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SULLARY
I, Objects of the investization

To exanine the properties of diethylene glycol dinitrate, and to
develop a method for its manufacture from diethylene glycol.

II. Scope of the investigation

The requircments of commercial diethylene glycol for nitration tc the
dinitrate for Service usc have been investigatede The optimnun conditions for
the nitration, and .for-ihe stabilisation.of diethylehe glycol ‘dinitratd; have
been.determined by kaberatory and sehi-technical' scale investigations,and
batolr.and: continuous. pildt: plants forckhewe: operations have beer developeds

The manufacturc of D.E.G.N, and recovery of the spent acid have boen
cstablished on the scmi-manufocturing scale and quontitics of the product
supplicd for cxperimcntal propcllant acnufacturc.

The chemistry of D.Z.G.N., the mechanism of its nitrotion and the
recactions of the spent acid have becn given some fund-uentel study.

' No difficulty haos been met in obtoining D.IL.G.I%. of cccoeptcble purity
and chenicel stobility by thoesc proccesscse

The meximun overall monufocturing yicld of Ded.Cel'e SO fir obtuincd
is 90 per ccnt theory as cgoinst 94 per cent for nitroglyccrince This is
a disadvantoge of DeE.G.Ne

The spent ccid from D,I,.G.F, nitration retains souc D.2..iTe 1D
solution cnd fumcs off ot ordiniry tempcroturcs after o 11ife! dcpending
on the composition of the ccids An ceid composition for continuous nitrction
has bucn dcviscd to give o spent ccid with & scfc life around 12 hours ot
20°C, A proccdurc has been developed in which tac spent ceid from tho
continuous proccss is run dircctly down & dinitration towcr in waich thc
dissolved org.nic motter is dustroycde. This involves the rccovery of NO2
as 50 per ccnt nitric ccid ond some cdditionol nitric ocid concentrotion.

The physical, cheudenld, cxplosive cnd physiologiccl propcrtics of
dicthylenc glycol dinitratc so obtcincd hove been deteraincd.

......

1., D.E.G.N. con be safely gaenufecturcd in the samc types of plant, betch
or continuous, as are uscd for nitroglyccrine. The continuous proccss is
qore suitoble for operation with o continuous waste ocid denitrotion. In
both botch ond continuous nitration the safcty of D.E.C.N. cnobles
simplificc.tions to be mode. The yicld of D.E.G.N. is lcss and the

consumption of nitric acid is somncwhat higher then for nitroglyccrinc,

2, The spent ccid from D.E.G.N. nitrotion is unstoble ond nceds to be
dccomposed dircctly and continuously. Denitration tower proctice hos been
found suitcble for this purposc cnd cti be scfely linked up witih continuous nitr
nitrotion.

3, DJ3.0.N. is superior to nitroglyccrine in scfety in hrndlinge
L. V3.6, cppecrs to hove no discdvontegeous physiologiccl cffceets

during the short monuftcturc to dote; the long term offuet on heolth
of tnc worirs is yot to e autor.dnode
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Reference X.R. 510/1.

I. Semi-technical scale plent.

l. Introduction.

A 20 1b. batch plant was brought into operation as soon
as sufficient data relating to the nitration of D.E.G. was
available. Ite object was to provide further information
about batch nitration and also to meet an increcasing demand
for DEGN. This semi-technical plant work thcrefore preccdcd
gome of the work presented in Part II und inforuation gaincd
grom ig contributed to thc conclusions rcachced at thce cnd of

art 11,

At a latcr datc, the 20 1b. sciai-technical plont w-g aghin
uged, to compaore direcctly the yiclde obtain-ble by thc vroccess
rcconilended in Part II, viz: nitration with 2.57 pirts of 72/28
mixed acid, ngoinst the yiclde obtainsble by :thods which wcrc
uscd in Gerann foactorice during the 193S-45 wor,

2. Decegeription of Plant.

The layout is shown diocgrrmmaticolly in Fig.I, ~nd Fig.Il
is » photograph of thc plont.

A miniature N.G. typopc. nitrotor scn-r~tor wheg uscd, congist-
ing of o 4 ganllon lcnd pot, 12 inse. Gi . by 10 ins. dccp, with
a gingle lend cooling coil, 7/8" di~ui. 82 ins. long, on inner
and an outcer ring of 2ir stirring coile on thce bottom, ~nd o
bottom outlct through which displocuncent acid w:s introduced,
ond by which the contcnts eould be discharged, through.n stonc-
warc cock, into o drowning tonk. Thc top of thce nitrator had

a conical rim 2 ins. deeg, with a sloping gutter leading to the
prewash tank. An outlet near the top of the nitrator was

connected to a fume extractor.

In addition to air stirring, a steinless steel impellor
stirrer, driven by e geared electric motor, was also fitted.

The DEG was fed from a small tank mounted above the
nitrator. When air stirring was used, injcction was by a mini-
ature glyccrinc injcetor, but with wiechanical stirring, thc DEG
wag run in a thin strcam on to the surface of the acid into thc
vortex created by the stirrcr, from o coupo.mozzle., Cooling vas
by ice watcr, flowing by gravity from a tonk fixcd ot a sufficicnt

hcight.

A tonk for displocciient ocid, with a bottom outlct closcd
by a cock, was mounted above the nitrator.

The drowning.t-nk was of 20 gnllone c prcity ~nd hrd ~n air
stirring coil. It woe noriirlly. kept tvo thirde full of wntcr,

The prc=wnash tnk woe etrinlces stccel, 10 ine. cimmctcer,
9 ins. dcep, 2 gal. cnpoecity, with gloping bottom, nnd ~ cool-
ing jncket through which wrtcer could be posscd. It woe fittcd
with 7 stoinlcees stccl air stirring coil, nnd h-éd = bottom run-
off to which wrs ottochcd o rubber tubc. During w~ghing thce cnd
of thie tubc wnhe held obove the level of the contunts of thc prc-

/washer,



washer, and a stream of air tlown through it, The pre-washer
was algo fitted with a skiuiger, of the sawe design as that
used in washing N.G., but smellcr, and mnae of etainlees stccl,
The skimings were passcd into a bucket or o scttling tonk.

Thc washer wee a lcad tenk 15 ine, dirm. by 15 ine. dccp,
capacity 5 gallons, with o sloping bottoiu ond -~ 2 ine, dcep
conical rim at the top. Stirring w-s by wmc~ne of ~ir blown
through o perforated coil of compo tubing. It weg fitted vwith
a leand N.G. pattcern skimmer, anéd ° bottom run-off carrying -
rubbcr tube which, during weshing, wos kept ~bove the lovel of
thc contents, nnd connceted to ~n -ir supply. A 100 gnllon
pon wrs uscd cg n whgh woter scttling tank.

3., Operation of Plant.

~ In orccer to carry out - nitration, the mixcd ccid wos first
wecighecd out and plnccé in the nitrator. Then cnough mixcd acid
wns placed in thc displacuucent tank to fortify thc wastc aecid to
bc produccd in thc nitrotion; to this was addcd about 3 gnhllone
of 0ld fortificd weetc ncid (F.'W.A.). The cooling watcr wne
then turned on to thc coils in the nitreator, and tﬁc gtirrcr
startcd. A 1ittlc DEG Wns 1~ced in thc DEG tonk ond levelled
off on the sight glass to o fixcd lcvel, to providc 2 datum linc.
The DEG necdcd for thc nitration woe then weighed out -nd placcd
in the DEG tank.

When the neid in the nitrotor hnd coolcd to 15°C,, ~rddition
of DEG wne commenced, ond thc rote of inflow rcegulntcd so ns to
kecp the tcmperature stcady ot 150C. throughout thc nitrntion.
This usuonlly meant, in summcr, 2 rotc of flow of cooling wntcr of
5-6 gnilons/min, cntering 0t 0-3° and issuing ~t nbout 7° - 8°C.
Under thesc conditions 13 1b. of DEG could bc nitr-tcd in on hour,
uging 6-8 cwt. of ice. Addition of DEG wog stoppcd when the
lcvel in the sight glass rcoched the dotum linc,

Onc minutc oftcr all the DEG hnd been tdacd, stirring wone
stoppcd ond thc contcnts of the nitrator 1loved to scprrnte.
This took about 10 minutcs, nd its progrces Ve followed by
obecrving the gradual appcorance of the nitrotor coils through
the ceter layer as it clenred. When scporntion v-g complcte,
ga plcs of ench laycr werce token by wenne of a pipcttc, for "mnl-
yeis. Fortificd wnegtc neid woe run in vin the bottom inlct
of the nitrntor to 1ift thc chorge, &0 that tht locvcl of The
coter layer rosc and it cventually overflovced down the sloping
gutter into thc prc-wash tank where it wos reecived in unter
gently stirred by air. « If the charge wng 1 lorge one, thc
prc-wash wng done in twio parte, in which coec disploccinent took
about an hour from the end of nitration.

