wo 2014/016764 A1 |[IN I N0FV 00O 0 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/016764 Al

30 January 2014 (30.01.2014) WIPO|PCT
(51) International Patent Classification: (74) Agent: NAIR, Manisha Singh; Lex Orbis, Intellectual
B01J 29/80 (2006.01) B01J 37/04 (2006.01) Property Practice, 709/710, Tolstoy House, 15 - 17, Tol-
C10G 11/05 (2006.01) B01J 37/00 (2006.01) stoy Marg, New Delhi 110001 (IN).
C10G 11/18 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/IB2013/056025 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
) T ional Filine Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(22) International Filing Date: 53 Tulv 2013 (23.07.2013 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
uly 2013 (23.07.2013) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
L. ) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(26) Publication Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
2120/MUM/2012 24 July 2012 (24.07.2012) IN IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: INDIAN OIL CORPORATION LIMITED (84) Designated States (unless otherwise indicated, fO}" every
[IN/IN]; G-9, Ali Yavar Jung Marg, Bandra (East), Mum- kind of regional protection available): ARIPO (BW, GH,
bai, Maharashtra 400 051 (IN). GM, KE, LR, LS, MW MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventors: KARTHIKEYANI, Arumugam Velayutham; TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

c¢/o Indian Oil Corporation Limited, R&D Centre, Sector-
13, Faridabad, Haryana 121007 (IN). KUVETTU, Mohan
Prabhu; ¢/o Indian Oil Corporation Limited, R&D Centre,
Sector-13, Faridabad, Haryana 121007 (IN). SARKAR,
Biswanath; c¢/o Indian Oil Corporation Limited, R&D
Centre, Sector-13, Faridabad, Haryana 121007 (IN).
KASLIWAL, Pankaj Kumar; c¢/o Indian Oil Corporation
Limited, R&D Centre, Sector-13, Faridabad, Haryana
121007 (IN). SWAMY, Balaiah; c/o Indian Oil Corpora-
tion Limited, R&D Centre, Sector-13, Faridabad, Haryana
121007 (IN). MISHRA, Ganga Shankar; c¢/o Indian Oil
Corporation Limited, R&D Centre, Sector-13, Faridabad,
Haryana 121007 (IN). GUPTA, Kamlesh; c/o Indian Oil
Corporation Limited, R&D Centre, Sector-13, Faridabad,
Haryana 121007 (IN). RAJAGOPAL, Santanam; c¢/o In-
dian Oil Corporation Limited, R&D Centre, Sector-13,
Faridabad, Haryana 121007 (IN). MALHOTRA,
Ravinder Kumar; c/o Indian Oil Corporation Limited,
R&D Centre, Sector-13, Faridabad, Haryana 121007 (IN).

EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: CATALYST COMPOSITION FOR FLUID CATALYTIC CRACKING, PROCESS FOR PREPARING THE SAME
AND USE THEREOF

(57) Abstract: The present invention provides a catalyst composition for use in a catalytic cracking process, said catalyst composi-
tion comprises 3.5 to 15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y (USY) or rare earth exchanged USY (REUSY) zeolite,
3.5 to 15 % of large pore active matrix based bottom up gradation component and 0.3 to 3 % of a metal trap component, the percent -
age being based on weight of the catalyst composition. The present invention also provides a process for preparing the said catalyst
composition and a catalytic cracking process comprising contacting the said catalyst composition with a feedstock.



10

15

20

25

30

35

WO 2014/016764 PCT/IB2013/056025

CATALYST COMPOSITION FOR FLUID CATALYTIC CRACKING, PROCESS
FOR PREPARING THE SAME AND USE THEREOF

FIELD OF INVENTION

The present invention relates to a catalyst composition for use in a catalytic cracking process.
More particularly, the present invention provides a metal tolerant catalyst composition for
fluid catalytic cracking of heavy petroleum feed for enhancing yield of olefins. The present

invention also relates to a process for preparing the catalyst and manner of use thereof.

BACKGROUND OF INVENTION

Fluid catalytic cracking is an important process used in petroleum refineries for converting
heavy feed into lighter products namely gasoline, diesel and liquefied petroleum gas (LPG).
Processing of heavy feeds is becoming more significant because of cost reasons. However,
processing of heavy feeds is difficult because of higher amounts of Conradson Carbon

Residue (CCR) and poisonous metals such as nickel and vanadium.

In general in the catalytic cracking process, metal trap agents are added to the catalyst during
its manufacturing process as a part of catalyst formulation or added as separate additive
particles, or added to feed during processing step to handle feed metals and get maximum

liquid petroleum gas and propylene yield of 25 wt% and 10 wt% on fresh feed basis.

US 5,846,402 discloses a single catalyst component system comprising ultra-stable Y (USY)
zeolite (1 — 6 wt%), shape selective pentasil zeolite (8 — 25 wt%), bottom selective active
material (0-8 wt%), rare earth component (0 — 1 wt%) and non-acidic components and
binder (91 — 60 wt%). It is used for enhancing ethylene, liquid petroleum gas, propylene and
other olefins of heavy hydrocarbon feed stock such as mixed vacuum gas oil, Visbreaker
(VB) tar, solvent deasphalted oil and paraffinic vacuum gas oil. The metal tolerance of the
catalyst system is tested with the metal level of vanadium of around 20,000 ppm. It enhances

the yield of LPG, propylene and other olefins.

US 5,380,690 discloses another single catalyst/component system comprising clay (0 — 70 wt
%), inorganic oxides (5-99 wt%), zeolite (1-50 wt%). The zeolite in the catalyst is a mixture
of 0-25 wt% of Rare Earth Exchanged Y (REY) / high Silica Y zeolite & 75-100 wt% of
phosphorus and rare earth containing high silica zeolite having a structure of pentasil, for

enhancing ethylene, propylene and other olefins production in the feedstock. The feedstock
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consists of vacuum oil (0.881 gm/cc). The performance of the catalyst system is evaluated

without metals.

US 7,375,256 describes a catalyst comprising of phosphorous and transition metal modified
silica rich zeolite, wherein said transition metal is at least one clement sclected from the
group consisting of Fe, Co, Ni, Cu, Zn, Mo and Mn having a structure of pentasil in a riser or
a fluidized bed reactor. The catalyst composition increases the yield of ethylene, propylene
and other olefins in the feed stock of vacuum gas oil (VGO) (0.873 gm/cc) & paraffin based
atmospheric residual oil (0.896 gm/cc). The performance of the catalyst system is also

evaluated without metals.

US Patent 7,691,768 discloses a catalyst mixture comprising ECAT (100%), ECAT (96%) +
commercial additive (4%) (K-2000), ECAT (96%) + Commercial additive (4%) (Re,036C).
Further, it also contains 6% p/p of the rare earth precipitated into the zeolite. It was evaluated
in the feedstock of Heavy Gas oil (HGO) having density- 0.852 g/cm’) and RCR -0.43 % p/p,
for enhancing the yield of LPG and propylene in the feedstock. However, the patent does not

mention about presence and tolerance with respect to any metals in the feedstocks.

Solid acidic catalyst described in US Patent 4,980,053, is selected from the group consisting
of pentasil shape selective molecular sieves, Ultra-stable hydrogen Y sieves, and a mixture of
Ultra-stable hydrogen Y sieves and pentasil shape selective molecular sieves. It comprises of
CHO-Pentasil + REY, ZCO-USY, CHP-Pentasil shape selective molecular sieve supported
on kaolinite, and LWC Il-amorphous alumino silicate catalyst used to increase the yield of
ethylene and propylene. The feedstock for the catalyst includes vacuum gas oil VGO (0.873
gm/cc), Straight Run Naphtha (SRN), residual oil (RO). However, the presence of any metal

on the catalyst is not mentioned.

