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Manufacture at Waltham Abbey was commenced in 1928 in
‘accordance with the experience gained, by the héséaroh‘nébart-
ment, Woolwich, in the preparation of nitroguanidine from |
calcium cyenamide fertilizer. | ufh

The progressive steps were the preparation of cyanamide,
the condensation of this with ammonium nitrate to form guanidine
nitrate and the nitration or dehydration of this to nitroguanidine.

This may be represented graphically as follows ;-

Cop CalN-CiN- HoN.CiN  HoN.CNH HgN.C NI
(Carbon (Cellcium (Cyanamide) NH,+ HNOz NH- NO
dioxide) cyanamide ) (guanidine (nitroguan%-
. nitrate) dine)
0, H NH4 NOz
(Water% (ammonium
v nitrate)

The fertilizer was treated with carbon dioxide and water
under pressure, the resulting cyanamide solution was heated with
ammonium nitrate under pressure and the resulting guanidine
nitrate, after drying, converted to nitroguanidine by treatment
with sulphuric acid. |

Manufacture falls into the following main sections :-
I. Preparation of cyanamide.
I1. Condensation of cyanamide with ammonium nitrate.
III.Conversion of guanidine nitrate to nitroguanidine.

IV. Purification and conditioning of nitroguanidine.

It is proposed, in the first place, to give & brief

description of the processes and plent in operation at the

commencement of manufecture at Waltham Abbey in 1928. The plant
instaelled was required to be capable of an output of 500 1lbs per
week working day shift only.

I. Preparation of Cyanamide.

ieaction carried out at a temperature of 35°C.and under




& pressure o:t 80 1b per sq_.inch. ’1 fp}%&gn;iﬁ%g a
Jacketed steel autoolave with Btirring geqp, oapaoiﬁr 60 gnl}qnnq

140 1b.of calcium cyanamlde fertilizer and 40 gallons of water .

oonstituted a charge for the autoclave. Carbqn,diogiﬁe supplied

from cylindera of compressed gas. rresaure ;n the'aut991QVe‘
reguiated by the rate of admission of thq gas. Heat evolved
during.this réaéfion. :Temperature controlled by the circulation
of refrigerated brine in the jacket of the autoclave. Carbon
dioxide passed in until the end ot the resction indicated by a
drop in temperature, quantity required usually about 80 1b. Time
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 proéess; 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 175°C. and
under a pressure of 150 1b per sq.inch in a steel gas heated

autoclave fitted with stirring gear, capacity 50 gallons. A

charge consisted of the cyanamide solution from the previous process }::
together with a total of 120 1lb.of ammonium nitrate, made up partly
of solid and partly of solution returned from the previous charge.
The excess of ammonium nitrate over and above the theoretical
requirement is 1007, Time occupied by the reaction about 2 hours.
At its conclusion cooling to 1109¢. before discharge eftfected by
slowly releasing the pressure. This occupied about 45 minutes, 4
when the contents of the autoclave were dis charged through a filter
to an enamelled cast iron jacketed evaporating pan, capacity 50
gallons. After evaporation to about one third the volume solution
allowed to cool and crystallise, the guanidine nitrate separated

by means of e centrifuge, dried and ground. The mother liquor '%
returned to the autoclave for inclusion in the next cyanamide=
amnonium nitrate charge. The evaporation plant was duplicated and
capable of dealing with the product from two runs of each autoclave

per chift. The guanidine nitrate yield from a single run was 70 lb.
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‘1TI. Conversion

" jacket. Time occupied in adding the nitrete about 1% hours. After

b

140 1bs of dried and ground guanidlﬁevﬁitrak%»adh%&rildirfﬂﬁ'fg
to 238 1bs of'aalphuric'acid'(ee%) contained in 50 gallons leed
lined jacketed cast-iron vessel Titted with stirrer. Temperature

regulated to 40°C.by circulation of refrigersted brine in the

edding the nitrate the cherge was stirred for s further 2 hours,
temperature felling to about %0°C¢. Charge then drowned in water
contaeined in two stoneware guncotton nitrating pens. Sufficient
water used to reduce acid concentration to about 20l. Nitro-
guanidine in suspension separated in two lead filter pans, packed
with graded quartz chips as the filtering medium, and then washed
free from acide.

1V. Purification end conditioning of nitroguanidine.

Nitroguanidine recrystallised in betchee of 50=-55 1b. This
quantity dissolved in 75 gallons of boiling water contained in
steam heated jacketed enamelled cast iron pen of 100 gallons
capecity. Hot solution passed through gteam heated filter end
thence to gimilar jacketed pen where it was cooled by water ;
circulstion. Crystallised nitroguenidine sepsrated by centrifuge, :‘f
washed and dried. Mother liquor used in dilution of next nitrat- e
ion charge. The erystallisation plant was duplicated and capable
ot producing about 100 1b.per shift.

Finished nitroguanidine required to be ground to fineness
of 200 mesh. Grinding cariied out in cast iron end runner mill.

10 1b.charge milled for %0 minutes. Ground meterial sieved.

With the toregoing brief description as a basis it is %
proposed o review each . section of manufacture in the light of
present knowledge and to give an account of the various improve=~
ments and modifications introduced and of the difficulties

encountered which led to these introductions.

I. Preparation of cyanamide.

Quite early in the menufacture certain irregﬂﬁarities



in the carbon aiaiideiconsﬁﬁﬁfibﬁ”aﬁ&*?ﬁb time %&0¥¥%§tiﬁngailfiit§ :
th;%wimprbvéﬁént.in:the conditions might be pbsiiﬁliﬂ”“it*wigﬂfﬁund'@@
suﬁéequenfly}that'increase in the speed of the stirrer with! thening §
consequent incresse in the agitation of the mixture effected =
considerable improvement. This led to the conclusion thet quantita-
tive interaétion between carbbnrdioxide‘and‘aquéoué‘calcium'cyénaAf
mide is not easily effected and it indicated further that an
increase in the scale of operations might poséibli be attended with
still further trouble in this direction.

Subsequent experience confirmed this when the 60 gallon
extraction vessel was replaced by one of 360 gallons capacity. The
full charge for this vessel would be 8 cwt of fertilizer and 250
galloﬁs of liquor but the behaviour with this charge was so unsatis-
tactory that these quantities had to be halved. Under these
conditions the results were better but still not equal to those
obtained with the smaller vescel.

