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Highlights 

• Kinetics of Cinnamaldehyde hydrogenation in Gas-Liquid-Liquid-Solid system was studied. 

• The Langmuir-Hinshelwood kinetic model with surface reaction as limiting step was used. 

• Thermodynamic model for solubility was incorporated with this kinetic model.  

• Fourth phase (aqueous alkali) increases selectivity towards unsaturated alcohol.  

 

1. Introduction 

 

Hydrogenation reactions carried out in four phase systems bring in additional benefits in terms of selectivity 

and separation of desired product [1-2]. In this study, Cinnamaldehyde hydrogenation was carried out in a 

batch system comprising of phases- gas (Hydrogen), organic liquid (Cinnamaldehyde + Toluene), aqueous 

liquid (alkali solution) and solid (5% Pt/C catalyst). The catalyst was present in organic phase. The addition 

of aqueous alkali increases selectivity towards unsaturated alcohol (Cinnamyl Alcohol) as reported by 

various authors [3-5]. After establishing operating conditions for kinetic regime, the effect of temperature, 

pressure, catalyst loading, initial concentration of Cinnamaldehyde, concertation of alkali on initial rate of 

reaction was investigated. Langmuir-Hinshelwood type of kinetic model was proposed for evaluation of 

kinetic parameters. The experimentally obtained concentration vs. time profiles were used to obtain values of 

kinetic parameters. Hydrogen pressure being one of controlling parameters, the equilibrium solubility of 

Hydrogen in reaction mixture was estimated using a thermodynamic model [6] and this model was integrated 

with the kinetic model. The developed kinetic model will be useful for simulating Cinnamaldehyde 

hydrogenation reactor using four phase (GLLS) reactor model [7].  

2. Methods 

The experiments were carried out in a 50 ml stainless steel reactor in semi-batch mode (Hydrogen was fed as 

per consumption). The typical reaction feed consisted of Cinnamaldehyde 50% w/W in Toluene, KOH 17% 

w/W in water, 1% catalyst loading in organic phase and operating conditions ranged from Temperature, 303-
323 K and Pressure, 10-30 Bar [8]. 

Reaction scheme for hydrogenation of Cinnamaldehyde: 

 

Fig.1 Reaction Scheme for hydrogenation of Cinnamaldehyde 

 

Following rate equations were used in kinetic model: 



 

 

       
 

    
 

Where , , ,  are rate constants,  and  are adsorption coefficients, w is catalyst loading,   

is Henry’s Constant, P is pressure. 

3. Results and discussion 

The concentration vs time profile from model results were plotted against experimental data at T=313 K. 
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Fig.2 Model results vs Experimental data at T=313 K, P=20 Bar, 1% catalyst loading in organic phase. 

4. Conclusions 

The rate constants, adsorption coefficients calculated at T=303, 313, 323 K were used to determine 

activation energies for individual reactions. The proposed kinetic model was shown to describe the 

experimental data well. The model will be useful for simulation and optimization of Cinnamaldehyde 

hydrogenation reactor. 
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