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"A Process for the ilanufacture of Nitroguanidine from Urea:
The amnination Stage"

by E. Roberts and J.V. Caiffiths

It is regretted that a portion was omitted from the last
paragraph of Section 6.4., page 4« This should read:

"The solution was made up to 250 ml, and free acidity
deteranined by titrating 25 ml. portions against N sodium
hydroxide to methyl red indicator. From this titration
the residual ammonia in the reaction mixture was calculated.

10 ml. portions of the solution, after being neutralised
to methyl red with aquoous cozionia wore apalysed for guanidine
in the usual way".
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To examinc the cffoct of proportion of ammonia, using aqueous solutions,
in the amination of O-cthylisourcs, i.c. in the amination stage of the
procoss for thc manufacturc of nitroguanidine from urca, using the molar ratio,
urca: dicthyl sulphntc, 1ii.

Scope of Investigation.

The formation of guanidinc from O-cthylisourca, more strictly 'othylation
product', hns boen studicd using the molar ratio, urca: dicthyl sulphate, 1:1,
vorying (2) the molar ratio of O-ethylisourcn: NH3, (b) concontration of
amnonia, amd (e) time of reaction at o tecmperaturc of 60°C.

Conclusions.,

The rate nnd extent of fomation of gunnidine, in aqucous solution at
6000, from O-cthylisouren, contninced in tho 'ethylation product! proparcd
using urca (1 molc) and dicthyl sulphatc (1 mole), is dotormined by the
proportion of ammonis uscd for amination.

« constant and optimum yicld, bnscd on urca of 75 to 76 por cont guanidinc
is obtroined using le33 to 1470 molcs NHjz, containcd in 4.5 moles HgO por mole
urcoas No further inercasc in yiold is obtnined using a higher proportion of
ommonic.

The ratc of aminntion incrcases with inercasc in proportion of ocmmonia.
Using 1le33, 1¢52, 1.70 and 2.34 molcs NH3 rospoctively in 4.5 moles H20, por
molc urce or dicthyl sulphntec, the rcaction timcs for attainment of optimum
yicld of guonidinc arc 2.0, 1.0, 0.75 and 0.50 hour rcspectivelys

The yicld of gunrnidinc, now rccorded, vize 75 to 76 per cont, is 2 to .3
per cont higher then that, viz. 72 to 73 por cont, Brnviously recorded using
l.14 molecs NHz in 445 moles HgQ.after 3 hours at 607°C. Using 1.33 2nd 1.52
molcs NHz o yicld of 72 to 73 pcr cont guanidinc can be obtnined in 1.0 and
0.50 hours rcspcetivcly.

L3

The inercasc in yicld of guanidinc now rcecorded, viz. 2 to 3 per cent,
is oguivalcnt to an inercasc in output of 3 to 4 por cont nitroguenidine in
the procosse

Rocimendatins.

The use of at lenst 1.33 moles NH3, contnined in 4.5 moles Hg0 per mole
diethyl sulphate, or urcn, is recommcnded for cminntion of the product of
ethylation obtained in thc first stage of the process for the manufacturc of
nitrogusnidine from urca.

The use of o higher proportion of ammonin would be dotcmined primarily
by tcchnical considerntions rclating to desired throughput.

INTRODUCTION.

Barly work (1) (2) showcd the feosibility of producing nitroguanidine from
urca. In later work (3) the clements of a proeccss for the production of
nitrogucnidine (pieritc) from urca werc cstablished.

Sincc, o morc critical cxaminntion has beon made of cach stnge in the
proposcd proccss for the production of nitroguanidince from urca in order to

-1-

P = S — introduce
;,~.-‘s§ﬁ;5;g.¢;;—nt; / . el

- ~udgyiod ! 4+
»~ L M
! =y N
'



introduce possible improvements and define more exact conditions fora
continuous process. - 4 full report covering this work is in preparation.

At the U.S. Conference on 'High Nitrogen Compounds' held at Chicagoon .
Septs 11-13, 1950, a paper (4) was prescnted outlining the present position and
including a flowshect for the projected process. The optimum conditions for the
four stages, viz. alkylation, amination, hydrolysis and nitration, involved in
thc proccss werc defineds The study of the amination stage was, at the timc of
prescntation, not completc and now the results which arc considcred of significance,
arc presentcd in the form of an E.R.D.l. Technical Memorandum. The issuc of
this papor will facilitatc thc work of thosc now actively cngaged in the ficld

whilst thc morc ccuplcte report is being compiled.

