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Abstract

1 Object of Investigation

To develop a process for the production of nitroguanidine (picrite) bascd
on urca.

2 Scope of Investigation

The formation of O-cthyl-isourca, by condcnsation of urca and dicthyl
sulphate under anhydrous conditions and in abscnec of solvent, has been studied
varying the molar ratio, urca : dicthyl sulphate, temperaturc of alkylation
and time of rcaction. The rate and cxtent of formation of O-cthyl-isourca
was followed indircetly by its conversion to guanidine by amination.

The cffcet of ethylating urca in thc prescnce of a base, c.ge pyridince,
has becen investigoted.

The heat of reaction between urca and dicthyl sulphate has been asscssed
in o preliminary manncr,

The alkylation of urca using di-isopropyl sulphatc, cthylcnc and iso-
butylenc has becn studied under ncutral and acid conditions.

The dircet amination, using gascous ammonia, of thc product of cthyla-
tion of urca, O-cthyl-isourcn cthyl hydrogcn sulphate, to give guanidinium
cthyl sulphate and alcohol has becen studied.

An attempt has been made, by action of heat, to convert guonidinium cthyl
sulphate dircetly to guanidinc sulphatc and dicthyl sulphatce.

The acid hydrolysis of guanidinium ethyl sulphatc to give guncnidinium
hydrogen sulphatc and alecohol has been studied using varying acid concentro-
tions. The stability to heat of a solution of guanidinium hydrogen sulphote
in concentrated sulphuric acid has been cxamined.

The nitration of guonidinium hydrogen sulphate has been studicd varying
the molar ratio, gurnidine : HoSQ, : HNO3, the temperaturc and tine of
nitration. The purity of the product, hitrogusnidine (pierite), hos been
examined,

e Conclusions

The formation of O-cthyl-isourea is optimum, ca, 72-73 per ccnt, using
the molar ratio, urca : dicthyl sulphntc, 4 : 1 after 1 hour at 100°¢. ,
30 minse 110°C., or 15-20 mins. at 120°C. The addition of a base, pyridinc,
has no cffcet on the yield. The heat of reaction is of a low order.

The maximum yicld of guanidinc, based on urea, using di-isopropyl
sulphate was 48 per-ccnt. Di-isopropyl sulphatc is intrinsically unstoble.

Ethylene and isobutylene do not alkylate urca under the conditions
investigated.

The amination of O-cthyl-isourca cthyl hydrogen sulphate procccds
rapidly and quantitatively to give guanidinium ethyl sulphate under the
conditions investigatcd, the alcohol liberated being equivalent to the
guanidine formcd. The direct conversion of guonidinium ethyl sulphatc to
guanidine sulphate and diethyl sulphatc was not possible.
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The conversion of guanidinium cthyl sulphate to guanidinium hydrogen
sulphatc and alcohol by acid hydrolysis is rapid and quantitative,  Solutions
of guanidinium hydrogen sulphate in concentrated sulphuric acid arc stable at
clevated tcmperaturcs.

The conversion —{ gusnidinium hydrogen sulphate to nitrogunnidine (picrite)
is optimum, ca. 90 per cunt, using the molar ratio, guanidine : HS0), : HNO3,
1.0 : 3.7% : 1.4 and nitrating at 10°C. for 30 mins. The recrystallised
product satisfies scrvice specification tests for picrite.

On the basis of the studies respecting the stoges of alkylation,
amination, hydrolysis and nitration thc clcments of a prucecss for the produc-
tion of nitroguanidine (picrite) from urca have been cstablisheds  The yicld,
based on urea, of nitrogunnildine, of satisfactory purity, is 63 per cent which
conparcs favourably with that obtained, viz. 54 per cent basced on nitrolin,
in the Welland proccss.

L Recommcndations

It is rccommended, that:

(i) A more critical cxamination be made of cach stage in the proposcd
process for the production of nitroguanidinc (picritc) from urca in
order to introducc possiblc improvements and define more cxact
conditions for a continucus proccss.

(ii) A preliminary cconcuic asscssment of the process be nade for its
evaiuation rclative to any other altc uative routce to nitro-
guanidine,

and (iii) A comprchonsive study of the chemical changes lanvelved at tho various

stoges in the process be carried out in order to define the character
of by-products.
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1 Introduction

Previous work (1) showed that guanidine could be syanthesiscd from urca by
methylation, using dimethyl sulphate under anhydrous conditions and in the
abscnce of bases, followed by amination of the product, O-methyliso urco.

In order to asscss this route to gunnidine, viz. etherification of urca
followied by amination, the rclative efficacy of cthcerifying ngents, other
than dimethyl sulphate, was investigated (2§ in order to choosc thc most
suitable agent for a morc comprehensive study of a process for the production
of gunnidine and nitroguanidinc from ureas It was shown that the best ogents,
of thcse cxamined, for the ctherification, i.c. O-alkylation, of urca arc the
dirlkyl sulphates working under anhydrous conditions and in the obscnce of
boses and sclventse The optimum yields of guanidine using dimethyl-, liethyl-,
Qi-n-propyl- and di-n-butyl sulphates arc 60, 72, 72 and 75 per ccnt respectivelys
Of these, only Cimethyl sulphate and diethyl sulphate werc considerec. vorthy
of further comnsideration since they arce available commercially.  Owing to
the lovier yield when using dimethyl sulphate and its poiscnous nature a
further study of the usc of diethyl sulphate was warranted for the develop-
ment of a process for the production of guanidine and/or its salts, based on
urca, ond its conversion to nitroguanidinc.

In the initinl work (1) a clese study was malde of the rcaction between
dimethyl sulphate and urca anld the optimum conditions for methylation and
subscquent amination ascertaineds The guanidine was isolated as a salt,
guanidine nitratc, which was then nitrated to give nitroguanilinc.  The
original schene for maoking nitroguanildine (picrite) from urea was as follows;

3



Moler Ratio Urea : Dimethyl-sulphate (D.i.S.) = 1:1
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(i) U = C - OCHs|, Gu = |C = NHp
N\ N
NHQ i NH»o 1
C-methylisourca Guanidine

(ii) The per ccnt values in table show the overall yield at each stage based
on urea. Further investigation would not doubt show an improved yicld of
nitroguanidine by this route.

This scheme for the production of nitroguanidince from urea is attractive,
but it has certain drawbacks, for cxample, (a) thc usc of anhydrous alcohol
and an alcoholic solution of potassium cthoxide, (b) recycle of methyl
potassium sulphate, CH,KSOp. The latter would cntail making potassium
sulphate in quantity ié the rccovery of the methyl group as dimethyl sulphate.
It is an csscntial however. in any cfficicnt proccss to cstablish closcd
cycles, that is, to rcwork all by-products into the working cyclc.
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The possibility of overcoming the drawbacks enumerated above was cnvisaged
and a promising process for the production of nitroguanidine from urca has becn
dcvelopeds  The cssential steps in this new process are reproscnted schemati-
cally as follows:

NH, NH
g o
co = C - CH
o ™ .
NHo NH
Urca Isourca
NH NH = +
2 NH
/ Ethylation 2z < / ¢ (=)
C - OH + Et,50, c - CEt + EtHSGL — |C - OEt EtSO - (1)
\ P *
N N \
NH NH ! NH2
O-Ethylisourca
NE, + - NH, “(+)
"ol (=) Amination - (-)
C - GBt | EtS0, + NH C - NHp BtS0o, '™/ + EBtoH @ (ii)
\ 3 Shemmsw—m—y -} 4
o 1 '
A T L NHp
Guanidinium Ethyl sulphatc
M, |° | N, (+)
> 4 (=) Hydrolysis | / (-)
C - NH, | EtSO + HPO s |C - NE, ! HSO + EtOH (iii)
\ J-I- s \ F Il-
l_,NH2 = NH,
Guanidinium Hydrogen sulphatc
NH, | NHNO,,

(_) Nitration ”
C - NH, HSOA + HNOz y C-NH, + H,0 + H80, (iv)

Yo, Y

Nitroguanidinc
(Picrite)

Somc important fcatures governing the usc of dicthyl sulphatc in this
proccss arc: (a) the rccovery of the cthyl groups as alcohol which can be
recycled if nccessary, and (b) the conversion of the sulphate rodical into frce
sulphuric acid which can be uscfully employed in thc nitration stoge (iv).

In vicw of the intcrest shown in the present development the progress
achicved, so far, is now rcported.

2. Alkylation of urca with dicthyl sulphatc and the conversion of O-cthyl-
isourea to guanidine

A further study of the paramecters governing the yicld of guanidinc, bascd
on urca, has bccn made.
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Previous work (2) had shown that, using the molar ratio urca : dicthyl
sulphate, 1 : 1, cthylating at 1009C. and aminating the product in agucous
solution a yield of ca. 70 per ccnt gunnidine could be obtainedss VWhen the
rcaction was carricd out at 155°C. using the molar ratio, urca : dicthyl
sulphatc, 2 : 1, thea a very low yield of gunnidine was obtained; the usc of
these reaction condi*ions is analogous to thosc cmployed (3) for the production
of S-mcthyl thiourca vihcn both methyl groups of thc alkylating agent, dimcthyl
sulphate, arc utiliscd.

It has now becen shown that when the molar ratio of urca : dicthyl sulphate
is varied, and ethylating at 100°C. for 1 hour, followed by amination of the
product in aqucous solution at 60°C, for 3 hours, thc yiclds of gunnidine, bascd
on urca (in brackets corresponding yiclds on dicthyl sulphate arc given), for
the molar ratios, dicthyl sulphatc : urca, 1 : 0.8, 1 : 0.9, 1 : 1.0, 1 : 1.1,

1 :1¢2, 1 : 15 and 1 : 2,0 arc 742 (59.3), 72.5 (65.2),71.8 i?1.85, 715
(78.6), 6647 (80s1) 5347 (80.5) and 40,2 (80.4) per ccnt respectivelys The
yiclds, rclative to urea or alkylating agent would have to be considered for

any projccted process. Thesce yicld data indicate the molor ratiq dicthyl
sulphate ; urca, 1.0 : 1.2 to bc the most cconomical, on thc assumption that
dicthyl sulphatc is the more costly reactants  This ratio was thercforc choscn
for clescr investigation in conncction with the initinl scheme for the production
of nitrogu~nidine, indicated in Scection 1, above.

Using the molar rntio dicthyl sulphate : urca, 1.0 : 1,2, the cffcet of
temperaturc of alkylation nnd time of rcaction on the yicld of guanidine was
investigatced. Amination of thc product of cthylation was cffccted in aqucous
solution at 60°C. for 3 hours. At 80°C. the yiclds of guanidinc, bascd on
urca- (in brackcts corresponding yiclds basced on dicthyl sulphate are given),
~fter 90, 120, 150 and 160 mins., arc 60.1 (72.1), 62,5 (75.0), 64s2 (77.0), and
64e9 (77.9) pcr ccnt respectivelys At 90°C. the yiclds of guoniinc, based
on urca (in brackcts corresponding yiclds bascd on dicthyl sulphate), after 30,
60, 90 and 120 mins., arc 53.6 (64 2), 63.7 (76.5), 66.2 (99.4) nnd 66.9 (80, 30)
per cent respeetively. At 1009C. the yiclds of guanidine, based on urca (in
brackets corresponding yiclds bascd on dicthyl sulphatc), aftcer 30, 60 and 90
mins., arc 64.3 (77.1), 67,0 (80.4) and 66,3 (79.6) per cunt respoctivelys
At 110°C. the yiclds of guanidinc, bascd on urca (in brackcts corresponding
yiclds bascd on dicthyl sulphatc), after 15, 30 and 60 mins., arc 6643 (79.6),
67.0 (80.4) and 66.2 (79.4) per cent respectively. 4t 120°C, the yiclds of
guanidine, based con urca (in brackcts corresponding yiclds bascd on dicthyl
sulphatc), after 5, 10 and 15 mins., arc 64.6 (77.6), 66.1 (79.3) and 66.1
(79.3) per cent respectively.  These results indicate that the cthylation of
urca is optimum aftcr 2 hours at $0°C., 1 hour at 100°C., or 0.5 hour at
110°C.  In practicc it is preferred to operatc at 100°C. or 110°C.

At a later stage of the work the process for the production of nitro-
guanidine from ureca, comc under review, From considerntions of yicld data
bascd on urca it was desirable to carry cut a similar scrics of cxporimeuts
using the molar ratio, urca : Jdicthyl sulphoatce, 1.0 : 1.0, The c¢ffcct of
temperature of alkylation and timc of reaction was investigoted; ominction of
the product of cthylation was cffeceted in agucous solution ot 60°C. for 3 hours.
at 100°C, the yiclds of guoniline, based on urea, after 15, 30, 60 cond 90 mins.
arc 60.4, 65.6, 69,7 cnd 72,3 pecr cent respectively, ot 110°C. the yiclds of
guanidine, based on urca, after 15, 30, 45 ond 60 nins. orc 67.9, 71«1, 70.6
and 71.5 per ccnt respectivelys ot 1209C. the yiclds of guanilinc, bascd
on urca, after 5, 10, 15 and 20 mins. are 65¢4, 69.3, 69,7 and 70.L4 por cont
respeetively. These results inldicatc thot the ethylation of wrca is optinun
after 1 hour at 100°C., 0.5 hour at 410°C., or 15-20 mins, at 120°C.  .ny of
thesc reaction temperaturcs could be utilised in practicc, nlthough o fincr
definition of the runction temperoturc in terms of very small yicld diffcrcnces
and. the naturc of thc by-preducts of rcoction may be nceessary at o later
stage of cevelopnent. :
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The omination of rcaction mixturcs containing O-cthyl-isourca was studicd
using goscous ammonin; this work is desceribed bclow. It was found that no
ammonia was absorbed corrcsponding to the titratable acidity of the rcaction
mixturc, It was considcred however that this acidity might be duc to the
present of an urca salt in the recaction mixturc and, as it had alrcady been
shown (2) that salte of urca do not react with alkyl sulphates, this might
account for the low yiclds obtained in the alkylation stage.  Lccordingly
some alkylation cxperiments werc carricd out with addition of pyridine to
toke up free acidity in place of ureas Using the molar ratio, urea : dicthyl
sulphatc, 1.0 : 1.0, and cthylating at 100°C, in prescnce of 0,05 mole pyridine
per mole dicthyl sulphate, and at 110°C., in prescnce of 0,10 mole pyridine per
mole dicthyl sulphate, for 0.5 hour, followed by amination of the product in
aqueous solution at 60°C. for 3 hours, the yields of guanidine, based on urea,
arc 67.1 (65.7) and 69.0 (71.1) per ccnt respeetively; in brackcts arc given the
yiclds of guanidine in parallel cxperiments, without addition of pyridincs The
results indicate that no apparent advantage acerucs on addition of a basc, c.g
pyridine, at thc alkylation stoges Similar experimcnts will be conducted in
the prescnce of anhydrous ammonia when the relative rates of ethylation plus
anination to give guanidine and N-cthylation of ammonia will be compareds  The
complete significance of the titratoble acidity, formed in gencral on alkylation
of urca, has not as yet been investigatoeds

3+ Heat cvolution in the rcaction botween urca and dicthyl sulphate

The alkylaticn stoge consists in adding the whole of the urca, i.cs in
onc lot, to thc dicthyl sulphate prcheated to the reaction temperaturc; sone
preliminary experimcunts have shown (2) that the yield of guonidine is independent
of the rate of addition of urca. This usually results in lowering the
tenperature of the reaction mixture which is then raised to the required reaction
tcmperature. A two liquid phasc reacticn mixturc is obtained initially, and
a8 the reaction procceds a mono liquid phasc systen is obtaincds  The reaction
between urca and diethyl sulphate is slightly cxothermic and thercforc nust be
controlled.

Experiments were carricd out to observe the cxtent of heat cvolution during
the cthylation of urca with dicthyl sulphate, using the molar ratio 1 : 1, and
the noximum temperature likely to be obtained if the tcmperature of the rcaction
mixturc were not controlled. In onc experiment n stirred mixturc of urca and
dicthyl aulghatc was inscrted in a bath at 100°C. when the reaction temperature
rosc to 120°C, The temperaturc was then controlled at this tempcraturc for
15 mins, and then onalysed for total acidity and O-cthylisourea, indircetly by
conversion to guanidine, in the usual way.  Mean values showed a total acidity
of 8,1 per ccat, as EtHSO,, on dicthyl sulphatc and a yield of 70,2 per cent
guanidine, In another cxpcrimcnt no attempt was made to control the recacticn
tcmperature after immersion of rcactants in the bath at 100°c.  The maximum
temperature recorded was 124°C. when it again fell to 100°C. after 7 mins.  The
reaction mixture was analysed at this stage. Mean values showed a total
acidity of 11,0 per ccut as EtHSO,, on diethyl sulphate, and a yicld of 66.0
per ccnt guanidine; the reaction 'was apparently: not complete under the time
temperaturc conditionsinvestigatcds

The obscrvations indicatc that no danger existed in the rcaction going
completely out of controls  The maximum tempcraturc obtained if the rcaction
were not controlled would be detcrmincd by the degree of insulations  Earlier
wiork has shown (1) that in general thc yicld of O-alkylisourca tcnds to
diminish at tomperaturcs over 120°C,  The total hcat of rcaction is apporcatly
not of a high order and will be measured morc accurntcly in subscquent works
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Lo Alkylation of urca using di-isopropyl sulphatec

An asscssment hes been made (2) of the rclative cfficicncy of the lower
normol dialkyl sulphates in the alkylation of urca. It was suggested, in view
of the incrcasing potcntial of propylenc supplics and its casc of conversion to
di~-isopropyl sulphate, thot a study of the nlkylation of urca bc made using
di-isopropyl sulphate.

Di-isopropyl sulphote as supplicd commereially is a dark colourcd oil of
purity ca. 93 per ccnts  The material can be dried to ncutrality by standing
over anhydrous potassium carbonates,  The neutral matcrinl on distillation in
vacuc gave a small quontity of colourless distillate, almost pure di-isopropyl
sulphate, tut a vigorous decomposition sect in with cvolution of gas, propylenc,
during the distillation which was then discontinucd. The distillation residue
was dark and strongly acid. The distillate, B.P. 76°C./2 mm., soon dcveloped
a purple colour on standing and is unstable at ordinary temperatures; it
dcvelops an acidity which progressively incrcasges con storage.

Alkylation of urca was studiced using the redistilled ester ond also the
deacidificd crude natcrial. .

Using redistilled ester and the molar ratio, uren : di-iso-propyl sulphate,
1 : 1, alkylation was carried out at 100°C. for 1 hour followed by aminntion of
the product in agucous solution at 60°C. for 3 hours, During the alkylation
considcrable gas cvolution occurrcd and the originally colourless rcaction
mixturc developed a dark rcddish purple colourations  Analysis of the reaction
mixture showed a total acidity of 30 per ccnt PriSO;,, on Pr,80),, and a yicld of
446 per cent guanidine, on urca.

Using thce commcreial grade of ester and the molar ratio, urea : di-iso-
propyl sulphate, alkylation was carried out at 80°C. for a period of 2 hours,
This reaction tcmperaturc was choscn in view of the degradation observed at
100°C, when using thc rcdistilled ester. There was little developricnt of
colour and only a slow cvolution of gas. The product of alkylation was
aminated in the usual woy and nnalyscd. It showicd a total acidity of 34 por

cent PrHSO, , on Pr2804, and 2 yicld of 48,5 per cent guanidine, on urca.

