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Qtjects of Investigation.

To investigate the various methods of preparing Calcium Cyanamide and
guanidine salts with a view to_evolving an economic process for picrite
manufacture using indigenous n@%ﬂhaterials, the process to be simple and
require inexpcnsive plant by which capacity for 100,000 tons of picrite per
annun could be provided cheaply for emergency purposos.

Scope of Investiggtion.

The literature has been surveyed and some experimental work dono on i
alternative methods with a view to assisting in their assossment. The methods
assessed are:- 1

(1) The action of gaseous ammonia, with or without carbon monoxide,
carbon dioxide or diluent gascs, on calcium carbonate, limec etc.
to give calcium cyenomidc.

(2) The heating of ommonium thiocyanate to give guanidinc salts,

3) Tho action of hydrogen cyanide on heated lime to form calcium
( oy
~  cyanamido.

(4) The rcaction of urea and thionyl and sulphuryl chloride to give
il cyanamido.

(5) The rcaction between lime and urca or rclated products to give
calcium cyanamide.

(6) The reaction between cyenogen chloride and cmmoniz at 100°C to
give guanidine hydrochloride.

(7) The reaction between urca and liquid ammonia at 300°C in the’
presence of aluminiua powder.

Conclusions

Costing data is lacking to make reclly rolicble asscssments but thero
is cvidencc to indicate that methods (1) and (7) arc the only mothods that ¢
give any rcasoncblo ‘hope of meeting tho requircments.

Recommendations.,

Should it still be considered esscntial to find an altcrnative method
of monufacturing picrite other'-than through carbido then the methods most
worthy of further study and detailed costing arc methods (1) and 87) namely
the reaction between ammonia end lime or calecium carbonate at 600%C and the
reaction between uroa, liquid ammonia oand alunminium powder.



INTRODUCTION

The accepted method of picrite manufacture is via calcium cyanamide
which is made from calcium carbide and nitrogen. The calcium cyanamide is
treated with hot water with or without the addition of carbon dioxide when
dicyan-diamide is formed and is isolated and fused with ammonium nitrate to
form guanidine nitrate which is then dehydrated to nltroguanldlnc, the
equation being as follows:-

(1) cacoz . . heat, = (a0 + CO2

(2) cao + 3C heat,  CaGy + CO

(3) Ca02 + N2 ——3% CaCN2 + C

(%) ZCaCN2 + 4H20: 2. 202 (OH)2 + NHo . C(:NH)NH.CN

or 2 CaCN2 + 2H20 + 2002 -—> 2CaC03 + NH2 .C(:NH)NH.CN

(5) NHp «C(:NH)NH.CN + NHj NOz ~——3 (‘jm_{zﬁ%

- hEL NH2
NHoHNO3 = h NH.NOo
(6) G, = i SHEO0 o e NH e HpS80), -+ Hg0
NH2 T ~. NH2 :

Picrite is used as-an iwmgredient of flashless, smokeless, low temperature
propellant which have obvious advantages from a military viewpoint. It has
been estimated by Professor W, %f%arner that no better propellant is likely to
be found in the next ten years During the last war most of the picrite
used by the Services was shipped from Canada where 33,800 tons/annum were
manufactured at Welland, using the above calcium carbide method. It has been
estimated that in a future war picrite would be Byt to greater usc, the
estimated requirements being 100,000 tons/dnnum( 'To meet Fubire
requirements there are thus the follow1ng p0551b111t1es.

(2) Incrcasc the Canadian capacity for picrite to 100,000 tonq/annum.
This would be quite a strain' on shipping which is alrecady overloaded
in wartime,. &

(b) Use exlstlng Canadian cepacity of 33,000 tons annually and crect
capac1ty in this country for some 66,000 tons annually,

(¢) Erect capacity»for 100,000 tons picrite in the United Kingdom
and thus become independent of shipping.

— . Of these three alternatives, the latter has been deemed preferable but
unfortunately the existing process requires-& very costly plant and abundant
cheap electrical power which is not available in this country at the moment.
Copacity for 200,000 tons of calcium cyanamide would have to be laid down.
Such a plant would have to remain idlec as the most likely method of using it
would be to supply fertiliser for agriculture which has already standardised
on ammonium salts. The small quantity of carbide and cyanamide required in
this country in peace time c?n be imported from Norway at £12 per ton whercas

\:\homc produced is £15 per ton ) 9 A

It therefore scems obvious that a process is required for manufacturing
picrite in which the capital cost of plant is low sbé that it could be erccted
and stond idle without locking up too much capital. At the same time the
process should use less power and it secms desirable that the cost of picrite
should not be greatly in excess of that produced by thc carbide process. In
view of the very considerable amount of research which has becn done 1n the

i /last
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last thirty years or more, in particular by Frank and Carr on alternative
methods for cyanamide manufacture and on guanidine and its salts with so
little success, it doecs not scem likely that the above requirements will be |
casily met. It is, however, the aim of this rcvicw to cover the alternative
methods given in the literature, work done in 4.R.D. in the past and work \
being done in C.R.D.D. at present, to sec if there are any pOSSiblc.processif/JB

to meet the above requirements,

There arc two possible lines of approach;-

(A) Possible new methods of manufacture of calcium cyanamide, free
cyanamide, dicyandiamide or reclated products.

(B) Possible new methods of monufacturc of guanidine or guanidine sclts
other than through cyanamide.

The literature has been cxplored and the following refercnces are given:=

(4) 1. From Sodamide.

(a) Alkali salts of cyanamide are formed by the reaction between

alkali amides and carbon or by the action of amnonia gas on o

" mixture of alkali mctals and carbon at a temperaturc which is
suitable for the formation of the corresponding alkali cyanamidesgh)

(b) Likewisc sodium cyonamide is obggincd from heated sodemide by
passing carbon dioxide over it\2/, '

(c) Sodium amide when fused, reacts with carbonic nitride(®),

(@) Also by catigg together sodium amide and sodium cyanide or
cyanate. &

2. From amioniz and carbonates of alkaline Earths cte,

(a2) when the carbonates of calcium, magnesium, berium, lead, sodium,
potassiun or lithium are hecated i? a cyrrcnt of ammonia the
respective cyanomides arc formed. 9-13

(b) Calcium carbonate ?ith gascous ammonia at 700-850°C gives
calciun cyanamide. 14) F

(c) Oxides, formatcs and corbonates of the alkaline carths, treated
with a mixture of ammonia and carbon monoxide under pressure
at a temperature of 400-850°C give cyanamide. The presence of
water increases the yield of cyanamide. Iron is avoided as it f
causes decomposition but hydrogen sulphide or carbon disulphide §
inhibits this decomposition. Ceramic materials or zinc arec
recomnended as materials of construction.i}5$

(d) Calcium carbonate heated with the passage of amaonia, in the
presence of small quantitics of oxides of metals or metals such
as iron, gives calci¥T6$yanamide. The iron is claimed to increcasec

i cyanamide formation. ;

to form calcium cyancmide. The water of the reaction can be
removed wizh carbon in which case lime con be used in place of
carbonate, (17)

(e) Calcium carbonate is reacted with ,mmonia ot a suitable temperature/,

(f) Cyanamides are produced continuously from carbonates of the
alkali metals or magnesium heated with ammonia and gases contoining
carbon such as corbon monoxide or dioxide. Copper frec from
cuprous oxide, or phospher bronze may be used to make the plant.(la)

-2-.
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(g) Calcium eyanamide is formcd when ommonia gos is passed over
ealeium ecarbonate heated to its dissoeiation tcmpCTature.(

_NH?'?nd Co_mixturcs on 1ime'hédted to 650-800°C. 20

(1)

(J)

(k)

P

19)

Calciun ¢yanamide is continucusly produced by thg renction of

Calcium eyanauide is produccd by trecting c:ileium compounds

with mixtures

of NH3 and CO or NH3 and COg.

NH3 or mixtures of NH3 and COp reacted with alkali hydroxides,

earbonates or

coupounds which yicld oxides, in presence of a

halide of ecleium or magnesiun at temperaturcs sbove 400°C under
conditions preventing a reducing ataosphere e.g. K2C03 mixed

‘with CaCls and heat%d to 670°C in a eurrent of NH3 and (02 givcs
9% yield of CaCNope i '

Dpyt

Synthetic admonia and earbon monoxide are passed into reactive
contaet with heated calcium earbonate. NH; and CO, are pemoved
from the resulting gases. The remcining gas, along with the
initial gas for the ammonia synthesis eontaining CO and N2 is
condueted into a hydrogen eontact furnaceé in redctive eontaet -
with steam. (02 is separated from the emerging gases. The
resulting gas, containing €O, Hp and Np are freed from CO and
used for the ammonia synthesis and the scperated CO is used for
the manufaeture of calcium eyanamide by the initial reaetion. 23)

ammonia and various other eompounds.

