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POLYMER CRACKING

This invention relates to a proéess for producing one or more

of light olefins, paraffins, naphthenés, olefin oligomers and waxes

from waste and fresh polymers particulgrly.polyqlefins and the uses

of waxes so produced particularly as refinery feedstock components.

Waste polymers such as pelyolefins represent an under-exploited

US-A—3519609 de

and new and raw materials. Several

waste poljmers into fuel,

for example for the purposes of

polymers such .as polyolefins

cribes'a process for the production of low

viscosity synthetic waxes by heating high molecular weight

polyolefins at 200 to 400°C in the absence of oxygen and in the

presence of a saturated organic anhydride catalyst.

GB-A-1108295 describes a process for the production of wax-like

ethylene (co)-polymers by the thermal decomposition of high

molecular weight polymers in the absence of air and oxidising agents

in which the high molecular wéight poiymers are mixed with a melt of

. already decompdsed polyethylene (co)-polymer.

FR-A-2613721 describes a process for the production of

synthetic waxes by the thermal

.polyp:opylenes at 360 to 500°C.

decomposition of polyethylenes and

In a preferred embodiment the

polyethylene or polypropylene is injected into a heated steel tube

in the presence of steam.
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a process for the production of wax-Ilike ethylene (co) polyners by the
thermal deconposition of high nolecular weight polyners in the absence of
air and oxidi si ng agerA<248028hidelctitesh girorasiseEott ahe viziodhetignl 9frers are

mxed with a ne'Ll}%lefin wax by continuously extruding polyethylene through a

heated reactor.

BE-828-159 describes a process for prepa;ing waxy polyethylenes

5 by cracking polyeth&lene residues at 350 to 385°C5 for example by
pumping a molten mixture through a heated tubﬁlar coil.

J-A-48075680 describes thermal decomposition of synthetic
polymers by melting and transporting through varied conditions.

| DT—2222267 describes converting ﬁolymer waste into fuels using

10 a screv melt extruder;

-A—55071789 describes thermal cracking of plastics to obtain
an oligomer and hydrocarbon oil in which the temperature of the
reaction zone is regulated.

It is known to degrade polymers to olefins at temperatures

15 -above 690°C in a fluidised bed reactor. For example, Kaminsky, W et
al in Conservation & Recycling, vol. 1, pp 91-110 Pergaﬁon-Press
1976 describes recycling of plastics using fluidised beds to form
lower olefins and aromatics.

It has now been found that poiymers can be thermally degraded

20 in a fluidised bed reactor to produce lower hydrocarboms which can
be used for, amongst other things, refinery feedstock components
particulariy for crackers.

Accordingly, the present invention is a process for producing
lower hydrocarbons from waste and/or fresh polymer by pyrolysis;

25 said process comprising vaporising the waste/fresh polymer in the
presence of a fluidising gas and a fluidised bed of a solid
particulate fluidisable material inert to the hydrocarbon reactants
and products under the reaction conditions in a reactor at a
temperature froﬁ 300-690°C to form by pyrolysis a mixed vapour of

30 iower hydrocarbons.

The expression""lower hydrocarbons" as used herein and
throughout the specification is meant to include one or more of
light olefins, peraffins, naphthenes, olefin oligomers and waxes
which have a significantly lower molecular weight than the '

35 polyolefins being converted thereto.
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20 al ready decomposed polyethytene—co)-polynmer. FR-A-2613721 describes a
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The polymers referred to herein are substantially polyolefins

ted

such as e.g. polyethylene, polypropylene, polystyrene and copolymers
thereof. For the purposes of the present invention polymers
containing groups other than carbon of'hydrbgen e.g. PVC, poly(vinyl

5 fluoride), polyesters, polyamides and poly(vinyl acetate) are not to
be considered, whether waste'ér fresh, for the purposes of recycling
according to the present invention.

Thus, the polymers being recycled according to the process of
the present'inventibn suitably contain no more than 10% w/w,

10 preferably less than 5% w/w, more preferably less than 1%2/w/w of the
polymers containing groups other than carbon and hydrogen.

The mixed vapour of lower hydrocarbons can be treated in
several ways. For instance, the mixed vapour of lower hydrocarbons
can bé cracked in a‘cracker at a temperature of at least 600°C in

15 the presenée of steam optionally in the presence of, preferably in
the substantial absence of, a catalyst added from an external source
to form light olefins, paraffins, olefin oligomers gnd/or a wax
having a molecular weight below 3000, suitably from 100-1000.

- As is evident from the above, some of the chemicals present in

20 the waste polymers may have inherent cracking abilify. The presenf
invention does not visualise the removal of such catalytically
active chemicals inherently present in such waste prior to
cracking.

If the predominaht product in the mixed vapour of lower

25 hydrocarbons is a wax, the latter can be used as a refinery
feedstock, for example as a feedstock component to hydfo—, steam-,
or catalytic-crackers. The wax may be converted to useful lower
olefins in a steam cracker at 750 to 850°C; to gasoline in a
catalytic cracker and upgraded in a hydrocracker. Production of the

30 wax as an intermediate product between the polymér degradation stage
and the cracker provides flexibility. Thus the wax may be easily
transported as sblid, liquid or in solution between the fluidised
bed reactor and the cracker which may thus be located remotely from
the reactor. Also, it is believed that the wax may be lower in non-

35 hydrocarbon- components than the original polymer, making it a more
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vari ed conditions. DE-A-2222267 descri bes converting polynmer waste into
fuel s using 10 suijable £gedgtiocksagmpoernt for crackers and the "like than the

original polymer.

[err] for' exanple

The polymer feed to the fluidised bed reactor may be fresh or

waste polymer, preferably wasfe polymer. A suitable source of waste

5 polymer is from plastics packaging. éuch waste polymer may compfise‘
co-mingled waste polyethylene, polypropylene, ethylene vinyl
alcohol—laminated £ilms and the like.

The polymer introduced to the fluidised bed reactor, preferably
comprises one Or more polyolgfihs, for example polyethylene,

10 polypropyleng, copolymers of propylene and ethylene and the like.
High, low and/or linear densities of polyolefin may be used.

If the wax product is to be relatively low in aromatics
‘content, for example for use in a steam cracker feedstock, it is
desirable that the polystyrene content of the polymer introduced to

15 the fluidised bed reactor is less than 5% by weight, preferably less
than 3% by weight. It is also desirable that ﬁhe polymer feed be
essentially free oflnon-hydrocarbon contaminants, for example, that
the polyvinyl chloride (PVC) content of the polymer feed be less
than 1% by weight. It is also desirable that the ethylene-vinyl

20 alcohol or polyester (for example, polyethylene terephthalate)
content be less than 1% by weight.

The polymer should preferably be shredded into pieces ﬁhich are
able to be screw-fed into the reactor and which are fluidisable in
the fluidised bed reactor. Pieces having dimensions of about 2 cm -

25 by 4 cm long may be suitable for feeding into a commercial scale
reactor and for vaporising the polymer in the reactor.

Prior to pyrolysis in the reactor the polymer can be mixed with
a paraffinic féedstock. The paraffinic_feédstock is suitably free
of any substantial amounts of dlefinic, acetylenic or aromatic

30 hydrocarbons for optimum performance. The paraffinic feedstock may
be naphtha, gas oils (bp 250-340°C) and feeds rich in butane and/or
propane. ' |

The waste polymer and.the paraffinic feedstock can be fed into
the reactor premixed, simultaneously'or sequentially. The one

'35 important criterion is that they are in the vapour state together in
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recycling of plastics using fluidised beds to form | ower ol efins and _
aromatics. It has now been found that polymers can be thernally degraded 20
in a fluidised bbe teaatéwifot maxindheéfidiseey hy et dhd med ymer may ckm

vaporised using a feed of hot naphtha vapours generated e.g. in the

convective section of a thermal cracker.

The ratio of the waste polymer to the paraffinic feedstock in

5 the reactor is suitably such that the emergent mixed vapour stream
fed to fhe_cracker suitably contains 5-50%w/w of-the waste poijmer,
preferably from 10-35%w/w, more preferably 15-30%w/w. These
proportions are particularly suitable when using a fluidised sand
bed. '

10 The solid fluidisable material of the fluidised bed reactor is
inert to the hydrocarbon reactants and products under the reaction
conditions and'may be quartz sand, silica, ceramics, carbon black,
aluminosilicates and the like. Preferably, the solid fluidisable
material is catalytically inert towards the polymerland fluidising

15 gas. The fluidisable material suitably comprises particles of a

' size capable of being fluidised, for example 100 to 2000 Mm.

The fluidised bed reactor is supplied with a heated
£fluidising gas. Pfeferably, the fluidising gas is free of molecular
oxygen and other 6xidising materials, particularly when the wax

20 product is intended as a cracker feedstock component. A suitable
fluidising gas is nitrogen or a gas comprising nitrogen such as a
refinery fuel gas which is a mixture-comprising hydrogen, nitrogen
and aliphatic hydrocarbbns, prinéipally C; to Cg hydrocarbons. A
preferred fluidising gas is recycle gas which may be obtained by

25 removing wax and other liquid products frém-the gaseous effluent
from the fluidised bed reactor and which comprises mainly Cj; to C,
alkanes and alkenes. Recycle gas may bé used with or without

_nitrogen or other fluidising gases. 1In a particularly preferred
embodiment of the present invention fuel gas may be used initially

30 as fluidising gas until sufficient recycle gas is produced to
replace the fuel gas, the system thereafter generating its own’
fluidising gas. Hydrogen may also be present in the fluidising gas
for hydrogenation of the wax product either in the fluidised bed
reactor or, preferably in a downstream catalyst bed. Stgam may also

35 be present in the fluidising gas to assist heat transfer.
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free of nol eCUlé% B&Y&F o c O£;5¥erab1y at about 450 to 600°C, more preferably

at about 500 to 550°C by the heated fluidising gas and optionally

additional_heating means inside or outside the reactor. ~The-

5 fluidising gas is pfeferably heated to about 300 to 700°C, more

‘ preferably about 650°C. The fluidised bed may be operated at
sub-atmospheric, superatmospheric or atmospheric pressure,
preferably near atmospheric pressure.

The ratio of polymer to fluidising gas will depend upon various

10 parameters, for example the type of fluidisable solid bed material
but for quartz sand, for example may be in the range 1l:1 to 1:20,
preferably about 1:1 to 1:10 by weight.

Residence time of the polymer in the fluidised bed reactor will
depend upon such parameters as the particle size, bed operating

15 temperatures and fluidising rate. For 2 mm diameter By 4 mm long
pellets of polymer residence
times varied from a few seoonds to about 8 minutes in a small
fluidised bed operated at 450 to 550°C.

The £1u1d1sed bed may be provided with particulate alkaline.

20 solids such as alkaline earth metal oxides, for example calcium .
oxide in ordef to trap any unwanted acidic vapours such as hydrogen
chloride from polyvinyl chloride present in the polymer feed, which
may otherwise present a risk of corrosion to the equipment. A
proportion of such f£luidisable solid material may be removed from

25 the bed and replaced with fresh material as the alkaline solids
react with acidic vapours. |

The wax product is removed as a vapour, together with
fluidising gas and other products in the gaseous effluent from the
reactor. Tﬁis gaseous.effluent.is preferably passed through a

30 cyclone separator to remove fines. The gaseous effluent may then be
passed through a bed of alkaline solid (scrubbed) to remove any
residual traces of unwanted acidic.vapours. |

The gaseous effluent after optional scrubbing, is cooled to
yield the wax product which may be recovered by conventional means.

35 Preferably the gaseous effluent is cooled by quenching, preferably
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"l ower hydrocarbons" as used hereln and t hroughout tlhe spegPLACEDI on if
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with liquid, the undissolved gases may then be recycled, reheated
and reiﬁtroduced to the reactor as part or all of the fluidising
gas. Part or all of the undissolved gases may aiso be used as fuel
gas. Suitable quenchinghliquids are water or organic solvents.

5 Cooling means such as heat exchangers may be used in ﬁlace'of or in
addition to quenching. If the wax is insoluble in the quenching '
liquid.it may be recovered by phase separation or the liké. If the
wax is soluble in the quenching liquid it may be used as a solution
or recovered by conventional means such as solvent evaporation,

10 distillation or the like.

In a partiéularly preferred embodiment the scrubbed gaseous

- effluent may be qqenched'with naphtha in which the wax product is
soluble with additional cooling by means of a heat exchanger, if
required. The naphtha/wax mixture may be used as a refinery

15 feedstock, for example it may be fed to a steam crécker operating at
750 to 850°C to produce reusable olefins or fed to a catalytic
cracker to produce gasoline or upgraded in a hydrocracker or even
fed to é coker. In this way waste polymers may be converted into
useful refirery feedstock components.

20 The waxes produced by the prdcess'of the present invention may
have a molecular weight (M,) in the range 100-1000.

The waxes produced by the process of the present invention may
be used not ony as cracker feedstock components but also as mould
release agents, lubricants, transport fﬁels, polishes, paint and ink

25 addifives and the like.

In a further embodiment of the present invention saturated or
partially saturated waxes may be produced by contacting the wax _
produced in the fluidised bed reactor with hydrogen and a suitable
hydrogenation catalyst at elevated temperatﬁre. Suitable catalysts

30 include nickel catalysts and the like. In a preferred embodiment
hydrogen is present in the fiuidising gas feed to the fluidised bed
reactor, and after optional removal of e.g. acidic ‘impurities by
scrubbing, the hydrogen/wax gaseous effluent from the reactor is
passed through a catalyst bed to saturate or partially saturate the

35 wax. Alternatively, wax product may be recovered from the reactor,
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If the mixed vapour of lower hydrocarbons is to be steam
cracked to lighter olefins, it is preferable that the polymer is '

5 vaporised using a feed of hot naphtha vapours generated e.g. in a
convective sect1on of a thermal reactor under pressure as the
fluidising gas., .

In this case, the mixed vapours of lower hydrocarbons from the
reactor can be'“dry scrubbed" to remove any acidic impurities and

10 then fed to a steam cracker. The ratio of steam to the mixed

-vapours fed to the crackef is suitably from 0.2:1 to 1l:1 w/w, _
preferably from 0.3:1 to 0.6:1 w/w. The steam cracker is operated
at temperatures at or above 600°C in the absence of any catalyst
added from an external source.