In view of thc intrinsic instability of Jdi-isopropyl sulphote and the
low yiclds of guaniline obtained this investigation was discontinued.

5 Attempts to alkylate urca dircetly by usc of cthylenc and isobutyleng

It was suggested that the alkylation of urca might be cffected dircetly by
use of cthylenc, ond isobutylene, working under slightly acid conditions, This
suggestion has been investigated, although not cxhaustively.

Ethylenc, (i) Using the molar ratio, urca : dicethyl sulphate, 1 : 1,
alkylotion was effcected at 100°C. for 1 hour. During this wholc period a rapid
strcam of ethylcne was passcd through the reaction mixture. No ircreasc in
weight of reaction mixture and thercefore no apparent abscrption of ethylenc
occurred under thesc conditionss A portion of the rcaction product wos
examined for acidity, and aminated in the usual way.  analysis showed o yicld
of 68.8 per ccnt guanidine, on urca or dicthyl sulphate.

(ii) To the bulk of the alkylation product, from (i), was
added a further quantity of urca (0.5 nol)s  The mixturc was heated to 100“C.
when a clecar liquid was obtaincds This was stirred at 1CC°C., whilst sulphuric
acid equivalent (0.5 mols) to the urca was slewly addcd dropwise and a ropid
currcnt of ethylenc passed through the rcaction mixturc. No increasc in
weight of the rcaction mixturc and thercfore no apparcnt absorption occurred
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under these conditions. Portions of the reaction product, a brown viscous
liquid which crystallised on stonding to give a solid (F.P. 429C.), was examined
for total acidity and aminated in the usual waye Analysis showed a yield of
80. 7 per ccnt guanidine, on diethyl sulphate uscd.

The use of the molar ratio, urea : dicthyl sulphate, 1 : 1, in the first
part of the experiment gave a 68.8 per cent yicld of guanidine, based on diethyl
sulphatcs In the second part of the cxperiment the molar ratio of urea : diethyl
sulphate was 145 : 1.0 when the yield of guanidine was 80,7 per cent based on
dicthyl sulphate. EBarlier work (this report, section 2) showed that yiclds of
guaniline using the molar ratios, urca : diethyl sulphate, 1 : 1 and 1.5 : 1 are
71.8 and 80.4 per cent respectively., It therefore scems probable that the
incrcased yicld of guanidine observed in the sccond part of the experiment is
solely due to the addition of further urea, i.c. change of concentration, to
the reaction mixturc anl not to any consumption of cthylcne.

Isobutylenes, Similar experimcants to those described, using cthylcene,
were carried out using isobutylenc.

(1) Using the molar ratio, urea : diethyl sulphate, 1 : 1, ethylation was
effected at 100°C, for 1 hour whilst a rapid stream of isobutylene was passed
through the reaction mixture. No increase in weight of reaction mixture
occurred and therefore no apparent absorption of isobutylene occurred under
these conditions, Portions of the rcaction product were examined for acidity
and aminated in the usual way, Analysis showed a yield of 68.2 pcr ccnt on
dicthyl sulphate,

(ii) To the bulk of thc reaction product from (i) was added a further
quantity of urea (0.25 mol.). The mixture was heated to 100°C. when a clear
liquid Was obtaineds This was stirred at 100°C. whilst sulphuric acid
equivalent (0,25 mols) to the urca was slowly added dropwisc and a rapid currcnt
of isobutylenc passed through the rcaction mixture., As the gas was passcd tho
rcaction mixture became progressively darker in colour, and on cooling a viscous
liquid was obtained which did not, solidify on prolonged standing. .in increase
in weight of the rcaction mixturc was observed showing that isobutylene had been
absorbed, Portions of the rcaction product werc examined for acidity and
aminated in the usual way.  4Analysis showed a yield of 75.3 per ccnt guanidine,
on dicthyl sulphatc uscd.

A4S in the aase of cthylene thc incrcase in yield of guanidine is not
more thon would be expected by increasing the urca ratio from 1.0 to 1.25 molos
per mol, dicthyl sulphate (this report, scction 2). The absorption of iso-
butylene is not accompanied by any decrcase in acidity, and is due to its
polymerisation in contact with sulphuric acid.

In o quantitative test experiment it was shown that isobutylene is absorbed
by concentrated H,S0), ot 20-2590, with considcrable evolution of hcat. The
recaction product becomes progressively darker in colour, and on standing
scparates into two laycrs. The dark lower acid laycr showed only a slight
change in acid content whilst the upper laycr was water white and consisted
mainly of polyisobutene; the latter was not investigated further.

6, The amination of O-ethyl-isourca

NH NH,
7 ; C(/ :
- OEt EtSO4 + NH3 - - NH, thO4 + EtOH

XHQ \NHZ
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In our work it is understood that amination is conducted using the rcaction
mixturc derived by alkylation of wurce using diethyl sulphates The recaction
mixturc contoins o high perccntage, ca. 70-73 per cent, of O-cthylisourca as a
salt of cthyl hydrogen sulphatc and impuritics, the cxact naturc of which arc as
yet to be investignted.

In previous work (2) a quantitative study was made of the conversion of
O-cthylisourca to guanidinc in aqucous solution and it was showy to be almost
quantitative using 20 per cent cxcess ommonia and heating at 60°C, for 3 hours.

It was considcred desirnblc to investigate the conversion in an anhydrous
solvent, c.ge ethyl alecohol, in accord with the initial scheme for isolating
the gurnidine from the reaction product by use of potassium cthoxide in ethyl
nlcohol solution, Furthcrmore, since ethyl alcohol is liberated on amination
of O-uthylisourca it was nccessary to investigatc the dircet amination of the
alkylation product by usc of anhydrous gascous ammonia.

A quantitative study was mode of the conversion of O-ethylisourea to
guanidine in cthyl aleohol sclution at 609C. varying the concentration of
aleohol and ammonia (gas) and also the time of rcaction.  In geacral it was
obscrved that the rate of amination at 600C., was rapid, and using 0.8 to 1.0
molcs NHz per mole urcn used for ethylation the extent of amination af'ter 0.5
hr. and 3 hrs. was ca, 65 and 80 per cent respectively of the maximum possible;
the maximum possible was that detcrmincd by aqueous amination at 60°C, for 3 hrs.
The rate and extent of amination appcarcd to be only slightly dependent on the
alecohol  conccntration. This study was not cxhaustive and was abandouncd in
view of the success attnined by dircct amination of thc original product of
the cthylation stage.

The dircct amination of the product obtained at the cthylation stoge has
been cffected using gaseous ammonia, Several batches, using the molar ratios,
urca : dicthyl sulphate, 1 : 1 and 1.2 : 1, have been aminated.

The general procedurc is tu ccol the product of ethylation, when allkylation
is completed either at 1009C. for 1 hour, or 140°C. for 30 min., to 60°C. and
then pass dry goscous ammonia at such o rate that it is completcly absorbed; the
rate of obsorption is rapid, The rbsorption of ammonia is accompanicd by
evolution of heat and the rcaction mixture is maintained, by slight cooling, ot
60°C, As amination procceds the recaction mixture beeem es progressively lcss
viscous owing to the liberation of alcohol and when amination is complcte it is
quitc mobile, iminaticn appears to be completc when no further liberation of
hcat occurs on continucd passage of ammonios In general an cxcess of amuonia
is uscd which can subscqucntly be recycleds  wfter nmination the product has
usually becn allowed to stand overnight when crystallisation sets in; using
the molar ratio, urcan : dicthyl sulphatc, 1 : 1, the solid is completely
solublc at about 45°C, The product is freed from alcohol by heating under
slovlly diminishing pressurc but gradually raising the temperature of the bath to
100°C, Finally it is hcated at 100°C. at 1-2 mm., in order to recover all the
alcohol for assessient; the freezing point of the material is coe 94°C. The
* aleohol distillate usually contains a minutc amount of o white solid vhich has
bcen shown to be armonium carbonate.

The amination of O-cthyl isourca proceccds rapidly and quantitatively under
the conditions investigotcd. It has however becn obscrved that the amount of
alcohol rccovercd at this stage is in general cquivalent to the guanidine
formed, Morcover, it has also been obscrved thot the yicld of guanidine, bascd
on urca, obtaincd by this procedurc is obout 2-3 per cent greater than that
attained by aqucous amination of the procuct of cthylation. This incrcucnt in
yicld would only appear to be accounted for by a disploccment of urca by atnonia
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in a possible equilibrium involving urca and dicthyl sulphate at the cthylation
stoge; this point will be studied later in grcater details -

4 more dctoiled examination of this amination stoge is to be made later in
order to define the optimum conditions for tcchnical operation.

7. action of heat on guanidinium ethyl sulphatc

The salt, O-cthyl isourea cthyl sulphate, contained in the product of
alkylation, is converted guantitatively on amination to guanidinium cthyl
sulphates The isolation of guonidine, in a form amenable to dircct nitration,
was an outstonding probleme In early work (1) it had been shown that treatment
of guonidinium alkyl sulphate in alcoholic solution by use of potassium alkoxide
gave free guonidine and the almost insoluble potassium alkyl sulphate, It
had been shown that excellent yields of diethyl sulphate could be obtained
cither by heating sodium ethyl sulphate in vacuum (4), or, by heating a mixturc
of cthyl hydrogen sulphate and sodium sulphate in vacuum (5) By analogy,
since gucnidinium hydroxide is as strong a basc as either sodium or potassium
hydroxide, the conversion of guanidinium ethyl sulphate to guanidinium sulphate
and dicthyl sulphatc was considered fcasibles  Attempts were made to cffceet
this conversion but without success,

The material obtaincd by aminating, using gaseous ammonia, the product
of alkylation was freed from alcohol, as indicated hceretofore, and used for
investigation; the material contained a high percentage of guanidinium cthyl
sulphatc and impurities, the exact nature of which are as yet to bc investi-
gated.

The material containing guanidinium ethyl sulphate on gradual hcating at
atmospheric pressurc for prolonged periods at 140°C., (10 mins.), 165°C. (30
mins.g, 185°C. (5 mins.) and 210°C. (60 mins.) showed but apparcat slight
degradations .. small amount of colourless gas was evolved which was rcalily
soluble in olkali and thercforc apparently was not ethylenc, On analysis
however it was shown that there was a loss of guanidine corresponding to 33.6
per ccnt.

The matcriol on gradual heating under diminished pressurc, 1 to 3 mm., at
12090, to 225°C. showed but very little apparent degradation. .t first there
appeared to be slight cvolution of gas and the material scemed to boil ot 225°C. /
1-3 mr, but no distillate was collecteds The temperature of the mass was
finally raised and maintained at 260°C, -280°C,/4-3 mas  Under these conditions
there appeared to be vigorous boiling, but no distillate was collected; rnlso,
the material became discolourcd and heating was discontinued. The residue was
o. dark brown viscous material, readily soluble in water. & loss of weight of
naterial corresponding to 37 per cent was observed, but only a small gquantity of
anmoniacal liquor was found in the cold traps of the vacuum systems

In view of the marked degradation observed on heating this part of the
investigation was discontinucd.

8, The hydrolysis of guanidinium ethyl sulphate

NH [ MNH,
2 2

Potassium and sodium ethyl sulphate, on hydrolysis in aqueous acid solution
give cthyl alcohol and presumably potassium and sodium sulphates,s .8 for as
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can be ascertaincd this hydrolysis has not becn studicd quantitatively with

the view to rccovery of alcohols This obscrvation scemed well adaptced to the
casc of guanidinium ethyl sulphate, and merited thorough investigation, since
the product of hydrolysis, viz. guanidinium hydrogen sulphate, would be crcnable
to nitration, and, furthermore the recovery of the ethyl group in the form of
cthyl alcohol was rost attractive,

The material obtained by aminating, using gascous ammonia, the product of
alkylation was frced from alcohol, as indicated herctofore, and used for
investigation.

In preliminary work it was observed that when the material, product fron
the omination stoge, was refluxed with a small quantity of N/1 sulphuric acid
the rcaction mixture became alkaline due to liberation of amaonia. As the
amount of sulphuric acid was increascda point was rcached when the reaction
mixture ceasced to show alkalinity but to show an acidity greatly in cxccss of
that added in the form of N/1 sulphuric acids - Purthermore the boiling point
of the rcaction mixturc gradually fell during the reflux period showing
unnistakably that hydrolysis had becn cffcected. On the basis of these obscr-
vations a quantitative study was mnde to detcrnine the optimum acid concentra-
tion for complete hydrolysis of guanidiniun cthyl sulphate, maximum recovery
of cthyl alcohol aond ninimum loss of guanidinc.

The general procedurc was to add varying quantities of conccntrated
sulphuric acid to constant amounts of matcrial, product from amination stoge,
and water; the weight of watcr uscd was ca. 30 per cent on the weight of
raterial, The mixture was refluxed until the hydrolysis appeared complctc;
this was indicated by thc attainment of a steady minimum for the boiling point
of the liquid; wusually thc original boiling point was ca. 117°C. and the
final boiling point ca. 98°C. The rcaction mixture was then carcfully
fractionated at normal pressurc, distillate being accepted until the boiling
peint of the liquid rcached 120-1250C. The distillate was weighed and the
alcohol content estimated by deternmination of its density.,  All.rcnnining
alcohol ond water was then distilled, under diminished pressurc and finelly
at 20-30 mm., bath temperature 100°9C,, and collected; the weight and alcohol
content of distillate was determined. The distillation residue was annlyscd
for total acidity and guanidine content.

Using 100 parts amination product and 28 parts H20, hydrolysis was
effccted using 3.2 (90), 4.0 (90), 6.2 (90), 8.0 (30), 10.0 (15), 12.0 (40) ancd
3.6 (5) parts (100 per cent) H,S04; in brackets are given the corresponding
tine for apparcnt complete hydrolysise.  When using 3.2 parts H250Q), hydrolysis
proceccded about 30 per cent when the reaction mixture became ncutral, In
all other cases hydrolysis was conplete, the time for hydrolysis progressively
dicinishing with increasc in concentration of sulphuric acids.

The total armount of alcohel recovereld is of the order of 4L7-48 per cent on
the original dicthyl sulphate used, of which 70 per ccnt was rccovered as
first distillate at 82-85 per cent concentration and 30 per cent as second
distillate at 30-33 per ccnt conccntration.

The frec sulphuric acid libernted on hydrolysis of guanidiniua ethyl
sulphuric should be equivalent to the cthyl group recovercd as alcohol. In
gencral however the total acid frced is less than thcory ond corresponds to a
fixation i.c. as ncutral salt cquivalent to about 4 per cent of the acid adlded
to promote hydrolysis plus that rcquircd by theory. It has, however, becn
obscrved in gencral that cbout 77 per ccnt of the original sulphate ralieal in
dicthyl sulphate is distributed, after hydrelysis, as frce sulphuric acid and
fixcd as guanidine sulphatec; this sulphuric acid is usefully cmployed in the
nitration stagc (scc belew).
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The calculated amount of water rcmaining in the distillation residue,
guanidinium hydrogen sulphate plus impuritics, is rclatively small, Ncarly
all the water has been wolatilised together with the aleohols  The water
content of a typical distillation residue was detecrmined by Karl Pischer rcngent
and showed to be of the order of 1 per cents It would appear therefore that
the distillation rcsidue consists primarily of acid sulphates which arc rcadily
freed from water at rclatively low temperaturcs, viz, 100°C, at 20-30 mme  If
the residuc contained free sulphuric acid in rcasonoble quantity then dehydration
would be more difficult,

A more critical examination of the hydrolysis stage is to be made in order
to estoblish optimum conditions for technical operation.

9« Preparation of guonidinium hydrogen sulphate

On the Wasis of studies of the alkylation, amination and hydrolysis stoges,
o number of large ¥atches of the material containing guanidinium hydrogen
sulphate were prepareds  Thesc preparations provided further obscrvation on
the various stoges involwed, and material for study of the nitration stage
(sce below).

Preparations were made using the molar ratios, urea :; diethyl sulphate,
1.0 : 1.0 and 142 : 1.0, In view however of the success attending the hydrolysis
stoge (section 8) in which alcohol ond sulphuric acid, i.e. in original dicthyl
sulphate, are efficiently rccovered the use of the molar ratio, 1.0 : 1.0, was
preferreds PFurthermore, by use of this ratio the amount of nitrogencus -
impurities at the end of the distillation stage would be somewhat lower, and
would thus afford some advantage at the subscquent nitration. gstage.

In general ethylation, amination and hydrolysis were effected in onc and
the same vessel in order to nminimisc losses.  The working details werc as
described heretofores Using the molar ratio, urea : diethyl sulphate, 1.0 : 1.0
the cthylation wos carried out at cither 100°C. for 1 hour or 110°C, for 30 mins.
The ethylated product showed a freezing point of ca. 64°C.  Amination of the
product was cffected at 60°C. and the final reaction nixture was usually allowed
to stand overnights .t this stage the recovery of alcohol was of the order of
4O per cent on diethyl sulphates The product of amination usually crystallised
at 35-40°C, , and after recovery of alcchol the freezing point of the resicuc
was ocas 94°C. Hydrolysis of the amination product was carricd out using 100
parts product, 28 parts water and 10 parts HoSOpe During hydrolysis, timc 30
ming. , the boiling point fell from ca, 118°C. to 104°Cs  The recovery of alcohol
at this stage was usually of the order of 42 per cent on dicthyl sulphates The
amount of H,S8Q) fixed as neutral salt at the hydrolysis stoge vias of the order
of 2-4 per cente The product of hydrolysis is liquid at room tempcraturc,
and of'ter recovery of alecohol and water the freezing point of the residue was
cne 63°C. In order to avoid crystallisation of this residue it was diluted
with a known amount of concentrated sulphuric acid whilst still warm when
an apprcciable amount of heat is liberateds This marked liberation of heat is
not due entirely to solution cffects and is attributed to a definite rcaction
the preecisc nature of which has not been ascertained. There is however no
loss of guonidine on addition of sulphuric acide The sclution of gunanidiniun
hydrogen sulphate in concentrated sulphuric acid was used in subscquent
nitration studies (see below).

The change in guanidine content during the various .stages of the reaction
has been followed analytically and the following data are typical. The
perocntage yields of guanidine, bascd on urca, were:

(a) at ethylation stoge, agucous amination showed 68.6 per ccnt;
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I (b) rcidnation stage, (i) before expelling alcohol, 72.2 per ccut,
(ii) after expelling alcohol, 72,2 per cent; .

(e) hydrolysis stage, (i) beforc expelling aleohol, 72,8 per cent
(ii) ofter expelling alcohol, 72.7 per ccnt.

Consistent yiclds of guanidinc of the order of 72-73 per cent, based on urca,
were obtained in all preparations of guanidinium hydrogen sulphatee  The
differcnce in yiecld, ca. 2-3 per cent, observed on aqucous and gascous amination
of the product of cthylation has previously been comuented upon (this report

section 6).
Composition of hydrolysis product containing pguanicinium hydrogen sulphate,
Gu HSOL

A typical analysis of the product of hydrolysis, F.P. 6300., prepared
using the original molor ratio, urea : diethyl sulphate, 1 : 1, is shown bclow.

