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Abstract—Hydrogenation of p-nitrotoluene to p-toluidine on Raney-nickel catalyst was such a reaction that
showed 100% conversion at the reaction conditions of 20-60C and 20-160 psig. In this work the mass transfer
effect which was observed by the variation of stirring speed, catalyst loading and catalyst particle size on
the reaction rate was examined, and the mechanism and characteristics of the reaction were studied. Using
methanol as solvent, in some range of stirring speed 0-1,200 rpm, catalyst loading 0.9-5.2 g, catalyst particle
size 20-100 um. It was possible to obtain a reaction condition under which the mass transfer resistance could
be neglected and the chemical reaction on the catalyst surface be regarded as the rate determining step.
This was confirmed by theoretical calculation and the activation energy of apparent rate constant was about
10.2 kcal/mole. The reaction mechanism was thought to follow the Haber mechanism, considering reaction
intermediates detected during the experiments. Also analysis of the reaction rate based on the decreasing
rate of p-nitrotoluene indicated that the present reaction could described by a non-competitive édsorption
model of Langmuir-Hinshelwood-Hougen-Watson reaction mechanism as shown below;
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Fig. 1. Schematic flow diagram of experimental apparatus.

1. Hydrogenation reactor

3. Hydrogen reservoir(4.51)

5. Nitrogen cylinder

TIC : Temperature indicating & controller
TM : Tachometer
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2. Line regulator

4. Hydrogen cylinder
C. W.: Cooling water
PI : Pressure indicator
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Table 1. Analysis conditions and results for GC
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Fig. 2. Fractional conversion with the variation of reaction
time(1,000 rpm, 40C, 20 psig, R-Ni catalyst; 3.7%,
20 um size).
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Fig. 3. Nitrobenzene reduction pathways proposed by Haber [13].
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Fig. 6. Reciprocal catalyst weight-reaction rate plot(1,000
rpm, 20°C, 120 psig, R-Ni catalyst; 20 um size).
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Table 2. The effect of different particle sizes of catalyst
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Table 3. Mass transfer limitations

Experiment condition D C
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© (psig (um) X100 x5 () (7)) (=

20 20 50 0.55 045 30.7 0.0024 1.0
100 23 006 10

20 120 50 0.55 2.7 60.2 0.0004 1.0

60 120 50 1.05 36 23.1 0.0032 1.0
100 16 008 10

O 2 " A i " . ——

Reaction rate(mole/s-cm® slurry X 107)
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Fig. 7. The effect of hydrogen pressure on reaction rate

(1,000 rpm, R-Ni catalyst; 3.7%, 20 um size).
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Fig. 11. Arrhenius plot for surface reaction rate constant
(k) from eq. (7).
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Fig. 12. Concentration curve with reaction time calculated
by Runge Kutta 4th order method with parameters
from eq. (6)(1,000 rpm, 20°C, R-Ni catalyst; 3.7
%, 20 um size).
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NOMENCLATURE
C.  :equilibrium hydrogen concentration in the lig-

uid phase [mole/cm®]

Cnr :concentration of p-nitrotoluene [mole//]

Cyr, :initial concentration of p-nitrotoluene [mole//]

D :bulk liquid diffusion coefficient of hydrogen
[mole/cm®-s]

D. : effective diffusion coefficient of hydrogen with-
in the pore structure of the catalyst particle
[mole/cm?s]

d,  :gas bubble diameter [cm]
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: catalyst particle diameter [cm]

: Henry’s constant [/-bar/mole]

: gas absorption rate constant [cm/s]

:bulk liquid to catalyst particle rate constant
[em/s]

: catalytic reaction rate constant [cm/s]

- surface reaction rate constant [mole//-s]

: reaction rate constant calculated eq. (9)

- adsorption constant of hydrogen [//mole]

: adsorption constant of reactant and product
[{/mole]

: adsorption constant of p-nitrotoluene [{/mole]

:rate of mass transfer [mole/cm’slurry-s]

:rate of mass transfer from experiment [mole
fem’slurry-s]

: hydrogen pressure [psig]

—ywr @ p-nitrotoluene reaction [mole/sec]

: reaction time [sec]
: gas holdup in liquid
: catalyst loading [mole/cm®]

Greek Letters

Q

“ 3 o

Py

L gRspta e 0 HEAE AR,

- relative adsorptivity | =Kg/Knr]

: dimensionless modulus

: effectiveness factor

:integral function of p-nitrotoluene
: catalyst particle density

: tortuosity factor per catalyst pore
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