US Patent 5,055,176 mentions a cracking catalyst comprising catalytically effective amounts
of a large pore molecular sieve (5-50 wt%), a shape selective zeolite having paraffin cracking
/ isomerization activity (0.1-20 wt%), a shape selective zeolite having paraffin aromatization
activity (0.1-20 wt%), and a matrix, used to increase ethylene and propylene. However, the

metal tolerance of the catalyst is not disclosed.

US Patent 5,326,465 describes a solid acidic catalyst comprising rare — earth containing high
silica zeolite having the structure of a 10-40% pentasil (ZRP), REY and high Silica Y zeolite
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which is used to crack the feedstock such as SRN, LGO, VGO and residues CCR (0.22-3.81)
and for improving the yield of LPG, propylene and other olefins . The catalyst system is

tested with metal containing only Nickel, but no vanadium.

In light of the prior art processes, there exist a need for developing a catalyst composition for
maintaining a high LPG and propylene selectivity, such that the same can handle higher

amounts of metal contaminants and higher CCR with high metal tolerance.

SUMMARY OF INVENTION

Accordingly, the present invention provides a catalyst composition that can effectively treat
feed stocks to get high LPG, ethylene and propylene selectivity. The catalyst composition
provides for the high selectivity even when the catalyst carries an equilibrium nickel
concentration in excess of 5000 ppm and an equilibrium vanadium concentration in excess of
10000 ppm. Also, the catalyst composition is capable of processing heavy feeds having high

amounts of nickel and vanadium.

More particularly, the present invention provides a catalyst composition for use in a catalytic
cracking process, said catalyst composition comprises 3.5 to 15.5 % of pentasil zeolite, 9 to
40 % of ultra-stable Y (USY) or rare earth exchanged USY (REUSY) zeolite, 3.5 to 15 % of
large pore active matrix based bottom up gradation component and 0.3 to 3 % of a metal trap

component, the percentage being based on weight of the catalyst composition.

The present invention also provides a process for preparing catalyst composition comprising
mixing a source of pentasil zeolite, a source of ultra-stable Y (USY) or rare earth exchanged
USY (REUSY) zeolite, a source of large pore active matrix based bottom up gradation
component and a source of a metal trap component such that the composition comprises 3.5
to 15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y (USY) or rare earth exchanged USY
(REUSY) zeolite, 3.5 to 15 % of large pore active matrix based bottom up gradation

component and 0.3 to 3 % of a metal trap component.

The present invention further provides a catalytic cracking process comprising contacting a
catalyst composition with a feedstock comprising Coker gasoline, Coker Fuel Oil (CFO),
hydro cracker bottom, Vacuum Gas Oil (VGO), Heavy Vacuum Gas Oil (HVGO), Vacuum
Residue, Residue Coker Oil (RCO), Once Through Hydrocracker Unit Bottom (OHCUB)

and mixtures thereof under a fluid catalytic cracking condition so as to obtain a cracked
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product comprising dry gas and LPG, said dry gas comprising 33 to 75 % of ethylene & said
LPG comprising 25 to 63 % of propylene, wherein the catalyst composition comprises 3.5 to
15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y zeolite (USY) or rare earth exchanged
USY (REUSY) zeolite, 3.5 to 15 % of large pore active matrix based bottom up gradation

component and 0.3 to 3 % of a metal trap component.

The above and other aspects of the present invention are further attained and supported by the
following embodiments described herein. However, the described embodiments are in
accordance with the best mode of practice and the scope of the invention is not restricted to

the described embodiments herein after.

DETAILED DESCRIPTION OF INVENTION

While the invention is susceptible to various modifications and alternative forms, specific
embodiment thereof will be described in detail below. It should be understood, however that
it is not intended to limit the invention to the particular forms disclosed, but on the contrary,
the invention is to cover all modifications, equivalents, and alternative falling within the

scope of the invention as defined by the appended claims.

The catalyst composition of present invention is mainly used for enhancing olefin yield i.e.
ethylene, propylene & LPG from heavy hydrocarbon feed stock. The catalyst composition is
used to enhance olefin yield during fluid catalytic cracking (FCC). The feedstock includes
Coker gasoline, Coker Fuel Oil (CFO), hydro cracker bottom, Vacuum Gas Oil (VGO),
Heavy Vacuum Gas Oil (HVGO), Vacuum Residue, Residue Coker Oil (RCO), Once
Through Hydrocracker Unit Bottom (OHCUB) and mixtures thercof. The catalyst

composition is metal tolerant and is functional at high concentration of metals.

The catalyst composition according to the invention is used for conversion of hydrocarbon
feed streams containing high concentrations of metals more specifically, nickel, vanadium,
iron & sodium and CCR, employing the metal tolerant catalyst composition of the invention
to get more LPG and propylene by maintaining its activity and selectivity in a continuous

circulating fluidized bed reactor — regenerator unit.

According to this invention, there is provided a process for upgrading LPG, propylene and
cthylene in the presence of the catalyst composition of the present invention. The catalyst

composition comprises 3.5 to 15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y (USY) or
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rare ecarth exchanged USY (REUSY) zeolite, 3.5 to 15 % of large pore active matrix based
bottom up gradation component and 0.3 to 3 % of a metal trap component. The aforesaid
ingredients of the catalyst composition interact in a synergistic manner among themselves.
Also, the catalyst composition is very much dependent on the type of feedstock to be

processed.

Accordingly, the present invention provides a catalyst composition for use in a catalytic
cracking process, said catalyst composition comprises 3.5 to 15.5 % of pentasil zeolite, 9 to
40 % of ultra-stable Y (USY) or rare earth exchanged USY (REUSY) zeolite, 3.5 to 15 % of
large pore active matrix based bottom up gradation component and 0.3 to 3 % of a metal trap

component, the percentage being based on weight of the catalyst composition.

In one embodiment of the present invention, the catalyst composition comprises pentasil
zeolite preferably in range of 4 to 8 %, ultra stable Y (USY) or rare earth exchanged USY
(REUSY) zeolite preferably in the range of 10 to 25 %, large pore active matrix based bottom
up gradation component preferably in the range of 6 to 15 % and metal trap component

preferably in range of 0.4 to 3 %.

In an embodiment of the present invention, the pentasil zeolite has a pore size in the range of
5.1°A to0 5.6°A and is selected from a group comprising of ZSM-5 Zeolite, ZSM-11 Zeolite,
ZSM-12 Zeolite, ZSM-22 Zeolite, ZSM-23 Zeolite, and ZSM-35 Zeolite.

In another embodiment of the present invention, the REUSY zeolite comprises 3 to 5 wt.% of
a rare carth cation selected from a group comprising of rhenium, lanthanum, cerium,

praseodymium, neodymium, samarium and gadolinium.

In yet another embodiment of the present invention, the large pore active matrix based

bottom up gradation component comprises alumina.

In still an embodiment of the present invention, the large pore active matrix based bottom up

gradation component has a pore size in the range of 80 °A to 200 "A.

