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CO2 emissions and scenarios 
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Lignocellulose Lipids
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Light Gases
Light HC, H2 and  
CO2

Deoxygenation/Isomerization
Diesel Range 

(C15+)

Deoxygenation/Selective 
Cracking/Isomerization

Light Gases
Light HC, H2 and  CO2

Naphtha (C5-C9)

Bio-Jet Fuel (C9-C15)

Diesel Range (C15+)

Pretreated

Pretreater

H2O

+H2

Na, P, K, Ca, Fe

H2O

Current technologies
(require additional Isomerization/cracking to Jet)

CSIR-IIP Technology

CSIR-IIP DILSAAF technology

Single-Reactor Process 

Single Catalyst 

Two-Reactor Process
Two Catalytic System 
(Noble metal - Costly)
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Conversion Chemistry-DILSAAF process 

Increased flowability
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https://doi.org/10.1016/j.cattod.2017.12.021
10.1007/s10563-012-9148-x

https://doi.org/10.1016/j.cattod.2017.12.021


CSIR-IIP Proprietary Catalyst

Single Step Novel Process and Catalyst (Non noble metal)

(1) Hydro-deoxygenation

(2) Hydro-cracking 

(3) Hydro-isomerisation 

(4) Aromatization 

(5) Hydro-cyclization

(6) Hydrogenation

 

Tetrapropylammonium
bromide(TPABr)

Octadecyldimethyl(3-trimeth
oxysilylpropyl)ammonium 
chloride (ODAC)

Alumina

Silica

Water

Catalystfeatures
ωPoroussilica-aluminabasedsupportwith optimizedBrönstedςacidity
ωControlled Si/Al ratio for desirable cracking and isomerization ability to maximize the
kerosenerange
ωSulfidedbase-metal (non-noble) catalystwith maximum dispersionand loadingon the silica-
aluminasupport(lower in costascomparedto completivetechnologies) 6



Transportation Fuels from Co-Processing of Waste Vegetable Oil and Gas Oil 

Mixtures using Mesoporous Catalyst Supports 

Biomass and Bioenergy, Volume 56, September 2013, Pages 43-52; https://doi.org/10.1016/j.biombioe.2013.04.029

Co-processing of vegetable oil

https://doi.org/10.1016/j.biombioe.2013.04.029
http://www.sciencedirect.com/science/journal/09619534




NiMo-H-ZSM-5(Meso)

NiMo-H-ZSM-5(Meso)

4100C, 50bar, 1hr-1

4100C, 50bar, 1hr-1

4000C, 80bar, 1.1hr-1

Jet range(C9-
C15) Yield(%) 
and i/n ratio

54.0% and 2.6

38.3% and 13.5

NiMo-H-ZSM-5(Meso)

78.5% and 2.5

Triglycerides

Algae oil

Jatropha oil

Deepak Verma, Rohit Kumar, Bharat S. Rana and Anil K. Sinha, Energy Environ. Sci., 2011, 4, 1667

Sulfided Ni-Mo - hierarchical mesoporous H-ZSM-5 high 
yield of jet fuel from jatropha and algal oil



CATALYST FEED T(0C)     P(bar)  Yield% (C9-C15)   CONV. (%)    #i/n RATIO 

1) Ni-W/SiO2-Al2O3

(micro-mesoporous)   Jatropha oil 420 80 33.2 99 1.1

2) Ni-W/H-ZSM-5

(micro-mesoporous)   Jatropha oil 400 60 39.6 99 5.2

HSASC**

3) Ni-Mo/H-ZSM-5

(micro-mesoporous)    Jatropha oil 400 80 38.3 99 13.5          

-LSAC

380 80 42.7 96               4.9

4) Ni-Mo/H-ZSM-5

(micro-mesoporous)   Jatropha oil 410 50 54.3 96 2.6 

HSASC** Algae oil 410 50 78.5 98 2.5

#ratio of isomers (i) and normal (n) alkanes, *LSAC=Low Surface Area Crystalline, 

**HSASC=High Surface Area Semi Crystalline, lhsv = 1h-1

Hydrocoversion of jatropha and algal oil  over 

Sulfided Ni -Mo - hierarchical mesoporous H -ZSM -5

Catalyst Screening



Optimization of catalyst hydrogenation functionality 
for Hydroprocessing of Non-edible oils into Biofuels



Catalyst 
NiMo-7 NiMo-11 NiMo-15 

   

Catalyst Mass, g 3 2 3 

Catalyst Volume, ml 5.5 3.5 5.5 

Bed length, cm 7.0 4.5 7.0 

Catalyst shape Trilobes Extrudates (3-5 mm length) 

