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Adsorption of methanethiol on activated carbon, magnesium silicate, and zeolite,
and the rate of adsorption on them were gravimetrically measured to elucidate the mecha-
nism of this adsorption. The Dubinin-Astakhov equation was applicable to the adsorption
isotherms of methanethiol on these adsorbents. The rate of adsorption was expressed
by the fractional approach to the equilibrium, and the mechanism of the rate of adsorption
was explained by the volume filling of the smallest pore to the pores of a certain dimension.
Activated carbon No. 2 was suitable for practical purposes because it had a high adsorption
capacity at high pressure, its rate of adsorption was relatively fast, and methanethiol was
physically adsorbed on it. From the results of differential heat of adsorption, adsorption
of methanethiol on activated carbon No. 2 was considered to be the volume filling of
micropores and the adsorption of monolayers or multilayers on transitional pores.
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Methanethiol is one of the offensive odor substances discharged from the kraft pulp
mill.?  TIts threshold is 0.0011 ppm?® or 0.00099 ppm? and its concentration is limited to the
range of 0.002—0.004 ppm in Japan by the Offensive Odor Control Law. It is also one of
toxic materials.» Many methods to control the odorous emission from the kraft pulp mill
have been reported.® The adsorptive removal of methanethiol by activated carbon,” silica
gel,® and zeolite® has been studied.

We have as yet very little information concerning the mechanism of adsorption of single
methanethiol on porous adsorbents. In the present work the adsorption of methanethiol on
activated carbon, magnesium silicate, and zeolite, and the rate of adsorption of methanethiol
on them were measured to investigate this problem.

Experimental

Materials Methanethiol was obtained from Matheson Gas Products, U.S.A., and its labeled purity
was 99.079%,. Activated carbon and zeolite used were commercial products, and MgO- SiO; used was prepared
in our laboratory. The particle size of adsorbents was 200—400 mesh.
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Procedure for Adsorption and Measurement of Pore Size Distribution The apparatus and procedure
for adsorption and measurement of pore size distribution of adsorbents were described previously.1®

Results and Discussion

1. Adsorption Isotherms of Methanethiol on Adsorbents

Adsorption isotherms of methanethiol on activated carbon, magnesium silicate, and
zeolite at 30° and pressure up to 50 Torr are shown in Fig. 1. The adsorption isotherms of
activated carbon (No. 1-—3) rose gradually up to 50 Torr. However, the adsorption isotherms
of zeolite rose sharply at about 5 Torr and then reached their plateaux. It is now known
that such adsorption isotherms (No. 6—8) very often result when the adsorbent is micro-
porous. In this case, the limiting value of the adsorption is considered to be the filling of
micropores rather than completion of a monolayer. The amount adsorbed on zeolite No. 6
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at less than about 10 Torr was larger than that on activated carbon (No. 1 and 2) which had
a high adsorption capacity at high pressure. It was concluded that zeolite No. 6 and activated
carbon No. 2 were the most suitable adsorbents for removing methanethiol at low and high
pressure, respectively.

The application of Dubinin-Astakhov equation (W=W, exp[—(4/E)"], where W is the
filled volume of adsorption space, W, the limiting volume of the adsorption space, 4 the
decrease of free energy in adsorption, E the characteristic energy of adsorption, and the
exponent # is a small integer.) used in the previous paper'®- to the adsorption isotherms in
Fig. 1 was examined. The Dubinin-Astakhov plots of activated carbon and magnesium
silicate were linear for the relation of log W vs. A%, as shown in Fig. 2. However, the relation
between log W and A3 of zeolite showed rough linearity, as shown in Fig. 3. The present
experimental results showed that the adsorption of methanethiol on these adsorbents resulted
in the volume filling of their pores.1t

The porous structure of adsorbent is one of the characteristics which determines the
amount adsorbed on an adsorbent. The pore size distribution was calculated by applying
the Kelvin equation!® (on the assumption of cylindrical pores) to the adsorption isotherm
on adsorbent at —195.8°. The pore size distribution curves in the range of radii 6.5 to 300 A
were obtained in this experiment and Fig. 4 shows them, particularly in the range of radii
6.5 to 19.5 A, to clarify the microporous structures of the adsorbents. The curves of
activated carbon No. 2 and magnesium silicate No. 4 exhibited a monotonous decrease at
radii larger than 6.5 A as the pore radius increaséd. The curves of zeolite No. 6 and 7 were
mainly occupied by the pores of radii less than 7.5 A. The results of the application of
‘Dubinin-Astakhov equation to the adsorption isotherms of methanethiol on adsorbents and
‘the pore size distribution curves showed that the adsorption of methanethiol on porous adsorb-
ents resulted in the- Volume filling of pores of adsorbents which were occupied by the pores
of radii less than 20 A.