(2)

(v)

(a)

(e).
and earbon monoxide over ealeium corbamate at 600-800°C. The
waste gases ean be used to produgk

(£)

.

Dialkali eyanamides are formea‘by bdssing gaseous ammonia over a
mixture of molten alkali and alkali cyanide ?r over alkali amides
and eyenides at a temperature of over 400°C. 2k)

Dialkali eyanamides are obtained by passing ammonia gas over

molten alkali
the formation
carbon ean be
of 350-400°C.
gases ,such as
used.(z

and earbon at a temperaturc which is below that for
of the eorresponding eyanides. .lkali amide and .
used in place of alknli metal at o temperature
Ipstead of earbon casily volatile earbonaccous
benzene, benzol, alcohol, acetylene, etc., can bc

Dialkali cyanomides are formed by passing ammonia ag'into'a
molten mixtufe of alkali cyanide and alkali uetal, (20)

Calcium corbamate heated to 650-900°C under conditions which
snable the gases and vopours formed to be reuoved gives ealcium
eyananide e.g. reduced pressure, inert gas or carbon monoxide,
amrnonia or nitrogen. The gases Wy be cyclically circulated and

the water and.

carbon dioxide fortied hy the reaetion removed

outside the reaetion vessel. The présenc?2$§ Hos helps to reduce

- the adverse effects of any iron presecnt.

High percentage calcium eyansnmide is produeed by passing ammonia

production of

ealeiun carbamate._z

Caleium earbamate is heated to convért it as far as possible to
coleium eyanamide and,is,then trecated with ammonia at 600-800°C
to further enrich it.(29)

/e

8'}Am:nonium earbamate for further



4. Prom Urea and Related Compounds.

(2)
(b)

(e)
()

(e)

Cyanamide is formed by the reaction of thionyl chloride on urea.(jo)

Alkali or alkaline earth cyanamides are formed by heating urea
ammonium carbonate or a.nogium carbamate with metallic sodium,(31)
or with anhydrous lime, (32

(34)

Ca Cyenamide is obtained by heating melam with lime.

Calcium cyanamide is produced by heating oxides or carbonates of
calciun or other %%§aline ecarths with cyanic acid or substances which
give rise to it.(

Cyanamide 1s obtained by thc desulphurisation of thiourea with
mercuric oxide or lead salts such as lead acetate in cgustic soda,
lead hydroxide and alkali or with hypochlorous acid.(3 )

5.Miscédllaneous Reactions.

(a) Metallic cyanamides are obtained by heating barium cyanide® in a

(£)

(2)

(B)
(1)

()
(k)

(1)

stream of nitrogen, by passing sodium vapour and nitrogen over heated
potassium cyanide or by heating potg;iium cyanide and sodium
hydroxide in a stream of nitrogen. /

Alk2li cyanamide is obtained bg melting together potassium cyenate
or cyanide and caustic soda.(3 ) :

Cyanamide is formed by the reaction between ggﬁnOgen chloride and
an aqueous or ethereal solution of ammonia.(

Cyanamide is obtained by heating nitroséguanidine with wator(ho)
or by heating CH2N,S with water. (41

Alkaline earth:cyanamides are obteined by heating or melting
titaniun nitrides with oxides, carbanates, sulphates or other salts
of alkaline earths in the presence of carbon. In this way lime
gives almost entirely calcium cyanamide and baryta gives a mixture
of barium cyanide and barium cyanamide.

Calcium cyanamide is formed when nitrogen compounds of silica and
aluninium e,g. aluminium nitrate, is heated with lime and %arbon
at the lowest temperature necessary for homogenous fusion. 43)

Calcium cyanamide is formed along with sulphur and carbon
bisulphide when calcium sulphate is mixed with carbon and a catalyst
of halides, oxides, carbamates or oxy salts of alkaline earths or
earth metals and is ?ﬁﬁged to 1000~1200°C with.nitrogen or gases
containing nitrogen.

Cyanamide is prepafed by th? g}ectrolysis of potassium acetamide
in liquid ammonia solution. ¥

Disoduim cyanamide is ob a%ged when sodium azide is carefully added
to fused sodium cyanide. b

Calcium cyanamide is formed when calcium cyanate is heated.(h7) I

Cyanamide is formed by the aztggn of bromine on potassium cyanide
dissolved in liquid ammonia. L

Cyanamide and carbon dioxide are fbfag? by the reaction of dilute
mineral acids on cyancarbamic acid.

- dgin /(m)
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z (a)

Cyanamide is formed by §83 oxidation of formaldehyde with calcium
permanganate solution.(

Cyanamide is formed when sugars such as glucose, fructose, arabinose,

‘mannitol, gly?erol etc., are oxidised with ammoniacal potassium
permanganate., 51) ity

calcium Cyanamide %s §ormed by the action of hydrocyanic acid on
lime at 600~800°C. (52

(B) Methods of Preparation of Guanidine and Guanidine Salts.

l. Guanidine saits fromn Cyanamide.

()
(b)
(e)

Guanidine chloride is formed by heating cyanamide and a?mo?ium
chloride in alcoholic solution at 100°C under pressure. 23

By heating cyanamide Y%t? ammonium nitrate in ageous solution at
150°C wnder pressure. .

From cyanamide and ammonium picrate in the cold.(ss)

6 (d).Frbm calc%g@)cyandmide and ammonium nitrate by heating together

I

(e)
(f)

b}

- (8)

(h)

at 100°G.

By heating cyanamide with gmmonium thiocyanate in agqueous
solution to 100°C for 10 hours. p

From cyanamide and thio-urea.(57)
Sodium cyanamide solution, neutralised with nitric acid,

evaporated and heated to 155°C wifh gmmonium nitrate gives a
43.1% yield of guanidine nitrate. (58

Guanidine nitrate is formed in excellent yield by tre?géyg calcium

cyanamide with mixtures of ammonium nitrate and urea,

2. Guanidine or its salts from Dicyandiamide.

TR ety oS

l. By hydrolysis in which case only one of the carbon atoms is converted
to guanidine.

(a)
- (v)
(c)
(@)
(o)

By treating dicyendiamide with aqua regia.(€0)

By tre%gi?g dicyandianide with aqueous ammonia under pressure at
150°c. '
(62)

By treating aicyandiamide with water under pressure.

By tre%ti?g ?icyandiamide with sulphurié¢ acid or phosphoric acid
et 140°c. (03

By treating dicyandiamide hydroc?%ﬁgide with potassium chlorate in.

weak hydrochloric acid at 100°C.

2. By ammnoniation of dicyandiamide.- In this case both carbon atoms are
converted to guanidine.

/

/
/

(a)

(b)
(e)

By fusing together dicyandiamido a?85$mmonium salts e.g. chloride,

nitrate, sulphate and thiocyanate.
By heating dicyondiamide with alcoholic ammonium chloride.(66)

By heating dicyandiamidc with agueous ammonium chloride at 150009

-5~
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b,

5.

6.

Guanidine or its salts from Urea or substituted Ureas.

(2) Guanidine is formed when urea is heated along with ammonium chloride.
in liquid emmonia under pressur? 85 from all aquo-ammono-carbamlmic
acids under similar conditions.,

(b) Guanidine is prepared by treating urea with ammonia under dehydrating
conditions. NHz and CO2 can be used in place of urea, Suitable
dehydrating agents are finely divided niige} aluminium or phosphorous
pentoxide. Alzo3 or MmO, may be present.

(¢) By the hydrolysis of cyanurea with warm dilute sulphuric acid.(7o)

(d) By heating thiourea (71). This is an intermediate stage in the
ammonium thiocyanate reaction.’

Guahidine end its salts from Derivatives of Methane,

(a) By treatl?g garbon tetrachloride with ammonia under high pressure
at 140°C.

