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ABBEY. 

, , 

Manufaoture at Waltham Abbey was oommenoed in 1928 in 

aooordanoe wi th th~ exper'ienoe gained, by the ttese'aroh Depart­

ment, Woolwich, in the preparation of nit~oguan1dine from 

caloium oyanamide fertilizer. 

The progressive steps were the preparation of oyanamide, 

the condensation of this with ammonium nitrate to form guanidine 

nitrate and the nitration or dehydration of this to nitroguan1dine. 

This may be represented graphically as follows ;-

C02 

(Carbon 
dioxide ) 

Ca 1 N • C : N 

(Cab.cium 
'Cyanamide) 

, , 
HzN • C : N 

, . H~ • C : NH H2N. C ~ InI 

(Cyanamide) IifH2• HN03 NIl· N02 (guanidine (nitroguanl-
nitrate) dine) 

0: H 
(vlater1 

NH4 N03 
(ammonium 

nitrate) 

The :fertilizer was treated with carbon dioxide and water 

under pressure, the resulting oyanamide solution was heated with 

ammonium nitrate under pressure and the resulting guanidine 

nitrate, after drying, converted to nitroguanidine by treatment 

with sulphuric aoid. 

lI1anu:facture falls into the follo\ving main sections :­

I. Preparation of cyana.mide. 

II. Condensation of cyanamide with ammonium nitrate. 

III.Conversion or guanidine nitrate to nitroguanidine. 

IV. Purirication and conditioning of n1 trot--uanidin'e. 

It is proposed, in the :first plaoe, to give a brief 

description of' the processes and plant in operation at the 

commencement of' manu1'acture at \l ul t ham Abbey in 1928. The plant 

ins talled was required to be capable of an output of 500 lbs per 

week workinG day shift only. 

I. Preparation of Cyanamide. 

Heaction carried out at a. temperature of 350 C'.and under 
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a pressure o~ eo lb per sq.inoh. The plan. Qonsisted ot a 

jaoketed steel autoolaTs with stirring ge~1 o&~ao1t7 60 gallons. , 
, " 

140 Ib.of oaloium cyanamide £ertilizer and 40 gallons of water . '., 

constituted a charge £or the autoclave. Carbon dio~ide ~upplied 

from cylinders of compressed gas. Pressure in the autoclave . 
regulated by the rate of admission of the gas . Heat evolved 

during this reaction. Temperature controlled by the oirculation 

of refrigerated brine in the jacket of the autoclave. Carbon 

dioxide passed in until the end or the reaotion indicated by a 

drop in temperature, quanti ty required usually about 80 lb. 'rime 

occupied by the reaction about :3 hours. At its conclusion the 

precipitated chalk sludge separated from the cyanamide solution 

by means of a centrifuge. The cyanamide solution passed on to the 

next process; the chalk washings used in the extraction of the 

next charge of fertilizer . 

II. Condensation of cyanamide with ammonium nitrate. 

This reaction carried out at a temperature of 1750C. and 

under a pressure 01· 150 lb per sq .inch in a steel gas heated 

autoclave fitted \.Ji th stirring gear, capacity 50 gallons. A 

charge consisted of the cyanamide solution from the previous process 

together with a total of 120 lb.of ammonium nitrate, made up partly 

of solid and partly of solution returned from the previous oharge. 

The excess of ammonium nitrate over and above the theoretical 

requirement is 100?~ . Time occupied by the reaction about 2 hours . 

At its conclusion cooling to 1100C . be1'ore discharge ef1"ected by 

slmvly releasing the pressure . This occupied about 45 minutes, 

when the contents of' the autoclave were discharged through a :1:'il ter 

to an enamelled cast iron jacketed evaporating pan , capacity 50 

gallons . After evaporation to about one third t he volume solution 

allowed to cool and crYGtallise, the guanidine nitrate separated 

by means 01' e centrif'uge , dried and ground. The mother liquor 

returned to t he autoclave !'or inclusion in the next cyanamide-

ammonium nitrate charge. l'he evaporation plant was duplicated and 

capable 01' dealinG with the I)roduct from t wo runs of· each autoclave 

per 3hift. The guanidine nitrate yield from a single run was 70 l b . 
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- III. 'Col'1meion' o'f guanidine nltrate to nitr gilanid.ln 

140 lbs of' dried an'd " gr'oUnd guanidil'le,' i\1 trate added $lo;rl,. 

to 238 ~t;s of ' sulphUric acid '( 96%> contained in 50 gallons lead 

lined jacketed cast ,'iron vessel fftted 'with stirrer . ' T-emp'erature 

regulated to 40oC.by circulation of refrigerated brine in ,the 

, jacket. Time occupied in adding the ni trate ~aboU:t l~ houre . After 

adding the nitrate the char ge was stirred for a further 2 hours, 

temperature f elling to about 30°C. Charge then drowned in water 

contained ' in two stoneware guncotton nitrating pans . SUff'icient 

water used to reduce acid concentration to about 2<Y,t. Nitro­

guanidine in suspension separated in two lead filter pans, packed 

wi t h graded quartz chips as the filtering medium, and then washed 

f'ree from sc id. 

IV. PuriIication and conditioning of nitroguanidine. 

Nitroguanidine recrystallised in batches of 50- 55 lb. This 

qua.nti ty dissolved in 75 gallons of' boiling water contained in 

steam heated jacketed enamelled cast iron pan of 100 gallons 

capacity. Hot solution passed through ste~ heated filter and 

thence to similar jacketed pan where it was cooled by water 

circulation. Crystallised nitroguenidine separated by centrifuge, 

washed and dried . Mother liquor used in dilution of next nitrat­

ion oharge. The crystallisation plant was duplioated and capable 

of producing about 100 Ib . per shift . 

Finished ni troguanidine required to be ground to i'ineness 

of 200 mesh. Grindin~ cari ied out in cast iron end runner mill . 

10 lb.charge mi lled for 30 minutes. Ground material sieved. 

With the roregoinG br ief description as a basis it is 

proposed to review each ,section of manufacture in the light of 

present knowledge and to give an account of the various i mprove­

ments and modifications introduced and of the dif~iculties 

encountered which led to these introductions. 

I . Preparation OI cyanamide . 

Quite early in the manufacture certain irregularities 
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1n the oa.rbon dioxide" consumptio"n "a.ndt e time '0:[ :te6ot1on 
.• : : • I ' • " " ,", , ,' • t ,_ 

that improvement in the condi tions might~ 'bet possible. ' It-was found 

subsequently that increase in ihe speed ~f the stirrer wit~the 

consequent increase in the agitation o~ the mixtUre ' e~feoted- " .a. . " 
considerable improvement. This led to the conclusion that quantita­

tive interaction between carbon dioxide and aqu"e'ous' calcium "cyana­

mide is not easily effected and it ind1.c fate:d further that an """ (~ 

increase in the scale of operations might possibly be attended"wi"th 

still further trouble in this direction. 

Subsequent experience confirmed this Vlrhen the 60 gallon 

extraction vessel was replaced by one of 360 gallons capacity. The 

full charge f"or this vessel would. be 8 cwt of fertilizer and 250 

gallons of liquor but the behaviour with this charge was so unsatis-

1"a.ctory that these qua.nti ties had to be halved. Under " these 

conditions the results were better but still not equal to those 

obtained with the smaller ves sel. 

Leaving this matter for the moment another difficulty 

encountered in this section of manufacture was the separation of 

the preCipitated chalk sludge from the cyanamide solution. This 

precipitated chalk and the i mpurities in tl1e fertilizer together 

form a. grey-black slimy sludge which :" is extremely diff'icul t "to 

remove by any ordinary f'il tering process. The quantity to be dea.l t 

wi th amounted to 300 1b per shift and 1 t weLS necessary, for best 

ef"1"iciency, tha t it should be washed as f'ree as pos s ible ~rom 

cyanamide before being discarded. The f'i1 tration and washing by 

centri:t"uge was very slow on account of the dit"f"ieul tly penetrable 

nature or the sludge and it became evident thut a much improved 

me thod would be necessa.ry 1"or really larBe scale production . 

separ a tion of' the s ludge by Ifleans other than :t'il tration was indicat­

ed. The use of" settline tanks did not seem hopef'ul because of the 

slowness of" the process . I"Ii was decided therefore to try sediment­

ation of the sludge centrif'ugally. A centrifuge mounted in rigid 

bearings is necessary for this purpose. A small machine was obtain­

ed in which the spindle is mounted in ball bearings ~orizontally i.e 

the 
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the basket rotates in a vertioal , pl~e . The maohine 18 ohars ~ 
t • ... • I ' \, 

with the sludge mixture whilst in motion . A few minutes after 

filling sedimentation is oQmplete. With the maohine still ~ing , 
, - . :: ' .. .," . . 

a dip pipe, provided for the purpose , ., is lowered into the clear . " .' 

liquor which is thus removed, Washin~ the sludge with small . 
, ' 

amounts of water is then carried out an~ finally the washed sludge 

is removed by a cutting out device whilst the machine is still in 
, . 

motion. This type or mach ine is capable of running continuously 

without giving trouble. Thi8 small machine wes so successful that 

it has been replaced by a large one with a basket 1 . 6 metres in 

diameter . The output of this machine is Buft'icient t'or really 

large scale production. 

