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ABSTRACT 2001346

MULTI-METALLIC CATALYST SYSTEM AND USE OF THE SAME IN
PREPARING UPGRADED FUEL FROM BIOMAS SLURRY

The present disclosure provides a multi-metallic catalyst system compn . 2
one support, and at least one promoter component and an active component
comprising at least two metals uniformly dispersed on the support. The present -
disclosure also provides a process for preparing the multi-metallic catalyst system.

Further, the present disclosure provides a process for preparmg upgraded fuel from

biomass. The process is carried out in two steps In the ﬁrst step, a blomass slurry is ..
prepared and is heated in the presence of hydrogen and a multi-metallic catalyst that ,.
comprises at least one support, at least one promoter component, -and an active :
component comprising at least two metals to obtain crude biofuel as an intermediate

product. The intermediate product obtained in the first step is then cooled- and ﬁlteredg RRTER
to obtain a filtered intermediate product. In the secondvst'ep;"the filtéred intermediate. -
product is hydrogenated in the presence of the multi-metallic catalyst to obtain the

upgraded fuel. The fuel obtained from the process of the present disclosure is devoid )

of heteroatoms such as oxygen, nitrogen and sulfur.
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WE CLAIM:
1. A multi-metallic catalyst system oomprisihg; . ” l ”" " l " ” ”III ll " l ”"
, | | 200134843

1. at least one support;

ii. at least one promoter component impregnated on said at least one support;

and

iii. an active component comprising at least two metals uniformly dispersed on

said at least one support.

2. The catalyst system as claimed in claim 1, wherein said at least one support is
selected from the group consisting of alumina, silica, zirconia,val_umina—si‘lica,i__'_,;v

zeolite and molecular sieves.

3. The catalyst system as claimed in claim 1, wherein said promoter component
comprises at least one metal selected from the group consisting of Group IIIA -

metals, Group IVA metals, Group VA metals and Group VB metals. .

4. The catalyst system as claimed in claim 1, wherein saldpromotercomponent '_isot
least one selected from the group consisting of Niobium (Nb), Plrosphorous"'(P); e
Boron (B), Gallium (Ga), Germanium (Ge), Indium (In), Aurum (Au), andv
Tantalum (Ta). | .

5. The catalyst system as claimed in claim 1 whereln said actlve component is. at-- R
least two metals selected from the group con51st1ng of Group IB, Group 1IB,
Group IVB, Group VB, Group VIB metals, Group VIIB metals, Group VIII

metals and noble metals.

6. The catalyst system as claimed in claim 1,'wherein said aot‘ive:'CQmPQne;rilf is-a‘t:‘f'
least two metals selected from the group consistiﬁg ofN1cke1(N1), Molybdenum -
(Mo), Cobalt (Co), Copper (Cu), Silver (Ag), Zinc (Zn), Zirconionr (Zr),
Vanadium (V), Tungsten (W), Rhenium (Re), Platinum‘ (Pt), Palladium (Pd); o
Ruthenium (Ru), and Rhodium (Rh).
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7. The catalyst system as claimed in claim 1, wherein the amount of sard at least one
8. The catalyst system as claimed in claim 1, wherein the amount of said _actii/e

9. The catalyst system as claimed in claim 1, wherein said support isin at least one:,

promoter component is in the range from 0.1 to 1 wt% of th, aly

component is in the range from 0.05 to 8 wt% of the catalyst system.

form selected from the group consrstmg of spheres extrudates

pellets.

10. A process for preparing a multi-metallic catalyst system; said process comprising :

11. A process for preparing a multi-metallic catalyst system; said processcomprlslng o o

the following steps:

procurlng at least one support selected from the group con51st1ng of
alumma silica, zirconia, alumina-silica, zeohte and molecular s1eves

and calcining to obtain a calcined support; -

~ ii. impregnating said calcined support with at least one source of

promoter component in the presence of at least one stab;lhzmg agent o
- followed by filtering, drying and calcmrng to" obtaln a promoter"

component impregnated support;

iii.contacting said promoter component impregnated support with at least 3

two metal salts in the presence of said at least one stab1llzmg agent S

followed by filtering, drying, and calcining,; to obtam an actlve.v

component impregnated support; and

iv.reducing said active component impregnated support to obtain the

multi-metallic catalyst system.

the following steps:

i. procuring at least one support selected from the group consisting of

calcining to obtain a calcined support;

alumina, silica, zirconia, alumina-silica, zeolite, and molecular sieves,.and. - . &

25

{
&
"l
}.......I:-
]




ii. contacting said calcined support with at least: two metallsalts in. the
| presence of at least one stablhzmg agent followe

and calcining, to obtain an active component 1mpregnated support

iii.impregnating said active component impregnated support with at least one: ': o

source of promoter component in the presence. of sa1d at least one.

stabilizing agent, followed by filtering, drymg and ca101mng

- promoter component impregnated support and

iv.reducing said promoter component impregnated support to obtain the

multi-metallic catalyst system.

12. The process as claimed in claim 10 or 11, further includes the_step_:‘_of"sulﬁdiitg the 7

catalyst system using at least one sulfiding agent seleeted-:"froni-?'-the"f-‘_g“roup

consisting of dimethyl disulfide and dimethyl sulfoxide.

13. The process as claimed in claim 10 or 11, wherein said stabrhzmg agent is at least L
one selected from the group cons1st1ng of hexamethylenetmlne ammon1a5‘ B

solution,  piperidine, pyrrohdlne, morphollne, ‘p1peraz1ne hydrate 2

methylcyclohexyl amine and cyclohexylamine.

14. The process as claimed in claim 10 or 11, wherein said step of calcination is

carried out at a temperature in the range of 500 to 700 °C.

15. A process for preparing upgraded fuel from biomass, said process‘comprising the

following steps:

e preparing a biomass slurry by blending algae in water and loading said slurry -

into a reactor;

e heating said biomass slurry to a first pre-dete‘rm'i’nedvternperature, at-a-first . -

pre-determined pressure and for a first pre-determined time period in the
presence of an active gas and a multi-metallic catalyst comprising at least one

support, at least one promoter component, and an v_active‘ component -
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16.

17.

18.

19.

20.

21.

compr1s1ng at least two metals to obtaln an- 1ntermed1ate produu':"" C

crude blofuel

collecting, cooling and filtering said intermediate product to obtain a filtered -

intermediate product; and

hydrogenating said filtered intermediate prodne_t'in:_fthé pr

metallic catalyst at a second pre-determined temperature, at a second ‘pre-«
determined pressure and for a second pre-determined time period to obtain

said upgraded fuel.

The process as claimed in claim 15, wherein said alga is at least one. selected,j s R

from the group consisting of Nannochloris, szrulma and Nannochloropszs o L
The process as claimed in claim 15, wherein said alga is Nannochloris.

