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Experimental.

Experimant A. A block of a technical carbide was crushed by a 

mill and sieved in three parts : H = (less than 80 mesh), I = (48-80 

mesh) and J = (larger than 48 mesh), and H and I were put in reac-

tion with nitrogen in the same reaction tube at 1030•Ž. for 3 hrs. "Gra-

nular carbide" (1) (larger than 48 mesh) added with 5% of calcium fluoride 

was also subjected to azotation at 1030°C. for 4 hours. Table 51 shows 

the results. 

If we assume that the particles are spheres of initial mean radius

γ0,  which was changed chemically to the depth ƒÁ', then the ratio of the

remaining carbide to the initial is given by Equation (51) :

Table 51.

* This correction is due to the change CaC2 + 2H2O = Ca(OH)2 + C2H2, 
Ca(OH)2+CaC2 = 2CaO+C2H2 (by heating) and C2H2 = 2C+H2, which has been 
determined by the author. The numerical value is given by

(1) Vid. the former paper.
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(51)

(52)

From these experiments ƒÁ', namely •çt 0(dr'/dt )dt, is found to be independent 

of the initial size ƒÁo of the particles (at 1030•Ž.). Whether the value 

(dr'/dt) is dependent on time or not is the next problem to be determined, 
mined.

Experiment B. The method was the same as that of reported in 

the former papers,(1) the velocity of azotation being determined from 

time to time by measuring the absorption speed of nitrogen at constant 

temperature (1140•Ž.) and pressure (1 atm.). The samples were the 
"granular" of diameters (0

.175-1.0), (1.0-2.0), (2.0-3.0) mm. respec-

tively. The sample of Exp. 376 was (3.17-0.84 mm.) different from 

others, all being free from catalysers. Table 52 and Fig. 1 show the 

results.

Fig. 1.-Azotation of "granular carbide" 

of varying size at 1140•Ž.

(1) This bulletin, 7 (1932), 143.
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Table 52. 

Velocity of azotation of "Granular carbide" of various size at 

constant temp. (1140•Ž.) and pressure (1 atm.) of nitrogen 

(without catalysers).
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If we calculate the values

(53)

where nr denotes the degree of azotation in % at time t, and n•ä the 

final value of nt k5 is found to be nearly constant. (Table 53) .

Table 53.

Velocity constant k5 for granular carbide at 1140•Ž.

Theoretical considerations.

For the velocity of azotation of a spherical carbide grain of an 

initiall mean radius ƒÁ0 at a given temperature and pressure, we suppose 

the following relations :
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Case a. 

The linear velocity of azotation in 

the direction of r is constant :

(5a)

where ƒÁ : radius at any time t,

κ: velocity constant.

(6a)

If ƒÁ1=ƒÁ0 at t1=0, then

(7a)

(8a)

Case b. 

the linear velocity is inversely 

proportional to the thickness of the 
layer of the product :

(5b)

(ƒÁ0-ƒÁ) •ä resistance to the proceed-

ing of the reaction.

(6b)

(7b)

(8b)

because ƒÁ = vm1/3 = ƒÊ(n•ä-nt)1/3 and ƒÁ0 = vm01/3 = ƒÊn1/3•ä; m : mass of a 

grain ; n•ä , nt : degree of nitrogen-fixation, and ƒË , ƒÊ : constants. 

From the experimental results, shown in Table 53 ., we see that at 

temperature of 1140•Ž. kb are almost constant at any time after t = 10 

minutes from the beginning. Hence, in case of the "granular carbide," 

the linear velocity of azotation of the carbide towards the center is con-

stant at 1140•Ž. If we denote the mass of a carbide granule with m, the 

reactive surface with A, and the density with ƒÂ, then from Equation (5a) 

we have :

(9a)

and also (10a)

where F = A /m = specific surface of the remaining carbide. Hence, 

the rate of change of the carbide to cyanamide at these higher tem-
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peratures and under a constant pressure is proportional to the surface 

area. 

It was already pointed out in the former paper(1) that at tempera-

tures lower than 950•Ž. and in case of powdered carbide without effec-

tive catalysers, the following relation holds good :

(48)

or (47)

This equation coinsides with (8b), although it has a term (t-t') 

instead of t. This t' is a correction due to the initial disturbance of 

the velocity, which starts with very low values, and attains a maximum 

after several minutes. This shows that at temperatures lower than 

about 950•Ž., the layer of the products hinders the further progress of 

the reaction proportionally to the thickness of the layer. 

At temperatures, where the products melt partly with the carbide, or 

when some catalysers such as CaCl2 were added, the relation is-of course 

different from the above. (See the former papers.(1)). 

Even at moderate temperatures, it is sometimes found that a velo-

city-curve at constant pressure involves several fragments of different 

nature : starting from an initial acceleration- or induction-curve, it passes 

a maximum point and then describes either a constant linear velocity 

curve or a curve of the first order and turns finally to a parabolic curve. 

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 the directors and engineers of the Co. on 

that day.

Summary.

The effect of size of powder and grain of carbide on the velocity 

of azotation was experimentally discussed, and it was also experimental-

ly determined that the velocity of azotation of carbide at constant tem-

perature and pressure is 

1. proportional to the surface area of individual grains, in case of 

the "granular" carbide, and the radial velocity of azotation is constant 

at about 1140•Ž. or

(1) Aono, loc. cit.
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2. the radial velocity is inversely proportional to the thickness of 

changed layer at 950•Ž. and lower temperatures. 

3. In some cases, there are several types of character in the velo-

city. 

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

Yurakucho, Kojimachi-ku, Tokyo.


