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Measurement of Adsorption Characteristics during Course
of Reaction by Gas Chromatographic Technique. I.

Heat of Adsorption of Xylene on Pt-SiO2-Al20O3 Isomeriza-
tion Catalyst.

by
Shuichi KAGAWA
(Department of Industrial Chemistry)
. Hiroshi OKA and Issei NAKAMORI

(Department of Chemical Engineering, Faculty of Engineering, Kyushu University)

The heats of adsorption of three isomers of xylene on the Pt-SiO2-Al2O3 isomerization cata-

lyst have been measured by gas chromatographic technique with hydrogen as a carrier gas in
the temperature range of 340 to 460°C, and compared with those obtained from the measurement
of reaction kinetics by using a fixed bed flow reactor.
‘ A retention volume of xylene varied with an amount of sample injected and with a contact
time (amount of catalyst packed/flow rate of carrier gas). Under the condition of a constant
contact time, an apparent heat of adsorption was determined from the temperature dependency
of the retention volume obtained by extrapolating to infinitesimal samples. The apparent heat
of adsorption thus obtained was incroased with contact times, which may arise from the extent
of reaction. In order to eliminate the extent of reaction, the extrapolation of the apparent
heat of adsorption was made to infinitesimal contact times. . The heats of adsorption of o-, m-,
and p-xylene(for infinitesimal contact times were found to be 7.9 + 2.1, 6.2 + 0.4, and 5.9 +
0.9 kcal/mole, respectively.‘

On the other hand, from the analysis of reaction kinetics, the xylene isomerization was
verified to consist of six interconversion reactions among three isomers, each of which follows
the rate equation of Langmuir-Hinshelwood type, and the heats of adsorption of these isomers
were determined from the temperature dependency of adsorption equilibrium constants.

Taking the error into account, both heats of adsorption were in good agreement. It should
be emphasized that on the measuretnexit of a heat of adsorption during course of reaction by gas

chromatographic technique the effect of reaction must be eliminated.
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Table 1 Surface reaction rate constants and adsorption equilibrium -constants in the
isomerization of xylene over Pt - SiOgz - Al»O3 catalyst.

T<\%rcn>p. kom* kmo* kmp* kpm* ) kOP* k.po* ' KD Km Kp

400 0.066 0.026 0.038 0.148 0.002 - |+ 0.003 2.11 2.92 1.55

430 0.095 0.067 0.078 0.267 0.004 0.006 . 2.66 2.15 ~1.43

460 0.267 0.103 0.167 0.727 0.012 0.017 1.54 2.03 0.88

ki % pi W5 LCABTSERY 8, 0GR | A e
BXOHD D, kg, Ki &R B - LHCE D, I sy
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Fig. 2 The comparison of observed values and calculated curves for the integral reaction
of xylene isomerization. '
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Fig. 3 The variation of the retention
volume for infinitesimal samples
with the contact time.
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Table 2 The comparison of heats of adsor-
ption determined by the reaction
analysis and by the gas chromato-
graphic technique.

~4H 4 (kcal/mole)
by reaction i by gas chro.
analysis tech.
o-xylene 6.1+3.0 7.9+2.1
m-xylene 6.9+4.0 6.24+0.4
p-xylene 9.547.0 \ 5.9+0.9




HA 7 mIRIT X B RIGH OWEF EDORIE L.

Pt-Si02-Al,03 BRI A~D F o L v DR 153

In. Vg

a) o-xylene

b) m-xylene

- = 7

13 14 1.5

Fig. 4
O : W/F
N T WF

16 1.3 14 15
1/7T x 10°

In Vg vs 1/T plots at various contact times.

16 1.3 1.4 15 1.6
Kk

= 0.2 g sec/ml STP
= 0.5 4

0: w/F=1.0 ”

/// D
201 .

—~ < )

g o N -

g D///

~ -0

— B o
1] L \e“

£ 10 /o—%\l

- 7
g [0 SRR
b m-xylene

<

1

0 1 L
0 0.5 10

W/F (g-sec/ml STP)

Fig. 5 The extrapolation of the apparent
heat of adsorption to infinitesimal
contact times.
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