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been engaged in attempting to 
improve the existing methods for the polymerization of 
cyanamide to dicyaiiodiamide : 

2 SH2CP\r --+ NH2CSHCS 
I1 XH 

The more important obserr-ations obtained in previous stud- 
ies (1, 4, 5, 8-18, 14) niay be summarized as fol low: (a) 
The polymerization of cyanamide in aqueous solution iiivolves 
B reaction of cyanamide with the cyanamide ion, the latter 
being present through the dissociation of a salt of cyanamide. 
The dicyanodiainide ion thus formed combines with a hydro- 
gen ion, yielding dicyanodiamide which is only slightly 
ionized. ( b )  The rate of polymerization is a function of the 
hydrogen-ion concentration. It reaches a maximum ai. 
pH 9.6 and decreases rapidly below and aboye this value; 
abore 12, cyanamide is hydrolyzed to urea. (c) A relatively 
sinal1 amount of nielamine is formed. 

A few years ago two papers appeared showing the impor- 
tance of hydrogen-ion concentration in the polymerization of 
cyanamide. Cocliet (5)  found that a 10 per cent cyanamide 
solution having a pH of 9.9 yields about 85 per cent conrer- 
sion a t  room temperature and that equilibrium is attained a t  
the end of 165 hours. Buchanan and Barsky (4)  obtained 
58.5 and 88.6 per cent coiirersion of cyanamide into dicyaiio- 
diamide in 2 per cent solutioiis having an average pH of 9.0 
and 9.6, respectively, after 72 hours heating a t  50' C. 

Grube and Sitsche (10) studied the polymerization of 
cyanamide in dilute solutions (0.5 to 2 AV cyanamide) iii the 
presence of ammonia and obtained yields of 84 to 85 per cent 
after 4 hours of heating a t  60" C. They concluded that op- 
timum conditions are attained when the concentration of 
ammonia is half of the cyanamide expressed in teriiie of nor- 
mality. 

It was felt that  the yield could be improved and the rate 

ard (6) 
tainecl by the Kjeldahl method 

Preliminary experiments were run on cyaiiaiiiide solutiorh 
made up by adding large amount- of c~anaiiiide to aqua 
ammonia. These solutions were heated in g l a s  e\ apoiatiiig 
dishes on a steani bath until practically all the nater was 
driven off. The residue was then dried a t  125" C and ana- 
lyzed for total nitrogen and dicyanodiamide; forincl % to 
97 per cent conversion. 

Polymerization of Cyanamide to Dicyaiiotliainide 
A. series of experiments was then perfornicd uucler simdar* 

conditions, but on solutions of knonn cornpodon Thc 
concentration and relative proportions of cyanamide and 
amnioiiia Twre varied t o  afford some indicatioii oE the 111- 

fluence of these factors. The analyses of the initial solutioiis 
and of the final residues are presented in Table I 

Total nitrogeii was ob 

TABLE 1, POLYNERIZATIOS O F  CYAXAMIDE TO L)~CY.&SODIAMIDl~~ 

Concn. of Initial Soln. ,------Analysis oi Product - 
Expt. Cyan- Total Dicpanodi- Dioyanodi- 
KO. amide X f h  K amide N amide Urea" 

70 70 5% 70 7% 0%. 
1 41.7  1 6 . 6  65 .25  63 .90  9 8 . 0  .~~ 

2 9 . 4  11.7  65.55  62 .90  9 6 . 2  0 . 3  2 
2 6 . 4  21.0  6 5 . 4 5  64.10 9 8 . 0  . . .  3 

4 22 .7  9 . 0  66 .22  63 .25  9 5 . 6  0 . 4  
5 20 9 9 6 . 6  65 .40  62 .30  9 5 . 3  . .. 
6 1 9 . 4  2 3 . 0  65.88 62 .75  9 5 . 2  . . . 
0 Determined only in  experimenhs 2 and 4 

These rpsults show that a conversion of cyanamide to di- 
cyanodiamide higher than that recorded in the literature i s  
obtainable, and moreover, the extent of polyiiierization is 
not appreciably affected by the variation of the cyanamide 
concentration in aqueous solutions of cyaiiamide a i d  am- 
nionia of these high concentrations. 