In Augunt 1929 C. S .R. D. advised that the charge ror the 

autoclave in section II of' manu1'acture could be greatly increased 

by concentrating the cyanrunide solution before its introduction 

into the autoclave . In the process of concentration the cyanamide 

is polymerised to dicyandiamide which is equally satisfactory 1'or 

use in the manufacture of guanidine nitrate . 

This changed the outlook to some ex~ent and directed attentlo1 

to other methods of preparing dicyundiamide . It is known that 

dicyandiamide is obtained when calcium cyanamide rertilizer is 

extracted with hot water. The, reaction proceeds in t wo stages , 

first calcium bicyanamide is produced and this further reacts with 

water to produce dicyandiamide . 

2 CaCN2 

(Calcium cyanamide ) 

;:: 

= Ca(CN . NH)" 
"" 

(Calcium 
bicya.na.rnidc) 

(Dicyandiamide) 

+ Ca( on)2 

(IJime) 

+ Ca(OU)2 

These reactions occur in alkaline solution the base present 

being lime. Under certain other cond itions the bicyanrunide 

hydrolyses to urea, small quantities of other bodies being f'ormed 

at the same time . The chief' f~ctors controlling the reactions of 

. bicyanami de 
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bioyane.rnide in .alkal.1n., ,solu"ti.on thai nat~. and 0 oe ration 

of the ·alkali. o 

. .A proQess ' :for the manu! Q,tur 0;( dioYalldiamid ;f~om Qaloium. 

b1cyanamide has been patented .(German Fe.tent . 279,133~ ~9l3).. In 

this prooess the lime Q oncentrati on is .oontrolled b;r the addition 

of sulphurio aoid at .varying time intervale, , ,. 

• 

The ·,American Cyanamid Co. (Buohanan & Barsky. J.~~r.Ch~m.Soo. 

1930 . 195) realising thatbthe reactions are controlled, evidently 

by hydrogen-ion concentration have investigated the matter from 

this point of view and working with oyanamide solutions at 500C. 

and within the range P~6 to :PH 13 have found (a+ that the velocity 

of dicyandiamide formation reaches a maximum at PH 9.6 and decreases 

rapidly at hydrogen-ion concentrations above or below this value, 

(b) that dicyand-i'amide formation is quanti tati ve in alkaline 

solution up to p~ 10 . Above PH 10 there is some destruction of 

dicyandiamide and above PH 12 the cyanamide is llYdrolised quantita­

tively to urea, (c) that the optimum hydrogen-ion concentration for 

dicyandiamide formation is within the given limits for a temperature 
o range of 0 to 100 C. 

From a consideration of all the facts it was decided to 
~ 
investigate, on a laboratory scale, the preparation of dicyandiamide 

by simple hot water extraction of calcium cyanamide 1·ertlizer. 

Quantitative experiments were carried out in which the fertil~ 

zer(l part) was added to water (3 parts) heated to 900e. and kept I 

vigorously stirred. Samples were withdrruvn at intervals of 5, 10, 

15,20,30, 45 a.nd 60 minutes. The samples were 1'iltered a.n(l the 

filtrates allowed to cool. The quantity of dicyandiamide sepa.rating 

increased up to the 30 I!linutes sample.. In each case the amount of 

lime remaining in solution was determined as a measure o~ the 

completeness of the reaction and here aBain there was little change 

ai'ter the 30 minutes sample. 

It was then decided to make a series of' extractions at 90°C. 

for 30 minutes, using the mother liquor in each case :for the next 

extraction. In each extraction the residue, after hot filtration, 

wa.s 
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was ~ashe~ with sufficient hot wat r to r store th mother 

liquor to the vplume necessary for the next ext~action., Th 

highest yield of dicya.nd~~1de was ,23.5% 'of the fertilizer ,used. 

The nitrogen content of the fertilizer is about 21~ corresponding 

to 60% calcium cyanamide. , There was in each case about 2.1% of 

nitrogen re~aining in the residue • . Ass~ing all the nitrogen in 

the fertilizer 1s present as oalcium oyanamide th the effioienoy 

of the process is as follows :-

Original cyanamide recovered as dioyandiamide 74.6 % 

" " left in residue 

" " lost (decomposition) 19.4 tj; 

100.0 
------------

The dicyandiamide produced was of high grade quality. It 

contained 0.25% of mineral m~jter and melted at 203 - 2090 C. 

After one recrystallisation it was obtained practically pure with 

a nitrogen content of' 66.57, 66.63% (calculated f'or dicyandiaruide 

66.67%) and melted at 206 - 210°0. Recrystal lisation would not 

be necessary in manui"acture. 

It is not possible to compare directly the efficiencies of 

hot water extraction on the one hand with carbon dioxide extraction 

on the other at this stage of manu1'acture as the carbon dioxide 

product is not isolated and we i ghed but by ref'erence to the 

ef'l'iciency t ables at t he end of this report it can be deduced that 

for water extraction to equal carbon dioxide extra.ction, at its 

best, and operated i n the nmall extractor, the yield of dicyandi­

amide ~ust be 23% • 

The hot Vlater extraction method of producing dicyandiarnide 

was introduced into the factory. Here it was i·ound inconvenient 

to add the l'ertilizer to uater at 900e.on account of the exceDsive i 
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8. 

is quite granular and presents no ~ilter1n , diffloult1es, is 

separated and washed by oentr'i:fuge, 'the dlcyand1amidt* olution 
, , 

is cooled and after removal of the crys~ale the mother liquOr 1s 

used for ' the next extract'ion. ' 

In view of the work of the American Cyanamid 'Co., on the 

ef1·ect of hydrogen-ion c oncentrati'on on tl'le ' forma.tion of dicyandi­

amide by similar methods the hydrogen-ion conc'entratiolls in the 

solution throughout an extraction on these lines was determined 

with the following results :-

Tem.perat~ 

°C. 
15 
30 
40 
50 
60 
70 
80 
85 
90 
95 

The progressive lowering of the P 

12.7 
12.1 
11.7 
11~2 : 
10.5 
10.2 

9.9 
9.8 
9.6 
9.5 

value throughout the 

heating may be caused partly by the decreasing solubility of lime 

with increasing temperature. 

In the eurly stages of heating the solution is pro~ably too 

alkaline for best results. At SOoC. and above the conditions appear 

to be good. 

At the end 01· an extraction the reaction seems to be complete 

as there is very little soluble lime 1n the riltrate. 

The yield of dicyandia.mide under these conditions is 199~ . 

'rhe discrepancy, when comparcu. wi th the laboratory results, may 

be due partly to the un:tavourable P ~ condi tiona, in the early stages 

of heating, rebul ting in decoffii, osi tlon. In addition to this the 

jacke ted extractor is unsuitable ~or the proc ess . It is i cpossible 

to control the temperature accura tely when heating by steam circulat- ' 

ed in the j acket and t here is reason to believe that decomposition 

occurs at tIle high tempcrntureG Which are sometimes reached . 

It has 1'urther been found in the laboratory that ,extraction 

of the fertilizer at BOoC. for a period o~ .5-1 hour giveo reoults 

slightly superior to those obtained at the hi Gher t'emperature 0:1:" gOOe 

The 
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qU~lt,1 tat1v ' :pGl~ ~i,s ' <tron of' 
• ' I , .. ~....,..'"'' oocupy:ing s': o~ns"f¢l:er~tile periqd , .,- . ~ .' . . 

extent , 1 t i~": ai1~eat~d': by a 

The" ( Amerioan ,' c~a:n8.mid Cos • . ' " • ,,' • t • 

, '. " ' : , 0 cyanamide, was , I'1'ected at .. ,50 C'." 
, .' . " . 

of 'time, ' a.D.d '1i"ia not ' known to what 

oonsiderable , temp,erature ! ~ise. 

