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ABSTRACT 

Conversion of Pongamia pinnata, Jatropha curcasa and Tung de-oiled seed cake to 

biocrude was investigated. Prior to conversion studies, detailed physicochemical 

characterizations of seed cakes were performed by proximate analysis, ultimate analysis, HHV 

analysis, SEM, TGA, lignocellulosic content analysis, XRD, FT-IR. The conversion of seed 

cakes was investigated using pyrolysis (Temperature: 400-600oC), steam pyrolysis (Steam rate: 

1-5 cm/sec) and hydrothermal conversion (Pressure: 10-50 kg/cm2) processes. Biocrude obtained 

was characterized using GC/MS, TGA, CHNO, FT-IR, GC, TAN, density, calorific value, 

viscosity and silica adsorption chromatography. Pongammia cake conversion using hydrothermal 

process was considered for further investigations due to its maximum conversion to biocrude 

yield (35.3% ± 1.3%).  

Response surface methodology coupled with centre composite design was used for 

generating quadratic model equations for maximizing biocrude yield and hydrocarbon fraction in 

the range of boiling range of C6-C24 straight chain alkanes. Result revealed that temperature and 

time were the individual significant parameters for biocrude yield whereas pressure was the only 

individual significant parameter on the C6-C24 hydrocarbon fraction. Errors between 

experimentally obtained and predicted values were -12.5% to +11.1% for biocrude yield and 

8.5% to -7.5% for C6-C24 hydrocarbons fraction. Optimized process parameters for the maximum 

biocrude yield coupled with C6-C24 hydrocarbons fraction were obtained as T= 400°C 

(temperature), P= 25 kg/cm2 (pressure), t= 35 minutes (reaction time) and W/B ratio = 2.  

Biocrude obtained after the thermochemical conversion has high content of heavy 

hydrocarbons as well as oxygen content, which creates instability issues. To reduce the viscosity, 

corrosiveness and stability issue, biocrude upgradation studies were conducted using various 
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methods. The studies were accomplished using three methods available in literature (i) addition 

of hydrogen donor solvent, (ii) cracking in presence of alkali/alkaline earth metal catalysts in 

different forms, and (iii) using heteroatom impregnated mesoporous catalyst.  

A decrease in the biocrude yield was observed from 35.3% to 32.1%, 31.1% and 27.6% 

in presence of tetraline, ethanol and acetone respectively. Maximum yield of biocrude (28.2%) 

was obtained in the presence of KCl as compared to all other catalysts. In presence of alkali a 

sharp increase in the gaseous products was also observed.  

The upgradation studies were conducted in presence of siliceous and aluminated 

mesoporous catalysts e.g. FDU-12, SBA-15 and KIT-6 having large pores. All the catalysts were 

characterized using SEM, N2 adsorption-desorption, NH3-TPD and TPR, BJH, FTIR, ICP, XRD 

etc. SBA-15 with SAR 30 was considered for detailed studies due to maximum biocrude yield 

(~33.5%). GC analysis showed an increase of C11-C18 range hydrocarbons (based on boiling 

point) from 16.3% to 23.7% over Al/SBA-15. Further the optimization of SAR was conducted 

from 20 to 50 over SBA-15. GC/MS analysis confirmed Al/SBA-15 with SAR 40 as a promising 

catalyst for maximum increase of hydrocarbons (Aliphatics and benzene type). Three noble 

metals Pd, Ga and Ru, with 3% (by weight) loading over Al/SBA-15 having SAR 40, were tested 

for reducing the oxygen content of the biocrude. The performance of 3%Pd/AlSBA-15(SAR 40) 

was found most suitable in terms of lowest TAN (~20.5 mg KOH/g biocrude), maximum 

calorific value (~38.4 MJ/kg) and minimum oxygenated compound fraction (~25.5%) as 

compared to Ga and Ru loaded catalyst.  

Further for evaluation of activation energy and rate constant, experiments were conducted 

between 325-425oC & 20-30 kg/cm2. Six lump model which includes one gaseous phase lump, 
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one solid phase lump and four lumps from liquid phase were generated. Kinetic parameters were 

evaluated using MATLAB and Marquardt’s method considering a combination of 1st and 2nd 

order kinetics.  Estimated activation energy for different lumps were between 9.8 KJ/mol to 33.2 

KJ/mol much below than the value available for pyrolysis studies (80-300 KJ/mol). Errors were 

estimated for each lump and were found from 11% (for lower boiling range hydrocarbons) to 

30% for char and gaseous fraction.   
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