When all the ester had been displaced over into the pre-
wash, & little of the fortificd waste acid was removed from thce
bottom of the nitrator so ce to 4drop the level slightly, and
the stirrer was startcd again to mix up thc econtents and stobi-
lise thec waste acid. The rcst »f the contents werc then re-
moved, weighed, and stored for fuburc usc ag displaccment acid.
From thc weight of thie acid, and thot of thc acid placed in
thc displacement tank the weight of the wastc ocid formced woe
obtoined by diffcrcncc,

The acid cstcr laycr wne waehed .with about twnh thirde of

. fite
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its weight of water, in the pre-wesh tank, with cooling water

in the jacket to keep the temperature down to below 256°C., the
pre-wash liquors being recovered at a concentration of 30 per
cent or above. At the conclusion of the wasgh, after gettling,
the wash waters were skimned off and weighed, any ester sccident-
ally removed and gettling to the bottom being saved and returned
to the rest of the batch. The ester itself was run off froi

the bottom of the washer into a jug or buckct.

About 8 inchegs of alkaline wasgh watcrs werc placcd in the
washer, and the air stirring startcd before thce ester wag added
from its jug or bucket. The pre-washcr was washcd with watcr
into thc jug or bucket, to rcumove all tracce of cstcr, and thc
washinge added to the alkaline waegh,

The alkoli wash watceres were mede up ond gtorcd in carboys,
from which they werc measurcd into the washeres in gallon jugs.
Tapwatcr from taps placcd above thc wnshcers vwoe uscd for the pre-
wash and for the water washcs,.

At the end of each wash, after the two layers had hod time
to separate and clarify, the agueous layer was skimmed off and -
run into the wash water settling tonk. liore wagh waters were
then added, and stirring restorted.

At the conclusion of the last water wash, after skimming
off the water, the ester wos run off from the bottom of the
wagher through a rubber tube on to a large filter paper in a coni-
cnl funnel and filtered into a-large Buchner flask. It wos then
weighed and stored in a carboy.. The filter popcr rcmovcd the
dust ond all suspended droplcts of watcer. On cooling the filtcred
cster, however, more wotcr came out of solution, nnd thc cster
become milky, but it clcored again on worming.

At the conclusion of cach nitrotion the DEGN which had
accumulated in the wasgh water settling tonk wns recovcecrcd and
weighed; it sometimes amounted to 4 oz. out of o theorcticol
yicld of 84 1b., i.€. 1 per cent,

The dctnils of o typicol nitrotion nre ~ppcnded :-

32 1lb, of mixed acid of compositioh 73.59 per cent HNOgz,
26.48 per cent HgSO04 and 0.13 per cent Hg0 were weighed out and
placed in the nitrator.

10 1b. of the same mixed acid and 34 1b. G o0z. of old forti-
fied waste acid were weighed into the displaceiient tank.

After filling the lead etc., of the DEG tank up to the mark,
13 1b.0 o0z. of DEG were placed in it.

Room temperature was 25°C.

Stirring wag started in the nitrator, thc mcchenicael stirring
being used. A slow stream of air was blown down thec bottom inlet
tube to prevent pockete of acid or DEGN forming in it, and the
cooling was started.

At 9.50 a.m. the temperature of the nitrator hed fallcn to
140C, and the cooling water was leaxing at 8°C. at a rate of 6
galls/min, The addition of DEG was commenced.

/The
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The following were the recorded tuupcraturcs of the
nitrator and the cooling water leaving thc nitrator, and thc
rate of flow of cooling watcr during the nitration :-

Temp, of Nitrator. Exit tcmp, of cool- Ratc of flow.
ing watcr.
14°C, 8,09C. 6 galls/min.
1790, 8.8°C. 6 " L
17°C. 9.3°C, & "
1% 520 10.0°. & & "
15.50C. 10.59C, 6 " "

All the DEG had been added by 11.03 ‘a.m.

The nitrator was then allowed to cool to 12.5°C,, stirring
was stopped at 11.10 a.m. and the flow of cooling water recduced
to keep the temperature steady. After tcn minutes the ester
layer was almost water-clecar, At 11.23 a.m., samples of wastc
acid and ester layer were removed for esnalysis, and displaccment
~was commenced. The cooling water had to be turned full on to
cool the displacement acid, which was at 24°0C, 58 1b, of acid
were recovered from the nitrator, and 6 oz, from the disploccment
tank, so that thc weight of the woste o2id formed during the
nitrotion wae 14 1b. O 02,

The composition of thc woste acid woas 12.77 per cent.. HNOg,
53,93 pcr cent, ., HoSO4, 29.89pcr cent Hg0, 3.41 per cent UEGN.

The composition of thc cstcr loycr was 19.21 per ccnt HNOg,
1.02 per cent HoSO4, 77.27 per cent DEGN (2.5 per cent HgO cte.)

The pre-wash wng 4one in two ports, for vhich 4} inchce nnd
432 inchcs of watcer werc uscd respectively. Th¢ lest of the ceter
went into the pre-wosh tonk ot 11.55 nen. Nitr~-tion "nd scpnration
had thus t ken 125 minutcs.

The pre-wogh liquores werce mixed togither ~nd weighced., They
wcighed 31 1b. 2 oz. n"nd h-a the following composition -

17.62 pcr ccnt HNO3, 1.70 per cent HoS804, 0.04 pcr cent HNOg,
1,48 pcr ccnt DESN.

The maximum tuapcraoturc rcached in the pre-wnegh wos 26°C,

Aftcr each part had rcccived its pre-wash it wos removed from
thc pre-washer in a jug nnd pourecd into the first olkoalinc wash
in thc lcnd washer.

lst Alkalinc h - 3 gallons of warm 2 pcr ccnt sodium bicarbonotc
solution ot . werc placcd in the wosher nnd the oir stirring
wog storted. Thc DEGN from thc prc-wnsh wns addcd in two ports,
followcd by the woshings of thc prc-wosher and jug. Thie waeh
wog continued for 2% hours oftecr addition of thc sccond lot of
DEGN. The composition of thc wneh watcrs finally wag DEGN C,513
pcr cent., NaNOg 0.952 per ccnt., NagCOz C.933 pcr cent., NaNOg
1,125 per cent,

Wa
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end Alkaline ‘jagh - After separation of the first slkaline
wash, another three gellong of 2 per cent sodium bicarbtonate
solution wag added. - The tenperature of the contents of the
washer was 25°C., and the wesh was continued for 33 hours.

lst Water ‘/agh - For this, 3 gallons of water at 25°C, were
used. The wseh wae continued for 2 hours, pH = G.41. No
nitrite could be estinated in the wosh watcre but they gave a
blue colour with gstarch and Kl.

ond Woter Wagh - 3 gollons of weter at 259C, for 3 hours, pH =
8.47. Heat test of DIGN 4 mins.

3rd Water Wash - 3 gallons of water at 250C. for 2% hours.
Heot test of DEGN = 7 mins.

4

4th Water Wash - 3 gallone of water at 25°C. for 3% hours.
Heat test of DEGN = 3 mins.

5th Woter Wash - 3 gallone of water at 25°C. for 2% hours.
Heat test of DEGN = 13 mins.

The yicld of DEGN was mode up as follows :-

Recovered at ¢nd of washing procces 20 1b. 12 oz.
i from settling tank 3 oz.
Digposed of in saaples for onalysis 1 oz,
2L 1b, 0O o%Z.

The theorctically poseitle yicld is 24 1b. 1 oz. There=-
forc the percentage yicld is 87.4 per cent.

The following analyseis showg the distribution of thc
matcerinle involved in the nitrotion :-

TABLE T

................ oo HNO -HZSO._..E o A

: o 2 : + T o

i en b e TR lb_,.'Z. Lt Ay Tbe %t b

Uriekninl ! (e |
Mixed acid . 23,48 | 100.0 | 8.47 { 100 | 042 | 0.95 ! 13.0 31.99
Waste acid b 179 i Te63) 7.56 | 89,3 14,18 {93.8 ¢ 0.38] 1.6{ 13.91
Acid Ester i 6.95 1 2946 | 0031 | 3,6600.77 }17.3 | 23.9 {99.6 ! 31.00
Pre-wash water Seli7 § 23.3 | 0,53 | 6.2 [24,60)) = 0.46 | 1.9 | 31l.11
lst.Alk.Wash P 023 | 0.98) = - = - 0,16 | 0.7 { 32.0
As DECN ' 16,00 | 68,2 { - -f = 1 = 29 - ¥
I, ) SRS ' R, - .



The figure for the weight of the acid ecster above is
obtained by difference frow the initial weight of 1..A. and
DEG and that of the waste acid. The latter is itself
obtained by difference, and therefore neither are very saccurate.
The figure for the weight of the lst Alkaline ‘/agh is calcu-
lated from the total depth of the wash waters and DEGN, namely
9% inches.

