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TITLE -OF THE INVENTION

A Catalyst Composition For Catalytic Cracking Of Waste Plastic.
Field of Invention

The present invention relates to a process of preparing catalytic cracking
catalyst for use in catalytic cracking waste plastic.

Background of the Invention

Plastic is widely used in all kinds of products in the industry and our
daily life and in considerable quantities because of its numerous advantages
such as being cheap, light easily shaped and water resisting. Polyethylene,
polypropylene, polyvinylchloride, polystyrene are few examples of these
polymeric plastic materials. Therefore, plastic waste has become a major
element in garbage. However, because most of the plastic waste does not
decompose naturally in garbage dumps and creates toxic smoke after burning, it
is not environment friendly and causes very serious environmental problems. It
is well known that these plastic polymers are not biodegradable and needs to be
recycled. However, recycling -of plastic wasté deteriorates the quality of
materials and this waste has to be taken care of as per environmental
regulations.

Recycling of plastic waste into other plastic products is a useful way to
reduce the plastic waste, but this method is limited to thermoplastic materials
and the recycled plastic product is of poor quality so that the recycling is not an
efficient way to handle all plastic waste. The plastic waste could be containing
polyethylene, polypropylene, polyvinyl chloride, polyvinylidene chloride, ABS
resin, polyvinyl alcohol, polycarbonate, polyester resin or polyamide. The
pyrolysis of plastic waste could lead to the formation of a mixture of
hydrocarbons like paraffin and olefin. The pyrolysis of polyvinyl chloride
plastic can lead to the formation of toxic emission such as polychlorinated
dibenzodioxins (PCDD), dibenzofurans (PCDF) and polychloro biphenyls
(PCB) along with highly corrosive hydrochloric acid.
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Almost all plastic waste is dumped on land reclamation sites.
Alternatively burning of plastic has been tried. In the case of dumping of plastic
waste on a reclaimed land, it is difficult to secure a land. In the case of burning
of plastic waste, these are reports of damage to the incinerator. Burning process
also gives off poisonous gases and a foul odour during the incineration.

In this a context, attempts have been made in recent years to develop a
method for recycling and reusing of plastic waste without pollution and for
effectively utilizing the recycled plastic as resources.

US Patent Application No. 2002/0006367 claims a method for
conversion of plastic waste into oil by a reaction using water in a super critical
or near super critical form as a reaction medium. US P atent A pplication No.
2003/0019789 claims to development of method of conversion of waste plastic
material into gasoline, kerosene and diesel oil fractions. In another US Patent
Application 2002/0156332, ‘a method has been invented for cracking of waste
plastic to obtain partly gasoline, partly liquid hydrocarbon and remaining
residues.

~ US Patent No. 5226926 has claimed the method of simultaneous
treatment of waste plastic and spent vegetable oil by heating and shaping the
resultant mixture into a solid fuel product. EP Patent Application 0636674
discloses a thermal decomposition apparatus for plastic treatment. Plastics are
melted and thermally decomposed and the resulting decomposition gas is cooled
for condensation and received in form of thermal decomposition fuel. A method
of conversion of plastic including PVC into oil by thermal decomposition is also
claimed in US Patent No. 5597451. EP Patent No. 1101812 provides a process
for getting oily fraction from waste plastic waste.

Besides above examples of conversion of waste plastic to hydrocarbon
mixture, attempts have been made to invent process of production of value
added chemicals. US Patent No. 5639937 claims for a process for the
production of ethylene, propylene or Cy4 olefin or their mixtures from waste

plastics. US Patent 4515659 has claimed a process for pyrolytic conversion of
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waste plastfc and waste rubber to olefinic hydrocarbon. US Patent No. 4429172
claims a process for the production of modified pitches and low boiling
aromatics and olefins by thermal treatment of plastic waste.

A process for a making of high VI lubricating oil composition from
mixture of waste plastics through the steps of pyrolysis, hydro-treating and
catalytic dewaxing has been claimed in US Patent No. 6150577. In another
invention, plastic waste has been bonverted to high VI lubricating oil
composition with additional step of dimerization, as claimed in US Patent No.
6288296.