(b) By treatlng methylamine with iodine in liquid ammonic solutlon.(73)

(e) By heatln% Eithylamlne and ammonium azide in liquid ammonia solution
at 100°C. V/
(75)

(d8) By heating chloropicrin with alecoholic ammonia under pressure at 100°C
(e) Bj the action of ammonia on phosgene.(7 )
(f) By treating ethyl-O-carbonic ester with agueous ammonia at 15000577)
(g) By treating hydrocyanic acid with iodine in liquid ammonia solutiszg)
(h) From cyanogen halides and alcoholic ammonia at 10000.(79)

Guonidine and its salts from Ammonium Thiocyanate.

(2) By heating ammonium thiocyanate with zinc oxide in a current of
ammonia., !

(b) By heati?é ammonium thiocyanate with lead nitrate in a current of
ammonia,
(82)

c) By heating ammonium thiocyanate to 180-200°C.
(e) By g

(d) By heating o heavy metal thiocyanate in an atmosphere of ammonia or( 83)
a double ammonium salt of a heavy metal thiocyanate in an autoclave.

(e) Mblten ammonium thiocyanate treated with gaseous ammonia and nitrate
or carbonate of Pb,, Zn, or Cu. in a closed vessel gives a
quantitative yield of guanidine salt.

Miscellaneous Methods.

.(d) By heating buiret in a current of hydrogen chloride.

)

(2) By treating biguanide or its salts with ammonia or ammonium salts.

(86)

(b) By evaporating a solution of decyandiamidine carbonate.

(c) By the hydrolysis of decyondiamide with boiling water in the presence
of carbon dioxide. (8
(88)

ks /(6)
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(e) By the reduction of nitrgmethane.(89)

o

(f) By the electrolysis of 98?centrated aqueous ammonia using
gas carbon electrodes.

X (g) From mefcury fulminate and aqucous ammonia at 60 - 7000.(91)

(h) By thc action of barn(
.solution at 30-60°¢. (92)

]

permanganate on arganine in aqueous
®* (i) By trigging guanine with potassium chlorate and hydrochloric
acid.

® (J) BY prolon%gg heating of hippomelamine with 3% hydrogen peroxide
solution. ) : ; ;

* (k)NAlong with urea by the oxidation of Thymonufggic acid with
calcium permanganate in alcoholic solution.

# (1) By the oxidation of gelaf%gj in boiling water with barium
. or ‘calcium permanganate.

x (m) By the oxidation of cgg albumin with alkaline potassium
>z permanganate. (9

# (n) By bacteriological decomposition of guanine.(98)

Discussion of thc Methods given in the literature.

On studylng the above list of possible methods onc finds that the pepers
given in the literature rarely give sufficient:.information 'to assess the
absolute worth as practical large scale manufacturing processes. Fortunately
many of the methods given in the literaturc arc obviously of only academic
interest since the compounds used in the reactions are difficulty prepared or
costly to obtain. These reactions have been marked thus :

Other reactions which at first sight look possible hdave to be rejected
as the yiclds quoted are too low to make any manufacturing process a practical
proposition. These have becn marked ©,

Other of thesc rcactions such as the reactions of dicyendiamide on
ammoniation and hydrolysis to give guanidine salts must be climinated as
competitors since dicyandiamide can only be economically prepared from calcium
cycnomide. These have. been indicated thus /.

Other reactions given for guanidine preparation which start from calciun
cyanamide arc climinated since part of the problem is the preparation of
calciun cyancmide. These have becen marked €

Any possible method through sodium cyanamide has been rejected owing to
the difficulty of its separation from the sodium and subscquent recovery of
;hc sodium which would make the process uneconomic. These have been marked

Any possible process through sodamide has been rejected as sodamide,
which is prepared from metallic sodium, would be too costly to be considercd
for making cyanamide and in addition theré¢ would be the complication of the
recovery of the sodium from the cyanamide,

We arc thus left with the following methods which are worthy of further
consideration.

/1.



1. The action of gascous ammonic, with or without the addition of
carbon monoxide, carbon dioxide or diluent gascs, on caleium
carbonate, caleium carbamate, lime or the corrcspondimg magnesium -
salts to give calecium cyanamide.

2. The heating of ammonium thiocyanatc with or without the presence
of lead, mercury or other salts to give guanidine salts.

3. The action of hydrogen cyanide on hecated lime to form colcium
cyanamide.

4. The reaction between urca and thionyl chloride to give cyanamide.
5. The action between lime and urca or reclated products.
6. The rcaction between cyanogen chloride and ammonia at 100°¢.

7. The rcaction between urce and liquid ammonio at 300°C in the
prescnee of aluninium powder nickel or phosphorous pentoxide.

Further Discussion of the above methods and a Summary of work donc on these..

1. The Action of NHz and CaC0z ctc.

Much work has been done on the reaction between amronia gas on heated
calcium carbonate or lime particularly by Frank and Caro who patented a
process for the manufacture of ealeiun ecyanamide by passi?g 3mmonia and carbon
monoxide from producer gas over heated calcium carbonate. 3 The waste
gases contain NHz, CO, Hp, Nc and COp. The ammonia and the CO2 are removed
by cooling them out and are recovered for reuse. .s the gases are cycled
round the system, carbon monoxide ond hydrogen must be bled off. This is
converted to carbon dioxide and hydrogen in a steam contoet furnace, the carbon
dioxide is recmoved, and the hydrogen is used in the ammonic synthesis. The
complete flow diagram is given in Diagram T. .

In the A,R.D. Holden and Freshwater have investigated this pr?ggis,
passing NHz, NH3 + CO2 and NH3 + CO over heated calcium carbonate., Using
ammonia aldne they conclude that at 650-700°C products containing up to 60%
CaCNo, con be obtained but that only 5% of the NH3 would be converted in ono
passagc. Using ammonia and CO2 at 800-850°C a product containing 70% CaCN2
can be obtained with 10% conversion. ‘Using ammonia ond CO at 800-850°C a
product containing 85-90% CaCN2 can be obtained, thc conversion of ammonia
varying from 10% at 2:1 ratio of gascs to 2000 at 1:2 ratios

Holden and Freshwater give details of a small scale continuous plant
which they made and operated on a countercurrent system using chalk and carbon
monoxidec=-ammonia mixturcs at a 2:1 ratio. They obtained a maximua purity
of 8450 CalN, at 20 conversion of NH3 and 70% CaCN, at 265 conversion of
NHz. Unfortunately Holden and Freshwatcr did not say in their report whether
the issuing gasecs contained ammonia that could be recycled and did not measure
ammonia losses in their actual experiments. For this rcason no asscssmuent
of the process as indicated can be made.

; The rcaction between lime and mixturcs of ciraonia and carbon monoxide

has been studied by Chard in C.R.D.D. He has found thot at 800°C much of the
amaonia is decomposed by cracking but that at 600°C with any ratio of CO/NH3
the ammonia loss is practically nil when using silieca apparatus but at 650°C
approximatcly 5% of the ammaonia was lost. It was found that the gascous phase
rcaches an cquilibrium at which no further rcaction occurs. The best run
obtained to date using 1/1 ratio of CO/NHjz at 600°C is 15/, conversion of
amnonia, ammonia loss by cracking being hegligible and average purity of
calcium cyanamide as 50w Owing to the very low conversions and to the low
purity of the cyancmide obtoined it is doubtful whether o full sccle process

. /developed
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developed from ‘the above informetion would be an economic proposition.
This work, however, is not completed and a possible process may develop from
it. No report on the above work has so far been issued.

2. By heating Ammonium Thiocyanate.

A method for this process has been given by Coulson(loo). Ammonium
Thiocyanate is heated in enamelled iron-jacketed pan, closed, and fitted with
inlet and outlet pipes and heated to o temperature of 210-220°C. Hydrogen
sulphide is evolved during the reaction. Ammonia gas is passed into the
atmosphere above the melt and the exit gases are cooled and collected in cold
water. The ammonia input is regulated so as to remove the products of
decomposition soon after they are formed. , The ammonia used is recovered as
amnonium thiocyanate which can be reused. Heating is for 3-k4 hours when
30-40 of the original charge has distilled off and the product contains
about 70% Guanidine thiocyenate, the rest being unchanged amuonium thiocyanate.

The crude guanidine thiocyanate is dissolved in water to give an 805
solution and nitric acid (Sp.Gr.l.4) is slowly added with cooling. Sufficient
nitric acid is added to convert 755 of the crude into nitrate. The solution
is allowed to stand for one hour and is then filtered on a vacuum filter.

The crude guanidine nitrate is dissolved in a small quantity of hot water and
brought to the boil. Whilst boiling vigorously nitric acid is added in small
quantities to oxidise the remaining thiocyanate. When this is completed the
solution is hot filtered, neutralised with ammnonia and guanidine crystallises
out on cooling, is dried at 100°C and finally crushed and dehydrated with
sulphuric acid.

