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Experimental.

Experimental Procedure. The method and apparatus of these ex-

periments were nearly the same as those reported in the former paper. (2) 
But in this case the pressure of nitrogen was kept constant (1 atm.) 
and the velocity of the reaction was determined by measuring the speed 
of absorption from time to time with a second differential manometer 
of bromonaphthalene attached to the reaction tube. At the end of 
the reaction or after a difinite time the tube was rapidly cooled and 
the product was weighed and analysed. The content of nitrogen at a

given moment was obtained by graphically integrating the (- dp/dt or
-dm/dt～t)  curve and comparing the integrated value with the final

analysis.

Effect of Temperature. The effect of temperature on the reaction 
velocity is shown in Table 1 and Figs. 1, 2 and 3. The time was 
measured from the beginning of introducing nitrogen into the tube, 
and it took about 1/2-1 minute to reach 1 atm. From Fig. 1 we see that 
the velocity of absorption of nitrogen is very small at first and increases 
rapidly up to a maximum value and then gradually decreases. The re-
sults are similar to those obtained by H. H. Frank and his co-workers.(3) 

The initial increase of the velocity is probably due to the following 
causes: 

(a) liberation of the heat of reaction: CaC2+N2 = CaCN2+C 
+54.8Cal.,(4) which elevates the temperature of the reacting 
mass locally,(5) the greater the reaction velocity the greater 
will be the temperature elevation and consequent acceleration ;

(1) Read before the Chemical Society of Japan, Dec. 1931. 
(2) T. Aono, This Bulletin, 7 (1932), 143-154. 
(3) H. H. Franck, F. Hochwald and G. Hoffmann, Z. phys. Chem., Bodenstein-Festband, (

1931), 985. 
(4) Kameyama and Oka, J. Soc. Chem. Ind. Japan, 34 (1931), 890. 
(5) The local elevation of temperature was measured and reported by G. Bredig, Z, El

ektrochem., 13 (1907), 69.
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Table 1. 

Azotation velocity of powdered carbide (CaC2 = 68.2, CaF = 1.2 % ) 
at various temperatures.

(b) liberation of nascent carbon, which, according to the author's 
opinion, acts as an efficient catalyser for this reaction; 

(c) action of the boundary between the new phase of minute 
crystal of CaCN2 formed and the reacting CaC2.
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Fig. 1.-Reaction velocity and temperature.

Fig. 2.-Degrees of azotation and 

temperature.

Fig. 3.-Degrees of azotation after 
definite times at various 

temperatures.
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The time of the maximum velocity increases with rising tempera-
ture, and the degree of azotation (Y) at that time also increases with 
temperature as shown by the following equation..

where A and B are constants and T the absolute temperature. (See 
Table 2 and Fig. 4).

Table 2.

The simple relation for the first order of the reaction velocity does 

not hold generally in this case, and the following integrated form does 

not give a constant value of ƒÈ4 .

(41)

Fig. 4.-Relations btw. degrees of 
azotation (Y) before the time of 

velocity maximum and 
temperature.

Fig. 5.-Relation btw. log (n•‡/n•‡-n
t ) and time 

at various temps. (Powdered carbide).
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where no and nt (%) are degrees of azotation at time to and t (minutes) 

respectively, n•‡ the final maximum value of nt, and ƒÈ4 a velocity constant. 

As is shown in Fig. 5 and Table 3, the results at 1000•‹ and 1060•Ž. 

satisfy the following relation after a certain time from the beginning,

(42)

in which ƒÈ'4 and t' being constant. We have then

(43)

Table 3. Powdered carbide.

Relation btw. log10 ( n•‡/n•‡-nt ) and time at various temperatures. 
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Applying this relation to the data obtained from Exp. 360 at 

1060•Ž., for example, we have k4' = 0.0320, t' = 1.5 and therefore

(44)

The values calculated by the equation (44) fairly well agree with the 
observed ones as shown in Table 4. 

Table 4.