In yet another embodiment of the present invention, the metal trap component comprises at
least one of a vanadium trap component and a nickel trap component wherein said vanadium
trap component is selected from a group comprising of phosphorus, aluminium, lanthanum,

cerium, rhenium, prasecodymium, neodymium, samarium, gadolinium, tin, strontium,
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titanium, zirconium and silicon; and said nickel trap component is selected from a group

comprising of cerium, antimony, bismuth, phosphorus, aluminium and silicon.

In still another embodiment of the present invention, a remaining amount of catalyst

composition is comprised of a binder and filler.

In one embodiment of the present invention, the binder is selected from a group comprising

of alumina, silica, silica-alumina and phosphate.

In still another embodiment of the present invention, the filler is selected from a group
comprising of kaolin clay, montmorillonite clay, bentonites clay, laolinite clay and halloysite

clay, aluminum trihydrate, bayerite, and gamma alumina.

In yet another embodiment of the present invention, the catalyst composition is in the form of

a composite catalyst or as a mixture of additives.

Further, the present invention provides a process for preparing a catalyst composition for use
in a catalytic cracking process, said process comprises mixing a source of pentasil zeolite, a
source of ultra-stable Y (USY) or rare earth exchanged USY (REUSY) zeolite, a source of
large pore active matrix based bottom up gradation component and a source of a metal trap
component, wherein an amount of source of pentasil zeolite, the source of ultra-stable Y
(USY) or rare earth exchanged USY (REUSY) zeolite, the source of large pore active matrix
based bottom up gradation component and the source of a metal trap component is such that
the composition comprises 3.5 to 15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y
(USY) or rare earth exchanged USY (REUSY) zeolite, 3.5 to 15 % of large pore active
matrix based bottom up gradation component and 0.3 to 3 % of a metal trap component.
Particularly, the catalyst composition comprises pentasil zeolite preferably in range of 4 to 8
%, USY or REUSY zeolite preferably in the range of 10 to 25 %, large pore active matrix
based bottom up gradation component preferably in the range of 6 to 15 % and metal trap

component preferably in range of 0.4 to 3 %.

Further, the present invention also provides a catalytic cracking process comprises contacting
a catalyst composition with a feedstock comprising Coker gasoline, Coker Fuel Oil (CFO),
hydro cracker bottom, Vacuum Gas Oil (VGO), Heavy Vacuum Gas Oil (HVGO), Vacuum
Residue, Residue Coker Oil (RCO), Once Through Hydrocracker Unit Bottom (OHCUB) and

mixtures thereof under a fluid catalytic cracking condition so as to obtain a cracked product
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comprising dry gas and LPG, said dry gas comprising 33 to 75 % of cthylene & said LPG
comprising 25 to 63 % of propylene, wherein the catalyst composition comprises 3.5 to 15.5
% of pentasil zeolite, 9 to 40 % of ultra-stable Y (USY) or rare earth exchanged USY
(REUSY) zeolite, 3.5 to 15 % of large pore active matrix based bottom up gradation

component and 0.3 to 3 % of a metal trap component.

The present invention, provides a catalyst composition comprising of medium pore pentasil
zeolite in an amount in the range of 3.5 to 15.5 wt%, ultra-stable Y (USY) / rare carth
exchanged USY {REUSY) zeolite and their mixture in an amount in the range of 9 to 40 wt%,
large pore active matrix based residue upgradation component in an amount in the range of
3.5 to 15 wt%, active metal trap component in an amount in the range of 0.3 to 3 wt%. The
catalyst composition is prepared as composite catalyst or as mixture of additives, capable of
cracking heavier hydrocarbons with total metals ranging from 5 — 200 ppm & CCR upto 10
wt% with metal tolerance upto 30,000 ppm. The catalyst composition is capable of producing
LPG and propylene from heavier hydrocarbons up to 50 wt% & 27 wt% respectively on fresh

feed basis.

In the present invention the activity and selectivity of the catalyst composition is governed by
residue upgrading component, USY/REUSY zeolite, medium pore pentasil zeolite and metal
trap component. The residue upgrading component according to the invention, facilitates
cracking of large hydrocarbon molecules to smaller one that are then accessible to the
USY/REUSY zeolite. It improves bottom reduction by cracking the larger molecules in the
bottom fraction. It also partially improves metal resistant of the catalyst by cracking the
heavy — metal containing molecules and binding some of the metals such as vanadium to the
psecudoboemite component. According to the current invention USY/ REUSY zeolite is used
and it along with the residue upgrading component selectively cracks heavy hydrocarbons to
give maximum middle distillates. The middle distillates molecules will be further cracked by

pentasil zeolite to maximize propylene rich LPG.

The catalyst composition with the specially designed USY/REUSY zeolite and residue
upgrading component in the aforesaid weight percentage plays a key role in the performance
of current invention, i.e. at constant catalyst activity, decrease in USY/REUSY zeolite to
residue upgrading component results in an increase in LCO (Light Cycle Oil), coke, dry gas

yields, increase in olefin in LPG and a decrease in bottom yield.
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At the same time, cracking of heavy residue feedstock requires a catalyst with low coke
selectivity. An increase in the amount of the medium pore pentasil zeolite to residue
upgradation additive will reduce catalyst coke selectivity. The medium pore pentasil zeolite
present in the present invention not only increases the propylene selectivity, but it also
increases the coke selectivity (less coke yield) as pore size of pentasil is small and there is no

space for cyclization reaction to proceed.

According to the current invention, for handling heavier hydrocarbons having 10 wt% CCR
and metal (N1 & V) 200 ppm, the use of metal trap component as a fourth component helps to
maintain the zeolite activity to increase gasoline yield and reduce yields of hydrogen and

coke.

Therefore, a balanced amount of each of Y-zeolite component, residue up-gradation additive,
pentasil zeolite component and metal trap component is prepared to achieve the desired
catalytic activity. It may be noted that depending on feedstock composition, process
parameters and desired product state, wt% of each of USY/REUSY, residue up-gradation
additive, pentasil zeolite and metal trap component can be varied within the aforesaid range

of wt%.

In accordance with an embodiment of the present invention, the catalyst composition in the
present invention is prepared in the form of composite catalyst or as a mixture of additives
comprising medium pore pentasil zeolite in an amount in the range of 3.5 to 15.5 wt%, ultra
stable Y (USY) / rare earth exchanged USY (REUSY) zeolite and their mixture in an amount
in the range of 9 to 40 wt%, large pore active matrix based residue upgradation component in
an amount in the range of 3.5 to 15 wt%, active metal trap component in an amount in the
range of 0.3 to 3 wt%. The catalyst system is capable of having metal tolerance Ni (500 ppm
-10000 ppm) & V-(1000 ppm — 20000ppm) and exhibits enhanced propylene yield up to ~27
wt% using VGO feed stock and ~16 wt% using heavy feed stock, on fresh feed basis by
maintaining its activity and selectivity in a continuous circulating fluidized bed reactor-

regenerator unit.

Feed Stocks:

Feed stock for the present invention includes a wide range of hydrocarbon fractions starting
from light fractions to heavy fractions such as Coker gasoline, CFO, VGO, hydro cracker
bottom, Vacuum Residue, RCO, HVGO, OHCUB and their mixtures, etc. The feed stocks



10

15

WO 2014/016764

PCT/IB2013/056025

used in this invention are the residual fractions having metals (Ni +V) more than 40 ppm.

Table - 1 gives the properties of feed stock used in this invention.

