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Reference: AR.1 /2

1. .3STIUCT•

1.1. Object cf InvLstigation.

To examine the effect of proportion of ammonia, using aqueous solutions,
in the amination of 0-cthylisourc., i.e. in the =mination stago of the
process for the manufacture of nitroguanidino from urea, using the molar ratio,
Urea: diet'hyl sulphA.te, il.

1.2. Scope of Investigation.

The foimation of gutnidinc from 0-othylisourca, more strictly 'othylation
product', has boon studied using the molar ratio, urea: diothyl sulphate, 1:1,
varjing (a) the molar ratio of 0-ethylisouroa: NH3 , (b) concentr,,tion of
amaonia, anI (c) time of reaction at a tcmporaturc of 60°0.

1.3. 'Conclusions.

0The rate and uxtent of formation of guanidinc, in aqueous solution at
60 C, from 0-othylisouron, containod in the 'othylation product' prepared
using urea (I mole) and diothyl sulphato (I mole), is determined by the
proportion of ammonia usod for amination.

constant and optimum yield, based on urea of 75 to 76 per cent guanidino
is obtained using 1.33 to 1.70 moles NH3 , contained in 4.5 moles H20 per mole
urea. No further incrase in yield is obtained using a higher proportion of
cmnmonia.

The ratc of ainination increases with increase in proportion of omonia.
Using 1.3.3, 1.52, 1.70 and 2.34 moles NH8 respectively in 4.5 moles H20, per
mole urea or diothyl sulphate, thc reaction times for attainment of optimum
yield of guanidino are 2.0, 1.0, 0.75 and 0.50 hour respectively.

The yield of guanidinu, now recorded, viz. 75 to 76 per cent, is 2 to 3
per cent higher than that, viz. 72 to 73 per cent, previously recorded using
1.14 moles NH3 in 4.5 moles H20.aftor 3 hours at 60 0. Using 1.33 and 1.52
moles NH3 a yield of 72 to 73 per cent guanidinc can be obtained in 1.0 and
0.50 hours respectively.

4

The increase in yield of gumidinc now recorded, viz. 2 to 3 per cent,
is oquiv(-cnt to an increase in output of 3 to 4 per cent nitroguanidinc in
the process.

I..Rcc-I,--jiCati 'ns .

The use of at least 1.33 moles NH3, contained in 4.5 moles H20 per mole
diethyl sulphato, or urea, is rocommcnded for amination of the product of
othylation obtained in the first stage of the process for the manufacture of
nitroguanidinc from urea.

The use of a higher proportion of armonia would be doterminod primarily
by technical considortions relating to desired throughput.

2. INTRODUCTION.

Early work (1) (2) showed the feasibility of producing nitroguanidino from
urea. In latcr work (3) the elements of a process for the production of
nitroguanidine (picrite) from urea were established.

Since, a morc critical examination has boen made of each stage in the

proposed process for the production oT nitroguanidinu from urea in order to
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introduce possible improvements and define more exact conditions foxa

continuous process. A full report covering this work is in preparation.

At the U.S. Conference on 'High Nitrogen Compounds' held at Chicago on
Sept. 11-13, 1950, a paper (4) was presented outlining the present position and
including a flowsheet for thu projected process. The optimum conditions for the
four stages, viz. alkylation, amination, hydrolysis and nitration, involved in
the process were defined. The study of the amination stage was, at the time of
presentation, not complete and now the results which arc. considered of significance,
are presented in the form of an B.R.D.E. Technical Memorandum. The issue of
this paper will facilitate the work of those now actively engagud in the field
whilst the more cci:plcte report is being compiled.

3. THS WMINATION STAGB.

The amination of the product of the ethylation stage, using urea (1 mole)
and diethyl sulphate (D.E.S., 1 mole) has been studied using gaseous ammonia,
under anhydrous conditions, and aqueous ammonia. Only those results referring
to th. usu of aqueous ammonia will b( considered in this report as they are
considered more relcvant to tht technical procedure envisa-;d in the process
for the manufacture of nitroguanidine from urea.

It was stated (4) that the conversion of 0-ethylisourca, contained in
the othylation product, to guanidine vas optimum using about 20 per cent excess
ammonia, based on about 74 per cunt conversion of urea to 0-othylisourca, and
aminating at 60 0 C. for 3 hours. In the nxiination, in addition to formation of
guanidin,, a further quantity of ammonia was fixed in side reactions. Thus,
using urea (1 mole) and D.E.S. (1 mole), mount of aTmonia used for amination
was 0.74 + 50% (0.74) mole = 1.11 mole NH 3 ; of this, it was found that about
0.22 mole NH3 was 'fixed in side reactions, shoring real excess, i.e. unrcact(d,
of oximionia used for guanidine formation to be about 0.15 mole NI3, equivalent to
20 per cent excess on the 0-othyl-'scur-a value.