At temperatures lower and higher than 1000-1060•Ž., the above 

relation is not fulfilled. At 950•‹ and 867•Ž. the following relation, 

which was derived from the assumption that the layer of products re-

tards the reaction,(1) was found to be satisfied :

(45)

where t' and ƒÈ'5 being constant (Table 5). If we draw curves of

against time, we have straight lines in the cases of

Exp.359 (950•Ž.) and 361 (867•Ž.). (Fig.6).

Of course the relation 45 is not fulfilled at temperatures above 

1000•Ž., and even at 867•Ž. it does not hold, if the carbide is mixed 

with catalysers such as active carbon (Exp. 521 at 867•Ž.) and calcium 

chloride (Exp. 523 at 867•Ž.), which are effective to accelerate the 

reaction. (See Table 5, Exp. No. 521; the numerical value of nt will 

be found in the next paper).

(1) Vid. the next paper.
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Table 5. Powdered carbide.

Relation between { n1/3•‡-(n•‡-nt)1/3}2 and time at 867•‹ and 950•Ž.

Fig. 6.-{n1/3•‡-(n•‡-nt)1/3} 2 against time.
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From the equation 45 we have

(46)

The calculated values of nt by this equation coinside fairly well with 
the observed ones. (Table 6).

Table 6. Exp. No. 361.

(n•‡ = 99.0; t' = 6.7 min; ƒÈ5' = 2.737 •~ 10-4)

The theoretical consideration of these relations will be given in the 

next paper. 

Applying the Arrhenius' equation

(47)

on the results obtained from Exps. No. 362 and 360, we have the ap-

parent heat of activation E for the reaction

at the temperature between 1000 and 1060•Ž.:

(48)

If we assume N = 90.0 in both cases, then we have ƒÈ4 = 0.0309 for 

1060•Ž. and 0.0107 for 1000•Ž., and putting these values in the equa-

tion (4g) we have E = 58.6 Cal./mol. for the temperatures between 

1000 and 1060•Ž. Above the temperature of about 1080•Ž. the velocity 

increases suddenly and E becomes smaller . (about 33 Cal. /mol.). This 

may be due to the change in the phase of the reacting substance, 

e.g. partial fusion of the system CaC2-(CaCN2)-CaO-CaF2.(1) At the same 

time the character of the velocity curve deviates from Equation 42, and

(1) H. H. Franck and H. Heimann, Z. Elektrochem., 33 (1927), 469, reported that the 

lowest melting point of the system (CaC2-CaF2-CaO) is 1070•Ž.



Studies on Reactions between Gas and Solid. IV. 255

also the reaction is too fast to be measured accurately at such higher 

temperatures. 

These experiments were carried out in the research laboratory of 

the Denki-Kagaku-Kogyo Co., Ltd., Tokyo, 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, and to Mr. I. Kobayashi, who assisted 

him during the experiment.

Summary.

The effect of temperature elevation to the velocity of azotation of 

powdered calcium carbide (with 1% CaF2) has experimentally been 

determined. 

1. At a constant temperature lower than about 950•Ž., the fol-

lowing relation was found :

where nt means the degree of azotation (in %) after a time t, and n•‡ 

the final and maximum value of nt?,; ƒÈ5 and t' are constants. 

2. At a constant temperature between about 1000 and 1060°C., 

the common monomolecular course was found, namely :

where k4 being a velocity constant. 
3. At any temperature there is a maximum in the velocity; the 

time and the degree of azotation at the maximum point increase with 
rising temperatures. The following approximate relation was found 
between them.

where Y is the degree of azotation at the maximum of the velocity, T 

the absolute temperature, and A and B constants. 

4. From the temperature coefficient of the velocity constant, the 

apparent heat of activation for a powdered technical carbide (with 1% 

CaF2) was calculated to be about 58.6 Cal./mol. at temperatures be-

tween 1000•‹ and 1060•Ž., and about 33 Cal./mol. above 1080•Ž. 

Research Laboratory of the Denki-Kagaku-Kogyo Co., Ltd., 

Yurakucho, Kojimachi-ku, Tokyo.