The yie'ld ' from fertilizer by efficient: oarbondi,oxide extrnct-, ' , 
ion may be ,taken aa a standard of the best obtainable, and t he fact 
that it 'falls short of' what would be expected from the ', ni tr<>gen 
content of the 1'ertilizer ~; oints to the possibility of the ni trog-en 
not being present entirely as calcium cyanamide . This standard has 
been equalled by water extrac tion in the laboratory and there seems !, 

to be no reason why it should not also be equa.lled in the factory 
provided the necessary conditions are pr ovided. 

y'fi th this ob ject in view the oomplicated carbon di oxide 
extraction vessel is being replaced by a cylindrical tank provided 
with a stirrer. The heating will be by "live" steam in order to 
provide accurate temI1 ere tuE9 ' control. 'rhe plant will 'be taken into 
use shortly when l aboratory conditions will be i itated exactly Lc. 
the l'ertilizer will be , added at 800 C. a.nd the temperature "ill be 
maintained at this j;hroughout. It is expected that a "standard" 
yield will t hen be obtained. 

There are many advantages in using water instead o!.' carbon 
dioxide extraction. At present the carbon dioxide is purchased in 
cylinders and accounts for just over 4 d d in a total of 10.7 for 
I:laterials consumed per pound 01' n1 tro&'"Uanidine manu1·actl.lred. The 
extra l'ertilizer required on account oj:' the l)resent low yield of 
d icyandiamide by water extro.ction amounts to .6 lb I)cr I:.ound of 

, t ' d' <1 t _d nl'r0f;uunl lne an l!OS s .45. The nett ti~vjn{S by '.'Tater extraction 
t t t ' " .' b t:3 I d d :f . t i ' i a prasen ncrefore 18 a ou u per poun 00 nl roguan d_ne. other 

advantages are that simpler pl ant ma.y be used as pressure is not 
necessary, the residue i::3 granula.r and easily filterable thus effect­
ing a saving in l°il toring machinery and labour and evaporation is 
entirely eliuinated. This evapora.tion amountr; to 70 gallons per 
shift on a 000 lb per week output and would necessita te a mtlltieffect 
evaporator on full senle produc tj,on. 

It 
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10. 
It haa been suggested that by-p~oduct carbon dioxide fro~ : ... .. \ 

some other manu~acture could be utilised at very low cost. The 
carbon dioxide required amounts to about 1.5 lb. per lb. of 
nitroguanidine . When it i s considered that the money ;available 
for its purchase ia . 45d less the saving, by water extraction,. 0 

plant , labour and steam it would seem that the carbon dioxide 
would have to be supplied at a minus value for t he scheme to be 
practicable. In addition it must be remembered l'irstly thflt it 
was the inei"1'ic iency of carbon dioxide extraction on large scale 
production t i]at :ini tiated the Gearch f'or other methods and second-
ly that t here is every reason to believe that the eff'iciency of 
~ater extraction will be improved. 

II. Condensati on .01' cyanamide with ME.'lOnium nitrate. 
The 1'irst trouble to occur in this section of manufacture 

was corrosion of the s teel autoclave . The vessel was in use for 
some time berore corrosion was perceptible as a rew small pi ttings . 
From this stage the ueterioration was r apid. From the position 
of the corrosions there were some grounds t"or thinkine that the 
localised · direct gas heating might be responsible to some extent . 
It was arranged, theref"ore, that the Ilew re placement pan should 
be oil jacketed in order to provide unirorm heating . No benefit 
resulted from this, however, similar'corrosions occurring in about 
the srune time. Samples o:f various acid resisting steels were 
tested under similar conditions without disc overing anything quite 
sn.tist"nctory . Corrosion trouble had been experienced in concent-
r ating the liqu or from the autoclave reaction and t his had been 
overcome by the UfJ e of alurr: iniwn pans f"or this operation. It was 
decided, theref"ore, to try an aluminium liner in t he autoclave. 
An autogenously welded liner wa.s i"i tted and proved very successful . 
Ai"ter a bout a year it was cut out and 8ubmi tted to very care1'ul 
examination. There was no evidence of corrosion and the aluelinium 
generally had su1'1'erell no loss in thiclmess. An aluminium liner 
has therefore been adopted as stnndard practice. Trouble has been 
experienced through a liner cracking but this was due n ot to 

corro s ion 
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ll. 

co'rros10n" but to heavy strains set up wh il th liner ext1a.nas·" 
, 

under' press'ure to adapt i tsel! to the contours of the autocl'a:ve. 

This can be overcome by care:ful d esign so aa to ' avoid, as ' far 

as possible, tIle strain being t8.ken by a ' welded joint . ' '" '. \ .. . ' 

In wor king the autoclave in its present condition i't has 

been found that the r ate o~ heating' has been" retarded consider­

ably. In the first place heating tl~ough an oil jacket 1s much 

slower than the original direct gas heating and the rate is still 

further retarded by the aluminium liner not being in perfect 

thermal conta.ct with the steel autoclave. The slow rate of 

heating not only r educes the output but increases the amount 

of an undesirable amorphous by - product . It is not considered 

advisable to abolish the oil jacket a.nd revert to direct gas 

heating because 01' the risk of dane;erous local overheating of 

t he steel due to poor t hermal contact between the steel and 

alUL~inium . The heatinG would be better carried out by an 

i nternal alUL1inium coil supplied with superheated steam or 

heated oil. 

Recently (October 1931) an account has appeared in 

"Industrial & Engineering Chemistry" of a. " Qu8l1titative Study 

01' the Pre parations of, Gunn i dine Nitrate and Ni troguo.nidine" 

and in this it is shewn that guanidine nitrate may be prepared 

very satis1'Q.ctorily by the i'usion toeet11er, in the dry condition. 

01' dic~"andiamide and ammonium nl trate. Under sui table condi tions 

there io 0. 90;~ cOIlversi on to guanidine ni tro.te and in addition 

to this the :formation of undesirable amorphous by-product, 

previously menti oned, is reduced to a minimum . In the auto-

clave process as runninG at pre ~ ent t~i s by - product is ~roduced 

to the eAtent 01" l5;~ of the totul lJ:l'oduc:t whereas in the fus ion 

process this can be reduced to the neighbourhood ot' one or t wo 

per cent . Irhis re duction is underotandable vll1en it is realised 

that the by-product, which is composed of ammelide, ammeline and 

me l GLli ne, i s very l ar ge l;)," the result 01' the action of" Vlater on 

dicyandiarnic1e . 11", t here:t"ore, vlater is excluded, as in the 

t'usion process , by-product 1'orraution i s reduced t,o u minimum . 

In 
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12. 

In the case of the autoclave process this side react10n takes 
J. "': " , '. ' plaoe so long as t here is dioyandiamide fr e to be attacked but 

oeases when all the dioyandiamide is oombined with ammonium 
nitrate. The quioker, therefore, the temperature of the autoclave .. 
is raised to the optimum (about 16500.) f'or the primary reaction 
the sooner will it be completed and the less time will there be 
ror the side reaotion to take place . 

Yi hen the a.utoclave Vias directly gas heated the by-product 
i'ormation was 8>~ . iThen the time of heating wa.s lengthened by the 
necessary introduction of oil jacket and aluminium liner t he 
by-product i"ormation increaned to 15/~ . 

