A ratio of 3.1 p, rts mixed ncid to 1 pArt DEG was used and a wamto,
acid of the follo*ing cowmpoiti.,n wae obtnined:

10% *' 103
60% O4

It was also necesnry to 'provide A synthetic waste acid with the ".-"'.:

following com-nesition for clenning the nitrntor rnd sanarptor:

0% H 2 S. 4 -,, i,

S30% I2

:V V
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It ms stated t.nt a yield of 173 lb . of U .m obtained f rn.

100 lbs, of DIG when using, the most efficient wie-h water recovery eye- : .
tan, T'he overall nlrn~t Nit.ric Acid lonz vat 0,75 lbs. per lb, o-. MMO '
m ade. The theorse'icnl consu~rti-nn would be 0.65 lbs. of nitric atcid.

The raw nmterls, ME nd mixed neid were fed to the nitrator by .
meant of cLir nressure on the aborage tanks, through Rotemeter tyne flow- -..
moetorve The rnto wns controlled by the air Dressure valves.-'

The large nitr,--tor unit onlyi d e-cribed in the folic~wing narer- *

The NO vns introduced thru P. vertical nine which extende& to = -'

nutr n~3 inches n.boye the I ,inch hole in the glass cover. INo distrib- ""i

The ixed acid won Intrmduc!d at the bottnm of the hitmator. -

The nitratnr wns mr~e of U alloy In three mrin TrgtA flonged and...,
bolted to~ether° It vaR abnut 304 diemeter mni 40* high. The ton aft-
tton vat cylin~ricnl, about 10 inches hight and we covered by a loose '

glass nlato allowing very fjoM observation. The center section contan- --
ad the cooling element. This w a itet of tubes oven r~t the too and ""
bottom through tube sheets, 1'ne dooling brine (VaN 03 solution) W" air- ...
oulatod in the chbebr surroundine the tube. In the center of the tube..-°
shot there wes au o.pening of about 8 inches for the agitator shaft. "= "

. The bottom section was conical with a 4 inch outlet on the bottom...

Agitation was provided by a proveller and maddle at the point just"
below the bottom tube sheet and ,A med the nitr~tor charge up the cen ,".
ter" opening over the top sheet and down the tubes. ..L

Ait the bottom outlet there wm a quick oiening droning vPlvo n
also an alternate drowning mepii consisting of n Mtpolva minstic disc".'.:
which could be cut open by a knife nctu~tod by a temperpture controller .. :
and from P. switch cute~d3 the house. '".

The agitntor shaft wris driven from P. vi-xtable speed, carbon brush 1

-.

It wloc tted. th t roo eld of 7 lbo . ohe n ZJitto roo. oiedfr. o...

100l_ lb.o ,-we sni h otefiin eh ae eovr y-
t.e,... .... ovrll..../i:i.Ai:l: is075ls.prlb ~ Z!
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,:++ The motor electric drive wits connected to anxety controls which +

shut off the ntrntor feeds in cnae of electric failure. On the moeor
shat there w.s n flywhee 18 inches in diametor to provide agitation
for tho timo intor l'botweon electric failure and the introduction'of
the lp-t DZ.",

It wps stazoed thiat the pro-er rgitation seed bAd to be determined
for ormh individupl nitrator uniti Most of them verie between 380 .to *

400 Mi The dotermination of the optimum s]?ecd w-n mp.de by mixing. *r,
tar and paraffin oil starred at MO 0. Upon stopping ngitation, this

* mixturo should settle to A ele.'r line in 10 mimteo.

In utarting up a Schmidt unit, the nitrator Prn'sepr ,ntor wce.:
first filled 41th synthetic waste acid. The mixed ncd w',o then stz'rt- .
ad Vt 5/6 rct a. After 30 seconds the DIG was started at the one rate.
At exactly 7 mizzutes later, a clear s*pV.rating line should be observed
in the soparator Right glass. If the ine had not formed, the r w
mterials wore Immediately shut off anA the synthetic wasti onid was
btartrid to flush out the system befo-re +strrting npgin. If nornal sop-
aration occurred after 7 minutes the rtes were increased to the stan-

The In normal rrnctice th nitrator chiarge wps m intained at 200 C

The volume of the chergo wus 350 liters.