15 The mixed vapours mey be mixed with'hydrogen prior to steam
cracking.  This will aid the reduction of any.tendency to form coke
in the steam cracker. )

The steam cracking is suitably carried out at a temperature
above 700°C, preferably 750-850°C for optimum results. The steam

20 cracked product predominantly comprises olefins which can be used,
optionally after-pufification; for p;oducing e.g. a fresh batch of
olefins oligomers or polymers.

This method has considerable advantages over the prior art in
that no catalysts need be employed and no significant oxidation of

25 the polymer occurs. Hence the resultant olefins are substantially
uncontaminated when compared with the processes used hitherto.

The invention will now be illustrated by reference to the
following drawings and Examples in which Figure 1 represents in
simplified.schematie form an apparatus for use in the process of the

30 present invention for making waxes and Figure 2 represents in
simplified schematic form an apparatus for making wax/naphtha
cracker feedstocks in a process according to the present invention.

 Referring to Figure 1, a fluidised bed reactor (1) is provided
with solid fluidisable material (2), for example quartz sand. The

35 reactor is provided with a supply (3) of fluidising gas comprising,
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heating the fluidising gas. A screw feed (4) is provided for

feeding polymer into the reactor (l). An outlet (6) is provided for

5 passing gaseous effluent from the reactor (l) to an alkaline solid
bed scrubber (7). A quehcher (8) is provided for quenching the
scrubbed gaseous effluent from the reactor. The quencher (8) is
provided with a supply (9) of liquid quenchant,
conventionalseparation means shown as (10) for separating wax from

10 quenchant and a line (l1) for recycling recovered quenchant through
cooler (16) as a supply (9) of quenchant. A supply (l4) of fresh
quenchant is also provided.

The conventional separation means (10) may comprise phase
separation, if the wax is insoluble in the quenchant, for example

15 water, or by solvent evaporation, distillation or like means if the
wax is soluble in the quenchant, for example an organic solvent.
Depending upon the intended use of the wax, separation may ‘not be
required.

A compressor (13) is provided for compressing undissolved gases

20 which pass along line (12) from the quencher (8), for use as
fluidising gas.

An optional catalyst bed (15) comprising, for example a nickel
hydrogenation catalyst may be provided for hydrogenating or
partially hydrogenating the ﬁax if required, using hydrogen in the

25 fluidiéing gas. ) |

In usé, a supply of fluidising gas (3), for example fuel gas
from supply (18), optionally including hydrogen is passed through
heater (5) which heats the gas to about 650°C and into the reactor
to fluidise the bed. Waste polymer is fed through screw feed (4)

30 into the reactor where it degrades to form a vapour wax product.
The wax product together with fluidising gas and other gaseous and
vapour products passes out of the reactor as a gaseous effluent via
a cyclone separator (not shown) along line (6) and through alkaline
solid bed scrubber (7).. The scrubbed gaseous effluent then passes

35 to the quencher (8) where.it is quenched by the liquid guenchant
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as recycle gas, through compressor (13) and combine with and as they
increase, optionally replace, the fuel gas (18) for fluidising the-
reactor bed. Excess recycle gas passes along line (17) for use as a

5 fuel gas, for example to provide the heating for the fluidising gas
by heater (5). The quenchant togeﬁher.with'wax product passes to a
conventional separation step shown schematically as (10). Thi§ may
be filtratioﬁ, if the wax is insoluble in the quenchant, for example
water, or by solvent evaporation, distillation or the like if the

10. wax is soluble in the'quenchant, for example'an organic solvent.
Depending upon the intended use of the wax, separation may not be
necessary. Recovered quenchant may pass along line (11); combine
with fresh quenchant from line (14) and pass through optibnal cooler
(16) before being recycled along line (9) to the quencher (8).

15 If saturated or partially saturated waxes are to be produced,
the fluidising gas (3) may contain hydrogen'which passes through the
‘fluidised bed reactor. The hydrogen and wax product may then react
on partial cooling in optional catalyst bed'(ls).'

Figure 2 illustrates a preferred embodiment of the present

20 invention in which the wax is quenched from the Qapour by naphtha
refinery cracker feedstock._ Items common to Figure 1 have common
reference numerals.

Referring to Figure 2, a fluidised bed reactor (1) is provided
with a solid fluidisable material (2), for example quartz sand. The

25 reactor is provided with a supply (3) of fluidising gas comprising,
for example initially, at least in part; a supply of fuel gas (18)
and comprising_optiohally hydrogen. There is also provided a heater
(5) for heating the fluidising gas. A screw feed (4) is provided
for feeding polymer into the reactor. An outlet (6) is provided for

30 passing gaseous effluent from the reactor (1) to an alkaline solid
bed scrubber (7) containing calciuﬁ oxide. A supﬁly (20) of naphtha
is provided for combining with and quenching scrubbed gaseous
effluent. A cooler (21) is also provided together with a separator
(22) for the cooled quenched naphtha/wax material. The separator

35 (22) is provided with an outlet (25) for naphtha enriched with wax
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for feeding to a cracker (26). The separator (22) is also provided

"with outlets (24) and (12) for undissolved gas. One outlet is for

the und15301Ved gas_for use as fuel gas, for example to supply the

heater (5). The other line.(12) is for recycle gas via compressor
5 (13) for use as f1u1d1s1ng gas.

In use, a supply of fluidising gas (3), initially fuel gas from
an external source (18), optionally including hydrogen is passed
from the heater (5) which heats the gas to about 650°C and into the
reactor to fluidise the bed (2). Waste polymer is fed through screw

10 feed (&) into the reactor where it degrades to form a vapour wax
prbduct. The wax product togefher with fluidising gas and other
gaseous and Qapour products passes out of the reactor as a gaseous
effluent via a cyclone separator (not shown) along outlet line (6)
and;through the alkaline solid bed scrubber (7). The scrubbed

15 gaseous effluent is then combined with naphtha £rom supply line (20)
and passes through cooler (21) where the vapours are quenched and'
cooled. 'The.cooled, quenched mixture passes to a separator (22).

'Undissolved'gases from the séparator pass along line (12), through a
compressor (13) and combine with the fluid gas for recycle to the

20 reactof (1). Some of the undissolved gases may be used as a fuel
gas along linel(24), for example to the heater (5).

After stért—up using an external source of fuel gas (18), the
fluidising gas (3) for the reactor bed may comprise only fecycle gas
from line (12).-

25 Naphtha together with the wax pfoduct leaves the séparator
along line (25)lfor use as a cracker feedétock in cracker (26).

.Examgles 1-8 Preparation of Wax

A fluidised quartz sand bed reactor fluidised with nitrogen was
used to produce waxes from several grades of polymer (polyethylenes
30 supplied by BP Chemicals.and polypropylene supplied by Appryl) at
different temperatures. '
A 50 ml bed of quartz sand (106-180 um size) in a 45 mm outside
diameter quartz glass tube was used as the fluidised bed reactor.
The reactor was provided with a three zone tubular furnace for

35 heating to the required temperature (500 to 550°C), the first zone
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fluidising gas at 1.5 litre/min at NTP for 106 to 180 um sand. The
bed was operated at atmospheric pressure.
Polymer pellets (about 2 mm diameter and 4 mm long) were
5 dropped into the bed at the rate of 10 gram over ‘15 mlnutes._
Gaseous effluents for the reactor was passed through a wide
bore glass 'U' tube cooled in a cardice bath. The collected wax
products were analysed by Gel Permeation Chromotography (GEC) and
melted at a temperature of typically 50 to 80°C. Other experiments
10 showed that gaseous hydrocarbons found under the fluidising bed
conditions were no more than 5% by weight at -550°C. '
. Results are shown in Table 1 in which

My = arithmetic mean molecular weight

n
15 (N; Mj)
= i=1
Np
My = mass mean molecular weight
n '

20 - - x; Mg

i=1

" wherein xj = mass fraction of given increment,
n = number of increments,
M; = average molecular weight in increment i,

25 ‘ Ny = number of molecules in total sample,

2
e
]

number of molecules in increment.

For the HDPE My = 11000 and My = 171000.

Example 9
Example 1 was repeated using 180-250 um sand, and a fluidising
30 gas rate of 3.0 litre/min at NTP. My of the wax product was 370
and My was 540. ' '

35

- 12 -



The ﬁélyner i ntroduced to the fluidised bed reactor, preferably conprises
one or nore pol yetefins,—For—exanpte pol yet hyl ene, 15 pol ypropyl ene,
copol ymers of pro s%ﬂé‘etﬁ&(iseéﬂ iagége and the like. H gh, ow and/or I|inear

densities of poly | f -t b -wax product is to be relatively
|l ow in aromatics COF NH nple for use in a steanfFeracke: k
it is desirable tha ene content of the pol lﬂSSHEBﬂHﬁ§@5&H

20 the fluidised bed reactor is less than 5% by wei ght preﬂEP&thDless
than 3% by weight. It is also desirabl eagtmtl t he pol yner T
essentially free__of non-hydrocarbon contam nants. for exannle. that

Fluidised
. Bed Reactor
5 Example Temperature
No.  Polymer Feed ' °C . My My
1 High density
polyethylene 500 410 580
10 002-05
2 High density
' polyethylene ' 550 . 180 290
002-05
15
3 . Linear low density
polyethylene . 500 390 | . 550
209 AA
20 4 Linear low density :
polyethylene ~ 550 220 330
209 AA
5 Low density '
25 polyethylene 500 380 550
BP 83
6 : Low density
polyethylene 550 290 390
30  BP 83
7 Polypropylene 500 _ 690. 915
8 Polypropylene ' 550" 410 620
35 -

- 13 -



t he p;dl yvi nyl cht-ertde<PvE)—content of the polynmer feed be |ess than 1% by
wei ght. It is*"al sgyg lstrH%P &n @edt he ethyl ene-vinyl 25 al cohol or

pol yester (for exa ene terephthal ate) content be less than 1%
by wei ght. The pol MH IIEI
able to be screwf

ferably “shredded into p| eces whi ch are
ctor and which are F
fluidised bed reactor. Pieces having di nensi ons of aho
| ong may be suitable for feedl ng into a conmerci aI sgal e rBEB't—%‘FE%nd f oy
vapori sing the Exdmpyes l0m1i rpcking o) ; N ALLE U 5

the p0| ymer can be m%epqoﬁ\ﬁée'a in Example 1 was cracked with naphtha in a

micro-cracker operating with a maximum temperature of 800°C to 820°C

in the presence -of steam.

5 The micro-reactor used consisted of a 1/8 inch nominal bore
stainless steel tube in an electrically heated 24 inch tubular
furnace. The cracker was operated at 5 psig with a coil outlet
temperatﬁre of 820°C with a contact time of 0.9 seconds. A small
flow of helium (1 litre/hour) was maintained to the coil to provide

10 pressure control. Naphtha, molten wax and-wafer feed rates are

. shown in Table II. The cracked. products were analysed using a Carle
Analyser. _ '
In Example 10 naphtha was cracked in the presence of steam. In
Examples 11 and 12 wax and naphtha were co-cracked in the presence

15 of steam. The results in Table III are for the cracking products of
the wax.alone, calculated by subtracting the known products from
cracking the naphtha (Example 10) assumlng the products to be
additive. No coke detectable was deposited during the cracking and
mass accountability was good. Conversion was estimated to be around

20 92%. Preliminary experiments have indicated that the highers

| comprlse mainly cyclo-pentadiene, benzene, toluene and C8 aromatics.
A relatively low cracking severity was chosen giving olefin
yields from naphtha similar to a commercial HGO4 furnace modified to
crack naphtha.
25

30

35 . ‘
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a. parafflnlc f eedst oc ‘ﬁé?é?flnlc feedstock is suitably free of any
substanttal’ nts of oI Qﬁﬂacetylenlc or aromatic 35 hydr ocar bons
for optlnun1perfmm raf finic feedstock may be napht ha, gas
oils (bp [err] an %) but ane -ad8/or propane. The waste polyner
and the parafflnlc be fed into the react rem xed,

si mul taneously or sequentially. The one
. IABLE II

ﬂﬁSSHEETH
AS£3
- REPLACED EEN

STEAM MICROCRACKING OF NAPHTHA/WAX MIXTURES

Run 1 2 3
5 .
Feedrates (g/hr
naphtha 4.2 2.8 2.8
wax ' 0 1.4 1.4
water ' 1.6 1.6 1.6
10 Yields (Zwt)
hydrogen 0.79 0.74 0.71
methane 10.26 11.15 11.17
ethane 3.05 : 3.35 3.39
ethylene - 21.46 25.31 25.43
15 acetylene ' 0.20 0.21 0.21
propane 0.34 0.35 0.35
propylene  14.62 15.38 15.42
C3 acetylenes | . 0.15 0.16 0.16
isobutane 0.1 0.1 0.1
20 n~butane 0.23 - 0.23 - 0.23
butene-1 ' 2.41 2.23 2.27
isobutene 2.19 1.56 1.59
butene-2 -0.88 0.89 0.91
|butadiene 3.59 4.31 4,57
25 isopentane 1.97 1.15 1.17
n-pentane. . 3.10 ~ 2.01 " 2.33
others (by difference) 34,76 30.97 ~ 30.09
30
35

- 15 -



5. |rrportant crlterlon I s_that they are in the vapour state together in
the reactor’ for maxp ed Thus t he poly '-"*“'"~------:-----_-_.;= usi ng
a feed of hot- napht ] rated e.g. in th EUI&%HEEWHASGBEENO of a
t hermal cracker. wast e pdbyner tolthe pél’"é’f-minbc feestock
in 10 the reactor |s swtably such tfahsthe emergent mi xedFvapour—stream
fed to the cracker suitabl cont al ns ST‘SUWW'Wof the vvaste pol ynmer,
preferably from 10- 35%W w==Fei-& 8L o8 = QMRS

parti cuI arly ‘sui tabl e when usi ng a fluidi sed sand bed

hydrogen 0.60
methane ' : 12,96
ethane | 4.01
_5 -ethylene : 33.19
acetylene _ 0.23
propane _ 0.37
propylene ' ' _ 16.96
: C3 acetylenes 0.18
10 isobutane 0.00
n-butane . _ 0.23
butene-1 . 1.93
isobutene o 0.35
butene-2 . 0.94
13 Sutadiene ' 6.14
isopentane : _ -0.46
n-pentane . 0.31
others (by difference) 22.07
20
25
30
35
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[y

15 ' The solid-flui-disabtematerial of the fluidised bed reactor is-

inert to'tHé hydr argopﬂgsgg&t &dand products under the reaction

condi ti ons and nma silica,_cerancs,
al um nosi I i cat ess. Pr eferab y, t he so i'ﬁ'%leiEEirs@@I -
"material is catal yt owards the polymer ‘and_ T IRERljagigzg )

gas. The fluidisable rrat er| aI suitably conprises parti ci‘e"ﬁ‘@?:'a-sﬂ;;e -

capabl e of being fluidised, for exanple 100 to 2000 [err]. The fl uidi sed
bed reactor is supphlls:d: matraat hprended flegewlitdi a¢) Fjas3 illustrates the The

fluidising gas ééqueﬂgeﬁ o2 sf@gseﬁ%@&ooﬁﬂ?&@%@eﬁﬁefr&xhgéﬁi' BglﬁﬁE-E“ al s

10

15

20

25

30

35

This diagram shows an integrated process in which a hot paraffinic
feedstock (27) is'used.to fluidise and vapourise waste polymer
(28). The mixed hydrocarbon vapour stream, cleaneg of acidic .
impurifies (29), is then cracked in a steam cracker {30), and the
products separated in a purification stage (31) to recover thé
olefins.