Composition %
Guanidine 22,70
Bascs as (NHY) oS0y, Tol45
Frec Hgsoh 3613
H,S0), fixed as GugSQ, 18. 86
Potential N as (NH),) oS0, 99. 68

The stability to heat of a solution of puanidiniua hydrogen sulphate,
Gu HSO), in concentrated sulphuric acid

When a solution of guanidinium sulphate in conccantrated sulphuric acid
containing the rolar ratio, guanidinc: HoS0,, 1.0 : 2.0, was hcated successively
at 60°C, (1 hour), 80°C. (1 hour), and 1C0°C. (1 hour) nc change in guanidine

content was observed.

10, Nitration of puanidiniun hydrogen sulphatc

NH NH.NO,

j < g
C - NH, HSOL + HNOz — C - NH, + HO + H2SGL

N\

NHZ NH
Note: By guanidiniun hydrogen sulphate, Gu HSO,, is ueant the product of
hydrolysis which has tecn alrmost totally freed %f aleohol and water by
distillation. The product contains a high perccntoge of guaniline, ca. 72-73
per cent, based on urca, as guanidinium salt and impurities, the cxact naturc
of which are as yet to bc investigated.

batches of which werc prepared as described in
section 9, wos studied in order to cxamine its bhchaviour and definc the
conlitions for maximun conversion to nitroguanidinc. The order of stuly of
the various paramcters was arbitrary. The choicc of successive parmncters
was dcternined usunlly by earlicr rcsults. The work was conCucted in this
manner in order to achicve a more rapid assessmcnt of the nitration stoge.

The nitration of GUHSOQ,
rd

General methods . quantity of the molten or supcrcooled guanidiniun
hydrogen sulphatc material was stirred with the requisite quantity of con-
contrated, 98 per cent, sulphuric acid, when a narked cvolution of heat
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occurrcd, If exccssive cooling was applicd at this stage the material tended
to solidify ond did not then dissolve rcadily in the sulphuric acids  VWhen the
sulphuric acid, using our weight ratios, was added without tempcraturc control,
to the sugcrcooled naterial at ordinary temperature the final temperature would
bec cos 5 .

The sulphuric acid solution was cooled and the requisite quantity of 98
per cent nitrie acid added slowly with good stirring the nitration temperaturc
being maintained by external coolings  When addition of nitric acid was complete
the reaction mixturc was stirred for a further period of time at the nitration
temperaturc, It was then drowned on to a sufficicnt quantity of ice and water
to dilute the sulphuric acid present to 20 per cent concentration.  The
precipitated nitroguonidine was allowed to stand a few minutes with occasional
stirring in order to cnsurc the conversion of any salt, nitroguanidine sulphate,
to nitroguanidine, This was filtered, well washed with water (in initial
experinments) or a saturated (at room temperature) solution of nitroguanidine in
final experiments, retransforred to the precipitating vessel and triturated
with a further quantity of wash mediure It was sgain filtered and washed,
then dried, usually overnight, to constant weight at 100°C.

The most important paramcters studied were: molar ratio, Gu : HpS0) :

HNO,, temperaturc and time of nitration.  The experimental conditions to-
goether with yicld data are summarised below:
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Time of

Nitn.Stoge

. Molar Ratio | Temp, of Time of | stirring yield of
Serics | /mole Gu Nitration | addn, after addn, | Nitro- Notes
H250), :HNO3 °c. of HNO3 | of HNO3 guanidine
r.‘iinS. miU.s' %

L 1| 2,06:1.06 25-30 10 180 61.6 1)(3) (&
2 | 2,04:1,30 " " " 6l 15 3) (&
3| 2.58:1.04 » " - 58,0 1)(3) (&
L | 2.53:1.28 " " " 69.5 12 3)(4
51 3¢13:1¢14 " " " 63, 2 1)(3) (4

IT 1 | 204:1.30 20 10 50 6345 (1)(5)

IIT 1 | 2,07:1.0 0 10 60 17: 2 1%‘?
2 2.07:1-0 20 8 ) }+8all- 1 ?g
3 | 2,07:1.25 0 13 " 3249 1; 7%
L | 2.07:1.25 20 1 " 59.7 4 17
5 | 2.59:1.0 0 8 " 623 1)(7
6 2‘59:100 20 10 1l 6?.0 1§ Ti
T | 2659:1.25 0 10 i 72.8 1)(7
8 | 259:1.25 20 11 B 77.0 1% 7)
9 3-11:1.0 O 8 4 ?1l}-|- 1 7

10 | 3.11:1.0 20 9 " 65.3 1) 7;
11 | 3411425 0 11 " 8440 $13 7%
12 § 311:1:25 20 15 " 78. 1 1)(7

IV 1 | 4.15:1.39 D 12 60 82.7 1)(8
2 | 4.15:1.0 20 9 " 6l 1 85
3 | 4e15:1.39 20 16 " 80, 5 1)(8
J-}- 4-98:1.0 0 8 L ?508, & 58
5 | 4498:1.39 0 9 » 88. 5 1)(8
6 | 4.98:1.39 10 10 " 88.5 1)(8
7 | 4.98:1.0 20 1. " 6L 6 1)(8

« 8 | Le98:1439 20 17 " 81.3 1)(8
9 | 5.81:1.0 20 13 " Sl bt 1; Bg
10 | 5.81:1.39 20 15 . 70, 2 1)(8
V 1| 374:1.0 10 10 60 75:6 2)(9)
2 | 37kt " 13 " 79,7 | (2)(9
3| 3e7hi1e2 " 13 " 82, L 2)(9
bl 30704:1.2 " 11 n 8649 2; 9
5 | 3e7h:4e3 " 1l 30 88,0 2)(9
6 | 3aTh:1:3 " 16 60 8646 2% 9
T | 3eth=s 3 " {2 90 83.9 2)(9
8 | 3eTh:tek f | 12 15 91l 2) (9
9 | 3e %1l " 13 30 88. 5 2)(9
10 | 3¢ 7h:1ely 3 9 45 90, 2 2; 9
1| 3 7% 1k f 14 L5 50, 3 2)(9)
12 | 34 7h:tel A - 60 90, 4 2)(9
13 | 3, 7h:1.4 " I 13 60 90, 1 2% 9
0 | 307%:10k " | 97 90 86,8 | (2)(9
15 3-?’4—:1-5 i : 13 "-!-5 90'? 2 9
16 | 3. 7h:145 ! [ 12 60 91,0 2)49 3
17 1 34 74:1.6 " : 14 45 92,0 2)(9 i
18 1 3.74:1.7 " 13 L5 62,0 _23 9 _
19 | 3. 74:1.8 " i L5 91, 2 ‘ 2)(9)
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Note reference

(1) Water used for washing nitroguanidine precipitated from nitration mixture.

(2) A saturated solution (at room temperature, ca. 20°C.,) of nitroguanidine
used for washing nitroguanidine precipitated from nitration mixture, to
minimise solubility losses.

(3) Guanidinium hydrogen sulphate, GuHSO,, dissolved in concentrated sulphuric
acid without cooling; temperature rcached ca. 55°C. Solution was cooled
prior to addition of nitric acid. '

(4) Prothing in these expcriments, Scrics I, was somewhat marked during period
of stirring.

(5) The solution of GuHSO) in concentrated sulphuric acid was heated successively
at 60°C. (1 hour), 809C. (41 hour) and 100°C. (1 hour) prior to addition of
nitric acid, No change in guanidine content was observed during the
period of heating.

(6) GuHSO), dissolved in concentrated HoSO) keeping temperature bclow 30°C. ,
then added nitric acid,

(7) 1In Series III the solution of GuHSO, in concentrated HpSO, was heated at
80°C. for 2 hours prior to addition of nitric acids Earlicr cxperiments
appeared to indicatc that this treatment reduced the frothing during
stirring of nitration mixture.

Prothing was much less troublesome at 0°C. than at 20°C.; good stirring
broke down any froth formed. Some nitration mixtures developed, at 209C., an
initial pale green colour which changed to cream yellov. Reaction mixturc
posscssed a faint odour of acetaldehyde.

(8) 1In Seriecs IV the solution of GUuHSO, in conccntrated HpS0),, was not hecated
prior to addition of nitric acid. The use of 1.39 moles HNO3 per mole
guanidine was sufficient to nitrate all unchanged urea, if precscnt, in
addition to guanidine. A

Frothing occurred in all nitrations; it was casily controlled at 0°C,
and 10°C,, but only with good stirring at 20°C. At 0°C. no colour developed
in nitration mixture; at 10°C, only a faint tinge; at 20°C. a colour change
from pale grecn to pale cream yellow occurrcd, accompanied by faint odour of
acetaldchyde,

(9) In Series V the molar ratio, guanidinc : HySOy, 1 : 3. 74 is equivalent to
the weight ratio, guanidine : HpSO;, 1.0 : 76,21 and corresponds to the
woight ratio, guanidine nitrate : %QSO s 1 : 3, which has ordinarily been
used for the large scale preparation of nitroguanidine. A temperature of
nitration was chosen at 10°C. to minimise frothing, due probably to
degradation of unstable nitramine impurities; also, to limit oxidation of
impurities present in soluticn cf GuHSO.

In all nitrations at 10°C. some slight frothing occurred the nitration
mixture passing through a pale grcen coloration to very pale yellows Nitration
mixture was slightly exothermic in behaviour, i.e. tended to literatc some heat
on continued stirring, duc to the incidence of o degradation reaction.  All
reaction mixtures posscssed an odour of acetaldehyde and in one instance a
trace of ethyl nitratc was deteccted.

Vhen using nitric acid ratios greater than 1.4 mole per mole guanidine
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some frothing occurred in the drowincd rcaction mixturc. The wastc acid in
these casus was somewhat yellow in colour and some slight oxidative reaction
appcarcé t¢ occur in the drowned liquor on standing.

Compcsition of ilaste Acid

Vaste acid fro.. aitration study was subjected to a number of an~rlyses to
dctermine the approxirnte cowmposition.

Typical analyscs are shown below:

Composition Vaste Acid Waste Acid
Serics V, 11 Series V, 13
b4 7
Total acidity, as HpSOy 17.52 184 28
Total S0), ion, as H230), 18, 22 18. 79
Free H2S% 16,89 1763
Frec HNO nil nil
FIX‘Od s nsS =p 'NOZ O. 66 Oo 81
Bases as ?NH4;2804 gng 113 14 84
Bases as (NHy)280), (b 1.02 1.07
Potential N as (N%L) 250, 2 77 2,90
Total Nitrogen 0459 0.61
\leak acid as CO, 0.08 0.09
Reducing material as HNO,, C. 06 0.02
vater (approx.) calculatéd 17 28 7738

(a) By expulsion of volatile bases by use of standard alkali,
(b) By the formaldehyde method of Grisson (6).

Concentration of VWaste Acid

No detailed study of the concentration of waste acid has as yet becn made.
The calculatcd composition of the concentrated acid, assuming no loss of sulphatc
ion as sulphur dioxide during concentration, is approxlmately HoSQ),, 35.1;
(NH )80, 1448 per cents  Kendall and Landon (7) have shown that this gystum
has a eru51ng point of ea, =-13°¢,

Conclusion: 1%t is concluded from the investigation that the optimum conditions
for the nitration of guanidinium hydrogen sulphatc, prepared as described herc-
tofore, are:

(i) Usc of the molar ratio, Guanidine : HySO, : HNOz, 1 : 3e7h : 1ela
The molar ratio, Guanidine : H,50, is cquivalent to that Which obtains using
the weight ratio, Guanidine nitrate : H,S0,, 1 : 3, which has ordinarily been
uscd in thc production of nitrcguanidinés & The molar ratio, Guanidinc ; HNOz,
is however greater thon that, viz. 1 : 1, used in the production of nitroguanidinc.
The cxcess, viz. O.4 mole HNO , 1s essential owing to the incidence of side
rcactions, that is, the nitrs élon of impurities of amine type structurc which
ere prescnt in thc original material; no free nitric acid is prescent in the
waste acid.

(ii) Nitration at a tcmperaturc of 10°C, for a period of 30 mins. The

conversion of guanidine to nitrogunanidine in the medium H250), ~HNO3 is rclatively
rapid even at low temperaturcs (8). The rate and cxtcent of conversion are
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however determined 'inter alia' by the nature and concentration of impurities,
Since, in this casc, the solution of GuHSO) contains impurstics of aminc type
structurc these give nitramine derivatives on nitration which are not stable and
tond to degrade. This degradation is the more rapid the higher the nitration
temperature nnd tends to form a froth which is negligible at 10°C. but may be
troublesome on the large scale in the range 10°C.-300C. - Again an oxidative
rcaction occurs during nitration involving the ethyl group; the ethyl group is
prescnt in the original matcrial cither as unrccovered alcohol in the distillation
stage, or, an impurity such as EtHSOh which would give alcohol under the

working conditions.

Further investigation of the nitration stoge is necessary at more clcvated
temperatures, €.g. 20°0, and 30°C., with the object of reducing the time inter-
val for complete nitration in a continuous nitration process.

Finally, any improvements introduced at the earlier stages of cthylation,
anination and hydrolysis will be reflected in the purity of guanidinium hydrogen
sulphate vhich may therefare require modification of the conditions of nitration.

11 Purification of Nitroguanidine

All samples of crude nitroguanidine obtained in the nitration study
(this report, scction 10) showed melting points in the range 235-238°C., vith
decomposition.

The crude matcrial is purified by recrystallisation from water. [No
apparent degradation was observed and the hot solution was clear, showing
abscnce of insoluble impurities, and colourless. However, a corrected loss of
3-4 per cent was noted on recrystallisation.

A sample of rcerystalliscd material was submitted to the spocification
tests for service grade matcrial, and satisfied all tests.

The Infra Red spectra, of a sample of recrystallised nitroguanidine,
preparcd from urea, and a sample of reorystallised nitroguanidine, preparcd
from guanidine nitrate derived from calcium cyanamide, were compared under the
samc conditions. The spectra were identical indicating that both samples
were of strictly comparable purity.

12, A process for the production of nitroguanidine (picrite) from urea

On the basis of thc studies respecting the stages of alkylation, amination,
hydrolysis and nitration described heretofore a process for the production of
nitroguanidine from urea has been devcloped.

A typical flowsheet for thc projeccted process is given below. The
experimental data which form the basis of the materials data are contained in
the 'Bxpcrimental! part (this report, Scction 25, Exp.,IV, and Section 26,
Tobles X and XI, Exp. 13).
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Molar Ratio Urca :

Flowsheet

Di-ethyl Sulphatc (D.E.S.) =

Parts per port purc picrite

C2H50H |
. 1.402 |
3 :
0. 67‘1 ' 0,518 = ¥ R
2ty 150
\ )/ 0853 10498
& ‘ ! )
K b I <
Urea D.E.S.
Ethylation
| 0'914'F1 tr. at 10°C, | 2347
[ 0.5 hr, at 1100C.
i - ©
e I [ ~
U!
\o(\ % T Amination , NHz
P 6400 | 867 Can 1 hry * | gas
3. 261 . ot 65000 0. 529
Distillation, 25-30 mm. /100°C.
4’ N/
4
Gu\
Togs NH3 + EtoH | I+F» 94°C. Et,fsoa +1 ggar91y51:<_4 Ho0 + sto%
0,021 0,057 0,571 MILNG A% = 1 0,592 0,29
o2 | a0,
i Distillation, 25-30 mm, and
> _ / 1 mm. /100°C.
Gu
H,0 + EtCH F.P. 64°C. Ng0o 4+ 1 ; Nitration | HNOz + HoSO, + H0
0.522° 0.609 | . 30 mins, att] 0.970 32151 0,669
! 2. 885 1000,
: ?21 8&"0
< i
| N W Filtration \ _’_
Waste Acid Picrite (Crude) { . | HpO |
25, 4,20 1. 043 5.8 h9+39
_ .
‘l’ Concentration k d Recrystallisation
H,S0, + (NHy),S0y Picrite (Pure) o
12229 533 1,000 ks
(1) Per ccat values in table show the overall yicld at each stoge
based on urca.
Ny |t NH, | i
(ii) Uu' = |Cc’- OEt ; GuE |G- NH, ; I = Other products
“NHp | NHp
(iii) Material quontities for production of urea and D.E.S. arc theorctical.
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Typical Analyscs

Gu
. 50, + 1 (other products)

Bases as (NHy,)oS0),
Guanidine

HpSO, free GuoSO

HZSO fixed as GuSO),
Potential Np as (NH,),S0y,

Woste acid
Total acid as stoh
Total S0, ion as H2S0),
Free HgS%
Free HNO
Fixed HN -N.NO
Bases as NH
Potential N2 as (
Weak acid as CO
Reducing material as HNOg
Water (calculated) )

Concentrated Waste Acid
H,S0),, theory
(NH), ) 280),, theory

Parts/part pure picrite

2,885

0. 215
0. 655
0. 898
O 54l
2,876

25: 4,20

4648

b 777
L 481
nil
0. 205
Ce 272
0. 738
0.022
0.019
19,67

4. 229
0. 738

Materials Balance

Ho SO for Et,S0
HQSO for Hygro ysis
H2u04 for Nitration

«*s Total input of HpSO

S
18. 28
18.79
17.63

nil

0. 81
1.07
2,90
0.09
0.08
77.38

85. 13
14,85

Parts/part pure picritc

HpS0,, recovered in Waste Acid

«*+ Consumption of H2S0),

EtOH for Et,S0

EtOH recovered from amination

EtOH recovered from hydrolysis
Total EtOH rccovered

«°. Consumption of EtOH

NH, consumed at amination
NH3 required for urea

«"s Consumption of NH5

CO, required for urea
«*« Consumption of CO»p

Consumption of HN03
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Significant fcatures of thc process

Som¢ characteristics of the projeccted proccss arc:

(1) All stoges of the process can be carricd out in one vessel, i.c. in the
laberatory.

In practice all opcrations can be conducted coantinuously. At all staoges
the recaction mixture is kept in the liquid state.

(2) The whole process is self-containcd.

The dicthyl sulphatc uscd in the process is an intermcdiate in onc modc
of' production of cthyl alcohol on the large scalc. It is used cfficicntly in
the process. The overall rccovery, as cthyl alcohol, of the ethyl groups in
diethyl sulphatc is of the order of 85 per ccnt theorys  The rccovered alcohol
(cas 40 per cent of total), at the amination stage is anhydrous and ot the
hydrolysis stage ca. 42 per cunt of total, has an overall concentration of
ca. 65 pcr cent (by weight); the latter con rcadily be dehydrated for further
usce The rccovered alcohol can either be recycled or replaced by fresh
ethylene; the rccycle of alcohol nced not nccessarily be via cthylenc sincec
n recent process (9) has been developed for the direct conversion of cthyl
alcohol, by trcatment with concentrated sulphuric acid, into dicthyl sulphate
in 90 per ccent yiclds The sulphate radical of the dicthyl sulphate is uscfully
cmployed at the nitration stages At the end of the hydrolysis stage 77 per
cent of the sulphatc radical is distributed as frec acid and fixed os guanidine
sulphate; the remainder is fixed as neutral salts of basc impuritics.

The ammonia required at the amination stage is almost theory; the
slight exccss uscd can be recycled.