Thc amination of thc product of the cthylation stagc, using urca (1 mole)
and dicthyl sulphatc (U.E.S., 1 molc) has been studied using gascous ammonia,
under anhydrous conditions, ond aqucous ammonia. Only thost rcsults rofcrring
to th. usv of aqucous ammonia will bc considered in this rcport as they are
considered morc rclevant to the tcchnieal procedurc cnvisnzed in the procoss
for the manufacturc of nitroguanidine from urca.

It was stated (4) that the conversion of O-ethylisourca, contnincd in
thc ethylation product, to gumnidine wns optimum using nbout 20 per cent exccss .
ammonia, based on about 74 pcr cent conversion of urca to O-cthylisourcn, and
eminating at 60°C. for 3 hours. In thc smination, in addition to formntion of
guanidine, o further quantity of ammonia was fixed in sidc¢ rcactionse. Thus,
using urca (1 molc) and DeB.S. (1 molc), amount of ammonia uscd for aminntion
was 0.74 + 507 (0.74) molc = 1l.11 molc NHz; of this, it wns found that about
0.22 molc NHz was Tixcd in side reactions, showing real cxccss, iece unrcactcd,
of crmonia uscd for guanidine formation to be about 0.15 molc NH3, cquivalent to
20 pcr cent cxcess on the O-cthyliscurca wvaluc.

In furthcr discussion of the amination stage it is now preferred to refer
to ammonia usage in tcms of moles NHz used pcr molc uren, or, per iwle
'cthylation product', proparcd using urve (1 molc) and DeBeS. (1 molc)e.

The ratc and cxtont of amination of the product of the othylation stage,
using urca (1 molc) ond D.BeS. (1 molc) has beon studied in aquesus solution
at 60°C. using the following molar proportions »f ammonia (per molc urcn) &
rospoctively;lel4 (257), 1.33 (507) 1.52 (757), 1.70 (1007) and 2.34 (185.).
In brackets arc showvm the perecntnge of cxcess, i.c. unrcactcd, ammonin uscd,
as dcfinod nbove, assuming the formation of 0.75 molce O-cthylishurca frofl
1 mole urea,” and 0,20 molc NHz fixed in side renctions. In all cases the water
introduced in thec ammonin solution wns that previously fourd (4) (5) to be
optimum for thc hydrolysis stagc, vizs 4.5 moles HgO per mole DeideS. used in
cthylation stngce The nccessnry input of ammonia was achicved by using ~n
nqucous solution of suitable concentration, Thus, in our cxpcriments, since
thc amount of wetur prescnt is éonstant the combined cffcet of, (a) molar
retio of O-Et-isourca : NHg and, (b) concentrntion of ammonin has beocn obscrved.

The experimentrl results obtnincd are shown in Scetion 5, 4 (Tablcs 2 and 3).
Thesc show: .

(1) 4 constnnt ond optimum yield, bnsed on urcrn, of 75 to 76 pcr cent
guenidine is obtnined using 1e33 to 1.70 molos NHz, contrincd in 4.50
moles Ho0, per molce per urcns No further inercasc in yicld is obtnained
using a higher proportion of ammonia.

(ii) The rotc of ~minntion inercascs with incrcnsc in proportion of
ammonin. Using 133, 1l.52, 170 and 2.34 moles NHZ respcetively in 4.5
moles Hg0, pcr molc or DedeSe the reaction times for ntteimment of
optimum yicld of gu~nidinc arc 2,1, 0475 and 0450 hour rcspcetivelys -
(1ii) the yicld of guanidine now rucorxded, vize 75 to 76 pcr cent, is

2 to 3 per cent higher than that, viz. 72 to 73 pcr ccat, proviously recorded.
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(8) (4) (5) and obtained using 1.14 moles NH=z in 4.5 moles Hg0 after 3 hours

at 60°C. Using 1,33 and 1.52 moles NH3 a yield of 72 to 73 per cent guanidine
can be obtained in 1.0 and 0.5 hour respectively.

(iv) In addition to the ammonia converted to guanidine a further quantity
is consumed in side reactions; this had been found to correspond to about 0.25
molc NH3 per mole 'cthylation product'. The total consumption of ammonia at thc
amination stagc is thorcforu almost cxactly 1 mole NHz per molec 'cthylation
product, or, por molc urca.

(v) The usc of an inercascd oxcess, i.c. when using high proportions, of
amnonia would nccussitatc the recovery of corrcspondingly larger quantitiocs of

ammonia. The proportion of ammonia used would bc detcmincd primarily by
technical considerations rclating to throughput desired.