The above-cited patents cover a wide spectrum of manufacture of
hydrocarbon mixtures, from ethylene, propyleﬁe to lubricating oils and aromatic
pitches. Waste plastics, that are polymer of high molecular weight, have a
problem that on simple thermal decomposition they produce mainly waxy
distillates with little or no production of gasoline, kerosene, light oils etc.

It would be advantageous to have a process for conversion of readily
available waste plastic to selectively produce olefins (C4 to Css) using zeolite
based acid catalyst, which can be utilized as raw material for synthesis of
syvnthetic lubricants like PAO & linear alkyl benzenes etc. and could be used as
liquid fuel.. Further more catalytic treatment is carried out in such a way that
chlorine present in the feed material is predominantly or completely eliminated
as HCL
OBJECTS AND SUMMARY OF THE INVENTION:

The object of the present invention is to provide a process for preparing a
catalytic cracking catalyst for conversion of waste plastic to higher olefins (C,
to Chs). '

To achieve the aforementioned objects, the present invention provides a
process of preparing a catalytic cracking catalyst comprising:

- mixing the following ingredients in the proportion indicated there

against

faujasite zeolite - 5-35 wt %
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pseudoboehmite alumina - 10-40 wt %
polyammonium silicate - 1-10 wt %
kaolin clay - 15-60wt %

- milling said ingredients and making a slurry using water,
- spray drying said sh;rry to micro-spheres, and
- calcining said micro-spheres at 500°C for 1 hour to obtain the
catalyst
Water used is a demineralized water.

The said ingredients are in the following proportion:

Faujasite zeolite - 15-30 wt %
Pseudoboehmite alumina - 20-40 wt %
Polyammonium silicate - - 1-10 wt %

Kaolin clay - 40-60wt %

The present invention also provides a catalytic cracking catalyst
whenever prepared by the above process .
A process of catalytic cracking waste plastics using the catalyst
comprises:
- cleaning, shredding and cutting waste plastics into at least 1x1
mm pieces,
- mixing said plastic waste pieces with 2-10 % by wt of said
catalyst,
- cracking said mixture of plastic water pieces and catalyst at 300 to
400°C under atmospheric pressure to obtain a mixture of C;-Cas
) olefins.
The waste plastics contain either polyethylene, polypropylene, polyvinyl
chloride, polystyrene, polyethylene, terphthalate, polymide and mixture thereof

The percentage of catalyst used in the catalytic cracking of plastic waste

varies with respect to the plastic waste cracked.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a process for conversion of readily
available waste plastic to selectively produce olefins (Cq; to C,s) using
indigenously developed zeolite based acid catalyst

Cy4 - Cys polyolefins are used for the synthesis of synthetic hydrocarbon
10 products like polypalphaolefin, linear alkyl benzene. These synthetic lubricants
exhibit lower friction characteristics and are used in various types of equipment
including auto-engine, transmission, worm gears and traction-devices. The
superiority in terms of appropriate viscosity over wide temperature range, low

pour point, high oxidative and thermal stability is well established than natural

N

mineral oils. However, the cost of a-olefins monomers has been major
constraints in the commercialization of synthetic lubricant.

Theé search efforts are directed towards development of new sources of

-olefins. US Patent No. 5847209 claims to a process for the separation of olefins
and paraffins from the paraffin-olefin mixture by formation of urea adduct
20 refinery petroleum streams. US Patent No. 6184429 has utilized the separated
olefin mixture for the synthesis of olefin oligomers.

There are claims for production of lower olefins by the pyrolysis plastic
waste as in US Patent 5639937. In accordance with the objects of the present
invention, to optimize the pyrolytic catalyst and reaction conditions to get
preferably higher olefins of carbon Cg-Cy4, the raw materials for this process is
usual urban and industrial waste plastic which contains PP, PE, PVC, PET, PS
ete. type of plastic. This waste plastic is treated with an indigenously developed
solid acidic catalyst at 300-400 °C. The catalyst to feed wt ratio is 1-10 % and
heating rate is optimized in order to get preferentially higher olefins.