At the nitration stage the molar ratio, Gu : HoS8C, : HNO3, 1 : 3074 2 104,
has been used; this ratio represcats the optimum. Tgu ratio Gu : HpSO, is
cquivalent to that used for the weight ratio GUHNOs : HpSOy, 1 : 3, vhich has
ordinarily been used in the production of nitroguanidine on the large scalc.
The slight excess of nitric acid, viz. O.4 molc, uscd is esscntinl for the
side nitration of impuritics; no frec nitric acid appecars in the waste acid

The yield of purc picrite, viz. 63 per cent based on urca, comparcs very
favourably with that obtained, ca. 54 per cent based on nitrolim assumed to
contain 65 per cent calcium cyanamide or 74 per cent boscd on dicyandiamilce,
herctofore by the Welland process,

The disposal of thc waste acid is the major problem; this can aftor
recconcentration either be (a) intcgrated into the chemical industry; this
point is considercd beclow, (b) used in part for the preparation of diecthyl
sulphate, and (c) possibly used in part ogain in the nitration stoge.

(3) The cnergy changes involved are low, and thc plant and process costs
should be relatively low.

(4) The process in esscnce is reduced to the comaonest denominator, viz,
simplicity.

(5) So far the clcments of the process have becn cstablisheds It rcaains
to cxamine cach stage of the process again morc critically in order to define
cxact operating conditions for o continuous proccas.

(6) Pinally, it remains to assess thc process on an economic basis.
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13, Sulphuric Acid. Consumption in the United Kingdom

The disposal of waste acid containing all the sulphuric acid used in the
nitration stage in the production of nitroguanidine is a major problems In
the process outlined above (Section 12) the rclative amounts, in concentrated
woste acid, are H,SO,, 4«23 parts and (NHy)2S0,, O.74 part. A high production
of nitroguanidine“acdentuates the waste acid disposal problem ond it is
imperative that it be usefully conserved. Indeed, the high annual consumption
of sulphur in the form of sulphuric acid in the U.K., U.S.i., and other
countrics is a matter of concern which will be greater in course of time,

Thus it is of vital importance to effect economy wherever possible in the usage
of sulphuric acide The primary ideal in this case under consideration is its
reeyele for use wherever possible, c.ge in the preparation of diethyl sulphate
and nitration stage, and secondarily its integration into the chemical industry.

The following is a summary (10) of sulphuric acid and oleum consumption
in the U.K. and Southern Ireland during the second quarter, April 1 - June 30,
1949,

(In terms of 100 per cent HpSOy)

Uscs Tyns
Accunulators 2,197
Agricultural Purposcs 1,736
Bichromate and Chromic Acid . 2,909
Brorine 2,941
Clays (Fullers Earth, ete.) 2,048
Copper Pickling 666
Dealers ke, 267
Drugs ond Fine Chemicals 2,552
Dycstuffs and Intermediates 17,046
Explosives 2,884
Export 804
Glue, Gelatine and Size 536
Hydrochloric Acid 15,795
Iron Pickling (incl. Tin Plate) 22,505
Leather 1,536
Mctal Extraction 556
0il EMineruJ.) Refining 14,476
0il (Vegetable) Refining 2,601
Paint and Lithophone 27,406
Paper etc. 1,089
Phosphates (Industrial) 1,314
Plastics, not otherwise classified 3,919
Rayon and Transparent Paper 39 401
Sewage 2, Thde
Soop and Glycerine 1,52k
Sugar Refining 163
Sulphate of Ammonia 62, 386
Sulphate of Barium 1,287
Sulphate of Copper 5,313
Sulphate of Magnesium 1,478
Sulphate of Zinc 805
Superphosp hates 130,329
Tar and Benzole 4,383
Textile Uses 5,872
Unclassified Uses Known® 23,598

Uses unkncewn 11,010

Total 122,076

¥ Boric acid, Borax, Chlorosulphuric acid, Formic acid, hydrofluoric
acid, Oxalic acid, nitric acid, tartanic acid, Rere Earths, Aluminium sulphate.
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The following is an cxtract from the 'Report of the Minerals Development
Committec' (11).

Anhydrite

"Resources of anhydritc in the Billingham area are likely to be at least
75 m, tons. Further large resources exist south of the River Tecs, Many
millions of tons of anhydrite are also known to be present in the Eden Valley
in Cumberland and Westmorecland also in West Cumberlands It is clecar that the
resources arc sufficient to meet requircments on present day standards for many
yearss Production in 1947 was 919,825 tons of which 828,021 tons was at
Billinghams  Consumption in 1947 was 880,060 tons of which 717,321 tons for
ammonium sulphate (= 653,000 tons (NHy)080,,) and 154,892 tons for sulphuric
acid." ‘

Comments The wastc acid in the proccss discussed heretofore (Section 12)
af'ter concentration corresponds approximately to L. 229 parts H2804 and 0,738
parts (NH4)2304 per part picrite,

For an output of 1100 tons picrite per week the quantities of HpS(O), and
(NH), )80, in the waste acid would be 241,800 tons and 42,220 tons per afinum
respectively.  This quantity of HpSQ, corresponds to ca. 14 per ccnt of thc
total quantity consumed in the United Kingdom. The quantity of (NHL) SOy,
corresponds to ca. 6.5 per cent of the total quantity prepared from anﬁydrite in
1947, If all the waste acid were to be converted to (NHL)zso the total
annual output, i.e, for 1100 tons picrite per week, would tc 367,900 tons
corresponding to ca. 56 per cent of the total quantity preparcd from anhydrite

in 1947,

The prescnce of ammonium sulphate, and/or traces of base sulphate
impurities, in concentrated waste acid would perhaps not be deleterious in some
industrial applications. Thesc applications have been tabulated above; it
is worthy of note that the annual HpSQ), requirements arc for supcrphosphates,
521,000 tons, (NH), )80, (i.cs direct from HpSO)), 249,000 tons (= 335,500 tons
(NH),) 280, ) and irdn pickling 89,000 tons.

In general the basic idea relating to the process under review is to
utilise sulphuric acid, prcpared primarily from imported sulphur and sulphur
orcs, in the preparation of dicthyl sulphate and at the nitration stoge, and
route the recovered acid from the process into useful industrial channcls.
Thus, greater cfficicncy in the usage of the original sulphuric acid would be
attained.

These considerations suffice to indicate how the waste acid could be
integrated into the chemical industry.

1le Conclusion

The clements of a process for the production of nitroguanidine (picritce),
based on urea, have been cstablished. Onc of the main fcaturcs of thc process
is the utilisation of dicthyl sulphate for the alkylation of urca and subsc-
quent recovery of the ethyl groups as alcohol and the sulphate radical os freeé
sulphuric acid vhich can be uscfully cmployed in thc process. The yicld, based
on urea, of nitroguanidine, of satisfactory purity, is ca. 63 per cent; this
compares favourably with that, viz. 54 per ccnt based on nitrolim, obtained in
the Velland process.

154 Rccommendations

(1) A more critical cxamination is warranted of cach stage in the proposcd
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process for the production of nitroguanidine from urca in order to introducc
possible improvements and define more exact conditions for a continuous
technical process.

(ii) A preliminary cconomic assessment of the process should be made
for its evaluation relative to any other altcrnative route to nitroguanidine.

and, (iii) A comprchensive study of the chemical changes involved at the
various stages in the process should be carried out in order to definc the
character of by-products.

16,  Acknowledgments

The authors acknowledge their indebtedness to Dr. 4. Forster, Profcssor
E.L. Hirst and membcrs of the Organic Chemistry Committee (S...C. for helpful
discussion and suggestions,

Dr, H.}M. Stanley kindly provided samples of di-isopropyl sulphatc and
isobutene for investigations,

Infra red cxamination of samples of nitroguanidine was mode by Dre L.Jde
Bellamy (C.I.) and specification tests of nitroguanidine, preparcd from urca,
werc carried out by Mr. G.L. Hutchison (S.P.R./E.R.D.E.).

17 Bibliogra.phy

1« E.R.D.E. Report No. 7/R/49:

2. E,R.D.E., Report No. 22/R/49.

3. Arndt (Ber., 1921, 54, 2236).

4  D.R.P. 272339 (1914).

5 D.R.P. 342969 (1919).

6, Grisson (Ind, and Eng. Chem., 1920, 12, 127).
7+  Kendall and Landon (J..i.C.S., 1920, 42, 2131).
8. Smith, Sabetta and Steinbach (Ind., and Eng. Chem., 1931, 23, 1128).
9  B.P. 581,115 (1946).

10,  Chem Tr. J., 1949, 125, No. 3245, 196.

11,  Chem. Tr. J., 1949, 125, No. 3244, 150,

12,  Murtv and Gopalarov (Z., anorg. Allgem, Chem., 1937, 231, 298; C.i

31, 3115).

254

1937,



SECRET

EXPERIMENT L

18, ilkylation of Urea with Dicthyl Sulphate and the conversion of
O-Ethyl=-isourca to Guonidine

The experiments wow described are a continuation of those, Serics I,
rocordcd (Scetion 23) in a previous report (2). These were carried out to
detcrmine the optimum conditions for the conversion of urea to O-cthyl-isourca.

General Method

Dicthyl sulphate (Loboratory groade material; purity 99.8 per cent,
acidity € 0.5 per cent as HyS0) ), varying quantities, were introduced ot
ordinary tempcrature inte a bo&ling tube fitted with a mechanical stirrer and
thermomctere The mixture was heated with good stirring to the required rcaction
tenperature and there maintained for varying periods, In cach casc the time
which clapsed beforce the reaction mixture became clear and homogencous was
obscrveds The rcaction mixture was then cooled, diluted with water and made
up to a volunc of 100 ml.

The solution was analysed for total acidity and O-ethyl-isourca, indircctly
by conversion to guanidinc.

Total acidity

sliquot portions, 10 ml., were titrated with N/1 sodium hydroxide using
nethyl red as indicator.

O-cthyl-isourca

4 portion, 50 ml., of the solution was first ncutraliscd with 0,880 cmmonia,
and then treated with sufficient concentrated (O.880) ammonia to give 1.2 moles
ammonia per mole ures used. The solution was heated in a stoppcered flask for
3 hours at 60°C., then cooled, diluted with water and mode up to 100 ml,
Portions, 5 ml., of the solution were analysed for guanidine by thce method
previously described (1).

Sories I1. The effect of vorying the molar ratio urea : diethyl sulphate,
keeping all other conditions constont, on the yield of O-cthyl-
isourea

The experimental conditions together with the analytical data arc given
in Table I.
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Table I

SECRET

Diethyl sulphate (D.E.S.) used, 12.83 g (1 mol.).

Urea used, 4 go to 10 g¢ (0.8 mol. to 2,0 mols.).

Reactants mixed ot ordinary temperature and heated with stirring at
(Note: Previous work (2) had shown that alkylation
was complete under these conditions using the molar ratio, urea : D.E.S.,

100°¢c, for 60 mins.

1 :1)
UREA T%{mﬁ- f;:r ""g%g 43 GUANTDINE
Moles Per to- alear % on % on % on
s Mole D,E.S. Mins. e D.E.S. 2. Urea D.E.S.
4.0 0.8 10 0.937 8.92 2:92 |The16 | 59433
be 5 0.9 9 1,267 | 12,06  |3.21 |72.47 | 65422
5.0 1.0 9 1.034 9. 85 3,53 |71.80 | 71.80
5:5 1¢1 8 1.034 9. 85 3.87 7445 78,59
6.0 1.2 8 0814 | 775 3,94 |66.73 | 80.07
Te5 145 7 0. 595 5.66 3,96 |53.68 | 80.52
10.0 2.0 6 0. 194 1.85 2.95 40. 20 80, 39

# R.M. = Reaction mixturc

The results, Table I, indicate the molar ratio urea : dicthyl sulphate,
1.2 : 1.0, to be the most economical, on the assumption that dicthyl sulphate

is the more costly reactant.

scries (III) of cxperiments.

Serics III

This ratio was therefore choscn for the next

The cffect of varying the tomperature and time of reaction

using the molar ratio, urea :

diethyl sulphate, 1.2 : 1.0,

on the yield of O-ethyl-iscurea

The cxperimental conditions together with the annlytical data arc
given in Table IT.
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Table II
Diethyl sulphate (D.E.S.) used, 12,83 g. (1.0 mol,)

Urea used, 6.0 go (1.2 mol,)

wassEiaE Time J scidity as EtHSQ), Guanidine

Temp, Total | To clear | | %on | | %Gon | % on
o¢, mins.e minse | g | D.E.S. . g« |Urca | D.E.S.
80 90 60 2,042 19,45 13.55 | 60,12 | 72,44
" 120 55 1+.357 12,92 |346S [ 62,52 | 75.02
" 180 | 53 | 1,357 | 1292 |3.83 [ 6keOh | 7793

I ! |
90 30 23 44027 11,69 3,16 | 53:56 6le 25
" 60 22 1,260 12,00 3,76 | 63,74 76449
" 90 2l 1., 227 11.69 3,91 | 66,21 7945
" 120 25 1.150 10. 95 3,95 | 66451 80. 30
100 30 8 1,176 11420 3.79 | 6427 1713
" 60 8 0.982 9, 35 3,95 | 66,97 80. 37
" | 90 7 0,530 5,05 3,91 | 66,34 79.62
110 15 3 0. 969 9,23 3,91 | 66434 79462
" 30 3 0, 646 6.16 3,95 |67.01 80, 111
o 60 3 0.129 1. 23 3,90 |66,18 79. 41
120 5 1 0. 937 8.92 3,81 | 64.63 7756
" 10 1 0.659 6. 28 3,90 |66.,07 79,29
" 15 1 O. 258 2.)-]-6 _3. 90 66‘ 06 ?9. 2?
| !

The results, Table II, indicate that the ethylation of urwea is optimum
after 2 hours at 90°C., 1 hour at 100°C., or 0.5 hour at 110°C. In practicc
it is preferred to opcratc at 100°C. or 110°C.

At a later stage of the work it was considered desirable to carry out
o similar series. of experiments using the molar ratio, urca : diethyl sulphate,
1.0 : 1.0, This raotio was therefore chosen for the next series (IV) of
cxperiments,

Scries IV, The effect of varying thc tcmperature and time of rcaction using

the molar ratio, urea : diethyl sulphate, 1.0 : 1.0 on the yicld
of O-cthyl-isourca

The experimental conditions together with the analytical data arc given
in Table III.
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Table III

Urca used, 5.0 go (1 mol.)

Dicthyl sulphate (D.E.S.) used, 12.83 g (41 mol.)

B ' Time Ascidity as EtHSO L Guanidinec
eaction :

Tempe Total To clear % on ¢; of
°c. mins, mins, g D.E.S. e Thoory
100 15 9 1. 26 12,00 2:97 6044

Ly 30 9 1. 29 12: 25 3.23 6546
" 60 9 1422 11.63 3el3 69. 7
" 90 10 1.16 11.03 3.56 723
110 15 L 1.2, 11. 76 334 67.9
" 30 L 1.03 9.80 3049 711
i L5 b 0.78 Toli7 3el7 70.6
) S 60 L 0. 76 7+ 23 3452 71.5
120 5 1 1404 992 3. 22 650 L
" 10 1 0.93 8.82 Sel1 6943
B 15 1 0.7 64 Tk 3e43 69.7
- 20 1 0.58 5. 51 3.46 70, &

Scrics V The effect of the addition of pyridine in the alkylation of ureca
using diethyl sulphate

In cxperiments (see below) on the amination of rcaction mixtures con-
taining O-ethyl-isourea with gaseous ammonia it was found ihat no ammonia was
absorbed corresponding to the titratable acidity 3f the rcaccion mixture. It
was considered that this acidity might be due to the pressure of an urea salt
in the reaction mixture and, as it had already becn shown (2) that salts of
urca do not rcact with alkyl sulphates, this might account for the low yiclds
obtaincd at the alkylation stage. Accordingly some alkylation experiments
were carried out with addition of pyridine to take up free acidity in placc
of urca. The method of experiment was almost identical with that described
aboves The requisite amount of pyridine was added to the diethyl sulphatc
when a turbid mixture was obtained which soon became clear with evolution of
heate The urea was then added and the alkylation effected as previously
described.’

Parallel experiments were carried out without the addition of pyridine,

The experimental conditions together with the analytical data are
given in table IV,
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Table IV
Urca used, 5.0 go (1 wol.)

Dicthyl sulphate (D.E.S.) used, 12.83 g (1 mol.)

gouds ) Tine | Acidity as EtHSO, | Guanidine
o | I% £C H i
Reaction | Eyridine i y L
Tcrp. Per Total | To clecar % an % of
%0: Mole mins. rins. 2o D.E.S. 8 Theory
D.E.S.
1C0O - 30 9 1.29 12::25 | 3:.23 65.7
100 0. 05 30 6 1.18 1127 | 3.30 671
110 - 30 L 1:03" 9,80 | 3.49 711
110 0.10 30 | 0. 80 7.60 3¢ 39 69.0

19, Heat Evoluticon in the reaction between Urea and Diecthyl Sulphate

Bxperiments were carried out to observe the extent of heat evolution during
the ethylation of urca with diethyl sulphate, using molar ratio 1 : 1, ond the
maximun temperature likely to be attained if the tempcrature of a rcaction
mixture were not controlled.

Series I

Dicthyl sulphate (12,83 g.) and urea (5.0 gs) were mixed in a boiling tube
fitted with a stirrer and thermometer. The tube was immersed in em:air bath
maintained at 100°C. and the increasc in temperature with time of the well
stirrcd reaction mixturc was observed.

"Initially thcre was a stcady rise until about 9&00. was rcached and
then the temperaturc remained almost stcady for several minutes while the
urca meclted. AS soon as the rcaction mixture was all fluid there was a
steadily accclerated risc in temperature, the mixture becoming cleor and
homogencous when a temperature of about 115°C. was attained.

When the temperature rcached 120°C. it was controlled, some cooling
bcing neccssary. Heating was later applied as necessary to maintain the
temperaturc of the rcaction mixture at 12000, for a total period of 15 mins.

The mixture was cooled, and analysed for acidity and O-cthyl-isourez,
indireectly by conversion to guanidine, in thc usual way.

Duplicate experiments were carried out.

Experimental data are tobulated below:
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ITimc E Terp. of R. M, °C, Time Terp. of R.1i.°C.
Mins, Expt. 1 Expt. 2 Minss | Expt. 1| Expt.2
0 ® * 9.0 e 7 e 1
2¢5 772 75:0 9¢5 95.0 54 3
300 81-0 = 10.Q 95-5 94-&-
3¢5 84 3 82:3 10.5 95,9 e 7
4 O 8649 85. 2 11.0 9645 95.0
Le5 88.7 875 1145 973 95.7
5s 0 90,1 89. 2 12,0 98, 1 564 &
5.5 91.1 90,5 12.5 99.0 97+ 2
€.0 92. 2 91.4 13.0 100, 6 98,4
605 9300 92t1 13'5 103!7 9905
7.0 9346 92,6 14.0 109.0 100, 8
T 5 94.0 92,9 1445 ii115.69 103.9
8.0 94!3 930)4- 15.0 - -10910
815 92!-6 93-9 | 15.5 a ’E1150l|-§_

% R.M. = Reanction mixture

C=R.}M. became clecar and homogeneous

acidity as EtHSOL Guanidine
Expt. ¢ on % of
Ee D.E.S. Ee ThUOI‘y
1 0. 84 7. 96 3.48 70.8
2 0. 86 8. 21 342 69.5

Scries IT

The reaction was carried out as described in Series I but no atteupt
was made to control the tomperatures It was found that a maximum temperature
of 12,°¢, was attained after which the temperature of the mixturc foll rapidly.
Observations were continued until the temperature of the rcaction mixture hod
again reached 100°¢, The material was then cooled and the usual analyses
carried out.