It is, therefore, very necessary to raise the temperature of 
the autoclave as rapidly as possible but, for t he reasons given, 

~~~s,~Lc. ' it seems i mprobable, eyen under -ehe bes't~conditions, that the 
autoclave ~roces s can be as effmcient as the fusion process. 

Apart i"rom ej:"j:"iciency another reason i"or reduc ing the formation 
of a..'Ilorphous bY-I:roduct t o a Ll i n i muIU 1s that it has been :t"ound 
t hat the presence oj:' more than a certain amoun t 01" by-product 
co.use ::.~ trouble in the sub8equent nitration process. Thi s matter 
has been fully investi gated and is dealt with in the next Dection 
of manunwture. 

From a eOIw ideration of' all t he :t'ac ts it wa s decided to carry 
out a laboratory investigation of the rusion process. 

In the account OI' a "Quanti tative Study of the Prepar a tion of 
Guanidine Nitrate a.nd Ni tro g;uc.nidine" previously mentioned the 
f'ollo ;l ing method for t ile prepar at ion 01" guanidine n itra te is 
evolved aG the result of the investigation of the mechanism of the 
r eaction. 

264 grams (3.3 moles) of dried runmonium nitrate are mixed with 63 grams (0.75 mole) of Sried dicya.ndiamide in a beaker and r ap idly heated to 162-165 O. in an oil bath . A further 63 grams 01' dicyand i o.mide are slowly added, temperature not exceeding 1650 C. Henting continued for total of 1 hour. 
I n thi s meth od ·t he amount 01' rurunonium ni trate over and above 

t he t heoretical requir ement i8 10%! The temperatur e iu t he 
optimum for t h e priI.Hlr;}1' r nact ion and reduces by-product formation 
to a lI:inimum . 

" r 
I 

12. 

In the case of the autoclave process this side react10n takes 
J. "': " , '. ' plaoe so long as t here is dioyandiamide fr e to be attacked but 

oeases when all the dioyandiamide is oombined with ammonium 
nitrate. The quioker, therefore, the temperature of the autoclave .. 
is raised to the optimum (about 16500.) f'or the primary reaction 
the sooner will it be completed and the less time will there be 
ror the side reaotion to take place . 

Yi hen the a.utoclave Vias directly gas heated the by-product 
i'ormation was 8>~ . iThen the time of heating wa.s lengthened by the 
necessary introduction of oil jacket and aluminium liner t he 
by-product i"ormation increaned to 15/~ . 

It is, therefore, very necessary to raise the temperature of 
the autoclave as rapidly as possible but, for t he reasons given, 

~~~s,~Lc. ' it seems i mprobable, eyen under -ehe bes't~conditions, that the 
autoclave ~roces s can be as effmcient as the fusion process. 

Apart i"rom ej:"j:"iciency another reason i"or reduc ing the formation 
of a..'Ilorphous bY-I:roduct t o a Ll i n i muIU 1s that it has been :t"ound 
t hat the presence oj:' more than a certain amoun t 01" by-product 
co.use ::.~ trouble in the sub8equent nitration process. Thi s matter 
has been fully investi gated and is dealt with in the next Dection 
of manunwture. 

From a eOIw ideration of' all t he :t'ac ts it wa s decided to carry 
out a laboratory investigation of the rusion process. 

In the account OI' a "Quanti tative Study of the Prepar a tion of 
Guanidine Nitrate a.nd Ni tro g;uc.nidine" previously mentioned the 
f'ollo ;l ing method for t ile prepar at ion 01" guanidine n itra te is 
evolved aG the result of the investigation of the mechanism of the 
r eaction. 

264 grams (3.3 moles) of dried runmonium nitrate are mixed with 63 grams (0.75 mole) of Sried dicya.ndiamide in a beaker and r ap idly heated to 162-165 O. in an oil bath . A further 63 grams 01' dicyand i o.mide are slowly added, temperature not exceeding 1650 C. Henting continued for total of 1 hour. 
I n thi s meth od ·t he amount 01' rurunonium ni trate over and above 

t he t heoretical requir ement i8 10%! The temperatur e iu t he 
optimum for t h e priI.Hlr;}1' r nact ion and reduces by-product formation 
to a lI:inimum . 



13 

Experime~ta.l fusions on these lines have been oarried out 
; .. . . 

in the laboratory. In a series of six ~lsions, in which the . ,. . . 

rusion product was recrystallised, . ~ aver~ge yield. of 89% ~:f 
r ecrystallised guanidine nitrate was obta ined. Prepared by the 

autoclave process the yield is about 76%,. It has been ascertain­

ed by experiment that equally good nitroguanidine can be prepared 

from the unrecrysta llised fusion produot as 1"rom the recryste.llis -

ed . As recryst allisation involves expense and some loss of 

product it was decided to omit recrystallisation in future 

experiments. Under these circumstances lt is not possible to 

directly determine the yield of guanidine nitrate as the fusion 

product is contaminated with ammonium nitrate . It is possible 
to 

only .. indirectly~determine the yield by nitra.tion to nitro-

guanidine and we i ghing t he yield of this product . 

Experiments i n which the fusion prod.uc t was nitrated without 

recryste.ll ieati on gave a yield 01" 77 . 5~~ of very good quality 

nitroguanidine . The yield i 8 calculated as tne percentage of the 

t heoretical yield from the dicy&ndiamide used . The yield by the 

a uto::;lave proces s io 67i:. 

All the above experiment s were carried out with quite small 

quanti ties (about 100 [,-TUIDS) i n beakers heated in an oil bath . 

After ascertai ning that uluminium and mild steel were not 

attacked by t he fused mass it VT8S decided to experiment with 

l arger quanti ties in an aluminium vessel ,f i ttod with a. mild s teel 

stirrer, tne vessel being made 0:1:" aluminium because 01" the good 

heat conducti vi ty 01" that metal . rrhe dimensions 01" the vessel 

were 10 inches diameter and 7 inches deep . It was heuted directly 

by gas and it was possible to fuse in it a charge of 18 lbs. 

I"i orking wi tIl this amount 01" mater ial some d i:fficul ty was exper ienc­

ed in discharging the content s of the vessel at the end of the 

reaction. At a temperature o~ l65 0 8 .the fused mass is extremely 

vi sc ous. In larGe s cale o}eration it would be convenient if the 

mass could be ~oured , while molten , from the vassel and allowed 

to 
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to s~11d1f;r in thfn l~erB. The .. ,!,1~coB1 ~Y of t~e : :fused ~a is . 

deoreased considerably by raising the temperature and at 185°0 • 
• , ." l 

the mass is s~fioiently fluid to flow readily. It is not . harmtul 

to raise the temperature to this extent provided the reaotion ·has 

been completed at the .optimum temperature of about 165°0. The 

following is the procedure finally evolved for the satis:factory 

fusion of' 15 lb.(approx.) charges. 

1125 grams of' dicyand:i,amide are mixed VI i th 4725 grams of 

ammonium nitrate. About a quarter of this mixture is placed in 

the fusion vessel and melted. This occurs at a temperature of 

about 125°0. The remainder of the mixture is added in suitable 

quantities and the temperature raised to 165°0. The heating is 

carried out carefully so as not to exceed 16500. A further 1125 

grams of dicyandiamide are now added , the rate of addition and the 

gas heating being regulated to maintain the temperature at 165°C. 

This addition occupies about 20 minutes . The temperature i s then 

allowed to rise at such a r a te that it reaches 185°0. in 30 minutes. 

It is maintained at this for a short time and the molten mass i s 

then poured out on an aluminium tray where it sets as a cake on 

cooling. 

A large number of fusions on this scale has been carried 

out. In every cas e the reaction proceeded smoothly and satisfact-

orily. No difficulty was experienced in controllinG the tem~erature 

and the addition to the molten mass of such subf.ltances as charcoal, 

wood, paper etc., failed to cause an i 6~ ition. 

A 446 lb. charge of the ground product was nitrated on the 

large scale in the factory. The nitration product was satisfactory 

in every way . The nitration and subsequent operations were carried 

out in the nev/ly v'lashed plant in order to avoid contamination with 

material :produced by the autoclave process. The yield, reduced by 

the use of' "cleanll plant, amounted to 7 ,7.5~~ from the dicyandiarnide 

used. This yield value is the same aD that obtained from laboratory 

nitrations of 100 l7aIn laboratory fusions. Labora tory nitrations 

of the product 0:[ 15 l b . fusions gave yields of \"lell over 80% and 

there is no reU£l on why simil ar yieldo should not be obtained 1"rom 

re ,:;ular 
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-~- . 

~ . . . 
regular factory nitrations of fU ion ' product . This is a 

able i norease on' the 61% yleldby th autoclave proo s . 

It ha.s been mentioned tha-t 10% exoess ' ()f 'ammonium ni tre.te has 

been ' employed 'in the fuslons~ This excess is useful. 'in .l.owering 
, . 

the melting point of the mixture . It is, of course, eoonomicall~ 

advantageous to reduce this excess as much a.s possible and ' it' has 

been found t hat heating to a final ' temperature of 185°0. enables 

5% excess only to be used quite successfully . By t h i s means the 

loss of rurunonium nitrate is reduced to about the srume as in the 

autoclave process . 

A pl ant capable of fusing charges of 1 cwt is now being erected . 

It consists of an aluminium 've'ssel heated directly by gas . A mild 

steel stirr er is f"itted and it· is arranged t hat, at the end of the 

r eaction, the mol ten mass can be discharged into alumin i um trays 

by tipping the plant by means of suitable gear . 

The advantages of the fusion over the autoclave process include 

not only the increased yield but als o the cheaper plant required 

and the elil.1 ination of the need to separate and dry the guanidine 

nitrate produced . 