0 Catalyst:
The Zeolite Component
The zeolite used may be any derivatives of faujasite, like NaNH,. Y,

ReNH ;Y. Preferably, USY zeolite is employed having high hydrothermal
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stability, with S; O, /Al, O3 ratio of 6.5-8.0. The sodium content present in USY
zeolite is preferred to be less than 1% wt. Further, to avoid post preparation
rare-earth exchanged step, it is preferred to use rare-earth exchanged USY
zeolite. Rare earth source may be single rare-earth chloride or a mixture of rare-
earth chlorides (of La, Ce, Nd, Pr).

To obtain the rare earth form of USY zeolite, low soda USY zeolite is
dispersed in rare-earth chloride solution at elevated temperature of 60-
80.degree. C. for a period of 20-40 minutes. On completion of exchange, the
final product is washed free of chlorides, which on volatile free basis contained
3.8-4% wt. of Re, O 3 and about 0.9% wt of Na.

The Pseudoboehmite Component

Preferably, binder grade/pseudoboehmite is wused having high
crystallinity and crystallite size in the range of 45-60 A° and having low sodium
content, preferably less than 0.1% wt. The alumina is preferred to have good
surface area of 200-300 m® /g. The pseudoboehmite alumina with the above
properties is required to be gelled by a suitable acid, mineral or organic.
Organic acids are preferred in place of mineral acids as chloride, sulfate, and
nitrate radicals present in the latter are hazardous to hardware as well as to
environment. Gelling character of alumina depends on nature of acid, quantity,
and temperature. We have found that in order to obtain an alumina suitable to
bind zeolite and clay and make the slurry pumpable, balanced quantity of acid
must be used and gelled under controlled conditions. Alumina used in the
present investigation has surface area of 260 m’ /g, crystallite size of 55
A" pore radius of 28 A°.

The Polysilicate Component

Polysilicate, either Na stabilized or NHj, stabilized with low soda content
is referred for use in the catalyst of our invention. NH, stabilized polysilicate is
more preferred than the Na stabilized polysilicate, for the reason of lower
sodium level. This ingredient, due to its free flow nature and availability in low

soda form, is ideal for creating low acidic matrix in the catalyst in the presence
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of alumina. Polysilicate. with small particle size of 180-250 A’is preferred for

incorporation into the catalyst of our invention. Ammonium polysilicate with
16% SiO, content and average particle size of 220 A is used in the present
investigation.
The Clay Component

Clays are used in cracking catalysts as filler, for improving the density
and dissipation of heat. The most commonly used clays are kaolinite and

halloysite. They have atwo-layer structure consisting of alternating sheets of

‘SiO4tetra- hedra and AlOgoctahedra. Other clays like montmorillonite,

bentonites, etc., have also been cited as substitutes for fillers. Clays for the
application of catalyst formations are required to be purified and have average
particle size of about 2 microns or less. The clay, which is used in the present
investigation, is of kaolinite type with more than 80 % fractions below 2
microns and sodium content of less than 0.3 wt %.

The zeolite component present in the catalyst composite is in the range of
5-35 wt %, a preferred range being from 15-30 wt %, modified alumina is in the
range of 10-40 wt %, a preferred range being 20-30 wt %. Kaolin clay is present
in the range of 40-60-wt %, the preferred range being 45-55 wt %. The residual
soda level in the finished catalyst is in the range of 0.2-0.7 wt %, preferred level
being less than 0.5 wt %. The rare earth oxide content in the catalyst is in the
range of 0.5-2 wt %., the preferred range being 0.8-1.2 wt %. The rare earth
metal salts employed can either be the salt of a single rare earth metal or
mixture of rare earth metals, such as chlorides consisting essentially of
Lanthanum, Cerium, Neodymium with minor amounts of Samarium,
Gadolinium, and Yttrium.