The above figures are a rough guide only on account of the .
uncertainty necessarily attaching to any estimate of the weight
of the waste acid.

Towards the end of the series of nitrations, it was degired
to produce DEGN in larger quantitics, and to avoid having to
spend two days on €ach 20 1lb. batch, four nitrations wcre carricd
out in one day and all four batchecs washcd together in a 100
gallon pan. The nitrations werc perforucd as beforce, but instced
of displacing the ester layer over into the prc-wasgh, thc wholc

contcnts of the nitrator werc reciaoved into o gloss gcparator
consisting of an invcrtcd bcll—j%r with «a glngs cock guﬁsngcd
into ites apcx. Hcre the nitration mixturc wos 1llowcé to scp-
arante, the lower acid laycr becing run off into & buckct and the

acid cster 1a¥Lp becing woished p:rtly in the pre=voeher, "nc
partly in a s ainleces stcel bucket, ~nd the lotter "Tftirwaords

geparatcd in the invertcd bell jor.

The wigtc acid wys token outeside 'ond alloved to fume -off,
This took n.vcr lcegs thon threc hours on o hot swiiwr dry. Souic -
timec it took so long th t it had to bc artificinlly fuacd-off by
injzctions of live esteaul. ihilst one batch was separsting, the
nitration of another batch waes proceeded with.

The DEGN was collected together in a 100 gallon pan under
gsodiwm carbonate 2 per cent solution, and then washed with the
same solution added to a depth equal to that of the DEGN, and
later with alkalinc sulphitc solution and with water. The con=
tents of the pan werc stirrcd by eir at 12 1lb. prcssurc introduccd
through a coil of perforatcd compo tubing, this gavc a thick
gtiff crcomy cmulsion. It was found nccessary in order to pre-
vent the workere in thc building from gctting hcadaches, to rit
a cover to the pan and extract thc fumcs through a catchpot. As

much as % 1b. of DEGN would bc¢ recovercd from this cotchpot aftcr
four or five woshcs of a 100 1lb. batch of DEGN.

4, Digcussion and Rcgults.

In the first three nitrotions, thc nitrator wos air-gtirrcd
and thec DEG was introduced by mcans of a mininturc glyccrinc
injcctor. This wae found to be much slowcr and to producc morc
fumce than mechanical stirring. Thce latter circul~tcd thc con-
tents of the nitrator over the cooling coils instccd of Jjust
throwing it about, and thus gove morc cfficicnt cooling, so th~t
the time of nitrotion wos rcduccd by 25)..

Nitrations wcrc usunlly corricd out nt 159C. A fow werc
done at highcr tumpcraturcs. Scpnration took from 5 to 20 mins.,
dcpending on thc composition of the ncid uecd.

Nonc of the nitrotions undert ken with the sdani-tcchnienl
plant fumncd-off, or nccdcd to be drovncd for fenr of a fumc-off,

/Thc
-6 -



The ester was transferred after one pre-wash to the lead
washing tank where it received three_alkali and three water
washes each of abbut two parte of wash liquor to one of ester.
If on completion of these washes the heat test was not above
10 minutes, one further alkaline wash and two water washes were
administered. At first sodium carbonaete, later godiwn bi-
carbonate was usea for the alkali washcs, and in the last
nitrations sodium sulphite as well. It was founc that a 2 per
cent sodium sulphite/sodiuin carbonate wash had a most valusble 7~
stabilising effcct, and cnablcd the washing to be reducced to
two alkali and¢ two water washcs,

If any acid fumcs werce present during filtration, thc
DEGN absorbcd cnough of thcm for its hcat tcet to fall.

Heat testes of up to 20 minutes were obtoincd, but were
generally 10-13 minutcs.

A sclcetion from the datda on thesc nitrotions is given in
Tablc 2 below. The figurce given for the compositions of thc
wastc acid cte., arc obt.ained by cnolyeis; soiie of the DEGN in
the wongtc acid thercforce appcors ag nitric ocid nd "witer?, ag
cxploined clscwhere in this report,

It will bc secn that the highcst yicld rccordcd is 87.8)5
The lownces of the yiclds is due to the large numbcr of bulky
waghes nccded before it woes found thot eodium sulphitc solutions
(ffceetively stobilised the producta.

e

Thc resulte in Tablce 2 beor out the dcductions mndc from
detcrminatione of thc solubility of DEGN in wastc ncid, which
vere diecussed in Poart II of the roport.

The rceulte sct out in Tablc 3a and 3b rcfcr to cxperimentol
nitratione carricd out at a loter datc, when information conccrn-
ing Gcrmon methode of monufacturing DEGN beeame nvailable.,

At Krummel a batch process was operated in which DLG was
nitrated with 2.90 parts of a kixed Acid containing 65,. HNOz and
35, Hg804; the continuous process operated at Boilitz used
3.18 parts of an acid of composition 62 HNOz, 35,. HoSO4 and
3% Hgo0. The yields reported were higher than those calculated
from these figures, with the use of the graphs and date givea in
Part II of this report, and so a frcsh sgerics of nitrationswere
undertaken with the 20 1b. nitrator scnarator, to check thie
information. At the samc timc similar nitrations were made with
2,57 parte of nixed acid of couposition 72. HNO3, 28. HNO3, and
2.70 partg of acid of couwposition 69.0. HNOz, 29.5, HgSOq, 1.5
Hg0, thcsgec being thosc which give a waste acid of 26.5. watcr
ggntcnt antd a ncar-minimum eolubility for DEGN, neg found in Port

Thc compositions of the waste acids -and acid esters produced
were obtained by analysis und were also calculateé from the avail-
able solubility data, and the results compared with the stoted
compositions.

The life »f the waste ocids before they fumed-off, was olgd
investigoted; these results arc reported in the appropriatc section
of Part II.

/The



The results show thet the yields obtained agree reacon-
ably well with those calculated, except in the case of the
65/35 acid. The yields by the Germen techniques were not as
high as claimed, being slightly lower than those usging our
nitration acids, moreover, larger vegesels would be rcquired
for the same output, owing to the higher acid ratios, On the
other hand the separations were cleaner than ours, and the
waste acids were more stablc and safcr to handle. This latter
ie no advantage if the wastec acids are denitratcd immcdiately
nfter separation, as could bc the case in a continuous proccss.

/Tﬂblc 2.
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TABLE 3a.

DETERMINATION OF YIELDS FROI: GERI'AN NITRATION PROCEDURES.

EXPERIIENTAL DATA.

M "Nitration. I T ITTs IV.
JLG uged 13 lbs. 15 Iba. 12 1bs. 11 1bs.
Li/A uscd 33 1lb. O oz. |54 1b.14 o0z. |34 1b.13 oz. | 34 1b.1l4 oz.
PN .A.pro-
_duced. 56 1b.2% 0z. |56 1b.5% 0z.|57 1b.7% oz. | € 1b. § oz.
Disp.Acid
used., 46 1b.07 oz. |45 1b.3 o0z. |44 1b.2 oz. | 42 1b.2% oz
W/A by
difference 10 1b.2 oz. |10 1b.1l4%0z.|13 1b.5%0z. | 14 1b.2% oz.
Add wW/A run
off 5 1bsS 0z. | 3 1b.0 02« | 3 1b.10 o0z, 3 lb.1ll% oz
Total W/A. 13 1b.lloz. (13 1b.143%02%+{16 1lb.15%0z, | 17 1b.l40z.
DEGN after P/W
produced.
Weighed 22 lb.41oz. 2l 1b.13 0z.|2C lb.4% 02, | 18 1.6 02z,
From baffles 1502z, 530z. 25 0z. 6, 0%
samples 1l oz. l oz. 1l oz. 1l oz.
Total. 22 1b.6% 0z. |22 1b, 3%0z.[20 1b.8 0z. | 18 1b.1l3 oz,
Compogition.
DEGN 99,45 97.35:-., 99,65 . 99.15,,
HNO3 0.0%% 0.30,. 04105 0.3,
Hg0 0.53% 255, 0.29) U.54
Nitration
Conditions.
Brine Inlet
Temp. -16°C. -139C, -89C, -16°C.
Initial Temp. 4°¢, 65°C. 4°¢, 4°C
Maximum Temp. 15,59C. 15.50C. 15.8°C. 15°C
Final Temp. 8,50C. 6°C. 8.5%C, 8°C.,
Time of Nitn. 324 ming 324 mins., 32% mins, 27% ming.
Time of Sepn. 10 mins. 10 iains. 7 wmins. 10 ins.
Remarks:-.
Separation No fuming or | Somc¢ fuming, Viry clcan Scpn.good,
marked tcmp. | no markcd gcparation, no fuining
risc. temp. risc.| no fuming or unduc
or tcip.risc, tenp.,risc.
After Sepn. Sonie aftcr | Somc after | No after- Very 1little
sepn. in scpn. (morc | scparation aftcr scp-
waste acid. | than in I) | noticcd. | aration.
/Table 3b,