The Schmidt seoartor consisted of three main orts. Tha lover

two *ro cylindrical *esnols flanged together nzd sup orteh at an anglo
of 450 from the horizontel. 1he upper section was C vorticnl ellipti-
cal tink about 15 inchen high on the strright aide with the tot tapered ,
to a 6 inch dineter outlet. The bottom was flanged to the tot of tho . .
middle sedtion.' In operation, the line of separation wes Pbout 8 inches - -

sabve the flange. ,.-'

. The mixture of DEI0T and waste acid overfloving from thd nitrntor - .-.
ws run into the spnr ator at a toint at the bottom of the uppar se-
tion. The feod'pipo branche& to three perforated vipes inside the sep-
arator to -orovido for distribution. A might' gse in the front of the
wuoer section Pllowed obsorvntion of the charge to determine the level"

lN of the intorfrice of oil nd Pcids.

The middle seotinn contained tlates vrllel t6 the sloping walls,

its~

,. %.
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I., tt a 450 angles These iolates wer provided for the stc.te& purpose

of allow.ng the lrops of separated oil 'to rise to the top section while
the waste acid settle to the botom. The numerous plates spnced about

inch apart mde clengla difficult.

The bottom section of the sevarator wa, a cooler constructed with

tubes and sheets similar to that described for'the nitrator, Brine w-s

circul.ted thru the chest of the cooler to keep the waste acil at a low

temporature and assure maximum seperation efficiency.

The wate acid flowed from the bottomi outlet, uD a riser M thr..

a sight box to nn outside storege tanks The height of this riser and

the height of the oil drnvwoff at the to-o.could be oAjusted for oroper

oDerating levels of the separator,

The sepr rntor wns equin-ned with automatic drowning vnlves and plas-

tic dises similar to those described for the nitrator.

Prom the separator the acid il ws run by gravity to the first

of four glass w.shing towers. These were made of 17 sections of glass .'-

pipe 20 cm in diameter nn& rbout 8 om .high. Between each glass section

there was a sieve ,,late. Plastic gnskete end luminum bands vere used
to seal the joints.

Into the bottom of the first tower, air and water (from the iecond

tower) were introduced throug.h . jet nonsle to mix them thorougly with

the oil run in thrnu-h a third pipe, This mixture flowed uy through the

... d sieve nlates'whieh orovided distribution end ,.gitati n. At the top ov-,

erflow the-air woe vented nnd the oil water emulsion was run into a rec-

trftgular V2A box seoI arator.

Prom this setarator the oil was run down to the bottom inlet of • .

,the second toxor. In' this towei, fresh water,. torecooled, was added.
After the separator at the top, this water was run through a cooler and -'.

then ws used oa the feed water for thb first tower d6scribed Ave.

By using the wz'er in series in the first two towers, Dr, Schmed..

ding stated that the yel1 of DEGN vii imnroved to 173 from 170, the

yield with regular Schmidt operation using fresh 
water in both towers. A.

Also a wash water was obtaine4 which contained 45 403 dan 3% IO's
This was then ,ient to the denitrating recovery' -.

'.34-..
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The oil fron the eecor4 tower separator wm then run through the ,,
le-t two towers counter current to this 54, sodium cbr onate solutinn'"use& for neutralization. This neutralizing solut*on're ea~rnted . d

Afnt tt the sewer.

From the Jrnt neutrnltzing tower sennrator the oil w,s run to,'
Rtorpg"e trzks in en ndjil-ning room, in the bunker,. ppre 0t %vM emul-
sified with vator nd jette4 +to the large Paste nfxoi. For the ssell'.i-
nitrntor and PAte "ixers, the oil was wepheL out as the mixer charge
required, e~~ :.-is dGferibed In the Krumel sectioA., and jbtedF.",:
to the mixer houeeo .'

In each nitrmtnr rn'om for (1) holding..snthottc waste acidq (2) the ver- "
ter filled drowning, tank, ,W3 neutraliiniT by britches,'the nil eepara- .

teet In the shut down procedure. +.,

-Prepar d bye .l'

t.Cmdr. , UM .

0. W. =$so,"""Lieut., u.."

T.T,. MILLER# -Lieut. USR....

Dr. .. LAWSON...
rnt . isTechnician,. .-t...t n

'J.B., CASTEZR, O
Tech.,,icitu-,. ,'

,,op..,rle nenrj i.u1ro:.n h bne. "rei-.~ eu-

i i.je t ltot.

*'2 iiwt

.,. .,. , ,y.. .,r ;,".quir e .-d ,-,em- .. ' ,% d ',ii ,-cribed -.. e I,- .,- _, ,, . i ,.. , . n....., j . .tt..e.-&
-.' . "-'-.-. .'Pto ' the mixer ho" " use-"t . r .' , .;"","". :"'.,,.' ,' '. ' .. . ' ' , ."." " " " "-". ."

* ft . ft-. .ftft. ' " , " . -, -" ' .- ' ' 
°  
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