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Chemical kinetic modelling is a concept for modelling chemical reactions by studying the reaction
mechanism. The hydrogenation reaction of phenol was carried out using titnia supported ruthenium
catalyst at 323 K and 2.07 Mpa hydrogen pressure. A Langmuir— data and a fundamental modeling
approach that will enhance understanding of the reaction rate equations. Hinshelwood—Hougen—
Watson (LHHW) model was proposed. The study provides both extensive and data and a
fundamental modeling approach that will enhance understanding of the reaction rate equations.
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INTRODUCTION

Chemical engineering processes are designed to transform raw
materials to value added products via chemical reactions
(Ranade 2002). Various engineering tools are used to
understand the reaction mechanism (Elena et al., 2009). The
first step would be systematic study of the reaction. Different
kinetic parameters are varied to find the optimum reaction
conditions where the conversion of the reactant is maximum.
Based on this data a kinetic model is developed (Meyer et al.,
2009, Stanislaus et al., 1994, Tekale et al., 2013). This
facilitates the reaction engineers to carry the process to
production level.

Experimental

A systematic study of the hydrogenation reaction of phenol was
carried out using titnia supported ruthenium catalyst at 323 K
and 2.07 Mpa hydrogen pressure.

RESULT AND DISCUSSION
Kinetic model based on LHHW approach

The effect of speed of agitation on hydrotreatment of phenol
was studied.

*Corresponding author: Dr. Smruti P. Tekale
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At a speed of 1200 rpm, diffusion resistances were found to be
absent. Also intraparticle diffusion was found to be absent.
Hence an attempt was made to develop an intrinsic rate
expression for phenol hydrogenation based on the Langmuir-
Hinshelwood approach.

Hydrotreatment of phenol can be represented as follows:

OH o OH

Hz

A B
Fhenol Cyclohexanone Cyclohexanol
Consider that the reaction occurs by the following series of

elementary steps.

Reversible adsorption of phenol.

e Reversible adsorption of hydrogen by a dissociative
mechanism.

e Surface reaction between phenol and hydrogen adsorbed on
the same type of active sites.

e Reversible reaction with more hydrogen further to form an
intermediate.

e Fast reaction to give cyclohexanol.

The individual reactions according to this mechanism are:
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Assuming stationary steady state hypothesis, adsorption of A

can be shown as
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where , J, = Fraction of vacant active sites
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From equation 1, 2 and 3 we get
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Assuming surface reaction between adsorbed phenol and
hydrogen to be rate controlling
Toveens =ks Pa D
= kKaCi (KgCp)? @2
Ky Kp)l'? cpcp!?

K / 2
D -1/2 2
KC (KB) '

Toverall = -
1+KACy+(KpCp)+

Assuming product adsorption to be weak, equation 7 can be
simplified to the form

D
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Equation 8 can be simplified further if we consider initial rates
(o) only.
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Rearranging
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Thus R=P+QC,
Thus a linear form is obtained.

Table 1. Comparison between observed and predicted values of
initial rates by LHHW model

Temperature Py, Py * Q Tobserved X T prodicted X

K MPa 107 107

323 2.07 18.01 269.38 5 4.88

348 2.07 11.39 224.40 9 8.55

373 2.07 9.10 232.42 10 9.29
Conclusion

P and Q can be determined by using Least Square Method of
data correlation i.e. by minimizing the square of the deviations
between R and P + Q C,. Value of R can be calculated for each
n™ set of data. Also initial rates can be determined
experimentally to check whether the experimental data fits into
the model. Table 1 shows the values of P and Q at different
temperature. Comparison of the initial rates showed that the
observed values and the predicted values based on the above

model are in good agreement. Thus the model can be validated.
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