
Table of contents 

Page no. 

1. INTRODUCTION 01-08 

2. BACKGROUND 09-17 

3. METHODOLOGY (Experimental Procedures) 1&-22 

4. RESULTS AND DISCUSSION 23-52 

5. CONCLUSION 52 

6. REFERENCES 53-58 

7. APPENDICES 59-68 



List of figures 
Fig. 
No. Tittle 

1.1 Routes from biomass to fuels and chemicals. 

Hydrothermal processing regions referenced to the pressure-temperature phase 

Page 
No. 

2 

1.2 diagram of water. 4 

Density, static dielectric constant and ion dissociation constant (Kw) of water at 30 
1.3 MPa as a function oftemperature. S 

2.1 Biofuels consumption (1991-2006) in the EU27. 9 

2.2 Greenhouse gas emissions from production and utilisation ofbiofuels 11 

2.3 Reactions which are occur in the hot-compressed water. 1S 

2.4 Simple reaction scheme of liquefaction. 16 

Schematic experimental set-up of autoclave for the catalytic hydrothermal treatment 
3.1 of Jatropha cake. 19 

3.2 Scheme 1: Separation and Extraction procedure. 20 

Reaction condition vs. wt% conversion graph for products distribution from 
hydrothermal treatment ofJ. Curcas cake at different temperature for 1S min in 

4.l.a thermal run. 2S 

Bar diagram representation for products distribution from hydrothermal treatment of 
4.l.b J. curcas cake at different temperature for 1S min in thermal run. 26 
4.1.c Temperature profiles for thermal run. 26 

The pressure profile of thermal runs in terms of time interval (SMin) (Heating rate 
4.2.a S°C/min). 29 

The pressure profile oflN K2C03 runs in terms of time interval (SMin) (Heating 
4.2.b rate S°C/min). 29 

The pressure profile ofO.SN K2C03 runs in terms of time interval (SMin) (Heating 
4.2.c rate S°C/min). 30 

The pressure profile of 1N KOH runs in terms of time interval (SMin) (Heating rate 
4.2.d S°C/min). 30 

The pressure profile ofO.SN KOH runs in terms of time interval (SMin) (Heating 
4.2.e rate S°C/min). 31 

Bar diagram representation for products distribution from hydrothermal treatment of 
4.3.a J.curcas cake at different temperature for 1S min showing effect ofheating rate. 33 



Reaction condition vs. wt% conversion graph for Products distribution from 
hydrothermal treatment of J.curcas cake at different temperature for IS min in IN 

4.4.a KzC03 run. 34 

Bar diagram representation for products distribution from hydrothermal treatment of 
4.4.b J. curcas cake at different temperature for IS min (IN K2C03 run). 3S 

Reaction condition vs. wt% conversion graph for Products distribution from 
hydrothermal treatment of J. curcas cake at different temperature for IS min in O.SN 

4.S.a KzCOJ run. 36 

Bar diagram representation for products distribution from hydrothermal treatment of 
4.S.b J. curcas cake at different temperature for IS min (O.SN K2C03 run). 36 

Reaction condition vs. wt% conversion graph for products distribution from 
hydrothermal treatment of J. curcas cake at different temperature for IS min in IN 

4.6.a KOH run. . 38 

Bar diagram representation for products distribution from hydrothermal treatment of 
4.6.b J. curcas cake at different temperature for IS min (IN KOH run). 39 

Reaction condition vs. wt% conversion graph for products distribution from 
hydrothermal treatment of J. curcas cake at different temperature for IS min in O.SN 

4.7.a KOHrun. 40 

Bar diagram representation for products distribution from hydrothermal treatment of 
4.7.b J. curcas cake at different temperature for IS min (O.SN KOH run). 4I 

4.9.a FTIR spectra ofbiooill obtained from the thermal run (320°C, S°C/min). 60 

4.9.b FTIR spectra ofbiooil2 obtained from the thermal run (320°C, S°C/min). 6I 

4.9.c FTIR spectra ofbiooill obtained from the IN K2C03 run (320°C, S°C/min). 62 

4.9.d FTIR spectra ofbiooil2 obtained from the IN K2C03 run.(320°C, S°C/min). 63 

4.80 pH variation ofbiooils with time. 42 

4.II.a FTIR spectra of organic phase obtained from Dean and Stark distillation apparatus. 64 

4.13.b XRD image of solid from thermal run. 6S 

4.13.c XRD image of solid from IN KOH catalytic run. 

4.I3.d XRD image of solid from O.SN K2C03 catalytic run. 

6S 

66 



' 

List of tables 

Table Page 
No. Tittle No. 

4.a Properties of the J. Curcas Cake. 23 

Elemental analysis and HHV ofJ curcas cake and biochar produced at different 
4.b reaction condition. 23 

Products distribution from hydrothermal treatment of Jatropha Curcas cake at 
4.1 different temperature @S°C/min for IS min (thermal run). 24 

4.2 Maximum pressure achieved at different run. 28 

Products distribution from hydrothermal treatment of Jatropha curcas cake at 280°C 
4.3 @S°C/min for IS min showing ~ffect ofheating rate viz. 2°C, 4°C, 6°C,8°C. 32 

' Product distributions from hydrothermal treatment of biomass at 260, 280,300, 
4.4 320°C @ S°C/min for IS min for catalytic (IN K2C03) run. 34 

Product distributions from hydrothermal treatment ofbiomass at 260, 280, 300, 320 
4.S °C @S°C/min for IS min for catalytic (O.SN K2C03) run. · 3S 

Product distributions from hydrothermal treatment of biomass at 260, 280,300, 
4.6 320°C @S°C/min for IS min for catalytic (IN KOH) run. 38 

Product distributions from hydrothermal treatment of J. curcas at 260, 280,300, 
4.7 320°C @S°C/min for IS min for catalytic (O.SJ'! KOH) run. 40 

4.1 FTIR spectra of the biooils. 44 

4.12 Identification of Compounds in Oil I by GC-MS Analysis. 46 

4.13 Identification of Compounds in Oil2 by GC-MS Analysis. 47 