12 -




TuBIE 3(

DETERMINLTICN OF YIRLDS FRUIL GE

Summary of Quantities and Cempositions

PR—————— R E

Mixed jscid Waste acid .
Bxpte ” e I /- 7 / 2 7 / /7
HNO3 HpS0,, | HNO, | Hp0 | Parts §| HoSO, | HNCy | HNGp | DEGN | Hp0

calcd, 72 28 = 0 | 2.57 Shols 13.5 - 5¢3 26.8
® o 725 | 28,0 0.2 |-0.57 | 2.52 | | NOR ANALYSED )
calod, | 69,6 | 295 | = |15 1 27c | swess | wmas| = | 53 | 26.9
& Found 69,0 29,5 | 0.65 | C.85 | 2.7C NOT AM.LYSED
~ Stated 65 35 - o | 2,90 6G g 1 = 6-7 | 19-2¢
o Calcd, 65 35 |' = | 0 2,90 61.05 10465 - 6a7 21,6
Found 65.8 ! 35,0 | 015 [-LeCC | 2.9C 6Lh5 | 1Ca9 | 0.3C | 5.3 | 22.05
Stated 62 1 3B ) = §2 3,18 § 6C.l 12,8 - L5 b 22,6
- calcd. 62 35 b 3 3,18 5649 12,75 | = 5.5 | 2.8
Found 61.9 3o 45 l C.15 3.5 | .18 58.5 12,7 CeT7 he5 23453

E_ Stated yield of finished DEGN aftzr cempletion of washing.



LBIE 3(b)
ELDS FRCH GERILN NITR.TION FROCCDURES

Compositions, with a Comparison of Net Yiclds

scid Ester

| + e

Yicld of DiGN

Net yicld DIGN

" / / / , Vg _ aftor separation after two prewashes
iGN | Hy0 HoSC f HNO3 | DOGN | HpC !"1 (parts) parts /+ theor,
b leee | ws g ama f vai ] o o 178.2 173.3 9346
{ i _,_____}-._., NOT NALYSED N
i3 | 26.9 E 134 &a 1 s | s 17743 172.8 93k

NOT .JL.LYSED 171.¢ 92,1
=7 | 19-20 - - - - : 17CaC® 91.9 =
V7| 2.6 23 | 227 | 750 | oG 174.C 168.8 91,3
13 | 2205 1.2 | 2075 771 | .95 | 17¢.9 92.35
5 1226 1 18 | 233 | 736 | 1.3 | 176.9 U 169.5 = 91.6 =
15 | 248 : 1.5 | 22.2 | 7055] ks 17446 16945 51,6
5 | 23053 | 0.5 1 191 | 77.4 | 255 I ina 92.4

!
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II. 125 1lb, Batch Pilot-Plant.

l. Introduction.

125 1b, Batch Plant at “Joolwich.

In order to cope more easily with incressing Departmental
requirements for DEGN a 125 1lb., Batch Plant was constructed and
operated at Woolwich from November 1943 until work of this
nature was transferred to A.R.D. Waltham Abbey in Sept. 1945,
During this period approximately 7000 lbs. of DLGN were produced.
The plant comprised o stainless steel Nitrator-Separator of 20
gallons copacity fitted with a lead cooling coil, stainless steel
stirrer and bottom run-off via o sight gloss und cock. The
vessel wasg virtunlly identical to that now in use at Walthom Abbey
and loter described in detail. It is only proposed, thereforec,
to refer briefly to the following speci'l pointe in conncction
with the operation of the plunt.

(i) The quantitice of wotericrls nomnlly cuaploycd were 75 1b.
of DEG ~nd 200 1lb, of lLixcd acid (HNO3/HoSO04. 72/%3).

(ii) Cooling wne (ffectcé by pusiping iccé w ter through the
lead coil, cnd the icc uscge riiounted to 5-7 cwt. per ch rge.

(11i) Thc ..ciu woe cooled initinlly to -bout 10°C. ' n¢ the DLG
run in over n period of ~tout 35 iiins. The toaper turc of the
reoction mixtarc usunlly rosc to 15-18°C, n¢ w s fin 1lly cooldd
down to -bout 10°C. A perioc of 10 iaias. wig llowed for
scparation and then thoe lower 1oyer of Spcnt Acidé wres run off
md collccted in strinlecse stocl Buckets. No ttaupt w s indce
to rccover the nitric or sulphuric: .cide frou thce Spent icié ~nd
on nccount of ite poor st bility it was immedi tcly destroycd by
the process of "fuming-off" of thrcc succcseive portions in ~n _
iron prn (20 gnllonse c.pacity) out in thc opcn. Thc dccomposition
woe stortcd by injceting live ete ua into the spent aeid ond the
timc token to fumc=off wis 5-10 mins. Th¢ rctining neid
reeiduce were destroycd in o Linc Fit.

(iv) Thc Acid Egtcr rcumrining in the nitrotor-scparntor woe
run into buckets ond pourcd into » 50 gnll., st.inlcse stoecl tonk
£illed with woter and icc (opproximately 50/50)., The contunts
of thc tonk were ngitnted with compresscd ~ir for 10-20 mins.
ofter which timc the taaperoture rongcéd from 10-15°C, The JLGN
wag allowed to scparate, the watcr eiphoncd off, and the ecp-roted
oil tronsferred to o Wooden Wﬂehing Vat. Normnlly, thc DLGN
from four nitratione (i.c. onc day's m-nuf-cturc) wne accuwaulntcd
and oftcr o gtandardiscd treotiient of six woshes & Hent Test in
cxccegs of 10 ming., woae obtnined. Dctaile of the vorious woshing
proccdurce which have been cuployed nrc given in Scetion 4.

The waghcd, etobiliscd ceter wee filtercd through per to roniove
¢xtroncous moisturc, onu stored in c rboy:,

(v) A fin:l yiclé of .bout 122 1b. of uiGH v & obt incd frou
756 1b. of DLG corresponding to 33, of theory. Poorer yieldse
were obtained if anipulation at the tii.e of running off the
Spent Acid were faulty, e.g. if run off at too fast < rate soue
ester wag inevitabtly carried sway in the vortex.

/125 1b Batch
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126 1b. Batch Plant at ‘/althen .ibbey.

i —

This plant was installed in the old N.G. Section (No.1 Hill)
at ‘ialtham Abbey during the latter part of 1945 and caue into
operation during 1946. The nitration unit is based on thant
formerly used at Woolwich and where poseible, the existing N.G.
services (e.g. acid lince, buildings, gutter conmwunicntions cte.)
have been utilised. The two original N.G. nitrntor-scepnrotors,
the pre-wash tonk “na the befflc tank, werce rcuoved frou the
Hill to perwit the instollotion of the LLGN unit. The buildinge
brought into usc vere -

Solution dousc (for sodiuin corbon-t. rnd sulphitc
eolutione).

Acid lMixing Housc,

Chorgc housc.

Nitrating Housc.

Lgg Housc (for Spcnt Acid).

"[aghing Housc.

Pouring-On Iiousc (not now uscd).

Wash Watcr Settling Housc.

Acid Denitration Housc.

liagazinc,

A dctoailed description of the plont is givin bclow. A Plow
Sheet, showing thc cyclc of opcrations ~ad thc qu-ntitice of
motcricle involved, is reprocduccd in Drrwing No.l (L.R.D.8154).
The following drawings of thc pl'nt crc rcpro.uccd:

Drowing No. Originnl Rcfcrcnce Detnil Drowing
No. Sf 3~
2 ED(O)lSGB/M/5C Gcnernl arrqngement of plant.
3 /21 Layout of piping in
Nitration Housc.
4 /15 Mixed Acid Gougc Tonk.
5 /14 DLG Gnuge Tnnk.
6 /16A arrongeucnts nd dctoils
of Nitrrtor Drevming Valve.
7 /204 arr-ngoicnte and dctoils
of Nitr:tor Covcr.
8 - Prcvingh Tonk.
9 - Wnete Acid Tank.

Supply and Handling of Raw M-tcricls.

