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The pres®8Mt invention relates to a process for cracking pol ymers,
especi al I'y ol efin polynmers, whether virgin or waste, in order to produce
| ower hydrocarbons so as to conserve val uabl e resources. 5 It is
wel | known in the art to process polyners to form | ower hydrocarbons such
as paraffins, olefins, naphtha or waxes by cracking the polyner in a
fluidised bed at el evated tenperatures. The product of such a process can
be further cracked in a steamcracker to formlow olefins or paraffins. In
'the case where the pol yner i“SSS‘headlﬁ.EBleeﬂ.ﬁe lactti th a Vi ewchge B985 § 26062 10D)
further processing, such a p uce a product (hereafter
"primary product") with a hi ight tail (hereafter "HWM") if
t he process is not controlle equatel HMAT in the process stream can

cause consi derabl e probl ens , espeC|aIIy if the primary product with its
HWA content is 15 fed directly into a steam cracker during further
processing.. On the other hand, if the HWM formation is mnimsed, this
wi |l enable control not only of the nol ecul ar weight of the product forned
but al so of. the rheology of the primary product and m xtures thereof with
napht ha t hereby enabling the use of a wi de range of existing 20
crackers/plants and obvi ating the need for designing specific/new equi pnent
and reducing the risk of potential shutdowns of part or the whole of the
process/ plant. The reduction of tBReLYMBRVMCRACKING ower the tenperature at
which a particular mxture of the primry products with other solvents will
25 be a |iquid. Si gni ficant reduction can lead to primary products 2
that are |iqui dsThet PFetsmtt tnHsattanurelatest fe agpseasse & sorakdngs. This has
consider abl 19ﬂ¥19é’1t agfscilall$ ro@QEﬁQ'bBﬁ}nleQQ andchandhigic evanmskl, tie final
cracking unit can toI&rati Iar ampunts of HWAT. i S mouga%apply e.g. in
fl ui di sed cHi%Fyt @rEFURSKEP °°a‘5b°“s so as §9, copsrye YalMable ght * of such
a product imseseapeentional |y controlled by eg fractlonatlon/dlstlIIatlon of
t he proguct

SUC{E 3s well known in the art to process polymers to form lower
hydrocarbons such as paraffins, olefins, naphtha or waxes by cracking
the polymer in a fluidised bed at elevated temperatures. The product
of such a process can be further cracked in a steam cracker to form
low olefins or paraffins. In the case where the polymer is cracked -
10 ' with a viéw to subsequent further processing, such a process can
| pfbduce a product (hereafter “primary product®) with a high molecular

_wéight'téil (hereafter "HMWT") if the process is not controlled

‘-P" .
i? B adequately. HMWT in the process stream can cause considerable
j%i i 'prdblems , especially if the primary product with its HMWT content is

15% fed directly into a steam cracker during further processing. On the
i other hand, if the HMWT formation is minimised, this will enable
| control not only of the molecular weight of the product formed but
also of the rheology of the primary product and mixtures thereof with
naphtha thereby enabling the use of a wide range of existing
20 crackers/plants and obviating the need for designing specific/new
equipment and reducing the risk of potential shutdowns of part or the
whole of the process/plant.
The reduction of the HMWT will lower the temperature at which a
particular mixture of the prihary products with other solvents will:

25 be a liquid. Significant reduction can lead to primary products
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remedy however creates further waste products which n'é_-ehd further processing

steps thereby rendering the process economcally andT it Réplayedl €SS
attractive. 10 Prior art processes are known '
formati on of HWAT during polynmer cracking. However, s i ther

generate unwanted aromatics (eg >20% w wg or produce excessive a nts of
gas (eg >40% w w) which can omly be used as a fuel or;burnt and result in

loss of val ualkeafd8FiERls bAWOBR! ElpdtSeurONfh $HEMRERAGESE dcivifes, descri bed
by Kam nsky, Wet al in "Conservation and Recyclin 91-110