The process as clalmed in claim 15, whereln the amount of algae 1n sald"

biomass slurry is in the range of 10 % to 30 %.

The process as claimed in claim 15, wherein said vﬁrst pre-determined
temperature is the range of 200 °C to 350 °C, said ﬁrst pre -determined

pressure is in the range of 1 MPa to 5 MPa said- second pre determlned.” o e

pressure is in the range of 2 MPa to 7 MPa; sa1d second pre determmed e S
temperature is in the range of 351 °C to 500 °C; and said first pre- determmed
time period and said second pre-determined time period is' in the range of 15

minutes to 120 minutes.

The process as claimed in claim 15, wherein.t‘he' yi’eid o'f sa1d Cmdeblomells R T
in the range of 50 % to 80 % and the yield of said upgraded fuel is in the ;
range of 81% to 90 %. S o

The process as claimed in claim 15 wherein said support 18. selected from the";‘f._v‘ S o

group consisting of alumina, silica, ‘zirconia, alumma—sﬂlca zeohte and’
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molecular sieves, said promoter component is at least one metal se €c

the group consisting of Group IIIA metals Group IVA metals Group VA.
metals and Group VB metals and said active component is at least two metals
selected from the group consisting of con51st1ng of Group IB, Group IIB, .

Group IVB, Group VB, Group VIB metals Group"" 1IB e

metals and noble metals.

22. The process as claimed in claim 15, wherein said active gas is hydrogen.

Dated this20™ day of April, 2016.

OF R. K. DEWAN & CO.
APPLICANT’S PATENT ATTORNEY
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FIELD 200134642

The present disclosure relates to a multi-metallic catalyst systemandus :o"f-‘t

in preparing upgraded fuel from biomass slurry.

DEFINITIONS

As used in the present disclosure, the following terms are generally :"'nt ¢ ¢
the meaning as set forth below, except to the extent that the context' in whlch'they are"'

used indicate otherwise.

Biomass: The term “biomass” refers to material derived from living organisms,

which can be used as a source of fuel or energy.

Intermediate product: The term “intermediate product” refers to thebreduct: derlved

from the biomass, such as, algae, which comprises crude biofuel.

Upgraded fuel: The term “upgraded fuel” refers to the product derived from

biomass, such as, algae and which can be used as an alternative to petroleum fuel. - -~ -

BACKGROUND

Fossil fuels, such as coal, petroleum and natural gas, supply energy for transportatieh,
industrial manufacturing, production of electricity, and the like. Combustion of fossil
fuels generates sulfuric, carbonic, and nitric acids, Wthh fall on the Earth as aad_-.f?f
rain, impacting both natural areas and the environment. Further burmng of foss1l fuel’. |
results in the emission of carbon dioxide, which is one of the greenhouse gases o
contributing to global warming. Fossil fuels are non-renewable sources of energy as -
they require millions of years to be formed, also the known reserves of fossil fuels are

being depleted at a much faster rate than the new ones being formed. Reeor}eiliati_en.__._,f..;; ’

In the present scenario, the demand for fuels such as 'petrovl", diééel', keroseneand ;the P
like is increasing rapidly. Fuel is generally obtained by refining crude oil. Due to the
increasing demand for fuel, the reserves of crude oil are depleting. Therefore, there is
a need to focus on alternative sources, like biomass, for obtalnlng fuel Blomass

particularly algae, has a potential to become a viable feedstock due to 1ts h1gh 011:?'




content and environmentally-friendly nature. The fuel obtamed by _processmg;the : ::»';

biomass is termed as “biofuel”. It is found that biofuels can be use‘ : 0
energy for vehicles, and for generatmg-electrlclty, etc. Conventional processes such
as fermentation, extraction, gasification, pyrolysis and the like, are widely used for
converting the oil contained in the biomass, particularly in algae, to biofuel. Algae are

a promising source for biofuel as they have high energy cOntent and are characterized

by fast growth in the presence of carbon dioxide, water and sunlig
photosynthesis, algae are capable of capturing carbon dlox1de and sunhght and' |

convert it into oxygen and biomass.

Various catalysts are known for conversion of biomass to blofuel However
convent10na1 processes -using known catalysts require long extractlon tlme have low o
conversion efficiency, have limited product range, low yield, generate waste products

and are energy and cost intensive.

Therefore, there is felt a need to provide a catalyst system and a process for preparmg

fuel from biomass that overcomes the drawbacks mentloned herem above g

OBJECTS

Some of the objects of the present disclosure, which at least one embodiment herein

satisfies, are as follows:

It is an object of the present disclosure to ameliorate ‘one or more problemsof the

prior art or to at least provide a useful alternative.

An object of the present disclosure is to provide a multi-metallic catalyst system.

Another object of the present disclosure is to prov1de a process for preparlng a multl- e

metallic catalyst system.

Still another object of the present disclosure is to provide a process for preparing fuel
from biomass.
Yet another object of the present disclosure is to _provide" a_-process forpreparlngfuel '

from algae.



Still another object of the present disclosure is toprovldeasrmple

process for preparing fuel from algae.

Other objects and advantages of the present disclosure will be more apparent from the
following description, which is not intended to limit the scope of the present. :_-:;___

disclosure.

SUMMARY

The present disclosure relates to a multi-metallic catalyst system comprising at least

one support, and at least one promoter component and an- actlve component__!g:-

comprising at least two metals uniformly drspersed on the: support

The present disclosure further provides a process for preparing the afore-stated
catalyst system which includes procuring at least one support, impregnating the
support with at least one promoter component in the presence of at -least one

stabilizing agent, followed by ﬁlterrng, dryrng, and calcmmg to obtam a promoter::

component impregnated support and contactmg the promoter component 1mpregnated“

support with at least two metal salts in the presence of the stablllzmg agent, followed
by filtering, drying, calcining, and reducing to obtain the multi-metallic catalyst

system.

The present disclosure also provides a process for preparrng upgraded fuel from a
biomass. A biomass slurry is prepared by blending algae in water and the slurry i is
subjected to heating in the presence of an active gas, such as, hydrogen and a multi-

metallic catalyst comprising at least one support, at least one promoter component

and an active component comprising at least two metals to obtain . an 1ntermed1ate?"":-"'

product containing crude biofuel. The intermediate product is further hydrogenated in .

the presence of the multi-metallic catalyst to obtain the upgraded fuel.
BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING

The catalyst system of the present disclosure will now be described_.With the help of o

the accompanying drawing, in which:
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Figure 1 illustrates the X-ray diffraction patterns of the catalysts system synthesized

in experiment 1.

