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CSIRIP DILSAAF technology W

- Two-Reactor Process
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Two Catalytic System . ch, Light Gases
(Noble metal- Costly) e o P_Lrght HC, Hand
Pretreated , — CQ
Deoxygenation/lsomerization .
Current technologies D|esé:e15R+ange
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Increased flowability

https://doi.org/10.1016/j.cattod.2017.12.021
10.1007/s1056812-9148x 5
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Single Step Novel Process and Catalyst (Non noble metal)

(1) Hydrodeoxygenation
(2) Hydro-cracking
(3) Hydroisomerisatio
(4) Aromatization

(5) Hydro-cyclization
(6) Hydrogenation

Catalystfeatures

uPoroussilicaaluminabasedsupportwith optimized Bronstedc acidity

owControlled Si/Al ratio for desirable cracking and isomerization ability to maximize the
kerosenerange

wSulfidedbasemetal (non-noble) catalystwith maximum dispersionand loadingon the silica
aluminasupport(lower in costascomparedto completivetechnologies) °
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Transportation Fuels from Co-Processing of Waste Vegetable Oil and Gas Oil
Mixtures using Mesoporous Catalyst Supports

-
- NMOREDs el g5.90% BIOMASS &
VegetableOil  |340.3800c  Kerosene:10-15% S
f H,/feed: 500 —
GasOl  __oht 50bar Diesel:65-70% s -~

Ni-W /SiOZ-AI20; Kerosene: 30-35%

Biomass and Bioenergy, Volume 56, September 2013, Page AiBps://doi.org/10.1016/].biombioce.2013.04.029
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Hydroprocessing of jatropha oil and its mixtures with gas oilt

Rohit Kumar, Bharat S. Rana, Rashmi Tiwari, Deepak Verma, Rakesh Kumar, Rakesh K. Joshi,
Madhukar O. Garg and Anil K. Sinha*

Received 11 th June 2010, Accepted 18th Octaber 2010
DOT: 10,1039/ c0gc00204f

340-380°C, H,/feed: 1500, 1-2h*, 50
Jatropha Oil

| ﬂ[}iesel: 88-92%
+ Gas Qil ~Ni-Mo/Al,0; Diesel : 98%

il Co-Mo/Al,O, Diesel:49%
Jatropha Oil “—>Kerosene: 36%

S
Ni-w,FsiQE_MEOEEIEEEI. 81%




2, Sulfided NiMo - hierarchical mesoporous #SM5 high &%
% yield of jet fuel from jatropha and algal oll 't

Jetrange(C9
C15) Yield(%
and I/n ratio

i {?“’ guizii NiMo-H-ZSM5(Meso)
s - 410°C, 50bar, 1ht
: : 78.5%and 2.5

NiMo-H-ZSM5(Meso)

400°C, 80bar, 1.1ht
38.3% and 13.5
54.0% and 2.6

NiMo-H-ZSM5(Meso)
410°C, 50bar, 1ht

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



CatalystsScreening @

—Etydrocoversion of jatropha and algal oil over
Sulfided Ni  -Mo -hierarchical mesoporous H -ZSM 5
CATALYST FEED T(°C) P(bar) Yield% (Cy-C;5) CONV. (%) *i/n RATIO

1) Ni-W/SiO,-Al, 04
(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) Jatrophaoil 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 = 1h1
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Optimization of catalyst hydrogenation functionality
for Hydroprocessing of Nowdible oils into Biofuels



Catalyst loading and reaction operating conditiosz"')‘
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Catalyst NiMo-7 NiMo-11 NiMG™T Bre fuets

Catalyst Mass, ¢ 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 (8 mm length)
Processing conditions

Reaction TemperaturéC 34071 420

Reaction pressure, Bar 80T 90

LHSV, hrt 0.57 2

H>/FEED, NI/L 15002500

H>/FEED, molar ratio 63-105

Three different NiMo-7, NiMo-11, and NiMo-15 catalysts were evaluated
under different operating reaction conditions



Physicochemical properties of catalysts ' "')|
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Catalyst Surface Total Pore Mean pore Total Brgnsted Lewis L/B
area Volume diameter surface  acid site§  acid
(m?/g) (cm?/g) (nm) acidity?NH, (mmol/g) site®
(mmol/g) (mmol/g)
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

aNH, temperature-programmed desorption (TPMgcidity measured by pyridine R

V The ratio of Lewis to Bronsted acid (L/B) sites at different loading decreased w
Increase in Mo loading, i.e., NIM&L/B:1.16) > NiMd 1(L/B:0.72) > NiMo
15(L/B:0.58).

V The increased Lewis acidity for NiMaompared to NiMdl1l and NiMel5 was
anticipated due to the increased availability of adsorption/desorption sites on tt
silicaalumina surface.



Product mean yield as a function of Mo |Oadil'!§".)'
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top-view

side-view

Adsorption and grafting of the NiMoO4 clustefl )‘
at the silicaalumina surface | ‘

e Fue

(a) adsorption of NiMo@ (b) transfer of Brgnsted H to NiM@dc) grafting of NiMoQafter
removal of HO. Color code: Al (pink), O (red), H (white), Ni (blue), Mo (bgrsén).
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(a) adsorbed (b) Intermediate  (c) grafted
NiMoO, NiMoO5;0H NiMoO,

Reaction energy diagram for the adsorption and grafting of the Nij@@ocluster at

the alumina and silicalumina surface Brgnsted acid site.
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Hydroconversion of Jatropha oil to hydrocarbon
over Pt encapsulated NiMo/SI&AlLO,
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Aromatics in Hydroprocessed Vegetable OIL")

il Paraffin
;45 Wt%
M (Iso/Normal =1.5)

Naphthenes
40 Wt%

Total Aromatics
15 Wt %

323,00 2 Y 1o .
PNA‘aniglysis of Hydroprocess ?Veggt(éble oil
Product arfalyzed’over GEXGERY ¢
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Aromatics formation Mechanism ' "')‘
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Proposed Mechanism for triglyceride conversion ovﬂ
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Cyelic ketone Catalysis Today Volume 309, 1 July 2018, Pages
17; https://doi.org/10.1016/j.cattod.2017.12.021
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Reaction Mechanism
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Hydrogenation
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Encapsulated suimano-Pt in Zeolite cages ’ "')‘
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i Active hydrogen to be accessible to reactantSodalitecZeolite (access through 2.8 A

U Active Sites Protected against poisons. window)- 6 mem ring
U Internal / Inherent Boost to catalytic activity Cage diameter of 68 A
P Lkt o

h AIGRI0 (X

SOD cage Prevents from Sintering and
Permanent Poison >2.8 A
Hydrogen Spilloveg Pt to active metal

24
Patent: 4093DEI2015Catal. Sci. Technol., 2015,18501862