: ) " Vol 1,
where the poiBiields spRsidezabls) afyantages) iy, E‘f?d‘sB‘é’EFa%i“‘élaé‘ﬁ}attaé’d‘??%%rﬁgF%t ures
above 650['eriff thé rEinadtdrackig) @RS cafiCfoleBhlteA1aBEEE ARJuritBeo L HIWRI Ng Step i S
carried out jn._the.oresence of .cadm d_indium oxides. wever, 20
the latter p#hgge‘g%ulglr% elgeg'%' Ij‘é‘r geuiég;éen F?%/arigkkl‘bé%%%lﬁegts 3(/F-'p O0ducts thereby
resul tin® in | ossThef moldawdbt eved Patricfabuchaw prodeet disscotvientionadly known t hat

in order to WRiLFiRA bPUd B a@aagnmoap@ifs%m&asnuff Bhd MRoflict 244§ used

for further processing of the products from polyner cracking, eg steam
cracker reactemsAy thewe¥er jorestps fuxtheyseate prodycim ybicts @eedEurEhar bef ore

the cross- oVgfocReéfily b4 thérdbtiatabr HAC thO Hro8&kst e8oRRPE L1y dna O her wi se
excessi ve coki g_g occur}s1 Wﬁ-i ch regui r.es expensive cleaning downtine and the
lifetime of THaTSPMAPRY LoBRLE 25 dficed. Moreover, it is desirable that
such st 38m cr ackePsioar artf paogdsshs 3re kprvadte iinfmizte theo forpatintodf HMET

tSEECi ficati O(ﬂ.ujigé Mﬁgﬂt&@{l‘cﬂ%e 1%%%{,“9&&9 grgll%rsgg Oéi%hei' tgehér sirable
at the product “fromthe polyrer cracking stage (prinmary product) matches
the top spectraghed gromtticgp(egP2@h &l AT REQHCALXCGSTiviearnBBIts i 9fg 888i nt  of
300[err]. 35(eg >40% w‘/wi\cv&ﬁp;ﬂiém Ynly BE WeRSENla EEMEBL I RNt Sar@ PEKAARSSE f OF
cracking a 2, o seRAEe cheical et nererists. ®85e Quch ProcyaPgLous products
conpri si ng
i described by Kaminsky, W et al in "Conservation and Recycling", Vol
1, pp 91-110 wheie the polymers are cracked in a fluidised bed at
elevated temperatures above 650°C.
In another process, (cf. SU-A-1397422) the cracking step is
carried out in the presence of cadmium and indium oxides. However,
20 the latter process produces a large quantity of gaseous by-products
thereby resulting in loss of valuable chemical raw materials.
It is well known that in order to minimise fouling and to
prolong the lifetime of reactors used for further processing of the
products from polymer cracking, eg steam cracker reaction tubes, it
25 is essential to vaporise the feed before the cross-over point into
the radiant section (eg 450-600°C). Otherwise excessive coking occurs
which requires expensive cleaning downtime and the lifetime of the
cracking tubes is reduced. |
Moreover, it is desirable that_such steam crackers are fed with
30i products that closely match the specification for which they were
! constructed. Therefore, it is desirable that the product from the
polymer cracking stage (primary product) matches the top '
specification of typical chemical naphtha eg final boiling point of
300°C.

35 Accordingly, the present invention is a process for cracking a
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primary products capable of being further processed characterised inmthat
t he vaporous products are treated to generate a pl’l'lﬂih eepHﬂd!dﬁltRe laced
substantially free of a high nolecul ar weight tail ) 5
conpri sing hydrocarbons having a nol ecul ar wei ght of m) as
measured by gel perneation chromatograpBy. By the expre55| on

meant here and throughout the speci fication virgin. (scrap generat ed dur| ng
processing ﬂ%fl?{ﬁn&? 1! @semfg&igeﬁt Qe& BELRY f:0 S4ddrohé frgauy@swmﬁflgﬂg the

pl astics has perfornmed its desired function. term " pol yner"
t heref ore |%Pﬁﬂé§rﬁ@+%l efnahie afcheing fwrsher BHcspgsedyehdrsetpyiseAeltind EPDM
\r/]m It hdor Wi t&gﬁlﬂ tlgi\}ﬁaﬂfroﬁﬁrlﬁcoalﬁcgﬁ aes t&leaSéd &8 @ep@ieyst wm.ey oyt nyl]I

al i des such.as Vi ide ol yest an
ot T unb bR EmmeiantY ake e T mecut v Peh S RardlRat L flifn
amount 55df dopmpeidingghydroosthroms Slystiegs anteaudsr dedghec oft entleasT¥OO0f 4s1i di sed
bed used i %ne%'d%*@cplbi geq_rrggi.mseggl(?r[ cﬁPMacéog?Jﬁh&cm ate fluidisable materi al