DETAILED DESCRIPTION

The conventional processes used for converting the l'i‘pi‘d'- co'ntaine'd‘____ the biomass, -

particularly in algae, to biofuel have several drawbacks, such as, longer extracuon' R

time, low conversion efficiency, limited product range, low y1eld generation of waste o

products, energy and cost intensive, and the like. Therefore, in order to preclude the

drawbacks associated with conventional processes, the present disclosure envisages a

multi- metalhc catalyst and a process for preparing the same. The present d1sclosure";'_ L _

further provides a process for preparing upgraded fuel from biomass.

In accordance with one aspect, the present disclosure provides a multi-metallic

catalyst system that comprises: at least one support, at least one promoter component B

impregnated on the at least one support and an active componcnt compr1s1ng at least

two metals being uniformly dispersed on the at least one support. The afore- stated
components in the catalyst system are present in pre-determined quantities and

proportions with respect to each other.

The at least one support of the present disclosure is selected from the group;"-:_"
consisting of alumina, silica, zirconia, alumina-silica, zeolite, and molecular 31eves.
In one embodiment, the support of the present disclosure is a carrier. Further, the
support is in at least one form selected from the group of extrudates, spheres,

granules, and pellets.

In accordance with one embodiment of the present disclosure, the at least onesupport

is alumina.

The promoter component of the present disclosure is at least one metal selected from

the group consisting of Group IIIA metals, Group IVA metals, Group VA metals and o

Group VB metals. The promoter component typlcally performs the funct1on of;_““-{

enhancing the overall act1v1ty of the catalyst.
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In accordance with the present disclosure, the promoter component is selected from
the group consisting of Niobium (Nb), Phosphorous (P), Boron (B), Galhum (Ga)

Germanium (Ge), Indlum (In), Aurum (Au) and Tantalum (Ta)

In accordance with the present disclosure, the,amount' of th’e""pr’omotertcomponen

in the range of 0.1 to 1 wt% of the catalyst system.

The active component comprises at least two metals. The metal of the present'

disclosure is selected from the group con51st1ng of Group IB, Group IIB Group IVB, L
Group VB, Group VIB metals, Group VIIB metals; Group VIII metals and noble o

metals.

In accordance with the present disclosure, the metal is selected from the group -

consisting of Nickel (Ni), Molybdenum (Mo), Cobalt (Co) Copper (Cu) Sllver (Ag)

Zinc (Zn), Zirconium (Zr), Vanadium (V), Tungsten (W) Rhenlum (Re) Platlnum-. o

(Pt), Palladium (Pd), Ruthenium (Ru), and Rhodium (Rh).

In accordance with the present disclosure, the amount of the active component is-in

the range of 0.05 to 8 wt% of the catalyst system.

In one embodiment, the multi-metallic catalyst system 1s in the reduced form In o

another embodiment, the multi-metallic catalyst system is in the sulﬁded form

In accordance with an exemplary embodiment, the multi-metallic catalyst system of |

the present disclosure consists of phosphorus as a part of the promoter component,

cobalt and molybdenum as a part of the active component impregnated:__on"'anf alur'niné_i_‘jf: o

P

support.

In accordance with another exemplary embodiment, the multi-metallic catalyst R

system of the present disclosure consists of niobium as a part of the promoter

component cobalt and molybdenum as a part of the actlve component on an’ alumrna'

support.

In accordance with still another exemplary embodiment, the multi-rnetalliccatalyst AT

system of the present disclosure consists of boron as a part of the promoter
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component, cobalt and molybdenum as a part of the active component on an alumina -

support.

In accordance with another aspect, the present disclosure provides a. proc

preparation of a multi-metallic catalyst system. The process includes the steps

presented herein below.

Initially, at least one support suitable for preparing a multi- metallic catalytic system .

is procured and calcined to obtain a calcmed support. In one embodlment the support:'i':

is in an amorphous state prior to further processing. Typlcally, the support used in the

present process is selected from the group that consists of alumina, silica, zirconia,

alumina-silica, zeolite, and molecular sieves.

The support is then 1mpregnated in a pre-determined- quant1ty, w1th at least one‘i:-__ :

source of promoter component in the presence of at least one stab111z1ng agent The,' : E

promoter component is at least one selected from the group consists of Group IIIA
metals, Group IVA metals, Group VA metals and Group VB metals. In accordance
with an embodiment of the present disclosure, the source of promoter component can

be phosphoric acid.

The step of impregnation is followed by filtration and then by"dryin;g, the latterstep
being carried out at a pre-determined temperature for a pre-determined time .period. '
In accordance with one embodiment, the pre-determined temperature is 120 °C and

the pre-determined time period ranges from 6 to 10 hours.

After drying, the promoter loaded support is calcined at .a'temperaturezﬂi‘n therange of

500 to 700 °C for a time period in the range of 4 to 8 hours to obtain a promoter

component impregnated support. In accordance with one embodiment, the step of |

calcining is carried out in the presence of air.

In one embodiment, the step of impregnation is carried out by the equilibrium

method. In this method, a solution of metal compound of anyv of .the afor'e..-:s:tétted i

metals is prepared by dissolving the metal compound in water or-in an organic

solvent. The support is then added into the solution and allowed to stand until the =




system reaches equilibrium. The stabilizing agent, in one embodiment, is also a

solubilizing agent, is selected from the group consrstlng of hexamethyleneimme

ammonia solution, piperidine, pyrrolidine, morphollne piperazr

methylcyclohexyl amine, and cyclohexylamine.

Into the promoter component impregnated support, at least two metal salts are

charged or impregnated, in pre- determined quantities, in the presence of at least one

' stabrhzmg agent. The metal salt of the present disclosure comprlses a cat1on selected s _"-_'-';‘f_-._ﬁ""-"‘?-' L

from the group of Group IB, Group IIB, Group IVB, Group VB, Group VIB metals

Group VIIB metals, Group VIII metals and noble metals and an anion selected _from |

the group of chloride, bromide, fluoride, iodide, sulfate, phosphate, _phosphonate,
nitrate, nitrite, carbonate, acetate, bicarbonate, hydroxide, and oxide. The stabilizing »

agent used in the present step of charging may be the same or dlfferent as that used 1n?:_" S

the earlier step. The step of charging or 1mpregnation in one embodlment is: carrred Lo ER A
out by the equilibrium method. The resulting metal loaded catalyst is further ﬁltered,-
dried, calcined at a temperature in the range of 500 to 700 °C, and reduced to obtain

the multi-metallic catalyst system of the present disclosure.

The step of reduction is carried out using hydrogen at a rate of 25 mL/mlnute and at?’ i
a temperature in the range of 400 to 600 °C for a time perrod in the range of 2 to 6 :_. B

hours.

The at least one support is sequentially impregnated wrth the promoter component ]

and the active component. Each 1mpregnat10n step is followed by drymg and

calcining the impregnated support. This partrcular feature enables the - promoter S

component and the active component to form a single layer of metals on the support.