This process of the present invention is further illustrated
w1th reference to the following Example 13:

The Example outlined below is based on computer modelling of
one of our commercial HGO4 steam crackers which was actually
modified to provide a naphtha cracking capability. The process can,
however, be applied to any steam cracker capable of using naphtha
type paraffinic feedstock to produce olefins.

A process flow sheét incorporating the modelled polymer
cracking process iﬁto a 13 te/hr HGO4 steam cracker is shown in
Fig.A. appended. herewith.

In the process, 11.05 te of naphtha Ca. 6.82 te/hr and steam
were pre-heated to 550°C in the first section of a convective bank
of a steam cracker furnace. This heated naphtha and steam stream
were fed to the base of the fluidised bed in the vaporiser reactor,
where it became both a fluidising medium and a heat source. A
by-pass valve was be provided to allow the polymer feed to the
cracker to be switched off thereby enabling the steam cracker to
operate normally when necessary.

Waste polymer particles shredded to a maximum dimension of

2-4 cm and having-a-composition shown in Table IV below were

~ screw-fed into the fluidised bed.

- 17 -



25 o | ~ Asuitable
flui di si hg' gas is nitregemofF a gas conprising nitrogen such as a refinery

fuel gas which is a N BEen & si ng hydrogen, nitrogen and aliphatic |
Eiﬁi ¢ _

hydr ocar bons, priTh o [erri Wydrocar bdfis
B\\ i ch. may be’ obt ai ned| BY'SIFIEET D BERY

fluidising gas is o
and other liquid p he gaseous effl uen RERBAGERI di s

react or and which conprises mainly [er to.lerr] alkanes and arRenes-
Recycl e gas may be used with or mﬁthou@hﬁﬁEF%gen or other fluidising gases.
In a particularly preferred enbodinenkxghﬂghgspresent i nvention fuel gas

may be used initially :

bed

‘POLYMER TYPE : MASS Z
POLYETHYLENE - LLDPE 18
5 - LDPE "~ 53
_ - HDEE 7
POLYPROPYLENE 18
Ethylene- | 4
vinylalcohol copolymer
10 TOTAL 100

A polymer/naphthﬁ ratio of 15:85, based on a heat and mass
Balance, was used. The fluidised bed was a quartz sand and a sand
to poiymer ratio of 9:1.v/v was used. The polymer residence time in

15 the bed was dictated by the time taken to vaporise the polymer
particles.

Calcium oxide, in slight excess of the stoichiometric
requirement waé used to remove hydrogen chloridé resulting from the
PVC content of the polymer feed. This impurity was.removed from the

20  fluidised bed as a base stream mixture comprising calcium chloride,
calcium oxide énd sand.

The naphtha/polymer vapour stream emerging from the fluidised
bed at about 490°C was fed into a cyclone (not shown) to remove any
entrained fines, before passing the vapour stream through a guard

25 bed (which contained a.further aliquot of calcium oxide) used to
femove by scrubbing any remaining traces of HCl from that.stream.

The scrubbed vapour stream of'naphtha/polymer was then be fed
into the radiative bank bf the steam cracker. The cracking

temperature in the steam cracker was be about 750° to 850°C.
30

35
- 18 -



35 as fluidisi ng gas until sufficient recycle gas i's produced to

repl ace t'he flel gB$sShbdBashbst

AU

gas. Hydrogen nay a
of the wax product
downst r eam cat al yst

gas to assist heat transfer.

t enperature of above 300

i

tabulated in Table V below:

10

been adjusted to eliminate coking losses.

thereafter generatiyag
I'n. the fluidisingiy
| ui di sedt%ed react|l

also 5
The fluidised bed is maintained at a

ts_own fluidising

Ty O otrerathon

bHAB BEEy
CEPui di sing

The product yield spectrum resulting from such a process is

Table V
15/85 Naphtha Enhancement
. Component | Feed(i) Feed(ii) | of Product
% mass % mass Yield %
Ethylene 31.4 29.1 7.7
Propylene 17.6 17.4 1.2
Butadiene 5.0 4.99 0.04

These figures are based on micro-cracker experiments and have

(i) Yield from a cracker feed of 15% polymer. and 85% naphtha.
15 (ii) Yield from a cracker feed of 100% naphtha.

20

25

30

35
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and beI ow [err] preferably at about 450 to [err] nore preferably at about
500 to [érr] y the heated fluidising gas and optionally additional heating

nmeans i nsi de or out si de the reactor The 10 fluidising s preferably
heated to about 300 to [err] e erably about [ &RP§ gﬁ@’?ﬁ@/m@eaﬁoed
may be operated at sub- err erat nospheric or atnospheric
pressure, preferably near essure The ratio of polyner to
fluidising gas wll Ngw\ ou’s 15 paraneters, for exanple the
type of fluidisable so ymt'erial but for gquartz sand for exanple may
be in the range 1:1 to 1:20, '

r- i . .
THIS SHEET HAS BEEN
REPLACED
Tl
Claims:
1. A process for producing lower hydrocarbons from waste and/or

fresh polymer by pyrolysis, said process comprising vaporising the
waste/fresh polymer in the presence of a fluidising gas and a

5 fluidised bed of a solid particulate fluidisable material inert to
the hydrocarbon reactants and products under the reaction conditions

in a reactor at a temperature from 300-690°C to form by pyrolysis a

mixed vépour of 19we£ hydfocarbons.

2. A process accofding-to Claim 1 wherein the polymer contains no

10 more than 10%Z w/w of groups other than carbon and hydrogen.

- 3. A process according to any one of the preceding Claims wherein
the polyme# is one or more of polyefhylene, polypropylene and
polystyrene.

4. A process according to Claims 1-3 wherein the waste énd/or

15 fresh polymer is admixed with a paraffinic feedstock prior to
pyrolysis in the reactor.

5. A process for producing one or more of light olefins,

paraffins, olefin oligomers and waxes having a molecular weight

below 3000 from waste and/or fresh polymers, said process
20 comprising: '

a) vaporising the waste/fresh polymer in the presence of a
fluidising gas and a fluidised bed of a solid particulate
fluidisable material inert to fhe hydrocarbon reactants and
products under the reaction conditions in a reactor at a

25 temperature from'300e690°C to form a.mixed vapour of lower

- 20 -



preferably about—1.1 to 1:10 by weight. Residence tinme of the polymer in
the fluidiseéd'bed reactor will depend upon such parameters as the particle
si ze, bed operatl umwmlummures and ftuidising rate. For 2 mm

di aneter by 4 nm ol ymer %%esi dence tines varied froma few
seconds to about 8 m nutes in®a $mali fluidised bed o :

[err] The fluidised bed may be provided with particul \
solids such as alkaline earth imetal oxides, for exanple calggpimoep de i
order to trap any umxketerboasi dind vapours such as hydt@ge

b) cracking the mixed vapour of lower hydrocarbons in the presence

of steam and at a temperature of at least 600°C.
6. 'A process'according to any one of the preceding Claims wherein

5 the fluidisable material has a particle size of 100 to 2000

micrometers.
7. A process according to any one of the preceding Claims wherein
the fluidising gas is free of molecular oxygen or other oxidising
materials. .

10 8. A process according to any one. of the preceding Claims wherein

' the fluidising gas is a mixture of gases comprising hydrogen,
nitrogen and principally Cj to Cg hydrocarbons. .
9. A process according to'ény one of the preceding Claims wherein
the fluidised bed is maintained at a temperature from 450-600°C.

15 10. A process according to any one of the preceding Claims wherein
the fluidised bed. is proyided with particulate alkaline solids in
order to trap any a¢i¢ic vapours which are either present in the
polymer feed or are formed during the vaporisation reaction.

11. A process according to any one of the preceding Claims 5-10

20 wherein the mixed iower hydrocarbon v#pours emergent from the
-vaporisation stage are quenched with naphtha and ‘the resultant
mixture subjected to steam cracking.

12. A process according to any one of the preceding Claims 5-11
wherein the steam cracking is carfied out in the substantial absence

25 of a catalyst added from an external source.

13. A process accérding to any of the preceding Claims 5-12 wherein
the steam cracking is carried out at a temperature from 750-850°C.
l4. A process according to any one of the pfeceding Claims 5-13
wherein the steam éracking is carried out by ﬁsing a steam to the -

30 mixed lower hydrocarbon vapour ratio of 0.2:1 to l:1 w/w.

/—
Has Been Replaced

T \l\\\\ AL

- 21 -
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chl oride from polyvinyl chloride present in the polynmer feed, which may
ot herwi se present a risk of corrosion to the equipnent. A proportion of
such fluidisable solid material may be renpved frése374047832 &340 coe
replaced with fresh material as the alkaline solids react with acidic
vapours. The wax product is renoved as a vapour, together with fluidising
gas and other products in the gaseous effluent fromthe reactor. This
gaseous effluent is preferably passed through a 35 2l.one_separator to

remove fines. The gaseous effluent may then be THIS SHEET HAS BEEN
o REPLACED

~ ABSTRACT -
POLYMER CRACKING

This invention relates to a process for the conversion of waste
and/or fresh polymers, especially polyolefins, into lower
hydrocarbons by vaporising them in a fluidised bed of particulate
material in the presence of a fluidising gas at a temperature from
300-690°C. The lower hydrocarbons can be further converted to
ﬁseful olefins, paraffins or waxes by steam cracking the lower
hydrocérbons, prefefably in the absence of any catalyst. This is.an

effective and efficient method of recycling waste polymers.

This Sheet Has Been Re,ilaced :

AW




passed t hrough a bed of al kaline solid (scrubbed) to renove any resi dual
traces of* Unwant ed aci di c vapours. The gaseous effluent after optional
scrubbing, is cooled to yield the wax product which may be recovered by
conventional neans. 5 Preferably thql@Eseous effluent is cool ed by
quenching, preferably with |iquid, the | ssol ved gases may then be
recycled, reheated and reintroduced to the reactor-as part or all of the
fluidising gas. Part or all of the undissol ved gases

f uel | | | THIS SHEET HAS BEEN
' 15 ; REPLACED
. -

/ . . ey —

_Fig.7 | WL
product

Sheet Has Been Rep laced
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gas. *Suitabl e guenching liquids are water or organic solvents. 10 Cool i ng
means sueh¢as* heat exchangers may be used in place of or in addition to
guenching. If the wax is insoluble in the quenchi - T 11 %

recovered by phase separati on. S ETRES RERET EASS in the
guenching liquid it may be used as a 521 ion or fecovetid rnm@_tlonal
means such as sol vent evaporation or 15 distillatron Tn a particul arly
preferred enbodi nent the scrubbed gaseous effluent nay be quenched with
-naphtha in which the wax product is soluble with additional cooling by
means of a heat exchanger, if . '

o 5 1
% - e P N fL‘Q‘
E 13
;N é TLE
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nequfred. The napht ha/ wax m-xture may be used as a refinery 20 f eedst ock,
for exanpl ¢’it may be fed to a steam cracker operating at 750 to [err] to
produce reusable olefins or fed to a cappl ytic cracker to produce gasoline
or upgraded in a hydrocracker or eveni? to a coker. In this way waste

pol yners may be converted-into useful refinery feedstock
The waxes produced by the process of the present iljvgl ﬁ_@igléﬂt A@ggp_m |
nol ecul ar wei ght (M) in the range 100-1000. The wgxes prpelsgepby tH
process of the present invention nmay be used not onil Bk .
conponents but also as noul d

25

t ock

[ el
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L
vel ease agents, lubricants, transport fuels, polishes, paint and ink 30
additives."1n a further enbodi nent of . the present invention saturated or

partially saturated waxes may be pro ed by contacting the wax produced in
the fluidised bed reactor with hydr and a suitable hydrogenation
Sar t

catal yst at el evated tenperature. able cataly 35 I ncl ude ni ckel
cat al yst s, : In a preferred enbodi n@n o
ysts P _ YHHS SHEET HAS Pz, |
i
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-8r hydrogen Is present in the fluidising gas feed to the fl uidised bed
reactor, and after optional renpval of e.g. acidic inpurities by scrubbing,

t hre hydrogen/wax gaseous effluent fromthe react or==s=passed=througi|a

catal yst bed to saturate or partially saturate thd| REPLAGBMENT SHEET

wax prOdUQ___ALJELiiﬁxH%¥{%F4r0n1the reactor, optionglly
b —

Al ternatively,
af ter quenchi ng,

and hydro enated apsapajate pripbews. Wn ...ret jods.
| f the m xed vapour of pis |s to be=steamcracked to ti ghter
olefins, it is preferable th “ '

10

15

20

25

BEEN
gHEET HAS
TS SHEET f e

-1 -
POLYMER CRACKING

This.invention felates'to a process for producing one or more
of light olefins, paraffins, naphthenes, olefin oligomers and waxes
from waste and fresh polymers particulérly polyolefins and the uses
of waxes so produced particularly as refinery feedstock components.

Waste polymers such as polyolefins represent an under-exploited
source of reéyclable energy and new.and raw materials. Several
attempts'have been made to convert waste polymers into fuel, |
recyclable plasticé and monomers, for example for the purposes of
re-polymerisatibn.