DEG; This is kcpt in the old Glyccring Storc, ‘nd onc drun
at & Tiuwe clcvoted to the Chorge Housc. Thc Chorgce Housc supply
tonk is n vertienl tank, cpreity 60 g~llong, with diehcd cnds,
i,c. totally cncloscd. The Glyccrinc Supply Tonk, © rcctongular
gnlvoaniscd tonk with loosec fitting cover, wre found unsuitoblec
nwing to the cxtrcc hygroscopicity of DLG, and hoe bcen rcmoved.,

ACIDSi 98-99,, Nitric Acid from thc Brmag Towers, R.D.X. Acid
Factory, nnd 20, (Trndc) Oleum, nrc mixed in o esmnll plont epcciolly

/installcd
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installed in the Acid iixing House. Thjs congisgtg of 1Lesd and mild
steel gauge tanks for Nitric and Olewn, (original I'G mixing
plant), frou which the acice flow through feed boxes, contain-
ing calibrated glass siphon tubes, into a esmall vertical leac
druin, which the two streaue enter tangentially. Froir the
bottoil of the wixing vessgel, the acid passes to a wvertical

lead cooler, capacity about 40 gallons, fitted with lead cool-
ing coils (circulating cold water), air agitation coil, and
fume off-take. The cooler has a bottom outlet ond also an
overflow, from either of which the mixed acid may be pumped tc
a 1000 gallon storage tank. This arrangement permite either
large or small quantities of acid to be mixed. From the
storage tank the acid ie pumped to the Hill, and is reccived

ot the Charge House in a 130 gallon m.s. tank, whence it is
pumped through a metafilter into either of two 50 gallon verti-
cal stainlese steel supply tanks.

1YASH SOLUTIONS : Sodium Carbonate solution and soft mains
water (softened by boiling) are prepared in tanks at the KN.G.
Solution House, filtered (through flamnnel), blown from m.s.
eggs to the Charge House, and stored in golvonised tanks of |
800 gallons and 550 gallons capacity respectively. These con
be heated by steam coils. Supplies are piped to the Nitrating
House and Washing House by grovity flow, controlled by braoass
plug-cocks.

Untrented river wotcr, used for the prc-w:shes, is pumpced
to o water tower and pipcd by-gravity to the Nitrrting House
(011 originnl N.G. plont).

OTHER SERVICES: A Dicecl compregsor gup lice compresscd
air ot 80 1bs./sq.in. to .. ring w-in in thc Nitr-ting Housc, to
thc Woshing Housc, 1nd to other buildings whcrce rcquircd.

Cooling brinc for nitrntion ctc., ie obt 'incd by poeeing
30-35, Calcium Nitrate brine (containing 7%. Sodiwm Nitrste)
through an amnonia refrigerator. A storage tank on the hill,
capacity 2,560 gallons to the overflow (continuous circulation),
provides a pead of 20 ft. at a tumperature of -16°9C. or below,
to the nitrator, pre-wash, and spent acid tank cooling coils,
although an inlet tcmperoture of -80C., is sufficient for safe
working. In view of the fact that some of the cooling-coils
are stainless steel, it was more desirnble to usc n Cnlcium
Nitrate brinc than Calcium Chloride brinc,

The Nitrating "Hill".

This comprises the N,G. Nitrating Housc, a roughly circular
building,, wooden construction, travcrscd ond mounded on all
gides to a height of 40-50 ft., the Charge Housc and Brinc
Supply Tank situated on top of the mound, and thc Spent Acid
Egg Housc, outside the mound on ground lcvcl.

Thc CHARGE HOUSE, a wooden building partly supported on picrs,
is dividc nto two rooms, onc for acid storogc, thc other for

DEG and wash solutions.

The acid room contains onc 180 grllon rccciving tonk, pump
ond mctafiltcer, supply tanks, and the kMixced Acid Gouge Tnank
(Drowing No.4). All the vesscls ond ossocinted cocks and piping,
with thc cxception of the rccciving tonk, ~rc of egtninlces stccl.,
The supply tanks can be f£illed and cpticd indcpendently;

/their
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their bottom outlets are connected by a common line to the
Gauge Tank, which is controlled by stainless steel (e.e.) plug
cocke on inlet and outlet. A1l in. s.s. line lecads from the
Gauge Tank to the Nitretor, and a second 1 in. s.=&. line from
the supply tanks, passes direct to the Spent Acid Tenk. The
Gauge Tenk was originally calibroted 190-210 lbs. and 222 -

2492 1bs. of mixed acid (at 20°C), i.e. two scalcs, the uppcr 32
1lbs. greater than the lower; by this mcons, with onc filling
of the Gauge Tank 32 1lbs. of mixcd ocid were mcosured ond scnt
to thc Spent Acid Tank in thc Nitroting Housc for fortificotion
of thc waste acid produced during nitration, and then thce moin
bulk of nitration acid sent to the Nitrator (I.B. Thc 32 1lbs.
of ancid for the Spent Acid Tank wos run through the Nitrotor).

The solution room contrning the originnl N.G. soda golution
and soft water tonks, nd the (ncw) DEG tonk. Thc DEG supply
tank hos 2 bottom run-off controllcd by = 13" s.s. plug cock
connceted by a lcad linc to the DEG Gruge Trnk (Drowing No.55
which is mountcd on o shclf abovce the nitrtion plotform in the
Nitroting Housc. The Gruge Tank is c'litr-~tcd frouw 70-80 1bs.
of DEG at 200C. The inlet nnd outlet nre contreollcd by plug
cocke, with a drnin cock on thc inlet side.

The NITRATING HOUSE, hnes o woodcn platform nlong onc side,
oppositc thc cntrancc, which constitutcs the working lcvcl for
nitration. An e¢scape door at onc ¢nd of this platform lcads to
the top of the mound. In front of the platform o stccl frome-
work ies erected, which carries thc DEGN Nitrntor. The Prc-wosh
Tonk stands on o lower platform in front of the nitrntor, and the
Spcnt Acid Tank rests on a stool on the floor. Twe bafflc tanks
connceted in series, aleo mountcd on woodcn stooleg, overflow into
a gutter lending to the Wash Water Scttling Housc. Stepe lcnd
from the floor to the Pre-wogh Tank plntform, on which therc is
working space, for separation nnd pre-washing, and thence to the
top platform.

Underncnth and accessible from the mein floor, is a well,
which contning o large clliptienl drovnirg vat, (thc originnl N.G.
Drovning Tnnk), contnining 3,500 gnllome of water.

The NITRATOR is ~ 20 g-llon s.s. veescl (foruerly n Sodium
Azide Vegeel), with a dishcd bottom, nnd n top fl-ngc, supported
in the framework by two side lugs. The ecuntre of the dishced
bottom hae becen cut out, ~nd n new s.g, plote welded in (Drowing
No.6); this has a 1 in. outlct, off ccntrc, for norm~l running
off, and a 2 in, central osutlet which ie norm~lly closcd by o flap
ond secalcd by a pad of "Nitresto"; the flnp velve c~n be rclcensed
by a lever mechanism, to drown thc chargc.

A f1nt e.s. cover (Drawing N»o.7) is boltcd t» the top flangc.
The vesscl ceontains a two-benk lcnd conling cnil, total co-ling
gurface 20 sgq. ft., and 2 centrally mounted s.8. stirrer shoft,
which carrics two double bladcd impcllores, onc ncar the bottom,
the other adjustablc in hceight. Thc setirrcr shaft is supportcd
from thc supcrstructure, and ie driven ot 200 r.p.m. through o
right-anglc drive from 2 3 H.P. motor houscd in n casing on thc
outeide wall »f thc housc. The brine inlct 2nd outlet, the Mixcd
Acid line, fume off-tankc, and DEG feed linc nll pase through thc
top cover, which also supports o thermomcter pocket (totally
cncloeged, »oil filled, containing o mercury-in-glass thermomcter),
and hag a 6 ins. diametcr inspcetion window. Thcre is also

/provigion
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provigion for the insertion of the bulb of & recording
thermometer (mercury-in-steel), which is housed outside the
building. The DEG supply from the Gauge Tank is controlled
during nitration by n 3 in. plug cock and show glass, mountecd
above the nitrator covcr, The other controls for nitration
comprise gunmetal plug cocks ond thermometers on both brine
inlet and outlect; the stirrer motor is controlled from o
switch just outsidc the escape door. The drowning mechanism
ig operated by either of two hand levers, from the top platform
and from the¢ pre-wash platform, and also by a linc and pullcey
system from outside the tunnel entrance. The drowning outlet
dischorgecs through a funnel and pipe into thc drowning toank.

An air poker is kc¢pt hondy for emergency agitation in casc
the stirrer motor should fail.

The 1 in. bottom run-off has a sight glass illuminotcd
from bchind by a 15 watt lamp in a flameproof cnse, and a threc
woy s.8. plug cock, by which scparation is observed and con-
trolled. The cock is arraonged 89 thnt the OFF position is in
bctween the two OPEN positions (a) to Spent Acid Tank, (b) to
Prc-wnsh Tnnk. When the nitrator contcnts have separntcd, thc
three wny cock is first opened to run the lower ncid laycr to
the Spent Acid Tank, 2nd then, ns the scparation level boicomes
visible in the sight glass, revcereed, 80 ng T2 run the ester
laycr to the Pre-wnsh Tonk. This cock, which is a vital part
of th¢ plnt, is constructcd to hnve no intcrnnl "pockcte™ which
would rctain unstnble cxploesivces.