Table 1
Feed Unit | Coker | Coker | Once through [Vacuum| Residue [Mixed feed| Vacuum
Properties Gasoling Fuel Qil| hydro cracker | gas oil |Coker Oil|(CG:CFO:| Residue
(CG) | (CFO) | unit bottom |(VGO)| (RCO) RCO) (VR)
(OHCUB)
Density @ 0.717 | 0.926 0.838 0.88 0.946 0.928 0.9053
15C gm/cc
CCR wt% - 0.15 0.05 0.5 5.86 291(3) 10.37
Vanadium | ppm | <0.1 - - <1 <1 - 51
Nickel ppm <1 - - <1 <1 - 15
Sulfur wt% - - - 0.5 - - 2.48
Paraffin wt% - - - - - 46.8 43.2
Naphthene| wt% - - - - - 21.6 20.0
Aromatics | wt% - - - - - 31.6 36.50
Distillation
IBP ‘c 39 242 - 327 - - -
95% ‘Cc | 126 | >400 526
FBP ‘c | 153 545
Catalysts:

The catalyst composition employed in this invention includes four active ingredients namely

medium pore pentasil zeolite in an amount in the range of 3.5 to 15.5 wt%, ultra stable Y

(USY) / rare earth exchanged USY (REUSY) zeolite and their mixture in an amount in the

range of 9 to 40 wt%, large pore active matrix based residue upgradation component in an

amount in the range of 3.5 to 15 wt%, active metal trap component in an amount in the range

of 0.3 to 3 wt%. Also, the catalyst composition can be in the form of composite catalyst or as

a mixture of additives. In case, the catalyst composition in the form of a mixture of additive,

there can be 4 additives namely:

1. USY/REUSY zeolite based additive which comprises USE/REUSY zeolite;

2. Pentasil zeolite based additive which comprises pentasil zeolite;

3. Residue upgradation additive which comprises residue upgradation component; and

4. Metal trap additive which comprises metal trap component.
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The catalyst composition can be prepared from the aforesaid additives by mixing together all
the said four additives after each additive has been separately prepared. The additives can be

mixed in varying quantities depending upon the wt% of the active ingredient in each additive.

In the following paragraphs, a brief explanation on the process for preparing USY/REUSY
zeolite based additive, Pentasil zeolite based additive, Residue upgradation additive and

metal trap additive is provided.

USY/REUSY zeolite based additive:
US/REUSY zeolite based additive is prepared by incorporating 20-50 wt% ultra-stable Y

(USY) or a rare carth exchanged USY (REUSY) zeolite into or with active silica - alumina
binder and filler material (such as clay). The additive is prepared based on the technique
(high dispersion of REUSY zeolite in to the silica-alumina matrix) as described in the US
Patent No. 6528447 and incorporated herein by reference. The active silica-alumina binder is
designed in such a way that it cracks the heavier hydrocarbon molecules and provides a low
resistance path for molecular diffusion so that the cracked hydrocarbons are easily available
for further cracking in to the zeolite. The final slurry with solid concentration ranging from
25-35 wt% is spray dried at an inlet temperature of 350-400°C and at an outlet temperature of
120-140°C to get the micro spheroidal particle having Average Particle Size (APS) of 80-110

micron suitable for FCCU operation.

In another embodiment the Y-zeolite based additive comprises ultra-stable Y (USY) or rare
carth exchanged USY (REUSY) zeolite or a mixture of both in an amount in the range of 20
to 50 wt%. The balance wt% is constituted by the active silica-alumina binder and the filler

material.

In case the Y zeolite based additive comprises REUSY zeolite, the same can contain 3-5 wt%

of rare earth and preferably, 3.8-4 wt% of rare earth.

Pentasil zeolite based additive:

Pentasil zeolite based additive (ZSM-5 additive) is prepared by incorporating 5-50 wt %
pentasil zeolite, 1-15 wt% alumina, 5-20 wt% silica, PO4 of 5-20 wt% and 20-60 wt% of
kaolin clay. This zeolite is treated with phosphate so that its maximum activity is retained in

the additive. The phospated zeolite is mixed with active binder prepared with judicial

10
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combination of Silica-alumina-clay-phosphate materials so that its key physical properties for
fluidization in FCC unit such as Apparent Bulk Density (ABD), Attrition Index (AI) and
Average Particle Size (APS) can be maintained. The final slurry with solid concentration
ranging from 35-42 wt% is spray dried at an inlet temperature of 350-400°C and at an outlet
temperature of 120-140°C to get the micro spheroidal particle having APS of 80-110 micron
suitable for FCCU operation.

The pore size of medium pore pentasil zeolite is in the range of 5.1 — 5.6 “A. The ZSM-5
additive comprises 5-50 wt % pentasil zeolite, 1-15 wt% alumina, 5-20 wt% silica, PO4 of 5-
20 wt% and 20-60 wt% of kaolin clay.

Residue upgradation additive:

Residue upgradation additive slurry was prepared by using supplementary binder based on
silica-alumina with different pore size and different phosphate as coke retarding material.
Initially alumina gel was prepared by addition of formic acid and mixed with clay-phosphate
—silica binder and slurry prepared with solid concentration ranging from 25-35 wt%. The
final slurry with solid concentration ranging from 25-35 wt% is spray dried at an inlet
temperature of 350-400°C and at an outlet temperature of 120-140°C, to get the micro
spheroidal particle having APS of 80-110 micron suitable for FCCU operation. Alumina

which is the residue upgradation component can preferably be PSB alumina.

The pore size of large pore active matrix based residue up-gradation components is in the
range of 80 - 200 "A and most preferred range in the 100 -125 °A. The large pore active
matrix based residue up-gradation components comprises 40-60% alumina, Silica 5 — 25 %,

clay 20-60% & PO4 1-20 %.

Metal trap additive:

Metal trap additive slurry was prepared by using supplementary binder silica-alumina along
with metal passivation component Re;O;. Alumina gel was prepared by addition of formic
acid and mixed with clay- silica binder & in this slurry Re,Os was dispersed. The slurry was
prepared with solid concentration ranging from 30-40 wt%. The final slurry with solid
concentration ranging from 30-40 wt% is spray dried at an inlet temperature of 350-400°C
and at an outlet temperature of 120-140°C, to get the micro spheroidal particle having APS of
85-108 micron suitable for FCCU operation.

11



10

15

20

25

30

WO 2014/016764 PCT/IB2013/056025

It comprises (a) a rare earth component in the range of 10 wt% to 50 wt%, (b) alumina in the
range of 5 wt% to 25 wt% (c) silica in the range from 5-30 wt%, (d) molecular sieve zeolite
in range 0.1-20 wt% and (e) filler clay in the range of 20 wt% to 60 wt%.

After preparing the additives independently, they are mixed to obtain the catalyst
composition comprising medium pore pentasil zeolite in an amount in the range of 3.5 to 15.5
wt%, ultra stable Y (USY) / rare earth exchanged USY (REUSY) zeolite and their mixture in
an amount in the range of 9 to 40 wt%, large pore active matrix based residue upgradation
component in an amount in the range of 3.5 to 15 wt%, active metal trap component in an
amount in the range of 0.3 to 3 wt%. Particularly, the catalyst composition comprises pentasil
zeolite preferably in range of 4 to 8 %, USY or REUSY zeolite preferably in the range of 10
to 25 %, large pore active matrix based bottom up gradation component preferably in the

range of 6 to 15 % and metal trap component preferably in range of 0.4 to 3 %.