It is known to thermaliy degrade polymers.such as polyolefins
to produce waxes. Thus, for example:

US-A-3519609 describes a process for the production of low
viscosity synthetic waxes by heating high molecular weight
polyolefins at 200 to 400°C in the absence of oxygen and in the
presence of a saturated organic anhydride caﬁalyst.

GB-A-1108295 describes a process for the production of wax-like
ethylene (co)-polymers by the thermal decomposition of high
molecular weight polymers in the absence of air and oxidising agents
in which the high molecular weight polymers are mixed with a meli of
already decomposed polyethylene (co)-polymer.

FR-A-2613721 describes a process for'the production of
sjnthetic waxes by the thermal decomposition of polyethylenes and
polypropylenes at 360 to 500°C. In a preferred embodiment the
polyethylene or polypropylene is injected iﬂto a heated steel tube

in the presence of steam.



-1
-,

10;_. vaporl sed usi ng a f e H‘é’s APkepligddNt ha vapours genB?‘gtSQHtE_;“g_HADl n a
convective section of T or under pressui A S}
gas. In this case, the‘ M%“Eu Lof | ower hydr offerH £ £ eact
can be "dry scrubbed” t

a steam cracker.

cracker is suitably from0.2:1 to 1:1 ww, preferab Paﬂaomm -3..1.1.0.0.46: 1
w w. The steam cracker is operated at tenperatures =n t

S BEEN

cidic i_npuri ti pRERACEMENT SieFeT qd t
The ratio of steamto the m xed vipour s 2fZ2MAYo 19dge

absence of any catal ¥l§— Qgg@gﬁ&escr esethgorg:glss Sf%lil e production of

10

15

20

25

30

35

polyolefin wax by continuously extruding polyethylene through a
heated reactor. _ .

BE-828-159 deécribes a process for preparing waxy polyethylenes
by cracking polyethylene residdes at 350 to 385°C, for example by
pumping a molten mixture through a heated tubular coil.

J-Af48075680 describes thermal decomposition of synthetic

polymers by melting and transporting through varied conditions. -

DT-2222267 describes converting polymer waste into fuels using
a screw melt extruder. .

J-A-55071789 describes thermal cracking of plastics to obtain
an oligomer and hydrocarbon oil in which the temperature of the
reaction zone is regulated.

It is known to degrade'polymers to olefins at temperatures
above 690°C in a fluidised bed reactor. For example, Kaminsky, W et
al in Conservation & Recycling, vol. 1, pp 91-110 Pergamon Press
1976 describes recycling of plastics using fluidised beds to form
lower olefins and aromatics. _

It has now been found that poiymers can be thermaliy degraded
in a fluidised bed reactor to produce lower hydrocarbons which can
be used for, amongst other things, refinery feedstock compongnts
particularly for crackers.

Accordingly, the present invention is a process for prbducing

.lower hydrocarbons from waste and/or fresh polymer by pyrolysis,

said process comprising'vapofising the waste/fresh poiymer in the
presence of a fluidising gas and.a fluidised bed of a solid )
particulate fluidisable material inert to the hydrocarbon reactants
and products under the reaction conditiqns in a reactor at a
temperature from 300-690°C to form by pyfolysis a mixed vapour of
lower hydrocarbons.

The ekpression "lower hyd;ocarboné" as used herein and
throughout the specification is meant to include one or more of
light olefins, paraffins, naphthenes, olefin oligomers and waxes
which have a significantly lower molecular weight than the

polyolefins being converted thereto.

or
(0]

he
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20+ . The ni xedTheggyps may benixed with hyg

crackifhdg. This will hiegn of any t endle el AT n the
st'eam cracker. The s is suitably ca\_i}e = enperat ure
above [err] preferabl pti muma gesults. {fhe et suggadked
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such as e.g. polyethylene, polypropylene, polystyrene and copolymers

thereof. For the purposes of the present invention polymers
‘containing groups other fhan carbon or hydrogen e.g. PVC, poly(vinyl

5 fluoride), polyesters, polyamides and poly(vinyl acetate) are not té
be considered, whether waste or fresh, for the purposes of recycling
according to the present invention.

Thus, the polymers being'recycled according to the process of
the present invention suitably contain no more than 10% w/w, '

10 preferably less than 5% w/w, more preferably less than 1%/w/w of the
| polymers containing groups other than carbon and hydrogen.

The mixed vapour of lower hydrocarbons can be treated in
several ways. For instance, the mixed wvapour of lower hydrocarbons
can be cracked in a cracker at a temperature of at least 600°C in

15 the presence of steam optionally in the presence of, preferably in
the substantial absence of, a catalyst added from an external source
to form light olefins, paraffins, olefin oligomers and/or a wax
having a molecular weight below 3000, suitably f£rom 100-1000.

As is evident from the above, some of the chemicals present in

20 the waste polymers may have inherent cracking ability. The present
invention does not visualise the removal of such catalytically
active chemicals inherently present in such waste prior to
cracking. '

If the predominant product in the mixed vapour of lower

25 hydrocarbons.is a wax, the latter can be used as a refinery
feedstock,'far exahple as a feedstock.component to hydro~-, steam-,
or catalytic-crackers. The wax may be converted to useful lower
olefins in a steam cracker at 750 to 850°C; to gasoline in a
cataiytic cracker and upgraded in a hydrocracker. Production of the
30 wax as an intermediate product between the polymer degradation stage
and the cracker provides flexibility. Thus the wax may be easily
transported as solid, liquid or in solution between the fluidised
bed reactor and the cradker which may thus be located remotely from
the reactor. Also, it is believed that the wax may be lower in non-

35 hydrocarbon domponents than the original polymer, making it a more
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suitable feedétock component for crackers and the like than the
original polymer.

The polymer feed to the fluidised bed reactor may be fresh or
waste polymer,_preferably waste polymer. A suitable source of waste

5 poiymer is from plastics packaging. Such waste polymer may comprise
co-mingled waste polyethylege, polypropylene, ethylene vinyl
alcohol-laminated films and the like.

The polymer introduced to the fluidised bed reactor, preferably
comprises one or more polyolefins, for example polyethylene,

10 polypropylene, copolymers of propylene and ethylene and the like.
High, low and/or linear densities of polyolefin may be used.

If the wax product is to bé_relatively low in aromatics
-content, for example for use in a steam cracker feedstock, it is
desirable that the polystyrene content of the polymer introduced to

15 the fluidised bed reactor is less than 5% by weight, preferably less
than 3% by weighf. It is also desirable that the polymer feed be
essentially free of non-hydrocarbon contaminants, for example, that
the polyvinyl'chloride (PVC) content of the polymer feed be less
than 1% by weight. It is also desirable that the ethylene-vinyl

20 alcohol or polyester (for example, polyethylene terephthalate)
content be less than 1% by weight. '

The polymer should preferably be shredded into pieces which are
able to be screw-fed into the reactor and which are fluidisable in
the fluidised bed reactor. Pieces having dimensions of about 2 cm

25 by 4 cm long may be suitable for feeding into a commercial scale
reactor and for ﬁaporising'the polymer in the reactor.

Prior to pyrolysis in the reactor the polymer can be mixed with
a paraffinic feedstock. The paraffinic feedstock is suitably frée-
of any substantial amounts of olefinic, acetylenic or aromatic

30 hydrocarbons for optimum performance. The paraffinic feedstock may
be naphtha, gas oils (bp 250-340°C) and feeds rich in butane and/or
propane.

The waste polymer and the paraffinic feedstock can be fed into
the reactor premixed, simultaneously or sequentially. The one

35 important criterion is that they are in the vapour state together in
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The ratio of the waste polymer to the pafaffinic feedstock in
5 the reactor- is suitably such that the emergent mixed vapour stream
fed to the cracker suitably contains 5-50%w/w of the waste polymer,
preferably from 10-35%w/w, more preferably 15-30%w/w. These
proportions are particularly suit@ble when using a fluidised sand
bed. | |
10 The solid fluidisable material of the fluidised bed reactor is
inert to the hydrocarbon reactants and products under the reaction
conditions and may be quartz sand; silica, ceramics, carbon black,
aluminosilicates and the like. Preferably, the solid fluidisable
” material is catalytically inert towards the polymer and fluidising
15 gas. The fluidisable material suitably comprises particles of a
size capable of being fluidised, for example 100 to 2000 um.

The fluidised bed reactor is supplied with a heated
fluidising gas. Preferably, the fluidising gas is free of molecular
oxygen and other oxidising materials, particularly when the wax

20 product is intended as a cracker feedstock component. - A suitable
fluidising gas is nitrogen or a gas comprising nitrogen such as a
refinery fuel gas which is a mixture comprising hydrogen, nitrogen
and aliphatic hydrocarbons, principally dl to Cg hydrocarbons. A
preferred fluidising gas is recycle gas which may be obtained by

25. removing wax and other liguid pfoducts from.the gaseous effluent
from the fluidised bed reactor and which comprises mainly Cj; to Cy
alkanes and alkenes. Recycle gas may be used with or without
nitrogen or other fluidising gases. In a particularly preferred
embodiment of the present invention fuel gas'may be used initially

30 as fluidising gas until sufficient recycle gas is produced to
replace the fuel gas, the system thereafter generating its own
fluidising gas. Hydrogen may also be present in the fluidising gas
for hydrogenation of the wéx'product either in the fluidised bed
reactor or, preferably in a downstream catalyst bed. Steam ﬁay also

35 be present in the fluidising gas to assist heat transfer.
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and below 690°C, preferably at about 450 to 600°C, more preferably
at about 500 to 550°C by the heated fluidising gas and optionally
The
fluidising gas is preferably heated to about 300 to 700°C, more
preferably about 650°C.

additional heating means inside or outside the reactor.

The fluidised bed may be operated at
sub-atmospheric, superatmospheric or atmosphéric pressure,
preferably near atmospheric pressure.

- The ratio of polymer to fluidising gas wili depend upon various
parameters, for example the type of fluidisable solid bed material
but for quartz sand, for example may be in the range 1l:1 to 1:20,
preferably about 1:1 to 1:10 by weight. .

Residence time of the polymer in the fluidised bed feactor will
depend upon such parameﬁers as the particle size, bed operating
temperatures and fluidising rate.

For 2 mm diameter by 4 mm long

'pellets of polymer residence

times varied from a few seconds to about 8 minutes in a
fluidised bed operated at 450 to 550°C.

The fluidised bed may be provided with particulate
solids such as alkaline earth metal oxides, for example

oxide in order to trap any unwanted acidic vapours such

small

alkaline
calcium

as hydrogen

chloride from polyvinyl chloride present in the polymer feed, which
may otherwise present a risk of corrosion to the equipment. A
proportion of such fluidisable solid material may be removed from
the bed and replaced with fresh material as the alkaline solids
react with acidic vapours.

The wax product is removed as a vapour, together with
fluidiging gas and other products in the gaseous effluent from the
reactor. This gaseous effluent is preferably passed through a
cyclone separator to remove fines. The gaseous effluent may then be
passed through a bed of alkaline solid (scrubbed) to remove any
residual traces of unwanted acidic vapours.

The gaseous effluent after optional scrubbing, is cooled to
yield the wax product which may be recovered by conventional means.

Prefefably the gaseous effluent is cooled by quenching, preferably
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with liquid, the undissolved gases may then be recycled, reheated
and reintroduced to the reactor as part or all of the fluidising -
gas. Part or all of the undissolved gases may also be used as fuel
gas. BSuitable quenching liquids are water or organic solvents.
Cooiing means such as heat exchangers may be used in place of or in
addition to quenching. If the wax is insoluble in the quenching
liquid it may be recovered by phase separation or the like. If the
wax is soluble in the quenching liquid it may be used as a solution
or recovered by conventional means such as solvent evaporation,
distillation or the like.

In a particularly preferred embodiment the scrubbed gaseous
effluent may be quenched with néphtha in which the wax product 'is
soluble with additional cooiing by means of a heat exchanger, if
required. The naphtha/wax mixture may be used as a refinery
feedstock, for example it may be fed to a steam cracker operating at
750 to 850°C to produce reusable olefins or fed to a catalytic
cracker to produce gasoline or upgraded in a hydrocracker or even
fed to a coker. In this way waste polymers may be converted into
useful refinery feedstock components. _

The waxes produced by the process of the present invention may
have a molecular weight (Mn) in the range 100-1000.

The waxes produced by the process of the present invention may
be used not ony as cracker feedstock components but also as mould
release agents, lubricants, transport fuels, polishes, péint and ink
additives and the like. '

In a further embodiment of the present invention saturated or

partially saturated waxes may be produced by contacting the wax

‘produced in the fluidised bed reactor with hydrogen "and. a suitable

hydrogenation catalyst at elevated temperature. Suitable catalysts
include nickel catalysts and the like. In a preferred embodiment
hydrogen is present in the fluidising gas feed to the fluidised bed
reactor, and after optional removal of e.g. acidic impurities by
scrubbing, the hydrogen/wax gaseous effluent from the reactor is
passed through a catalyst bed to saturate or partially saturate the

wax. Alternatively, wax product may be recovered from the reactor,
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optionally after quenching, and hydrogenated in a separate process
by known methods. )

If the mixed vapour of lower hydrocarbons is to be steam
cracked to lighter olefins, it is preferable that the polymer is

5 vaporised using a feed of hot naphtha vapours generated e.g. in a
convective sectibn of a thermal reactor under pressure as the
fluidising gas. '

In this case, the mixed vapours of lower hydrocarbons from the
reactor can be "dry scrpbbed" to remove any acidic impufities and

10 then fed to a steam céacker. The ratio of steam tc the mixed
vapours fed to the cracker is suitably from 0.2:1 to l:1 w/w,
preferably from 0.3:1 to 0.6:1 w/w. The steam cracker is oﬁerated

at temperatures at or above 600°C in the absence of any catalyst
added from an external source.

15 The mixed vapours may be mixed with hydrogen prior to steam
cracking. - This will aid the reduction of any tendency to form coke
in the steam cracker.

The steam cracking is suitably carried out at a temperature
above 700°C, preferably 750-850°C for optimum results. The steam

20 cracked product predominantly comprises olefins which can be used,
optionally after purification, for producing e.g. a fresh batch of
olefins oligomers or polymers. _ _

This method has considerable advantages over the prior art in

. that no catélysts need be employed and no significant oxidation of

25 the polymer occurs. Hence the resultant olefins are substaﬁtially
uncontaminated when compared with the processes used hitherto.