Thce SPENT ACID TANK originally installcd for the DEGN plont
wag much too large, and hhg been replaced by a smaller onc,
cnpacity obout 20 gnllons, dimcnegions 16 ines. diometer x 24 ine.
dcep. It is of lcad, and hee a sgloping bottom ond domed cover
with o ccntral fumc off-take. The separated ncid cntcrs through
thc top cnver, air ngitntion nand brine conling provided by n
lcnd c¢~il of about 9 sq.ft. surface arca, being uscd if fortify-
ing ncid ie present. A thermomcter slecve paoegeseg through the
top cover, which also hag @& gloee inspection window. Thc acid
ig run t» the EGG HOUSE through o 2 in. lead bottom run-off pipe
and carthcnware cock, and truckcd from thcre to the dehitration
plont.

The PREWASH TANK is fabricated from s.s. shcct, witdded up,
with a eloping bottom and top flange, dimensions 2 ft, 4 ine.
internal diamcter, 2 ft. deep on longeet side. The boltcd
»n domed top cover has a central fumec off-takec, and cut-away
inspcetinn holc, normally cloeed by a rubber apron, through which
pnee thc supply vipes for hard river water, eoft water, and sodn
and sulphitc eolutions, which are controlled by brass cocks or
water taps at the side of the tank. The cover also supports an
oval s.g8. cooling coil, set obliquely -in the tank, of 10 sqg.ft.
cooling surface, and a theruniometer sleeve. An air spray coil is
fitted for agitation. The tank has a bottom outlet for running
off the DEGN after washing, and a second, higher up, for running
off the skimaings. The skimmer congigts of a P.V.C. funnel
and hanule attached to a pure rubber hose. The DEGN and watcrs
are run off through rubber hose pipes which are tied up to dunuy
faucete when not in usc. The faucet for the DEGN hose has an
air pipe attached, for frecing the hosc pipe of unstable explosive
during washing. Thce run-off hose can be uscd to drown thc chargc
if necessary.
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\/hen the DLGN is alkaline (generally after one soda
wagh) it is run fro. the Prewash Tank to the YJASHING HOUSE
down the N.G. GUTTER. Thig is of lead, double walled, length
176 feet, painted with a rubber base psint (ss are aleo the
lead baffle tanks) to preserve the lead. The gutter warm-
water jacket is not used for DEGN.

Fumes from the nitrator and spent acid tank ere with-
drawn by 2 in. lead piping through earthenware Wolff's bottles
situated in the annular space between the Nitrating House wall
and the traverse, and through carthemware piping to packed
carthenware towers, where they are scrubbed by water circulated
by Pohle air-lifts. There is one tower to cach fumc run, and
they consist of four 2 ft. diameter sections. The suction is
maintained by an air-fed aluminium ject in the chimncy of cach
tower, The Prewash fumeg are withdrawn by a lead pipc through
o cotchpot and out to the atmospherc, suction bcing maintained
by o Narki (silicon iron) air jet.

A cord ond pullcy systcm shows on an indicator in thc
heugc thc level of brine in the header tank on top of the mound.
Thig is normually always full to thc ovcrflow.

Wosghing House.

The WASHING HOUSE.is a circulor woodcn builcing, 20 ft.
diomcter, troverscd ond wounded over on all sidece to & hcight
of 20-30 fcet, with a tunncl entrancc. A platforim on onc gidc
of thc housc originally supportcd thrcc N.G. waghing t-nks.
Onc of thesc hos now been replacced by - smoller onc of siinil-r
pattcrn, suitoblc for washing 1 - 2 charges of DEGN; the
largcer tonks crn be uscd for washing gcversl b tches togcther.,
The 1irge taonks arc 3 ft. 9 ins. dinucter x 3 ft. 2+ ine. dccp om
the longest sidc (sloping bottor1) and copacity 209 grllons,.
They are of lecd, have two run-off pipces, onc ~t the bottom, ond
thc othcr higher up, to which 7 purc rubber skiiwmer 1is nttochcd,
and arc covercd over by - cloth cover c¢xcept nt onc point where
a fume pipc is burnt on to thc side of the tnk, An nir spray
coil is fitted for agitntion. The saoll tonk ie similer, but
has n dinmecter of only 24 ins. The skimmings p~ss through on
oval baffle tonk stonding on a lower platform, ond then down o
lend gutter to the WASH WATER SETTLING HOUSE. Thc fumecs poss
through lcad catchpots and out to thc¢ atmosphcrc.

Originnlly it was intended thnt thc washed DEGN should bc
pasecd to thc POURING-ON HOUSE for filtrotion in thc N.G. Filter
Tonk, but it wog found convenicnt to use a smaller apparatus
which is now instnlled in the Washing Housc. This consists of
a lend tonk stonding on the baffle tonk platform undcr the wosh
tank run-off pipcs, the filter standing in 2 lcad crndlce insidc
thc tank. The FILTER ie o staninleses steel funncl, 15 ins.
dinmctcr with straight sides 10 ine, deep in which ~rc supcr-
imposcd two filter pads, congisting of emnll spongece scwn up in-
eide flonncl covers, cut to shapc nnd stitched on o scwing
mrchinc. This will filtcm 4 - 5 chargee (500 1b) of DEGN beforc
becoming gaturatcd with ioisture and DEGN, when the gponges arc
rcmoved, woshed and squeezed out, and replaced. Prom the t-nk,
vhich ncte ag o rcscrvoir, the filtered DLGN ie uicosured out,

25 1be. ~t -~ timc, frow 'n N.G., cordite pottern, 1lc2d burcitc
vhich stande on - lend tlock burnt to the lend floor, into 4
gallon locguercd preescd steel cone. Thie qu-ntity (5 1lbe.) ic
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considered suitable for present requirements having regard
to safety and ease of handling, etc.

The wash liquors passing to the Wash Water Settling House
flow into the Wash Water Settling Tank (original N.G. plant),
of 5,600 gallons capacity. This is emptied periodically ond
any DEGN found is destroyed. Any DIEGN found in the cntchpots
in the Nitrating House and the Washing House ie also destroyed,
but DEGN found in the baffle tanks is washed with subsequent
charges and recovered.

3. 0Operation of Plant.

At %Woolwich, when iced water wne used for cooling, the
nitrnation took nbout 35 minutes; nt Wnltham with the ~mmoninr
refrigeration plant, brine is circulated through the coils,
entering at -10°C. or telow, ond nitration tnkes only 20 mins.
The acid (200 1lbe.) is initially cooled to bclow 10°C., ond
DEG (75 1b.) run in a elow etrenm from thc gouge tnnks through
the sight gloss, on to the surfacc of the acid, being rapidly
dispcrscd by the cfficient stirrer. The temperoture is nllowecd
to riese to not nbove 15°C. as the nitration procccds.

Secparation occupice 10 minutceg, no accecleront being nddcd.
The lower layer of wastc ccid is then run into the waste ncid
rccciving tank until the level of sepnration rcaches thc show
glase. The three-way cock is then reversed and the acid estcr
run into a measured quantity (7% gallons) of water contained in
the s.s. prewash tank, with air agitntion and brine cooling to
kcep the temperature below 20°C,

The duration of the first wash is the tiue of running in
from the nitrator, about 10 minutes being required, after which
the first wash is skimmed off and set aside. A second prewash
follows, the water from which is discarded after skimning off.
Thc DEGN then receives one alkaline wash in the prewash tank
and is thcn transferred to the N.G. pattern lead wasghing tanks
in the Washing House, for final washing and stabilisation.

A small washing tank igs used for a single 125 1lb. batch;
the larger, original N.G. pattern tanks, will accommodate gix
batches of DEGN, thesc becing then washed togethcer cs a singlc
750 1b. batch.

After a satisfactory heat test has been rcported, thc
product is filtcred, mcasured out 25 1b. at a timc, in the lead
N.G. pattern burettc, and storcd in lacquered cons.

The cycle of operations from the commcncement of nitration
until the DEGN is tr:neferrcd to the Washing House, nftcr =
firset o0lkcline wash of 45 minutes duration, occupice 2 hours,
80 thnt threc nitrotions con be complected with e€nse in n normnl
working dny, and the plant is thcrefore cpablc of producing
1500 1b. DEGN pcr week, nllowing four days only for nitrating,
and onc for clcaning up etc.

The method of trentment of the geparnted wasgtc acid,
originally oadoptcd, wneg to fortify it in the waste acid tank
with sufficient frcsh mixed acid to reduce the wotcr content to
20:., and cneurc safe hondling before denitrntion, It was
found, however, that the resulting compoegition wae not very suit-
ablc ne a denitration tower fced acid, and various modificntions
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of this procedure have since been tried. For the results
of these trials reference should be made to Section V of
this report.