The features described in the foregoing description and in the following
may, both separately and in any combination thereof, be material for realizing

this invention in diverse forms thereof.
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The present invention is further described in the following examples,
which, however, is not to be construed as limiting. The results are shown in
Table I
EXAMPLE-1

This example describes the process for the preparation of modified
alumina with silica. 38 gm‘.of formic acid (85 wt % concentration, LR grade,
M/s SD Fine Chemicals, India) was diluted with 750 g of DM water. To this
diluted acid, 214 ¢ of alumina was added (Pural SB grade with 24 wt %
moisture from M/s. Condea, Germany) under stirring. After thorough
dispersion of alumina, the mixture was held for 24 hrs at 40 °C. The viscous .
alumina product with a pH of 2.5-2.75 was then reacted with 156 g of
Ammonium Polysilicate (16 wt% SiO2, from M/s Bee Chems, Kanpur, India)

and was ready for use.
EXAMPLE- 2

This example illustrates the process for preparation of rare earth
exchanged USY zeolite. 300 g commercial USY zeolite (with 11 wt %
moisture, 1.35 wt % Na, 8 6% crystallinity, from M/s P Q Corporation, USA)
was dispersed in 1 wt % rare earth chloride solution, maintaining solid-liquid
ratioof 1:10 at a temperature of 60 °C. C. After exchanging for 20 minutes,
zeolite was washed chloride free and dried at 110 °c , for 16 hours to obtain rare
earth exchanged ammonium Y zeolite. The product contains 4 wt %, ReO, 0.9

wi% Na.
EXAMPLE-3

This example describes the process for preparation of catalyst using rare
carth exchanged USY zeolite prepared as per example 2, non-modified alumina,
ammonium polysilicate, and kaolin clay. Shurry with pH of 3.5 and solid content
of 28 wt% was prepared, having the following composition (wt %): zeolite 25,

alumina 30, kaolin clay 40 and silica 5.
8
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214 g of alumina was reacted with 17.25 g of formic acid at room
temperature (20 °C.). To the alumina, 156 g of alﬁmonium polysilicate and 253
g of kaolin clay (with 15 wt % moisture from M/s Kerala Ceramics, Kundera,
India) were added. 166.5 g rare earth exchanged USY zeolite (11 wt %
moisture) was made into a fine paste by milling with 170 g DM water. The final
slurry was milled thoroughly and spray dried at inlet temperature 330 °C, outlet
temperature 140 °C, and feed rate of 100 g/minute. The spray-dried micro

spheres were calcined at 500 °C. for one hour to obtain final catalyst.

EXAMPLE-4

This example illustrates a process of preparing catalyst as per Example 3
with the exception that modified aluminum silica composite prepared as per
example 1 of this invention was used. The product was calcined and steam

deactivated.
EXAMPLE-5

Faujasite zeolite, pseudoboehmite, alumina, polyammonium silicate and
kaolin clay are combined in particular ratios to get the finished catalyst.
Preferably the content of Faujasite zeolite is about 5 to 35 %,the content of
pseudoboehmite, alumina is about 10 to 40 wt % ,the content of polyammonium
silicate is about 1 to 10 % wt and the content of the kaolin clay is about 1-60

wi%.

EXAMPLE-6

This example illustrates a process of preparing catalyst Faujasite zeolite,
pseudoboehmite, alumina, polyammonium silicate and kaolin clay are combined
in particular ratios to get the finished catalyst. Preferably the content of
Faujasite zeolite is about 25 %,the content of pseudoboehmite, alumina is about
30 wt % ,the content of polyammonium silicate is about 5% wt and the content

of the kaolin clay is about 40wt%.
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EXAMPLE-7

The thermal cracking of polystyrene predominant plastic, which was
cleaned, shredded and cut into 1 X 1 mm pieces was carried out in a catalytic
reactor. The cracking is carried out under atmospheric pressure and at a
temperature range of 300-400°C. The catalyst used is an indigenously .developed
zeolite based acidic catalyst, which is used in the ratio of 3 wt% of the plastic
taken. The resulting gaseous hydrocarbons are passed through column of
calcium oxide to make it chlorine free gaseous hydrocarbons. The wt% distillate
obtained is in the range of 70-90 wt% by weight of the starting material taken.
Gas chromatography shows the distillate to be predominantly C4-Cy olefins. The
residual left over in the catalytic reactor is mixed with equal amount of non —
edible vegetable oil and heated to temperature range of 1 00-120° C and then
discllarged from the residual discharging portion of the reactor.
EXAMPLE-8