In further discussion of the amination stage it is now preferred to refer
to aivonia usage in terms of moles NH3 used per mole urea, or, per ,ole
'othylation product', prep:.red using urer. (1 mole) and D.E.S. (1 mole).

Thu rate and extent of nx.iirvation of the product of the ethylation stage,
using urea (1 mole) n, D.E.S. (1 mole) has bon studied in aqueous solution
at 60°C. using the following molar proportions of nimonia (per mole urea)
rospoctivcly.l.14 (25 ), 1.5 (50_) 1.52 (75K), 1.70 (100) and 2.34 (1851<).
In br.ckets arc shonn the perccntagu of excess, i.e. unreacted, -monia used,
as definod above, assuming the formation of 0.75 mole O-othylis)urca froA
1 mole urea,' and 0.20 mole IZ16 fixed in side reactions. In all cases the water
introduced in the nximonia solution was th-t previously found (4) (5) to be
optimum for the hydrolysis stage, viz. 4.5 moles H20 per mole D...S. used in
cthylation stage. The necussary input of axmonia was achieved by using a,n
aqueous solution of suitable concentration. Thus, in our experiments, since
the amount of water prisent is Constant the combined effect of, (a) molar
ratio of 0-Et-isourca : 1\aH and,(b) concentra tion of armmonia has been observed.

The experimental results obtained are shown in Section 5. 4 (Tables 2 and 3).
These show:

(i) A constant and optimum yield, based on urea, of 75 to 76 per cent
guanidino is o.btained using 1.33 to 1.70 moles NH3, containcd in 4.50
moles H20, per molu per urea. No further increase in yield is obtained
using a higher prJportion of ammonia.

(ii) The rate of amxination increases with increase in proportion of
nmmonia. Using 1.35, 1.52, 1.70 and 2.34 moles NH r.spcotivcly in 4.5

moles H20, per mole or D. .S. the reaction times for attairmuent of
optimum yield of guanidinc are 2,1, 0.75 and 0.50 hour respectively.
(iii) the yield of guanidinc now recordod, viz. 75 to 76 per cent, is
2 to 3 per cent high,r thra that, viz. 72 to 73 per cent, previously recorded.
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(3) (4) (5) and obtained using 1.14 moles NH in 4.5 moles H20 after 3 hoursat 600C. Using 1.33 Ad 1.52 moles NH3 a yield of 72 to 73 per cent guanidine
can be obtained in le0 and 0.5 hour respectively.

(iv) In addition to the ammonia converted to guanidine a further quantity
is consumed iii side reactions; this had been found to correspond to about 0.25
mole NH3 per mole 'othylation product'. The total consunption of ammonia at the
amination stag( is thoreforu almost exactly 1 mole IqH,3 per mole 'othylation
product, or, per mole urea.

(v) The use of an increased excess, i.e. when using high proportions, of
aranonia would necussitatc the recovery of correspondingly larger quantities of
ammonia. The proportion of ammonia used would be detomined primarily by
technical considerations relating to throughput desired.

4. CONCLUSION

Conditions havc been defined establishing an improvement in yield, based
on ur.a, from 72 to 73 to 75 to 76 per cent guanidino.

The overall yield obtainable of purified nitroguanidino, based on urea,
should correspondingly, in the light of this study, be about 2 to 3 per cent
higher than that previously rcordd (3) (4), which is oquivalcnt to an incrcasc
in output of 3 to 4 per cent of final product.
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6* M*nER1nFvrL.

6.1. Zth_ylation of Urea: Preparation of 'Zthylation Product'

Small batches of urea wcrv othylatcd with diothyl sulphate using the molar
ratio urea: D.-.S., 1:1 aid carrying out the reaction at 110C for 30 min. Thisproduct, which ill be referred to as 'othylation product' consists primarily of
O-cthylis )urca in the form of a salt of ethyl hydrogen sulphate; it solidifies on
cooling and was stored prior to-usc in a desiccator.

. 6 4. ination of 'tthylation Product'

The necessary input of ammonia was achieved by using an aqueous solution
of suitable concentration.