4, Comments on the Design of the Plant.

The general arrangement and design of the plant has, in
the main, been found quite satisfactory. Some minor modi-
fications which have been made to individual items of plant
are discussed below. -

One alteration, which is required to enable the prewash
liquor to be separated more sharply after the first prewashing,
has not been made; this is because the work on the recovery
of these liquors froim the batch plant, was discontinued when
the continuous plant came into operation.

Nitrator: The mechanical agitation and brine cooling are
adequate for the purposc of nitration; the only difficulty
experienced with the nitrator has been blockage of the run-off
pipc¢ lcading to the thrce-way cock. Thie was due to sludgec in
the nitrating acid, picked up from lecad acid piping. To e¢lim-
inate this a Mctafiltcer woe installcd in the Charge Housc and
the mixcd acid filtered before usc, As nn nddition~1l precnution
the +" run-off pipc wne rcploced by a 1" bore pipe.

The lcad cooling coil showed some signs of wear aftcr 70
nitrations, but wos not scriously impeired. A stninless steel
coil would probably hnvc © longer life than lend, for this
service.

Separation Cock: This is a vital part of the plant, which
has rcceived conesiderablc attention. Originnlly two full-bore
g.8. plug cocks, lubricated with n thin smear of non-rcactive
mincral jclly, werc used, one on e€ither side of a welded s.s.
tce picce, so that the run-offs to the waste acid and prewash
tanks werc controlled separately. Subsequently, o single three-
way full-bore s.s. cock, similarly lubricated, was substituted.
With both arrangements, soine scoring of the plugs occurred.

The plug of the three-way cock was then plated with chromium,

and relapped into the barrel, which was not treated; after 25
nitrations, hardly any scoring has occurred between the two dis-
similar surfaces. A three-way armoured stoneware plug cock

was also obtained, but this has not been given an extended trial,

Waste Acid Tank: The original waste acid tank was too large,
and when fortifying acid was used, most of the cooling coil was
ineffective. The tank was replaced by o smaller one of 20 gall,
capaecity.

Prewash Tank: The originnl deegign wne modified by reducing
the height of the vessel c¢nd nlso by making the circulnr cooling
coil into an oval shapc, thereby mmking it easier to skim down.
As it is still difficult to obtain really sharp scparation with
the skimaer, which is nccessary in separating thce first prewash
liquor, it is considercd thnt o siphon pipe would bc more suit-
ablec. The only ~lternantive would be to run-off thce lower DEGN
layer, leoving thc ~cid bchind, but sincce further prc-woshing ise
rcquircd, this could not be done conveniently unless o second
P.W. veseel wag introduced, and the levele of the preceding
vegscls rniged corrcsgpondingly.
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Washing Tonks, Filters: The batch washing tanks and
filter used for DEGN are of a similar pattern to the corres-
ponding N.G. plant and no alterations were necessary.

Fume Catch potg: Although DEGN is mere volatile than N.G,
the same fume syctem was used, and no alteration is thought
necessary.

5. Plant Investigational Work.

The chief interest in operating the pilot plant wne to
determine the net yield of DEGN obtainoble on this scale of
production, This depends on the nitration conditions, the
amount of washing necessnry, and the mechinical and volatility
losses, ctc.

The nitration conditions adopted were those rccommended in
Part II. viz: 2.57 parts of 72/28 mixed ncid; o serics of
nitrations was ~lgo undertoken, using 3.18 parts of 62/35/3
acid, principally to gnin experience of handling and reworking
the waste acid produced, ng this process was enviesonged for the
initiel operation of the Schmid plont.. For this purpose it wos
necessnry to reducc the qunantity of DEG nitrated, from 75 1b., to
70 1b., becausc of the higher proportion of mixed acid. In
all, 15 nitrations were made with this acid, resulting in an
average of 115 1lb. net overall yield per charge (88.97)., As
expected, this was less than the yicld obtainable by the originnl
process (with an equal nuniber of wnshes 1fter seprration), but
the waste acid remnined stable for o longer period, and was more
gsntisfactory as a denitration acid,

Washing: The scheme of washing originally used, congisted
of a single water prewash with about 3 parte water to 1 part
DEGN nt 10-15°C. for 10-20 minutes, followed by several nlkaline
wnghes and ant leagt two final washeg with sgoft water, at room
temperature. The introduction of alkaline sulphitec enabled the
numbcr of a2lkaline woshes to be reduced to a minimum of two or
three,

It woe necessary to reduce the amount of prewagh water used,
g0 ns to obtain the acid wash liquors at a recoverable strength,
(30-35% HNO3), and under these conditione a second wofer waeh is
probably desirable before washing with alkeli.,

Experiments were made on the plant, using one and two pre-
washes, in a series of batch nitrations; samples of the DEGN and
wash liquor were taken at intervals during each wash and analysed.
The results, Table 4, show that while a fairly long time is re-
quired to reach the equilibrium distribution of HNOz between
the DIGN and water phases, it is unnecessary to prolong €ach wash,
since two short prewashes, each with a reduced quantity of water,
achieve a reduction in acidity comparable with that resulting
from one long prewash taken to equilibiium.

It was reported that DEGN made in Germany, was given two
prewashes, thc first with a reduced quantity of water, to produce
recoverable acid; thesec were followed by one, or possibly two,
alkaline waghes, with 2-3 parts of 5 sodium carbonate solution
at 600C., for only 10 minutcs, and finally a cold water wash.
This brief washing scheme was gaid to produce material of 20 mins.
heat test, and frequently <40 minutes.

/Tawle 4.
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CQUPARLSON OF,

|

L

e

LE oD _TWO-PREVASH TRCHNIQUES, 125 1b. B.TCH FLANT

Iv
Batch g = III  1st Prewssh  2nd Prewash
(15 mins) (30 nins)
Ratio of water to 1.725/1 141/1 1.725/1 0.86/1 1.725/1
acid ester
Acidity after - Oeki37 Lokt 0.827% 0037
10 mins. R R SITE T
acidity after i
25 mins, - 0635/ 06397
Acidity after o -
60 mins. 0315 0,087 0e2.7
Final acidity of ) ) ) )
Wash Water (Cp) 114 12,527 11,87 18,9, 2.3,/
Bquivalent equili- X ) : below
brium concentration 0s067  0.077% 0407 /> 0e 227> 0O />
of HNO3 in DEGN
(c2)
Batch v A28 VII VIII
1st Prewash
Ratic wash water to 0.45/1 0.45/1 0e45/1 Oelt5/1
DEGN
Time of washing 15 mins. 15 mins. 15 mins. 15 mins,
Final acidity of 1.807 1.05/ 1.95 7 Lol 7
DEGN
/o HNO3 in Wash Water 2ol 28,07 34607 29,67
(c1)
Equiv,Equilibrium . )
concentration of HNO3  Oe547 0488 % 1,80/ 1,067
in DEGN (C2)
2nd Prewash
Ratio wash water/DEGN 0e6/1 0e6/1 0e6/1 0.6/1
Time of washing 15 mins. 15 mins. 15 mins. 15 mins.
Final acidity of DEGN O34/ 013/ Ve28 7 04107
Final acidity if Q.45 +
0s6 = 1,05/1 parts b - » -
solution used in a 17,67 214 202/ 20,2/
single prewash, taken to
equilibrium,
Equiv,.equilibirum 0,187 0e357" 0,287 0s28%

goncentration of HNO3

in DEGN
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If this was indeed the case, the design of the washing
plant must have been extrenely efficient. e have tried
short hot alkali washes, and although the high temperatures
ugsed undoubtedly assisted emulsification, it was found that
a longer period than 10 minutes per wash, was certainly re-
quired under batch conditions.

The number of alkaline washes required during the earliest
runs with the plant, was sometimes as many as eight or ten,
this being partly due to the newness of the plant and the need
to establisgh the optimum proportion of wagh solution to DEGN.
After a few nitrations it was found possible to standardisc the
washing conditions; 33-4% sodium carbonate was used for the
alkaline washes and the time of washing was 45-60 mins. The
addition of sulphite solution to give 2% sodium sulphite in the
wash wag found to reducc the number of washes required. The
final washing was with softened water, as normal N.G. practise.

The following scheine wag finally adopted as being the mini-
mum washing necessary to give a gatisfactory heat test :-

(1) 1st water prewash with approximatcly 0.5 parts watcr
pcr part acid DEGN, nllowing o temperaturc of up to, but not
cxcceding, 300C, for ten minutes,

(2) 2nd water prewash with 1-2 parts of water per part DIGN,
warm, for 10-15 minutes.