The invention will now be illustréted by reference to the:
following drawings and Examples in which Figure 1 represents in
simplified schematic form an apparatus for use in the process of the

.30 present invention for making waxes and Figure 2 represents in
simplified schematic form an apparatus for making wax/naphtha
cracker feedstocks in ‘a process according to the present invention.

Referring to Figure 1, a fluidised bed reactor (1) is provided
with solid fluidisable material (2), for example quartz sand. The

35 reactor is provided'with a supply (3) of fluidising gas comprising,
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(10). This may optionally including hydrogen. There is provided a heater (5) for

heating the fluidising gas. A screw feed (4) is provided for
feeding polymer into.thg reactor (l1). An outlet (6) is provided for

5 passing gaseous effluent from the reactor (1) to an alkaline solid
bed scrubber (7). A quencher (8) is provided for quenching the
scrubbed gaseous effluent from the reactor. The quencher (8) is
provided with a supply (9) of liquid quenchant,
conventionalseparation means shown as (10) for separating wax from

10 quenchant and a line (11) for recycling recovered quenchant through
cooler (16) as a suppi&l(Q) of quenchant. A supply (l4) of fresh
quenchantlis also provided. -

The conventional separation means (10) may comprise phase
separation, if the wax is insoluble in the quenchant, for example

15 water, or by solvent evaporation, distillation or like means if the
wax is soluble in the quenchant,'for example an organic solvent.
Depending upon the intended use of the wax, separation may not be
required.

A compressor (13) is provided for compressing undissolved gases

20 which pass along line (12) from the quencher (8), for use as
fluidising gas. _ _

An optional catalyst bed (15) comprising, for example a nickel
hydrogenation catalyst may be provided for hydrogenating or
partially hydrogenating the wax if requiréd, using hydrogen in the

25 fluidising gas. -

In use, a supply of fluidising gas (3), for example fuel gas
from supply (18), optionally including hydrogen is passed through
heater (5) which heats the gas to about 650°C and into the reactor
to fluidise the bed. Waste ﬁolymer is fed through screw feed (4)

30 into the reactor where it degrades to form a ﬁapour wax produét.-
The wax product together with fluidising gas and other gaseous and
vapour products passes out of the reactor as a gaseous effluent via
a cyclone separator (not shown) along line (6) and through alkaline
solid bed scrubber (7). The scrubbed gaseous effluent then passes

35 to the quencher (8) where it is quenched by the liquid quenchant
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increase, optionally replace, the fuel gas (18) for fluidising the
reactor bed. Excess recycle gas passes along line (17) for use as a
5 . fue; gas, for example to provide the heating for the fluidising gas
' by heater (5). The quenchant together with wax product passes to a
conventional separation step shown schematically as (10). This may
be filtration, if the wax is insoluble in the quenchant, for example
water, or by solvent evapofation, distillation or the like if the

10 wax is soluble in the quenchant, for example an organic solvent.
Depending upon the-intended_use of the wax, separation may not be
necessary. Recovered quenchant may pass along line (ll), combine
with fresh quenchant from line (14) and pass through optional cooler
(16) before being recycled along line (9) to the quencher (8).

15 If saturated or partially saturated waxes are to be produced,
the fluidising gas (3) may contain hydrogen which passes through the
fluidised bed reactor. The hydrogen and wax product may then react
on partial cooling in optional catalyst bed (15).

Figure 2 illustrates a preferred embodiment of the present

20 invention in which the wax is quenched from the vapour by naphtha
refinery cracker feedstock. Items common to Figure 1 have common
reference numerals.

Referring to Figure 2, a fluidised bed reactor (1) is provided
with a solid fluidisable material (2), for example quartz sand. The

25 reactor is provided with a supply (3) of fluidising gas comprising,
for example initially, at least in part, a supply of fuel gas (18)
and comprising optionally hydrogen. There is also provided a heater
(5) for heating the fluidising gas. A screw feed (4) is provided
for feeding polymer into the reactor. An outlet (6) is provided for

30 passing gaseous effluent from the reactor (1) to an alkaline solid
bed scrubber (7) containing calcium oxide. A supply (20) of naphtha
is provided for combining with and quenching scrubbed gaseous
effluent. A cooler (21) is also provided together with a separator
(22) for the cooled quenched naphtha/wax material. The separator

35 (22) is provided with an outlet (25) for naphtha enriched with wax
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the undissolved gas for use as fuel gas, for example to supply the
heater (5). The other line (12) is for recycle gas via compressor

5 (13) for use as fluidising gas. '

In use, a supply of fluidising gas (3), initially fuel gas from
an external source (18), optionally including hydrogen is passed
from the heater (5) which heats the gas to about 650°C and into the
reactor to fluidise the bed (2). Waste polymer is fed through screw

10 feed (4) into the reactor where it degrades to form a vapour wax
product. The wax product together with fluidising gas and other
gaseoﬁs'and vapour products passes out of the reactor as a gaseous
effluent via a cyclone separator (mot shown) along outlet line (6)
and-thrbugh the alkaline solid bed scrubber (7). The scrubbed

15 gaseous effluent is then combined with naphtha from supply line (20)
and passes through cooler (21) where the vapours are quenched and
cooled. The cooled, quenched mixture passes to a separator (22).
Undissolved gases from the separator pass along line (12), through a
compressor (13) and combine with the fluid gas for recycle to the

20 reactor (l1). Some of the undissolved gases may be used as a fuel
gas along line (24), for example to the heater (5).

After start-up using an external source of fuel gas (18), the
fluidising gas (3) for the reactor bed may comprise only recycle gas
from line (12).

25 Naphtha together with the wax product leaves the separator
along line (25) for use as a cracker feedstock in cracker (26).
Examples 1-8 Preparation of Wax - _

"~ A fluidised quartz sand bed reactor-fluidised with nitrogen was
used to produce waxes from several grades of polymer (polyethylenes

30 supplied by BP Chemicals and polypropylene supplied by Appryl) at
different temperatures. '

A 50 ml bed of quartz sand (106~180 pm size) in a 45 mm outside

" diameter quartz glass tube was used as the fluidised bed réactor.
The reactor was provided with a three zone tubular furnace for

35 heating to the required temperature (500 to 550°C), the first =zone
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Is also provided together wwth a separator (22)

napht ha/ wax- mat eri al. The separat or
being used to pre-heat the fluidising gas. Nitrogen was used as
fluidising gas at 1.5 litre/min at NTP for 106 to 180 pm sand. The

bed was operated at atmospheric pressure.
Polymer pellets (about 2 mm diameter and 4 mm long) were
5 dropped into the bed at the rate of 10 gram over 15 minutes.
Gaseous effluénts for the reactor was passed'through a wide
bore glass 'U' tube cooled in a cardice bath. The collected wax
products were analysed by Gel Permeatiop Chromotography (GPC) and
melted at a temperature of typically 50 to 80°C. Other experiments
10 showed that gaseous hydrocarbons found under the fluidising bed
conditions were no more than 5% by weight at 550°C.
Results are shown in Table 1 in which

My = arithmetic mean molecular weight

n
15 : (N3 M3)
| - i=1
N
My = mass mean molecular weight
' n
20 = x; My
i=1

wherein xj = mass fraction of given increment,

n = number of increments,

M; = average molecular weight in increment i,
25 Ny = number of molecules in total sample,

Nj = number of molecules in increment.
For the HDPE My = 11000 and My = 171000;
Example 9 _
Example 1! was repeated using 180-250 um sand, and a fluidisiﬁg
30 gas rate of 3.0 litre/min at NTP. My of the wax product was 370
and My was 540. ' '

35
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6~ thre bed

Fluidised
Bed Reactor
5 Example Temperature
No. Polymer Feed °C My My
1 High density
polyethylene 500 410 580
10 002-05
2 High density
polyethylene - 550 180 290
002-05
15 _
3 Linear low density
polyethylene 500 390 550
209 AA
20 4 Linear low density
polyethylene 550 220 330
209 AA
5 Low density
25 polyethylene 500 380 550
BP 83
6 Low density ]
polyethylene 550 290 390
30 BP 83
7 Polypropylene 500 690 915
8 Polypropylene: 550 410 620
35
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Wax produced in Example 1 was cracked with naphtha in a -

micro-cracker operating with a maximum temperature of 800°C to 820°C
in the preseénce of steam. |

The micro-reactor used consisted of a 1/8 inch nominal bore
stainless steel tube in an electrically heated 24 inch tubular
furnace. The cracker was operated at 5 psig with a coil outlet
temperature of 820°C with a contact time of 0.9 seconds. A small
flow of helium (1 litre/hour) was maintained to the coil to provide
pressure contrél; Naphtha, molten wax and water feed rates are
shown in Table II. The cracked products were #nalysed using a Carle
Analyser.

In Example 10 naphtha was cracked in the presence of steam. 1In
Examples 11 and 12 wax and naphtha were.co-cracked in the presence
of steam. The results in Table III are for the cracking produéts of
the wax alone, calculated by subtracting the known products from
cracking the naphthé (Example 10) assuming the products to be
additive. No ccke detectable was depdsited during the cracking and
mass accountability was good. Conversion was estimated to be around
92%. Preliminary experiments have indicated that the highers
comprise mainly cyclo-pentadiene, benzene, toluene and C8 aromatics.

A relatively low cracking severity was chosen giving olefin
yields from naphtha similar to a commercial HGO4 furnace modified to

crack naphtha.
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together with the vvai’! S the separator EBhQCFMF use
as. a cracker feedstoc (26). Exanpl es 8 Prebﬁr%’foﬁg
fluidised quartz sand bed reactor f1ui dcgsek wirt h njj Seyenwas - used:
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STEAM MICROCRACKING OF NAPHTHA/WAX MIXTURES

. Run ' 1 2 3

5
Feedrates (g/hr
naphtha . 4.2 2.8 2.8
wax - 0 1.4 1.4
water : 1.6 1.6 1.6

10 lyie1rds (zwt)
hydrogen 0.79 . 0.74 0.71
methane 10.26 11.15 11.17
ethane | 3.05 3.35 3.39
ethylene . 21.46 25.31 25.43

15 lacetylene 0.20 0.21 0.21
propane _ 0.34 . 06.35 0.35

|propylene : 14,62 15.38 15.42

C3 acetylenes ' 0.15 0.16 0.16
isobutane 0.1 0.1 0,1

20 |a-butane 0.23 0.23 0.23
butene-1 2.41 2.23 2.27
isobutene 2.19 1.56 1.59
butene~2 0.88 0.89 0.91
butadiene 3.59 4.31 4.57

23 isopentane 1.97 1.15 1.17
n-pentane 3.10 2.01 2.33
others (by difference) 34.76 30.97 30.09

30

35
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at

hydrogen
methane
ethane
ethylené
acetylene
propane
propylene
C3 acetylenes
isobutane
n-butane
butene-1
isobutene
butene-2
butadiene
isopentane
n-pentane

others (by difference)

0.60
12.96
4.01
33.19
0.23
0.37
16.96
.18
.00
.23
.93
.35

o = O O O

6.14
-0.46
0.31
22.07
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sequence of steps used -to generate olefins from waste polymers.
This diagram shows an integrated process in which a hot paraffinic
feedstock (27) is used to fluidise and vapourise waste polymer
(28). The mixed hydrqcérbon vaﬁour stream, cleaned of acidic
impurities (29), is then cracked in a éteam.cracker (30), and the
products separated in a purification stage (31) to recover the |
olefins.

This process of the present invention is further illustrated
with reference to the following Example 13: ‘

The Example outlined below is based on computer modelling of
one of our commercial HGO4 steam crackers which was actually
modified to provide a naphtha cracking capability. The process can,
however, be applied to any steam cracker capable of using naphtha
type paraffinic feedstock to produce olefins.

A process flow sheet iﬁcorporating-the modelled polymer
cracking process into a 13 te/hr HG04 steam cracker is shown in
Fig.4. appended herewith.

In the process, 11.05 te of naphtha Ca. 6.82 te/hr and steam
were pre-heated to 550°C in the first section of a convective bank
of a steam cracker furnace.: This heated naphtha and steam stream
were fed to the base of the £luidised bed in the vaporiéer reaétor,
where it became both a fluidising medium and a heat source. A
by-pass valve was be provided to allow the polymer feed to the
cracker to be switched off thereby enabling the steam cracker. to
operate normally when necessary. |

Wasté polymer particles shredded to a maximum dimension of
2-4 cm and having a composition shown in Table IV below were
screw-fed into the fluidised bed.



ohditibns were no nore than 5% by weight at [err]

Tabl'e1l in mhlch_LeLL}_aLLLhneLLc_nean nol ecul ar wei g

mean nol ecul ar

mass fra

RegluirtHs SHEETSHASVBEEN

[erRFPEGGEP = na

in [err]—
s, M = gverage
er of nol ecul es

i ncr ement,
i ncrement i,

n =
30

Table IV
- Example 13

int

—Of g|ven

no

:fﬁ#

POLYMER TYPE

MASS %

POLYETHYLENE -~ LLDEE
- LDPE
- HDPE

18
53

POLYPROPYLENE

18
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Ethyiene- 4
vinylalcohol copolymer

TOTAL 100

A polymer/naphtha ratio of 15:85, based on a heat and mass
balance, was used. The fluidised bed was a quartz sand and a sand
to polymer ratio of 9:1 v/v was used. The polymer residence time in
the bed was dictated by the time taken to vaporise the polymer
particles. | .

Calcium oxide, in slight excess of the stoichiometric
requirement was used to remove hydrogen chloride resulting from the
BVC content of the polymer feed. This impurity was removed from the
fluidised bed as a base stream mixture comprising calcium chloride,

calcium oxide and sand. _

The naphtha/polymer vapour stream emerging from the fluidised.
bed at about 490°C was fed into a cyclone (not shown) to remove any
entrained fines, before passing the vapour stream through a guard
bed (which contained a further aliquot of calcium oxide) used to
remove by scrubbing any remaining traces of HCl from that stream.