Table 2 provided herein below provides the concentration of each ingredient in the respective
additive in the form of a range and a preferred range. Also, Table 2 provides the wt% range
and a preferred wt% range for mixing each of the aforesaid four additives to obtain the
catalyst composition. By way of example, the catalyst composition in the form of a mixture
of additive can be obtained by mixing 30 to 80 wt% of USY/REUSY zeolite based additive
which comprises USY/REUSY zeolite; 10 to 60 wt% of pentasil zeolite based additive which
comprises pentasil zeolite; 3 to 25 wt% of residue upgradation additive which comprises
residue upgradation component; and 3 to 15 wt% of metal trap additive which comprises

metal trap component.

By way of a preferred embodiment as illustrated in Table 2, the catalyst composition in the
form of a mixture of additive can be obtained by mixing 33.3 to 62.5 wt% of USY/REUSY
zeolite based additive which comprises USY/REUSY zeolite; 20 to 32 wt% of pentasil
zeolite based additive which comprises pentasil zeolite; 13.3 to 25 wt% of residue
upgradation additive which comprises residue upgradation component; and 6 to 10 wt% of

metal trap additive which comprises metal trap component.

12
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Table-2 Range in weight percentage of ingredient in the additive, additive in catalyst and

ingredient in catalyst:

Active component Additive wt% in Active component wt%
wt% in Additive catalyst in catalyst
Range| Preferred | Range Preferred Range Preferred
Range Range Range
USY/REUSY additive 30-80 33.3-62.5
USY/REUSY (RE =3-|20-50| 30-40 9-40 10-25
5%)
Alumina 10-30| 20-30
Silica 10-20 12-17
Filler clay 20-60 | 25-55
Pentasil zeolite 10-60 20-32
additive
ZSM-5 zeolite 5-50 10-40 3.5-15.5 4-8
Alumina 1-15 3-8
Silica 5-20 5-15
Filler clay 20-60 | 45-55
PO4 5-20 8-15
Residue Upgradation 3-25 13.34-25
Additive
Alumina 40-60 | 45-55 3.5-15 6-15
Silica 5-25 10-20
Clay 20-60 | 25-50
PO4 1-20 3-15
Metal trap additive 3-15 6-10
Re203 10-50 | 20-30 0.3-3 0.4-3
Alumina 5-25 10-20
Silica 5-30 10-25
Y-zeolite 0.1-20 3-10
Clay 20-60| 30-50

It should be noted that the catalyst composition can also be prepared in the form of composite
5  catalyst by adopting a process comprising the step of mixing a source of pentasil zeolite, a
source of ultra-stable Y (USY) or rare earth exchanged USY (REUSY) zeolite, a source of
large pore active matrix based bottom up gradation component and a source of a metal trap
component such that the composition comprises 3.5 to 15.5 % of pentasil zeolite, 9 to 40 %
of ultra-stable Y (USY) or rare earth exchanged USY (REUSY) zeolite, 3.5 to 15 % of large

10 pore active matrix based bottom up gradation component and 0.3 to 3 % of a metal trap
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component. Non-restrictive illustration of the aforesaid process is given below in the form of
an example.

Further, the present invention is illustrated in detail by way of the following examples. The
examples are given herein for illustration of the invention and are not intended to be limiting

thereof.

Example 1: Composite Catalyst Composition

170.58 gm of clay (LOI=15 wt%) and 3 gm of Re,0O3 were dissolved in 200.5 gm of DM
water containing 2.5 gm tamol, 70.42 gm of PSB alumina (LOI=29 wt%) was dispersed in
211.26 gm of DM water and peptized with 16.67 gm of formic acid. This peptized alumina
was added to the clay slurry to obtain clay-alumina slurry. 250 gm of ammonium polysilicate
(LOI=70 wt %) was added to this clay-alumina slurry to obtain clay-alumina-silica slurry (a).
20.85 gm of diammonium hydrogen phosphate was dissolved in 59.08 gm of DM water and
45.45 gm of pentasil zeolite was added to it under stirring to prepare ZSM-5 zeolite slurry
and was added to the slurry (a) and mixed thoroughly to obtain clay-alumina-silica-zeolite
slurry (b) 142.05 gm of REUSY (LOI=12 wt%) zeolite was dissolved in to 184.66 gm of DM
water to make REUSY zeolite slurry and was added to the slurry (b) to obtain slurry (c).

21.13 gm of PSB alumina (LOI=29 wt%) and 11.76 gm of clay (LOI=15 wt%) was dissolved
in 45 gm of DM water and milled for 2 hrs to obtain clay-alumina slurry. 3 gm of formic acid
was added to this clay-alumina slurry for peptization (d). 6.07 gm of phosphoric acid (85 %)
was added to peptized slurry (d) to obtain slurry (e). Finally 16.67 gm of ammonium
polysilicate (LOI=70 wt %) was added to this slurry (¢) to obtain slurry (f).

Slurry (f) was added to the slurry (c¢) under stirring to obtain final single component catalyst
precursor slurry. The final slurry was milled for homogenization and was spray dried,
calcined to obtain final catalyst. The final single particle composite catalyst contains 25 wt%
Re USY zeolite, 8 wt% ZSM-5 zeolite, 13 wt% residue up-gradation component, 3 wt%
metal trap component, 31 wt% filler clay and 20 wt% binder material.

Example 2: Preparation of Additives

USY/REUSY zeolite based additive:
USY/REUSY zeolite based additive is prepared by incorporating 35 wt% rare earth

exchanged USY zeolite (REUSY) containing rare earth oxide in an amount of about 3.8 wt %

with active silica - alumina binder and clay filler. The catalyst is prepared based on the
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technique (high dispersion of REUSY zeolite in to the silica-alumina matrix) as described in

the US Patent No. 6528447 and incorporated herein by reference.

The final slurry with solid concentration ranging from 30 wt.% is spray dried at an inlet
temperature of 375°C and at an outlet temperature of 130°C to get the micro spheroidal

particle having Average Particle Size (APS) of 95 micron suitable for FCCU operation.

The composition of the USY/REUSY zeolite based additive is given below:

ReUSY zeolite: 35 wt%
Alumina: 20 wt%
Silica: 15 wt%
Filler-clay: 30 wt%

Pentasil zeolite based additive:

Pentasil zeolite based additive is prepared by incorporating 25 wt % pentasil zeolite, 5 wt%
alumina, 10 wt% silica and PO, of 10 wt% and 50 wt% kaolin clay. This zeolite is treated
with phosphate so that its maximum activity is retained in the additive. The phosphated
zeolite is mixed with active binder prepared with judicial combination of Silica-alumina-clay-
phosphate materials so that its key physical properties for fluidization in FCC unit such as
Apparent Bulk Density (ABD), Attrition Index (Al) and Average Particle Size (APS) can be
maintained. The final slurry with solid concentration ranging from 39 wt% is spray dried at
an inlet temperature of 375°C and at an outlet temperature of 130°C to get the micro

spheroidal particle having APS of 95 micron suitable for FCCU operation.

The composition of the pentasil zeolite based additive is given below:

ZSM-5; 25 wt%;
Alumina: 5 wt%;
Silica: 10 wt%;
PO4: 10 wt% and

Kaolin clay: 50 wt%.

Residue upgradation additive:

Residue upgradation additive slurry was prepared by using supplementary binder based on
silica-alumina with different pore size and different phosphate as coke retarding material.
Initially alumina gel was prepared by addition of formic acid and mixed with clay-phosphate
—silica binder and slurry prepared with solid concentration ranging from 30 wt.%. The final
slurry is spray dried at an inlet temperature of 375°C and at an outlet temperature of 130°C, to

get the micro spheroidal particle having APS of 95 micron suitable for FCCU operation.
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The final Residue upgradation additive composition is given below:

Alumina: 50 wt%;

Silica: 15 wt%;
PO4: 5 wt%; and
Clay: 30 wt%.