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 impurities in the fertilizer together
form a grey-black slimy sludge which: is extremely diffioult_to
remove by ahy ordinary filtering process. The quantity to be dealt
with amounted to 300 1lb per shift and it was necessary, for best
efticiency, that it should be washed as free as possible frcm
cyanamide before being discarded. The filtration and washing by
centrituge was very slow on account of the difticultly penetrable

nature of the sludge and it became evident that a much improved

method would be necessary lor really large scale production.
Separation of the sludge by means other than filtration wes indicat-
ed. The use of settling tanks did not seem hopeful because of the .

slowness of the process. It was decided therefore to try sediment-

i
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ation of the sludge centrifugally. A centrifuge mounted in rigid

o ioe, 4
==ty

bearings is necesssry for this purpose. A small machine was obtain- |

ed in which the spindle is mounted in ball bearings horizontally i.e |

the




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

the baeket rotates in a rer;ioal pla.no. _The machine is cnagg%d

filling sedimentation is complete. With the machine gt;;;.running“
a dip pipe;.provided fo?_the pﬁrpose,wis lowargﬁvintq the\clear
liquof wﬁich is thus removed, Washing the sludge with small g
amouﬁts of water is then carried out and finally the washed sludge'f
ié removed by a cutting out device whilst the machine is still in |
motion. This type of machine is capable of running continuously
withdut giving trouble. This small machine wes so successful that
it has been replaoéd by a large one with a basket 1.6 metres in
diameter. The output of this mechine is sufficient for really
large scale production.

In August 1929 C.S.R.D. advised that the charge for the
autoclave in section II of manutacture could be greatly increased
by concentratlng the cyanamide solution before its introduction
1nto the autoclave. In the process of concentration the cyanamide
is polymerised to dicyandiamide which ié equally satisfactory for
use in the manufecture of guanidine nitrate. .

This changed the outlook to some ex¥ent and directed attentiox'l
to other methods of preparing dicyandiamide. It is known that
dicyendiamide is obtained when calcium cyanamide fertilizer is
extracted with hot water. Tnevreéction proceeds in two stages,
first calcium bicyandmide is produced and this further reacts with

water to produce dicyandiamide.

2 CaCNz + 2 HBO = Ca(CN-NH)g + Ca(OH)z
(Calcium cyanamide) (Calcium ' (Lime)
bicyanamide)

Ca(CN.IH)y + 2H,0 = (CN.Ny), + Ca(0H),

(Dicyandiamide) iﬁ

being lime. Under certain other conditions the bicyasnamide

18
{ e
These reactions occur in alkaline solution the base Present &
.{
3
hydrolyses to urea, small quantities of other bodies being formed &
i

at the same time. The chief fhctors controlling the reactions of

bicyanamide
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bicyansmide in.alkalinc,nolutinnznnnnthn$nstn;t‘and;hanﬂantration
of ‘the-alkalie -/ . ume »ooosgary for v77”L7;] cadbi o e

A process for the manufacture of dicyandiamide-from calcium
bicyanamide has been patented (German Patent 279,133, 1913 ). - In‘

this process the lime concentration is controlled by the addition

of sulphuric acid at varying time intervals.

The American Cyanamid Co.(Buchanan & Barsky. J.Amer.Chem.50c.
1930. 195) realising thatbthe reactions are controlled, evidently
by hydrogen-~ion concentration have investigated the matter Lfrom
this point of view and working with cyanamide solutions at 50°C.
and within the range Fy6 to PH 13 have found (a3 that the velocity
0f dicyandiamide formation reaches a maximum at Py 9.6 and decreases
rapidly at hydrogen=-ion concentrastions above or below this value,
(b) that dicyanqiémide Iformation is guantitative in alkaline
solution up to PW 10. Above Py 10 there is some destruction of

didyandiamide and above Py 12 the cyanamide is hydrolised quantita- .

tively to urea, (c¢) that the optimum hydrogen-ion concentration for
dicyandiemide formation is within the given limits‘for a temperature
range of 0 to lOOOC.

From a consideraﬁion of all the facts it was decided to
investigéte, on a laboratory scale, the preparation of dicyandiamide"}

by simple hot water extraction of calcium cyenamide fertlizer.

Quantitative experiments were carried out in which the fertilf{v
zer(1l part) was added to water (3 parts) heated to 90°C. and kept
vigorously stirred. Sanmples were withdrawn at intervals of 5, 10,
15, 20, 50, 45 and 60 minutes. The samples were filtered and the é};
filtrates allowed to cool. The quantity of dicyandiamide separating
increased up to the 30 minutes sample. In each case the amount of
lime remaining in soclution was determined as a measure of the
completeness of the reaction and here again there was little change
after the 30 minutes sample.

It was then decided to make a series of extractions at 90%.

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

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

was
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~was washed with sufficient hot water to restore the mother

liquor to the volume necessary for the next extraction. 6 The
nighest yield of dicyandiemide was 23.5% of the fertiliger used.
The nitrogen content of the fertiliger is about 21% corresponding

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

nitrogen remaining in the residue. Assuming all the nitrogen in

the fertilizer is present as calcium cyanamide them the efficiency
of the process is as follows :=-

Original cyenamide recovered as dicyandiemide 74.6 %

" no left in residue 6.0 %
n n lost (decomposition) 19.4 %
100.0

The dicyandiamide produced was of high grade quality. 1t
contained 0.25% of mineral majter and melted at 203 - 209°C.
After one recrystallisation it was obtained practically pure with
a nitrogen content of 66.57, 66.63% (calculated for dicysndiemide
66.67)) and melted at 206 - 210°C. Recrystallisation would not
be necessgary in manufecture.

It is not possible to compare directly the efficiencies of

hot water extrection on the one hand with carbon dioxide extraction 1

on the other at this stage of manufacture as the carbon dioxide
product is not isolated and weighed but by retference %o the
efticiency tables at the end of this report it can be deduced that
for water extraction to equal carbon dioxide extraction, at its
best, and operated in the small extractor, the yield of dicyandi-
emide nust be 23% .