In accordance with another embodiment for the process for the preparation of the _

multi-metallic catalyst system the process comprrses the followmg steps -

Initially, at least one support selected from the group'Consisting' of alumina;-" silica,. R
zirconia, alumina-silica, zeolite, and molecular sieves is procured and calcined to

obtain a calcined support.




The calcined support is impregnated with an active component comprising at least

two metals, in the presence of at least one stabilizing agent, followed by filtering; - .

drying, and calcining, to obtain an active compOnent'lmpreg'rflate_cléj_sji'

The active component impregnated support is further impregnated with the promcter

component in the presence of at least one stabilizing agent, folloWed by filtering, .

drying and calcining to obtain a promoter component impregnated support.

Finally, the promoter component impregnated support. is :recl_uced toobta the 1
metallic catalyst system.
The multi-metallic catalyst system, thus obtained, is used either in a reduced form-or -

in a sulfided form, using at least one sulfiding agent selected from the group

consisting of dimethyl disulfide and dimethyl sulfoxide. -

In accordance with one embodiment of the present disclosure, the step of sulfidation” ~ 7

is carried out using diemthyl disulﬁde at 371 °C.

The multi-metallic catalyst system, described herein above ‘has appllcatlons 1n BT

multifarious fields such as petrochemlcals polymers metallurgy, and._[the hke

making the subject matter of the present disclosure hlghly 1ndustr1ally apphcable
Furthermore, the spent catalyst system of the present disclosure is capable of being
regenerated; thereby increasing the economy of the process in which it is used. The
multi-metallic catalyst system may be regenerated by at least one process selected‘; o

from the group that includes, but is not limited to, ﬁltratlon washmg, calc1nat10n andbf e

reduction. In one embodlment the multi-metallic catalyst system can be recycled and~
reused at least 5 times without any loss in its catalytic activity. Still further, the multi-
metallic catalyst system of the present disclosure is a highly stable system which can

be used both in the presence and in the absence of a solvent '

In accordance with still another aspect of the _pre‘serit"disclosure;"tl_'ieref;is: provideda ...

process for preparing upgraded fuel from a biomass.
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In accordance with one embodiment of the present disclosure, the bromass is algae

The algae are selected from the group consrstmg of Nannochlorzs Sp oy -

Nannochloropsis.

The carbon content in the biomass is in the range of 40 % to 60%. The carbon content
in the biofuel and the yield of the biofuel is increased by the process of the present : |
disclosure descrlbed herein-below, as compared the blofuel btained

conventional catalysts.

Initially, a biomass slurry is prepared by blending algae in water. The biomass slnrry :

comprising algae and water is subjected to heating in the presence of an active gas

and a multi-metallic catalyst to break down the bio-macromolecules in the biomass C

slurry and obtain an intermediate product comprlslng crude b10fuel Typlcally, _the-f* O

active gas can be hydrogen.

The intermediate product is then collected, cooled and filtered to obtain a filtered -

intermediate product.

The crude biofuel comprises long aliphatic hydrocarbons -::Wifh 1mpur1t1es 1nthe form

of heteroatoms.

The heteroatoms in the crude biofuel include oxygen, nitrogen and sulfur.

Due to the presence of heteroatoms, the carbon content in the crude blofuel ranges'..f ).:

from 74 % to 78 % and the yield of the crude biofuel ranges from 50 % to 80 %

In order to increase the carbon content, there is a need to remove the heteroatoms
present in the crude biofuel. Therefore, the filtered intermediate product cornprising
crude biofuel is subjected to hydrogenation in the presence of the'_mdlti-m'etalliol_ig_.'

catalyst to obtain the upgraded fuel.

In accordance with the present disclosure, the upgraded fuel obtained from. ~t_he

process described herein-above is substantially devoid of heteroatoms. |
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procured.from Reliance Industries Limited, Gujarat, India. - '

The carbon content in the upgraded fuel ranges from 82 %, to 84
the upgraded fuel ranges from 81 % to 90 %. R

Due to the removal of heteroatoms, the carbon content in the upgraded fuel and the
yield of the upgraded fuel, comparatively increases as compared to the carbon content

in the crude biofuel and the yield of the crude biofuel. e

In accordance with the present disclosure, the upgraded fuel obtained by the process: -
of the present disclosure is equivalent to the petroleum crude oil, which needs to be

processed in refineries to get products such as petrol, diesel, kerosene, and the like.

The process of the present disclosure is carrled out in the presence of the multl-“ S

metallic catalyst that comprises at least one support at Ieast one promoter component S

and an active component comprising at least two metals.

In accordance with one embodiment of the present disclosure, the support is at least
one selected from the group consisting of alumlna 5111ca zirconia, alumma-sﬂlca ;,,: Lok

zeolite and molecular sieves.

The promoter component is at least one metal selected from the group consisting of

Group IIIA metals, Group IVA metals, Group VA metals and Group VB metals.

The active component is at least two metals selected .from the group con51st1ng of;_

Group IB, Group IIB, Group IVB, Group VB, Group- VIB metaIs Group VIIB” o S

metals, Group VIII metals and noble metals.

In accordance with one embodiment of the present disclosure, the amount of algae in

the biomass slurry ranges from 10 % to 30 % of the biomass slurry.

In accordance with another embodiment of the present disclosure, the algae ‘are at . -
least one selected from the group consisting of Nannochloris, Spirulin_d and
Nannochloropsis. Spirulina is procured from Sanat Products, Uttar Pradesh, India.

Nannochloropsis is procured from Solix Algredients, Inc., .UASA. Nannochloris is.: - - -

11
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In an exemplary embodiment of the present disclosure, the aigae"afe Nannochloris. .~~~ ‘.

In accordance with the present disclosure, the heating of the biomass slui'ry
comprising algae and water is carried out at a temperature in the range of 200 °C to

350 °C and for a time period in the range of 15 minutes to 120 minutes.

In accordance with one embodiment of the present- discloé:ure,-'-'-th

hydrogen while heating the biomass slurry is in the range of 1 MPa to 5 MPa.

In accordance with another embodiment of the present disclosure, the pressure of
hydrogen while heating the biomass slurry ranges is in the range of 1 MPato 3.5 o
Pa. R T SR

In accordance with the present disclosure, the filtered intermediate product is
hydrogenated at a temperature in the range of-351 °C to 500 °C and for a time period =

in the range of 15 minutes to 120 minutes.

In accordance with one embodiment of the present disclosuf_e, 'th'e: Ppressure of

hydrogen in hydrogenating the intermediate product is in the range of 2 MPa to7
MPa.

In accordance with another embodiment of the present dxsclosure the pressure of .
hydrogen in hydrogenating the intermediate product 1s 1n the range of 2 MPa to 5 '

In the process step of heating the biomass slurry, water (fluid medium) is pfesent in -

the biomass slurry. Hence, the process step of heatlng the biomass slurry is termed as -

“hydrothermal liquefaction”. Further, the process step of hydrogenatlon of thei'?' .