(3) 1let alkeline wash with 1-2 parts of 3%-4, sodium carbon-
ate, warm, for minimum of 45 minutes.,

(4) 2nd alkaline wash with 1-2 parts of 3%-4 sodium carbon-
ate with addition of 2., sodium sulphite, warm, 45 minutes
minimum.

(5) Varm soft water 1.1 parts per part DEGN, 30-60 minutes.

(6) Cold soft water 1.1 parts per part DEGN, 30-60 minutes.

6. Yields and Flowsheets.

The best yield of DEGN which can be obtained under the most
favourable conditions, is neceggarily less thoan that of N.G.,
because of the greater solubility losses of DEGN ot all stoges
of the process; in the waste acid, the prewash liquors, and
the alkaline wash waters. For this reason, while it is usual
to obtain 93,.7% theoretical yield in the manufacture of N.G.,
the best overall yield of DEGN will not be greater than 91.5%.
This figure is derived as followe :-

(1) From the grophe shown in the section on the solubility
of DEGN in waste ocides, a nitration ratio of 2.57 porte of 72/28
mixed acid to onc part of DEG wns sclected neg giving n waste ncid
in which the loss of DEGN is ot, or nenr, its minimuan. The
actual loses ie .068 parts DEGN per part DEG, or 3.7 of the
thcoretical yicld.

(2) Assuming, ~e is ~pproximrtely truc, th't thc loss of
DEGN in prewaching is n function of the total nitric necid in the
ester 1loycer, then the estcer corresponding to the above conditions
will losc .09 parts DEGN per part DEG, to the precwngh liquore,

/or
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or 2.7, of the theoretical yield.

(3) In washing, the best that has been achieved on the
pilot plant is one further prewash, one alkali wash, one
alkali-sulphite wash, and two water washes. Using one part
wash solution per part DEGN, and taking the solubility of
DEGN in the wash waters to be 0.4%, this means a loss of approx.
2.19 of the theoretical yield.

The yield of DEGN after prewashing, but before the alkaline
washeg, will thus be 93,8% and the final yield will be 91.85%.
These figures neglect losses in nitration due to the formation
of byproducts, and also mechanical and volatility loeses during
washing and skimming. The beet overall yield of DEGN obtained
in the laboratory was 91,84 while the figures in Table 3(b)
show a yield after prewashing, of 93.2% on the semi-technical
scale.

On the pilot plant, only thec final yields have been assesscd
accurately, it being more difficult to weigh thc yield after
prewashing.

The plant originally opecrated at Woolwich showed overall
yiclds between 87, and 8%, but these were mostly obtained before
the value of sulphite washing was realised. At Waltham, with
thc standardised technique described, a net overall yield of
90,.,2% has been obtaincd. This indicates that the miscclléneous
losses, including nitration side¢-reactions, volatility and mechan-
icnl losses, amount to 1.3%.

The flow sheets, Tableg 5(a) and 5(b) are based on the

above figureg; some comparablc information relating to the batch
manufncture of N.G., is given in Tables 6 and 7.

/Table 5(n)
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FLOT_SHEZT FOR THE MaNUF.CTURZ OF D

— k0 pts,

Recovercd as DEGN

Lest in V..,

Lest in Frewash
liquer

X i f
! ! |
W.s. Usage Wesia Produced Acid Ester 11st Prm'.rashl
} Produced i liquids
i produced
257 pts, 126 pts, 231 pts. 13041 pts.
V2 ; 7 pts. ) pts. 2 pts. 7 vis,
3e7 HNO3 72,0 185 |HNO; 13,5 17.0) HNO3 21,2 49.0 P5.0 145.6
2,7 DEGN  5¢4 6.8|DEGN 77.C178.1|3.9 5.u
Lost in later washes 2,1 Hp" 26,5 33,4 Ho0 0e3  0e7| 587 . 75.3
licchanical etc.losses 1.3 | Wash vwater }
used
100. ! 75.6 pts.
!
L S S
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T4BLE

&)

STURE OF DEGN BY THE BaTCH PROCESS (DIG B.SIS)

; Prewash| Ester after 2nd Prewash Ester after] Wash waters DEGN Produced
juids 1st liquids 2nd
yduced Prevash Produced Prewash
|sd ptse | 176.5 pts. | 177.4 pts. 172, pts. 700 ptse __167.0 pts,
ptse /3 pts. /3 ptse
| 3e2 - e - - Soda wash 175 pts. From
Prewashing 172 pta.
) 45.6 2.1 3y 2,0 3.4 | DEGN 1724pts. Soda/sulphite 175 " | Lcsses in .
final 2,8 pts,
washing
| 5.0 EeS 175 Qo Qa7 Soft water 175 " | Transport
losses Ol Ptse
W 75.3 - - ! Sf.6 175 Soft water 175 " | Mechanical &
: volatility __ 2.2 pts.
H losses
h water y Wash water Soda ash 4
d | used Sodium 35 " | Net yicld 167.0 pts.
+6 pts, ] 175 pts. sulphite
i = _ 90.2h
L PEERE RESC
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TABLE 5(

FLOW SHEET FOR THE MANUFACTURE OF DEGN ]

‘ 5 ......_....._...I.....-....- o “-Tl-ﬂ“““"“ e
DEGN Used : M.4. Usage | W.ie Produced |  Acid Ester{ lst Prewash | Es
i H Produced | liguors
__H____"_ — -y I'__‘_p_roduced _B
{
59.9 pts. | 153.9 pts. 75¢5 ptse 138,3 pts. 1 78.0 pts, 10!
2y 7 pts. ; /' Pptse 7 pts.i 70 Dtse B
Recovered as DECN 90.2 {HpSO, 28 U43.1! HpSO, 5he6 4le2 |- L5 1.9 24 1.9 -
Lost in W 3.7 |HNO3 72 110,8| HNO; 13,5 10,2 | 2L.2 2941 35,0 27.5 2
! | |
| | |
Lost in Prowash 27 i TEGN S5  4el T7.0 106.6% 3.9 3.0 i 97,
Liquor ' i i
' '
LOSt in. later - 2.1 'r HQO 25.5 20.0 0.3 O-‘J—l- 58-? 11-508
wi.shes |
| '
E
i
Mechenienl etes _le3 Wash water |
losses used !
100. 45,4 pts. :
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TARLE 5(b)

[RE_OF DEGN BY THE BATCH PROCESS (DEGN BaSIS)

| e S ——

} T Tr
rewash | Ester aftery 2nd Prewash! Ester after Wash DEGN Produccd
rs 1st liquors 2nd Waters
iced Prewash produced Prawash N
Ptfu 105.7 p‘ts. lO?_.;.PtS. ‘105.2_13_15. 1‘-18.4 Ptﬂo 100 Etsn
ptse 7 pts. 7 pts.
L9 b - - - Soda wash 104.6 pts. From 103.2 pts,
Prewashing
{Te3 2,1 21| 2.0 2.1 |DEGN 103.2 | Soda/sulphite 1046 pts. Lossos in
ptse wash final 1.7
Sof't water 104s6 pts. washing
Soft water 1046 ptse
340 97.9 103.6 | 0uk  Oul Transport 0e2
losses
5.8 - - |97.6 10k.6 Soda ash 8.4 pts. Mechanical 1,3
and
) ! volatility
E losses
. |
oter | Wash water Sodium sulphite 2,1 pts. Net yield 100 pts.
1 used }
ts. : 1046 pts. = 9042/
r
1 !
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TABLL 6.

Nitration of Glycerine §Waltham).

1500 1b. Glycerine used 1 part

8250 1b. M.A. b = 5.50 parte.

Compogition of M.A., = Ho804 55.57 per cent, HNO3 K 43.44 per
cent, water 1,99 per i cent,

Mase of HNOz taken for nitration = 3580 1lb., to 3630 1lb.
3080 1b.

ion R theoretically necessary

Excesgs 50Q 1b. to &B0 1b.

16.2 per cent. to
17.9 per cent.

Waste acid :~ 5950 1lb. of composition HgSO04 72.9 per cent.,
HNOg 9.1 per cent., HNOg 0.22 per cent., N.G.
3.3

per cent.
Mase HNOz in W.A. = 541 1b.
B N.G. in W.A. = 169 1b.

= 4,95 per cent theory yield.

Yield = 231 per cent on glyeerine = 93,7 per cent,
theory = 3465 1b. Theoretical yield = 4020 1b.,

Prewash. (1) 1.4 parts water.
(2) 0.62 " i
(3) 0.5 " goda 3% per cent,

Wagh House. (1) 0.45 parts soda 3% per cent,

(2) 0.62 " water.
(8) 0.62 ¢ "
(4) 0.62 i i

Total washings = 4.8 parte by weight,.
HNOz lost in Pre-wash,

Masgs of lst. pre-wash = 4850 1b.

I

3 per cent.
145 1b,

Concn. of HNOz in pre-wash
Loss

Il
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