The liquors from the crude Guanidine nitrate crystals are neutralised
with ammonia and evaporated to dryness yielding a product conteining about
90% ammonium thiocyanate, some ammonium nitrate and some cyanate. This
recovered thiocyanate can be used again, .

[0} A flow diagram of the process as outlined by Coulson in his report is .

given in Pig.6. Unfortunately data is not available to show all the quantities

involved. ‘ : ‘
)

The equations for the reaction are:-

(a) C + S2 > GSo : /] 3
(b) ©CSp + 2VH3 ~~>NH) ONS + HoS

NH2 :
(c) 2H,ONS - " C = BH + HoS
* NHp. HCNS
.NH ,NH2 £
(a) C\:l%H -*-HNO}%C:NH + HCNS
NH,«HCNS ™ NH. HNO3

(e) HCNS + NH3 "> NHy CNS

NHo NHo
(f) c=1MH HS0y, C = NH + Hp0
NHo. HNO3 NH.NO
L} /NH2
() ©+ Sz + HNO3 + 3NH; > G =M + 2HpS 4 H20
N
NELNOZ
or starting from ammonium thiocyanate
»NHp

(h) NH,CNS + HNOz + NH3 —> C = NH + H2S + Ho0
‘ ™ NH.NO2 /Coulson



Coulson quotes that 1000 lbs ammonium thiocyanate after processing gives
269 1lbs of finished nitroguanidine and that 535 lbs of this are
recovercd for reuse which means that 465 1bs of ammonium thiocyanate give 269
lbs of picrite. Theoretically 465 1lbs of ammonium thiocyanate ought to give
636 1bs of picrite.

« Efficiency from NH,CNS = 42.3.

Efficiency from Carbon.

It is quoted in the literaturc that the efficiency from carbon to CSp
is 667 The efficicncy of carbon usage from NHLCNS to picrite is 42.3/% which
gives an overall efficiency from carbon to picrite of 28.2.

100,000 tons picrite theoreticclly require 11,540 tons of carbon.

"o« | Oorbon usage = 11540 % %gg = 40,900 tons per acnnunm,
. L ] .2

Efficiency from Nitrogen (Exclusive of NH3 process).

The reaction between CSo and ammonia to form cmmonium thiocyanate is
quoted as quantitative so 987 efficiency can be taken as a fair figure for
large scale industrial manufacture.

The efficiency from NH,CNS to picrite is 42.3,.. Three of the nitrogens
in the picrite molecule come from NHLCNS through aumaonia at this efficiency.
The fourth comes from nitric acid which is introduced towards the end of the
process. No figures arc availoble for the losses of HNOz during the subsequent
processing but 257 loss should be & fair figurec to use. ~“The efficiency from

. Overall efficiency on the fourth nitrogen is 64,

The total NHxz requirements for 100,000 tons of picrite per annum is
therefore 51 x 100 x 100,000 + 17 x 100 x 100,000 = 115,000 + 25,000
10}4- 42-3 lol-l- 11;-0,000 tons per annum,

Efficiency from Sulphur,

269 1bs nitroguanidine require 465 lbs of ammonium thiocyanate ® 100,000
tons require 173,000 tons of ammnonium thiocyanate., Now all of the sulphur is
evolved as HoS

o Weight of H,S evolved = 34 x 173,000 = 77,400 tons

It is stated in the literature that CSs con be made from Hgs ?Xoggssing
it over heated carbon and that there is a 70, conversion at 9009C.

Thus 77,400 tons of HoS will meke 77,400 x 76 x 70 = 62,000 tons of CSp

68 100
Allowing 98, efficiency from CSp to NH),CNS this will make 62,000 x 98 x 152
100 7

= 121,600 tons of NH),CNS

This leaves 51,400 tons ammoniwa thiocyanate to be made from fresh
sulphur at an efficiency from sulphur-of 88 ..

o Weight of fresh sulphur rcquired = 32 x 51,400 x 100 x 100
4.8 76 98 88
25,100 tons/annum. )
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Thus for thc manufacture of 100,000 tons of piéritc per annum wc
require:;- %

(1) 140,000 tons NH3/annum.
(2) 40,900 tons carbon/ennum.
(3) 21,500 tons sulphur/znnum,

The ammonia would be supplied from this country but it must be regarded
as doubtful whether this quantity could be found in wartime without an increase
in thc countries amnmonia capacity.

The literature on carbon bisulphide manufocturc makes it clcar that
activated charcoal is the only form of carbon that is uscd and much of thc
40,900 tons would have to be importcd., Owing to its low bulk density this
might take up as much shipping spacc as 100,000 tons of picrite. It is
believed, howevcr, that CSp is made from ordinary cokc in Australia but it
can be cxpccted thet the efficiency will bc much lower using ‘coke. Information
on this process is expectcd soon,

Sulphur, not bcing an indigcnous raw material would have to be imported.

It would sccm, therefore, that the ammonium thiocyanatc mcthod would not
save much shipping aspacc.

:Cost of Basic Raw Materials.

cost d/lb. 1bs per lb.product cost/lb,produced

NH} l ® 5 ; lo L}- 2. 1
Carbon (as coke) o5 409 « 2045

Total 2.508

Plant

On safety grounds one can assume that at least four factories would be
built. Each would have an output of 25,000 tons/hnnum or 500 tons/week of
picrite.

143,000 tons CS2 are required per annum therefore each factory must make
43,250 tons CS/ennum or 865 tons/weck. CS2 is usually made in fairly small
units with an output of about half a ton a day which would be out of the
- question for largc scalc manufacture. A plant using clectrical hcating is
described in Thorpe's Dictionary of Applied Chemistry which has furnaces
somc 16 feet in diamcter and 40 feet high with an output of 7 tons/day which
have a lifc of 8 months to a year beforc rcquiring rcnewal. If thesc were
uscd owing to the short life, at lcast twenty five would bec rcquired in each
factory.

Each factory would use 35,000 tons of NH3z/annum or 700 tons/week. On
the assumption that NH; would not be importcd at intervals of less than a
weck some twenty ammonia storage tanks of about 40 tons capacity would be
requircd in each factory.

The ammonium thiocyanate rcaction is carried out in autoclaves and a
prcssure of 200 1bs sq.inch is developed. The rcaction is carried out in
aqueous solution and thc water is evaporated off in the autoclave. Quantltles
are not known but it seems reasonablc to assume that an autoclave some ten
fect in diameter by ten fect in depth with coil or jackct heating would only

/produce
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produce about five tons of ammonium thiocyanate per shift. As described
in Coulson's report conc. ammonia liquor was used so that there was about
507 water to be evaporated. It may, however, be possible to use less water.
when a greater pressure would be expected in the autoclaves which would have
to be more substantial. Ten such autoclaves would be required in each factory
on this basis. W
The heating of the ammonium thiocyanate is done in retorts fitted with
wide gas exit pipes. For 25,000 tons of picrite it is hecessary to treat
94,300 ,tons ammonium thlocyanate/year, or 89 tons/shift. Allowing one shift .
for charglng and processing the autoclave and allowing retorts of ten ft. B3}
diameter and ten feet depth to process ten tons a shift ten to twelve vessels
would be required.

For the recovery of NH,CNS from the waste liquors five or six similar -
autoclaves, similar to the ones used for the original NH),CNS reaction, will be

required. y

In addition to the abovegcrystallisers, filters, centrifuges, b01lers,
dehydrators, driers, crushers, diluters, evaporators etc. as laid out in Flg De
will be required as well as a plant for reconcentrating 20/, H2s0,, to 960,
the quantities involved being of the order of 7,000 tons of 20, H230), per-
week, Using pot stills, one could expect an output of not more than 10 tons/
day per still. Allowing for maintensznce some 30 stills per factory would be
required.

It is obvious therefore, that each of the four factories involves much
plant, at least twice that involved'in erecting a TNT factory for an equivalent
output which, during the last war cost about £2,500,000 The cost of the
ammonium thiocyanate factories for £100,000 tons/annum could therefore not
be much less than £20, 000,000 and proba bly considerably greater. With so much
plant involved and the ambunt of recovery and recycling and the large number
of stages and very high maintenance on the CS2 plant labour requirements would
be large, at a rough estimate, on an analogy with a TNT factory, 2000 men in
each factory, including supervision. The total fuel usage would be more than
that of the carbide process.