The hot water extraction method of producing dicyandiamide

was introduced into the factory. Here it was found inconvenient

to add the fertilizer to water at 90°C.on account of the excessive i

frothing which occurred. The procedure adopted was to add the
fertilizer (2 cwt) to well stirred cold water (66 gallons),
quickly to raise the temperature to 95°C.,>maintain at this for
a few minutes and then filter, the total time of heating being
about 40 minutes. The residual lime etc., which by this process

is
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is quite granular and preéehié no iii%éfgﬂﬁ dirficulties,” is"
separated and washed by centfifuge,”the"&id}aﬁdiam113 ib1ut16h”’
is cooled and after removal of the crystals the mother liquer is
used for the next extraction.

In view of the work of the American Cyanamid Co., on the
eftect of hydrogen-ion concentration on the formation of dicyandi-
emide by similar methods the hydrogen-ion concentrations in the
solution throughout an extraction on these lines was determined

with the following results :-

Temperature EH

0

c.

15 12.7
30 12.1
40 11.7
50 11l.2:
60 1045
70 10.2
80 9.9
85 9.8
90 9.6
95 9.5

The progressive lowering of the P value throughout the
heating mey be caused partly by the decreasing solubility of lime

with increasing temperature.

In the early stages of heating the solution is probably too |
alkaline for best results. At 80°C. and above the conditione appearéé')
to be good.

At the end of an extraction the reection seems to be complete
as there is very little soluble lime in the filtrate.

The yield of dicyandiamide under these conditions is 19%.

The discrepancy, when compared with the laboratory results, may ‘:
be due partly to the unfavourable P, conditions, in the early stages
of heating, resulting in decomiosition. In addition to this the
jacketed extractor is unsuitable for the process. It is impossible
to control the temperature accurately when heating by steam circulat-’
ed In the jacket and there is reason to believe that decomposition
occurs at the high temperatures which are sometimes reached.

It has further been found in the laboratory that extraction

of the fertilizer at 80°C. for a period of «5-1 hour gives results

slightly superior to those obtained at the higher temperature of 90

The [ }
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of time, and it is not known to what extent 1t 15 arfectea hy &

considerable temperature rise.

The yield from fertilizer by efficiont carbon diaxide extract--

ion may be taken as a standard of the best obtainable, and the fact
that it falls short of what would be expeoted from the nitrogen
content of the fertilizer coints to the possibility of the nitrogen
not heing present entirely'as calcium cyanamide. This standard has
been .equalled by watgr extraction in the laboratory and there seems
to be no reason why it should not also be equalled in the factory
provided the necessary conditions are provided. _

Wwith this object in view the complicated carbon dioxide
extraction vessel ig being repleced by a cylindrical tank provided
with a stirrer. The heating will be by "live" steam in order to
provide accurate temperatute'control. The plant will be taken into
use shortly when laboratory conditions will be inifated exactly i.ec.
the fertilizer will be added at 80°C, and the temperature will be
maintained at this ghroughout. It is expected that a "standard"
yield will then be obtained.

There are many advantages in using water instead of carbon
dioxide exiraction. At present the carbon dioxide is purchased in
cylinders and accounts for Just over 4d in a totai of 18.7 for
naterials consumed per pound oi nitroguanidine manufasctured. The
extra Tertilizer required on account off the ovresent low yYield of
dicyandiamide by water extraction amounts to «6 1b ber pound of
nitrozuunidine and costs .45d. The nett Baving by water extraction
at present therefore is about Zﬁd ber pound of nitrogusnidine. Other
advanteges are that sinpler rlont may be used as pressure is not
necessary, the residue is granular and easily filterable thus eftfect-
ing & saving in filtering machinery and labour and eveporation is
entirely eliminated. Thig evaporation emounts to 70 gallons per
shift on a 500 1b per weelk output and would necessitate a muitieffect

evaporator on full scale production.




It has boen auggested that by-product carbon dioxido tram
some other manufacture could ba utilised at very low cost. @he
carbon dioxide required amounts to about l 5 lb. per 1b. of |
nltroguanldine. When it is considered that the money :available
for its purchase is .45d less the saving, by water extraction, om
plant, labour and steam it would seem that the carbon dioxide
would have to be supplied at a minus value for the scheme to be
practlcable. In addltlpn it must be remembered firstly that it
was the inefticiency of carbon dioxide extraction on largé scale
production that initiated the search for other methods and second-
ly that there is every reason to believe that the efficiency of

water extraction will be improved.

II. Condensation o1 cyanamide with ammonium nitrate.

The first trouble to occur in this section of manufacture

was corrosion of the steel autoclave. The vessel was in use for

some time before corrosion was rerceptible as a few small rittings.

From this stage the deterioratioh was rapid. From the position

0of the corrosions there were some grounds for thinkiq}that the
localised direct gas heating might be responsible to some extent.
it was arranged, therefore, that the new replacement pan should

be 0il jacketed in order to provide uniform heating. No benefit
resulted from this, however, similar corrosions occurring in about
the seme time. Samples of various acid resisting steels were
tested under similar conditions without discovering anything quite
satisfectory. Corrosion trouble had been experienced in concent-
rating the liguor from the autoclave reaction and this had been
overcome by the use of aluminium pans for this operetion. It was

decided, therefore, to try an aluminiuh liner in the autoclave.

An autogenously welded liner was Titted and proved very successful.

ATter sbout a year it was cut out and submitted to very caretul
examination. There was no evidence of corrosion and the aluminium
generally had suifered no loss in thickness. An aluminium liner
has therefore been adopted as standard practice. Trouble has been

€xperienced through a liner cracking but this was due not to

corrosion
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corrosion but to heavy strains set up when' the 1inér” skiands "’
‘under pressure to édapf itself to the contours of the alitéclive.
‘This can be overaome by caréful'design'so&aé tb”avoid,'ébifar

as ﬁossible; the strain being taken by & welded Joint;

In working the sutoclave in its.présent condition it has
been found th&t'the rdte.Of heating has‘beenqretarded consider-
ably. In‘thé fifét place heaﬁing through an oil jacket is much |
slower than the original direct ges heating and the rate is still
furthér retarded by the aluminium liner not being in perfect
thermal contact with the steel autoclave. The slow rate of
heating not only reduced the output but increases the amount
of an undesiréble amorphous bye-product. It is not considered
advisable to abolish the o0il jacket and revert to direct gas
heating because of the risk of dangerous local overheating of
the steel due to poor thermal contact between the stegl and
aluminium. The heating would be better carried out by an
internel aluminium coil supplied with superheated steam or
heated oil.