III . Conversion 01' guanidine nitrate to ni troguan idine. 

The first trouble experi enced in t his proces s was , on one 

occasi on, the violent decomp osition of' the char ge during the 

stirring period which i"ollows t he l ast addi tlbon of guanidine nitra te. 

All the mixture vras ejected I'rom the ni trato:t by t he viol ence of' 

the decompos ition . 

Tmvards the end 01' the normal process t he nitroguanid i ne 

crystallises rapidly f"rom t he more or less supersaturated solution 

in sulphuric acid with considerable heat evolution and t lle t hicken-

ing of the maSG makes i t the mor e d i f f i cult to d i spers e t he heat. 

Iro guard against a repetition 01' this the 'work i ng 01' the 

process was modii"ied olightly . Near t he t ime when sepur ation o:f 

the nitroguanidine was due to occur the tempera ture was allowed to 

1'all so as to increase the mar t:;in between the vlorking apd dec ompos -

it i on temperatures. 

The 
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16. 

The nen "il;llpo:ttant at p ' 1 * ati o ma.n~ atur W 8 th 
provision ot' a much larger hi tr 'tion plant . This hae - en reo ed .. ' 

as a separate unit and is capable of manufacture on the larges t 
scale. It consists of a lead lined jacketed cast iron nitrator 
of 300 gallons capac1 ty", This discha.rges into a lead lined drown-

, .', 

1ng vat provided with stirrer and cooling coils . The contents of 
t he drowning vat are fed by pump or air lift to a centrifuge where 
the separated nitroguanidine is washed free from acid . 

This plant was designed to deal wi th a 1000 lb . charge of 
guanidine nitrate and has been worked wi th this load. Cooling and 
stirring are e~ficient and no difficulty has been experienced in 
controlling ~~e reaction but the product is not uniform in quality 
and generally is not so good as the small scale product_. 

rrlle quality of the ni troguanidine may be assessed fairly 
accurately from 1the form o:f the crysta.1 after recrystallisation 
from wa.ter. Long lustrous needles indicate sat isf"ac tory quali ty 
While small powdery crystals indicate inferior quali ty and contamin­
ation with i mpur ity. NitrOGen , as estimated in t he Lung~ nitrometer, 
is also an indio£" tion OX" qual ity. Good quality ni trocuanidine 
gi ves a value o:f about 13 " 25-;', or hieher " With material of inferiDr 
quality a lower vulue i s obtained. 

Not only 'WaG the inX"erior qua.li ty indicated by analys is 
and chnracteristic appearance but also it is I)robable that trouble 
in the cordite pr ess through a~Gregates choking the straining gauze 
was attri butable to this. 

It seemed evident tha t the deterioration in quali t y was a 
direct result o~ the d1cturbance o~ the nitration conditions by the 
oevenfold increase in the oLarge and ,further it was :found that a. 
se.tisf"s'ctory product was obtained when the chare;e was reduced from 
1000 Ib to 400 lb~ 

Reduction of" the nitration charge from 1000 lb. to 400 lb . 
reduces considerably the time occupied in nitration and in dro~'ming 

and fOil toring . I t seemed likely that the time i"actor was of 
cons iderable i mportance. 

Pactor e ',"\,hioh are liJwly to in1"1uenoe nitration are 

(a) 

16. 

The nen "il;llpo:ttant at p ' 1 * ati o ma.n~ atur W 8 th 
provision ot' a much larger hi tr 'tion plant . This hae - en reo ed .. ' 

as a separate unit and is capable of manufacture on the larges t 
scale. It consists of a lead lined jacketed cast iron nitrator 
of 300 gallons capac1 ty", This discha.rges into a lead lined drown-

, .', 

1ng vat provided with stirrer and cooling coils . The contents of 
t he drowning vat are fed by pump or air lift to a centrifuge where 
the separated nitroguanidine is washed free from acid . 

This plant was designed to deal wi th a 1000 lb . charge of 
guanidine nitrate and has been worked wi th this load. Cooling and 
stirring are e~ficient and no difficulty has been experienced in 
controlling ~~e reaction but the product is not uniform in quality 
and generally is not so good as the small scale product_. 

rrlle quality of the ni troguanidine may be assessed fairly 
accurately from 1the form o:f the crysta.1 after recrystallisation 
from wa.ter. Long lustrous needles indicate sat isf"ac tory quali ty 
While small powdery crystals indicate inferior quali ty and contamin­
ation with i mpur ity. NitrOGen , as estimated in t he Lung~ nitrometer, 
is also an indio£" tion OX" qual ity. Good quality ni trocuanidine 
gi ves a value o:f about 13 " 25-;', or hieher " With material of inferiDr 
quality a lower vulue i s obtained. 

Not only 'WaG the inX"erior qua.li ty indicated by analys is 
and chnracteristic appearance but also it is I)robable that trouble 
in the cordite pr ess through a~Gregates choking the straining gauze 
was attri butable to this. 

It seemed evident tha t the deterioration in quali t y was a 
direct result o~ the d1cturbance o~ the nitration conditions by the 
oevenfold increase in the oLarge and ,further it was :found that a. 
se.tisf"s'ctory product was obtained when the chare;e was reduced from 
1000 Ib to 400 lb~ 

Reduction of" the nitration charge from 1000 lb. to 400 lb . 
reduces considerably the time occupied in nitration and in dro~'ming 

and fOil toring . I t seemed likely that the time i"actor was of 
cons iderable i mportance. 

Pactor e ',"\,hioh are liJwly to in1"1uenoe nitration are 

(a) 



(a) 

(1) ) 

(c) 

(d) 

ed . 

The .quality of the ~anid1ne nitrate. 

The time occupied in nitration and in the subsequent drowni 

. :til tering and wa.shing prdoesses . 

The temperature o:f ni trati'on .' 

The proportion of sulphur.io- aoid used. 

The e~fect of variations in these factors has been lnvestlgat-

In the first instance gOOd quality guanidine nitrate was 

selected and used for studying the ei'fect of varia tions in factors 

( b) (c) and (d). 

The guanidine nitrate s elected was a hi gh grade factory 

product containing a minimum of the amorphous by-product to whi ch 

re:t'erence has already been made . This standard of qual ity is not 

reached regularly in manufacture by the autoclave process. 

In the i'irst series of experiments six nitrations vvere 

carried out in each 01' which 50 e;rams of' ~ruan idine nitrate Here 
o 

ni trated wi th 100 grams 01' sul phuric acid at a temperature of 30 C. 

In each case the addition of t he guanidine nitrate occupied 10 min-

utes. The time o.f standing i n contact with the strong acid varied 

i'rom 1 to 6 hours . The results were : -

1 hour contact Yield 80 jS Nitrogen 
I 

(Lunge ) 13 . 33~~ ,'('uuli ty 
good. 

2 11 11 11 79 " " 13.31 II 

3 " II II 77.5 It " 13.28 II 

4 " II 11 77.5 " " 13 . 32 II 

5 II It 11 77 .5 If II 13.:50 11 

6 IT 11 tl 80 II " 13 . 29 " 

In this i'irst series variations in yield were cause by f'luct-

uations in t h e temperature of the mother liquors and wash waters 

at the time 01' 1'il tering . Subsequently standard conditions were 

adopted . 

In a furt her aeries of' experiments the nitrations were carried 

out wi th oimilE' .. r quanti ties but the add ition of the guanidine 

ni tra.te occupied :50 r,linutc G and the subs equent times 0 1' standing 

i n contact wi tIl the s tron g acid ranged :t'rom 0 to 60 minutes . The 

re sults were :-

I IIlf.J.ediate 

I 
, . 

(a) 

(1) ) 

(c) 

(d) 

ed . 

The .quality of the ~anid1ne nitrate. 

The time occupied in nitration and in the subsequent drowni 

. :til tering and wa.shing prdoesses . 

The temperature o:f ni trati'on .' 

The proportion of sulphur.io- aoid used. 

The e~fect of variations in these factors has been lnvestlgat-

In the first instance gOOd quality guanidine nitrate was 

selected and used for studying the ei'fect of varia tions in factors 

( b) (c) and (d). 

The guanidine nitrate s elected was a hi gh grade factory 

product containing a minimum of the amorphous by-product to whi ch 

re:t'erence has already been made . This standard of qual ity is not 

reached regularly in manufacture by the autoclave process. 

In the i'irst series of experiments six nitrations vvere 

carried out in each 01' which 50 e;rams of' ~ruan idine nitrate Here 
o 

ni trated wi th 100 grams 01' sul phuric acid at a temperature of 30 C. 