Tt would seem, therefore, that the ammonium thiocyanate process as an
alternative to the carbide process has little to commend it. In fairness,
however, it must be stated that the nitrogen and carbon losses as given by
goulson in his report seem abnormally high and further investigations on the
process might put it in a more favourable light, e.g. it has been suggested
by Dr. A.Forster that a direct fusion of the ammonium thiocyanate with an
ammonium salt such as the sulphate or the nitrate might result in all of the
thiocyanate being changed to gusnidine salts in one reaction and avoid much
of the recycling necessary in the process as given by Coulson. Experiments
show, however, that ammonium nitrate and ammonium thiocyanate when heated to
200°C react violently without the evolution of HoS and the reactants are
violently ejected, presumably due to decomposition of the ammonium nitrate.
At temperatures lower than this and below ‘the decomposition temperature for
ammonium nitrate there was no apparent reaction. With emmonium sulphate
ammonia is first evolved, followed by decomposition of the cmmonium thiocyanate
with the liberation of free sulphur, presunably due to the ammonium hydrogen
sulphate formed attacking the thiocyesnate due to its acid naturce. Other
ammonium salts could hardly be used in the process as the acid radical would
be liberated in the dehydration process and would give a spent acid which
would be very difficult to recover. It seems therefore, that this suggested
modification could not be of any value.

3. The iction of Hydrogen Cyonide on heated lime.

Fronk and Helmann(loz) have obtzined calcium cyanamide by the action of
a mixture of nitrogen and gaseous hydrogen cyanide on lime heated to about
600°C. Data on yields etc. is, however, inadequate so the author of this
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report has investigated the reaetion from the proeess ungle(lOB). Whereas
Fronk and Heimann used hydrogen eyanide and nitrogen the author used only
hydrogen cyanide vapours., Thus gaseous hydrogen cyanidc was passed over
finely powdercd limc at various temperaturcs and at various rates in tubes of
silica, stcel, stainless stecl and eopper. Of thcse, only copper and silica
. were found to be suitable. Yiclds of cyanamide, 'bascd on HCN usagc, varied
from 80 - 98, in silica tubcs and 94.27 has been achieved in a copper tube,
Stecel was found to bc unsuitablc as the water formed in thc reaction reactcd
with the stecl. (Calcium carbonate instead of lime goave lower yiclds and

the formation of ammonia in a side reaction.

The above proccss sccms promiging but obviously hinges on the cost of
manufacture of hydrogen cy?{igc. Mcssrs I.C.I. Limitcd have supplicd somc
information on this point. Their proccss for thc manufacture of HCN is to
pass a mixture of methane, air and ammonia over a platinum-rhodium catalyst,
followed by absorption and distillation of the HCN. They could give no eosts
of manufaeture of HCN but stated that the market price of HCN was over £100
per ton. Sinee 1 ton of picritc requires 1.5 tons HCN the eost of picrite
by -this method must be prohibitive even allowing that HCN might be produced
considcrably cheaper than the market valuc. The manufacture of HCN by this
method would mean sctting up a plant for manufacturing 200,000 tons methane
per annum as well as the plant for HCN. 4s therc is 50/ less of ammonia
in the HCN reaction it seems probeble that this country would find it difficult
to supply thc neeessary 190,000 tons of ammonia whieh would be rcquired
without some increase in its ammonia capaeity. A plant would also bc neeessary
for the manufacture of 160,000 tons of lime per annum. The capital cost
of the HON plant alone has been given by I.C.I. as £77. h/ton yecar cxclusive
of site developmcnt, general offiecs, electrie substation, stores, boilcr
plant and repair workshops etc. For 200,000 tons CaCNo/annum the capital cost
of the HCN plant alone would be £1ll.4 millions whieh is much grcatcr than
the £7.4 million required for 200,000 calcium cyanamidc by the carbidc
proccss. On every basis, therefore, there can bc no hopc of using the
process with the I.C.I. method of manufacturc of HCN.

, Therc arc, of eoursc, other mcthods of making HCN, The literaturc
has been cxplored and the following are given:=-

(1) From elkyl formatc vapo?r a?d anmonia at 200-300°C in prescnce of
a dehydrating eatalyst.

(2) NHp and CO at 550°C in prescnee of vonadium oxide.(106)

(B)Eormamide and inert gascs ?t ??OOC with a catalyst of Cerium or
Thorium oxidc and puniee,

(4) From ammonium thiocyanatc and oxygen at 350-7000.

08)

i
(5) From cO and NHj at 400-800°C using dry porous eharcoal as catalygt.

(6) From ©O and NH3 at high temperatures using metallic oxides of 4th,
5th or 6th groups in t?iogsesence of more than 1 volume of hydrogen
to cach volume of NH3 ‘ g

(7) Formamidc or HCN or both arc made by passing vapours of alkyl
formates with NHz over a dehydrating eontact mass such as Alx03,
thoria, aluminiun ph0sphates, zeolites or Si0p gel. If NH3 is
present in cxecss NH %N is formed. High gas specds givc formamidc
and low specds HCNs 110

(8) HeN is made by rapidly hcating formamide or ammonium formatc to
400-900°C. Catalysts con be il,03, bauxite, TiO,, thorium oxides,
iron oxidecs, siliea gel, alumifiium silicates dng phosphates and
alkali silicates, borates and aluminates alone or together or on

/supports
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supports such as pumice,asbestos or activated earbon. The ecatalyst
chamber can be made of s%liea, nickel or eopper or alloys of iron
with niekel or chromium,

(9) HON is made by passing vapours of formamide and/or ammonium formate
in a highly diluted state and at high velocity over metals such as
Fe, Mn lyi Al or Cu which may be as granules, turnings or wire
gauze.( 25

(10) HCN is made by .passing a gaseous mixture of N2 and Hydroearbons
through the eleetrie are at 400-600°C.. The gases are cooled in a
steam generator, absorbed on alkali and the goses reeireulated.(113)

(11) NHz and CO arc passed over a catalyst of carbide of iron nickel or
cobalt, whieh moy be mixed with Mo, Mn, W, Ce, Fi, or Cu or their
ecompounds at 450°C. The resultant gases may be’ecooled ii 7eparato
ammoniua eyanide or may be absorbed in caustic alkali.( b

(12) A mixture of kerosenc or {Eg} oil vapours and nitrogen is passed
through an eleetric are.(

(116)

(13) From coke oven gas and ammonie.

(117)

(14) From ammonia ges and benzene or toluene.

(15) From NHz and CO using as catalyst & mixture of MgO and U02.(118)

(16) From NH3, & hydroearbon and just enough oxygen to make the riaction
exothermic when the mixture is passed over a Pt-Rh eatalyst, 119)

(17) From NHz, water 1%83ur and a gaseous hydrocarbon such as eoal gas
at 11502150000, (

(18) From NH,, 1 volume, hydrocarbon gas equivalent to 2 to 5 volumés
. of cH), &nd 5-15 volumes of air, preheated to AOO-IOOQOSland passed.
over finely divided wood ehareoal at 1100 to 1500°C.(14l)

(19) A geseous mixture of NHz, McOH, Et OH, or Cthclz ete. is passed
over a hot oxidation eatalyst such as Pt, Ir, Rh, Os,Au or Ag with
the addition of a volatile hydroearbon derivative free from nitrogen
but eontaining at least one hydrogen atom and at least one h¥§£o§en
atom substituted by an atom other than hydrogen or nitrogen.! 2

(20) NH3 and CO over aﬁyixture of Mg0 and Cusoh.(lzj)

(21) Hydrocerbon, earbon or other carbonaceous material is burned in
air to give a flue gos ot a temperature of 400-1000°C end a
mixture of NH; with exeess hydrocarbon ond sufficient air or
oxygen to burfh a part of this exeess, is introduced into the hot
flue gas.(lzh)

(22) By passing a mixture of CO and NH3 over a specially pre?areg
sintered form of alumina activated with Zr or Qe oxide. (12

(23) HCN has been made on quite a 1argé seale in Germony by bubbling
CO into Méthyl alcohol under pressure to form methyl formate which

is reacted with ammonia under pressure to formamide which is
dehydrated using a catalyst.

0f these methods only the latter and the reaction between CO and NH3
seem of much value as possible economic methods of making HCN.