which is sulta e’ or nore o quar silica, ceram cs, carbon
bl ack, refract orBy &he Rapresgignotpo m%r"egsz#qae‘émeaeaﬁdi ghreuebavoythde. The

f1ui disi ng ﬂfé'éifﬁa%ﬂbﬁ aR¥irk ft@s.@aq; $ondrarta I&rd&ﬁraegss@ﬁg drsend he

hydr ocar bon prpduce E;é n%i such a gas ar n|t {1 ihe recycl ed

gaseous pr e [ cle
RIEELD A & 8 a(FFl?]éaf) Aerdpste t@last plagfiles 88§ci ed

gaseoudOpr getirbameds @ds aleaised fahitionomThaecnira Yiolyher' aharefuse pr oduct s

energing fr | e | re S| oyl | @sh or

ot her suit %{&a?es Egg;glglsf%sgﬁg‘?gta%oﬁOMtgﬁ ghe Eﬁ?g%o}#gg?%taﬁagz-go to

100[ err]. Reifthney Wi\tb%#t goe qrehere of Q@leauﬂ\?eti@ agrodyarxredenpri si ng

hydr ogen a%l%i@lahhﬁd&déﬁ@Bb@% ;mwmﬁahéﬂ@ Leﬁdest Opd1§ktlers,

hydrocar bons.. The fl ui di si ng contai'n carbon di oxide over a w de
range of 3(P° yﬁﬁ?ﬁfénf‘?%\ts%i’% r“bhﬁ'k fF‘hlaﬂfik%i't?F‘e %B?]r}ﬁ\ersiﬁrﬁaﬂl“iﬁycorrprl ses
parti chés odortash ZmalbpalohfrDofbRibaglidg)i cidstde dystemxanplsi@ehl 0
2000[err] . Thet hgat for the reaction is suitably brought in by the

f1ui di sing gas. The polynmer to fluidising gas weight ratio is 35
suitably in the Trendduidiged bell tgedl 18(suipatdfyerenpnisdd dft soltid10. The 3

particulate'fluidisable material which is suitably one or more of

quartz sand, silica, ceramics, carbon black, refractory oxides such
20% as eg zirconia and calcium oxide. The fluidising gas is suitably
" chosen so that it does mot oxidise the hydrocarbons produced.
Examples of such a gas are nitrogen, the recycled gaseous products of
the reaction or refinery fuel gas. The recycled gaseous products
used are suitably components of the vaporous products emerging from
25 the fluidised bed which are separated using a flash or other suitable
liquid-gas separation unit at a set temperature -50 to 100°C.
Refinery fuel gas referred to above is a mixture comprising hydrogen
and aliphatic hydrocarbons, principally C; to Gz hydrocarbons. The
fluidising gas may contain carbon dioxide over a wide range of
30 concentrations. The fluidisable material suitably comprises
particles of a size capable of being fluidised, for example 100 to
2000pm .,
The heat for the reaction is suitably brought in by the
, fluidising gas. The poiymer to fluidising gas weight fatio is
35§' suitably in the range from 1:1 to 1:20, preferably 1:3 to 1:10. The
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4 pol ynmer; can be added to the fluidised bed either as ee"Relced
formof a nmelt but is preferably added in the solid for \ sed
bed may contain materials to absorb acidic gases or ot he

the pol yner feed. 5 By the expression "vaporous products” |s rreant

here and t hroughout the specification pkoducts conprising saturated and
unsaturated aliphatic and aromatic hydrocarbons, and containing | ess than

2590 W W PIAGhED kn 125 3abdif ke 266 W 360 D336 5 GABP dsS s NEb1i874d 1n the

hydr ocar bons, " hydrogen and ot her carbonaceous gases; and contal ning 10 no
nore than lmvﬁ/vao!“e]ér brbtisc Preferably pafed dusde aelid fruh  HBenei ght of

pol yol ef i n ﬂ&h&i’aﬁ’dSbédl xdabecd‘:ﬁeﬁ; m-EEEri\éaBOEd)uBsdlbedéli‘dl& gdrelsuee dehier " pri mary
product s" h .are t odu separate as solids and/or |iquids

fromthe va‘ﬁ’ 'f% NS ®¢%om the flui dised bed pol yner cracking
15 redct or wheby tthatempees}tmn 'I'\mponm.lseplrctdmcte'miermmebew endid anbi ent (eg