Experimcntal data are tabulated below,
tcmperature values obtsined it would seem unlikely that any

of the reaction going completely out of control. Further, the
not apparently complete under the tine-temperature conditions

I'rom the
danger cxists
alkylation is
investigated.
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s Terps of R.M. %, | _— Temp, of R.M. ©C.
Mins, Expte 1| Dxpt. 2 | Mins. | Expt. 1| Expt.2
i
0 - - 12.0 99.9 99.1
2,0 - 76.5 12.5 102, 3 101,
2.5 80. 1 81,4 13,0 . 107.0 105, 0
3,0 83,8 8L4.s5 13.5 113.9C 110.5
3+5 86.5 87.0 4.0 o 1164 0C
4 O 88, 2 89,1 145 123, 8 119.9
Le5 90, 1 90, 3 15.0 121.0 119,6
5.0 9.7 9145 1545 14U 117.3
5¢5 92.9 92.2 16,0 1145 11443
6.0 93.7 92.9 16.5 14242 111, 4
6.5 9. 2 955 17.0 116.3 109. 2
7.0 94 5 94. 0 17+5 1084 4 107, 2
7!5 9}4-'8 9403 18|O 106.7 105|5
8,0 954 2 e 7 18.5 10541 1038
8.5 956 94. 8 19.0 103.6 102, 8
9,0 96,0 95,0 19.5 102, 2 102, 1
925 96 4 95, 2 20,0 100. 9 10145
10,0 96.7 95 & 204 5 100, & 1004 9
/| 1065 572 95, 9 21,0 - 1004 &4
11.0 9?.? 96.6 2105 = 9908
14.5 98. 6 97.8
Acidity as EtHSQ), ! Guanidine
Expte } .. on S )
e T.E.S. ' e { Theory
1 1.16 11,03 3426 6643
2 1416 11.03 3,23 65.8

20, Alkylation of Urea using Di-isopropyl sulphate

Di-isopropyl sulphate. This material was supplied by the Distillers
Company Ltde The material, purity 93 per cent, as received was a dark
coloured oil, It was deacidified and dried by standing over anhydrous
potassium carbonate.

A portion of the dried material was filtered and distilled in vacuoc.
A small portion of colourless distillate was obtained but a vigorous dccomposi-
tion set in with evolution of gas, propylcne, during the distillation which
was then discontinued. The residuc was dark coloured and strongly acid.
The distillate, B.P, 76°C./2 mm., soon developed a purple colour on standing
and is unstable at ordinary tcmperaturcs; it develops an acidity which
progressively incrcascs on storage.

Alkylation of urea was carried out using the redistillcd ester and
also the diacidified crude material.

Ci) Alkylation using redistilled Di-isopropyl sulphate

Quantitics uscd:

Urca 5.0 e (1 le.)
Di-isopropyl sulphate 15.17 g (1 mols)
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Above materials werc mixcd and rcacted at 100°C., in the usual way.
Considerable gas cvolution occurred and material which was initially colour-
less soon became dark rcddish purple in colour.

The mixture became homogencous in 10-15 mins. Heating at 100°C. was
continued to give a total reaction period of 1 hour, Reaction mixturc was
cooled, dissolved in water and made up to a volume of 100 ml. when about
0.5 ml, of cil separated; this oil was not examined.

Total acidity was determined on an aliquot portion of solution.  Another
portion was aminated as previously described and the guanidine cstimated; this
also gives indircetly a measure of the alkylation.

Found: Total acidity as Pr HSOh = 30 per cent on PrsS0).

Guanidine = 2019 g = 44.6 per cent on ureas

(ii) alkylation using crude Di-isopropyl sulphate

Quantities used:

Urea 5.0 Ee (1 mO].n)
Di-iscpropyl sulphate (purity 93 per cent), 16431 g« (1 mol.)

Note: Owing to the instability of di-isopropyl sulphatc and the low yiclds
of guanidine obtained no further work with this ester was attempted.

214 Attempts to alkylate urca directly by usc of ethylenc and isobutylene

Ao Use of Ethylene

(i) Quantities uscd:

Urca 60 g. 1 mol.)
Diethyl sulphate 154.0 go (1 mol.)

The ethylation using above materials was carricd out in the usunl way,
a rapid stream of ethylene being passcd through the mixture during the cntire
reaction period.

Temperature of rcaction 100%.
Time for reaction mixture to clcar 8 mins,
Toial rcaction time 60 "
Weight of final rcaction mixturc 212.6 g
Loss in weight 1ok g

No absorption of cthylenc occurred under thesc conditions.

A portion of the mixture was examined for acidity and guonidinc,
after amination, in the usual way.

Found:
Total acidity, as HoSOy = 5,55 ge
Total guanidine = 40.61 g.

= 68,84 per cent on ethyl sulphate.

(ii) To the bulk of material, final reaction mixture from (i), was
added a further quantity of urea, The mixture was heated to 100°C. vhecn a
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clear liquid was obtained. This liquid was well stirred at 100°C. whilst
sulphuric acid equivalent to the urca was slowly dripped in and a rapid
currcnt of cthylene passcd through the reaction mixture.

tfcight of reac. - mixture from (i) 203.8 g.

Ureca 29.6 g §0‘5 mol.%
Sulphuric acid (98.11}) 47.4 go (0.5 mol.
Tcemps of reaction _ 100°¢.

Time of addition of HpSO, 69 mins.

Ethylcne passed in for 30 mins,

Veight of final reaction mixture 27841 g

Loss in weight 2.7 g

Apparently no sbsorption of ethylene occurs under these circumstancces.

The final rcaction mixturc was a brownlsh viscous liquid which crystalliscd
on standing to give a solid of F.P. 42 Ce

4 portion of this material was analysed for total acidity oand guanidine
af'ter omination.

Total acidity, as HpSO), 45.76 g

Total acid, as Hy80,, in original mixturc from (1) 532 gs

HpS0,, 10C, ,added in (ii) 46.50 g.

Total acid added 51.82 g.

Loss of HpS0, 6,06 g
NHo

If the rcaction OO'I B H2504 + HO = (NH4)2304 + €O, be considered.
‘NH

Loss of 6,06 grams HpS0), = Tiberation of 2.72 g @ 5,
c.f. obscrved loss in w01ght of 2,70 g.

Total gunnidine from (ii) L5.63 ge
Total guanidine from (i) added to (ii) 38.94 g.
Increasc in guanidine 6.69 g

= 11.82 per cent on dicthyl sulphate
in matcrial from (i)

Urca added in (ii) = 0,52 mole per mole dicthyl sulphate used in (ii)
from (i).

In (i) using mol. ratio urca : dicthyl sulphate, 1 : 1; yicld of
guanidine = 68.84 pcr ccnt.

In (ii) using mol. ratio urca : diethyl sulphate, 1.52 : 1, yicld of
guanidine = 80.66 per cente

Previous cxperimental work, section 17, showed that yiclds of guanidine
using mol, ratios 1 : 1 and 1.5 : 1 are 71.8 per ccnt and 80¢ 4 per cent
respectively. It thercforc scems probable that the incrcascd yicld of guanidine
is due solcly to the oddition of further urca to the rcaction mixture and not
to any consumption of ethylcne.

Be Usc of Isobutylenc

Expcriments similar to those dcscribed under (i), using cthylene, were
carricd out using isobutylenc.
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(1) (uontities uscd:

Urea 60,0 g« (1 mol,)
Dicthyl sulphate 154.0 ge (1 mol.)

The ethylation using above materials was carricd out in the usual way,
a ropid stream of isobutylene being passed through the mixture during thoe
entirc rcaction period.

Temperature of reaction 100°c.
Timec for recaction mixturc to clear 8 minse
Total rcaction time 60 mins.
Weight of final reaction mixture 214.0 g
Loss in weight nil.

/ith passoge of isobutylenc no change in appearance in the rcaction
mixture occurred.

A portion of the mixture was analysed for total acidity and, after
amination, guanidine.

Found: Total acidity, as H,S0) = 6,05 g

Total guanidine = 40, 23 g.

= 68,17 per cent on D.E.S.

(ii) To the bulk of the material, final reaction mixturc from (i
was added a furthcr quantity of ureas The mixturc was heated to 100"C, Wwhen
a clear liquid was obtained. This liquid was well stirred ot 100°C, whilst
sulphuric acid equivalent to the urea was added dropwise but slovily ond a
rapid current of isobutylene passed through the reaction mixturc.

Weight of ethylation mixturc from (i) 188, 8 g,
Vcight of urca, added 1540 go
Sulphuric,seld (58,11}, wod ey
Temperature of reaction 100%c.
Further passage of isobutcne 30 mins.
Weight of final reaction mixture 239.,6 g
Increcase in weight 11.1 &

As the addition of sulphuric acid procceded there was a vigorous reaction
when isobutene and sulphuric acid came into contacts  The reaction mixturc
becanc prozressively dorker in colour, On cooling the final product was
a dark viscous liquid which did not solidify on prolonged standing.

A portion of the mixture was analysed for acidity and, after amination,
for guanidine, On dissolving in water the material gave a small quantity
of insolublc oil (mot tertinry butyl sulphate) which was not removed by
heating with agueous ommonia.

Sulphuric acid, 100, , added in (ii) 2L, 38 g
Total acid, as H2504, in naterial from (i) 5¢3k g
Total acid, as HQSOA, in final rcaction mixture 29.68 g
Increase in acidity, as sto# G 11 go

Apparcntly no addition of isobutcnc to sulphuric acid has occurreds

Guanidine in mixture from (i) 35.50 g
Guanidine in final mixture (ii) 39,19 g
Increase in guonidine 3.69 g

= 7,09 per cent on dicthyl sulphate
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Agein the increasc in yicld of guanidine is not more than vould be
cxpeeted by incrcasing urca ratio from 1.0 to 1.28 molcs per molc dicthyl
sulphate. The obsorption of isobutene is not accompanicd by any dcercasc in
acidity. It sccms probable that the absorption, as reflceted in the inercasc
in weight, is duc to polymerisation of isobutene in contact with sulphuric
acid,

22, - Attempt to prepare Tertisry Butyl Sulphate

Sulphuric acid (98.11 per cent), 234 g., was well stirred and cooled in ice
whilc a slow stream of isobutenc was passcd into the acids  Absorption of
gas was complete with considerable evolution of. heat.

Tenperature was controlled at 20-25°C.  As addition procceded the
rcaction mixture becamc dark orange red in colour.

When 150 geo of isobutene had becn absorbed the mixture was allowed to
separatce The upper loyer was a pale yellow liquid which was drained on to
ice and stirred, The product was a clecar water white oil, lightcr than water.
Apparcatly this material is polyisobutene; it was not investigated further.

The lower laycr, 282 g., was alrost completely soluble in watcr, It
was cnelysed for total acid.

Total acid, as HZSOL 22k g
H,S0,,(100, ) uscd 230 ge

Obviously no addition of isobutcne to sulphuric acid occurs under
these conditionss The experiment was discontinued.

23, The amination of O-Ethyl-isourca

In our experiments it is understood that amination is conducted using
the recaction mixture derived by alkylation of urca using diethyl sulphote,
The rcaction mixture contains a high percentage, ca. 70-73 per cent, of
O-ethyl-isourea as a salt of cthyl hydrogen sulphatc and impurities, the
exact naturc of which arc as yct to be investigated.

A Amination of recaction mixture dissolved in alcohol using gascous
ammonia

(i) Preliminary cxpcriments

Quantities used:

Urca 72 go (142 mols)
Diethyl sulphate 154 go (1 wmols)

The alkylation of urea, using the above quantities, was cffected at
1007C. for 1 hours The resulting product was dissolved in absolute alcohol
and made up to a volume of 5C0 ml.

Aliquot portions were taken for analysis, The conversion of urea to
0-cthy171souroa was determined indirectly by amination using aqucous armonia
as previously described,

Found: Total acidity, as EtHSO), = 6410 per cent on D,E, S,

Totol guanidine = 80.61 per cent on D.E.S.

25 ml. of alcoholic solution = 2.355 g, guanidinc
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25 ml., of the alcoholic ethyl isourea solution was placed in a boiling
tube and gaseous armonia passed in during 45 mins. By cooling in ice the
temperature of the solution was held at 59-10°C.  Solution remained elear
and colourlecss. The tube was then stoppered and allowed to stand at room
tomperature for 12 hrs, This solution was then diluted with alcohol and
made up to 100 ml, iliquot portions werec subjected to test:

(a) 5 ml, portions of the ammoniacal solution were analysed for guanicine
in the usual waye To avoid continued amination in aguecus solution the guanidine
picrate precipitate was filtcred off after only 30 mins. standing.

Total guanidine = 1. 745 g
Amination at this stage = 74«1 per cent of possible.

The filtrate from these determinations was allowed to stand overnight
and the additional guanidine picrate which separated collected, dricc and
weigheds

OI 204 .g.

Found: Total guanidine
8.7 per cent of moximum

Amination

+*s Total cxtent of amination = 82,8 per cent of nnximum.

o]
(b) 20 ml. of the ammonical solution above Was heated 2 hrs. at 60 C.
in o stoppered flask, Resulting solution was cooled, diluted with water and
nade up to 50 ml,. 10 ml, portions of the solution werc analyscd for guaniline
in the usual way.

Found: Total guanidine
Amination

2. 292 g,
97.3 per ccent of maximum

inn

(c) 50 ml. of the ammoniacal solution was evaporated to dryness and
residuc dried to constant weight at' 100°C,

Weight of residue 5170 g
Vlcight of corresponding

cthylation mixture 5595 g
Loss of weight 0s 425 g

Product was analysed for guanidine.

Found: Total guanidine 0.983 g.
Maxinum amination requires 1.178 g.
Amination = 83,5 per cent of maxinun

(ii) Quantitative Experiments

A series of experiments were carried out to determine optimum conditions
of time and amronia concentration for conversion of ethyl isourea to guanidinc.

Alcoholic Ammonia Solution

A solution of ammonia in absolute alcohol was preparcd and analyscds
Solution contained 70,76 g. NHz/litre.

0-Ethyl Isourca

60 g« urea (1 mol.) and 1540 g. (1 mol.) ethyl sulphate wore rcacted
at 110°. for 30 mins. Product was analysed as usual for acidity and
guanidine after aqueous amination.

37



SECRET

9-89 pOI‘ cent on D.H. 3.

Found: .cidity, as EtHSOL, 12447 g
72,06 per cunt on urea

Guanidine, L42.52 g.

I na

Method =

Portions of the nolten ethylation mixture (7-8 g.) werc pourcd into a
weighed stoppered conical flask and weigheds  To the viscous fluid was added
the requisitc volume of alcoholic ammonia, the flask stoppered, shaken to
producc a uniforn solution and hcated in a thermostat ot 60°C. for the
requisite period of time.

The final solution was cooled, diluted with water and made up to 100 nl.
Poertions, 5 nl.,of the solution were analysed for guanidine in the usual way.
Lrmonin concentrations of 0.8, 0.9, and 1.0 moles per mole urca werc used, in

each case additional ammonin equivalent to the acidity of the material being
ndded. Tinmes of rcaction were between 3 hre and 3 hrs.

Data from these experirmcnts are given in Table Ve
Tatle V

Temp, of amination, 60°C,

Amination as ;. of possible maximum
Moles NHz Per .
Mole Urea thre | 2hes| 1tre| 2 hr. 3 hr.
0.8 6le 8 633 6l 9 612 73.0
O‘ 9 65.0 65.5 ?Ol 8 ?Ol ? 82. 5
1,0 624 | 62,8 | 62,6 | T7.5 77,0
Note: The values, showing extent of amination, obtained by this method were

not considered satisfactory; the method was therefore abandoned.

B, Amination of reaction mixturc alone using gascous ammonia

Since alcohol is formed by the amination of O-ethyl-isourca it did not
appcar necéssary to dissolve the original recaction mixturc in alcohol prior to
examination as described under A Furthermore, concentration cffccts would be
morc marked, and possibly morc favourable using the original rcaction mixturc.
Experiments were therefore carried out to test the ideas.

(1) Quantities uscd: Urea, 6,0 g 1. 2 mols )
Diethyl sulphate, 12.83 g« (1.0 mol.)

Ethylation of urea, using the above quantitics, was effected at 110,
for 30 mins, Vhen ethylation was complete the mixture was cooled to 60°C.
and then gascous ammonia was bubbled in with good stirring. Initially it
Wwas ncccssany to apply heat to the mixturce to maintain the temperature but
ofter 3-5 mins. a slightly cxothormic rcaction sct in and slight cooling vas
nccessary to wmaintain the temperature at 60°C.  As passagc of ammonia con-
tinucd the liquid became progressively less viscous. After 35 mins. cvolu-
tion of heat cecased and hcat was applied to maintain the temperature vhile
ammonin was passcd in for a further 55 mins.
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The product was o clear colourless liquid which crystalliscd below 5500,
to o whitc sticky mass.

Weight of product 19.35 ge
Inecrcasc in weight after amination, 0,52 g.

The product was dissolved in water, in which it was rcadily soluble with
considcrablc absorption of heat, giving a clear colourless sclution. The
solution was made up to 200 ml, and 5 ml. portions analyscd for guanidinc.

Found: Totol guanidinc = 3.555 g
= 80.42 per ccnt on dicthyl sulphate.

Tn view of thc success of this experiment two larger scale experiments
were carried out to obtain further information.

(ii) Quantitics used:

Urea 72, 0 Ze 1.2 mol. g
Dicthyl Sulphate 154:0 g (140 mol,

Using the above quantitics cthylation was carricd out at 11000. for 30
mins, The reaction was performed in a three neck flask fitted with stirrer
and thermometer,

When cthylation was complete the flask was fitted with a gas inlet tube
dippin% below Bho liquid level and an outlet tubc connccted to a trap cocled
at -25% to -307C.

The cthylation mixture was cooled to 60°C. and o stream of ammonia passcd
in with good stirring. .immonia lcaving the flosk wes passed through the cold
trap to condensc any alcohol entrained with it.

The somewhat cxothcrmic reaction was again obscrved as in (i) and the
reaction mixturc gradually becamc noticcably less viscous. Bvolution of
heat ccascd after about 1 hour and hcating was applicd to maintain the

ggmporaturc at 60°C. for a further 45 mins. armonia being passed in the vhole
irc.

The strcan of ammonia was shut off and the cold trap cxamined. It Vas
found to contain a quantity of alcoholic ammonia plus a little whitc solid.

Total weight, 12.4 g.

i fresh cold trap was coannected to the apparatus and the flask slowly
cvacuated on the water pump, the tcmperature of the reaction mixturc being
raised to 105°C, After 1 hr. at 105°C. the trap was again cxamined and found
to contain alcohol frce from armonia.