Recently (October 1931) an account has appeared in
"Industrial & Engineering Chemistry" of a "Quantitative Study
ol the Preparations of. Guanidine Nitrate and Nitroguanidine"
and in this it is shewn that guanidine nitrate may be prepared
very satisfectorily by the fusion together, in the dry condition,
of dicyandiamide and ammonium nitrate. Under suitable conditions
there is & 90)) conversion to gusnidine nitrate and in addition
to this the formation of undesirable amorphous by-product,
previously mentioned, is reduced to a minimum. In the suto-
clave process as running at precent tais by-product is produced
to the extent of 15, of the total product wherezs in the fusion
process this cen be reduced to the neighbourhood of one or two
per cent. This reduction is understandable when it is realised
that the by-product, which is composed of ammelide, ammeline and
melamine, is very largely the result of the action of water on
dicyandiamide. If, therefore, water is excluded, as in the
fusion process, by=-product formation is reduced to & minimume.

In
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In the case of the autoclave proceaa thia aide roaotion takas
place s0 long as there is dicyandiamido rroe to bo oétackod but
ceases when all the dicyandiamide i combined with ammonium
nitrate. The qulcker, thereiore, the temperature oI the autoclave
is ralded to the optlmum (about 165°C. ) for the prlmary reactlon
the sooner will it be completed and the less time will there be
for the 81de reaction to takc rlace.,

hen the autoclave was directly gas heated the by-product
formation was 84i. ihen the time of heating Wwas lengthened by the
necessary introduction of oil Jacket and aluminium liner the
by-product formation increaued to l5p.

It ise, therefore, Very necessary to raise the temperature of
the autoclave as rapidly as possible but, for fhe reasons given,
it seems improbavle, even under the bes%nggditions, that ohe
autoclave yrocess can De as effécient as the fusion process.

Apart from efficiency another reason for reducing the formation
of amorphous by-product to a ninimum is that it hss been found
that the presence of more than a certain amount oi by-produot
Causes trouble in the subsequent nitration brocess. This matter
has been fully investigated and is dealt with in the next section
of manuracture.

From e consideration of all the facts itvwas decided to carry

out a laboratory investigation of the fusion process.

In the account of a "Quantitative otudy of the Preparetion of

Guanidine Nitrate and Nitrogusnidine® breviously mentioned the
following method for the preparation of guanldlne nitrate is
evolved as the result of the investigation of the mechanism of the #?f‘
reaction.
264 grams (3.3 moles) of arled ammonium nitrate are mixed
with 63 grams (0.75 mole) o T dried dicyandiamide in g beaker
and rapldly heated to 162-165 Ce in an o0il bath. A further

67 grams of dicyandiamide gre slowly edded, temperature not
exoeeding 165°C, Heating continued tor total of 1 hour.

In this method -the amount of ammonium nitrate over ang above
the theoretical requirement is 10%s  The temperature is the
optimum for tne privery reaction and reduces by-product formation

to a minimunm.

Bxverinental
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Experimental fusiona on these linea héie bcen oarried out
in the laboratory. In & series of six rusions, 1n whichmth;*a
fusion product was recrystallised, an average yield of 89% ofn
recrystallised guanidine nitrate was obtained’ Prepared by the
autoclave process the yield is about 76%« It has been aecertain-
| ed by experiment that equally good nitroguanidine can be prepared
from the unrecrystallised fusion product as from the recrystallis-
ed. As recrystallisation involves expense and some loss of
product it was decided to omit recrystallisation 1n future
experiments. Under these circumstances it is not possible fo
directly determine the yield of guanidiné nitrate as the fusion
product is contaminated with ammonium nltrate. It is possible
only &= ind1rectlx[determine the yield by nitration to nitro-
guanidine and weighing the yield of this product.

Experiments in which the fusion product was nitrated without
recrystellication gave a yield of 77.5% of very good quality .
nitroguanidine. The yicld is calculated as the rercentage of the
theoretical yield from the dicysndismide used. The yield by the
autoclave process is 670.

All the above experiments were carried out with quite emall
quantities (about 100 grams) in beakers heated in an o0il bath.

After ascertaining that sluminium and mild steel were not
attacked by the fused mass it was decided to experiment with
larger quantities in an aluminium vessel fitted with & mild steel
stirrer, the vessel being made of aluminium because of the good
heat conductivity of that metal. The dimensichs of the vessel
were 10 inches diameter and 7 inches deep. It was heatead directly
‘by ges end it was possible to fuse in it a charge of 18 1lbs.
Working with this cmount of material some difficulty was experienc-
ed in discharging the contents of the vesgel’at the end of the
recaction, At a temperature of 16508.the fused mase is extremely

viscous. 1In large scale operation it would be convenient if the

mass could be poured , while molten, from the vessel anhd allowed




to solidify in thin layers. The viscosity, of the fused mass 48, ..
decreased considerably by raising the temperature end at 185%.
the mass is sufficiently fluid to flow reedily. It is nqt.harmxul
to raise the temperature to this extent provided the reaction has
been completed at the optimum temperature of about 165°C.  The
following is the procedure finally evolved for the satisfactory
fusion of 15 lb.(approx.) charges.

1125 grems of dicyandiemide are mixed with 4725 grams of
ammonium nitrate. About a gquarter of this mixture is placed in
the fusion vessel and melted. This occurs at a temperature of
about 125°C. The remeinder of the mixture is added in suitable
quentities and the temperature raised to 165%. The heating is
carried out carefully so as not to exceed 165°C. A further 1125
grams of dicysndiamide are now added, the rate of additiom and the
gas heating being regulated to maintein the temperature at 165°C.
This addition occupies about 20 minutes. The temperature is then
allowed to rise at such a rate that it reaches 185°C. in 30 minutes.
It is meintained at this for a short time and the molten mass is
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 case the reaction proceeded smoothly and satisfact-

orily. ©No difficulty was experienced in controlling the temperature

and the eddition to the molten mass of such substances as charcoal,
wood, paper etc., failed to cause an ignition.

