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From a kinetic study of the reaction CaC2+N2=CaCN2+C, G. 
Bredig(1) and his coworkers found that the azotation velocity of the 

carbide is proportional to the N2-pressure. But F. Foerster and H.

(1) Bredig, Frankel and Wilk, Z Elektrochem., 13 (1907), 605.
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Jacoby(1) stated from their experiments that ,Dies zeigt, dass zwar ein 
Druckeinfluss bei der CaCN2-bildung vorhanden, dass er aber nur von 

geringer Bedeutung ist." As this problem is significant for the study 
of the chemistry of calcium cyanamide, the present experiment has been 
carried out to ascertain whether this proportional relation really or to 
what extent exists or not.

Experimental.

A nickel boat of 1 em. wide and 5 cm. long, containing powders or 

grains of technical calcium carbide mixed with CaF2 (1 and 5/ in weight), 

was placed in a porcelain tube, one end of which being sealed. The 

other end of the tube was connected both with a nitrogen source and a Hg 

manometer and an air pump through a three way cock. The tube was very 

carefully tested whether it was perfectly gas-tight in heated state or not. 

After searching several kinds, the author obtained a proper material 

specially made by the S.C.P. Co. N2-gas which contained 0.2417o of O2, 

was purified with heated Cu, conc. H2SO4 and sodalime, and then dried 

with CaCl2 and P2O5. After the carbide had been heated in vacuum up 

to a proper temperature until no gases were expelled from the carbide 

and the tube, the N2-gas was led into it for a few minutes. At the begin-

ning of the azotation of carbide, the reaction velocity varies considerably 

from time to time even at a constant N2-pressure. After a certain time 

the change of reaction velocity becomes so slow as it may be regarded 

as constant in a short time interval. The measurement was executed 

at this stage in two ways. 

The one way was as follows. Decreasing or increasing the total 

pressure (P) of the N2-gas in the reaction tube, the time (‡™t) needed 

for each 8 mm. of the pressure decrease (‡™P) was measured with a 

stop watch. The slight change of the total volume due to the change 

of the manometer hight was also measured and the correction (F) for 

it was calculated as follows. If we denote by V the total volume of the 

gaseous space at the manometer reading of 760 mm., and by ƒË the 

volume decrease due to the change of manometer hight, then we have 

F1 = V / (V-ƒË1), F2 = V / (V-ƒË2), etc. at the pressure P1, P2, etc. re-

spectively. And

(1) Foerster and Jacoby, Z. Elektrochem., 12 (1907), 101.
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The pressure P was determined from the following equation

where B : the barometer reading of the atmosphere ; a : mean hight of 

the manometer reading; c, c': hights of the meniscuses ; h : reading of the 

circular edge of the meniscus of the higher column. 

The other way was to measure the rate of decrease of the N2-pressure 

as G. Bredig had done; but as this method takes longer time to accomplish 
one set of measurement, and from fear that the reactivity of the material 

might change during the course of measurement, the former way was 

preferred. 

Experimental Results. At a constant temperature the velocity of the 
reaction

will be a function of both the pressure of N2 and the reactive solid mate-
rial. In a proper condition and in a small time interval the reactivity 

of the carbide may be regarded as constant, and the reaction velocity 

will change solely with the N2-pressure. If there holds the proportional 

law between them, then we must have the following relation at constant 

N2-volume:

(1)

where -dP means the decrease of N2-pressure during the small time dt, 
and k the velocity constant. From equation (1) we have

(2),

or (3).

Some of the results of two sets of the measurements are given in Tables 

1, 2, 3 and 4. Each in Tables 1 and 2, 3 and 4 belongs to the. same 

series respectively.



146 T. Aono.

Table 1.

Method 1. Powdered carbide (CaC2 = 67.4%o and CaF2 = 1.2%)
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Table 2.

Method 2. (Continued to Table 1.)

Table 3.

Method 1. Grainy carbide(1) (61.9%o CaC2, 5%o CaF2-powder).

(1) This carbide was specially prepared for this research by Mr. Hibi's process. The 

grain had a size of 1•`3 mm. in diameter and was porous, the surface being covered 

with a thin film of carbon.
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Table 4.

Method 2. (Continued to Table 3.)

Now, looking at the Tables 2 and 4, we find that the velocity constants 
k3 calculated from equation (3) are gradually decreasing at first and 
then slightly increasing with P or time, while most of k2 from the equa-
tion (2) increase with decreasing pressures. The decrease or constancy 
of k3 could be attributed to the decrease of active mass with time, be-
cause it takes much time to accomplish one set of measurement. The 
increase of k2 could not be attributed to any error involved in the opera-
tion such as inconstancy of temperature, change of reacting mass, etc. 
This can be recognized when the figures are carefully observed. It was 
assumed that

and ‡™P was taken as 8 mm., while the arithmetical mean pressure was 

taken as the corresponding P. Tracing (-‡™t/‡™P•` P ) curves we see that 

in the region of these experiments

(4),

and this difference must, if any, increase with decreasing P. Hence the 

velocity constants found by this experiment would have to become rather 

smaller as P diminishes, which contradicts to the experiment. From
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these reasons, the increase of k2 with decreasing P could not be attributed 

to any error. (1)

Fig. 1.