Metal trap additive:

Metal trap additive slurry was prepared by using supplementary binder silica-alumina along
with metal passivation component Re;Os. Alumina gel was prepared by addition of formic
acid and mixed with clay- silica binder & in this slurry Re,Os was dispersed. The slurry was
prepared with solid concentration ranging from 35 wt.%. The final slurry is spray dried at an
inlet temperature of 375°C and at an outlet temperature of 130°C, to get the micro spheroidal

particle having APS of 96 micron suitable for FCCU operation.

The final metal passivator additive composition is given below:

Re,0s: 25wt%;
Alumina: 15wt%;
Silica: 20 wt%;
Molecular sieve zeolite: 5 wt%; and
Filler clay: 35 wt%

Example-3: Preparation of Catalyst Compositions from Additives
The individually prepared additives were mixed at different composition to crack the
different type of feed stocks starting from gasoline to residue hydrocarbon molecules to
achieve maximum activity and selectivity. The detail of active material composition is given

in Table-3.

Table-3
Catalyst CAT - A | CAT-B | CAT-C | CAT-D
Y-zeolite, wt% 10 24.5 14 12.25
Medium pore pentasil zeolite, wt% 6 8 6 6
Residue up-gradation component, wt% 94 6.5 13 13
Metal trap component, wt% 0.5 1.0 1.5 3.0

Example-4: Catalyst Compositions Pretreatment

The catalysts without metals were deactivated at the temperature of 810°C for 5 hrs using

100% steam. The catalysts with metal were first metal doped by conventional Mitchel
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method (Ref: B R Mitchell “Metal contaminants of catalytic cracking” Industrial Engineering
Chemistry Prod Res & Dev 209, 19, 1980) at required nickel and vanadium levels. Then
samples were reduced with partial pressure hydrogen to bring the metals in reduced state and
steamed at temperature of 788°C for 3 hours using 100 % steam. The steamed catalyst was
subjected to activity test in Fixed Bed Auto MAT unit under the typical conditions as shown

in Table 4.

Table-4
Conditions
Weight of catalyst loaded, gms 2.5-35
Feed Injection time, sec 10-75
Reactor temperature, *C 500-650
Feed rate, gm/min 1.5-6
Reaction Severity, W/F, min 0.5-1.5
WHSV, hr” 30-60

After the completion of the reaction, the catalyst was stripped by nitrogen for the time period
of 900 seconds to remove adsorbed reaction products. Coke on catalyst is determined by in-
situ regeneration with fluidized air by heating at 660 °C. The gas sample is analyzed with
online micro GC. The H2, C1, C2, C3, C4 and C5 lump is determined quantitatively. The
liquid products are analyzed by ASTM 2887 procedure in a simulated distillation analyzer,
Perkin Elmer. The percentage of the liquid products boiling in the range of gasoline (C5-150
°C), heavy naphtha (C150-216°C), Light Cycle Oil (C-216°C-370°C) and Clarified Oil

(370°C+) is calculated. Carbon on catalyst was determined by online IR analyzer.

Example - 5: Cracking different feeds by Catalyst Composition A

Catalyst CAT-A was tested without metal and steamed at 810°C/ 5 hrs and its activity was
evaluated in Fixed bed Auto MAT unit under ROT 580°C and the products were analyzed as
per the procedure mentioned above. This example illustrate that present catalyst composition
A (which is a mixture of the four additives) without metal can crack various hydrocarbon
feed stocks derived from crude oil to give more LPG and propylene selectivity on fresh feed
basis (Table-5). The propylene in LPG selectivity is higher with RCO and VGO feed stocks
than that derived from intermediate other feed stocks such as CG, CFO and OHCUB. The
cthylene selectivity in dry gas could be achieved in the range of 43 — 63 % and propylene
selectivity in LPG could be achieved around 50%.
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Table — 5: Cracking of Different feeds by Catalyst A

Catalyst Cat-A | Cat-A | Cat-A | Cat-A | Cat-A Cat-A
W/F, min. 1.08 1.05 1.10 1.07 1.02 1.05
Feed CG CFO |OHCUB | VGO | RCO Mixed Feed:
(CG:CFO:RCO)
Temp, °C 580 580 580 580 580 580
Yield wt%
Hydrogen 0.07 0.24 0.23 0.25 0.48 0.22
Dry gas 523 8.82 12.26 14.65 | 13.51 12.28
LPG 3582 | 39.15 | 43.23 | 40.49 | 36.38 34.76
Gasoline (35 — 150 °C) 50.17 | 12.78 | 15.75 11.12 | 13.03 14.7
Heavy Naphtha (150-216 °C) 3.82 6.2 7.8 5.46 5.67 5.76
LCO (216 - 370 °C) 2.23 17.35 9.51 11.02 | 12.78 11.16
Gasoline + Total cycle oil, 56.22 | 3633 | 33.06 27.6 | 3148 31.62
(35-370°C)
CLO,(370 °C+) 0.16 8.37 2.98 5.88 5.82 6.87
Coke 2.5 7.09 8.24 11.13 | 12.33 14.25
216 °C Conversion, wt% 97.61 | 7428 | 87.51 83.10 | 81.40 81.97
Ethylene, wt% (part of| 2.3 4.28 6.36 9.19 8.42 6.34
Drygas)
Propylene, wt% (Part of 17.53 | 19.18 | 21.42 | 2042 | 15.19 16.18
LPG)
Ethylene in DG 4398 | 4853 | 51.88 | 62.73 | 62.32 51.61
Propylene in LPG 4894 | 4899 | 49.55 | 5043 | 41.75 46.56

Example-6: Cracking of VGO by catalyst composition B

This example illustrates, the working of catalyst B to crack VGO feed and the effect of

reaction temperature on the output yield. Catalyst CAT-B was tested without metal and

steamed at 810°C/ 5 hrs and its activity was evaluated in Fixed bed Auto MAT unit under

ROT 580°C and the products were analyzed as per the procedure mentioned above.

Temperature is varied from 550°C to 650°C (Table 6). Propylene yield on fresh feed basis is
higher at 580°C i.c 27.63 wt% and ethylene yicld on fresh feed basis is higher at 650°C i.c.