The scrubbed vapour stream of naphtha/polymer was then be fed
into the radiative bank of the steam cracker. The cracking

temperature in the steam cracker was be about 750° to 850°C.
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The product yield spectrum resulting from such a process is
tabulated in Table V below:

Table V
15/85 Naphtha Enhancement
Component | Feed(i) Feed(ii) of Product
% mass % mass Yield %
Ethylene 31.4 .29.1 7.7
Propylene | 17.6 17.4 1.2
Butadiene | 5.0 4.99 0.04

- These figures are based on micro-cracker experiments and have
been adjusted to eliminate coking losses.
(i) Yield from a cracker feed of 15% polymer and 85% naphtha.
(ii) Yield from a cracker feed of 100%Z naphtha.
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Claims:
1. A.procesé for préducing lower hydrocarbons from waste and/or

fresh polymer by pyrblysis, said process comprising vaporising the
waste/fresh polymer in the presence of a fluidising gas and a
fluidised bed of a solia particulate fluidisable material inert to.
the hydrocarbon reactants and products under the reaction cénditions

in a reactor at a temperature from 300-690°C to form by pyrolysis-a
2. A process accordlng ‘to Claim 1 wherein the polymer contalns no -

3. A process according to any one of the preceding Claims wherein

the polymer is one or more of polyethylene, polypropylene and

4, A process aééording to Claims 1-3 wherein the waste aﬁd/or

fresh polymer is admixed with a paraffinié feedstock prior to

paraffins, olefin oligomers and waxes having a molecular weight

a) vaporising the waste/fresh polymer in the presence of a
fluidising gas and a fluidised bed of a solid particulate
fluidisable material inert to the hydrocarbon reactants and

products under the reaction conditions in a reactor at a

5
mixed vapour of lower hydrocarbons.
100 more than 10% w/w of groups other than carbon and hydrogen
polystyrene.
15
pyrolysis in the reactor.
5, A process for'producing one or more of light olefins,
below 3000 from waste and/or fresh polymers, said process
20 comprising: '
25

température'from 300-690°C to form a mixed vapour of lower
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hydrocarbons, and
b) cracking the mixed vapour of lower hydrocarbons in the presence
of steam and at a temperature of at least 600°C.
6. A process according to any one of the preceding Claims wherein
the fluidisable material has a particle size of 100 to 2000

micrometers.

7. A process according to any one of the preceding Claims wherein

the fluidising gés is free of molecular oxygen or other oxidising

materials.

8. A process according to any one of the preceding Claims wherein
the fluidising gas is a mixture of gases comprising hydrogen,
nitrogen and principally C; to Cg hydrocarbons. |

9. A process according to any one of the preceding Claims wherein
the fluidised bed is maintained at a temperature from 450-600°C.
10. A process- according to any one of the preceding Claims wherein
the fluidised bed is provided with particulate alkaline solids in
order to trap any acidic vapours which are either present in the
polymer feed or are formed during the vaporisation reaction.

11. A process according to any one of the preceding Claims 5-10
wherein the mixed lower hydrocarbon vapours emergent from the
vaporisation stagé are quenched with naphtha and the resultant
mixture subjected to steam cracking.

12. A process according to any one of the preceding Claims 5-11
wherein the steam ecracking is carried out in the substant1a1 absence
of a catalyst added from an external source.

13. A process according to any of the preceding Claims 5-12 wherein
the steam cracking is carried out at a temperature from 750-850°C.
14. A process according to any one of the preceding Claims 5-13 -
wherein the steam cracking is carried out by using a steam to the

mixed lower hydrocarbon vapour ratio of 0.2:1 to 1:1 w/w.

Trmsmm

LTI
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ABSTRACT

POLYMER CRACKING

This invention relates to a process for the conversion of waste
and/or fresh polymers, especially polyolefins, into lower
hydrocarbons by vaporising thém in a fluidised bed of particulate
material in the presence of a fluidising gas at a temperature from
300~690°C. The lower hydrocarbons can be further converted to
useful olefins, paraffins or waxes by steam cracking the lower
hydrocarbons, preferably in the absence of any cétalyst. This is an

effective and efficient method of recycling waste polymers.

No figure.
This Sheet Has Been Repl.
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Exanpl es. 10-12 - Co- Cracking of Naphtha and Wax Feedstocks Wax produced in
Exanple 1 was cracked with naphtha in a mcro-cracker operating with a
maxi mum tenperature of [err] to [err] in the presence of steam 5

The m cro-reactor used consisted of a 1/8 inch (0.3175cm) nom nal bore
stainless steel tube in an electrically heated 24 inch 2 [
furnace. The cracker was operated at/ [err])with a coi
of [err] with a contact tinme of 0.9 seconds. A small fl‘
litre/ hour) was maintained to 10 the cpyd to provide prse
Napht ha, nolten wax and wat er '

Figl
product

This Sheet Has Been Re[ilaced
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feéd rét.es are shown in Table Il. The cracked product g| wer e ppalayged UsSi

a.Carle Analyser. In Exanple 10 naphtha was crackedf

steam |In Exanples 11 and 12 wax and naphtha were c
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products of the wax al one, cal cul ated by subtracting dde. Known p

from cracki ng the naphtha (Exanple 10) assum ng the preoduets-to_Be " "
addi tive. No coke detectabl e was depos?f%d during the cracking and nmass
accountability was good. Conversion was estimated to be around 20 92%
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POLYMER CRACKING

This invention relates to a process for producing one or more
of light olefins; péraffins, naphthenes, olefin oligomers and waxes
from waste and fresh polymers particularly polyolefins and the uses
of waxes so produced particularly as refinery feedstock components.

Waste polymers such as polyolefins represent an under-exploited
source of recyclable energy and new and raw materials. Several
attempts have been made to convert waste polymers into fuel,
recyclable plastics and monomers, for example for the pufposes of
re-polymerisation. _

It is known to thermally degrade polymers such as polyolefins
to produce'waxes. Thus, for example:

US-A-3519609 describes.a process for the production of low
viscosity synthetic waxes by heating high molécular weight

polyolefins at 200 to 400°C in the absénée.of oxygen and in the

presence of a saturated organic anhydride catalyst; <

GB-A-1108295 describgsfa.prOCess for the production of wax-like
ethylene (co)-polymers by the thermal decbmposition of high
molecular ﬁeight polymers in the absence of air and oxidising agents
in which the high molecular weight polymers are mixed with a melt of
already decomposed polyethylene (co)4polymer.

FR-A-2613721 describes a process for the production of
synthetic waxes by the thermal decomposition of polyethylenes and
polypropylenes at 360 to 500°C. In a preferred embodiment the '
polyethyiene or polypropylene is injected into a heated steel tube

in the presence of steam.
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FR-A~-2480287 describes a process for the production of
polyolefin wax by continuously extruding polyethylene through a
heated reactor. _ ' _

- .BE-A-828159 describes a process for preparing waxy polyethylenes
5 by cracking polyethylene residues at 350 to 385°C, for example by
pumging a molten mixture-through a heated tubular coil.

JP-A-48075680 describes thermal decomposition of synthetic
polymers by melting and transporting through varied conditions.

DE—A~£222267 describes converting polymer waste into fuels using
10 a screw melt extruder. '

JP-A-55071789 describes thermal éracking of plastics to obtain
an oligomer and hydrocarbon oil in which the temperature of the
reaction zone is regulated.

It is known to degrade polymers to olefins at temperatures

15 above 690°C in a fluidised bed reactor. For example, Kaminsky, W et
al in Conservation & Recycling, vol. 1, pp 91-110 Pergamon Press
1976 describes recycling of plastics using.fluidised beds to form
lower olefins and aromatics.

It has now been found that polymers can be thermally degraded

20 in a f£luidised bed reactor to produce lower hydrocarbons which can
be used for, amongst other things, refinery feedstock components
particularly for crackers.

Accordingly, the present invention is a proéess for producing
lower hydrocarbons comprising one or more light olefins, paraffins,

25 naphthenes, olefin oligomers and waxes which have a significantly !
lower molecular weight than the polyolefins being converte& thereto
from waste and/or fresh polymer comprising no more than 10% w/w of
groups other.than carbon and hydrogen by pyrolysis, said process
comprising vapofising the waste/fresh.polymer in the

30 presence of a fluidising gaé free of molecular oxygen or other
oxidising materials and a fluidised bed of a solid particulate _
fluidisable material inert to the hydrocarbon reactants and.hydrocarbon
products under the reaction conditions in a reactor at a temperature
from 300-690°C to form by pyrolysis a mixed vapour of lower |

35 hydrocarbons.
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The expression "lower hydrocarbons" as used herein and
throughout the specification is meant to include one or more of
light olefins, paraffins, naphthenes, olefin oligomers and waxes
which have a significantly lower molecular weight than the
polyolefins being converted theréto.

The polymers referred to herein ére-substantially polyolefins
such as e.g. polyethylene, polypropylene, polystyrene and copolymers
thereof. For the purposes of the present invention polymers
containiﬁg groups other than carbon or hydrogen e.g. EVC, poly(vinyl
fluoride), polyesters, polyamides and poly(vinyl acetate) are noﬁ to
be considered, whether ﬁaste or fresh, for the purposes of recycling
éccording to the present invention.

Thus, the polymers being recycled according to the process of -
the present invention contain no more than 10% w/w,
preferably less than 5% w/w, more preferably less than 1%/w/w of the
polymers containing groups other than carbon and hydrogen.

The mixed vapour of lower hydrocarbons can be treated in
several ways. For instance, the mixed vapour of lower hydrocarbons
can be cracked in a cracker at a temperature of at least 660°C in
the presence of steam optionally in the presence of, preferably in
the substantial absence of, a catalyst added from an external source
to form light olefins, paraffins, olefin oligomers and/or a wax
having a molecular weight below 3000, suitably from 100-1000.

As is evident from the above, some_of the chemicals present in

the waste polymers may have inherent cracking ability. The present

_invention does not visualise the removal of such catalytically

active chemicals inherently present in such waste prior to
cracking.

If the predominant product in the mixed vapour of lower
hydrocarbons is a wax, the latter can be used as a refinery
feedstock, for example as a feedstock component to hydro-, steam-,
or catalytic-crackers. The wax may be converted to useful lower
olefins in a steam cracker at 750 to 850°C; to gasoline in a
catalytic cracker and upgraded in a hydrocracker. FProduction of the

wax as an intermediate product between the polymer degradation stage
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and the cracker provides flexibility. Thus the wax may be easily
transported as solid, liquid or in solution between the fluidised
bed reactor and the cracker which may thus be located remotely from
the reactor. Also, it is believed that the wax may be lower in non-
hydrocérbon components than the original polymer, making it a more
suitable feedstock component for crackers than the

original polymer. | o

The polymer feed to the fluidised bed reactor may be fresh or
waste polymer, preferably waste polymer. A suitable source of waste
polymer is from blastics packaging. Such waste polymer may comprise
co-mingled waste polyethylene, polypropylene, ethylene wvinyl and
alcohol-laminated f£ilms.. |

The polymer introduced to the fluidised bed reactor, preferabdbly
comprises one or more polyolefins, for example polyethylene,
polypropylene, copolymers of propylene and ethylene and the like.
High, low and/or linear densities of polyolefin may be used.

If the wax product is to be relatively low in aromatics
content, for example for use in a steam cracker feedstock, it is
desirable that the polystyrene content of the polymer intrbduced to
the fluidised bed reactor is less than 5% by weight, preferably less
than 3% by weight. It is also desirable that the polymer feed be
essentially free of non-hydrdcarbon contaminénts, for example, that
the polyéinyl chloride (PVC) content of the polymer feed be less
than 1Z by weight. It is also desirable that the ethylene-vinyl
alcohol or polyester (fbr example, polyethylene terepﬁthalate)
content be less than 1Z by weight. _ )

The polymer should preferably be shredded into pieces which are
able to be screw-fed into the reactor and which are fluidisable in
the fluidised bed reactor. Pieces having dimensions of about 2 cm
by 4 cm long may be suitable for feeding into a commercial scale
reactor and for vaporising the polymer in the reactor.

Prior to pyrolysis in the reactor the polymer can be mixed with
a paraffinic feedstock. The paraffinic feedstock is suitably free
of any substantial amounts of olefinic, acetylenic or aromatic

hydrocarbons for optimum performance. The paraffinic feedstock may
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be naphtha, gas oils (bp 250-340°C) and feeds rich in butane and/or
propane.

The waste polymer and the paraffinic feedstock can be fed into
the reactor premixed, simultaneously or sequentially. The one

5 important criterion is that they are in the vapour state together in
the reactor for maximum efficiency. Thus the polymer may be
vaporised using a feed of hot naphtha vapours generated e.g. in the
convective section of a thermal cracker.

The:ratio of the waste polymer to the paraffinic feedstock in

10 the reactor is suitably such that the emergent mixed vapour stream
fed to the cracker suitably contains 5-50%w/w of the waste polymer,
preferably from 10-35%w/w, more preferably 15-30Zw/w. These
proportions- are particularly suitable when using a fluidised sand
bed.

15 The solid fluidisable material of the fluidised bed reactor is
inert to the hydrocarbon reactants and products under the reaction
conditions and may be quartz sand, silica, ceramics, carbon black and
aluminosilicates.. Preferably, the solid fluidisable
material is catalytically inert towards the polymer and fluidising

20 gas. The fluidisable material suitably comprises particles of a
size capable of being fluidised, for example 100 to 2000 um.

The fluidised bed reactor is supplied with a heated

¢ fluidising gas. The fluidising gas is free of molecular
.oxygéh and other oxidising materials, .

x 25 . - | A suitable ¢
fluidising gas is nitrogen or a gas comprising nitrogen such as a
réfinery fuel gas which is a mixture comprising hydrogen; ﬁitrogen
and aliphatic hydrocarbons, principally C; to Cg hydrocarbons. A
preferred fluidising gas is recycle gas which may be obtained by

30 rémoving wax and other liquid products from the gaseous effluent
from the fluidised bed reactor and which comprises mainly Cj to Cy
alkanes and alkenes. _Recycie gas may be used with or without
nitrogen or other fluidising gases. In a particularly preferred
embodiment of the present invention fuel gas may be used initially

35 as fluidising gas until sufficient recycle gas is produced to
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Is used to fluidise and vapouri se ‘'waste polynmer 5 (28).

f eedst ock (27)

The m xed hydrocarbon vapour stream cleaned of acidic inpurities (29), is

then cracked in a steam cracker (30), and the produ;
purification stage (31) to recover the olefins. Thi
i nvention is further illustrated 10 W th &eferenc
Exanpl e 13: The Exanpl e outlined below is based on
one of our commercial HGO4 steam crackers which masLact
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replace the fuel gas, the system thereafter generating its own

fluidising gas. Hydrogen may also be present in the fluidising gas

for hydrogenation of the wax product either in the fluidised bed

reactor or, preferably in a downstream catalyst bed. Steam may also

be present in the fluidising gas to assist heat transfer.