The rcaetion between CO and NH3 has reeently been studied by Mr.Chard
in this Department. Using the method given in ref,(125) it has been found
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that using a 10:1 ratio of CO:NHz 35/ 50,» conversion is gossible in one
passage of the g?seg at teaperatires between 500 and 600°C with practically no
loss of ammonia.(126) Chara has gone on from this and has suggested possible
processes for using this method by linking it up_with the ammonia synthesis

to give the possibility of an economic process.?127) The advontages of using
the CO,NH3 process and linking up with the ammonia synthesis are:-

(1) The water gas plent needed for HCN manufaecture is already present
in the NH3 plant. The HCN reaction is as followsz—

«2C0 + NH3 > HCN + COp + H2

and Ca0 + ZHCN - —> CaCNo + CO + Ho
or Ca0 + 35CO0 + 2NH3 —>» CaCNp + 2C02 + 3Hp

(2) We sce therefore, that the hydrogen evolved can be passed back to the
ammonia plant after removal of COs.

=

From the:above basie idea three possible eyeles are given. These arce-

A. Using the ordinary NH3 process water gas plant. The water gas
would be rcacted with ammonia to moke HCN which would be absorbed, °
distilled and fractionated to liquid HCN for usc and then reaected
with lime. The end gases containing a high pereentoge of Ho
would be partially separated by absorption of CO by niekel or in
a diffusion plant to give water gas for recyecling and a 5:1
mixture of H2 and CO for passing on to the ammonia process. The
flow sheet is given in figure 2,

B. This scheme involves making practically pure CO by passing COop,
which 1s a byproduct of the ammonia synthesis, over coke heated to
1000°C. & flow sheet is given in fig.3 which shows no recycling

S of CO but the end mixture of CO and H, could be recycled and the
amount adjusted to give the desired ammonia output. With no
recycling, opproximately 1% 1b of NH3 per 1b CaCN2 made would
be available for export. By recycling the end gases with
approximately 4 bled off to.the NH3z plant a eompletely closecd
cycle is achieved, all the NH3z made being used up to make
cyenamide e.g. the Doulais amhonia plant if converted in this
way could produee 70,000 tons CaCN, per annum. :

Ce This method would use a Linde plant to scparate the gaseous
mixture but in all other respects is similar to A and B.

An estimate of the fuel and power usage by the above methods has been
made (assuning 100% yiecld of CaCN, from NHz) and compared with the fuel and
power required for CaCN2 from carbide. Théy arc found to be almost the same.

A labour comparison would almost ecertainly favour the earbide proeess.
The probable higher purity of the product is in favour of the HCN method.

A comparison of the necessary plont has also been made and it has been
concluded that method B. would give a plant probably slightly eheaper than
that .of the plant for cyanamide via earbide. However, subscquent information
on the cost of the I.C.I. HCN plant makes this eonclusion doubtful. The plant
for manufacturing HCN from CO and NH3 cannot be very different from that of
the I.C.I. plant using mecthane, air and amaonia though only about half the
size sinee 100/, yield of HCN is expceted from ammonia. This plant alone would
therefore cost about £6 million which is nearly as zmmeh as the cost of the
plant for maxking eyoncmide via earbide. The whole plant would therefore cost
much more.

//The
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The cost of CaCN2 made by the above method could not be mueh cheaper than
that from the ecarbide process. It would scem therefore, that there is little
prospect of this method superceding the earbide process.

The Germon process for making HCN from CO and NH3 via methyl alcohol,
methyl formate, and foruamide involves pressure vessels, o three stage reuetlon,
fractionations and the loss of fairly cxpensive solvents and eould hardly be a
eheaper method than the above or require.a cheaper plant and would not appear
to solve the problemn,

One must therefore eonclude that the manufaeture of ecalciua eyanaﬂldé
from lime and hydroeyanic aeid is not likely to be advantageous or to give
an inexpensive plant which eould be ereeted as a stand by for emergencies.

L. Froa Thionyl or Sulphuryl Chloride and Urea.

aeeording to rather scanty information given in Bulletin de La Societe
Chemique de France (3) 1l 1069, thionly ehloride and urea reaet at ordinary
temperatures, giving off. hydrogen ehloride and formirng eyanamide. No yields
are quoted. The author of this report in attempting to obtain more formatlon
on this reaetion was quite unable to duplieate the above results.? Even
on warming the mixture to the boiling point of the thionyl ehloride no reaction
was noted and no cyanamide was found.

The reaetion was quoted to be as follows:=
SOCl, + CO (NH2), -~ 80, + ZHCL + HpONp

The author of this report thought that possibly, as the above report is
a very old one, not thionyl but sulphuryl chloride might have been intended.
If so and a good yield of cyanamide.was obtained, there was the prospeet of a
simple and possibly cheap proeess thus:-

80,01, + CO (NHp), -—» HpCN2 + S03 + 2HC1

It was hoped that the S0; and the HCl would be evolved as gases to whieh
eould be added another molecuiu of SO3 .On eondensing this mixture ehlor-
sulphuric aeid would be formed thus;-

2HC1 + 2503 ——>zso3 HC1

On heating with 1J; mercurie sulphate as eatalyst the original sulphuryl
ehloride could be reeovered thus;-

2803HCL ~> S02C12 + H2S0),

There would, therefore, be no nced to make fresh sulphuryl ehloride for
eaeh bateh, indeed the reaetion boils dowm to' the dehydration of urea by
eonverting SO, to HQSO which could either be exported for use in industry
or reeonverteé to 503 u31ng the new German proecess.

Experiment showed that there is a reaction between urea and sulphuryl
chloride and eyanemide is formed.

Experiments were made with varying amounts of the reactants under a
number of different conditions end with the addition of aluminium chloride
in smnll quantity but yields were always very poor, being only of the order of
5% of "theory, possibly due to the fact that the HCl and S0; formed were not
evolved but must form ehlorsulphonic acid in solution in tge sulphuryl ehloride
and this chlorosulphonic acid reaets with the urea. Separate experiments with
ureca and chlorosulphonie-acid gave a violent reaction but no ecyanamide was
forned. A few experiments were tried with the addition of lime to the urea -
sulphuryl ehloride mixture without great suceess. Since further eclaboration
would have made any possible process cumbersome no further work was done on
this reaction.
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5. The Reaction between Lime and Urea.

Very little. information of ony great valuc is given in the litcraturc
concerning this rcaction., The author of this rcport hes donec numerous
experiments under various conditions which have been reported on ref.128

-~ and others which have not yet been reported.

(2) . number of experiuents were done with mixturcs of urca cnd lime
dropped into a tube at 600-700°C. This pave poor yiclds of
cyancnide, the best achiceved being 18.9,. of the urce converted
to cyananide.

(b) .. number of experiments were done with urea and lime mixturcs
heated to 200°C till no more ommonic was cvolved followed by
heating to 600°C. It wos found that to achieve a high purity
of CaCN, a very large cxcess of urca had to be used when yiclds
were poor. Better yields weorc obtained with ncarer the theoretical
quantities but the purity of the product was too low to be any
usc c.g. 12 gms arca and 11.2 gas lime gave & yield of 28,740 on
the urea and a purity of 31.28,) Ca@N2. It was thought that the
mechanism of the reaction was:-

€20 + 200(NH2)2 -7 Ca(CNO)2 + 2NH; + HP &t 200°¢c.

Ca(CNO)g —2> 0aCNp + (02 at 600°C

That this is the mechanism of the reaction has been proved by
experiment. Thesc expcriments also showed however, that lime
reacts with urea according to the following reaction:-

020 + CO(NHp), + Ho0 3 02003 + 2NHz

Since Hy0 is a product of the cyanatc reaction thesc two rcactions
proceed at the samec time, carbonate being formed. It was not found
possible to isolate the mixturcs of calcium carbonatc and calecium
gyanate from the unchanged urca when cxcess urca was uscd nor was
it found possible to rcact the theorctical amounts of lime and
urea to leave no free urca. attemped anclysis of the mixtures of
caleiun cyanate, caleium coarboncte and urcoe which werc always
obtained all failed.

One possible method of obtaining the theorctical yield of eyanauide
froa urea sceacd to be to reaet liue with a lorge execss of urca at o
temperature of 140° C, which is below the dissociation teapercture of urca,
and to collect all the ammonia evolved, hot filter the wixture of calcium
cyanate and calecium carbunate froma the excess urca and heat it to 600°C when
onc could hope for the thcorctical yicld of calcium cyanamide, zllowing for
the recovercd cmaonia which could be converted to urea cnd used epgain, Owing
to the foraation of earbonate the purity of the cyonouide would not be very
high, perheps only 50a'but this strength could be used to fora dicyandiomide

‘by‘hot water cxtraction ond the lime cowld be recovercd. Unfortunately all
cfforts to scparatec the cyanate=coarbonate mixturce froa the large cxcess of
liquid uwrea failed, filters all choked and no solvent for urca could be found
which did not also dissolve caleium cyanatc. It is hardly possible,
therefore, that this method could ever be applicd on a large scalo production.