-5 to +50[e¢hhmou%|ygﬁ4;§ %sﬁéﬂ&n "@%@mo ﬁqﬁéasratw tadti |

(hereafter ere an speC| I catlon a product
whi ch corrpr"rf!?é§“lfﬁfﬁflo%]d@b6ﬁ‘§ raY iaxgmatiephedrgrarbone) gimd fmv)aiemsat‘-eweast 700

as neasur ecchav 28Y wpR! QFRRL BTy ChsQ BRI @GP Ryw (d8PEdses? ompris IRY €¢

wei ght of 700 represents: nol ecul es havi ng ‘about 50 carbon, at ons. A?eat ure
of the prieSHRECFHRPEAT| SWIFeEePhard ofhet, o FEHs BatSe Pt GRBFAIRIPEN is | ow
conver $00n mf mbie tpahymxr wiwlofl ammatidlhypradubdrs: hesdoigtédsdith e 4 car bon

at ons and %«;ﬁﬁg ggiuy Eigffrpig? eeréigt L grgmatic hydrocarbons. The

fol | ow ng anal'ysis/test: A snear of a sanple
was made up in athe Maparogs miodhcts ilnhluseothenericmany myoduetsy. hlghnaye

concentrat i @R. pldiuec¥ahithesn Iae&et IaQ mleyeaaa?&r 14Qb&s" ErduPnd hr. This
sanple was then run on GPC Ig he trichl orobenzene was used as the

sol vent to YRRPFYuS REoLugtS "emecrﬁ?‘%gfﬁmf‘ HaectluifhgedhPed polrpeE £ERKIREI ysi s

usi ng t1be fxHacout Rlen that reactor is cooled to temperatures around ambient
(eg -5 to +50°C).0 By the expression "a high molecular weight tail"
(hereafter "HMWT)" is meant here and throughout the specification a
product which comprises hydrocarbons having a molecular weight (Mw)
of at least 700 as measured by gel peremeation chromatography (GPC).
20 A molecular weight of 700 represents molecules having about 50 carbon
atoms.
A feature of the present invention is that the proportion of
~ the polymer which is low conversion of the polymer into wvaporous
. products having less than 4 carbon atoms and the substantial absence
25 of aromatic hydrocarbons.
E The following method was used for the GPC analysis/test:

A smear of a sample was made up in a 4 ml vial with
trichlorobenzene at about 0.01% w/w concentration. This was then
held in an oven at 140°C for 1 hr. This sample was then run on GPC.

30 The trichlorobenzene was used as the solvent to carry the sample
through the columns of the GPC for analysis using the following
apparatus:

Using Walters model 150CV chromatograph with three 30 cm
Walters columns in series namely AT 807M (107 Angstroms); AT 80M

35 (Mixed column); AT 804M (104 Angstroms) respectively. The instrument



apparatus: Using Walters nodel 150CV chromatograph with three 30 cm Walters
colums in series nanely AT 807M (107 Angstrons); ; cen d
colum); -AT 804M (104 Angstrons) respectively. The Hﬂ 5 'was
cal i brated using standards from Pol yner Laboratores 00, 700

MV | i near pol yet hyl enes and |inear hydrbcarbons C36H74 MW 506.99; C22H46 MW

310. 61, C16H34 MWV 226. 45. Results are shown in Table 1 in which 5
[err] = arkabnedlipr JRAN IR Lt RarIEIFIbh PO1)RY LabdilatbreLed. : 2000 MV - Mean
mass nol ecul ar weight n wherein [err] - nmass fraction of given increnent,
15 - 1000, 7005t Lineay melustbplenes\pnd liggarbydtnogaehaneafaafiangt in

i ncrement i506[ ¥ By sHRUMDEILO061 ;N0N AE44| MW 226.4%0t al FeePles akershbwnninrber of
nol ecul es |}n i)gcjégrr‘rewri‘tithypi cal figures for the HDPE/[err] = 11000 and
[err] = 17 68 i The results obtai ned by using the above net hod
and calBul at i on¥yar cartighus ticeuedrenolecuharaehglsf t he Exanpl es. By the
expression "steam crgcker" is nmeant here and throughout the specification
conventional steam crackers used for cracking hydrocarbons,- waxes and gas
oils for produciimg ol%ef iNMiand conprising 25 a prelimnary convective
section and a subsegileny radiant section, the cracking primarily occurring
in the radiant section and the mgposs-over tenperature between the
convec.‘bve section %d the radi ant section of the cracker suitably being in

the range from 480~ P99° BOTeP% 81081 om 450-600[ err] .

n
= y (xiM3)
i=1

wherein Xj . pass fraction of given increment,
n = number of increments,

Mi = average molecular weight in increment i,
Np = number of molecules in total sample,

Ni = number of molecules in increment.