1ntermed1ate product is carried out in the absence of fluid medium (water)

The process described herein-above is effective for obtaining fuel from the biomass.
Further, the process of the present disclosure overcomes the drawbacks associated

with conventional processes.

The present disclosure is further illustrated herein below with the’ helpofthe

following experiments. The experiments used herein are intended merely to facilitaite :

12
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“industrial/commercial scale and the results: obtainedﬂ'_'ean_’i;:':'oe

an understanding of the ways in which the embodiments hereln ’r'na'y be practrced.-;:anf-“d,_'-v
to further enable those of skill in the art to practice the embodiments v'herein. '
Accordingly, the examples should not be construed as limiting the scope of
embodiments herein. These laboratory scale experiments can be -scaled: up
industrial/commercial scale.
Experimental details:
Experiment 1: Preparation of a multi-metallic catalyst syst_em o
Step I

50 g of alumina extrudate was calcined at 600 °C for 6 hours to obtain a calcined

alumina.

Step IT

A vessel was charged with 1.6 g Phosphoric acid in 200 mL demineralized water and
20 g hexamethyleneimine, and rotated using the rotary evaporator at 60 °C. After 10 -

minutes, 50 g of the calcined alumina was loaded in the vessel and the rotatron was

continued for 2 hour to obtain a mixture. The mlxture was cooled ﬁltered and drled-' S

at room temperature and further dried at 120 °C overmght to obtaln the dried powder N

The dried powder was calcined at 600 °C for 6 hours in air to obtain a promoter

component impregnated alumina.

Step 111

Another vessel was charged with 52.04 g of ammonium molybdate‘ih 300 mLof T

demineralized water and 20 mL of hexamethyleneimine to obtain a mixture. The

mixture was stirred at a temperature of 60 °C, till complete dissolution of ammonium

molybdate. The mixture was cooled to 40 °C and cobalt acetate solut1on (43 gin50 - . TR

.mL water) was added to it to obtain a clear purple solutlon The promoter componentf' o

impregnated alumina as obtained in step II was added to the clear purple solutlon to
obtain a slurry. The slurry was rotated at 60 °C for 2 hours.on rotary evaporator.
13 |




The slurry was cooled, filtered, and washed with water,. dried at room temperature for -
2 hours and at 120 °C overnight to obtain a solid. The solid was calcined at 600 °C
for 6 hours in air and reduced at 500 °C using hydrogen at a flow rate of 25

mL/minute for 4 hours to obtain a reduced catalyst system. -
StepIV

Optionally, the catalyst system obtained in Step III was sulfided as per the following

procedure:

The temperature was lowered from 500 °Cto 371 °Cata rate of 10 °C/rmnute and Hz - s

pressure was maintained at 3 bar. 7.43 g of diemthy! disulfide was injected in 10- 15 0

equal installments and temperature was lowered to 50°C at the rate of 10°C/min to

obtain the multi-metallic catalyst system.

Experiment 2: Preparation of a multi-metallic ¢ata!y$'t :syste:l_rr'
Step-1

50 g of alumina extrudate was calcined at 600 °C for 6 hours.

Step-11

A vessel was charged with 52.04 g of ammonium molybdate and 300mLof -
demineralized water and 20 mL of HMI to obtain a mixture. The mixture _Wa_s stirred
at a temperature of 60 °C, till complete dissolution of ammonium molybdate. The

mixture was cooled to 40 °C and cobalt acetate solution (4 3 g in SOrnL- wate‘r)‘ 'wavs_““.

added to it to obtain a clear purple solution. The calcined alumma as obtalned in step" R

I was added to the clear purple solution to obtain a slurry The slurry was rotated at

60 °C for 2 hours on rotary evaporator.

The slurry was cooled, filtered and Washed with water, dr1ed at room temperature for

2 hours and at 120:°C overnight to obtain a solid. The solid was. calcmed at 600 °C

for 6 hours in air to obtain a metal impregnated alumma (CoMo/A1203)

14
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Step-11I

Another vessel was charged with 1.6 g Phoephoric acid, 200 mL demineralized water
and 20 g hexamethyleimine, and rotated using the rotary evaporator at 60 °C. Aft
10 minutes, 50 g of CoMo/Al,O3 was added and the rotatlon was cont d for?
to obtain slurry. The slurry was cooled, ﬁltered and dr1ed at room temp >, fur

dried at 120 °C overnight to obtain a solid. The solid was calcined at 600 °C for 6 R

hours in air and reduced at 500 °C using 25mL/min Hydrogen for 4 hours.

Step IV

Optionally, the catalyst system obtained in Step III was sulfided as per the'follohving e

procedure:

The temperature was lowered from 500 °C to 371 °C at a rate of 10 °C/mlnute and H2. :

pressure was maintained at 3 bar. 7.43 g of drmethyl d1sulﬁde was mJected in 10 15}._"-' e

equal installments and the temperature was lowered to 50 °C at the rate of 10°C/m1n S

to obtain the multi-metallic catalyst system.

The multi-metallic catalyst system synthesized 1n experrment-l was further :

characterized and the properties are illustrated in Table 1, whereln l is CoMo/A1203b'

(Reference catalyst) 2 is CoMo/Al,O; (without: promoter) 3'is Nb- CoMo/A1203 4 is .

P-CoMo/Al,0O3 and 5 is P-CoMo/Al,O; (sulphided)

Powder X-Ray Diffraction Study: The catalyst systems of the present disclosure |

were subjected to X-ray diffraction and the same is ‘presented i in the Fi igure I Except__ i L

the reference catalyst (2), all the catalyst systems 1nclud1ng CoMo/A1203 (l) and P-*' Rt

CoMo/Al,O3 (4) are crystalline in nature. Nb- CoMo/A1203 (5) and sulfided' P-
CoMo/Al; 05 (3) exhibit small humps at 2 theta values of 10 and 20, which are

attributed to the promoters introduced in the catalysts.

Surface Area and Thermal Analysis: BET surface : area pore volume pore wrdth

total acidity and thermal properties of CoMo/A1203 and promoter component .

containing catalysts are presented in Table 1. Irrespective of the met_al loadings, all o
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‘Table-1: Physico-chemical properties of multi-metallic catalyst systeihs:;-‘" S

the catalysts exhibit similar surface area that is attributed to stability of the catalyst.

The pore volume; pore width, total acidity are in a very narrow range The surface L

area remains in the range of 165 to 179 m /g, pore volume 0. 49 to 0.50 cclg, a
drameter 78 to 98 A. The total acidity of the catalysts 18: 1n the range ot 0:81:

mmol/g except for the sulfided P-CoMo catalyst. _ |

TGA analysis showed loss of metal and sulfided components when they were

subjected to thermal decomposition.