A 446 1lb. 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 newly washed plant in order to avoid contamination with
material produced by the autoclave process. The yield, reduced by

the use of "clean" plant, amounted to 77.5% from the dicyandiamide

used. This yield value is the same as that obtained from laboratory
nitrations of 100 gram laboratory fusions. Laboratory‘nitrations _ﬁ
of the product of 15 1lb. fusions gave yields of well over 80% and |
there is no reason why similar yields should not be obtained from

regular
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regular factory AitPEbitnat et fusion produets This i18'a consider-
able increese on the 67% yield by“the sutoclave processes = « ol
It hes been mentioned thafiio% excess of ammonium nitrate has
been employed in the fusions. This excess is useful in lowering
the melting point of the mixture. It is, of course, economically:
advantageous to reduce this excess as much as possible and it has
been found that heating to a final temperature of 185°C. enables
5% excess dnly to be used quite successfully. By thies memns the
loss of ammonium nitrate is reduced to about the same as in the

autoclave process.

A plant capable of fusing charges of 1 cwt is now being eracted.»r‘f
It consists of an aluminium vessel heated directly by gas. A mild
steel stirrer is fitted and it is errenged that, at the end of the
reaction, the molten mass can be discharged into aluminium trays
by tipring the plant by means of suitable gear.

The advantages of the fusion over the autoclave process include
not only the increased yield but also the cheaper plant reguired
and the elinination of the need to separate and dry the guanidine

nitrate produced.

II1. Conversion of guanidine nitrate to nitroguanidine.

The first trouble experienced in this process was, on one
occasion, the violent decomposition of the charge during the
stirring period which follows the last addition of guenidine nitrate.;?'f
A1l the mixture was ejected from the nitrator by the violence of :
the decomposition.

Towards the end of the normal process the nitroguanidine
crystallises rapidly from the more or less supefsaturated solution
in sulphuric acid with considerable heat evolution and the thicken~
ing of the mass makes it the more difficult to disperse the heat.

To guard against & repetition of this the working of the
process was modified slightly. Near the time when separation of
the nitroguanidine was due to occur the temperature was allowed to
fall so as to increase the margin between the working and decompos-
ition temperatures.

The
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The next important step in|section ‘of menufacture was the

provision or a mnch 1arger nitrltion plant. 'This' hds 'been ‘erscved -
es a separate unit and is capable of manufacture on the largest
scale. 1% con81sta of a lead 1ined Jacketed cast iron nitrator
of 500 gallons capacity. This dischargee into a lead lined drown-
ing vat provided with stirrer and cooling coils. The contents of
the drowning vat are ied by pump or eir lift to a centrifuge where
the separated nitroguanidine is washed free from acid.

This plan® was designed to deal with a 1000 1b. chafge of
guanidine nitrate and has been worked with this load. Cooling and
stirring are efficlent and no difilculty has been experienced in
controlling the reaction but the Product is net uniform in quality
and generally is not so good as the small scale product, .

The quality of the nitroguanidine may be assessed fairly
accurately from the form of the crystel after recrystallisation
from water. Long lustrous needles indicate satisfactory quality
while small powdery crystals indicate inferior quality and contamin-
ation with impurity. Nitrogen, as estimated in the Lunge nltrometer,
is also an indicetion of guality. Good quality nitroguanidine

gives a value of about 13.25% or higher. With material ot inferior ['

quality a lower value is obtained.
Kot only was the inferior guality indicated by analysis

and cheracteristic appearance but also it is probable that trouble

in the cordite bress through aggregates choking the straining gauze
vas attributable to this.

It seemed evident that the deterioration in quality was a
direct result ot the disturbance of the nitration conditions by the
ceventold increase in the charge and further it was Tound that a
satistfactory product was obtained when the charge was reduced from
1000 1b to 400 1b.:

Reduction ot the nitration charge from 1000 1t to 400 1b.
reduces considerably the time occupied in nitretion and in drowning

and filtering. It seemed likely that the time Tactor was of

Considerable importance.
Factors which are likely to iniluence nitration are |

(a)

F o S———— T ——
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(a)._The quality of the guanidine nitrate. )
() The time occupied in nitration and in tho'subeaquont drownins,
~filtering end washing processes.

(¢c) The temperature of nitration.

(a) The proportion of sulphuric acid used.

The effect of variations in these factors has been investigat-

ed.

In the first instance good quelity guanidine nitrate was
selected and used for studying the etfect of variations in factors
(b) (c) and (d).

The guanidine nitrate sélected was & high grade factory
product containing e minimum of the amorphqus by=-product to which
reterence has aslready been made. This standard of gquality is not
reached regularly in manufacture by the autoclave process.

In the tirst series of experiments six nitrations were
carried out in each of which 50 grams of guanidine nltrate were
nitrated with 100 grams of sulphuric acid at a temperature of 3000.
Tn each case the addition of the guanidine nitrate occupied 10 min-
utes. The time of standing in contact with the strong acid varied
from 1 to 6 hours. The results were :-

1 hour contact Yield 80% Witrogen (Lungé) 13.33% Quality

g 0 f noo79 n W 13431 ghod
5w n no 77,5 u " 13,28 "
4 & " 7.5 " N 13.32 n
5 n N 77,5 " no 13.50 "
6 T n "o 80 " "o 13.29 u

In this first ceries variations in yield were cause by fluct-
untions in the temperature of the mother liguors and wash waters
at the time oi filtering. Subsequently standerd conditions were

adopted.

out with similar quantities but the addition of the guanidine
nitrete occupicd 50 minutes and the subsequent times oi stending
in contact with the strong acid ranged from 0 to 60 mihutes. The
results were -

Imnediate

‘.

In a furtier series of experiments the nitrations were carried y;

-
f
N
I

l \"
l

i
o
£



18,
{7l tempersturss cesc to have no mfverss efisct on the h
Immediate drowning Yield 84.5 % Nitrogen(Lungd).1d.274. ality

5 minutes contact = " 86,75, . " oM, 13433 "
noow "o gr.2s. Mo corlod oh@eRY 0% .M
15 v " o omoo87.25 . om . m.. 13,26 w
30 oM. M. 88,00 . . M ... " 13,25 . n.
oo n " e7.25 o " .ooB
60  © o ,; " 86475 o "o 13.25 n

The results indicate that a very'éhort time is necessary, after
the addition of the guanidine nitrate, to complete the reaction
and further that prolongation of the time in contact with the
strong acid up to 6 hours has no very marked effect on the yield
or qualityvof thg nitroguanidiﬁe.