Typical figures for the HDPE My = 11000 and My = 171000.

20 The results obtained by using the above method and calculations
are tabulated below in each of the Examples.

By the expression "steam cracker" is meant here and throughout
the specification conventional steam crackers used for cracking
hydrocarbons, waxes and gas oils for producing olefins and comprising

25 a preliminary convective section and a subsequent radiant section,
the cracking primarily occurring in the radiant section and the
cross-over temperature between the convective section and the radiant
section of the cracker suitably being in the range from 400-750°C,
preferably from 450-600°C.

30§ By the expression "substantially free of a high molecular

5 weight tail" is meant here and throughout the specification that the
primary products fed eg to the convection section of a steam crackerU
contain no more than 15% w/w of the HMWT, suitably less than 10% w/w,
preferably less than 5% w/w of HMWT in the total primary products

35 fed. The amount of HMWT in the primary products from the fluidised -



30 By the expression "substantially free of’rhgs;;ge Iar
weight tail" is nmeant here and throughout the speC|f|

primary products fed eg to the convection section of

contain no nore than 15% w w of the HWM, suitably |

preferably less than 5% w w of HWAT in $he total primary products 35 fed.
The amount of HWAM in the primary products fromthe fluidised 5 6 bed
pol yner cr asdd pa1ye®PeraRrRi s%dﬁ“dlhsﬁ‘éi m&ﬂuﬁ&%@h%&ﬁv&@&s wds.| NErance, one
or nore of the follown s _can he used: The vaporous products
| eavi ng t he"BEam<H s epe gdm?%?y%et r fetloying é’ﬂtléﬂsh‘é?n PR 4% or externally
to separ at eL) he 'l’HMNFaﬁorous produﬂﬁﬂtl.eﬂhnghﬂfeeﬁiuﬁﬁded hedt iaabed HI\/WI'
fraction jcan be £8t %eﬁoelttﬂ rfgnuggé sed be‘\:dmfuﬁ1 urther cr a&llq

The flui dised be reac or can be "0Op &rated U 7essur5 i n order o

maxi m s8 it he r es¢d¢asne tthﬁneofbfanértylel megﬁemmngstegi Eivibei petyraedeact or

thereby enabl i nged heserhanpesa 504 54! i cher Facking, be cracked to
smal l er mol ecul es. The pressure used is suitably . in the range fromO0.1 -

20 bar gaug®, pr'-@ffeeifé‘b’rdj'-sf*?d?ﬁdzri%?tﬂércaga%éperatme%é pfessPE’ diire in the
fluidised bed casrdeiSeo @arbDhiseCtiY rebidethey Aingtoff hﬁyv Taltge uphebdliRs egct or
thereby allow n h d residence_tinme f 0 1

cracked productgmllﬁﬂ? ? | 5768 iﬁéﬁbx ﬁ'é“?be ygré‘(?l%m]ynad:g?ﬁe %erlhelsn@%l tu. 3)
A catallftic fluibk sedckmidteamabamsxeuemdeseda‘be pedurenuséd is Stigablyire
particulate sol i g Uagdage! fitnl it di 50%a0hiIBY HBraflidg! fiy £AHAbYS!

al t hough the acidic cat yt1c conponent 1s | ess t han
40% W w of the t&tuge- soITlhﬂs“ﬁeerk@eﬁﬁ%ﬁﬁﬁééﬂlebﬂ-}u%?ﬁ deataap g t han 20%

ww, more pref er@:mbxel&ﬁ&rwaﬁ VO FiowT BiSrolugh | el P&hctbe ﬂié@EW es of
catal yst groups t this rocess cki ng

may be suitably use
cat al y§lt58 cat al ﬂ%y\ﬁ“ﬁﬁm‘leﬁh‘é‘? n“a‘izlg?‘?&“e‘a‘ eHmSA; ré‘ﬁl %a; al um na-

cracked products in the fluidised bed thereby reducing the HMWT
in situ,

3) A catalytic fluidised bed can be used to reduce HMWT in situ.
The entire particulate solid used as the fluidised bed may be