The £luidised bed is maintained at a temperature of above 300
and below 690°C, preferably at about 450 to 600°C, more preferably
at about 500 to 550°C by the heated fluidising gas and optionally
additionél heating means inside or outside the reactor. The
fluidising gas is preferably heated to about 300 to 700°C, more
preferably about 650°C. The fluidised bed may be operated at
sub-atmospheric, superatmospheric or atmospheric pressure,
preferably near atmospheric pressure.

The ratio of polymer to fluidising gas will depend upon various
parameters, for example the type of fluidisable solid bed material
but for quartz sand, for example may be in the range 1:1 to 1:20,
preferably about 1:1 to 1:10 by weight.

Residence time of the polymer in the fluidised bed reactor will
depend upon such parametérs as the particle size, bed operating
temperatures and fluidising rate. For 2 mm diameter by 4 mm long
pellets of polymer residence
times varied from a few seconds to about 8 minutes in a small
fluidised bed operated at 450 to 550°C. .

The fluidised bed may be provided with particulate alkaline
solids such as alkaline earth metal oxides, for example calcium
oxide in order to trap any unwanted acidic vapours such as hydrogen
chloride from polyvinyl chloride present.in the polymer feed, which
may otherwise present a risk of corrosion to the equipment. A
proportion of such fluidisaﬁle solid material may bg removed from
the bed and replaced with fresh material as the alkaline solids
react with acidic Qapours.

The wax product is removed as a vapour, together with
fluidising gas and other products in the gaseous effluent from the
reactor. This gaseous effluent is preferably passed through a

cyclone separator to remove fines. The gaseous effluent may then be



nodi fi'ed to provide a naphtha cracking capability. The process can,
however, be applied to any steam cracker capable of using naphtha 15 type
paraffinic feedstock to produce olefins. A process flow sheet incorporating
t he nodel | ed pol yner cracking process into a 13 tegk=22=MtrFrec—tonneq)/h

HGO4 steam cracker is shown in Fig.4. appended her vﬂEﬂrLAOEMEW'eSﬁFg

11.05 te(1l.123 Metric tonnes) of naphtha-Ca.- 20 f. 82 te
pre-heated to [err] in the first section of a ConV“CDﬁmQﬁgggﬁﬁB&mggg {
rewere=FEd T T he

cracker furnace. This heated naphtha and steam stré
of the fluidised bed

passed through a bed.of alkaline solid (scrubbed) to remove any

residual traces of unwanted acidic vapours.

The gaseous effluent after optional scrubbing, is cooled to
yield the wax product which may be recovered by conventional means.

5 Preferably the gaseous effluent is cooled by quenching, preferably
with liquid, the undissolved gases may then be recycled, reheated
and reintroduced to the reactor as part or all of the fluidising
gas. Part or all of the undissolved gases may also be used as fuel
gas. Suieable quenching liquids are water or organic solvents.

10 Cooling means such as heat exchangers may be used in place of or in
addition to quenching. If the wax is imsoluble in the quenching
liquid it may be recovered by phase seﬁaration._ . If the
wax is soluble in the quenching liquid it may be used as a solution
or recovered by conventional means such as solvent evaporation or

15 distillation, ‘

In a particularly preferred embodiment the scrubbed gaseous
effluent may be quenched with naphtha in which the wax product is
solﬁble with additional cooling by means of a heat exchanger, if
required. The naphtha/wax mixture may be used as a refinery

20 feedstock, for example it may be fed to a steam cracker operating at
750 to 850°C to produce reusable olefins or fed to a catalytic
cracker to produce gasoline or upgraded in a hydrocracker or even
fed to a coker. In this way waste polymers may be converted into
useful refinery feedstock components.

25 The waxes produced by the process of the present invention may *
have a molecular weight (Mp) in the range 100-1000.

The waxes-produced.by the process of the present invention may

X be used not only as cracker feedstock components but also as mould

release agents, lubricants, transport fuels, pelishes, paint and ink
£ 30 additives,

In a further embodiment of the present invention saturated or
partially saturated waxes may be produced by contacting the wax
produced in the fluidised bed reactor with hydrogen and a suitable
hydrogenation catalyst at elevated temperature. Suitable catalysts

X 35 include nickel catalysts. In a preferred embodiment



in the vaporiser reactor, where it becane both a fluidising nediumand a-
heat source. A by- pass val ve was be provided to allow the 25 pol yner feed
to the cracker to be switched off thereby enabling they steam cracker to
operate normally when necessary. Waste polymer particles shredded to a

maxi mum di mensi on of 2-4 cm and having a conpositio _Table IV

bel ow were screwfed into the fluidised hed .30 35

hydrogen is present in the fluidising gas feed to the fluidised bed
reactor, and after optional removal of e.g. acidic impurities by
scrubbing, the hydrogen/wax gaseous effluent from the reactor is
passed through a catalyst bed to saturate or Partially saturate the

5 wax. Alternatively, wax product may be recovered from the reactor,
optionally after quenching, and hydrogenated in a separate process
by known methods.

If the mixed vapour of lower hydrocarbons is to be steam
cracked to lighter olefins, it is preferable that the polymer is

10 vaporised using a feed of hot naphtha vapours generated e.g. in a
convective section of a thermal reactor under pressure as the
fluidising gas.

In this case, the mixed vapours of lower hydrocarbons from the
reactor can be "dry scrubbed" to remove any acidic impurities and

15 then fed to a steam cracker. The ratio of steam to the mixed
vapours fed to the cracker is suitably from 0.2:1 to 1l:1 w/w,
preferably from 0.3:1 to 0.6:1 w/w. The steam cracker is operated
at temperatures at or above 600°C in the absence of any catalyst
added from an external source.

20 The mixed vapours may be mixed with hydrogen prior to steam
cracking. This will aid the reduction of any tendency to form coke
in the steam cracker.

The steam cracking is suitably carried out at a temperature
above 700°C, preferably 750-850°C for optimum results. The steam

25 craéked product predominantly comprises olefins which can.be used,
optionally after purification, for producing e.g. a fresh batch of
olefins oligomers ar polymers.

This method has considerable advantages over the prior art in
that no catalysts need be employed and no significant oxidation of

30 the polymer occurs. Hence the resultant olefins are substantially
uncontaminated when compared with the.processes used hitherto.

The invention will now be illustrated by reference to the
following drawings and Examples in which Figure 1l represents in
simplified schematic form an apparatus for use in the process of the

35 present invention for making waxes and Figure 2 represents in



.18 Table IV Exanple 13 POLYMER TYPE MASS % POLYETHYLENE -

LLDPE
18

18 -

10

15

20

25

30

35

LDPE 53 - HDPE - 7 POLYPROPYLENE

REPLACEMENT gy
Date . 0 4 SEP 1997

simplified schematic férm an apparatus for making wax/naphtha
cracker feedstocks in a process according to the present invention.

Referring to Figure 1, a fluidised bed reactor (1) is provided
with solid fluidisable material (2), for example quartz sand. The
reactor is provided with a supply (3) of fluidising gas comprising,
fof examﬁle initially at least in part a supply of fuel gas (18) and
optionally including hydrogen. There is provided a heater (5) for
heating the fluidising gas. A screw feed (4) is provided for
feeding pblymer into the reactor (1). An outlet (6) is provided for
passing gaseous effluent from the reactor (1) to an alkaline solid
bed scrubber (7). A quencher (8) is provided for quenching the
scrubbed gaseous effluent from the reactor. The quencher (8) is
provided with a supply (9) of liquid quenchant,
conventionalseparation means shown as (10) for separating wax from
quenchant and a line (11) for recycling recovered quenchant through
cooler (16) as a supply (9) of quenchaht. A supply (14) of fresh
quenchant is also provided.

The conventional separation means (10) may comprise phase’
separation, if the wax is insoluble in the quenchant, for example
water, or by solvent evaporation or distillation if the
wax is soluble in the quenchant, for example an organic solvent.
Depending upon the intended use of the wax, separation may not be
required.

A compressor (13) is provided for compressing undissolved gases
which pass along line (12) from the quencher (8), for use as *
fluidising gas.

An optional cataiyst béd (15) comprising, for example a hickel
hydrogenation'catalyst_may be provided for hydrogenating or
partially hydrogenating the wax if required, using hydrogen in the
fluidisihg gas.

In use, a supply of fluidising gas (3), for example fuel gas
from supply (18), optionally including hydrogen is passed through
heater (5) which heats the gas to about 650°C and into the reactor
to fluidise the bed. Waste polymer is fed through screw feed (4)

into the reactor where it degrades to form a vapour wax product.



Et hylene- . 4 vinyl al cohol copol yner TOTAL
100 A polyner/naphtha ratio of 15:85, based on a heat and mass bal ance, was
used. The fluidised bed was a quartz sand and a sand to polyner ratio of

9:1 v/v was used. The polymer residence tine in the:'bed was dictated by the
time taken to vaporise the polyner particles. Cal ciprmaas Ha-—slight

—pc-gda [l
excess of the stoichionetric requirenment was +sed tlo REP E o ISPEER
chloride resulting fromthe ' Hﬁ@f&%ﬁww _

..............................

The wax product together with fluidising gas and other gaseous and
vapour products passes out of the reactor as a gaseous effluent via
a cyclone separator (not shown) along line (6) and through alkaline
solid bed scrubber (7). The scrubbed gaseous effluent then passes

5 to the quenchér (8) where it is quenched by the liquid quenchant
provided through line (9). Undissolved gases pass along line (12)
as recycle gas, through compressor (13) and combine with and as they
increase, optionally replace, the fuel gas (18) for fluidising the
reactor ﬁed. Excess recycle gas passes along line (17) for use as a

10 fuel gas, for example to provide the heating for the fluidising gas
by heater (5). The quenchant together with wax product passes to a
conventional separation step shown scﬁematically as (10). This may
be filtration,_if the wax is insoluble in the quenchant, for example

X water, or by solvent evaporation or distillation - if the

15 wax is soluble in the quenchant, for example an organic solvent.
Depending upon the intended use of the wax, separation may not be
necessary. Recovered quenchant may pass along line (ll1), combine
with fresh quenchant from line (l4) and pass through optional cooler
(16) before being recycled along line (9) to the guencher (8).

20 If saturated or partially saturated waxes are to be produced,
the fluidising gas (3) may contain hydrogen which passes through the
fluidised bed reactor. The hydrogen and wax product may then react
on partial cooling in optional catalyst bed (15).

Figure 2 illustrates a preferred embodiment of the present

25 invention in which the wax is quenched from the vapour by naphtha
refinery cracker feedstock. Items common to Figure 1 have common
reference numerals. _ _

Referring to Figure 2, a fluidised bed reactor (1) is provided
with a solid fluidisable material (2), for example quartz sand. The

30 reactor is provided with a supply (3) of fluidising gas comprising,
for example initially, at least in part, a supply of fuel gas (18) -
and comprising optionally hydrogen. There is also provided a heater
(5) for heating the fluidising gas. A screw feed (4) is provided
for feeding polymer into the reactor. An outlet (6) is provided for

35 passing gaseous effluent from the reactor (1) to an alkaline solid



PVC content of the pol ymer feed. Thi's impurity was renpved fromthe
f1 ui di sed bed as a base stream mi xture conpri si ng

—oreTy

oxi de and sand. The napht ha/ pol yner vapour strea ﬁAdEMEWDSHEﬁE
fluidised bed at about [err] was fed into a cycl ofle :(no é@ 0 rienove
any entrained fines, before passing the vapour st eﬁ}ﬁbé&g}qﬂ % bed
(whi ch contained a further al i quot of cal-ciitm oxi de. )— by

scrubbing any renmaining traces of HCI fromthat stream The scrubbed vapour
stream of napht ha/ pol ynmer was then be fed into the radi ati ve bank of the
steam cracker. The cracking

bed scrubber (7) containing calcium oxide. A supply (20) of naphtha
is provided for combining with and quenching scrubbed gaseous
effluent. A cooler (21) is also provided together with a separator
(22) for the cooled quenched naphtha/wax material. The separator

5 (22) is ﬁrovided with an outlet (25) for naphtha enriched with wax
for feeding to a cracker (26). The separator (22) is also provided
with outlets (24) and (12) for undissolved gas. One outlet is for
the undissolved gas for use as fuel gas, for example to supply the
heater (5). The other line (12) is for recycle gas via compressor

10 (13) for use as fluidising gas.

In use, a supply of fluidising gas (3), initially fuel gas from
an external source (18), optionally including hydrogen is passed
from the heater (5) which heats the gas to about 650°C and into the
reactor to fluidise the bed (2). Waste polymer is fed through screw

15 feed (4) into the reactor where it degrades to form a vapour wax
broduct. The wax product together with fluidising gas and other
gaseous and vapour products passes out of the reactor as a gaseous
effluent via a cyclone separator (not showh) along outlet line (6)
and through the alkaline solid bed scrubber (7). The scrubbed

20 gaseous effluent is then combined with naphtha from supply line (20)
and passes through cooler (21) where the vapours are quenched and
cooled. The cooled, quenched mixture passes to a separator (22).
Undissolved gases from the separator pass along line (12), through a
compressor (13) and combine with the fluid gas £or recycle to the

25 reactor (1). Some of the undissolved gases may be used as a fuel
gas .along line (24), for example to the heater (5).

After start-up using an external source of fuel gas (18), the
fluidising gas (3) for the reactor bed may comprise only recycle gas
from line (12).

30 Naphtha together with the wax product leaves the separator
along line (25) for use as a cracker feedstock in cracker (26).

