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SULLARY
I. Objects of the investication

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 requireuents of commercial diethylene glycol for nitration tc the
dinitrate for Service use havc been investigatede The optimun conditions for
the nitration, and for-ithe stabilisation of diethylehe!glycol ‘dinitratl, have
been.determined by laberatory and seid-technical scale investigationsyand
batehrand: continuous. pildt: plants For-thege: opebations hdve beerr developeds

The manufacturce of D.Z.C.N. and rccovery of thc spent acid have been
established on the semi-nonufaocturing scale and quentitics of the product
supplicd for cxpcrimentel propcllont aenufacturc.

The cocmistry of D,2.G.7., the mechanism of its nitrotion ond the
rcactions of the spent acid have been given some fundocntel study.

" No difficulty has béen met in obtoining D3,G.10. of cecepteble purity
and cheaiccl stobility by these proccesscs.

The ncxinun overall monuficturing yicld of D.3.C.i'e 80 fir obtoincd
is 90 per cent theory as cguinst 94 per cent for nitroglycerinc. This is
o disadvontcge of D.3.G.N.

he spent ceid from D.2.C.0. nitrotion retoins somc DellMeile in

solution tnd iuncs off ot ordiniry temperatures after o '1if¢' depending

on the composition of the ceids an ceid composition for continuous nitrotion
has bucn devisced to give o spent ceid with o safe lifc cround 12 hours ot
20°C. A proccdurc has been developed in which the spent ceid from tho
continuous proccss is run dircetly down o dinitrction tower in waich thc
dissolved org aic metter is destroycde This involves the rocovery of NOo

as o0 per cent nitric ccid ond somc cdditioncl nitric ceid concentrotion,

The physicel, cheusdenl, cxplosive cnd physiologiccl propertics of
dicthylene glycol dinitratc so obtuined hove been deteraincd.

Conclusions

..........

1. D.T.C.IN. ccn be sefely monufocturcd in the same types of plant, botch
or continuous, as &crc uscd for nitroglycerinc. The continuous process is
more suitoble for opcroation with o continuous wastc ccid denitrotion. 1In
both botch and continuous nitrotion the sofety of D.E.C.N. cnables
simplific:.tions to be made. The yicld of D.E.G. N, is lcss and the
conswiption of nitric necid is somcwhot higher then for nitroglyccrinc,

2, ° The spent ceid froa D.E.G.N, nitrotion is unstoble ond nceds to be
dccouposcd dircetly ond continuously. Denitrotion tower prcctice hos been

found suitcble for this purposc cnd ccn be sofely linked up with continuous nitr

nitration.
3, D.,3.0.0. is superior to nitroglyccrinc in scfety in hondlinge

be OGN, cppecrs to huve no discdveatogeous physiologicil cffects

during thc short monuftcturc to dote; thc long, tcrn offcet on hecdth
of thc woriirs is yot to Do duter.dinca.
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CONCLUSIONS.

l, Diethylene Glycol.

DEG uged for the wanufacture of DEGN must be of high
purity, otherwise the stability of the waste acid and the
colour and stability of the ester itself, will be -adversely
affected.

The DEG used in the semi-technical and pilot plant scale
manufacture was of adequate purity for large scale manufacture.

It is recommended that DEG supplied for nitration should
conform to the specification attached to Part II of this report.

2. Nitration of DEG.

The nitration of PEG is very similar to that of glyccrine;
the mechaniem of the rcaction is the same, and the heat evolved
is almost the same,

The chief differences between the two nitrations are :-

(1)

(2)

The best yicld of DEGN obtainablc is less than that of
N.G., owing to the grcater solubility of DEGN in its
waste acid and in the wash liquors,

The wastc acids produced in nitrations which give good
yields of DEGN arc unstable and decompose violently
within a few hours of separation. On no account may
water be added to the waste acid, since this acceleratcé
the decomposition. '

The scparatcd DEGN containg consgidcrably niore dissolved
acid thon does N.G. (22-23% compared with 5-7,), and

this ncid must bc recovered, otherwise the consuwaption of
nitric acid would make the proccss uncecononic.

3. Propcrtics of DEGN.

The most important differcnces betwcen the propcrtics of
"DEGN ond N.G. are :-

(1)
(2)
(3)

(4)

DEGN is more volatile than N.G.

It is lesgs sensitive than N.G.

It is more solublc in watcr and acid solutions than

N.G.; and acide are more soluble in DEGN than in N.G.
Thecse enhanced solubilities in the case of DEGN are

no doubt due to the e¢ther link in its chemical structure,

DEGN freezes at a lower tcmperature than N.G.

/4.Plant Degign,



4, Plant Design.

DEGN can be made in the same types of plant as are used .
for N.G.

The lower sensitivity of DEGN permits simplifications in
the design, compared with N.G. practise. For example, in the
batch pilot plant, gravity separation with a sight glass and
plug cock was used instead of a cockless system with displace-
ment separation.

The lower freezing point of DEGN also largely e€liminates
the need for precautions againegt the freezing of the cster auring
manufacture and storage.

Batch manufacture of DEGN suffers from the following dis-
advantages :-

(1) The spent acid cnnnot be stored for longcr than o few
hours, owing to its instability, except fhyr fortufying
it with additional strong acid.