4.  CONCLUSION

Conditions havc boen dofined cstablishing an improvement in yicld, bascd
on urva, from 72 to 73 to 75 to 76 per cent guanidinc.

Thc overall yicld obtainablc of purified nitroguanidine, bascd on urca,
should corrcspondingly, in the light of this study, bc about 2 to 3 pcr cont
highcr than that previously recorded (3) (4), which is oquivalent to an inercasc
in output of 3 toc 4 per cont of final product.
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6+1. Bthylation of Urca: Prcparation of 'Bthylation Product!

Small batches of urca were cthylatcd with dicthyl sulphatc using the molar
ratio urca: DeseSe, 1:1 and carrying out thc rcaction at 110°C for 30 min. This
product, which will bc referred to as 'ethylation product! consists primarily of
O-cthylisourca in tho fom of a salt of cthyl hydrogen sulphatc; it solidifics on
cooling and was stored prior to usc in a desiceator.

» 62, imination of 'Bthylation Product!

The ncoccssary input of ammonia was achioved by using an aqucous solution
of suitablc concontration.

The molar proportions of ammonia, pcr mole urca, or Ds&.S. or 'ethylation
product', uscd wure respeetively: l.14 (25%), 1433 (50¢0), 1.52 (75(2), 1.70(100%)
and 2,54 (185;), containcd in 4.5 molos Hg0 por molc De.S, or urca, (molar
ratio,l:1) used in the cthylation stago: in all cascs the water introduced was
that provisusly found to bc optimua for the hydrolysis stagc. In brackcts arc
shown the poreentage oxcoss, isce unrcacted, ammonia uscd calculatcd on tho
comtent of O-cthylisourca, assuming that 0.75 molc O-cthylisourca was formed
from 1 10ls urca, and 0.20 molc NHz was fixed in side roactions. In somc
prcliminary oxperiments .
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it ha. bcen obscrvcd that 0.20 mole NHz was fixed, per mole urca, in side
rcactions, but in the experiments now rccordcd the amount of ammonia fixed in
side rcactions would appcar to be 0425 molc NHz pcr molc urca.

6:3  Goneral Mcthod.

'Gthylation product' was mclted and 10 g. (approximatc) samples pourcd into
weighed boiling tubcs fittcd with rubber stopperse The contonts of the tubces
werc quickly cooled to give a supercooled syrup and the tubes rewcighed.

The requisite ammonia solution was added from a burctte to form a
supernatant laycr and the tube sccurely stoppercd and weighed. The contents
of the tubc worc wcll shaken when a clear homogencous solutisn was rondily

obtainocd. The tubc was then rcheated in an oil bath at 60°C. for the desired
period »>f time.

When the poriod of heating had clapsed the tubc was recmoved from the bath,
quickly coolcd and thc contents washed into ~ 250 ml. standard flask containing
a knowm coxcess of N sulphuric acide This scrved t-> arrest the aminntion rcaction.

The solution was made up to 250 ml. and free acidity detemmined by
titrating 25 mle. portions agninst N s iun hydroxide to methyl red with
aquenus ammonia, werce analyscd for guenidine in the usunl way.

6.4. Bxpcrimcntnl Dato.

. Two scries of oxperilMents were carricd Hut:
Sorics I Two different batchcs of 'ethylation prduct' were used in
this scrics; onc batch using 1.33 mslcs NHz (50¢ oxcess) and 1.52 molcs
 NHy (75 cxccss), nnd the other using l-’?O mles NHz (1007 oxooss)

. and 2.34 mo)les NHz (185 cxcoss)s The rcsults ~btaincd arc thorcfore
- not strictly comparablc.

Note: Somc values of consumptin »f ammonia, i.ce fixed in sidec rcacti ns,
arc probably t3» high duc t5 oxpcerimceatal 1losscs f ammonia.

The oxperimentel eonditions together with the analytieal data
arc shown in Tablc 1.

Scerics IT All cxperiments were carricd »ut -n a unifom batch ~f material.
Great.r carc was token t9 minimisc manipulntive losscs f ammonia. In these
expcrimcnts thc soluti n before insertisn in thc »il bath was allowe? t° stand
10 min. at rom tanporaturc; under thesc conliti-ns the tumperaturc »f the
s lutin rmsc spmtancously to nabout 35-40 C.

The oxperimcental conlitins together with the nnalytical data are shown
in Tablc 2.

Se.Nne 202. J«Ba
M.No, 21/51.
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