In each case the addition of t he guanidine nitrate occupied 10 min-

utes. The time o.f standing i n contact with the strong acid varied 

i'rom 1 to 6 hours . The results were : -

1 hour contact Yield 80 jS Nitrogen 
I 

(Lunge ) 13 . 33~~ ,'('uuli ty 
good. 

2 11 11 11 79 " " 13.31 II 

3 " II II 77.5 It " 13.28 II 

4 " II 11 77.5 " " 13 . 32 II 

5 II It 11 77 .5 If II 13.:50 11 

6 IT 11 tl 80 II " 13 . 29 " 

In this i'irst series variations in yield were cause by f'luct-

uations in t h e temperature of the mother liquors and wash waters 

at the time 01' 1'il tering . Subsequently standard conditions were 

adopted . 

In a furt her aeries of' experiments the nitrations were carried 

out wi th oimilE' .. r quanti ties but the add ition of the guanidine 

ni tra.te occupied :50 r,linutc G and the subs equent times 0 1' standing 

i n contact wi tIl the s tron g acid ranged :t'rom 0 to 60 minutes . The 

re sults were :-

I IIlf.J.ediate 

I 
, . 



\ . 
18,_ • 

I . ( 
" : , 

Immedi,ate drowning , Yield 84 .6 ~ N1tr9g n{Lung -) 13.?~ Q,uality .. good . 
5 minu~es oontaot " 86 .75 " n 13 . 33 11 

.. ' " 4 , ) j 

" IT n n 87,.25 . " rt l3.2,7 ,c tI 
~ 

15 " It " 87 . 25 fI " , 
13 . 2,6 '; '~: n 

, , .. I 

30 If " ," 88.00 n 11 13.25, . .~"' n., .' , . 
It " " " 87 . 25 tt tI ~ 

60 II II " 86 . 75 " 11 13 . 25 II 

The results indic ate that a very short time is neoessary , after 

the addition of the guanid ine ni tra'te, to complete t he reaction 

and further that proloneati6n of the time in contact with the 

strong acid up to 6 hours has no very marked e1':t'ect on the yield 

or quality of t he nitroguanidine . 
, 

In the next series of experiments tl1ree nitrations were carried 

out with similar qUo.ntities , guanidine nitrate addition 10 mins ., 

subsequent contac t wi t h strong acid 30 mins . , but the respective 

times 01' contact with t he dilute acid after drowning were 1 day, 

2 days and 4} days . The results were -

1 day contact with dilute acid . Yield 82 ~ 

2 " II 11 11 

11 " " 

11 II 

If 

82 

82 Ni trogen 1 3 .24 '\,uali 
good . 

This inuicc.tes t hat Ion.; stancl ing i n contact wi th dilute 

sulplmri c HC id has no marked ef1'ec t on the quaIl ty of the ni tro-

Guanicl ine. 

In the next series of cXPGriG~nts rour nitrations were carried 

out with similar quant it ies, guanidine nitrate addition 10 mins ., 

subsequent contact vii t h s trong acid 30 mins ., i mJediate l'i1 tnat.ion 

a~ter drounine but the re ~pective temperatures of nitration were 

10, 30, 40 b 50°C . instead of' t he usual 30°C . employed previously . 

The results were :-

10°C. Yield 89 . 25 j:i Ir itrogen 13 .26)L Quality good. 

30°C . 11 87 . 25 II 1 3 . 27 It II 

40°0 . If 86 . 25 IT 13 . 27 11 ,II 

50°C . II 84 .00 " 13 . 27 II II 

Hi gh 
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I l. • 

High temperatures seem to ha.ve no adverse effect on the 

quality but ther -is ' a definite decrea in the yi ' ld caused, 

,. provably, by decompbsitlon into .innoouous produots . ,I, 

In the next series the nitartions we~e carried out at · 300C~; 
~ 

nitrate addition 10 mins., subsequent contact with str~ng~30 mine ., 

imrnediate fil trat1on, but in addition to the usual nitrate : acid 

ratio of 1 . 2 other r a tios were employed. The results were :-• 

Nitrate acid ratio 1:3 Yield 84.5% lH trogen 13.28% Quality good 

n II II 1:2 II 87.5 " 13.27 II . n 

II 11 II 1:~5 It 89.75 " 13.26 11 II 

II II " l' 1.25 " 69.25 II 13.12 " poor 

" II , n 1:1.25 II 72.75 · 

In a further series the ratio 1 : 1.25 vms investigated with 

the object of ascertaining whether an increase in the temperature 

of nitration and in the time of contact with the strong acid would 

improve the quality of the product . The results were :-

Temli .300C., Contact 2 110urs,Jield 76.75% Nitrogen 13.10% Quality 
poor 

Il " " 6 \I f1 84.00 n 13.10 n 

" 4000. \I 1-} " II 78.00 II 13.15 " 
" 50°C. II 1 " II 75.75 " 13.11 " 
n " 11 2 II " 79.25 " 13.08 1I 

It seems evi dent that it is not practicable to reduce t he 

acid belor; the 1 : 1.5 ratio. With the 1 : 1.25 ratio the water 

content of the acid at t he finish of the reaction would be over 

10/~ which is probably too dilute an acid to complete the reaction. 

Iii th the I : 1.5 r a tio t he yield is higher than \vhen more 

acid is used and the quality of' the nitrogunnitline is quite 

satisfactory but the mixture is so viscous that it 1s doubtl"ul 

whether it could be handled satisf"actorily i n the :t"o..ct ory. 

-Up to thill pOint the investigations had shewn that, wi thin 

fairly wide limi ts, vari a tions in the time occupied by the 

processes, in the temperature at whi ch the proces s es were carried 

out and in t he quantity 01' a.cid used, have no deleterious effect 

on the quality of the product provided good quality Guanidine 

nitrate 

.! 

I l. • 
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nitrate is used. It seemed, the~efore, that the explanation of . , .. 
the ,unsatisfactory quality of the product from the 1000 lb. 

• . . • . 'J ; . .. 

nit~ations must be connected in some way with the use of inferior 

guanidine nitrate. 

It has been mentioned that the chief i mpurity in guanidine 

nitrate produced by the autocl~ve process is an amorphous by-product , 

consisting of a mixture of ammeline , ammel ide, and melernine. This 

by-product is in a very finely divided condition and under factory 

condi tions of mal1ul'acture it is di:t'ficul t to separate completely 

from the hot s olut ion of guanidine nitrate produced in the autovlave. 

The result io that factory gu~ni~ine nitrate is always more or less 

contaminated with t he by- product. 

The ef"f"ect 01' this contamination Was now investigated by 

repeat ing some of t he previous experiments but using contaminated 

guanidine nitrate instead of" the f"airly pure product. The contamin-

ated guanidine nitrate was prepared by the addition of known qunntiti 

es of by-product to guanidine nitrate fromtile batch used for the 

previous experiments. The e~fects of additions of 1, 2 & 5% have 

been investigat ed . 

Uitration of 1% contaminated material. 

Temperature 30°C., nitrate: acid ratio 1 : 2, oontact 1 hour, 

dilute acid contact 30 lil inutes . 

Yield 86 . 75;'S Ni troeen I'/. 20'; .:J • 1'7 (~uali ty 

Temper ature 500 C. , nitrate . acid ratiO 1 . . . 
dilute acid contact 30 ninutes . 

Yield 83 . 25~:'1 iifi tro 2:en 13 . 24% Quality 

Ni tration of 2';:" contati,inated material. 
o Temporature 30 C. , nitrate acid. ratio 1 

i mmed iate 1'il tra tion aIter drown ing . 

poor , small needles. 

2, oontact 1 hour, 

poor, small needles . 

2, contact 1 hour, 

Yield 88 . 001~ Nitrogen 13 .19::': Quality poor , powdery . 
on 'l'e!aperature 30 L: ., nitrate : acid ratio 1 : 2, contact 1 hour, 

dilute acid cont act 24 hours . 

Yl."eld 8~ Qr ' ~ 't l~ Q3d o . c:.,;:) " ~"1 rogen ;J . ~_ IV Q,uali ty poor, small needles . 

Hi tration of 5,) contruninated material . 

~ e 1pcrnture 30°C., nitr~te : uci d r a tio 1 2, contact 1 hour 
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i mmed iate filtration after drowning . 

" 1 " t'1elO, 84.25%N1trogen 13.'19%' ''Quality poor, powdery . 
-' ' ' , {. 

Temperature 30o~., nlirat~': acid ' ratio' 1 : 2, contaot 1 hour 
dilute acid contact 24 hours . 