2. Rate of Adsorption of Methanethiol on Adsorbents

The rate of adsorption is one of the parameters required in choosing a suitable adsorbent
for practical use and, therefore, the fractional approach to the equilibrium of methanethiol
on adsorbent is shown in Fig. 5. The fractional approach to the equilibrium'® is given by
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The rate of adsorption was gravimetrically measured
at the initial pressure about 2 Torr and at 30°.
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Er=q|qoo, where E7 is the fractional approach to equilibrium, ¢ the amount adsorbed at
various elapsed time, and goo is the equilibrium amount adsorbed. The rate of adsorption
was gravimetrically measured at the initial concentration about 2 Torr and at 30°, and the
equilibrium amount adsorbed (geo) was estimated from the stretching of a spring balance
which became constant at a certain elapsed time after the adsorption took place. It is
thought that the shorter the time at E»=1.0, the faster will be the rate of adsorption.
Adsorption to approach Er=0.5 was completed within about 1.5 min but the adsorbents
except No. 2 took a long time to approach E»=1.0 and, in particular, zeolite No. 7 took about
15 min. The rate of adsorption on activated carbon No. 2 was relatively fast and therefore,
this is suitable for practical purposes. The rate of adsorption on porous adsorbent is consid-
ered to be determined by its pore size distribution. Activated carbon No. 2 with the fast
rate of adsorption contained various sizes of pores, but zeolite No. 6 and 7 contained mainly
the pores of radii of less than 7.5 A, as ahown in Fig. 4. The rate of adsorptlon of methane-
thiol on porous adsorbents can be explained by the differences of their pore size distributions.

3. Differential Heat of Adsorption of Methanethiol on Activated Carbon No. 2

The adsorption is customarily divided into two classes, physical adsorption and chemi-
sorption. The striking difference between the two types of adsorption is the magnitude of
the heat of adsorption and, in physical adsorption, the heat of adsorption'® is in the range
of heat of condensation of the adsorbate. Physically adsorbed molecules are easily removed
or desorbed from the surface of adsorbent by lowering of the pressure of adsorbate. If
methanethiol is physically adsorbed on the adsorbent, the adsorbent used is considered to
be easily reproduced by evacuation.

The differential heat of adsorption of activated carbon No. 2 with a high adsorption
capacity was obtained by applying the Clapeyron-Clausius equation!® to the adsorption
isotherms at 20° and 30°, and it is shown in Fig. 6. The differential heat of adsorption of
activated carbon No. 2 was in the range of condensation of methanethiol. This result showed
that the adsorption of methanethiol on activated carbon No. 2 was physical adsorption and
that the adsorbent used can be reproduced.

It was noted that the differential heat of adsorption of methanethiol was approximately
constant in the range of 50 to 140 mg/g of the amount adsorbed, but then it declined markedly
with increasing amount adsorbed. From these results, it is assumed that two kinds of types
of adsorption of methanethiol exist on activated carbon No. 2, adsorption in the range of
heat of condensation and another adsorption in the range of less than the heat of condensation
existing on it. The fact!® that the differential heat of adsorption of methanol for sodium
chloride and potassium chloride had smaller values than the heat of condensation of methanol
at a certain amount adsorbed was interpreted in the such a way that an interaction between
methanol and the polar groups in the formerly adsorbed molecule was expected to be depressed
on further adsorption of methanol, 7.e., a two-layer adsorption, and the differential heat of
adsorption would be small at this stage. According to the adsorption of methanol on acti-
vated carbon, adsorption on porous adsorbents was classified into two types, the volume
filling of micropores (radii <15 A) and adsorption of monolayers or multilayers on transitional
pores (15 A< radii).16:17

The limiting volume of adsorption space of activated carbon No. 2 obtained from its
amount adsorbed (Table 1) was equal to the pore volume (0.4176 ml/g) of radii less than 19.5
A and, therefore, its limiting volume (amount adsorbed) is considered to be the sum of the
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amount adsorbed on micropores and on transitional pores. From the results of its limiting
volume and its differential heat of adsorption, adsorption of methanethiol on activated carbon
No. 2 is considered to be the volume filling of micropores and adsorption of monolayers or

multilayers on transitional pores.

TasLE I. Limiting Volume of Adsorption Space of Adsorbents

No. Wy (ml/g) No. Wy (mlfg)
1 0.2400 4 0. 1288
0.4145 6 0.1472
3 0. 1995 7 0. 1086

The limiting volume of adsorption space was estimated by extrapolation of the intercept at
A%*=0 or 4*=0 in Fig. 2 and 3.
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