In the next series of experimente three nitrations were carried
out with similer quantities, gusnidine nitrate addition 10 mins.,
subsequent contact with strong acid 30 mins., but the respective
times of contact wifh the dilute acid efter drowning were 1 day,

2 days and 4% deys. The results were =- |

1 day contact with dilute acid. Yield 82 %

2 | i 5 i " b 82

44 " n n n " 82 DNitrogen 13.24 Qualityg
£00d .8

This indicutes that long standing in contact with dilute
sulphuric acid has no marked efrect on the quality of the nitro-
guanidine.

In the next series oif experimnents four nitrations were carried
out with similar guantities, guanidine nitrate addition 10 mins.,
subsequent contact with strong acid 50 mins., imuediate tiltration
after drowning but the respective témperatures of nitration were
10, 30, 40 & 50°C. instead of tuae usual 30°C. employed previously.
The results were ;-

10°.  Yield 89.25) ifitrogen 13.26% Quality good.

3000. u 87.25 " 1%.27 n 1
40%. " 86.25 " 13.27 0 e
50°¢, " 84,00 " 13.27 t L

Iigh
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High temperatures seem to have no adverse effect on the
quality but there'is'a definite decrease in’ the yield caused,

" probably, by decomposition into innooudus producte.

In the next series the nitartions were carried out'até22°0.;
nitrate addition 10 mins., subsequent contact with strang%30 mins.,»L
imnediate filtration, but in eddition to the usual nitrate : acid

-

ratio of 1 : 2 other ratios ﬁere employed. The results were

Nitrate : acid ratio 1:3 Yield 84.5% Nitrogen 13.28% Quality good |

n ) n " 132 1 87.5 i " 13.27 1] . n
" " " 1:M5 " 89.75 - n 13,26 " "
" "M 131,25 " 69.25 " 13.12 " poor (&

" ML m131.25 0 72,75

In a further series the ratio 1 : 1. 25 was investigated with
the object oi ascerteining whether an 1ncrease in the temperature
of nitretion and in the time of contact with the strong acid would
improve the quality of the product. The results were :-

Temy.SOOC., Contact 2 hours,¥ield 76.75% Nitrogen 13.10% Quality

noow nooog ow " 84,00 n 15,20  no
" 40%. " 1% v " 78.00 " 13415 n
v 50%. T " 75,75 n 13.11 n
nooow oo " 79.25 " 13.08 5

It seems evident that it is not practicable to reduce the
acid below the 1 : 1.5 ratio. With the 1 : 1.25 ratio the water
content of the acid at the finish of the reaction would be over
10, which is probebly too dilute an acid to complete the reaction.

With the 1 : 1.5 ratio the yield is higher than when more
acid is used and the quality of the nitroguanidine is quite

satisfactory but the mixture is so viscous that it is doubtful

whether it could be handled satisfactorily in the Tactory.

Up to this point the investigations had shewn that, within
fairly wide limits, varistions in the time occupied by the
processes, in the temperature at which the krocesses were carried
out and in the quantity of acid uéed, have no deleterious effect

on the quality of the product provided good quality guanidine

nitrate




20.. .
nitrate is used. It seemed, thcr?fo:e, tpgt‘the explgpation of
the,ugsatiafactory qﬁalify'of tha prédﬁct frgﬁithe\;qdo lbi,
nitrations must be connected in some way ﬁith'thé usé.bf inferior
guanidine nitrate. -‘ . |

It has been mentioned that the.chier'impufity in.gﬁénidine
nitrate»produced by‘the autoclave procésé is an amorphous by-product.p;
consisting of a mixture of ammeline, ammelide, and melamine. This |

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

conditions of manutacture it is difficult to separate completely

contaminated with the by=-product.

The eftect of this contamination was now investigated by
repeating some of the previous experiments but using contaminated
guanidine nitraté instead of the fairly pure product. The contamin-
ated guanidine nitrate was prepared by the addition of known quantiti
es of by-product to guanidine nitrate fromthe batch used for the
previous experiments. The etfects of additions of 1, 2 & 5% have
been investigated.

Nitration of 1% contaminated material.

Temperature 30°C., nitrate : acid ratio 1 : 2, contact 1 hour,
dilute acid contact 30 minutes.
Yield 86.75% Witrogen 1%.2 % Quality poor, small needles. ‘}f

Temperature 50°C:, nitrate : acid ratio 1 : 2, contact 1 hour,

dilute acid contact 30 ninutes.
Yield 83.25% Witrozen 13.24% Quality poor, small needles. ¥

Nitration of 2, contaminated material. 5

Temperature 30°C., nitrate : acid ratio 1 : 2, contact 1 hour, ﬁfw
immediate riltration after drowning.

Yield 83.00, Nitrogen 13.197 Quality poor, powdery.
Temperature ZOOC., ritrate : acid ratio 1 : 2, contact 1 hour,
dilute acid contact 24 hours.

Yield 86.25, Nitrogen 13.23% Quality poor, smell needles.

Hitration of 5, contaminated material.

. - e, 4 : :
Tenperature 30°C., nitrete : acid ratio 1 : 2, contact 1 hour




immediate filtration after drowning.
" Y1814 4. 25% Witrogen 13. 194" Quality poor, powdery.
Temperature 30°C., nitrate : acid” ratio"l'i‘z,‘contéct 1 hour

dilute acid contact 24 hours.

Yield 86.75% Nitrogen 12. 9bp Quality poor, powdery. |
Temperature 50°C., nitrate : acid ratio l : 2, contast 1 hour
immediate filtatrion'aftér drownlng. | | |

Yield 807 Nitrogen 13,165 Quality poor, powdery.
Temperature 50°C., nitrate ; acid ratio 1l : 2, contact 1 hour
dilute acid contact 24 hours. |

Yield 84.5% Nitrogen 13.01% Quality poor, powdery.

It aprears Ifrom these results that contamination to the extent
of 1 or 2% has g distinctly adverse effect on the quality of the
nitroguanidine. The Lungé'nitrogen is to some extent affected and
the crystalline form is inferior.

ﬁiih 5% contamination these effects are more apparent and the
efiect on the Lungé nitrogen ox prolonged contact witn dilute acid
is remarkable.