Examples 1-8 Preparation of Wax

A fluidised quartz sand bed reactor fluidised with nitrogen was
used to produce waxes from several grades of polymer (polyethylenes

35 supplied by BP Chemicals and polypropylene supplied by Appryl) at



t enper ature in the steam cracker was be about 750 to [err] The product
yi el d spectrum resul ti ng fromsuch a process is tabulated in Table V bel ow

Table V 5 15/ 85 Napht ha Enhancement
Conponent Feed(i) Feed(ii) of Product % nmass : LRSS Yo%
FIEPLACEMENT SHEET
- 12 -
| Dere .4.SEP..1097....

different temperatures.
A 50 ml bed of qQuartz sand (106-180 pum size) in a 45 mm outside
diameter quartz glass tube was used as the fluidised bed reactor.
The reactor was provided with a three zone tubular furnace for
5 heating to the required temperature (500 to 550°C), the first zone
being used to pre-heat the fluidising gas. Nitrogen was used as
fluidising gas at 1.5 litre/min at NTP for 106 to 180 um sand. The
bed was operated at atmospheric pressure.
Polﬁmer pellets (about 2 mm diameter and 4 mm long) were
10 dropped into the bed at the rate of 10 gram over 15 minutes.
Gaseous effluents for the reactor was passed through a wide
bore glass 'U' tube cooled in a cardice bath. The collected wax
products were analysed by Gel Permeation Chromotography (GPC) and
melted at a temperature of typically 50 to 80°C. Other experiments
15 showed that gaseous hydrocarbons found under the fluidising bed
conditions were no more than 5% by weight at 550°C.
Results are shown in Table 1 in_which
My = arithmetic mean molecular weight

- N

20 ' E (N3 M;)
= i=1
N
My = mass mean molecular weight
n
. <
25 =é xj My .
i=1

wherein x; = mass fraction of given increment,
n = number of increments,
M; = average molecular weight in increment i,
30 Np = number of molecules in total sample,
= number of molecules in increment.
For the HDPE My = 11000 and My = 171000.

Example 9
' Example 1 was repeated using 180-250 pm sand, and a fluidising

=z
[
|

35 gas rate of 3.0 litre/min at NTP. My of the wax product was 370



Ethyl'éne . 31.4 29. 1 " 7.7 Propyl ene 17. 6 17. 4

1.2 10 But adi ene " 5.0 4.99 0.04 These figures
are based on mcro-cracker experinments and have been adjusted to elimnate
coking losses. (i) Yield froma cracker feed of 15%=gmal and 85%

napht ha. 15 (ii) Yield froma cracker feed of 10Qp
' - 13 -

and My was 540. TABLE I
Fluidised
Bed Reactor
5 Example Temperature
No. Polymer Feed *c My My
1 _ High density
polyethylene . 500 410 580
10 002-05
2 High density
polyethylene 550 180 290
002-05
15
3 Linear low density
polyethylene 500 390 550
209 AA
20 4 Linear low density
polyethylene 550 220 - 330
209 AA
5 Low density
25 polyethylene 500 380 550 !
BP 83 '
6 Low density _
polyethylene 550 290 390
30 BP 83
7 Polypropylene 500 : 690 915
8 Polypropylene 550 410 620

35



35 * -20 - REPLACEMENT SHEE Cl ai'ns: 1.
produci ng | ower hydrocarbons conprising one or nore of IRgIHItAQﬁMEN'ﬁ§HEET
paraffins, naphthenes, olefin oligonmers and waxes whic haveQd} SEP 1997
significantly | ower mol ecul ar wei ght than the polyol ef iinBetbei.ng--converted
thereto fromwaste and/ or fresh pol yner conprising no ﬁBFé—%ﬁmrﬁ?“Wf‘W“ﬁT
groups ot her than carbon and 14 < 1.3 bar >_

Examples 10-12 - Co-Cracking of Naphtha and Wax Feedstocks

Wax produced in Example 1 was cracked with naphtha in a
micro-cracker operating with a maximum temperature of 800°C to 820°C
in the presence of steam. _

5 The micro-reactor used consisted of a 1/8 inch (0.3175cm)
nominal bore stainless steel tube in an electrically heated 24 inch
(60.96cm) tubular furnace. The cracker was operated at}{ggg?g)with
a coil outlet temperature of 820°C with a contact time-;f 0.9
seconds.l A small flow of helium (1 litre/hour) was maintained to

10 the coil to provide pressure control. Naphtha, molten wax and water
feed rates aré shown in Table II. The cracked products were
analysed using a Carle Analyser.

In Example 10 naphtha was cracked in the presence of steam. In
Examples 1l and 12 wax and naphtha were co-cracked in the presence

15 of steam. The results in Table III are for the cracking products of
the wax alone, calculated by subtracting the known products from
cracking the naphtha (Example 10) assuming the products to be
additive. No coke detectable was deposited during the cracking and
mass accountability was good. Conversion was estimated to be around

20 92%. Preliminary experiments have indicated that the highers
comprise mainly cyélo—pentadiene, benzene, toluene and C8 aromatics.

A relatively low cracking severity was chosen giving olefin
yields from ﬁaphtha similar to a commercial HGO4 furnace modified to
crack naphtha. .

25

30

35



hydrodgen by pyrolysis, said process conprising vaporising the waste/fresh
polymer in the presence of a fluidising gas free of nol ecul ar oxygen or
ot her oxidising materials and a fluidised bed of a solid particulate
fluidisable material inert to the hydrocarbon reactants an grocar.pon
products under the reaction conditions in a reactor at a tgr H%Nﬁﬁk?”r%ﬁﬁEr
[err] to formby pyrolysis a m xed vapour” &% ;1 ower hydr oca ons ) % P @7 -
process according to any one of the preceding C ains wherelj e rﬁ%ma] s
one or nore of polyethyl ene, polypropylﬁgngg& pol ystyrene. 3. A process
according to Clains 1-3 wherein the was r fresh polyner is adm sed
‘wWth a paraffinic feedstock prior to pyrolysis in the reactor.

STEAM MICROCRACKING OF NAPHTHA/WAX MIXTURES

Run ' 1 2 3
Feedrates (g/h)

naphtha 4.2 2.8 2.8
wax : 0 1.4 1.4
water 1.6 1.6 1.6
Yields (Zwt | _

hydrogen 0.79 0.74 0.71
methane 10.26. 11.15 11.17
ethane 3.05 3.35 3.39
ethylene 21.46 25.31 25.43
acetylene - 0,20 0.21 0.21
propane O;3h 0.35 0.35
propylene 14.62 15.38 15.42
C3 acetylenes 0.15 0.16 0.16
isobutane 0.1 . 0.1 0.1
n-butane 0.23 0.23 0.23
butene-1 | 2.41 2.23 2.27
isobutene 2.19 1.56 1.59
butene-2 0.88 0.89 0.91
butadiene 3.59 4.31 ' 4.57 !
isopqntane 1,97 1.15 1,17
n-pentane _ 3.10 . 2.01 2,33
others (by difference) 34.76 30.97 30.09




4. ""A process according to Claim1, said process further conprising the
step of cracking the nixed vapour of |ower hydrocarbons in the presence of
steam and at a tenperature of at least [err] to provide |ight olefins,
paraffins, olefin oligonmers and waxes having a nol ecul ar wei ght bel ow 3000.

5. A process dccording to any one of the preceding,dains _wherein the
1
fluidisable material has a particle size of14060 to 20 OREPL£&EMENTSHEET
04 SEP 1997
B2 1= N
TABLE III

YIELD FROM WAX (averape of runs 2 and 3)

5
hydrogen ' 0.60
methane _ 12.96
ethane , ' 4.01
ethylene : 33.19

10 acetylene : 0.23
propane - . 0.37
propylene 16.96
C3 acetylenes 0.18
isobutane 0.00

15 n-butane 0.23
butene-1 ' _ 1.93
isobutene 0.35
butene-2 ' 0.94
butadiene 6.14

20 isopentane -0.46
n-pentane 0.31
others (by difference) . 22.07

25
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ni cronmeters. 6. A process accordihg to any one of the preceding C ains
wherein the fluidising gas is a m xture of gases conpri sing hydrogen,
nitrogen and principally [err] to C6 hydrocarbons. 5 $S
according to any one of the preceding C ains wherein the BEPdAGEMENE@HEET
mai ntained at a tenperature fromf[err] 8. A process acconding ﬁ%pggp

"the preceding O ains wherein the fluidisedtbhed is provi dedDaist: I

al kaline solids in order to trap any acidic vapours whic

present in the 10 pol ymer feed or are forned durlng t he vaporlsatlon
reaction.

ate

A box diagram appended herewith as Fig 3 illustrates the
sequence of steps used to generate olefins from waste polymers.
This diagram shows an integrated process in which a hoﬁ paraffinic
feedstock (27) is used to fluidise and vapourise waste polymer

S (28). The mixed hydrocarbon vapour stream, cleaned of acidic
impurities (29), is then cracked in a steam cracker (30), and the
products separated in a purification stage (31) to recover the
olefins.

' This process of the present invention is further illustrated

10 with reference to the following Example 13:

The Example outlined below is based on computer modelling of
one of our commercial HGO4 steam crackers which was actually
modified to provide a naphtha cracking capability. The process can,
however, be applied to any steam cracker capable of using naphtha

15 type paraffinic feedstock to produce olefins. -

A process flow sheet incorporating the modelled polymer
cracking process into a 13 te(l.32 Metric tonnes)/h HGO4 steanm
cracker is shown in Fig.4. appended herewith.

In the process, 11.05 te(1.123 Metric tonnes) of naphtha Ca.

20 6.82 te/h and steam were pre-heated to 550°C in the first section
of a convective bank of a steam cracker furnace. This heated
naphtha and steam stream were fed to the base of the fluidised bed
in the vaporiser reactor, where it became both a fluidising medium
and a heat source. A by-pass valve was be provided to allow the

25° -polymer feed to the cracker to be switched off thereby enabling the »
steam cracker to operate normally when necessary.

Waste polymef particles shredded to a maximum dimension of
2-4 cm and having a composition shown in Table IV below were
screw-fed into the fluidised bed.

30

35



9 . A'process according to any one of the preceding Cains 5-9 wherein the
m xed | ower hydrocarbon vapours enmergent fromthe ‘vaporisation stage are
guenched with naphtha and the resultant m xture subjected to steam
cracking. 15 O A process according to any one of the preceding d ains
5-10 wherein the steamcracking is carried out in the substantial ab ,
of a catalyst added froman external sourceg 11 . A pregs Bre
any of the preceding Cains 5-11 wherein the steamcra
at a tenperature fromf[err] 20 12 . A process accordi
preceding Cains 5-12 '

"Table IV
Example 13
POLYMER TYPE MASS %
POLYETHYLENE - LLDPE 18
- LDPE 53
'~ HDEE 7
POLYPROPYLENE 18
Ethylene- 4
vinylalcohol copolymer
TOTAL 100

A polymer/naphtha ratio of 15:85, based on a heat and mass
balance, was used. The fluidised bed was a quartz sand and a sand
to polymer ratio of 9:1 v/v was used. The polymer residence time in
the bed was dictated by the time taken to vaporise the polymer
particles.

Calcium oxide, in slight excess of the stoichiometric
requirement was used to remove hydrogen chloride resulting from the
PVC content of the polymer feed. This impurity was removed from the
fluidised bed as a base stream mixture comprising calcium chloride,
calcium oxide and sand. |

The naphtha/polymer vapour stream emerging from the fluidised
bed at about 490°C was fed into a cyclone (not shown) to remove any
entrained fines, before passing the vapour stream through a guard !
bed (which contained a further aliquot of calcium oxide) used to
remove by scrubbing any remaining traces of HCl from that stream.

The scrubbed vapour stream of naphtha/polymer was then be fed
into the radiative bank of the steam cracker. The cracking

temperature in the steam cracker was be about 750° to 850°C.



vyher‘e‘i‘n'the steam cracking is carri ed out by using a steamto the nixed
| ower hydrocarbon vapour ratio of 0.2:1 to 1:1 ww 25 30 35
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The product yield spectrum resulting from such a process is
tabulated in Table V below: _ .
Table V

15/85 Naphtha Enhancement
Component | Feed(i) | Feed(ii) of Product

% mass % mass Yield %2
Ethylene ©3l.4 29.1 7.7
Propylene 17.6 o 17.4 1.2
Butadiene 5.0 - 4.99 0.04

These figures are based on micré—cracker experiments and have
been adjusted to eliminate coking losses.
(i) Yield ffom a cracker feed of 15% polymer and 85%Z naphtha.
(ii) Yield from a cracker feed of 100% naphtha.



REPLACEMENT SHEET
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R, DA -
* ¢ L M 5 * .

Claims:

1. A process for producing lower hydrocarbons comprising one or more of light
olefins, paraffins, naphthenes, olefin oligomers and waxes which have a significantly
lower molecular weight than the polyolefins being converted thereto from waste and/or
fresh polymer comprising no more than 10% w/w of groups other than carbon and
hydrogen by pyrolysis, said process comprising vaporising the waste/fresh polymer in
the presence of a fluidising gas free of molecular oxygen or other oxidising materials
and a fluidised bed of a solid particulate fluidisable material inert to the hydrocarbon
reactants and hydrocarbon products under the reaction conditions in a reactor at a
temperature from 300-690°C to form by pyrolysis a mixed vapour of lower

hydrocarbons.

2. A process according to any one of the preceding Claims wherein the polymer is

one or more of polyethylene, polypropylene and polystyrene.

3. A process according to Claims 1-3 wherein the waste and/or fresh polymer is

admised with a paraffinic feedstock prior to pyrolysis in the reactor.

4. A process according to Claim 1, said process further comprising the step of
cracking the mixed vapour of lower hydrocarbons in the presence of steam and at a
temperature of at least 600°C, to provide light olefins, paraffins, olefin oligomers and

waxes having a molecular weight below 3000.

5. A process according to any one of the preceding Claims wherein the fluidisable

material has a particle size of 100 to 2000
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micrometers.

6. A process according to any one of the preceding Claims wherein
the.fluidising gas is a mixture of gases comprising hydrogen,
nitrogen and principally C; to Cg hydrocarbons.

7. A proceés;according to any one of fhe preceding Claims wherein
the fluidised bed is maintained at a temperature from 450-600°C.

8. A process according to any one of the preceding Claims wherein
the flui@ised bed is provided with particulate alkaline solids in
order toftrap any acidic vapours which are either present in the
polymer feed or are formed during the vaporisation reaction.

9 . A process according to any one of the preceding Claims 5-9
wherein the mixed lower hydrocarbon vapours emergent from the
vaporisation stage afe quenched with naphtha and the resultant
mixture subjécted to steam cracking.

10 . A process according to any one of the preceding Claims 5-1& .
wherein the steam cracking is carried out in the substantial absence
of a catalyst added from an external soﬁrce.

1. A process according to any of the preceding Claims 5-3}1 wherein
the steam cracking_is carried out at a temperature from 750-850°C.
12 . A process according to any one of the preceding Claims 5-12
wherein the steam cracking is carried out by using a steam to the

mixed léwer hydrocarbon vapour ratio of 0.2:1 to 1:1 w/w.
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