Vieight, 11.7 g

The reaction product was finally frecd from volatile matter by hcating 1
hour at 100°C, /1

\eight of pcaction product 2014 2 go
Nett loss in wcight, ofter
. anination 248 g
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In the reaction

NHp NH,
-
C-0 -Et + N c”“= MH + Et OH
e 8
NH NH
2
88 59

a loss in weight of 29 grms = formation of 59 grms, guanidine from 88 grms,
ethyl isourea,

Tre refore loss of 24,8 g = formation of 50.5 g. guanidine,

The reaction mixture on cooling was a soft, sticky solid, This solid was
analysed for guanidine,

Found: Total gucnidine 46,38 g,
= 78.61 per cent on diethyl sulphate,

The bulk of product, referred to as guenidinc cthyl sulpmte (BI).,, was
set aside for further experiments on hydrolysis (scc below),

(11i) Quantities used:

Urea, 72,0 g (1.2 mol.)
Diethyl sulphate, 1540 g (4.0 mol, )

Experiment was repecated, greater care being used to collect all alcohol
formed in the reaction. Ammonia was passed into thke mixturc at 60°C, at such
& rate that as far as possible all ammonie was absorbed. The outlct from the
flask led throughtwo cold traps in series,

Total period of amination was 1 hr, 50 mins. The recction mixture weas
allowed to stand overnight when some solid separated in fine plates.

The apparatus was pumped out on the water pump, temperature of the
material being reised slowly to 100°C, The material was finclly held at
100°C, /60 mm, for 1 hr, and tle contents of the cold traps exemined,
Distillate was found to consist of oclecohol with a little smmonia and a small
quentity of white solid which on preliminery exominction appeared to be
anmonia carbonate,

Wt. of alcohol, 36.7 g

= formation of 47.08 g. guanidine,

This residue fran the distillation was further heoted 1% hours ot
100 C./1 mm. then ®oled, weighed and acnnlysed for guanidine,

Weight of reaction product 201.5 g.

Nett loss in weight after
emination, 241 g

= formation of 49,04 g. guenidine,

The reaction product was analysed,

iy O
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Found: Total guanidine, 46,47 g
= 78,75 per cent on diethyl sulphate,

The bulk of product referred to as guanidine ethyl sulphate BII, was
set aside for hydrolysis experiments, %gee below),

24k, Action of heat on Guanidinium ethyl sulphate

The possibility of converting guanidinium ethyl sulphate to guanidine
sulphate and diethyl sulphate was examined, Previous work had shown that
excellent yields of diethyl sulpkate could be obtained either by heating
sodium ethyl sulphnte in vacuum (4), or by heating o mixture of ethyl
hydrogen sulphate and sodium sulphate invacuum (5).

Note: -

/////fNHZ
Gu a C = NHp

N,

(1) Action of heat on Gu Et S0) at atmospheric pressure

A smoll quantity (2.060g.) of guandinium ethyl sulphate (laterial
from batch B II, previous section) was placed in a boiling tube fitted with
a thermometer and an exit tube connected to a nitrometer for the collection
of gaseous products., The whole was heated in a bath of butyl phthalate,
The following observations were made:

A clear mglt was obtained at 11500.; the tempercture was raised
slowly to 140°C,; time of heating 15 mins,

Ato14000 very slight evolution of goas olserved, Continued heating
to 165 C,; time of heating, 10 mins.

At 165°C, temperature held steady for 10 mins. DNo incgeaae in the
rate of gas evolution observed. Continued heating to 185 C.; time of
heating, 30 mins.

At 185°C, Gas evolution still axtremely slow, Materinl anllowed to cool.

Material was remelted 2 hours later; o clear melt was not obtrined but it
was not possible to decide whether turbidity was due to the prescnce of gas or
solid. Melt was keated at 210°C for 1 hr, Some sublimate was observed in the
gas delivery tube and a little oily liquid in the cooled parts of the
apparatus (diethyl sulphate?). Gas evolution was still slow.  4ll gas
evolved dissolved readily in aqueous sodium hydroxide; gas apperently was
not ethylene,

Material remaining in the epparatus solidified on cooling to a pale yellow
glass which dissolved readily in woater to give a clear, somewhat acid solution,

Solution was made up to 50 ml. and 10 ml, portions anclysed for
guanidine,

Found: Total guanidine 0. 315g.
Original guanidine 04 47hg,
Loss of guanidine 33.6 per cent

il
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(ii) Action of heat on Gu. Et. SO in vacuum

Quantity used: Guoniline Ethyl Sulptate (Materinlzfrom batch B 1I),26.03g,

The ebove mater: -1 was ke ated in a vacuum distilletion apparatus at
1-3 mm, Hg, Over a period of 80 mins, the temperature was raised from
120-225°C, In the ecrly stages some well crystallised matericl sublimed
into the condenser, There was some evolution of gas at first, laoter
the melt oppeared to be boiling but no distillate was obtained. On
continued heating solid accumulcted gradually in the colder parts of
the opparetus and a trace of oily liquid was observed in the condenser,

The temperature of the mass was raised and maintained at 260°-280°¢/
1-3 mm, for 1 hour, Agein there appeared to be vigorous boiling but
no distillate was collected, Under these conditions the material
discoloured badly and heating was discontinued,
Residue was a dark brown, viscous material readily soluble in water,
Weight of residue 164 41¢g.
Loss of weight on heating 9. 62g.

Lt the end of experiment a small quantity of on ammoniacal liquor
was observed in the cold trap of the vacuum pump.

Experiment was discontinued,

25, The Hydrolysis of Guanidinium Ethyl Sulplmte

(1) Preliminary Experiment

Quantities used: Guenidine Ethyl Sulphate (B II) 25, 28g.
N/I Sulphuric acid 5.0 ml,

The above quantities were mixed and boiled together under reflux,
B.F. of liquid was 130°C,

after 45 mins, it was founl that the liquid was alkaline and
ammoniccal, .n attempt to distil the ammonia into N/I sulphuric acid
was unsuccessful; only a trace was obtained.

ifter a total period of 2% hours boiling a further 1 ml. of /I
Sulphuric acid was added and liquid boiled for 15 hours. 4t the end of tle
perisd solution was again found to be ammoniacel but boiling was continued
for a further 30 mins. Sulphuric acid,3 ml, N/1,mes again added and
boiling continued for 1 hr,; solution again showed alkalinity,

It was decided to moke the medium strongly acid and 1.81k4g.
concentrated sulphuric acid was added. after 1 hr, boiling the B.P. of tle
liquid fell to 105°C and the formation of alcohol was detected.

A quantity of liquid was carefully distilled 3ff causing B.P. to
rise from 105°-119°C, (25 minutes). This material was found to be
aqueous alcohol,

Weight of aqueous alcohol 3.03g.
Density at 20°C.,0.837g./cc. Z 82,6 per cent Ethyl alcohol

Weight of ulcohol recovered, 2,50g.

- 2=
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Hydrolysis of all guonidine ethyl sulphate requires formation of
4« 54g. olcohol,

The remcining liquid was dllowed to boil under reflux for a further
period of 45 mins, No further fall in boiling point occurred although
the liquid possessed an odour of alcohol, The liquid was cooled when
crystallisation commenced at 75°C. The materiel was dissolved in water and
made up to 250 ml, .

Solution was analysed for acidity and guanidine,

Found: Total guanidine 5¢ 578
Origianl " 5. 82g.
Loss of Guanidine 4.3 per cent
Total acid,as H2$0# = 5.240g,
H,50), added 2. 204,
Free HpS0) formed on hydrolysis 3,036g,
Hydrolysis of guonidine ethyl sulphate requires

formation of 4.833g. H2$04

Loss of H2$0}+ 10?9?8'

(ii) Quantitative Experiments

On the basis of the foregoing experimentt a series of quantitative
experiments was carried out to determine optimum conditions for complete
hydrolysis of guanidinium ethyl sulphate, maximum recovery of ethyl
aleohol and minimum loss of guanidine,

General Method

About 25g. of guenidinium ethyl sulphnte was mixed with the requisite
quantities of water and concentrated sulphuric acid (97.9 per cent) and
the whole boiled under reflux till hydrolysis appeared complecte. This
was indicated by the attainment of & steady minimum for the boiling point
of* the liquid.

The liquid was then carefully fractionated at normol pressure,
distillate being accepted until the boiling point of the liquid reached
120-125°C, The distillate was weighed and the alcohol content estimated by
determination of its density.

All remaining alcohol and water was then distilled under diminished
pressure and finally at 20-30 mm, , bath temperature 100°C, , the distillate
being collected in a trap immersed in a cooling bath of drikold/trichlorethylene,
The weight and alcohol content of this distillate was also determined.
Total alcohol recovery was expressed as % of ethyl group present
in original diethyl sulphate.

The residue was dissolved in water, made up to 250 ml., and analysed
for total acidity cnd guanidine. The loss, or fixation, of sulphuric acid
and loss of guanidine could then be calculated,

The experimental conditions together with analytical data and
material balences are given in Teble VI,
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TABLE VI

SECRLL

Reaction Mixture i I

Gu, Et S0, BI g

Gu, Et SO BII g 254 39

Total water 2. f7'02

Hydrolysis [

Time of hydrolysis, mins, 90

Initial B,P. ©C, 115

Final B,P. og, 105

Alcohol Distillate: 1st. fraction

Weight recovered (100%) g.

Concentration

% of Total recovered -

Alcohol Distillate: 2nd. fraction

Weight recovered (100%) g

Concentration % -

%%h of Total recovered -

Total recovery of alcohol

Weight recovered (100%) g. 1,58

4s % on Diethyl Sulphate %l

Water Balance

Recovered in 1st Et OH distillate g. =
n n 2nd n " g.

Total H,0 recovered 2o Lo 17

Used in hydrolysis ge| 7002

Consumed in hydrolysis g.| 0. 62

In final Gu HSOA residue gl 2:23

Guanidine Balance

Before hydrolysis -8 5. 84

After hydrolysis 8 | 570

Dif ference 7 |=2.40

H,S0), Balance ‘

Total, free, in Gu HSO) residue (a)g. 0.00
bquivalent to Et OH recovered (b) g. 1.68
Used in hydrolysis (c) g4 0.80
Loss, or fixed as salt, b + c=a, g 2,48
Loss, 7% on Total (b + c). \ 100
|
|

J II |

'25.251

5.82

593
+1.89

4. 09
L 87
1,01
1679
304 45

i B

25.23 |
1054 |

70 Ok

0. 69
3456
L. 25
7 Ch
2,01
0. 78

581
5. 66
-2,58

64 02
50 46
1454
0. 98
14400

Ly

25,15,
2,01
7005,

0. 81
3¢ 71
4 52
70 05
2,16
Ce 37

5. 79
5. 66

=2.25

7.11
5.89
2,01
0.79
10, 00

v

25,18 |
2,48
709

To Tk
579
2,48
Cs 53
64 41

VI VII
25.20i 25,28
2,95 3.43
| ?.oai 7. 07
i ,
‘ ;
10 i 5
115 | 117
98 | 98
1
3,62 2.5
8.2 || B2,2
66.9 | 68,3
'11 ?9 | 1. ?5
32-8 ‘ 35.6
1331 | 31.7
] 1
5e it 55
47.0 47.7
|
0. 68 0. 82
3. 66 3446
Lo 34 4o 28
7. 0L 7.07
2,12 2.16
0. 58 0. 63
5. 81 5.83
5.88 5. 78
+1|21 _0086
8433 8,79
5e¢ 76 5.87
2. 95 343
0, 38 0. 58
L, 36 6 20
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(1ii) Learge scole experiment

Using quantities parallel to those used in Experiment V, Table VI,
o large scale experiment was carried out to obtain some guanidinium
hydrogen sulphate suiteble for nitration studies,

Quantities used:

Guanidinium ethyl sulphote, material BI, 106, Og,
Water 29. 78+
HpSO, (10.7g. of 97.88% HyS0, ), 1007 100 58

Tke above quantities were mixed and boiled under reflux, the chonges
in boiling point of the liquid, thermometer in liquid, with time being observed.
Valves observed were:-

Time of boiling, mins, 0 | 1.5 Dl hedi | 165 i1 (145 20

B.P. o0, 115 | 114 |411.5 | 109 | 108 1106 |104 1104

After refluxing for 20 mins., the flask was fitted with a vigreux column
and the alcohol fractionally distilled whilst the temperature of the boiling
liquid rose to 120°C,; the distillation, i.e. at atmospheric pressure, was
stopped at this stage.

Alcohol Distillate 1st. Fraction

Total weight of aqueous alcohol distillate, 14e 380
Density of distillate, at 20°C, 0. 846Lg. /. C
Concentration of alcohol 78,8 per cent
Weight of alcohol (100%) ir distillate : 11438,
Weight of water in distillate 3, 0g.

The residual liquid woes now distilled under diminished pressurc to
remove remoining alcohol and water, and finally heated at 100°C, at 20 mm,
for 30 mins. This second distillate was combined with the first froction
and the overnll aleohol concentration determined by density method.

Alcohol Distilloate, 2nd. Fraction

Total weight of cqueous alecohol distilleote, 25.2g.
Concentration of alcohol 36,9 per cent
Weight of alcohol (1007) in distillate % 380
Weight of water in distillate 15. 98,

Alcohol Balaonce

Alcohol recovered, total 20, 6g.
= 42,4 per cent on diethyl sulphate

Water Balance

Water recovered, total 18, 9g.

Water used in hydrolysis 25, 784
Water consumed in hydrolysis (= Et, OH formed) 8.1
Water remcining in residue after distillation 2.78

=Ly 5=
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Distillation residue

The residue was viscous liquid which could be induced to crystallise
but remeined as a superccoled liquid, It was analysed for guanidine
and total acidity.

Weight of residue, 105.5g. (cf. 106.9g. theory)

Found: Total guanidine before hydrolysis, 2Ly Lhg,
Totel guanidine after hydrelysis, 24, 50g.

H»S0), Balance

Totel free HpSO, in Gu, HSO, residue, a, 31 L.
HpS0) cquivelent to Et.OH liberated, b, 22,0g.
HQSO# used in hydrolysis, c. 104 5g.
Loss of HpSOy, i.e. fixed as salt, b+ c - a 1e1gs
% loss of HpSO) on total (b + ¢) 3,39 per cent.

The materiel from this experiment, known as guanidinium hydrogen
sulphate, Batch I, was set aside for nitration studies.

26, Prepcration of Guanidinium Hydrogen Sulphatc

Further quantities of guanidinium hydrogen sulphate (Gu.HSOh)
were prepcored for use in further nitration studies. Preparntions
were carried out starting from urea in order to make further
observations on the various stages of thke preparation.

All stages in the preparation of Gu,HSQ, were carried out in &
3-neck flask fitted with stirrer, gas inlet, thermometer and reflux
condenser,

Preparation I

Batch I of Gu.HSOL was referred to in previous section,
Preparation IT

(a) Ethylation
Diethyl sulphate 308,0 g. (1 mol.)

Urea 144e0 go (142 mol.)

Ethylation was carried out in the usual way at 110°C, A clear
solution was obtained in 3 minutes; at the point where the mixture began
to clear the recction was quite exothermic and external cooling was
necessary to meintain the temperature. Total period of ethylation was
30 minutes.

The product was a syrupy liquid which was cooled at 60°C. and
cminated immediately,

(b) Amination The recction mixture was well stirred and a
stream of gaseous ammonie passed in, As ammonia was absorbed the
mixture beccme ropidly less viscous, there was some evolution of heat and
slight cooling was needed to meintiin reaction tempcrature at 60°C,

=L 6-
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Excess ammonin was passed out through a trap wmoled in ice to
condense any entrained ancohol.

Total time of emination was 2% hours, by whichtime evolution of
heat had almost ceac: 1, The mixture was allowed to stand overnight and
on cooling deposited some crystalline material.

The flask was next connected to a vacuum pump and excess ammonia drawn
off without hecting. The cold trap was cooled in a Drikold/trichlorethylene
mixture to condense all alcohol. When evolution of ammonia ceased the flask

was gradually heated in a water bath to remove alcohol,  Removal of
volatile matter was completed by heating for 1 hour at 100°C./25 mm. Hg.

The alcohol Aistillate thus obtained contained ¢ little white
so1lid and some dissolved ammonia, The ammonia content was estimated and
the weight of pure alcohol obtained.

Alcohol recovered, weight 73.5 g = 39.97 per cent. on diethyl sulphate
Residue, weight 40L4s 9 g. i

(e) Hydrolysis

To the residue from the amination stage was added:
Nater 80.5 g.
stoh (97.59 per cent). . §2.868.

and the whole boiled under reflux for 20 minutes. After 13 minutes the
boiling point of the liquid fell from 114° . - 4104°C, when it remained
steady for the rest of reflux period.

Alcohol ond water were distilled off from the mixture initially
at normal pressure using tre reflux condenser, drained of water, as o
fractionating column, Distillation was completed in vacuo and material
finally heated 1 hour at 100°C,/25 mm,

Residue was alloved to cool overnight and was then found to be a
somewhat viscous liquid which could be induced to crystallise to a
solid, Freezing Point 52°c,

Material was analysed for guanidine and total acidity.

Residue
Weight of residue 405.9 g
Total acidity, as stoh 118.4 g

H,S0,, fixed as salt during hydrolysis, 2,56 g. = 2,16 per cent. on
total %Hzgoh equivalent to Et.OH liberated + HZSOA added for hydrolysis).

Total guenidine, weight 9.21 g. = 22,69 per cne.t on residue

1

78,05 per cent .on diethyl sulphate

..47-



Alcohol distillete

Alcohol distillcte, weight 121.0 g,
Alcohol content 61.6 per cent.
Alcohol recovered, weight T4e 51 g

= 40.52 per cent. on diethyl sulphnte
This moterial, referred to as Gu,HSO) II,wes set aside for nitration.

Preporation III

Owing to the efficient recovery of nlcohol and sulphuric acid from
the hydrolysis stoge it was decided to revert to a moler rotio of urca:
diethyl sulphate 1:1, and thus avoid to some extent thc presence of
nitrogenous impurities at the nitration stoge,

(2) Ethylation
Diethyl sulphete 308,0 g. (1 mol.)

Urea 120,0 g. (1 mol.)

Ethylation carried out the usual way at 10000. Mixture became
clear after 9 minutes. Reaction at this stage was somewhot exothermic
but temperature reedily controlled. After 16 minutes ©1l cvolution
of heat had ceased., Totel period of cthylation was 60 minutes,

(b) Amination

Materinl from ethylation was cooled to 60°C, ond sminated as in the
previous experiment, Passoge of ammonia was much faster ond more
efficient cooling was needed to maintnin the temperature at 60°C, A
morked smell of ether was observed in the exit gas from the cpparatus,

Bvolution of heat ceased ofter passing cmmonia for 1 hour. Fassoge
of cmmonio was continued for a further 15 minutes and the moterial allowed
to stond overnight., On cooling it was found that scparcstion of
crystelline mtter commenced at 35°C.

Distillation of aleohol was carried out as previously described.