S. No. Catalyst Name BET Pore volume | Pore Acidity TGA
surface (cc/g) width - | (mmol/g) (%
area A | _ ) remamed) .'
(m2/g) AR IR ' e
1 CoMo/ALOs3 176 | 050 .98 | %-"0.._842:;. W9l 34
(reference) : T R e
2 CoMo/AlLLO;5 179 0.49 97 0.810 | 92.58
3 Nb-CoMo/Al, O3 170 0.50 82 0.812 96.06
4 P-CoMo/ALO3. 165 | 048 | 78 | 0811 | 9303 |
5 P-CoMo /ALO; 165 049 | 81 | 0923 | 9013 | =
(sulfided) I

et
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It was observed that P-CoMo /Al,O3 (sulfided) have maximum acrdity. The surface |

area of the catalysts present systems of the present dlsclosure do not vary much and 1t__.;(', L

is in the range Of 165 to 179 m /g o . : .- 5 i:.:_,.-.f:_. oA : M * -
Experiment 3: Process for preparing upgraded fuel from biomass slurry
3A: Process for preparing crude biofuel

Algal slurry in water was prepared and was loaded in- a reactor The multl-metalllci"_'_;

catalyst of the present disclosure was added to the reactor. The reactor was ‘then S
closed. Leak check was done using nitrogen at 120 bars. Nitrogen pressure was

released and hydrogen gas was introduced into the reactor, till the pressure of the

.16




reactor was 3.5 MPa. The reaction mixture was heated to a temperature of 350 °C

under stirring at a speed of 500 rpm The reactor was kept at the same c d1t10n for":{_-
30 minutes after reaching the temperature of 350 °C. After 30 mmute b. |
was cooled using chilled water. After cooling, the reactor was opened and.'the.:: o
intermediate product was collected, cooled and filtered to obtain filtered 1ntermed1ate )

product. The crude biofuel obtained as the intermediate product was found to contain .

hexadecanamide with nitrogen as heteroatom. Spirulina w:asf; procuredfrom Sana
Products, Uttar Pradesh, India. Namnochloropsis _was-' 'proemea “from-. Solix L
Algredients, Inc., USA. Nannochloris was procured from Reliance Industries
Limited, Gujarat, India. The algae used, the amount of algae used, the catalyét used

and the amount of crude biofuel obtained is summarized in Table-2. :

Table-2

No. | Catalyst* mount of Algae Used ~ |Amount of Ihtermedia‘te {

' Catalyst in Algae in product .

Slurry (g) Slurry (g) (Crude blofuel
1 No Catalyst | - : Spiru_lina*. o o 23 e 43
2 | CoMo/ALO; 1.96 - Spirulina 3 | - s4
3 CoMo/ALLO3 1.96 Nannochloropsis |~ 23 68
4 | Nb-CoMo/ALO; 1.96 Spirulina 23 | s |
5 | Nb-CoMo/ALO; 196 | Namnochloropsis | 23 [
6 | Nb-CoMo/AL0; 196 | Namochloris | 23 | 60 - |-
7 | P-CoMo/ALOs 1.96 Spirulina | 23 . | - 61
8 | P-CoMo/ALO; 1.96 Nannochloris 23 | 6
9 | B-CoMo/ALOs 196 |  Spirulina | 23 | 51 |«
10 | B-CoMo/ALO; | 196  Nannochloris | 23...| 65 Lo
11 | B-CoMo/Al,O3 1.96 Nannochloropsis o3 | - 76 N
12 g‘;ﬁijib o 1.96 Nannochloris | 23 53
13 CoMo/AlL, O3 1.96 Nannochloris 23 _ 55
17
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*The support was impregnated with promoter component, followed by the charging of the active
component. Serial No. 2 and Serial No. 13 catalyst are conventional catalyst without promoter, Serial v
No. 3 catalyst is without promoter prepared by the process of the present disclosure, and Seri

to 12 are catalysts with promoter prepared by the process of the prﬂeseht«.disc:jldsu_r'e'

As seen from Table-2, the yield of the crude biofuel increases when the catalysts.
having the promoter of the present disclosure are used. The highest yield of crude

biofuel (76 %) was obtained when Boron-CoMo/Al,O; as the catalyst and

Nannochloropsis as an algal source was used. The yield of crude blofuel from'-_E N _'

Nannochloropsis was 68 % when catalyst w1thout promoter was’ used There 1s very b_ _
little difference in the yield of crude biofuel, when sulfided catalyst (53 %) and'

conventional catalyst (55 %) was used.

3B: Process for preparing upgraded fuel from crude biofuel

In order to increase the carbon content and the ‘yield',.bthe:ﬁlte'red 'ihtefhiediate---(crudc R

biofuel) was further hydrogenated in a reactor in the presence of the multi-metallic
catalyst at 415 °C for 30 minutes to obtain upgraded fuel, which is devoid 'of_'

heteroatom/s (nitrogen). During the hydrogenation of the intermediate product in the

second batch reactor, a hydrogen pressure of 5 MPa was malntamed in. the second_," L e

batch reactor. Due to the removal of mtrogen (heteroatom) an iricrease in the carbon =

content and in the yield of the upgraded fuel was observed as illustrated in Table-3 _
The crude biofuel obtained from Nannochloris was upgraded using the multi-metallic

catalysts of the present disclosure. The catalyst used is summarized in Table 3

18
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Table-3

Upgraded Product (%) TAN
Upgraded T [.  |mg KOH/g od
No. Catalyst* pg Water | Residue - { Gas Fud “
| fuel SRR '
1 CoMo/ AL,O3 70.33 219 | 18.00 [
2 Nb-CoMo/ Al,03 81.32 0.83 10.10 | 5.07 1.761
3 P-CoMo/ Al,03 90.00 1.66 3.66 3.28 2534 |
4 B-CoMo/ Al,03 80.41 125 | 1226 | 3627 | 2197 C | _'
5 Sulfided-CoMo/ AlOs | 81.49 | 229 | 1035 | 382" [ = 2698 - | = =
Sulfidled  P-CoMo/ | U
84.35 2.03 969 | 337 1.703
6 ALO;

Conditions: Crude biofuel (92%); Catalyst (10. wt %);. Temperature (415 °C);: agltatlon (500 rpm) RN
Initial H, pressure (50 bar) and Reaction time (30 minutes). Sulfidation :was-done- using" dimethyl "~
disulfide (DMDS). *The support was impregnated with promoter component, followed by the charglng T

of the active component. A

It is clearly seen from Table-3 that the yield of the upgraded fuel increased when the :
promoter containing catalyst of the present disclosure was used. The hlghest y1e1d of «

upgraded fuel (90.00 %) was obtained when P- CoMo/ A1203 was used as the catalyst P

Detailed chem1cal and physmal characterization of the crude b10fue1 and the upgraded- a
fuel obtained from Nannochloris was carried out to compare with the chemical and -

physical characteristics of petroleum crude oil and is summarized in Table-4.




