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Studies on Calcium Cyanamide Derivatives.

By Hiroshi Omnrsuxa
Yoshio Tawxapna

I. Preparation of Dicyandiamide from Calcium Cyanamide.

Dieyandiamide was produced by two methods. The one method was called *“‘Indi-
rect method” and the other “Direct method”. The latter, modified by the authors, gave
better results.

(1) Indirect Method.

Calcium cyanamide is extracted with warm water and the residue ig filtered off.
The extract is neutralized with sulfuric acid and, at the same time, cyanamide in the
solution is polymerized to dicyandiamide by the action of sulfuric acid. After separa-
ting caleium sulfute precipitate, the solution is concentrated by careful evaporation to
crystallize out dicyandiamide. . Caleium sulfate being slightly soluble in water, the di-
cyandiamide thus produced accompanies small amount of calcium sulfate as an impurity.

One example of reaction conditions is shown below:

Caleium eyanamide 100 ¢ Polymerization temperature 70°C
Extraction water 500 ¢ Polymerization time 150 min
Extraction temperature 45°C
Extraction time . bBmin
Yield of dieyandiamide 62.725 (based on N ;-content of calcium cyanamide)

CaON, + H, 80, >Ca S0, + H, CN,

(H,80,)
2Hy ON y———>(Hy CN 3y

{2) Direct Methed. (Mcdified by the authors)

Caleium cyanamide iz extracted with saturate solution of dicyandiamide. And the
solution is gradually neutralized by means of earbou dioxide gas bu’ bling to pH 8.8.
Then, cyanamide in the solution is polymerized by heating. After the polymerization is
complete, PH of the solution is adjusted to 7 again by ecarbon dioxide bilowing.

The solution is filtered hot to separate residuc. Dicyandiamide erystallizes out of the
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filtrate ou cooling. In this operation, coneentration of the filtrate is not required to

o tain the product. One example of experimental data is shown below:

Calcinm eyanamide 100 g Neutralization

~ temperature 40—50°C
Saturate soltion
of dicyandiamide 500 g Neutralization time 180240 min
Extraction temperature 45°C Polymerization temperature 70°C
Extraciton time ‘ 50 min Polymerization time 90—105min
Yield of dieyandiamide over 80%

Melting point of dieyandiamide 205°C
CaCONy + Hy;0+ C0;>CaCO; + Hy CN,
2H, ON,—>(H, ON,),
II. Preparation of Guanidine Nitrate from Dieyandiamide.

When the mixture of dicyandiamide and ammounium nitrate is heated over 150°C,
guanidine nitrate is obtained. We adopted two methods of preparation, method A and
B. Method A always gave better results probably due to minimizing the amount of di-
cyandiamide consumed by side reactions.

(1) Method A.

The mixture of 30 ¢ of ammonium nitrate and 6g of dicyandiamide is hented to
molten. state. The tempernture of the molten mass is maintained at 180+£5°C, and 8¢
of dicyandiamide is added in small portions to this mixture. The time yequired for
the addition is 30—40 minutes, The mass, after cooling, is dissolved in small amount of
water. From the saturate solution of guzmidinei nitrate, guanidine nitrate crystal is
recovered by usual method. Yield 96.297.

(2) Method B. '

The mixtme of 44 ¢ of ammonium nifrate and 20¢ of dicyandiamide is heated ut
60°C for 3hours. The product is obtained from the molten mass by the same wiy as
deseribed in Method A, Yield 75—80%.

NH,C(NHYNHCN + NH, NOy~>NH, C{NH) NOC(NH)NH, - HNO,
NH, CINH)NHC(NHYHN, - NHO;»°NH, C(NH)NH, - HNO,
111. Preparation of Nitreguanidine from Guanidine Nitrate.

Nitroguanidine is prepared by dehydration of guanidine nitrate. The dehydrating
agent is concentrated sulfurie acid.  In usual wethod, finely powdered guanidine is
added to concentrated sulfuric acid cooled with ice.» In the modified method, proposed
by the authors, concentrated sulfurie acid is dropped into the vessel containing gxmni-
dine nitrate. 3y so doing. we need no ice-cooling of sulfurie acid and no reerystalliz-
ing and fine pulverizing of guanidine nitrate. Morcover, we ecan reduce the time
1'(:qui1'edk for the production.

(1) Usual Method.
To 120¢e of concentrated sulfuric scid (sp. gr. 1.84) cooled at 0—5°C 175 g of finely

powdered pure guanidine nitrate is added in small portions. After standing for 6
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hours, the solution is poured into icc water. Raw nitroguanidine crystallizes out. This
raw produet is filtered and reerystallized from hot water. Yield 9225
{2) Modified Method. (Proposed by the authors)

Fifty cc of concentrated sulfuric ncid is added dropwise into the vessel containing
50 ¢ of roughly crushed guanidine nitrate. The reaction temperature is maintained in
the range of 20—40°C by cooling the vessel with water. The time required for the
reaction is 30—40 min. and at the end of the reaetion clear solution is obtained.
The solution is poured into ice water to sep:u"atc: raw nitroguanidine.

Nifroguanidine erystallizes from hot water in fine white ncedles, which melts at
208—230°C under decomposition. Yield 96%.

'The molten product mass (deseribed in IT.), which contains ca. 672 of guanidine
nitrate, can be used as starting material without further purification. But, in this
case, yield of nitvoguanidine is ea. 90%.

(H,80,)
NH,CINH)NH, - HNO, —>NH, C(INH)NHNO, -+ H,0

IV. Preparation of Aminoguanidine from Nitvoguanidine.

Nitroguanidine was reduced to aminoguanidine with zine powder and acetie acid.
Based on the results of numerous preliminary experiments, we adopted the following
precedure, which gave the highest yield ever reported in the literature.

The mixture of 21g of nitroguanidine and 75 g of zine powder, loth finely pow-
dered, is well mixed with 50 cc of water to paste. This paste is added in small portions
to 27¢cc of 1:1 acetic acid under stirring. The time required for the addition is 150—
170 min., and the reaction temperature is kept below 20°C duiing the addition. The
reaction mass, after standing for 4 hours, is filtered %o separate inorganic residue.
Aminoguanidine. earbonate is precipitated in this filtrate by addition of ammonium
chloride and sodium bicarbonate. The raw carbonate is washed with 5 2% ammonium
chloride solution, then with water and finally with 95% cther. Aminoguunidine carbo-
nate thus purified melts at 172°C under decomposition. Yield 702. Some properties,
for example, its fineness, seems to have great influence on yield of the product.

(Chemical Ingineering Taboratory, Faculty of

Engineering, Hokkaido University)
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