Residual metericl, weight 384, 10 g.
4leohol recovered, weight = 70,71 g. = 38. 43 per cent, on diethyl
sulphate

(¢) Hydrolysis
To the residue from amination stage was added:
Water 76448 g
H280 (97.57 per cent, ) 36,04 g
The whole was boiled under reflux for 30 minutes, The boiling
point of the clear solution fell during this period from 118°¢C,. to 10h Ce

Distillation of the liberated clcohol was carriedout as previously
described. The distillate and residue were anclysed,
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Residue

Weight of residue ' 376458 g,

Total guanidine, weight - 85,06 g = 22,58 per cent on residue
= 72.07 per cent., theory, on urca

Total acidity, as H,S0, 1141 g

HpS0,, fixed as solt during hydrolysis, 16 8o

= 1,38 per cent on total (stoh
equivalent is Et.OH liberated + HpS0, added for hydrolysis).
Weter content of residue (Karl Fischer value), 0,96 per cent,

Alcohol distillate

Weight of alcohol distillate 119,17 g.
Concentration of alcohol in distillete 63.4 per cent.

Weight of alcohol (100 per cent.) recovered, 75.58 g.
= 41,08 per cent. on diethyl sulphate

Treatment of residue The residue was found to have o freezing
point of 63°C. 1In order to avoid crystallisation it was diluted
with concentrated sulphuric acid whilst still warm in the proportions:

Residue 362.8 ge

HpS0, (97.57 per cent). 151.4 g.

An opprecioble evolution of heat occurs when the residue is mixed with
concentrated sulphuric acid, The solution was used for nitration studies
(see below)g

Preparation IV

Material was prepared similerly to Gu.HSOL IIT using double quoantities
(a) Ethylation Identical
(b) _Amination Total period of amination 2% hours,

Material product commenced to crystellise at 47°C., i.e. before
distillating off alcohol.

Alcohol recovered _ 150.1 g.
2 40,8 per cent, on diethyl sulphate

Weight of residue after distillation of alcohol = 77241 ge
Melting point of residue, 9300.

(c) Hydrolysis A more prolonged hydrolysis was carried out in order
to obtain a materiel with better nitration characteristics.

Sulphuric acid (97.57 per cent.) 78, 6g.

Woter 153. 5g.

- G9=
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(i) The above quantities of water nnd sulphuric acid were added
to tke residue from the cmination stage and the whole boiled,
under reflux for 30 minutes, Boiling point of the liquid
fell from 112°C, to 104°C,

(i1) Aleohol distilled off at normal gressure in 15 minutes;
boiling point rose 104°C, to 115°C.

(1ii) Matericl agnin refluxed 15 minutes; boiling point fell from
115°C. to 110°C,

(iv) 4lcohol distilled >ff in 5 minutes; boiling point rose 110°C,
to 115°C,

(v) Material again refluxed 15 minutes; boiling point fell from
115°C, to 114°C,
Remaining alcohol and water were distilled off in the usual way under
diminished pressure, The residue and distillate were anclysed.

Residue
Weight of residue 7571 g
Freezing point 64°c,
Total guanidine, weight 171..9 g. = 22.70 per cant.

on residue,

= 72.81 per cent,
theory, on urca,

Total acidity, as HZSO#, 33513 per cent, = 235.7 g.
stOL, fixed as salt during hydrolysis, 118 o

i 4. 50 per cent. on total (H,SO, equivalent to Et,OH liberated +
H2304 added for hydrolysis),

Alcchol distillate

Weight of alcohol distilleate, 24ho 1 g
Concentration of nlcohol in distillete 65. 4 per cent,
Weight of nlcohol (100 per cent,) recovered, 159. 7 g

43,41 per cent., on diethyl sulphate
Preparation V

To investigante stobility of o-ethyl isourea and gucnidine during
proeparation of pucnidine hydrogen sulphate

1e A preprration of gunidine hydrogen sulphn te was carricd out starting
from urea and diethyl sulphcte, at every stnge o somple was token and
analysed for guanidine or o-cthyl isourec via gucnidine to determine what
loss of yield occurred during the various operatiouns,

Ethylati on

Diethyl sulpn te 231.0 g (1 mol.)
Urea 90,0 go (1 mol.)
Tempercture of ethylation 110°¢c,

Time for rsrction mixture to clear 4 mins,
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Ethylotion (contd, )

Total period of ethylation 30 mins,
Ethylntion mixture, weight 320.1 g
Loss in weight on ethylation 0.9 g

Sample of matericl after aqueous amination gave, on onalysis:

Totel guanidine = 60,75 g - 68.6k4 per cent, on urea

Amination

Ethylation mixture, weight used 311,2 g
Aminetion time, using NH5 gas 1 hr, 4O mins,
Aminotion temperature 70-79°C.
hmination mixture, weight 332,6 g.
Ammonia absorbed, weight 21, 4g.

By 4Analysis:

Totel guanidine = 63.92 g« = 72,21 per cent. on urea

Alcohol distillation

Amination mixture, weight used 265.1 g

Residue from distillation 2257 Be

Total 1loss in weight = 53.4 g. (corrected to original weight,
320,1 g., of ethylation product)

Total ammonia cbsorbed at amination stage = 22,0 g (corrected)

Therefore effective loss in weight = 31,4 g. (corrected)

Formation of 1 mole guanidine Z 29 g. loss in weight

Total guanidine formed = 63,89 g. (theory)
S 72,18 per cent. on urea,

Hydrolysis

Distillation residue, weight used 165.5 g.
Residue + HpS0)/H,0 216.5 g.
Hydrolysis time 30 mins,

By analysis: -
Total guanidine = 64. 34 g. = 72,69 per cent. on urea.

Alcohol distillation

Hydrolysis mixture 151.6 g
Distillation residue 1154 58
By analysis:

Total guanidine = 64,42 g. = 72,78 per cent, on urea,

Collected data are shewn below:

Stage % yield of gucnidine on urea
Ethylation (aqueous cminotion) 68, 6l
Apinotion (gaseous ammonis) 72,21
Aloohol distilletion, 1st (theoretically) 72,18
After hydrolysis 72,69
Alcohol distillation, 2nd 72,78
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27. Nitration of Guanidinium Hydrogen Sulphate

Note, By guanidinium hydrogen sulptete, Gu. HSO), is meant the product

of hydrolysis which has been almost totally freed of alcohol and water by
distilletion, The product contains a high percentage of guanidine, ca,72 per cent.
based on urea, as guanidinium sult and impurities, the exact nature of which

are os yet to be investigated,

The nitration of Gu,HSO, , batches of which were prepcred as described in
previous section, was studie& in order to examine its behaviour and definc the
conditions for maximum conversion to nitroguanidine (picrite).

Note, The order of study of the verious parameters, indicated in this scction,
is to be regarded as arbitrary. The choice of succesive parameters wos
determined usuclly by earlier results. The work was conducted in this mcnner
in order to achieve a more rapid assessment of the nitration stege.

A,  Effert of varying the moler ratio Gu, H,S0,: HNOz, kceping oll other
parameters constont, on the yield of nitroguanidine,

Preliminary experiments
General Method

A quantity of the guonidinium hydrogen sulphcte meteriel was run into a
beaker ond the requisite quantity of concentrated sulphuric acid added with
stirring. At this stage a considercble evolution of hert occurreds It was
esteblished by experiment thet this evolution of hcat could not be attributed
to the water present in the material, If excessive cooling was applied at
this stege the material tended to solidify and did not then dissolve rcadily
in the sulphuric acid,

The sulphuric acid solution was cooled to 10°C and the requisite queantity
of 98% nitric acid added slowly with good stirring the tcmpercture teing
maintained below 25°C by external cooling. When addition of nitric ncid was
complete the mixture was allowed to stand for 3 hours, the temperaturc te ing
held below 30°C by cooling as necessory, 4t this stage considerable evolution

of gos occurred (CO, and Np?); there was also appreciable evolution of heot,

When the period of standing had elapsed the material was drowned on to
a sufficient quantity of ice and woter to dilute the sulphuric acid to 20 per
cent concentration, The precipitated nitro guenidine wes filtered, well
waoshed with water, retransferred to a becker, triturated with water (100 ml. ).
and agoin filtercd and washed; it was dried to constont weight overnight
at 100°C,

The experimental data are given in Teble VII,
Table VII

0
Tempereture of nitration, 25 - 30 C,

-

L NITRATTON L IT | IIX v v
| GU. H.SOL. (Batch I) g.| 20.4 19,7 | 49k |20.7 19,4
Guanidine (GU) g. L7 4.6 Le5 49 Lely

Sulphuric Acid

Added (57.6%) g. 10,1 9,8 13,5 | 145 173
Total present g, 16.1 15,6 19.3 | 20.6 22,9
Moles. per, mole GU, 2,06 2,04 2,58 | 2,53 3613
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Table VII (Contd, )

NITRATION I IT III Iv v

Nitric Acid

Added 8 5.3 6o 4 5.0 6e7 6.2
Moles for Mole GU, 1.06 1. 30 1.04 | 1.28 1.14
Nitroguanidine

Yield B 5.1 5 2 b6 6.0 4.9
Yield on GU, % 61,6 6L 1 58,0 |69.5 63.2

Additional Observations

I. Temperature of nitration mixture on stending did not exceed 28°c,
: 0
II, Temperature of nitration mixture on standing did not exceed 29 C.

On addition of sulphuric acid prior to nitration a little solid was
deposited. This redissolved on addition of nitric acid.

III, Temperature of nitration mixture on standing did not exceed 3000.'
Solution was cooled strongly on addition of sulphuric acid; a considercble
quantity of hard white solid separated and did not redissolve, Material
dissolved slowly on standing ofter addition of nitric acid. Nitration
mixture was very yellow,

4 IV, Addition of sulphuric acid caused temperature of mixture to rise to
55 Ca No solid separated on cooling. Dur%ng standing of nitration mixture
temperature once reached 3890, otherwise 30°C, was not exceeded.

& V, Addition of sulphuric acid coused temperature of mixture to rise to
52°0, No solid separated on cooling., During standing of nitration mixture
temperature once reached 42°C, otherwise 30°C, was not exceeded,

B. The stability to heat of a solution of Guonidinium hydrogen
sulphate, Gu.HSO), in concentrated sulphuric acid.

In view of the heat evolution which occurred when sulphuric acid was
added to guenidine hydrogen sulphote an experiment wos carried out to determine
whether any degradation of guanidine took place when the materials were heated
together,

A mixture of Gu,HSO, (Batch II) and concentrated sulphuric acid with the
ratio of 2,11 moles sulpﬁuric acid per mole guanidine was used for these
experiments, This mixture was hected successively at 600, 80° and 100°G,
changes in guonidine content and total acidity being observed at eoch stoge.

Details of experiment together with analytical data are given below,

Reaction Mixture

Guanidine hydrogen sulphate, (Batch II), used 25, 82g.
Sulphuric acid 97.5%, used 13,318

Molar ratio, Guanidine: H2304! 1,00: 2,11

Total ccidity, as H,S0 (celculated) 52. 44 per cent
Guenidine content (calgulated) 14, 97 per cent,

~5E=



(2) Heating at 60°C

Time of hecting

Weight of initial mixture

Less of weight n heating

Total acidity nfter heating (stoh)
Loss of sulphuric acid

Guanidine content oftcr hecting
Less of guenidine

At this stage there was no apparent Adegradation

(b) Heating at 80°C,

Time of heating

deight of mixture from (a)

Loss of weight on heating

Total scidity after heating (HpSO),)
Loss of sulphuric acid,

Guanidine content after heating
Loss of guanidine

SECRET

90 mins

39413 g

NIL

52,14 per cent
C. 58 per cent
15,00 per cent
NIL

90 mins,.
34-18 Ee

0.01 Ee

51.98 per cent,
0. 31 per cent.
15,00 per cecnt,
NIL

«t this stoge there was a very slow evolution of gas.

(c¢) Heating at 100°C

Time of heating

Weight of mixture from (b)

Loss of weight on heating

Total acidity after heating (stoh)
Loss of sulphuric acid

Guanidine content after heating
Loss of guanidine

75 mins.

27. 45 g.

0.07 g

51,87 per cent,
0. 21 per cent,
14 92. per cent,
0. 53 per cent,

During this stage evolution of gas was more rapid than ot 80°C but

still very slow.

Residue from this experiment was nitrated to examine coase of nitroation

and yield of nitrogucnidine.

Nitration of Residue

To study effect of nitration ot 2000. using the

moler ratio, Gu:HpSOy: HNOs3,

1,0: 2,04: 1.30 (cf. Exp. II Toble VII) on the yield of nitroguanidine.

Material used _
Nitric Acid (98 per cent) used,

21. 85 g.
L4e 68 g.

siolar ratio HpSO,: HNO3: Gurnidine, 2.11:1.35: 1.0

Time of addition of HNOC
Temperature of nitratio
Time of stirring
Temperature during stirring

Nitration mixture was allowcd to stend at 20°c¢.

10 mins.
6 e 9000
10 mins.
9 - 21°C,

for a further 50 mins, ;

only very slight cooling was necessary to hold the temperaturc of the mixture.

Nitration mixture was drowned on to sufficient ice nnd water to dilute
0ll sulphuric ccid to 20 per cent concentration, Frecipitated nitroguanidine
was filtered, well washed with water, retransferred to & becker, triturated,

with water (100 ml.) and again filtered and woshed;
— Bl

dried overnight at 100 C,
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Nitro guanidine 3.65 g
2 63,5 per cent on guanidine.

Nitrotion og Gu., HSO, using the molar ratio, Gu: H250! : I{N03,
To0 §. 2050 o 452

For purposes of comparison with the foregoing nitration a direct nitration
of guanidine hydrogen sulphate was carried out. The molar ratio of reactants
differed slightly.

Gus HSO),, Batch II 25,36 g
Sulphuric acid (98 per cent. ) 17.68 g
Nitric acid (98 per cent.) 8.30 g

Molar ratio, Gu: HpSO, : }11\703 = 132, 59:1432

The guanidine hydrogen sulphate was stirred and sulphuric acid added
gradually over a period of 5 mins, Sufficient cooling was applied to keep the
tenperature below 30°C.

The resulting solution was coled more strongly and nitric acid added slowly
with stirring over a period of 10 mins, Temperature of addition of nitric
acid was 5-10°C.

The reaction mixture was stirred for 10 mins, without cooling when the
temperature rose to 20°C. and then stirred for 1 hour controlling tamperature at
20°C, Evolution of gas and heat was much greater then in the previous nitration.
Frothing became serious and only by vigorous stirring could this be controlled.

The reaction mixture was drowned onto ice and water, in the ratio 4 parts

per pert sulphuric acid. The precipitated nitrogueonidine was collected as
previously described using water as washing medium and dried overnight at 100 C.

Nitroguanidine, weight 7456 g
= 74.6 per cent on guanidine.
C. Effect of varying the molar ratio, Gu: H,S0): HNOz, and temperature

of nitration, keeping 2ll other parameters constant, on the yield
of nitroguanidine,

Nitration of Gu HSO, after heating with sulphuric acid

The two previous experiments suggested that the materisl after heating with
sulphuric acid gave less frothing and side reactions on nitration than the
untreated material.

A series of nitrations was carried out using three ratios, sulphuric acid:
guanidine, and two ratios, nitric acid: guanidine,

Guanidine Hydrogen Sulphate/Sulphuric Acid Solutions

Mixtures of Gu,HSO), Batch II, and sulphuric acid in the requisite proportions
were made up and heated 2 hrs, at 80°C, in stoppered flaks, A check was made
on loss in weight which occurred.

(i) Molar Retio Sulphuric Acid/Guanidine 2.07: 1.00

Guanidine hydrogen sulphate IT 112.78 g.
Sulphuric Acid (98 per cent.) 55.98 g.
Loss on heating NIL



(ii) Molar Ratio, Sulphuric Acid/Guanidine, 2.5%9: 1.00,

Guanidine Hydrogen Sulphate, IT

Sulphuric Acid (98 per cent)
Loss on heating

(1i1)

Molor Ratio, Sulphuric Acid/Guanidine,

T 1113

112.3 ga
7838
L0105 - o1

1400

Guanidine Hydrogen Sulphate IT

Sulphuric 4cid (98 per cent)
Loss on heating

101’."-‘- 8!
9.2 s
0.1 g.
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All mixtures beccme slightly darker in colour on heating and evolved

a small quantity of gas.

Nitric Acid Rotios

Two ratios, nitric acid: gunnidine were used,

1:1 and 1.25:1 respectively.

The high ratio wes calculated to give sufficient nitric acid to nitrate all
unchanged urea in addition to the guanidine present in the mixture.

General Method

o
Nitrations were carried out at 0° and 20 C.

follows,

Nitration at ODC.

Methods cmployed were as

Sulphuric acid solution was well stirred and cooled using an 1ce ~salt

mixture,

Nitric acid was added slowly temperature being held at 0° to 5°c,

When addition was complete mixture was stirred for a further period of 1 hour
at 0°C and then drowned onto ice and water in the ratio 4 perts ice to 1 part
sulphuric acid. Precipitated nitroguanidine was collected as previously

described using water as washing medium and dried overnight at 100°c¢,

Nitration 20°C,

Addition of nitric acid woas carried out at 5-1000.
complete the mixture wrs nllowed to werm up to 20°C, ond then held at this

temperature with good stirring for a further 1 hour,

as obove,

Data from these nitrations are given in Table VIII,

Table VIIT

Time of nitration at 0°C or 20°C., 1 hour

When addition was

Other details were

N ’ Temp of " Time in Mins. ' Yield of [M.EF. of's
bl | Mol.Ratio | Mol.Ratio | i1 4. "Zdaition of | To rg&ch nitro- Nitro-
HQSOA: oy HNOB: cu %g? HN03 20~C guanidine |guanidine
% %¢
R " Y 20 8 6 48, 4 235
IV " " 20 11 6 597 236
VI i b 20 10 9 67.0 235
VII A 1253 140 0 10 - 72.8 2357
VIII L “ 20 1 L 77.0 239
IX 3.11‘| 110 1.0 . 1.0 0 8 ] 741‘,4' 258
X M L 20 9 8 65, 3 236
H L 1.25: 1.0 O 11 s 8}+l 235
XII W " 20 15 7 78,4 236
% With decomposition in all cases, -50-
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General Observations

Frothing occurred in all nitrations but at 0°C was much less troublesome
than at 20°C, when on occassions very god stirring was needed to break down
the froth.

Some nitrations developed a pale green colour which later changed to a
creamy yellow, In all cases the mixture had a faint smell of acetaldehyde.

D. Effect of varying molar ratio, Gu:H»SQ): HNO3, and temperature of
nitration, keeping all other parameters constant, on the yield on
nitroguanidine

A series of nitrations similar to the foregoing, described under (C),
was carried out using Gu HSQ), Batch IIL.

In this series the Gu,HSO) -H2S0, solution was not heated prior to nitration,

Molar ratios Gu: HQSOh ; HNO3 used

Nitric Acid: gucnidine ratios used were 1.0: 1.0 and 1.39: 1.0, the latter
being sufficient to nitrate all unchenged urca in addition to guenidinec present.

Sulphuric acid: guanidine ratios used were L4.15:1, 4. 98:1 and 5.81:1,

Nitration temperctures were 0°, #0° and 20°C,

General Method

Sufficient sulphuric goid was added to the guanidine solution to bring
up the sulphuric acid/guanidine ratio to the required value,

In nitrations at 0° and 10°C the nitric acid was added at 0° and 10°C
respectively the temperature keing controlled by external cooling., Addition of nitric
acid was followed by a further 1 hr., stirring at the requisite tempcrature,
cooling being applied as necessary.