Effect of Concentration of Cyanamide axid 
Ammonia 

of polymerization increased by operating a t  a higher tempera- 
ture with a weakly alkaline solution. It seemed that the 
ideal conditioiis for the polynerization of cyanamide x-odd 
be the use of a highly concentrated solution of cyanamide with 
a low animoiiia concentratioii in an  open systeni in which the 
decrease of ammonia through volatilization would take place 
siinultaiieously .ivith the polynierization. A series of experi- 
inents was therefore designed to study the influence of the 
factors mentioned in the foregoing. 

To determine the minimum ainount of ammonia, necessary 
for conaTersion in the presence of various concentrations of 
cyanamide, a series of experiments was carried out in vhich 
these factors were iTaried, the solutions being heated for a 
period of 15 minutes. The composition of the solutions and 
analyses of the products are sho7T-n in Table 11. 
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The results of these and subsequent experiments indicate 
that a maximum conversion of cyanamide to dicyanodiamide 
is obtained in solutions containing a t  least 20 per cent cyan- 
amide and 2 per cent ammonia. The maximum yield of 
dicyanodiamide is not affected when higher concentrations of 
either cyanamide or ammonia are used. It was also observed 
that cyanamide is quantitatively polymerized to dicyanodi- 
amide in liquid ammonia solution upon spontaneous evapora- 
tion of the solvent. 

If vigorously digested, the rate of polymerization is more 
rapid and the final conversion is greater than with gentle 
boiling. 

TABLE 11. POLYMERIZATION OF CYANAMIDE SOLUTIONS WITH 
VARYIIiG CONCENTRATIONS O F  CYANAMIDE AND AMMONIA 

Concn. of Initial S o h .  -----Analysis of Product- 
Expt. Cyan- Total Am- Dicyanodi- Con- 
No. amide "3 N monia N amide ;\J version 

% %  Grama GTam Grams % 
7 3 8 . 0  0 . 6  1 .446  0.001 0.768 5 3 . 0  
8 3 8 . 0  1 . 1  1 .114  0.001 0 .784  7 0 . 5  
9 3 8 . 0  2 . 4  1.294 0.004 1 .228  9 5 . 2  

10 38 .0  3 6 1.216 0.006 1.154 9 5 . 3  
11 38.0  4 . 5  1.252 0 ,009  1.195 9 6 . 2  

12 21 .7  0.6 0.734 0 ,001  0 .381  51 .9  
13 21 .7  1 . 1  0 .749  0.002 0.569 76.2 
14 21 .7  2 4 0.708 0,003 0.680 9 6 . 6  
15 21.7  3 . 6  0 .640  0.003 0.625 9 8 . 2  
16 21 .7  4 . 5  0.700 0.004 0.671 96 .6  

17 10.0 0 . 6  0 .351  0.003 0 . 0 3 9  10.8 
18 10.0  1 . 1  0 .298  0 ,003  0.060 2 0 . 4  
19 1 0 . 0  2 . 4  0 .365  0 ,004  0 .110  30 .6  
20 10 .0  3 . 6  0.435 0,006 0.212 4 9 . 4  
21 10.0 4 . 5  0.395 0.006 0 .204  52.3" 

Q Cyanamide nitrogen, 0.182 gram or 46.8 per cent. 