A probable explenation of this effect is that the amorhhous
material passes into solution in the sulphuric acid during nitration.
On drowning it is not immediately precipitated irom the dilute acid
and therefore if the Precipitated nitroguanidine is separated

immediately a pProduct of satisfactory quality is obtained but if,

on the other hend, a long time elapses between drowning and separat-
ion then the amorphous materiel is precipitated and contaminates ‘Q
the nitroguanidine from which it ig not separated by Subsequent
recrystallisation. Fand

That this contamination hag a deleterious eifect on the

Crystalline Torm is shewn also by the fact that recrystallisation
of the nitros guanidine to which so little as lp 0% amorphous material
has been added invariably broduces small bowdery crystals.

In the 1000 lb.nitrations it was not possible to Separate gll

the nitroguanidine imcediately after drowning, because if the

insufficient

-
-




insorficient‘oapacitjAof>tﬁo‘oentfifﬁgfng ﬁient;‘ﬁinnﬂiﬁeiresult
that the later fractions of & batch were sometimes ‘inferior in
quality. S ok o E

It may be assumed, in the light of present knowledge, that
in those 1nstances where the quallty was satlsfactory throughout
the batch the contamination of the guanidine nitrate was Sltht
but in those instances where the quality of the later fractions
was interior then the contamination was considerable.

The ideal'remedy for the trouble is to produce gusnidine
nitrate practically rfee from amorphous by-product. The best
method of accomplishing this is to avoid, as far as possible, the
formation of by-product by using a process in whioh its formation
is at a minimum, i.e. the dry fusion process. The next best method
is to endeavour to free completely the contaminated guanidine
nitrate from the by-broduct. Feiling these methods the only remedy
is o 80 arrange the plant capacity that a nitration batch can be
dealt with completely immediately after drowning.

It has becn mentioned previously that steps are being taken
to try out the first method, not only from this point of wiew but
also with a view to increasing the yield. 1In the meantime, so that
the production of satisfactory nitroguanidine should not be
interrupted the alternative methods have been employed.

These investigations have also given usetrul information as
to the optimum nitration conditions so far as temperature and
quantity of acid are concerned.

Low temperature is an advantage and tne quentity of acid
muy be raduced to 1.5 parts to 1 part of nitrate with benefit but
the combination oif thE€seoptima is rendercd imgpracticable by the
extreme viscosity of the mixture. Althéugh nitrotion ot 10°C. has
been shewn to be advantageous it is not practicable, on sccount of ='§§
viscosity, with less than 2 parts ol acid and although nitration

with 1.5 parts ol acid has been carried out at SOOC. in the

laboratory the mixture produced is too viscous to be manipulated
satisfactorily in the tuctory. ‘The Tollowing experinental results

enable




enable conclusions to be\drawn as to the best practiogblo
pitration conditions. ‘ |
Nitration at 10°C. with 2 parts of scid Yield 89.25%
‘W w 30%., % 1.5 m w wm O om 39.?5%'

Asvit is not prdoticaﬁle to nitfate with 1;5ipérfs of acid %~¥
ét so low a témperature as 30°C., the highef temperatute necesééry ﬁ 4
would meke the ﬁethod iﬁferior to nitration at 10°C. with 2 parts A
of acid.

Actually these selected conditions must await large scale
application until such time as uniformly satisfactory guanidine
nitrate is available. Under present conditions it is necessary
to nitrate at ¢o°c. in order to save time so that drowning,
separation and weshing may be completed in one shift.

Recovery of the waste sulphuric acid from the nitration process.

In the nitration process the sulphuric acid acts 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. The yield of QF
nitroguanidine is 87% of the theoretical i.e. 13 parts of guenidine 5@
nitrate remain in some form in the dilute sulphﬁric acid, either prs,
as nitroguanidine or a decomposition product. When nitroguanidine [
is heated with concentrated sulphuric acid it decomposes and one oo
half its nitrogen is converted into ammonium sulphate. In this 4
way 13 parts of puanidine nitrate are equivalent to 14 parts of
ammonium sulphate theretore the recovered sulphuric acid may be |
expected to consist of 98,, acid 200 parts, esmmonium sulphate 14
parts. 1ts percentage composition, calculated water free, would
be sulphuric acid 93.3, amnonium sulphate 6.7 An actual

analysis of the recovered waste acid has given s result of sulphur-

* r'TI

ic acid 88.H, amnonium sulphate 1l.5. A small amount of the ammon-—

T
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iuwn sulphate in excess of what would have been expected from

5
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decomposed nitroguanidine or guanidine nitrate is accounted for

- 3

G 3

by the presence o a small amount of ammonium nitrate in the

guanidine




guanidine nitrate but the large excess appears to indicate that

the_decomposition.does not proceed quite_in‘the way expected.

The fégt remains that the fecovered acid is always contaminated
with-a considerable quanfity of ammoﬁium sulphate.and is unsuitable
to use again ih the process. At the present time it is being sold

to & gas works for use in ammonium sulphate production.

IV. Purificetionnand conditioning of nitroguanidine.

Cordite is entirely colloidal but in R.D.N. there is a very
large proportion of crystalline mixture. It is necessary to over-
come this disadvantage, as far as possiblé, by reducing the
crystalline material to es tine o state of division as possible.

Nitroguanidine crystallises in long fine needle@ which prove
dittficult to pulverise. It was required that the finished meterial
should be passed through a 200 mesh sieve. It was found that
although the product of the end runner mill was known to be of the
requisite fineness yet was it very difficult to pass through the
200 mesh centrifugal dressing 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 difficulty in sieving
the ground material was due to electrification. The use of silk
gauze (aperture 002 - ,003") as the s&eving medium tended to
increase the trouble. In very dry weather the difficulty increased
but when the atmosphere of the sieving?;és conditioned by the
adnission of a smaell jet of steam a greet improvement resulted.

vubstitution of phosphor bronze for sik also helped motters

by fTacilitating the "eurthing" of the gauze. These inmgprovenents *
solved completely the sieving difriculties.
Other improvements introduced into this section of manufac-

ture were the use of air agitation during crystallisation thereby

producing a smaller and more easily grindable crystal and the
substitution of a ball mill for the end runner mill. These alter-

ations were very beneficial.