In nitrations at 2000. nitric acid was addgd ot 5-1000, the mixture allowed
to warm up to 20°C and then stirred 1 hr, at 20°C,

In all cases the final mixture was drowned into ice and water (4 parts per
part sulphuric acid), The drowned mixture was nllowed to stand 30 mins. to
ensure that all nitro guanidine sulphate had hydrolysed. The nitrogucnidine
was ollected as previously described using water as washing medium and dried
overnight at 100°C,

Data from these experiments are given in Tcble IX,

Table IX
Time of stirring after addtion of HNOz, 1 hour,

Mol. Ratio Mol. Ratio Temp, of | Time in Mins. | Nitroguanidine
Expt. e Nitration addition of Yield
stOI‘_. Gu. H-Noj . G’u. OC.; I'IND} % M'P. OC.H
AL 4,15/ ¢ 150 1. 391 1.0 0 12 82,7 234
LI i 1.0 : 1.0 20 9 6L by 239
III 139: 1.0 20 16 80,5 239
IV 4.98: 140 1.6 ¥ 10 0 8 ?508 235
v ! 1592 1.0 0 9 88. 5 235
VI " 1393 1.0 10 10 88.5 257
VII . 1.0: 1. 20 14 6l4a 6 240
VIII “ 1.39: 1.0 20 17 &l 239
o BIEL 5.81: 1.0 1.0 : 1.0 20 13 She b 235
X L 1.39: 1.0 20 15 70,2 235
# With decomposition B P
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Genercl Observations

Frothing cccurred in all nitrations and appeared to be worst at higher
temperatures; at 0° and 10° it was easily controlled, In some cases ot
20°C only very good =tirring controllcd the frothing at all; there seemed a -
danger that portions of the froth might not be adequatcly o oled owing to the
rother viscous nature of the froth,

In nitrations at 20°C the development of a greenish and subsequently
yellowish colour ogcurred. This colour was always accompanied by & smell of
acetaldehyde, At 0 C, no colours developed and at 10°C, only a very faint tinge.

E, Effect of varying the molar ratio, Gu: HNO;, and time of nitration
keeping all other parcmeters constant, on the yield of nitroguanidine

A series of nitrations, similer to the foregoing, was carried out using
Gu, HSO), Batch IV,

Previous nitrations seemed to indicate that for best yields of
nitroguanidine g fairly high molar ratio sulphuric acid: guanidine was
desireble. To minmise frothing and the development of colour, probably due
to degradation of less stable nitramines ard oxidation of other impurities, ;
o temperature of nitration not excecding 10°C was desirable.

On the basis of these observations a large series of nitrations was
carried out to determine optimum conditions of nitric acid/guanidine ratio
and time of nitration for maximum yield of nitrc-uanidine.

Sulphuric Acid Ratio

Sulphuric acid/guanidinc ratio used was on the basis of 3 parts stoqbper
part guonidine nitrate, or 3.74 moles, HnSO, per mole guanidine., In j
calculating the sulphuric acid to be added all sulphuric acid in the
material whether free or in combination with guanidine wos taken into account,
Sulphuric acid used was 98,0 per cent concentration; quantitics were
calculated to give the requisite quantity of 100 per cent sulphuric acid,

Nitric Acid Ratio

Molar ratios nitric acid: guanidine between 1.0:1.0 and 1,8:1,0 were
used. Nitric acid of 98,5 per cent concemtration was used; quantities
were calculated to give the requisite quantity of 100 per cent nitric acid,

Method of Nitration

The mixture of Gu, H30) and HpS0, was cooled to 10°C and gell stirred,
Nitric acid wes run in dropwise, temperature being held at 10°C. When .
addition was complete the mixture was stirred for the requisite reaction
period and then drowned onto 250 grams ice and water, The drowned mixture
was allowed to stoand 30 mins. to cnsure complete hydrolysis of nitroguanidine
sulphate, The crude nitroguanidine was collected as previously described
using initially a saturated, at room temperature,solution of nitroguanidine
as washing medium and finally ice water; this procedure was adopted in order
to minimise so%ubility losses, The preocduct wes dried overnight, to constant
weight, at 100°C,

Experimental conditions together with yield data are given in Table X,

e e



Table X

Temperature of nitration, 10°c,

Molar ratio, Gu: H,S0,, 1.0: 3.74 (1
25,
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part: 6,21 parts, by weight)

3 i Gu, HS0) |H,S0, | HNOz |Time of | Time of | . :
i v W % "800k | 1007 |adaition| stirpm —ioomAmdlEe
- T Grms, g g, |of HNO3 ing Grms, | Guanidine/M,P, C
mins, mins,

I 1,0 ¢ 1.0| 35,22 |38.61 | 8.55 10 60 10, 63 75, 6 236

9 1.1 ¢ 1.0] 36,60 [L40.,15]| 9.76 i 13 60 11,66 | 797 236

III 1.2 : 1.0| 35.27 |38.68 10,25 13 60 11,63 82, L 236

v 1,2 : 1,0| 36,09 |39.59 10,73 11 60 12, 54 8649 235

v 1.3 : 1.0| 36,58 |40,14 [11,53 14 30 12,88 88,0 235

VI 1.3 ¢+ 1.0 36,27 |39.78 [11.42 16 €0 12.56 86. 6 236

VII 1.3 : 1.0| 37.51 |[41.13 [11.81 12 90 12,58 83, 9 236

VIII 1.4 ¢ 1.0 3571 |39.17(12.10 12 15 13,06 M4 236

IX Aol 2 1.0 35,77 |39.24 [12.14 13 30 12,67 88.5 235

X 1ob 2 1.0| 36,25 |39.77 12,27 9 L5 13.09 90. 2 235

XI 1.4 : 1.0| 35,88 |[39,36 [|12.15 14 L5 12,96 90. 3 238

XI 104 : 1,0| 37,08 |40,67 [12.57 14, 60 13441 90, 4 236

XITI 1.4 : 1.0| 37.19 [40.75 [12.59 13 60 13. 40 90, 1 236

XIv 1ol 2 10| 3573 3919 12,13 17 90 12. 1 86, 8 235

XV 145 : 1.0 3995 |39.43 [13.04 13 L5. 13.05 S0, 7 236

XVI 1,5 : 1,0 | 37,08 |[40,66 [13.45 12 60 13, 50 91,0 238

XVIII 1o 18 40 36,59 |40.13 H5.04 13 L5 13 47 92,0 238

XX 1.8 ¢ 1.0| 35.92 {3940 [15.63 14 45 1311 91. 2 238

# With decomposition

General Observation

nitration mixture was slightly exothermic in behaviour,
most markedly in the more prolonged nitration,

In oll nitrations some slight frothing occurred with nitration
mixture passing through a pale green colouration to very pale yellow;

This wos observed
Reaction mixtures possessed

on odour of aceteldehyde andin one instance it was thought that a trace of ethyl
nitrate was olso present,

Tn experiments using high nitric acid ratios some frothing occurred

on drowning, Waste acid in these cases was somewhat yellow and some slight
degradation seemed to occur in the liquor.

Melting Points of crude nitrogucnidine

Melting points of all crude product were determined using a
Gallenkamp electrical heating melting point apparatus. The specimen was
inserted at about 200°C, and the rate of heating maintained constant for

each sample,

All semples of crude nitroguanidine showed melting points in the range
235-238°C, ,with decomposition.

Purification of crude nitroguanidine

(i) 12,94 g. crude nitroguanidine (Exp, XVIII, Tcble X) was dissolved
in 250 ml, water, in the warm, No opparent degradation was observed and
the solution was water white and clear, The solution was allowed to cool
and stand overnight, The crystalline product was collected; the filtrate

=59
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was used for transferring last traces of solid from beaker on to the filter,
The product was dried, to constant weight, overnight at 100°C,

Temperature of filtrate, 22°C,
Weight of recovered product, 11,65 g.
Solubility of nitroguanidine at 20°C,, 0.260g. in 100 c.c. Hy0,
Solubility increment, 0.23 g/©C., in range 20 to 40°C,
Solubility correction for 250 cc. solution = 0, 765g.
Total weight of recoveredproduct, correct, 12.41g.
Loss on recrystellisation, 0,525g.
Z 4,057 per cent,

(i1) 12.42 g. crude nitroguanidine (Exp,. V, Tcble X), was dissolved
in 339 ml. Hy0 in the warm. Solution was cooled to 25°C and allowed to
stand, with occasional stirring, for 1 hour. The crystclline product was
collected as in (i) and dried at 100°C, It was weighed aftcr 4 and 8 hours
ond showed constant weight.

Temperature of filtrate, 25°¢,

Weight of recovered product 10, 792

Solubility correction, 1. 272g.

Total weight of recovered product, corrected, 12,062,
Loss on recrystellisation, _ 0. 368,

- 2,898 per cent.

Purity of recrystallised nitroguanidine

(i) Baotches 6, 13, 14 and 19 (Teble X) were dissolved in 1200 ml,
hot water to give a clear solution, The solution was cllowed to cool slowly
ot room temperature., The crystclline product was collected.

A sample was submitted to the specification tests for service grade
material,

The sample satisfied all tests,

(i1) The Infra Red Spectra, of a sample of recrystollised nitroguanidine
prepared from uree and a sample of recrystallised nitroguonidine prepoared from
guanidine nitrete, were compored under the scme conditions. The spectre
were indentical indicating that both samples were of strictly comparcble
purity.

F. Anclysis of Waste Acids from Nitration Experiments

Waste acids from Nitrations XI and XIII Table X were subjected to
a number of anelyses to determinc the approximate composition,

The nitroguanidine/waste acid mixture after drowning was weighed
complete and the total weight of waste acid obtained by subtracting the
weight of any nitroguanidine recovered,

After filtering off crude nitroguanidine the moin bulk of waste acid was
collected, weighed and made up to 250 ml., in water. Aliquot portions of
this solution were used for the various analyses. &ll results were
calculated on the basis of the entire material from Gu HSO,, Batch IV,
being nitrated under the conditions of the experiment (i.e. materiol from
4 GRM, MOLES of urea, )

The following Aeterminations were corried out,

(1) Total 4cidity

5 ml. portions of the acid solution were titrated agoinst N/1 sodium
hydroxide using methyl red indicator, Total acidity is expressed as
sulphuric acid,

B
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(2) Total Sulphate

25 ml, of the acid solution was diluted with water and made up to 200 ml.
Portions, 10 ml.,of the resulting solution were analyscd for total sulphate by
the normal barium sulphate method. Total sulphate ion is expressed as
sulphuric acid.

(3) Free Sulphuric Acid

5 ml, portions of the acid were diluted with water and evaporated to small
bulk on the steam bath to remove volatile acids; dilution with weter ond
evoporation was repected three times; remcining sulphuric acid was titroted
against‘ﬂ/1 sodium hydroxide usihg methyl red indicator.

(4) Total Nitric acid

Estimated by colourimetric method of Murty and Gopalarov (12) using 1 -
naphthol - 5- sulphonic acid, Nitric acid is expressed as nitramine group,
"'N. m 2.

(5) Free Nitric Acid

The normal nitron procedure indicated only a trace of free nitric acid.
(6) Amine Salts

(n) 5. ml, of the acid solution was added to 50 ml, N/1 sodium hydroxide
and the solution boiled for 10 mins., The solution was then cooled and titrated
agoinst N/1 sulphuric acid using methyl red indiciator.

Alkali consumption in excess of thot due to acidity already determined was
ecnlculated as ammonium sulphate on the basis of the equation.

(NH4)2 80, + 2 NoOH = 2 NH + Ne, soh + .2H20.

(b) Using the method of Grisson (6) 5 ml. of the acid sclution was
neutrolised to methyl red with N/10 sodium hydroxide solution; 5 ml. 0%
formalin + 15 ml. weter, previously neutralised to phenolphthaleim was
added and the solution allowed to stand 5 mins, Acidity which developed
was titrated agoinst N/10 sodium hydroxide to the phenolphthalein end point.

1 ml, N/10 sodium hydroxide = 0,0066g. (NH,), SO,

(7) Reducing Material

10 ml., of the acid solution was added to 25 ml. N/10 potassium permenganate
and the solution allowed to stand 5 mins, Excess potassium iodide solution was
then ndded and the liberated iodine titrated against N/10 sodium thiosulphate.
Reducing material was celculated as nitrous acid on the basis:

Nitrous acid = (25.0 - ml, Nazszoj) x 0,00235 g.

(8) Total Nitrogen

10 ml, of the acid solution pippetted into a Kjeldahl digestion flask.
ond evaporated to small bulk, The residue was analysed for total nitrogen
by the normal Kjeldahl procedure.

(9) Weck Acids

5 ml. of the acid solution was added to 25 ml. N/1 Sodium hydroxide and
the resulting solution titrated agoinst N/1 sulphuric acid, using phenolphthcolein
oand methyl red indicators,

b e
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The difference in titres due to the presence of weak acids in the original
acid solution was calculated as carbon dioxide.

Analytical data for both samples of acid are summarised in Table XI,
Table XI
Total weight of waste acid, Exp. XI (Table X) 6597 g.

" " L " Exp, XIII (Toble X) 6673 g

Waste Acid, Exp. XI., | Waste Acid, Exp. XIII,
Composition '

-8 4 Ze %
Total acidity, as stolF 1226 17.52 1220 18, 28
Total 50, ion, as HQSOh. 1273 18,22 1254 18,79
Free H,S0, | 1181 16, 89 1176 17. 63
Free Hﬁo nil nil nil nil
Fixed Hma , as = N,NO, 46,0 0. 66 53.9 0. 81
Bases &s ?NHLF)QSOLI_Eug 78.9 1. 13 79,0 1,84
Bases as (NH,) 280, (b Teli 1,02 71.5 1207
Potential N ds (M,),S0, 1936 | 2.77 193.6 2,90
Total N 41,11 0. 59 41,1 0. 61
Weak acid as COp 5.9 0,08 5.8 0.09
Reducing meterinl as HNO 4.3 0, 06 5e1 0,08
Jater (approx,) calculatéd 5,08 77.29 5164 77.38

Analyses of Gu. HSO,, Batch IV

In conjunction with the analyses made on waste acids from nitration of
Cu,HSO, , Batch IV, the following additional analyses werc made on this material,
Quontities were calculated for the whole batch (4 gram., mol. urea),

Amine salts

Determined by the method of Grisson (6), Total amine salts as (NH4)2 SO
56l 5 Ee

Total Nitrogen

L2

Determinedby the Kjeldohl Method.
Total Nitrogen present, 160.1 g.

Ge Flowsheet Data and Materials Balance

The ® 1lected experimental data obtained in Preporation IV, Section 26
and Experiment 13, Tables X and XI (this Section) furnish ¢ typiccl flowsheet
and materials balance for a process for the production of nitroguanidine
(picrite) from urea. The @ llected date are tabulated below:

-6 =-



Flowsheet Data

Row Materials (Theorcticel quertities)

Ethylene, used
Ethyl Alcohol, used
Sulphuric 4cid, used
Water, produced

Alkylation Stage

Urea, usea
Ethyl Sulphete, used

\‘soh + I, product
Bt/

Amination Stage

Ammonia (theory)
Ammonia Eusedg
Exit

Gu

S0, + I, product
gt/ *
Ethyl .lcohol, recovered

Hydrolysis Stage

Water, used

Sulphuric Acid (1007), used

Ethyl slcohol, recovered

Water, recovered

Gu HSO4 + I, product

Lnalysis - Bases as (Nﬁh)zsoI+
Guanidine
" Sulphuric acid free
Sulphuric acid as GuoS
Potential N, as (Nﬂhfzs L

Nitration Stage

Sulphuric acid, used
Nitric acid, used
Water, used

Picrite écrude), product .
Picrite (pure), product)
Wiater, used for dilution

Waste Acid, recovered

Analysis - Total Acid as H,SO
Total SO, ion as HpSO,
Free H S%
Free HNO
Fixed as =N.NOp
Bases as (NH ) S0
Potential Né as (ﬁH4)zso
Weak acid as CO
Reducing material as HNO,
Water, calculated

e

Parts/pert pure

Grms, picrite
22440 0. 853
368,0 1,402
392,0 1. 494
144.0 0. 549
240,0 0. 914
616.,0 e ShT
85640 3, 261
L9. 5 0.189
66,0 0. 251
20, 4 0,078
772.1 24 942
149. 9 0. 571
155. 4 0.592
7647 0,292
1597 0. 609
8l 4 0. 322
7571 2,885
56 4 0. 215
171, 9 0. 655
23547 0. 898
142, 8 0. 544
754, 8 2,876
826, 9 3,151
254, 5 0,970
18,0 0,069
273.8 1,043
262, 5 1,000
5090, 0 19.39
667340 25, 420
1220, 0 L, 648
1254, 0 Le 777
1176.0 Lo 4,81
nil nil
53.9 0. 205
Tleb 0,272
19346 0.738
5.8 0,022
5 1 0,019
516440 19,67
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Flowsheet Data (contd )

Ports/pert pure

Grms. picrite
Concentrated Waste acid (Theoretical gquantities)

Sulphuric Acid, recovered 1110. 0 L. 229
Ammonium Sulphate, recovered 193.6 0. 738

/2 7

Ut 2(C - 0CoHy ;3 Gu = C=-M ; I = other products.
i X
M, N,
|

Recovery of g8H5 groups, as 02H OH, from (02H )5S0, = 8l per cent,
Recovery of L radical, as act1ve stoh, from C 5)2801+ = 77 per cent,

Materials Balance

Parts/part pure picrite

H SO for Et,S 1 494
°0 for Hy§r01y31s 0. 292
H2304 for Nitration - T 159
Therefore total input of H,SO Le G37
stoh recovered in Waste™Acid L4 229
Therefore Consumption of H»S0), 0. 708
Et CH for Etzso# 1. 402
Et OH recovered from amination 0. 571
Et OH recovered from hydrolysis 0. 609
Total EtOH recovered 1, 180
Therefore Consumption of EtOH 0,222
NH; consumed at amination 0. 251
NH5 required for urea 0,518
Therefore Consumption of NH 0, 76
C0, required for urea 0.671
Therefore Consumption of CO, 0. 671
Consumption of HNO3 0. 970

28, Solubility Data

These were determined at an early stage in the work and are now recorded,

(i) The solublities of Scdium and Potassium Ethyl Sulphates in Water
at 20°C,

Saturated aqueous solutions of the salts were prepored at 20°C, Aliquot
portions of the solutions were pipetted into weighed dishes, weighed, evaporsted
to dryness and the residue weighed,
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The data obtained are given below, od i3
n I '] B 1)

700 ml, Saturated |100 ml., Water |
soln. contain, dissolve
BIMS,e grms.
Sodium Ethyl Sulphate 764 3 135.8
Potassium Ethyl Sulphate 87.3 177.8

(11) The solubility of Guenidine Nitrate in a saturated aqueous Sodium
Ethyl Sulphate Solution at 20°C,

A portion of saturated sodium cthyl sulphate solution was saturated ot 20°C.
with guanidine nitrate. An aliquot portion of the solution was pipetted into a
weighed dish, weighed, evaporated to dryness and the residue weighed, The
residue was further analysed for guanidine and the composition of the solution

calculated,

100 ml, saturated | 100 ml, water
soln., at 20°C, at 20 °c,
contain, dissolve,
Guanidine Nitrate 21,1 g 45.8 g
Sodium Ethyl Sulphate 66.2 g, 143.9 g
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