14.67 wt%. However the maximum ecthylene selectivity in dry gas is achieved at the

temperature of 550°C i.e. 74.62 % and propylene selectivity in LPG could be achieved at

650°Ci.c. 62.51%.
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Table-6: Cracking of VGO by CAT-B
Catalyst Cat-B Cat-B Cat-B Cat-B
W/F, min. 1.04 1.09 1.04 1.03
Feed VGO VGO VGO VGO
Temp, °C 550 580 600 650
Yield wt%
Hydrogen 0.2 0.23 0.25 0.36
Dry gas 13 15.52 19.51 27.34
LPG 45.42 50.38 46.29 34.52
Gasoline (35 — 150 C) 12.56 9.67 9.51 9.16
Heavy Naphtha (150-216 °C) 7.62 5.03 6.02 7.01
LCO (216 - 370 °C) 12.88 9.88 8.65 8.17
Gasoline + Total cycle oil, (35-370 °C) 33.06 24.58 24.18 2434
CLO, (370 °C+) 0.61 0.59 0.54 0.51
Coke 7.71 8.7 9.23 12.93
216 °C Conversion, wt% 86.51 89.53 90.81 91.32
Ethylene, wt% (Part of Drygas) 9.7 10.28 11.99 14.67
Propylene, wt% (part of LPG) 24.6 27.63 25.11 21.58
Ethylene in DG, % 74.62 66.24 61.46 53.66
Propylene in LPG, % 54.16 54.84 54.24 62.51

Example-7: Vanadium tolerance of the catalyst-additive system

This example illustrates the propylene selectivity of vanadium doped catalyst — additive

system with respect to heavy feed stock. Catalyst CAT-A is metal doped as per the Mitchel

method described in Example-4 and steam deactivated at 788°C / 3hrs. The feed stock with ~

3 wt% CCR could increase propylene yield in the range of 8-12 wt% on fresh feed basis. It

illustrates (Table 7), if the metal on the catalyst — additive mixture is 20000 ppm vanadium,

then also the -216 conversion could be maintained more than 50 wt%. The ethylene

selectivity in dry gas could be achieved around 34% and propylene selectivity in LPG could

be achieved in the range of 45 — 50%.
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Table 7: Vanadium Tolerance of CAT A and CAT B

Catalyst Cat-A Cat-A Cat-A Cat-A Cat-B
W/F, min. 1.02 1.00 1.00 0.989 1.01
Feed Mixed feed | Mixed feed Mixed feed Mixed feed Mixed feed
(CG:CFO:RC | (CG:CFO:RC (CG:CFO:RCO)(CG:CFO:RCO)(CG:CFO:RCO
0) 0)
Temp, °C 580 580 580 580 580
Metal on the catalyst, V 5000 10000 15000 20000 15000
ppm)
Yield wt%
Hydrogen 0.53 0.6 0.78 0.78 0.52
Dry gas 9.46 8.92 8.17 7.43 7.17
LPG 27.15 23.58 19.55 17.87 17.01
Gasoline, (C5-150 °C) 15.8 13.18 12.74 8.32 9.84
[eavy naphtha, (150-216°C) 6.07 5.23 4.73 3.29 3.45
LCO, (216 - 370 °C) 15.51 17.8 19.4 18.01 21.44
Gasoline + Total cycle oil, 37.38 36.21 36.87 29.62 34.73
35-370°C)
CLO, (370 °C+) 10.98 15.69 19.13 28.21 24.97
Coke 14.5 15 15.5 16.09 15.6
216 conversion, wt% 73.51 66.51 61.47 53.78 53.59
Ethylene, wt% (part of 3.29 2.95 2.77 2.57 2.54
Drygas)
Propylene, wt% (part of 12.27 10.64 9.61 8.53 8.44
LPG)
Ethylene in DG, % 34.78 33.07 33.9 34.59 35.43
Propylene in LPG, % 45.19 45.12 49.16 47.73 49.62

Example-8: Ni & V tolerance of the catalyst-additive system

This example illustrates the propylene selectivity of nickel and vanadium doped catalyst —

additive system with respect to heavy feed stock. Catalyst CAT-C & CAT-D were metal

doped as per the Mitchel method described in Example-4 and steam deactivated at 788 °C /
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3hrs. The feed stock with 10 wt% CCR could increase propylene selectivity in LPG by 49 —

50 %. It illustrates (Table 8), if the metal on the catalyst — additive mixture is 10000 ppm

nickel & 20000 ppm vanadium along with metal trap additive, then the -216 conversion could

be maintained more than 60 wt%.

5 Table 8: Ni & V tolerance of CAT C and CAT D

Catalyst Cat-C Cat-C Cat-D
Without metal

W/F, min. 1.11 1.04 1.01
Feed Vacuum Residue Vacuum Residue | Vacuum Residue
Temp, °C 580 580 580
Metal on catalyst, ppm
Ni Nil 10000 10000
v Nil 20000 20000
Yield wt%
Hydrogen 0.48 0.17 0.24
Dry gas 13.51 6.41 6.75
LPG 32.38 11.05 12.86
Gasoline, (C5-150 °C) 13.03 24.81 25.09
Heavy naphtha, (150 —216°C) | 5.67 5.26 4.74
LCO, (216 - 370°C) 12.78 15.96 16.23
Gasoline + Total cycle oil, (35- | 43.48 46.03 46.06
370°C)
CLO, (370°C+) 5.82 20.03 19.73
Coke 16.37 16.31 14.36
216 °C Conversion, wt% 81.4 64.01 64.04
Ethylene, wt% (part of Drygas) | 6.13 2.4358 2.6379
Propylene, wt% (part of LPG) 8.22 545 6.49
Propylene in LPG, % 25.39 4932 50.47
Ethylene in DG, % 45.37 38 39.08

Example 9: Working of composite catalyst composition of Example 1

The effect of single particle composite catalyst as prepared in Example 1 is evaluated using

10 VGO as the feed. The outcome of the same is given in Table 9.
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Table-9: Cracking performance of composite catalyst as prepared in Example 1

W/F, min. 1.06
Feed VGO
Temp, °C 580
Yields, wt%

Hydrogen 0.18
Dry gas 13.95
LPG 40.91
Gasoline (35 — 150 °C) 12.82
Heavy Naphtha (150-216 °C) 6.42
LCO (216 - 370 °C) 9.63
Gasoline + Total cycle oil (35-|30.67
370°C)

CLO, (370 °C+) 4.54
Coke 11.55
-216 Conversion, wt% 85.83
Ethylene, wt% (part of Dry gas) 7.99
Propylene, wt% (part of LPG) 22.44
Ethylene in DG, % 57.27
Propylene in LPG, % 54.85

Example-10: Comparative Example

This example illustrates the effect of variations in the catalyst composition on the cracking
performance with VGO as the feed stock. Various catalysts compositions having the
ingredients as indicated in Table 10 were prepared and tested without metal. The catalysts
were steamed at 810 °C/ 5 hrs and its activity was evaluated in Fixed bed Auto MAT unit

under ROT 580 °C and the products were analyzed as per the procedure mentioned above.
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Table 10

CATALYST E B F G H | J K L
N/F, min. 1.05 | 1.09 | 1.08 1.03 1.09 | 1.05 | 1.09 1.09 0.95
‘eed VGO [ VGO | VGO | VGO | VGO | VGO | VGO | VGO | VGO
Cemp, °C 580 | 580 580 580 580 580 580 580 580
¥ -zeolite 25 245 10 12.5 15 8.75 21 19.25 14
>entasil zeolite 8 8 7.5 6 3 6 6 6 16
Residue  up-gradation 6.5 | 6.175 | 3.25 9.75 13 975 | 1625 | 9.75
;omponent
Vietal trap component 1.0 0.15 1.5 1.5 1.5 3.5 1.5 1.5
{ydrogen 026 | 023 | 0.16 0.21 023 | 021 | 0.18 0.23 0.25
dry gas 15.56 | 15.52| 1193 | 11.44 | 13.38 | 1428 | 13.45 | 12.96 | 14.90
PG 424715038 | 39.42 | 3848 | 41.4 | 3820 | 38.71 | 37.57 | 40.49
Sasoline (35-150°C) | 12.53 ] 9.67 | 16.98 | 17.32 | 14.78 | 16.31 | 13.32 | 13.66 | 11.12
{eavy Naphtha (150- 517 | 5.03 | 843 7.85 7.16 | 761 | 672 | 6.14 5.45
216 °C)
.CO (216 - 370 °C) 898 | 9.88 | 10.21 | 11.46 | 10.60 | 11.75 | 10.63 | 11.88 | 11.02
jasoline + Total cycle | 26.68 [ 24.58 [ 35.62 | 36.63 | 32.54 | 35.67 | 30.67 | 31.68 | 27.59
il (35-370°C)
“LO, (370 °C+) 442 1 059 | 3.53 4.33 397 | 395 | 544 | 6.24 5.88
“oke 10.61 | 8.7 9.34 892 | 848 | 7.65 | 11.99 | 11.57 | 11.13
216 Conversion, wt% | 86.60 [ 89.53 [ 86.26 | 84.21 | 85.43 | 84.30 | 83.93 | 81.88 | 83.10
ithylene, wt% 10.04 | 10.28 | 6.38 5.85 796 | 9.21 | 7.61 7.08 9.19
part of Dry gas)
>ropylene, wt% 20.06 | 27.63 | 18.03 | 17.04 | 17.71 | 1637 | 20.74 | 19.75 | 20.42
part of LPQG)
ithylene in DG, % 64.52 [ 66.24 | 53.48 | 51.14 | 59.49 | 64.50 | 56.58 | 54.63 | 61.68
>ropylene in LPG, % 4723 | 54.84 | 4574 | 44.28 | 42.78 | 42.85 | 53.58 | 52.57 | 5043
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What Claimed is:

1.

A catalyst composition for use in a catalytic cracking process, said catalyst
composition comprising 3.5 to 15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y
(USY) or rare earth exchanged USY (REUSY) zeolite, 3.5 to 15 % of large pore
active matrix based bottom up gradation component and 0.3 to 3 % of a metal trap

component, the percentage being based on weight of the catalyst composition.

The catalyst composition as claimed in claim 1, wherein the pentasil zeolite is in
range of 4 to 8 %, ultra-stable Y (USY) or rare earth exchanged USY (REUSY)
zeolite is in the range of 10 to 25 %, large pore active matrix based bottom up
gradation component is in the range of 6 to 15 % and metal trap component is in

range of 0.4 to 3 %.

The catalyst composition as claimed in claim 1, wherein the pentasil zeolite has a pore
size in the range of 5.1°A to 5.6°A and is selected from a group comprising of ZSM-
5 Zeolite, ZSM-11 Zeolite, ZSM-12 Zeolite, ZSM-22 Zeolite, ZSM-23 Zcolite, and
ZSM-35 Zeolite.

The catalyst composition as claimed in claim 1, wherein the REUSY =zeolite
comprises of 3 to 5 wt.% of a rare earth cation selected from a group comprising of

rhenium, lanthanum, cerium, praseodymium, neodymium, samarium and gadolinium.

The catalyst composition as claimed in claim 1, wherein the large pore active matrix

based bottom up gradation component comprises alumina.

The catalyst composition as claimed in claim 1, wherein the large pore active matrix

based bottom up gradation component has a pore size in the range of 80 °A to 200 °A.

The catalyst composition as claimed in claim 1, wherein the metal trap component
comprises at least one of a vanadium trap component and a nickel trap component
wherein said vanadium trap component is selected from a group comprising of
phosphorus, aluminium, lanthanum, cerium, rhenium, praseodymium, neodymium,
samarium, gadolinium, tin, strontium, titanium, zirconium and silicon; and said nickel
trap component is selected from a group comprising of cerium, antimony, bismuth,

phosphorus, aluminium and silicon.
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The catalyst composition as claimed in claim 1, wherein a remaining amount is

comprised of a binder and filler.

The catalyst composition as claimed in claim 8, wherein the binder is selected from a

group comprising of alumina, silica, silica-alumina and phosphate.

The catalyst composition as claimed in claim 8, wherein the filler is selected from a
group comprising of kaolin clay, montmorillonite clay, bentonites clay, laolinite clay

and halloysite clay, aluminum trihydrate, bayerite, and gamma alumina.

The catalyst composition as claimed in claim 1, wherein the same is in the form a

composite catalyst or a mixture of additives.

A process for preparing a catalyst composition for use in a catalytic cracking process,
said process comprising mixing a source of pentasil zeolite, a source of ultra-stable Y
(USY) or rare earth exchanged USY (REUSY) zeolite, a source of large pore active
matrix based bottom up gradation component and a source of a metal trap component,
wherein an amount of source of pentasil zeolite, the source of ultra-stable Y (USY) or
rare earth exchanged USY (REUSY) zeolite, the source of large pore active matrix
based bottom up gradation component and the source of a metal trap component is
such that the composition comprises 3.5 to 15.5 % of pentasil zeolite, 9 to 40 % of
ultra-stable Y (USY) or rare ecarth exchanged USY (REUSY) zeolite, 3.5 to 15 % of
large pore acidic matrix based bottom up gradation component and 0.3 to 3 % of a

metal trap component.

The process as claimed in claim 12, wherein the pentasil zeolite has a pore size in the
range of 5.1 °A to 5.6 °A and is selected from a group comprising of ZSM-5 Zeolite,
ZSM-11 Zeolite, ZSM-12 Zeolite, ZSM-22 Zeolite, ZSM-23 Zeolite, and ZSM-35

Zeolite.

The process as claimed in claim 12, wherein the REUSY zeolite comprises 3 to 5
wt.% of a rare earth cation selected from a group comprising of rhenium, lanthanum,

cerium, praseodymium, neodymium, samarium and gadolinium.

The process as claimed in claim 12, wherein the large pore active matrix based
bottom up gradation component comprises alumina and the large pore active matrix

based bottom up gradation component has a pore size in the range of 80 °A to 200 °A
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The process as claimed in claim 12, wherein the metal trap component comprises at
least one of a vanadium trap component and a nickel trap component wherein said
vanadium trap component is selected from a group comprising of phosphorus,
aluminium, lanthanum, cerium, rhenium, praseodymium, neodymium, samarium,
gadolinium, tin, strontium, titanium, zirconium and silicon; and said nickel trap
component is selected from a group comprising of cerium, antimony, bismuth,

phosphorus, aluminium and silicon.

The process as claimed in claim 12, wherein a remaining amount is comprised of a
binder and filler, wherein the binder is selected from a group comprising of alumina,
silica, silica-alumina and phosphate and the filler is selected from a group comprising
of kaolin clay, montmorillonite clay, bentonites clay, laolinite clay and halloysite

clay, aluminum trihydrate, bayerite, and gamma alumina.

The process as claimed in claim 12, wherein the same is in the form a composite

catalyst or a mixture of additives.

A catalytic cracking process comprising contacting a catalyst composition with a
feedstock comprising Coker gasoline, Coker Fuel Oil (CFO), hydro cracker bottom,
Vacuum Gas Oil (VGO), Vacuum Residue, Residue Coker Oil (RCO), Heavy
Vacuum Gas Oil (HVGO), Once through hydro cracker unit bottom (OHCUB), and
mixtures thereof under a fluid catalytic cracking condition so as to obtain a cracked
product comprising dry gas and LPG, said dry gas comprising 33 to 75 % of ethylene
& said LPG comprising 25 to 63 % of propylene, wherein the catalyst composition
comprises 3.5 to 15.5 % of pentasil zeolite, 9 to 40 % of ultra-stable Y (USY) or rare
carth exchanged USY (REUSY) zeolite, 3.5 to 15 % of large pore active matrix based

bottom up gradation component and 0.3 to 3 % of a metal trap component.
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