Tracing (-P dt/

dP ) -P curves from these data we have, for example,
Fig. 1 (from Table 1). The points lie almost on straight lines. There-
fore we have

(5)

or (6)

It is important that a and ƒ¿ decrease with rising temperatures, as are 

seen in Table 5, which was calculated from the experimental values in 

Table 1.

Table 5.

(1) When the data of Bredig's report (loc. cit.) are carefully observed, we can find that 
their k also increases with decreasing pressure.
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Although the quantitative relation cannot be deduced directly from these 
data because the active surface and also the reactivity must change with 

proceeding of the reaction, we see that, the higher the temperature the 
greater is the effect of pressure-increase to the reaction velocity, though 
the effect of the pressure-increase becomes smaller at higher pressures.

Fig. 2.-Relations btw. reaction velocity and nitrogen-pressure 
at various temperatures. (only qualitative.)

At lower pressures the reaction velocity is nearly proportional to the 

N2-pressure. From Table 5 we have Table 6 and Fig. 2. The numeri-

cal values cannot be compared with each other, because the reactivities 

of the carbide in each case are not equal, but we can see the tendency 

of the reaction velocity influenced by the pressure.

Table 6.

Relation between-
dP/
dt

 and P (atm.) (calculated).



Studies on Reactions between Gas and Solid. III. 151

The velocity of N2-absorption of carbide at constant temperature 

and pressure increases at first to a certain limit and then gradually de-

creases. The maximum velocity and its position is a function of tem-

perature, the higher the temperature the greater is the maximum value 

and the position comes faster. These characteristics were studied by 

the author in many cases, which will be reported in the following papers 

in details but one of them will be cited here. 

Powdered carbide (CaC2=72.97 %) , mixed with 10.0% of freshly 

ignited and dehydrated calcium chloride powder, was heated in vacuum up 

to 870•Ž. and at this constant temperature nitrogen was led in. Keeping 

the pressure of nitrogen constant at 775 mm., the velocity of decrease 

in pressure per second was measured. After 20 minutes the pressure 

was varied and the reaction velocity or the rate of decreasing of the 

pressure was measured simultaneously with the corresponding pressure. 

The results are shown in Table 7 and Fig. 3-5.

Fig. 3.-Velocity of azotation of powdered carbide 
with CaCl2 (10 %).
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Fig. 4.-Relations btw. P and k2 with proceeding time.

Fig. 5.-Change of k2 with varying pressures.
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Table 7. Calcium-carbide (72.97% CaC2)+10% CaCl2.

Furnace temp. = 870•Ž.,
dP/

dt
= mm. ƒ¿ - Br-naphthalene / see.

F = correction. factor.
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It is interesting that when the pressure was changed suddenly, and

-
dP/

dt
 was measured without delay, then k2 was greater than the value

of k2 corresponding to the equation at the elevation stage of the pressure 
and k2 was smaller at the lowering stage of the pressure, or it has a 
hysteresis character. These interesting facts, together with other pheno-
mena, have been treated by the author theoretically,(1) which will be 
reported in this bulletin in near future. These experiments were carried 
out in the research laboratory of the Denki-Kagaku-Kogyo Co., Ltd., To-
kyo, -before Sept. 10th (1930), and reported to the meeting of directors 
and engineers of the company on that day. 

The author expresses his best thanks to Mr. ,K. Hibi, who gave him 
the opportunity of carrying out the experiments and allowed him to 

publish this report now. Mr. I. Kobayashi ;assisted him during the ex-
periments.

Summary.

It has been experimentally determined that the velocity of reaction 
between nitrogen and calcium carbide at high temperatures is not direct-

ly proportional to the nitrogen-pressure, but there exists the following 
relation :

where P denotes the pressure, K and a certain constants depending upon 

temperature and other conditions of the reaction. 

It has also been found that the higher the temperature the greater 
is the effect -of pressure-increase to the velocity of reaction, though the 
effect of the pressure-increase becomes smaller at higher pressures. At 
lower pressures the velocity of the reaction is nearly proportional to the 

pressure.

Research Laboratory of the Denki-Kagaku-Kogyo Co., Ltd. 
(Electrochemical Manufacturing Co., Ltd.) 

Yurakucho, Kojimachi-ku, Tokyo.

(1) Read before the meeting of the Chemical Society of Japan, Dec. 12th, 1931.