It
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It has already been mentioned that contamination of nitro-~
guanidine with the ambrphbus by-product of the autoclave guanidine ‘
nitrate brocess has & marked effect on the erystelline form, the ;{
nitroguanidihé being then produced in smell powdery crystals.

An attempt to uée small crystals produced in this way was not
suéceséful. On drying the crystals formed very hardiaggregates
which proved ditficult to srind. i

At a later date a spray crystalliser designed by the Research
Department was introduced.

If, in the process of recrystallisation, the hot concentrated
solution is stomised and cooled suddenly the diséolved substance
will be deposited in very fine chstals.

In the crystelliscr designed by the Research De?artment the
Tiltered hot concentrated solution is sprayed through atomising
Jets on to thé inside surfece of s revolving cylindrical metal
drum cooled by the circulation of refrigerated brine through an
outer Jjacket. OStationary scrapers remove the crystals from the
surface and the motvher liguor, with the crystals in suspension,
Tlows as a sludge from the bottom of the apperatus.

The crystals are separated from the mother ligquor by memns of

a centrifuge, washed and dried. The product is in the form of

lumps which consist of aggregates of very fine crystals. Disinte-

gration of the aggregates is effected by means of a Schutz O'Neill
disintegrator. The product is morec Linely divided than the material”
produced by grinding, the predominating erystals measuring 002 mm M;f
or less in width and .03 mm or less in length. These dimensions
compare Ifavourably with the .063 mm.aperture of a 200 meuh gouze .
The crystalliser itself gave rather a lot of trouble. In the
first place the roller hearings supporting the very heavy revolving

cast wetal drum required constaont attention. t was considerdd

that a very iuch lizhter shect metal drum would probably be more BT
P

e 3 - 3 @ 0 Ca 3 e byl
eiicctive Irom the cooling point of view and would be more economic- %

al in power consumption and. maintenance charges.

The fixed scrapers also were not altogether successful. After
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a long period of continuous operation 1noruatationa.otfcrystala
formed on parts of the drum thereby interfering with the
efficiency of the process.

Another defect was the need to feed the refrigerating brine
4o moving plant. :ﬁ;tn such an open brine system any choking of
the outlet resulted in en overflow of brine wnich'found its way
jnto the product of the crystalliser. This resulted, on one
occasion, in tie production of a quantity of R.D.N. containing a

perceptible amount of calcium chloride. After the danger was

appreciated the brine system was, to some extent, moditied so0 as
to render & recurrence of the trouble less 1ikely but the possibil-
ity wes there still and a 100% system of testing the product had
to pe instituted in order to prevent the possibility of contamin-
ated material being used in R.D.W. production.

indesvours to remedy these derects and to simplify the
process have resulted in the production of a new type of crystel-
liser in whicéh -
(1) +the only moving mechanism is a simple stérrer
(2) scrapers are abolished, crystal removal being effected by

the mother 1liguor. .
(3) +the brine sysfem is closed and cennot overflow into the
product.

The crystalliser consists of a sheetl aluminium.truncated
cone of 50 inches length ol side, 4% inches dismeter at the top
or lariser end and 92 inches diameter at the bottum or smeller ende.
This is supported in & cooling jacket by a flanged joint neer the
top. The vertical gtirrer shalt is suspended Irom a double bearing
corried by Cross supports just above tiic vessel. The stirrer
blades, mounted oppusite each other, are ¢lose to the bottom of
tne vessel and are fashioned also to extend upwards for some
distence close to the sides of +“he vessel. The stirrer revoelves
at 140 revolutions per minute. At this rate liquid entering the

vessel is swirled immediately to tiie top where an overrlow is

provided.




provided. The atomised hot spray 1a:directg4_§o_tha side of the
vessel from jets at. the top. It is cooled imnediately and the
mother liquor with thevc;ystals in suspension is ewirled 10 the
overflow. After long periods of continuous working there is no
sign of incrustation. Phe cooling ié véry effective, hot spray
delivered at & ratg of 60 gallons per hour is cooled to 5 to 10%C.
when +the cooling brine circulating in the jacket is at a temperature
of =5 to -10°C. Under similar flow and temperature conditions in
the original crystalliser the finishing temperature would have been
over 20°C. |

The new type has considerable adventages in capitel and

maintenance costs and has superseded the originel machine.

Bfficiences df the processes.

Tor reasons which have already been stated it may be assumed
that 23, is a reasonable Tigure to adopt at present as a satisfactory ;;:
yield of dicyandiamide from fertilizer.

In separate columns below are given (1) the yields Dby the
original processes i.e. carbon dloxide extraction of fertilizer
and autoclave production of guanidine nitrate (2) the yields by
water extraction of Tertilizer and gutcclave production of guanidine
nitrate, and (%) the yields ewxpected when improved water extraction
of fertilizer and?ry fusion production of guanidine nitrate have
becn installed.

Yields trom 100 parts of fertilizer.

(1) (2) (3%
Dicyendianmide 25 (estimated) 19 23
Guanidine nitrate 51 ‘ 42

Hitroguanidine 58 5145 45.5

T

P

The yields of ¥8 parts of nitroguanidine in column (1) ana

51.5 parte in column (&) arc 67. of the theoretical yield from the

(e

e

dicysndiamide. The yield oi 45.5 parts of nitroguaenidine in column

N

ey

(5) is BOQ of tie theoreticszl yield and is srrived at from the
experimental work rccorded.

Deduced
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Deduced from these yields and tabulated below are the
guantities of chief raw materials required for the production

of lllb,?dffnitrogﬁanidine by systems (1) & (3).

~ System (1) System (3)
Fertilizer = = o Be6 lbe . . Re3 1bs
Carbon dioxide 1.3 ¥ -
Amwmonium nitrate ; .11 _—3 140 O
Sulphuric acid = . . 22 " . . 22 "

Manufacture on a larger scale.

Assuming the dry fusion process 1s successful it is possible
to visualise requirer@uts fdr mahufacture'Onvthe l&fgest‘sdale.
7itn present knowledge there would be'nd'diffidulty'in designing
plant for eny output.

The plant required for the processes‘is~éimplé consisting
largely of cylindrical tanks fitted with stirfers, codling tanks,
gentrifuges drying stoves, lead lined jecketed pans, sheet alumin-
ium crystallisers,.disintegrators etc. - all plant which is easily

procurable.

240 1iarch, 1933.




