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KINETIC STUDY OF CATALYTIC HYDROGENATION OF CYCLOHEXENE IN GAS PHASE
OVER NICKEL—ALUMINA CATALYST

Yoshimitsu UEMURA, Yasuo HATATE and Atsushi IKARI

Supported metal catalyst are widely used in automotive, petrochemical, and chemical indus-

tries.  Impregnation, consisting of (1) soaking, (2) drying, and (3) activation steps, is a major pro-

cess to manufacture such catalysts.

Previously, we showed that the drying conditions of impregnated supports affect the intraparti-
cle distribution of active ingredient and the overall activity of the hydrogenation of cyclohexene

with the nickel-alumina catalysts.

Information about the intrinsic kinetics and the physical prop-

erties of the catalysts enables us to discuss the overall activity of those.
In this paper, the intrinsic kinetics of the hydrogenation of cyclohexene with a nickel-alumina

catalyst previously used are investigated using crushed catalyst.

The results are as follows :

(1) Althogh the rate is proportional to the linear velocity of the reactant gas, no mass transfer

controlling can be approximated.

(2) The rate is proportional to the partial pressure of cyclohexene and has a positive dependence

on the partial pressure of hydrogen.

(3) The apparent activation energy of the rate is 93 kJ/mol.
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Table 1 Preparation of catalysts
Support JRC-ALO-1 JRC-ALO-3
composition®’ 7+7 - alumina 7 -alumina
BET surface area (m?/g]?’ 169 121
modal pore diameter i 90 100
specific pore volume [cc/g J*'  0.670 0.528
average diameter [ mm ] 3.1 31
Impregnation NiClz ag. solution (35C)
concentration [ mol/1] 0.24 0.15
ratio [ g-support/cc-impr. ] 0.59 0.62
Drying Fluidization by nitrogen gas
temperature [C] 50~100 50~100
gas velocity [m/s] 1.6 1.6
time [min] 25 20
Reduction Under flowing hydrogen gas
400C X4hr 400CX4hr
(cat. Al) (cat. Bl)
450CCX17hr 450CX17hr
(cat. A2) (cat. B2)
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1 Nitrogen gas 6 Humidity sensor
2 Needle valve 7 Humidity meter
3 Orifice meter 8 Temp. controller
4  Furnace 9 Temp. indicator
5 Drier (Pyrex tube)

Fig. 1 Schematic diagram of drying apparatus
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1 Nitrogen gas 8 Butfer

2 Hydrogen gas 9 Furnace

3 Needle valve 10 Catalyst bed

4 Flow meter 11 Reactor (Pyrex tube)
5 Three way valve 12 Temp. indicator

6. Cyclohexene feeder 13 Temp. controller

7 Vaporizer 14 Six-way valve

15 Alumina column
Fig. 2 Schematic diagram of reaction apparatus
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Table 2 Reaction conditions

Catalyst Ni/Al20s( Bl )
W/Fce[ kg*s/mol ] 17

Pce[kPa] 0.9~5
Puz[kPa] 50~99
Reaction temp. [K] 366~415
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Fig. 3 Typical behavior of conversion vs. time
on stream
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Fig. 4 Effect of gas velocity on reaction rate (1)
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Fig. 5 Effect of gas velocity on reaction rate ¢1[I)
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Table 3 Reaction conditions and physical properties
for calculating the mass transfer coefficient

Reaction temperature T=366 K

Feed gas

partial pressure of cyclohexene ~ Pce=2.0 kPa

partial pressure of hydrogen ~ Pu2=71 kPa
Prn2=28 kPa
Gm=2.3 mol/m?.s
G=0.025 kg/m.s
Dce=2.5x107° m?%/s
#=1.5x10"% N.s/m®
£ =0.363 kg/m®

partial pressure of nitrogen
superfacial molar velocity
superfacial mass velocity
diffusivity of cyclohexene
average viscosity

average density

Catalyst
diameter dp=12x10"* m
bed voidage €=0.45

external area per unit mass am=42 m?/kg
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Fig. 6 Effect of partial pressure of cyclohexene
on reaction rate (1)
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Fig.10 Effect of temperature on reaction rate

Fig.11 Arrhenius plot for reaction rate
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Nomenclature

am =external area of catalyst per unit mass
[m®/kg]

D¢ =diffusivity of cyclohexene [m?/s]

d, =diameter of catalyst particle [m]

Fee  =feed rate of cyclohexene to reactor [mol/s]
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Gy =superfacial molar velocity of feed gas Sc  =Schmidt number [—]
[mol/m?-s] T  =reaction temperature K]
G  =superfacial mass velocity of feed gas V  =velocity of gas [m/s]
[kg/m?-s] W  =mass of catalyst (k9]
J,  =mass transfer factor [-] € =voidage of catalyst bed -]
ke =nmass transfer coefficient of cyclohexene u =average viscosity of gas [N+s/m?]
[mol/Pa-m?-s] 0 =average density of gas [kg/m?]
P  =total pressure of feed gas [kPa]
P.. =partial pressure of cyclohexene in feed gas Literature cited
[kPa] 1) BN, #E, &F, B ERERELEPHITR
P.es = partial pressure of cyclohexene at catalyst & (26), 113 (1984)
surface [kPa] 2) ARER, mFFHE, f4E, 222), 115 (1980)
P.. =partial pressure of hydrogen in feed gas 3) Perkins, T.K. and H.F. Rase, AICRE
(kPa] J., 4(3), 351 (1958)
P, =partial pressure of nitrogen in feed gas 4) Bar-Ilan, M. and W. Resnick, Ind. Eng.
(kPal Chem. , 49(2),313 (1957)
R  =gas constant [J/mol-K] 5) Yoshida, F., D. Ramaswami and O, A,
Re =Reynolds number (-] Hougen, AICRE J., 8(1), 5 (1962)
Re’ =modified Reynolds number [-] 6) Wakao, N. and S. Tanisho, Chem. Eng.
ree =reaction rate of cyclohexene  [mol/kg-s] Sci., 29,1991 (1974)