(c) since yiclds are low when there is a large excess of urea present
end the mixture is heated to 600-700°C efforts werc madc to usc up
all the urea by prolonged heating of neerly the thcorectical
quantities of lime and urca. dctually o slight excess of lime was
used, 82 gms of lime and 66 gms of urca were ground togcthcr to
pass through 150 B.S.S. mesh and heated togecther at 140°C till
no more ammonia was cvolved, the mixturc was reground and rcheated
rcpeatedly till no more ammonia was ovolved (the total heating time
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time was cbout twelve hours) The mixturc was heated to

600-700°C and the ammonia evolved measured at both stages

of the reaetion. The yield ef CaCN2 was 20.1/5 of the original
urea and 74.2, 2llowing for recoverable ammonia and the purity

of the produet’'was 14.895 This method is, therefore, of little .
value as the cyanamide purlty is much too low.

Allowing a value of 60, Calciun Cyanamide as the minimun purity, we have
found it necessary to use a large exeess of urea in any proeess whieh we have
so far been able to devise, whieh must make this process for the manufacture
of cyananide very uneconomical. s flowsheet of a possible process is given in
figure L. This is based on the reaction, betweeg 12 gms urea and 5. 6 gas of
lime, heated first to 200°C and then to 600~700 C when 7 gms of caleium cyana-
mide were produced at 56, purity and 4.0l gms of recoverable amuonia were
evolved. The yield from the original urea is only 23.3,, of theory. .llowing
for reecoverable amrmonia being reconverted to urea for use again the yicld is
59,5 of theoretieal. No inforaation is available as to the cost of making urea
but ammonia eosts £12.5 per ton to produce (ex Doulais), C0, as a byproduct
of the amaonia proeess can be obtained at the eost of eompression which will be
negligible. sllowing for a possible yield of only 80/, of urea, 42.5 tons
amonia will produee 60 tons of urea, i.e. the camonia cost per ton of urea
is £8.85 per ton. ullowing for manufacturing costs £15 per ton should be a
possible figure for urea if monufectured in eonjunction with the ammonia
proeess though this is doubtful in view of the fact that urea has a market
value of nearly £40 per ton. ullowing £15 ton for urea, £6.15 per ton for
conversion of amiionia to urea,. and £3 per ton for lime, the cost of
manufacturing Caleium Cyanamide by the above method, negleeting proeessing
costs and depreciation on plant, would be £34 per ton. It is obvious therefore,
that the process would be very uneconomical. .s no figures are available for
the cost of the’ urea plant no estimate can be made of the capital cost of
plant. It is unlikely however, that it would be mueh cheaper than the plant for.
the earbide process. Imperial Chemical Industries Ltd. have been asked for d
information on the ureh proeess but so far nothing has been received.

6. The Reaction between Cyanogen Chloride and alcoholie Ammonia. -Ji(”’f

It is stated in the literature(sz) that cyanogen ehloride reaets with
ammonia in alcoholic solution to give a quantitative yield of guanidine
hydrochloride, the meehanism of tle reaetion being through eyanamide thus;-

(1) evel + 2NH3 > NH) Ck + HpN.CN

NH
/
(2) HoN.CN + NH,C1 —> C + NH
: N NHo.HCL

The feasability of the methods must depend lorgely on the ease with

which guanidine hydroehloride cun be converted to nitroguanidine and the
yield obtained. Experiments in this department have shown that guanidine
hydrochloride can be very .readily converted to nitroguanidine by dissolving
the dry salts in a 2.5/1 ratio by weight of sulphuric acid and warming to drive

“off HCl gas followed by the addition of just over the theoretical amount
ot' conc. nitric aeid, leaving the mixture at room temperature for about two
hours and diluting to 205 acid, followed by filtration and washing till free
of aeid. In this way a 90, yield of nitroguanidine was obtained and the
HCl recovered in a suitable form for reconversion to chlorine. This part of
the reaetion is thus very simple and presents no diffieulties on a large scale,
the plant being simple and capable of continuous operations,

The reaction between eyanogen chloride and comonia is carried out in
autoclaves at 100°C and .should present little diffieulty on & large seale
although the plant involved would be very eonsiderable,

Cyanogen chloride can be made fro? hgdrogen cyanide and ehlorine, two
methods being given in the literature. 29). In the first of these a 12-15)
/solution
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solution of HCN in water has chlorine bubbled through it in very finc bubbles.
The cyanogen chloride distills off along with 10-20,. HCN and is purified by
rctreatment with chlorine. The HCl remaining behind in solution will be
approximately 20. strength. The other method is a pressure method end uses
4y HCN solution which would give only 5-6;5 HCl. . further weight of HCl

equal to that in thé above solutions can be recovered from the guanidine hydro
chloride. . If this was passed into the weak HCl then an acid of some 35,5
strength could be obtained using the above method which, of course, would have
to be reconverted to chlorine. For the Deacon process where gaseous HCL is
required, very large quantities of concentrated sulphuric acid, with its
consequent concentration would be necessary and probably uneconomicol. If

the old MnOo process was used less than 30, of the HCl would be recovered as
chlorine. It would probably be best therefore, not to mix the weak HC1 and
the gaseous HCl. The gaseous HCl, which accounts for 507 of chlorine used,
could be reconverted to chlorine, using the Deacon process at an efficiency
of 60-705 giving 30-35,, of the original chlorine for reuse., 65-707% fresh
ehlorine would, therefore, be required for each batch of nitroguanidine.

The disposal of the weak HCl would present quite a problem on the huge scale
envisaged and might have to be neutralised with lime or soda before going to
drain,

For the manufacture of HCN there are three alternative methods, only
one of ‘which is in general use in this country, namely the reaction between
methane, ammonia and air. This is a very inefficient process as the
efficiency from methane and ammonia is only about 50,; «nd the plunt is costly.
This method of manufacture of HCON could hardly be considered for this
application.

In Germany HCN has been made on o large scale quite successfully from
carbon monoxide and ammonia via methyl alcohol, methyl formate and formamide
at reasonable efficiencies but involves a threc stage recaction in pressure
vessels, fractionations and solvent losses and the plant would inevitably
be costly.

A mixture of NH, and CO, passed over a catalyst at 600°¢ gives HCN quite
successfully on a smill scale but there is reason to believe that it is not
feagsable on a large scale,

apart from any other considerations any factory munking picrite by the
above method would require storage capacity for HCN, & very poisonous gas and
cyanogen chloride which is both poisonous and lachrymatory. Only by very
careful design and extreme safcty precautions could these be handled on a
large scale and the question or safcty for the workers and the adjoining
population in the event of bombing of the factories in wartime would be a
very grave difficulty. Despite the fact, therefore, that the process rrobably
involves less plant than any of the others it cannot be recommended.

The plant requircd would be;-

1) i plant for 32,000 tons HCN per annum,

4 plant to make 69,100 tons cyanogen chloride per annum,
(3) 4 plant to make 102,000 tons guanidine hydrochloride per annum,
4) A plant to convert the guanidine chloride to nitroguanidine.
4 plant to make 84,000 tons of chlorine per annum,

a plant to concentrate approx. 1,500,000 tons of 207, H2S0Q, per
annun to 96,5 sulphuric acid. :

Approximately two thirds of the chlorine made would be lost so that
56,000 tons per annun of fresh chlorine would be consumed in the process. .

'

Raw Material Costs.

1. 1b. of picrite requires:-

/(2)
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(2) 0.391 1b HN3 at 1.5d per lb., = 0.587

(b g 0.56 1b Clp at 2,54 per 1b. = 1.4

(c) 0.32 HCN at 6.0d per 1b. =1.92
3 907d

On the data available no estimate can be made of processing costs but '
these would probably be less in this process than in any of the iothers. The
process might, therefore, be reasonably economicel, "

7. The reaction between Urea, liquid Ammonia and Aluminium.

D.R.P. 527, 237 gives a method of preparing guanidine salts by the
reaction between urca, liquid ammonia and dehydrating agents such as aluminium
* powder, nickel powder, aluminium chloride and phosphorus pentoxide. Examples

guoted are:-

(1) 300 gms urea, 150 gms jluminium powder and 100 gms liquid ammonia
heated to 300°C in on autoclave for 8 hours. Yield = 270 gms
guanidine.