Processing conditions 

Reaction Temperature, oC 340 ï 420 

Reaction pressure, Bar 80 ï 90 

LHSV, hr-1 0.5 ï 2 

H2/FEED, Nl/L 1500-2500 

H2/FEED, molar ratio 63-105 

 1 

Three different NiMo-7, NiMo-11, and NiMo-15 catalysts were evaluated 

under different operating reaction conditions

Catalyst loading and reaction operating conditions



Catalyst Surface 

area

(m2/g)

Total Pore 

Volume 

(cm3/g)

Mean pore 

diameter

(nm)

Total 

surface 

aciditya NH3

(mmol/g)

Brønsted 

acid sitesb

(mmol/g)

Lewis 

acid 

sitesb

(mmol/g)

L/B

NiMo-7 219 0.55 10.4 0.173 0.08 0.093 1.16

NiMo-11 190 0.53 9.9 0.138 0.08 0.058 0.72

NiMo-15 188 0.47 9.5 0.087 0.055 0.032 0.58
a NH3 temperature-programmed desorption (TPD), bacidity measured by pyridine FT-IR

VThe ratio of Lewis to Brönsted acid (L/B) sites at different loading decreased with an 
increase in Mo loading, i.e., NiMo-7(L/B:1.16) > NiMo-11(L/B:0.72) > NiMo-
15(L/B:0.58). 

VThe increased Lewis acidity for NiMo-7 compared to NiMo-11 and NiMo-15 was 
anticipated due to the increased availability of adsorption/desorption sites on the 
silica-alumina surface. 

Physicochemical properties of catalysts
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(a) adsorption of NiMoO4, (b) transfer of Brønsted H to NiMoO4, (c) grafting of NiMoO3 after 
removal of H2O. Color code: Al (pink), O (red), H (white), Ni (blue), Mo (bluish-green).

Adsorption and grafting of the NiMoO4 cluster 
at the silica-alumina surface



Reaction energy diagram for the adsorption and grafting of the NiMoO4 nanocluster at 
the alumina and silica-alumina surface Brønsted acid site.

Reaction energy diagram 



Hydroconversion of Jatropha oil to hydrocarbon 
over Pt encapsulated NiMo/SiO2-Al2O3



PNA analysis of Hydroprocessed Vegetable oil 

Product analyzed over GCxGC

Aromatics in Hydroprocessed Vegetable oil
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Aromatics from Renewable feedstocks

3000-3100 Cm-1 , C ςH , Aromatic Ring

2850-2960 Cm-1 , C ςH , Alkanes

2500-3000 Cm-1 , OςH , 
Carboxylic Acid

OςH  3640 Cm-1 (Monomeric),  
3600 Cm-1 (Hydrogen Bonded) ,  
Alcohols, Phenols

1500 Cm-1 , C=C, Aromatic Ring

1000-1200 Cm-1 , CςO , 
Alcohol, Carboxylic Acid, 
ethers and esters

1640-1680 Cm-1 , C=C, Alkenes

1760 Cm-1 , C=O, Aldehydes, Ketones, Carboxylic 
Acid & Esters

Reactor

IR Probe

Catalyst Bed



FT-IR spectra with reaction time (left) and the plausible reaction mechanism (right) for the 
hydroprocessing and hydrogenation of triglycerides

Formation of aromatics via cyclic ketones from acid intermediates is proposed

Aromatics  formation Mechanism
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Catalysis Today Volume 309, 1 July 2018, Pages 11-
17; https://doi.org/10.1016/j.cattod.2017.12.021

Proposed Mechanism for triglyceride conversion over 
CoMo/Al2O3

https://doi.org/10.1016/j.cattod.2017.12.021


22

H2 Spillover mechanism
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Nature Communications5, Articlenumber:3370 (2014)doi:10.1038/ncomms4370

Reaction Mechanism



24

350-420°C, 50 bar, 
500-1500 Nl H2

/ LTriglycerides

Triglyceride

ü Active hydrogen to be accessible to reactants 
ü Active Sites Protected against poisons.
ü Internal / Inherent Boost to catalytic activity   

Sodalite ςZeolite (access through 2.8 Å 
window)- 6 mem ring 
Cage diameter of 6ς8 Å 

SOD cage Prevents from Sintering and 
Permanent Poison >2.8 Å 
Hydrogen Spillover ςPt to active metal

Encapsulated sub-nano-Pt in Zeolite cages

Patent: 4093DEl2015; Catal. Sci. Technol., 2016,6, 1850-1862