(2) Batch washing is less suitable for recovering acid from
the scproted DEGN than continuous countcrcurrent
waghing. A solution of 43y HNOg can be rccovered by s
continuous countercurrent washing, wherecas by batch
washing, 305, HNOz is thc maximum that con be obtained
without unduc loss of DLGN. In addition thc¢ need for
sharp separation of the acid wash liquor rcquires a
more complicated arrnngement of plant, sincc ,the skimming
method usually used in N.G. batch washing tanks is un-
satisfoctory in this case.

Hence, although a relatively simple batch nitrator can bc
used for DEGN, thc batch process as n whole is unsuitable, and
ie not rccommended.

On the other hand, a continuous process of nitration, separ-
ation, and washing, in which the waste acid and acid wash liquors
are also continuously removed and denitrated, is especially
suitable for DEGN manufacture, and this arrangement is recommended,
The Schmid plant is suitable for this purpose, if meansgs are '
provided for removing and denitrating the acids produced, without
delay.

5. Yield and Nitrating Conditions. e

As with N.G., the yield depends largely on fixing the
nitrating conditions so as to produce a wastc acid in which the
loss of DEGN is as small as possible. Owing to thc instability
of acide having a minimum solvent power for DEGN, it is necesgsary
to compromise between adequate stability and mininum solubility
(i.c¢. maximum yield).

In the continuous pilot plant, the throughput timc for the
wagte acid, from thc tiie of nitration to the time of denitration,
was 3 hours; allowing for & factor of safety, it is considerecd
that the safc life of the waste acid, for this throughput time,
should be 12 hours. The optimum nitration conditions arrived
at in Part II of thie report on the bagig of laboratory invesgti-
gationg, produced a spent acid having a life of only four hours,
and thie is not thought good enough for safe working.
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A waste acid with a safe life of approximately 12 hours,
has a water content of 24, and this may be produced by
nitrating with 2.76 parte of a mixed acid contanining 69%% nitric
acid, 31¢, sulphuric acid.

A flow sheet for this recommended procedure is attached,
from which it may be seen that the overall yield of DEGN is
90 :

This composition of mixed acid assumes that an anhydrous
acid con be obtained from the nitric and sulphuric acides avail-
able. It is also necessary that the initial nitrous acid con-
tent of the mixed acid should not exceed 0,05¢%, otherwige the
gtability of the waste acid will be lessened., -

RECOLiL ENDATION .

That for DEGN manufacture, DEG be nitroted in a continuoug
Schmidt or similar nitrator with 2.76 ports of 2 mixed ccid
containing 69, nitriec acid and 31% sulphuric acid rnd not more
than 0.,05;. nitrous acid, to give o spent acid with n safc life
of approximntcly 12 hours, and nn overall yicld of DEGN of 90
thcory.

The nitration procedure, spent acid treatment ond recowery
and the washing of the DEGN should bec ag described in partes IV
endV of this Report.

/Flow Sheet
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ELOJ SHEET FOR THE MiNURACTURE OF D

2,76 PARTS OF 69/

(BaSIS: 100 PARTS O

D.E.G,used M.Alused WehoProduced Acid ester | . Prewas

produced liquor

: N . ~_produc

60.0 parts 165.6 ports 85.3 parts | 140, 3parts 749 po

3 7 pes 7 Pt |/ pts 7 bt

Recovercd as DEGN 90.0 | HpSO, 31 51k | HpSO, 58,0 49.5] 1.3 1.9| 2.4 1.

Lost in Ven. ke2 | HNOg 69 1lk.2 | HNO3 12,6 10.7 | 2249 32,1 |L30 32

Lost in Frewash 4O DEGN 5.5 L7 | 7548 106.3 | 60 e

Lost in later " ashing 0.9 HpO 23,9 20.4 - - 48,6 36,
Mechanical,ctc.losses 0.9 H

Wash wate

used 36,4




CTURE OF DEGN BY THE CONTINUOUS PROCESS

RTS OF 69/31 MIXED .CID

20 PARTS OF DEGN PRODUCED)

o LADSI .

. Prewash [Eater Denitration Nitric acid consumed Sulphuric acid
liquors |after acid (as 200/ ) consumncd
produced |prewash [ produced ———— (as 10/ )
749 ports|{101.8 ptsd 306.0 parts 66,7 ports 2,9 parts
7 ptss |72 pts. /! pts. pts. Fts.
Total usage 114,2 | M.a.usage 5l.4
2.4 19 |- - [}63.0 192.8 | Recoverable Fertification 1, b
From Vi 10C.
43,0 32,1 |- - 14,0 42,8 = DI:EEQ in i 3.3 Totel usage 192,8
660 L4e5 |1CO 101.8§ 3.0 9.2 " Prewesh 32,1 Recovery losses 2,9
(z7) —
zIB.G 36.14- e = 2000 61.2 " TEGN in P.W. 209
Total recoverable 48,7
Wash water 97% COV used Consumed in nitration 65.5
used 36.4pts 145,8 pts.
Rcc?vpry losses 1.2
(2z7)
Total consuned 66.7
S.NO. 111
M.No. 485/49
el