Rate of Polymerization 
After the concentration of cyanamide and ammonia and 

the conditions of heating most favorable for the polymeriza- 
tion were determined, its rate in a solution containing 23.6 
per cent cyanamide and 2.4 per cent ammonia was studied. 
The results are shown in the following table: 

---Analysis of Product Y 

Expt. Time of Total Ammonia Dicyanodi- Cop- 
No. Digestion N N amide N ver8ion 

Min. Gram Cram Cram % 
22 5 0.801 0 .014  0.342 42 .3  
23 10 0.790 0 . 0 0 4  0 .569  72 .4  
24 15 0.777 0.003 0.758 9 8 . 0  

In  the foregoing experiments there remained as a source 
of error the possibility that some cyanamide might have been 
lost by volatilization (11). The efficiency of the process was 
therefore determined by basing the yield on an accurately 
determined amount of starting material. A 20 per cent 
(approximate) cyanamide solution was made up, and an 
aliquot was analyzed and found t o  have the following com- 
position : total nitrogen, 0.6745 gram; cyanamide nitrogen, 
0.6465 gram; dicyanodiamide nitrogen, 0.0265 gram. The 
polymerization product of a similar aliquot containing 2.5 
per cent ammonia gave the following analyses; total nitro- 
gen, 0.6730 gram; cyanamide, nitrogen, 0.0070 gram; di- 
cyanodiamide nitrogen, 0.6653 gram. It is evident that no 
cyanamide was lost by evaporation, for the final crop of di- 
cyanodiamide and cyanamide was equivalent to 99.7 per 
cent of the initial total nitrogen. It is noteworthy that 
98.9 per cent of the cyanamide was converted into dicyano- 
diamide. 

Polymerization in a Closed System 
Polymerization was also studied in a closed system by 

carrying out a number of experiments in sealed tubes. The 
data are as follows: 

Analysis of Producta 
Expt. Cyanamide "3 Time of Cyan- Didyanodi- 
No. Conon. Concn. Heating amide amide 

% % Min. % % 
25 10 0 0 . 5  15 8 0  9 0 . 1  

0 . 5  25 4 . 3  9 2 . 7  
27 17.2 2 . 4  1.5 8 . 6  9 4 . 1  
26 

Q Urea waa not determined but may be estimated by difference. 

Although fairly satisfactory results were obtained in the 
closed system, it was believed that near the end of the reac- 
tion when there would be a deficiency of cyanamide with re- 
spect to  ammonia, the consequently higher hydroxl-ion 
concentration would bring about some hydrolysis of cyanamide 
to urea. This conjecture was confirmed by an experiment 
in which a 5 per cent solution of cyanamide containing 0.4 
per cent ammonia was heated at  100' C. in a closed system. 
The reaction product yielded 6.4 per cent of the total nitro- 
gen in the form of urea and still had 5.5 per cent unconverted 
cyanamide. 

In order to determine the applicability of the new method 
to a somewhat larger scale, the following experiment was per- 
formed : Three liters of a 20 per cent cyanamide solution were 
made ammoniacal t o  the extent of 2.4 per cent by the addi- 
tion of 380 cc. aqua ammonia. The solution was transferred 
to a steam-jacketed Elyria kettle (2-gallon or 7.6-Iiter ca- 
pacity) and heated a t  a temperature ranging between 98" and 
104" C. for 25 minutes. The product was collected and dried 
in an oven a t  loo", A yield of 97.9 per cent dicyanodiamide 
was obtained. 

Suggested Method for the Preparation of 
Dicy anodiamide 

A neutral aqueous solution of cyanamide, or a solution 
made very slightly alkaline with ammonia, is evaporated a t  
reduced pressure to a concentration of a t  least 20 per cent 
cyanamide. While the solution is still hot (70" C. or there- 
about), ammonia, either gaseous or in the form of aqua am- 
monia, is added in quantity sufficient to bring its concentra- 
tion within the range of 2.0 to 4.5 per cent. The tempera- 
ture is then raised as rapidly as possible until the reaction 
mixture boils vigorously, and the heating is continued until 
the cyanamide has been completely converted, as shown by a 
qualitative test with ammoniacal silver nitrate. The am- 
monia may be recovered and stored for use in subsequent 
batches or it may be found desirable to pass i t  directly into 
one or more converter units in series, before final recovery. 
The charge may be evaporated practically to dryness with- 
out loss or decomposition. 
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