(2) 300 LETS urea, 670 gms »1C13 and 100 gms liquid ammonia heated to
300°C for 5 hours. Yield = 800 gms guanidine hydrochloride.

(3) 300 gms urea, 180 gms P205 and 100 gms liquid ammonia heated to
300°C for 6 hours. Yield = 490 gms of mixture of approx. equal
parts of guanidine and guanidine phosphate.

0f the dehydrating agents, aluminium is obviously the cheapest and most
convenient., This reaction between urea, liquid ammonia and aluninium must
follow the equation:-

241 + 3NH3z 3C0(NH,), + 3Hz + AL Ps d.e.

54 parts aluminium + 51 parts ammoniz + 180 parts wrea give 173 parts
guanidine, 6 parts hydrogen and 102 parts aluminium oxide.

300 gms urea would require 85 parts amnonia and 90 parts of aluninium
to give 288.3 parts of guanidine and 170 parts aluminium oxide.

The author of this report has made several attempts to duplicate the
above work but has been unoble so far to study the reaction due to limitations
in apparatus. It is hoped to study the reaction to see if better yield can be
obtained with a smaller excess of amaonia and of aluminium., Till this can
be done it is necessary to draw up & posslble process from the figures supplied
in the patent.

Allowing for losses in extractions of the guanidine, the conversion to
nitrate and the dehydration to picrite, approximately 100,000 tons of
guanidine must be made per annum.

A flowsheet for the process is given in fig.b.

On the basis of the above flowsheet, asswaing thot the excess ammonia and
aluniniun are both recoverable for reuse, 110,000 tons of urea, 31450 tons
of ammonia and 33,300 tons of aluminium are required for 100,000 tons of
guanidine. a.M.M.P.(X) give a cost of £70 per toh for sccondary blown
aluminiun powder size 36/dust and about £10 per ton as the probable value
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of the reeovered alumnina. With urca at an estiaated £15 per ton and ammonia
at £12.5 per ton, the mpterizl-eost of guanidine amounts to approx. £38 per
ton. The cost of Canadian picrite is' of the order of £/0 per ton. To convert
guanidine to pierite 1 molecule of HNO+ is required per molecule of guanidine,
100,000 tons guanidine thcoretically réquires approx. 107,000 tons HNO3 at

a cost of approx. £10.per ton. Tpis brings the cost of the raw materials
required for picrite munufacture to £48 per ton based on the asswiption that
100,000 tons gusnidine will give only 100,000 tons of picrite. Theoretieally
of course, 100,000 tons of guanidine should give 187,000 tons of picrite.

On the thcoretlchl basis the ecost of raw materials i.e. urea, amnonia,
aluniniua and nitric acid is £25.7 per ton.

With the data available the manufaeturing costs cannot be estimated
but it seems s.probable that there is a distinct possibility that this
proeess would give an economical method of monufacturing pierite in this
country especielly if linked up with the .ammonia synthesis plant when the
C0, for the urca can be obtained for nothing since large quantities are at
the moment blown to atmospherec. In addition, the hydrogen evolved in the
guanidine process could probably be used in the ammonia synthesis and thus
checpen the ammonia process and slightly reduee the cost of pierite by this
method.,

The plant unfortunately involves the following:=

(1) 4 urea plant to monufacture 111,000 tons urea per annum. This is
a pressure plant.

(2) A plant rather similar to the urea plant for the reaction between
the ureu, liquid amsonia and alumninium. Sinee this reaction is
at 300°C and Hp is evolved to replace the amionia used, to keep
to a pressurc of 50 ats, the volume of the vessels must be large
in comporison with the weight of reactants. Since the time of the
reaction is 8 hours it is obvious that this plont will be large
and costly.

(3) & plant for rccovery of 5,550 tons NH, per annum. This eould be
by absorption in the water followed b; distillation and drying.

(4) 4 flotation plant for rccovery of 22,200 tons of aluninium per annum, -
(5) 4 drier for the reeovered aluminium ond aluniniua oxide.

(6) The guanldlne would be in solution in water when rceovered. This
- would' be neutralised with nitrie acid when guanidine nitrate would
separate out and would have to be filtered froa the mother liquor
on a continuous elassificr, The mother liquor would be used for the
next extraction of guanidine,

(7) 4 dehydration plant in whieh the guanidine nitrate is treated with
sulphurie aeid or o mixed zeid of sulphuric and nitric,

(8) A plant to eoneentrate the spent acid.

It must be considered very doubtful that such a plant, along with its
offiees ond services, eould be erected at & eost of less than £23.7 million,
which is the estimated ecost of the plant for 100,000 tons pierite per annum
from earbide,

§pme General Notes.

Going to basie fundamentéls, to form one molecule of picrite, four
molecules of nitrogen are required. In any of the possible processes two
of these must come from amnonia, onec direetly and the other indireetly through
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nitrie aeid. There arc only two methods of obtaining flxed nltrogen which are
of any praetieal valuc. -

(1) fixation to Calcium cyananide;
(2) fixation to auionia,

(1) Comparing thc basie encrgy requlrements for the two methods fron flgurcs‘"
bascd on Kenfig and Doulais respectively, we find that the.enérgy (as -
standard fuel) rcqulrenents per ton of nitrogen.fixed as eyanamige and as
azraonia are respeetively 5i13 and 3.23 tons/ton of No. .The earbide proecss
uscs more than half of its cnergy as power whercas that: of-thc ammonia proeess
is split up in thc ratio of 5:1 in favour of ecoal. Sinec the eyanamide proeess-
has also fixed thc necessary carbon moleeule an e¢xtra 0.4 tons of earbon
will be requircd moking the total from ammonia to 3.66 tons of N, fixed.
S0

Nearly all cleetrieity in this country is made fromn eoal/we see that there
is on apprceicble saving in coal possible by using a proecss in whieh all of
the nitrogens of the pierite molecule are fixed as ammonia,

Sinec eyanamide would cost approxiactely £15 per ton to sanufaeture in
this eountry while ammonia costs £12,5 per ton the relative eosts per ton of
fixed nitrogen are £43 and £15.2 respectively., It should, thecrefore, be
possible theoretically to moke pierite cheaper using only ammonic as a souree
of fixed nitrogen. Owing to poor yields, difficulties in manufaeturing
proecesscs, eostly plant etc. this has not yet been readliscd up to the time of
writing this report.

Conelusions,

It must be realised that du: to laek of eosting data it hns been found
impossible to make very accurats comparisons of costs of manufacture and of
plant. The eonclusions statéd below are therefore largely opinion., Before
any rcally reliable comparisons can be made mueh information must be obtained
by experiicent and from private industry.

The general eonclusions are:-

(1) It scems unlikely that any simple mecans of making pierite, whieh will
give a plant of low cost, can be developed unless somnec new and very
simple method is diseovered for fixing nitrogen and combining it
with carbon.

(2) By passing mixturcs of CO and NH3 over lime at 600°Cc and eombining
the process with the ammonia synthesis it mny be possible to make
ealeiun cyanaaide cheaper than by the earbidc method. Since the
eost of the cyonomide is only a small part of the eost of pierite,
the overall saving would be small, The total fuel usapge by this
method might be less thon for the earbide proecss. i

(3) By the reactiun of urea, liquid ammonia and aluminiua powder it
may be possible to mcke picrite at an appreceiably lower eost than by
the existing method. The ecost of plant is likely to be heavy but
the total fucl usage might be appreeiably less than by the earbldo
process.,

Reeommendations,

Whilc the prospect of being able to build a plant for the manufaeture
of 100,000 tong of pierite per annum in.this eountry at a low cost secas
remote, if it is still considered ncecssary to do so then thc author of this”
rcport reeommends that further work should be donc on the rcaections betwcen:-

TR R E
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(1) line ond mixtures of GO and NH3 at 600°¢; -

(2) urea, aluminiun ond liquid ammonia at 300°C, since these seem to
be the methods most likely to give picrite at an economical cost.
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Record Summary:
Title: Review of literature and of work done in ARD and CRDD on picrite
and its intermediates with a view to finding a cheap and economical
process.
Covering dates 1947 May
Availability Open Document, Open Description, Normal Closure before FOI
Act: 30 years
Former reference (Department) CRDD 307/R/47
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.






