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DECOMPOSITION OF METHANOL WITH ZINC-CHROMIUM
OXIDE CATALYST.

By Mixio Tasmura and Svojr Suiba.

(Abstract)

The decomposition of methanol with zinc-chromium oxide was studied by static method,
spring manometer of Pyrex glass heing used (Fig. 1). The catalyst contained 252 of chro-
mium when expressed as atomic percent based on total metal. Besides the pressure change,
the ratio [CO]:[H.] in the midst and the end of the reaction were determined with a katharo-
meter. ‘The course of the pressure-time curve and the results of the amalysis with the
katharometer can be satisfactorily accounted for, if it is assumed that the decomposition
reaction of the methanol is of consecutive first order and that formallehyde is formed

intermediately.
' k ke
CH,0H — HCHO+H, — CO+H.+H,

The experimental results also indicated that side reactions could be neglected in the present case.
The values of velority constants obtained at 300°, 290°, 280 and 270°C are given in "Table
I. The apparent heats of activation were calculateil to be 43 kcal and 30 keal for the decom-
positions of methanol and formaldehyde respectively. According to Fletcher, the homogeneous
decompositions of methanol and formaldehyde have activation enegies of 68 keal and ¢4.5 keal
respectivelv.

Figs. 2-6 give pressure-lime curves, initial pressures being taken as unit. Final pressures
are usually larger than 3, presumably because of the larger adsorption capacity of the calalyst
for methanol than for the final product, hydrogen and carbon monoxide. Figs. ¢~13 indicate
the relation between log {pe—p) and time t, p. being the final pressure.

If k; is far larger than k,, or if methanol decoposes directly into hydrogen and carbon
monoxide, the log (p=—p)-L curve should he a straight line. Since the reaction is consecutive
and k, is larger than k.. only the latter half of the curve is straight. Simple theoretical con-
silleration leadls 1o the result that the later half can be represented by eq. (13) which gives a
straight line. Thus the values of k, can be calculated from the slope of this strajght'iine. As
k, is considerably larger than k. the time of half-change of methanol ©, can be considered 10

1

be nearly equal to the time which the pressure takes to become 14 ~P°'T_— Then k,s can

be obtained wusing the relation
ky=—Inz. (7)
*1

k’s in Table T were thus obtained. From the eq. (13) we see that extrapolating the straight

part of curves in Figs. g-12 the values of K —Ik can bhe ohtained. Tn Table I these values
1 H
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are compared with those calculated using the values of ks in Table 1.

Theoretical consideration leads to the conclusion that the p-essure-time curve can be repre-
sented by eq. (14), in which x and y are such as given by eqs. (8) and [9). Iig. 14 gives
the theoretical curve for 300°C and experimental results, marked o, at the same temperature.
Points marked X in Fig. 5 are those obtained by the ey. (14) lor 270°C, amd fall near the

experimental curve. The amount of methanol. (1—x) : that of formaldehyde, (x—y) ; and that

of carbon monoxide, v ; all of them in the midst of the reactions (i.e. when pressure he-
came twice the initial pressure) were calculated using the egs. (8} and (g). 'These values were
compared with the results of the analysis by the katharometer (compare eys. (15) and (6)).
The effect of waler vapour was studied. The result was obtained which hint at the pos-
sibility of neglecting the intermediate formation of formaldehyde in the presence of water

vapour. But further investigation is necessary to ascertain this point.

The Laboratory of Physical Chemistry.
Tokyo University of Engineering.

(June 15, 1942)
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