Yield 86.75% Nitrogen 12.95% Quality' poor, powdery . 
Temperature 50°C ~, nitrate : a.cid ratio 1 : 2, contavt 1 hour ' '''; 
i mmed i a t e filtatrion after drowning . 

Yield 80}~ ' Nitrogen l3~ 16j; Quality poor, I)owdery. 

Temperature 50oC. , nitrate: acid ratio 1 : 2, contact 1 hour 
dilute acid contact 24 hours . 

Yield 84 .5~~ Nitrogen 13.01% Quality poor , powdery . 

It aPIJears from these results that contamination to the extent 
of 1 or 2% has a distinctly adverse effect on t he quality o~ the 
nitroguanidine. The Lung' nitrogen is to some extent affected and 
the crystalline form is infer ior. 

~i i th 5,b contaj'1 inution these ei':t'ects are more apparent and the 
er~ect on the LungJ nitrogen or prolonged contact with dilute acid 
is remarkable . 

A proba.ble explanation of thic effect is that the amorllhous 
material passes into solution in the sulphuric acid during nitration. 
On drowning it is not i mmedia.tely precipitated j:'rom the dilute acid 
and therel'ore ii' the precipitated ni troguanidine i s separated 
imme d iately a product of so,tis1'a.ctory quality is obtained but if, 
on t he other hund, 11 long t irtw ela.pses between drowning and separat-
ion t hen tho anorlJhous rfl<'l.terial is vrecipitated and contaminates 
t h e ni troguunid ine i'rom which it iu not oeparated by subsequent 
r ocrystallisation . 

That this contfl.lllination has u deleterious ei'fec t on the 
crys to.lline form i8 shewn also by t he ~act that recrystallisation 
of tIle 11i tro ~uan idine to which so li ttle as l~ or amorphous material ,I 

has been added i nvari ably produces small pOVldery crystals. 

In the 1000 Ib.nitrati ons it was not possible to separate all 
the ni tro (:;uanidine iIl1·:~e d. iately after drowning, because i1.' the 

i nDul'i'icient 
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insu~ficient capacity of the c~ntr1iuglng plant, with the result 
, "" 

that the later fractions of a batch were sometimes "inferior in 
I' : . 

quality . 
, , I " 

It may be assumed, in the light of p~esent lmowledge, that 
""' 

in those iris"tances' where the quality was satisfactory throughout 

the batch the contamination of the gUanidine nitrate was slight 
" " 

but in those instances where the quality of the later ~ractions 

was inferior then the contamination was considerable. 

The ideal 'remedy for the trouble is to produce guanidine 

nitrate practically ~ree from ~~orphous by-product . The best 

method of accomplishing this is to avoid, as far as possible, the 

i'ormation of' by-product by using a process in which its f'ormation 

is at a minimum, i. e. the dry fusion process. '.rhe nex t best me thod 

is to endeavour to free completely the contaminated guanidine 

ni trate i'rom the by-product. li'ailing these methods the only remedy 

is ,to !o arrange the plant capacity that a nitration batch can be 

dealt with completely i IIt'1:.ediately after drowning . 

It has becn mentioned previously that 8teps are being taken 

to tryout the first Elethod, not only f'rom thi s pOint oi' v:1evl but 

also Vi i tIl a view to increa~J inc the yield. In the mealltime, so that 

the prod.uction of" satis:t'actory ni troguun idine should not be 

interrupted the al terno.ti ve metl10ds have been employed. 

These i nvesti gationa havu also given use!"ul information as 

to the optieJ.UID ni trution cond i "dons so i"a.r as temp:erature and 

quantity of auid a re con cerned . 

I~ on temperature i s an advantage and t n e qUOIlti ty of acid 

m;; y be reduced to 1 . 5 parts to 1 part ot ni trate "\vi th "benefit but 

t h e cOHlbination 01" tilis! op tima i s rendered i mpractica"ble by t he 

ex trcEle v i 8co~Ji ty of' the mLxture. A1 tlHilUgh ni tru.tion c.t lOoe . has 

been Gl1evm to be advanktc;e ous it i s not practicable, on ac count of 

viscos i ty, with leso than 2 par t s 01" acid and although ni tration 

wi th 1 . b part s 01' ac i <1 has been carried out at 30°C. in the 

laboratory the Di~ ture produced i s too viscous to be man i pul a ted 

satisfactorily i n the Tuctory . Phe ~ollowing experimental results 
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enable conclusions to be drawn as to the best practicable 

nitration conditions. 

Ni tnBtion at 100e. 'wi tli '2 ' parts of acid 

It 1.5 " " 11 

Yield 89 .. 25% 

fI 89.75% 

As it is not practicable to nitrate with 1.5 parts of acid 
, 0 ' , 

at so low a temperature as 30 C., the higher temperatute necessary 

would make the method inferior to nitration at 10°C. with 2 parts 

of' acid. 

Actually those selected conditions must await large scale 

app,lication until such time as uni:t'ormly sati sf·actory gull.nidine 

ni trate is avai l able . 'U'nder present conditions it is neoessary 
, 0 

to nitrate at ;00 C. in order to save time ' so tha.t drowning, 

separation and washing may be completeu in one shift . 

Hecovery of the waste sulphuric acid from the ni tratlon l)rOCess . 

In the nitration process the sulphuric acid aots as a 

dehydrating agent. It would seem an attractive proposition, 

therefore, to concentrate the waste acid and use it again. 

In the nitration process 200 parts of' 98~ sulphuric acid 

are used for every 100 parts of guanidine nitrate. '.rhe ytcld of' 

ni troguanidine is 8?1b of' the theoretical i. e. 13 parts of guanidine 

nitrate remain in some form in the dilute sulphuric acid, either 

as ni trOh'1lanidine or a decomposition product . ~'rhen ni troguan i dine 

is heated wi ttl concentrated sulphuric acid i t deco~poses and one 

half· its nitrogen is converted into ammonium sulphate . · In this 

way 13 parts 01· guanidine ni trate are equivalent to 14 parts of· 

amrnonium sulphate there1·ore t ile recovered sulphuric acid may be 

expected t o cons ist of 98 1'~ acid 200 parts, amrrloniur.1 sulphate 14 

parts. Its percentage crnn~os ition, calculated water ~ree, would 

be sulphuric acid 93.3, affi(,lOnium sulphate 6.7 • An actual 

analysis of the recovered waste a cid has given a result of sulphur­

ic acid 88.j, 8J.l1',~onium sulphate 11 .5. A small amount ot· the aIDloon-, 

ium sulphate in excess of' \\I'hat would have been expected from 

decomposed nitroguanidine or guanidine nitrate is acco~nted ~or 

by the presence of' a small amount of" ammonium nitrate in the 

guonidine 
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guanidine nitrate but the large excess appears to indioate t .hat 

t,le decomposition does not prooeed quit~ in the way expected. 

The fact remains that the recovert:d aoid .is always contaminated 

• 

with a. considerable quantity of ammonium sulpha.te and is unsuitable 

to use again in the process . At the present time it is being sold 

to a gas works for use in ammonium sulphate production. 

IV . Purit"icationnand c onditioning of ni troguanidine . 

Cor dite is entirely colloidal but in R. D. N. there i s a very 

large proportion of' crystalline mixture . It is necessary to over­

come this disadvantage, as far as possible, by reducing the 

crystalline material to as fine a state of division as possible . 

Nitroguanidine crystallises in long fine needles which prove 

di1':ficul t to pulverisc . It was required that the :finished material 

should be passed through a 200 mesh sieve . It was found t hat 

although the product of the end runner mill was known to be of the 

requisite fineness yet was it very diffic ult to pass t hrouGh the 

200 mesh centrit·ugal dressine; machine. Under these circumstances 

it was decided that the product of the mill passed through a. 60 

mesh gauze was acceptable . 

It was found sUbsequently that the dirficulty in oievlng 

the ground material was due to electrification. The use of s ilk 

gauze (aperture . 002 - , 003") as the sd:eving mecj i um tended to 

increa se t he trouble. In very dry weather the difficulty i ncreased 
/'tO~m.-

but when the atmosphere of' the sievingl .. was conditioned by tile 

ad.r1iss ion of a small jet of' steam a Great i mprovement reoul ted. 

~ubstitu~ion of phocphor bronze for sik al~ o helped mctt cr s 

by- faoi1 i tati113 the 11 earth i ng" o:t" the Gauze . r11110 8 0 i nprov cncnts 

sol vea COP.11)lctcly the 8iuvillG" di1"f i cu l ties . 