Table-4

Parameter Unit of Crude Upgraded Petroleum
Measurement [Biofuel Fuel . Crude Oil

Salinity % 05 o 0 L

Calorific Value _Calg 8501 | 013" 0:+.12000:

Kin Viscosity 40°C cSt 734 19.46 100 250

Kin Viscosity 100°C cSt 21.8 3 --

Density at 15°C mg/g 1.0468 0.9678 --

Density at 40°C mg/g 1.0283 0.9486 0.818 —}.0.939 e

Density at 80°C mg/g | 09972  |. - Boiled - = .

|API Gravity at 15°C - 353 | . 145 . | 10-50 |- . -

TAN mg KOH/g 2072 | 1559 | 0a1=s5

Pour Point °C 3 25 -50—-10

Freezing Point °C >-100 > -100 ' >100

IBP (with DCM) °C 87.20 36.1 10-75 5

.550;?-75_0 L

FBP (with DCM) °oC 706.10 6447 |

The prof crude biofuel was found to be acidic (5.2), however, th_e :p:I-:I .of‘.“the IR
upgraded fuel (6.2) was found to be comparable to that of the petroleum crude oil

(6.7 to 7.5). The calorific value of upgraded fuel (9013 Cal/g) was'found to be within -
the range specified for petroleum crude il (9000 Cal/g to 12000 Cal/g) ‘The’ e ek

v150051ty, density and the API gravity of the upgraded fuel ‘was found to be L
comparable to that of the petroleum crude oil. Further, the pour pomt and the | ‘.

freezing point of upgraded biofuel were found to be similar to that of the petroleum

crude oil. Initial boiling point (IBP) and final boiling point (FBP) of the upgraded S

biofuel was also found to be within the range of the petroleum crude 011

Experiment 5: Process for preparing crude biofuel from biomass slurry

The process of Experiment 4 was used, but in the catalyst used, the support was

impregnated with active component, followed by the 1mpregnat1ng w1th promoter_._--.v '

component. Spirulina was procured from Sanat Products Uttar Pradesh JIndia.

Nannochloropsis was procured from Solix Algredients, Inc., USA. Nannochlorzs was o
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procured from Reliance Industries Limited, | Gujaret,- India. The ”:al"g

amount of algae used, the catalyst used and the amount of crude biofuel obtained is

summarized in Table-5.

“Table5. -

No. Catalyst# mount of Algae Used |Amount of | TIntermediate

Catalyst in Algae in Slurry| product

Slurry (g) (2) (Crude biofuel

| in%

2 CoMo/ALO;3 1.96 Spiruling |23 ol 540
3 CoMo/Al,O4 1.96 Nannochloropsis 23 ' i_ 68
4 CoMo/ALO; 1.96 Nannochloris 23 55 |
5 | P-CoMo/ALO; 196 Spirulina 23 . 60 -
6 P-CoMo/Al,0;3 1.96 i Nannochloroj;sis B 23 75
7 | P-CoMo/ALO; 1.96 " Nannochloris 23 64 F

#The support was impregnated with the active component, followed by impregnating with the

promoter component.

It is seen from Table 2 and Table 5 that the sequence of add1t1on of the promoter}': Ly

component and the active component does not affect the y1eld of the crude blofuel B i

The yield of crude biofuel increases from 68 % (catalyst without promoter) to 75 %’ o

from Nannochloropszs when P-CoMo/Al,O3 was used as the catalyst.

TECHNICAL ADVANCEMENTS

including, but not limited to, the realization of:

The present disclosure described herein above has several technical ‘advantages

e amulti-metallic catalyst which can be recycled and regenerated'

e a process for preparing crude biofuel, wherein the y1eld is in- the range of 50 N

% to 80 %;

21
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e a process for preparing upgraded fuel which is equivalent to the -_'petroleurn o
crude oil and the yield of the upgraded fuel is in the range of 81 % to 90.%; -
and o : . o

o upgraded fuel from which the heteroatoms such as ‘ox‘y e

sulfur are removed.

The exemplary embodiments herein quantify the benefits arising out of this -

disclosure and the various features and advantageous: detailsv.there_o_f far_e-'._e.kplaine”d: SRR o

with reference to the non-limiting embodiments in the description;".Descrip'tfons: of -
well-known components and processing techniques are omitted so as to. not

unnecessarily obscure the embodiments herein. The examples used herein are

intended merely to facilitate an understanding of ways in which the. embodlments_;_.'_-_ A

herein may be practiced and to further enable- those of sk111 in the art to practlce the'

embodiments herein. Accordingly, the examples should not be construed as 11m1t1ng L

the scope of the embodiments herein.
The foregoing description of the specific embodiments reveals the general nature of |

the embodiments herein that others can, by applylng current knowledge readlly

modify and/or adapt for various apphcatlons such speclﬁc embodlments w1thout' T

departing * from the generic concept, and, therefore, such adaptatlons ad

modifications should and are intended to be comprehended within the meaning and |
range of equivalents of the disclosed embodiments. It is to be understood that the ‘

phraseology or terminology employed herein i is for the purpose of descrlptlon_and not= 0

-of limitation. Therefore, while the embodlments hereln has been descrlbed 1n terms of

preferred embodiments, those skllled in the art w111 recogmze that the embodlments B

herein can be practiced with modification within the spirit and scope of the

embodiments as described herein.

‘Any discussion of documents, acts, materlals dev1ces artlcles and the 11ke that has

been included in this specification is solely for the purpose of provrdlng a context for s S

the disclosure. It is not to be taken as an admission that any or all of these matters

form a part of the prior art base or were common general knowledge in the field

22




relevant to the disclosure as it existed anywhere before the priority date of this

application.

While considerable emphasis has been placed herem on the part1 ule

dlsclosure it will be appreciated that various modlﬁcatlons can be 'made and' that &

many changes can be made in the preferred embodiments without ,departmg from the

principles of the disclosure. These and other modifications in the nature of the -

from the disclosure hereln whereby it is to be dlstmctly understood that the "foregomg

descriptive matter is to be interpreted merely as illustrative of the disclosure and not o

as a limitation.
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WE CLAIM:

1. A multi-metallic catalyst system oomprisihg; : ” I ”" " l " ” ”I" ll " l ”"

200134643 " .

1. at least one support;

ii. at least one promoter component impregnated on said at least one suppoft;

and

iii. an active component comprising at least two metals uniformly dlspérs_e_c_l‘_,on_ o
said at least one support. | '

2. The catalyst system as claimed in claim 1, wherein said at least one Support is -

selected from the group consisting of alumina, silica, zirconia, alumina-silica, ~ .

zeolite and molecular sieves.

