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ABSTRACT

“The vapor phase hydrogenation of toluene was studied over the ruthenium catalyst supported
on alumina in a small-scale reactor. The reaction temperature was in the range of 40-140°C,
and the partial pressure of toleune from 49mmHg to 82mmHg. The main product of reaction
was found to be methylcyclohexane, and the other products were in negligible amounts.

“The maximum conversion of toluene was obtained between 80°C and 100°C. The rate equation

in terms of partial pressure could be expressed as

- i%}— = kpﬂz pTol—o‘s
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The activation energy at 50-65°C was found to be 15. 4kcal/mol.
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Fig. 1. The variation of catalyst activity with time
Ru 0.83 wt% 200 mg. Reaction temp. 90°C,
P°ro1 = 49 mmHg. W/F = 10gr. cat. hr/
gr-mol
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Fig. 2. The conversion vs. reaction temperature
with the time factor W/F(gr. cat. hr/gr-
mol)

Ru 0.83 wt% 200mg
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Fig. 3. The conversion vs, contact time with par-
tial pressure of toluene
Reaction temp. 50°C
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Fig. 5. The conversion vs. contact time with par-
tial pressure of toluene
Reaction temp. 60°C
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Fig. 4. The conversion vs. contact time with par-
tial pressure of toluene
Reaction temp. 55°C
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Fig. 6. The conversion vs. contact time with par-
tial pressure of toluene
Reaction temp. 65°C

e} oF 100°C 7HeF Wa& sk
e o Bl SEES 49, 57, 65, 82 mmHg:
2 JASM fAstd S o, KEREE 50, 55,



Ru/a-ALOs i Eoll4] 2509 FIHRFLIE 457

Table. 1. The calculated values of In(7°r.1/@) and In % for each temperature and partial pressure

of toluene
P° 101 49 mmHg ‘ 57 mmHg l 65 mmHg ] 82 mmHg
In(a+1) 2. 7415 2.5903 ' 2. 4589 } 2.2226

Temp. In(7° rar/a) , Ink ] In(7° por/c@) I In(7° ror/a) [ Ink l In(7° ror/a0) [ Ink
50°C —7.113 —8.4838 —7.021 —8. 6091 —7.276 —8. 6027 —7.370 —8.58338
55°C —6.910 —8. 2756 —6.983 —8. 2776 ~7.052 —8. 2789 —~7.183 —8.2791
60°C —6.720 —8. 0035 —6. 880 —8.0114 —6. 868 —8. 0207] —6. 984 —8.0345
65°C —6. 580 —7.6311 —6. 665 -7.6620 —6.728 l —-7. 66SIi —6. 865 —7.7329
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Fig. 7. The determination of the reaction order of

toluene (7) for the first order of hydrogen
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- _g_fZTTf’L = kpu,proa=®°
o2 FHRHHA, EfddxE ¢ 15 4kcal/
mol o] g1 7},

Nomenclatute

a, b, x, xr Molar flow rate of toluene, hyd-
rogen, methylcyclohexane and total. (mol
/hr).

F  Feed rate of toluene.(mol/hr).

k Rate constant.

m, n Reaction order of hydrogen and toluene.

bn,, p1a Partial pressure of hydrogen and tol-
uene.

D°H,, P11 Initial pressure of hydrogen and
toluene,

71t Reaction rate of toluene.

7°ra Initial reaction rate of toluene.

t Contact time (W/F).

Xrst Conversion of toluene.

W  Weight of catalyst.

a Feed ratio of hydrogen to toluene (4/a).
H.(g) Hydrogen in gasphase.

H(ads) Hydrogen atom in adsorbed phase.
H(ads) Hydrogen atom in adsorbed phase.
T(g) Toluene in gas phase.

T (ads) Toluene in adsorbed phase.

MC(ads) Methylcyclohexane in adsorbed ph-
ase.

MC(des) Methylcyclohexane in desorbed ph-
ase.
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