Other i mlJTOVement ~'J introduccd into t h is s ection 01' mHnuf ac-

ture wore the use of" air 8.;31 t 8.tion during crys t allisation t llcrcby 

producing a smaller an d JJ"lOre easily grindablc crys tal end t he 

substi tution of" a ball mill f 'or the end runner mill. These a l t er-

utions were very beneiicial . 

It 
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It has already been mentioned that contamination of nitro­

gUanidine with the amorphous ' by-product of the autoclave guanidine 

nitrate process has a marked effect on the crystalline form, the 

nitroguanid1ne being then produced in small powdery orystals . 

An attempt to use small crystals produoed in this way was not 

successful . Cn drying the crystals .formed very hard aggregates 

which proved dit":ficul t to grind . 

At a later date a spray crystalliseI' desi~~ed by the Research 

Department was introduced . 

If, in the process of recrystallisation, the hot concentrated 

solution is atomised 'and cooled suddenly the dissolved sUbstance 

will be deposited in very fine crystals . 

In the crystalliseI' desi gned by the Research Department the 

f' il tered l~ot conc entrated solution is sprayed t hrough atoraising 

jets on to the inside surface oX a revolving cylindr ical metal 

drum cooled by the circulation of refrieerated brine through an 

outer jac~et . Dtationary scrapers remove the crystals from the 

Bur1'ace amI thE: 1l1o"'.:;her liQuor, with the crys t als in suspension, 

~lows as a sludGe from the bottom of the appar atus . 

The crystals are separated from the motller liquor by' means of 

a centr if'uge, Ylashec1 and dried. The product is in tIle 1'orm of 

ltunps which consist of' aggregates of' very fine cr:rstals . Disinte-

gration 01' the aCGI'eGates is effected 'iJy means 01' a Schutz 0' Ne ill 

disin'tec;rator. 1],111e product i::> THore i'inely divided than the rna terial l 

IJrodueed by gr ind in~, t ,18 prejoll1inating crystals measuring .002 mm 

or less i n V/irlth and . 03 rrun or 1eos in length. These dimensions 

c ampure 1'Lvoura bly wi th tIle .063 nun . aperture of a 200 mGGll C;auz e. 

Ti1e crysta,11h,er itself gave r a ther a lot oJ trouble. In the 

1'irst J)lac8 the roller be a rings sUPllorting the yery- heavy revolving 

cast 1.c:.e t n.l drum required const!l,nt a ttention. It was considered 

that a very l:,ucll li sllter slleet lfleta1 drum Vlould probably be more 

ef~ective f rom the c oolinG p oint of view and would be more economic-

al in pOYler consumption and I!:a intenance ohare:;es. 

The fixed scrapers als o were not alto~ether successful . After 
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2 . ... 

a long period o~ continuous operation inorustations oZ cryst 18 

~ormed on parts of the drum thereby inter! ring with th 

efficiency of the process . 
lIlt 

Another ' defect was ·the need to feed th retriger ting brine 

to moving plant ~ With such an op n brine system ny ·choking of 

the outlet resulted in an overflow of brin which :found its way 

i nto the product of the crystalliser. Tl1is resulted , on one 

ocoasion, i n t he product ion 01' 0. quant i ty of' t . D. N. conta ining a. 

p erceptible amount of c alc i um chloride. After the danger was 

appreciated the brine syutam was , to SOille extent, modified so as 

to r ender a recurrence of Ghe trouble leSS likely but the possibl1-

i t y v~a.s t ller e still and a 100;£ system of testing the product had 

to oe instituted in order to prevent t ile pos ::; ibility of" contamin-

ateJ material being used i n ll . il . N . production . 

Endeavours to remedy these de:tects and to simplify the 

process have resulted i n t he production of a new type of crystal­

Iiser in which -

(I) t Ile only moving mechanism i s a simple s tmrrer 

(2) scraperu are abolished, crys tal re!l1ova l b~;ing ei'f'ected by 

the mother liquor . 

(3) the or i ne s J,'o tem is closed and. C ,,3l111 0 t overf'l ow i nto the 

product. 

~he crYG t n.lliser co'{wisto 01" a sheet alU:1inium truncc.ted 

cone of' 50 i ncheB length 01' side, 43 i nches diaIIle tcr at the top 

or l ~::.r~sc r end and 3 2 inc "les uiameter at t lw 'batt )1:'1 or smaller end . 

:1'l1io i.:3 l;:luPllort eiJ in a cooli ll g jacket by a j:'l ansed joint near t 1e 

tOl; ' T~lO vertic n.l stirror 81H-l.1't i s iJUDpenuoJ fran a double bearing 

c D.r .ciou by crOG:.] 8U}Jl· orts just [1])OV0 'tlw vCB s el . TIle ~1Clrrcr 

bl ,l(leG , mo'U.n t o·l (; .f.'.;.,UlJ J.t (~ co.ch otlwl', arE) clU t:~c to the bottom 01: 

t aB vesse l and are fa ul1ione d. also to ex tend up"v'ards i"or some 

dist8Dce close to the sIdes of the vesuel . T~e s tirrer revolves 

at 140 revolutiond per lllLmte. At this ra.te liquid entering the 

ve.3sel i s svdrl ed i mmed i a tely to tile top 'iv'herc an overtlow is 

provided . 
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provided. The atomised hot spr~ is directed ~o the aide of the 

vessel from jets at . the top. It is cooled i mmediately and .the 

mother liquor with the crystals in suspension is swirled to the 

overflow. AIter long periods of continuous working there is no 

sign of incrustation. The cooling is yery eff"ecti ve, hot spray 

delivered at a rat~ of 60 gallons per hour is cooled to 5 to 100e. 

when the cooling brine Circulating in the Jacket is a.t a temperature 

of· -5 to -lOoe. Under similar flow and temperature conditions in 

the original cry-stalliser the :finishing temperature Vlould have been 

over 20 0e. 

T11e 11ev; type haD considerable advantages in capital and 

maintenance costs and has superseded the original machine. 

Efficiences ~f the processes . 

For reasons which have already been stated it may be assumed 

that 23·, ~ i s a reasonable l'igure to adopt at present as e. satisfactory 

yield of· dicyandiai.:lide fronl :t"ertilizer. 

In separate columns below ure given (1) the yields by the 

original processes i. e. carbon dioxide extraction of' f'ertilizer 

and au.tljcll.lV"c product ion of" Guan idine nitrate {2} the yields by 

water extra.ction 01' 1"ertilizer and autoclave production of {;,"Uanidine 

nitrate, and (3) the yields e~pe cted when improved water extraction 

of 1'ertilizer and.~ry fusion production of guanid ine ni trate have 

becn i ns t alled. 

Yields rrmn 100 parts of f"ertilizer . 

Dicyandiamide 

Guanidine nitrate 

Hi tro r;ll::l.ll i d ine 

(1 ) 

2:.3 (0stinated) 

51 

38 

( 2 ) 

19 

42 

(3~ 

23 

45 .5 

The yields of :.58 l)artu of" ni tro t,"'uanidine in column (l) and 

61.5 ports in column (2} arc 67/~ of the theoretical yield. from the 

dicyandiam.ide. irho yield 0:1:" 45 . 5 parts of' ni tr0 6u~ll1id inc in column 

(:.5) is 80~~ of tlle theoreticc.l yield and is arrived at f~rom the 

experimental work rocord~d . 

Deduced 
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Deduoed from the's~ yields, , aIl~ .. t~bulated 'below are the 

quantities of chief 'raw Itla.teria.ls required for the production 

of' 1 lb . of ' nitro guanidine by systems (1) & (3). 

Fertilizer 

,Carbon, dioxide 

Ammonium ni tra.te 

Sulphuric acid 

Manu:tacture on a. larger scala . 

System (1) 

2 . G lb . 

1 . 3 11 

1 . 1 It 

11 

System (3) 

2 . 2 lb. 

1 . 0 11 

Assuming t he dry i'usion process is SUCCGss1'ul it is posElible 

to visualise require~s for Irlllllutacture on the largest sca.le • 

.I i til :pres ent knowl~dGe there would be no difficulty in designing 

ple.nt for e.ny output . 

The plant required for the processes is simple consis ting 

larGely of cylindrical tanks fitted wi th stirrers, cooling tanks, 

centrifugeo drying stoves, lead lined jacketed pans, sheet alumin-

ium crystallisers, disinteJ'rators etc . - a.ll plant which is easily 

IJrOcura.ble . 
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