The molar pr)portions of ammonia, per mole urea, or D..S. or 'othylation
product', usd .wAre respectively: 1.14 (25,), 1.33 (501), l.b2 (75i), 1.70(lO0/)
and 2.34 (185> ), contained in 4.5 moles H20 per mole D.eS, or urea, (molar
ratio,l:l) used in the ethylation stage: in all cases the water introduced was
that previously found to be optimum for the hydrolysis stage. In brackets arc
shwn th percentage excess, i.e. unreactud, aonia used calculatt;d on the
c)ntent of O-ecthylis)urca, assuming that 0.75 mole 0-ethylisourua was formed
from 1 mole urea, and 0.20 m)lc NH3 was fixed in side reactions. In some
p rcliminary experiments

/At



CONF:Ii.u+ fJAI. _____ .l

it ha,,. been observed that 0.20 mole NH3 was fixed, per mole urea, in side
reactions, but in the experiments now recorded the amount of ammonia fixed in
side reacti,)ns would appear to be 0.25 mole NH3 per mole urea.

p,3. Goeirt,1 Method.

'Lthylation product' was melted and 10 g. (approximate) samples poured into

weighed boiling tubes fitted with rubber stoppers. Th, contents of the tubes
were quickly cooled to give a supercoled syrup and the tubes rewoighed.

The requisite axmonia solution was added from a burette to form a
supfrnatant layer and the tube securely stopporod and veighed. The contents
of the tube wore well shaken when a clear homogenuous solution was readily
obtained. The tube was then reheated in tan oil bath at 600C. for the desired
period of time.

When the period of heating had el,apsed the tube was removed from the b,ath,
quickly cooled and the contents washed into a 250 ml. standard flask containing
a kno)wn excess of N sulphuric acid. This served t- arrest the amir ti -n rc.a%ction,

The soluti)n was made up t) 250 ml. and free acidity determine( by
titrting 25 ml. porti)ns against N s )diLm hy0roxide to methyl red with
aqueo)us Pzn)nia, wore analysed f,or gua nidine in the usual way.

6.r4. .xerimentpa Da7ta.

Ty series of experiments vcro carried out:
Series I Two different batches of 'ethyla tion product' were used in
this series; one batch using 1.33 riles NH 3 (50, excess) an0 1.52 m.)les
NH 3 (75;" excess), rnd thL -thcr using 1.70 m)les NH (100&, excess)
andl 2.34 m)les NH3 (185'' excess). The results ibtained arc thorefore

-not strictly comparable.

Note: Some values of c-nsupti.n -of ammnonia, i.e. fixe(l in side reicti ns,
pre probably t ) high (u,L t) 0xDeri'ALntal l-)sscs )f -. r)nia.

The experimental c-n(iti3ns t gether with the analytical data
are sh-wn in Table 1.

Series II iAll experir ents were carried out -n a uniform batch )f raterial.
Great,r care was t-ken to minimise manipulative 1 sses )f =m-nia. In these
experim nts the s luti n bcf.r; inserti n in the Ail bath was allowed t stand
10 rin. at rom tcmpcr-ture; under these c)n2'iti,ns the t;moeraturc )f the
s luti n r)s, spo)nta+nously t a r b)ut 35-40 C.

The experimental con.iti )ns to)gether writh the rnalytical data are shown
in Table 2.

S.No. 202. J.B.
M.No. 21/51.

-4-
CONFIQTL



nnO
*~L L- - - -

I9 L- C;'0

j I t- CC;~ I
L-. '0 W

(0o

C'.) * Io
1 0 L- H3 C-3 m

r-l o" JonN= Lo (

CH-

20 '-

110 to -4 t

4- -r - - 44= =* c'j P cq
4.: C) 0 0 6

.0 aH LO

,q C)I0 O u -
P- .~44 to N. 03C. to 6 a

01 to LO----
-4 C, '- 4C. OH Lo .t- o ; to- (

0 4 z)- e~1

"~>E-4 ci t- 0
t4' , I

4'4'

[t'- 0 0 [

tt H 0L H C 0

Ca_ n l

C)
on .N *d d 0 c

Cdft 04or cli
0H fte -

o rl 4 Q T rC
z~i )~ 3- 0 H

Ht t 2 r 42 0 p r-l4-

a) to I toC c) W

0 0 CH H ro CHHt 0
I 0 m*HraI C)p O 0 CH rH c$

0 0 0 0 0 0 Hq1i E-4 '



H C'l
1010

(0 &

c~

r! ~ ~ ~ ~ -00!r40 O1'

UO C1( 0' cq

010 0

r Ct'
00

0 CD

I 0rq0

HO H

:1 H r- K

0'A IC) H, i

H0 a

00 H 9O

LLj 0  I- Cl
L11- E-1 H C

000(0 ~ H* * *(0 c

occj ro~

00

'K1 ci H0: c

"I :

ri r- 40 0 -

0 m C -H

0 DV. C) co -

-r-i Q) 0 C)
-P.q 02 0 q

r--H OH ' C 0 t
0 E-i



LINCLASS1M-

IU V~ EDSIGNATURE PT

DWUmE$TTO BE RETAD

C, I
C-

Lx\N

gV

k us