an acidic catalyst although the acidic catalytic component is

20 suitably less than 40% w/w of the total solids in the fluidised
' bed, preferably less than 20% w/w, more preferably less than
10% w/w. The following are examples of catalyst groups that
may be sﬁitably used in this process: éracking catalysts;
catalysts having inherent acidity, eg alumina; silica; alumina-
25 silicas; zeolites; fluorinated compounds; pillared clays;
zirconium phosphates; and combinations thereof.
The fluidised bed is suitably operated'at a temperature from
300-600°C preferably at a temperature from 450-550°C.
The primary products free of the HMWT can be further processed
30 to other hydrocarbon streams in units designed to upgrade the value
of products derived from crude oil. Such units are normally found at
an oil refinery and include, in addition to steam crackers, catalytic
crackers, vis-breakers, hydro-crackers, cokers, hydro-treaters,
% catalytic reformers, lubricant base manufacturing units and

35 distillation umits.



25 silicas; zeolites; fluorinated conpounds plllared clays

zi rconi um phosphat es; and conbi nati ons t hereof. The ' laecd
suitably operated at a tenperature from 300-600[err]-
tenperature from 450-550[err]. The primary products f can be

further processed 30 -to other hydroca@bon streanms in units de5|gned to
upgrade the value of products derived fromcrude oil. Such units are

normal |y found afnePrQidnt! &iveRioh QEdfdr@ﬁéfJQQluéé}aEQAj'w&l:l?r]:etfgreﬁc‘éa&
crackers, catal yt I c_crackers, vis-breakers, %/ ro-crackers, cokers

hydr o- t r eat Btes EoLlowing (Examplaso, fals Pemegfiqn, f r%%gmhﬂf‘é%ﬂlr?‘ﬁ&yfﬂ'ﬁ ts and
35 disti |6ﬁtth@rhdd@lé§ where si?ai-ﬂalef&f @heNdollaydl piharg proahes 1n

|IIustratedW| h ferencetot I Per tion
Chr onat ogr ar}’hyﬁf Ef anar ysi ¥ 6t °Hg é}ssa\éylp cg':iEX‘\i;\Ilhrgee’?’%e sa'tnge &F Ff’) gt
col | ect &d pstiownrelowoehdersthen apiwwpExatrepEranpleer e carried out as descri bed

above and t@g resilst 8olSabive $OQM bel ow under the appropriate Exanples.
Exanpl es &'Coﬁa—'téra&—l ve'ﬁil‘—t__‘w—. ests r’g)ar atlve Tests 1- 8 (not accordl ng to the

i nvention): TheseRME Veqlestsnatd (Ret Agreorqingto She tiaNenblopnlie al one
cannot be used tmd%wﬂmﬂ&m desd kRél éﬁjﬁb&tﬂ%ﬁtlmt@&pdr@%ﬂvﬂoﬁmd | ow 10
gas productlon fl U|€| sed uart Egnd b;,& g ctor flrﬁué vmth mtrogen
was used it CFPREILSHEFY trﬁy?re é‘cf HFIXLBR B RS exPept in

(i) CT1® V\hgrseptdsmmp(bbty.rrer used was a m xture of 90% HDPE and 10% PVC and

1i) CT 8 where S e , 1
E)ol glstyrene O/AIE%(%E cfmeg)l%%?ye%ﬁ %ngk%%%gpﬁﬂﬁdgg%@euﬁgn&? Sa?{gz sand
(180- 250] ervﬁenil §p Axpck andyetindens (iHﬁPlE 1PEO2HY lewi BR Shemicpls é)td\)\/a%qepm di sed

in a 45 mm gutgh der di anaieetnd paifrert U &Lyladmb;aﬁree@@tm nn’éheaﬁaeaci or was

rovi ded W|thath zone tubular furnace for heatin required
'Perrper at ur et GB 666§e 'l;]S)where the polymer used was a mix re o 78% HDPE,

15 15% polystyrene, 10% PVC and 5% polyethylene terephthalate.
80g of quartz sand (180-250um size) (about 50 ml in the
unfluidised state) was fluidised in a 45 mm outside diameter quartz
tube fluid bed reactor. The reactor was provided with a three zone
tubular furnace for heating to the required temperature (400-600°C),
20 the first zone being used to pre-heat the fluidising gas. Nitrogen
was used as the fluidising gas at 1.5 litre/min (measured under
laboratory conditions). The bed was operated at atmospheric
- pressure.
Polymer pellets (size typical of pellets used as feed for
25 3 plastics processing) were fed into the bed with a screw feed at the
approx. rate of 50g/ﬁ.
Gaseous products first passed down a section kept at 80-120°
vwhere the majority of the product was collected. The gases passed
down an air cooled section after which they were sampled. When a
30 full mass balance was required, all the gases were trapped in bags at

the end of the apparatus.