3. The catalyst system as claimed in claim 1, wherein said promoter component
comprises at least one metal selected from the group consisting of Group IIIA -

metals, Group IVA metals, Group VA metals and Group VB metals. .

4. The catalyst system as claimed in claim 1, wherein saldpromotercomponent '_isot
least one selected from the group consisting of Niobium (Nb), Pﬁosphorous"'(P); .
Boron (B), Gallium (Ga), Germanium (Ge), Indium (In), Aurum (Au), andv
Tantalum (Ta). | .

5. The catalyst system as claimed in claim 1 whereln said actlve component is. at--
least two metals selected from the group con51st1ng of Group IB, Group 1IB,
Group IVB, Group VB, Group VIB metals, Group VIIB metals, Group VIII

metals and noble metals.

6. The catalyst system as claimed in claim 1, wherein said a’ctive“gqmpgne:nf is-at

least two metals selected from the group consistiﬁg of Nlckel(Nl), Molybdenum .- =
(Mo), Cobalt (Co), Copper (Cu), Silver (Ag), Zinc (Zn), Zirconium (Zr),
Vanadium (V), Tungsten (W), Rhenium (Re), Platinum‘ (Pt), Palladium (Pd); .
Ruthenium (Ru), and Rhodium (Rh).
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7. The catalyst system as claimed in claim 1, wherein the amount of sard at least one
8. The catalyst system as claimed in claim 1, wherein the amount of said _actii/e

9. The catalyst system as claimed in claim 1, wherein said support isin at least one:,

promoter component is in the range from 0.1 to 1 wt% of th, aly

component is in the range from 0.05 to 8 wt% of the catalyst system.

form selected from the group consrstmg of spheres extrudates

pellets.

10. A process for preparing a multi-metallic catalyst system; said process comprising :

11. A process for preparing a multi-metallic catalyst system; said processcomprlslng o o

the following steps:

procurlng at least one support selected from the group con51st1ng of
alumma silica, zirconia, alumina-silica, zeohte and molecular s1eves

and calcining to obtain a calcined support; -

~ ii. impregnating said calcined support with at least one source of

promoter component in the presence of at least one stab;lhzmg agent o
- followed by filtering, drying and calcmrng to" obtaln a promoter"

component impregnated support;

iii.contacting said promoter component impregnated support with at least 3

two metal salts in the presence of said at least one stab1llzmg agent S

followed by filtering, drying, and calcining,; to obtam an actlve.v

component impregnated support; and

iv.reducing said active component impregnated support to obtain the

multi-metallic catalyst system.

the following steps:

i. procuring at least one support selected from the group consisting of

calcining to obtain a calcined support;

alumina, silica, zirconia, alumina-silica, zeolite, and molecular sieves,.and. - . &
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ii. contacting said calcined support with at least: two metallsalts in. the
| presence of at least one stablhzmg agent followe

and calcining, to obtain an active component 1mpregnated support

iii.impregnating said active component impregnated support with at least one: ': o

source of promoter component in the presence. of sa1d at least one.

stabilizing agent, followed by filtering, drymg and ca101mng

- promoter component impregnated support and

iv.reducing said promoter component impregnated support to obtain the

multi-metallic catalyst system.

12. The process as claimed in claim 10 or 11, further includes the_step_:‘_of"sulﬁdiitg the 7

catalyst system using at least one sulfiding agent seleeted-:"froni-?'-the"f-‘_g“roup

consisting of dimethyl disulfide and dimethyl sulfoxide.

13. The process as claimed in claim 10 or 11, wherein said stabrhzmg agent is at least L
one selected from the group cons1st1ng of hexamethylenetmlne ammon1a5‘ B

solution,  piperidine, pyrrohdlne, morphollne, ‘p1peraz1ne hydrate 2

methylcyclohexyl amine and cyclohexylamine.

14. The process as claimed in claim 10 or 11, wherein said step of calcination is

carried out at a temperature in the range of 500 to 700 °C.

15. A process for preparing upgraded fuel from biomass, said process‘comprising the

following steps:

e preparing a biomass slurry by blending algae in water and loading said slurry -

into a reactor;

e heating said biomass slurry to a first pre-dete‘rm'i’nedvternperature, at-a-first . -

pre-determined pressure and for a first pre-determined time period in the
presence of an active gas and a multi-metallic catalyst comprising at least one

support, at least one promoter component, and an v_active‘ component -
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16.

17.

18.

19.

20.

21.

compr1s1ng at least two metals to obtaln an- 1ntermed1ate produu':"" C

crude blofuel

collecting, cooling and filtering said intermediate product to obtain a filtered -

intermediate product; and

hydrogenating said filtered intermediate prodne_t'in:_fthé pr

metallic catalyst at a second pre-determined temperature, at a second ‘pre-«
determined pressure and for a second pre-determined time period to obtain

said upgraded fuel.

The process as claimed in claim 15, wherein said alga is at least one. selected,j s R

from the group consisting of Nannochloris, szrulma and Nannochloropszs o L
The process as claimed in claim 15, wherein said alga is Nannochloris.

The process as clalmed in claim 15, whereln the amount of algae 1n sald"

biomass slurry is in the range of 10 % to 30 %.

The process as claimed in claim 15, wherein said vﬁrst pre-determined
temperature is the range of 200 °C to 350 °C, said ﬁrst pre -determined

pressure is in the range of 1 MPa to 5 MPa said- second pre determlned.” o e

pressure is in the range of 2 MPa to 7 MPa; sa1d second pre determmed e S
temperature is in the range of 351 °C to 500 °C; and said first pre- determmed
time period and said second pre-determined time period is' in the range of 15

minutes to 120 minutes.

The process as claimed in claim 15, wherein.t‘he' yi’eid o'f sa1d Cmdeblomells R T
in the range of 50 % to 80 % and the yield of said upgraded fuel is in the ;
range of 81% to 90 %. S o

The process as claimed in claim 15 wherein said support 18. selected from the";‘f._v‘ S o

group consisting of alumina, silica, ‘zirconia, alumma—sﬂlca zeohte and’
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molecular sieves, said promoter component is at least one metal se €c

the group consisting of Group IIIA metals Group IVA metals Group VA.
metals and Group VB metals and said active component is at least two metals
selected from the group consisting of con51st1ng of Group IB, Group IIB, .

Group IVB, Group VB, Group VIB metals Group"" 1IB e

metals and noble metals.

22. The process as claimed in claim 15, wherein said active gas is hydrogen.

Dated this20™ day of April, 2016.

OF R. K. DEWAN & CO.
APPLICANT’S PATENT ATTORNEY
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