The polypropylene predominant plastic was cleaned in pieces as in

example-1. The plastic was premixed with 3.5wt% of catalyst and charged into

pyrolysis reactor .The reactor was heated to temperature range of 320-360° C.
The resulting gaseous hydrocarbons were made chlorine free by passing through
calcium oxide. The residual left over was discharged from residual discharging
portion, which was mixed with non-edible oil to be used as solid fuel bricks.
The distillates obtained are 60=70 % by weight of the initial plastic taken. The
distillates contain predominantly Cg-Cy olefins.
EXAMPLE -9

The polyethylene predominant plastic was cleaned, shredded and cut into
pieces of the size Imm X Imm, the plastic product was premixed with 2 wt%
catalyst and heated up in the pyrolysis reactor. The temperature range being
320-380"C. The distillate obtained was in the region of 55-65 wt% of the plastic
taken. The gas chromatography analysis showed presence of predominantly C,-

C- olefins in the distillate.

10
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EXAMPLE -10

The cracking of high density polyethylene, which was cleaned, shredded
and cut into 1 X 1 mm pieces was carried out in a catalytic reactor. The
cracking is carried out under atmospheric pressure and at a temperature range of
300-350°C. The catalyst used is an indigenously developed zeolite based acidic
catalyst, which is used in the ratio of 4 wt% of the plastic taken. The resulting
gaseous hydrocarbons are passed through column of calcium oxide to make it
chlorine free gaseous hydrocarbons. The wt% distillate obtained is in the range
of 80-90 wt% by weight of the starting material taken. Gas chromatography
shows the distillate to be predominantly Cg-Cy olefins.
EXAMPLE-11

The PVC containing plastic was cleaned and cut into 1 mm X Imm
pieces. These pieces were injected in a pyrolysis reactor and 8 wt% of catalyst
was used. The temperature range being in the region of 320-360 °C. The
resulting gaseous hydrocarbons are passed through column containing calcium
oxide in order to make it chlorine free. The percentage of distillate obtained is
in range of 50—70 wt% of the initial weight of plastic taken. The gas
chromatography analysis shows the distillate containing predominantly
Cs.Co,C3,Cy5 and overall range being C4-Cys |
EXAMPLE-12

The p olyethylene terphthalate predominant plastic was c leaned and cut
into 1 mm X Imm pieces. These pieces were injected in a pyrolysis reactor and
4wi% of catalyst was used. The temperature range being in the region of 300-
340 °C. The resulting gaseous hydrocarbons are passed through column
containing calcium oxide or it’s aqueous solution in order to make it chlorine
free. The percentage of distillate obtained is in range of 70-80 wt% of the initial
weight of plastic taken. The gas chromatography analysis shows the distillate
containing predominantly C4.Co and overall range being Cy-Css | |

ENAMPLE-13

11
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The thermal cracking o f polyamide (nylon) predominant plastic, which
was cleaned, shredded and cut into 1 X 1 mm pieces was carried -out in a
catalytic reactor. The cracking is carried out under atmospheric pressufe and at
a temperature range of 350-400°C. The catalyst used is an indigenously
developed zeolite based acidic catalyst, which is used in the ratio of 8 wt% of
the plastic taken. The resulting gaseous hydrocarbons are passed through
column o f calcium o xide to make it chlorine free gaseous hydrocarbons. The
wt% distillate obtained is in the range of 70-90 wt% by weight of the starting
material taken. Gas chromatography shows the distillate to be predominantly
Ci3-Cy3 olefins. The residual left over in the catalytic reactor is mixed with
equal amount of non —edible vegetable oil and heated to temperature range of
100-120° C and then discharged from the residual discharging portion of the
reactor.
EXAMPLE-14

The cracking of assorted municipal plastic, which was cleaned, shredded
and cut into 1 X 1 mm pieces, was carried out in a catalytic reactor. The
cracking is carried out under atmospheric pressure and at a temperature range of
300-350°C. The catalyst used is an indigenously developed zeolite based acidic
catalyst, which is used in the ratio of 2 wi% of the plastic taken. The resulting
gaseous hydrocarbons are passed through column of calcium oxide or it’s

aqueous solution to make it chlorine free gaseous hydrocarbons. The wt%

distillate obtained is in the range of 65-70 wit% by weight of the starting

material taken. Gas chromatography shows the C,-C,s distillate to be
predominantly C4-C olefins. The residual left over in the catalytic reactor is
mixed with equal amount of non-edible vegetable oil and heated to temperature
range of 100-120° C and then discharged from the residual discharging portion
of the reactor.
EXAMPLE-15

Similar to example-14 the cracking of assorted municipal plastic is

carried out under atmospheric pressure and at a temperature range of 300-

12
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330°C. The catalyst used is an indigenously developed zeolite based acidic
- catalyst, which is used in the ratio of 4 wt% of the plastic taken. The resulting
gaseous hydrocarbons are passed through column of calcium oxide or it’s
aqueous solution to make it chlorine free gaseous hydrocarbons. The wt%
distillate obtained is in the range of 70-80 wit% by weight of the starting
material taken. Gas chromatography shows the distillate to be range of C¢-Cig,
predominantly C¢-Cg olefins. '
EXAMPLE-16
An experiment was repeated for the assorted municipal plastic under
reaction’ conditions as for EXAMPLE-15 but without the catalyst. It was found
that 30-40 wt% of distillate containing mixture of olefins were obtained and a

substantial amount of solid residue was left over.
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Title: Product profile from catalytic cracking of waste plastic

Table I

S. Wt. and nature of | Cataly | Temperature Product composition

No. | plastic st%

1 50¢g 3 320°C C4-C10 range
polystyrene C6-C9 Major

2 50g 3.5 300-320°C C6-C13 range
polypropylene C6-C8 Major

3 50¢g 2 300°C C4-C13 range
polyethylene C6-C7 Major

i 508 4 340°C C6-C13 range
high density C6-C8 Major
polyethylene

5 50g 8 340°C C4-C25 range
polyvinyl chloride C6-major

C13-18 major

6 50¢g 4 300°C C4-C25 range
polyethylene C6-C10
terphthalate Major

7 50¢g 9 375°C C4-C25 range
polyamide C13-18 major
(nylon)

S 50g 2 350°C C4-C25 range
plastic C6-10 major
mixture**

9 50 ¢ 4 330°C C4-C18 range
plastic C6-8 major

mixture®*

14
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5 **Plastic mixture generally contains 3-5wt% PVC, 5-15 wt% PET, 20-35 wt%
PP, 30-50 wt% PE, 5-10 wt% nylon etc.
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We claim:

b

(98]

v

A process of preparing a catalytic cracking catalyst comprising:

- mixing the following ingredients in the proportion indicated there

against

faujasite zeolite - 5-35 wt %
pseudoboehmite alumina - 10-40 wt %
polyammonium silicate - 1-10 wt %
kaolin clay - 15-60wt %

- milling said ingredients and making a slurry using water,

- spray drying said slurry to micro-spheres, and

- calcining said micro-spheres at 500°C for 1 hour to obtain the
catalyst

A process as claimed in claim 1 wherein water used is a demineralized

water. | |

A process as claimed in any one of the preceding claims wherein said

ingredients are in the following proportion

Faujasite zeolite - 15-30 wt %
Pseudoboehmite alumina - 20-40 wt %
Polyammonium silicate - 1-10 wt %

Kaolin clay - 40-60wt %

A catalytic cracking catalyst whenever prepared by the process as

claimed in claim 1 to 3.

A process of catalytic cracking waste plastics using the catalyst as

claimed in the preceding claims comprising:

- cleaning, shredding and cutting waste plastics into at least 1x1
mm pieces,

- mixing said plastic waste pieces with 2-10 % by wt of said

catalyst,

16
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wn
1

cracking said mixture of plastic water pieces and catalyst at 300 to
400°C under atmospheric pressure to obtain a mixture of C4-Css
olefins.
0. A process as claimed in claim 3 wherein waste plastics contain either
polyethylene, polypropylene, polyvinyl chloride, polystyrene,
10 polyethylene, terphthalate, polymide and mixture thereof.
7. A process as claimed in claim 3 wherein the percentage of catalyst used
in the catalytic cracking of plastic waste varies with respect to the plastic

waste cracked.
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