35
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20 the first zone being used to pre-heat the flui dhlsShrcE aBeenRHngc&pg n

was used as the fluidising gas at 1.5 litre/mn (nea oratory
conditions). The bed was operated at atnospheric pre mpel |l ets
(size typical of pellets used as feed for 25 pl astics proces

fed into:ithe bed with a screw feed at tBe approx. rate of 50g/h. Gaseous

products first passed down a_section kept at 80- 120[3 r] jority
of the prddggtyovisrend! $£qt ed. s e eSodazsed Ho tion
after whi dn they | vere. Sarpl edt WaRa 30 ot ol | | mids ired,
all the ggdses—we @500 Mg ot +0QM of the | 8
CT No Tenp of 455 %|Prig®rsg Product 19,56 oY | a0BN]  Gaso(<4)
bed([err])f >500f MW >700 MWV V\Tt(Vil 455
45.51 2 110488 | 5088.49 499 23.92 9| 9528 | 38fgfy 1.86 4g 49
23. 82 528 3 386510 1.86 3 5133.4 580 | 386 33.4
580 3849 4 249 - 3, o90 (0] §]

7.28 5 %30 353 467 = 33:39 5%‘?;\? 406257 7.8 4163 6
530 435 70] 530 22.4)9 501 21.886] 7507 | 36980 4.63 29.75
14. 35 410 250 6 4.7
607 421 :3“",.’?396{ i Ll"i% - Theﬁ%r‘jzgaggee ;s-”%.fu %6 e EResen
experi ment|s_whAs weagowhijch e®lass at aboutl488§ efr k10 A 25094 mi x2ub@ of| t he
480[err] rjun  CT|2) shg @ typbg_?él l\lgth hg (32??f13k¥§” 4bﬁl o)w) and g| Jes a

t hi ck sl urry—at—oomtenperatore—that—ctears—at—7orertt—Aratysts—of

napht ha Al i @hat orpaydtiomaléons

|
H .
% The non-gaseous product from these experiments was a wax which

! melts at about 80°C. A 20% mixture of the 480°C run (CT 2) is a
typical Naphtha (see analysis below) and gives a thick slurry at room
temperature that clears at 70°C.

Analysis of naphtha

Aliphatic hydrocarbons

Cs, 5.53
Cs 31.74
Cg 42 .13
Cy 15.45
Cg ' 0.6
Aromatic Cg_g 2.82
Normals 37.35% IS0s 33.47% Naph 26.26%

The primary product from a previous run at 480°C was analysed
by NMR and showed no evidence of aromatics.
Example 1 |

To illustrate the value of increasing the time that the HMWT is
held in the reactor zone and thus the potential for fractionation and
returning of the heavier product to the feed (cf page 5 paragraph (1)
above), the following experiment was performed.

The wax from CT 6 was melted and fed into the reactor set as

for CT 1-8 above.



4 5.53 C5 31.74

[err] 42.13 C7 This Sheet Has Been Replaced :
15.45 C8 0.6 Aromatic l"{l ll(ll ML
2.82 Normals 37.35% _ | SCs 33.47% % The
primary product froma previous run at 480[err] was anal ysed by NVR and
showed no evidence of aromatics Fxanple 1 To jllustrate the value of

aﬁﬁl t hus the

i ncreasing the tijnmepdaabet :ke HMM ipg 1 helydpidulBe Teact oryzone
| gnd returning of the heavf er profuct™tojthe

potential Jfor frgctionatio

feed (of ¢ ' : periAreni-—was—

per f ormed. 6 y@yonelted and fed2.0d4 0 it hasoneaft @3gsef as for
CT 1-8 abd DT % Pri1mary Product err
[err] bed 31.89 700 Mkcis | 427 ghg 208 43]. 70
22.09 501 336 Ex 1 530 31. 89 : 13.19

427 - 29837!%&%' 6S_2y 12 To illustrate the value of catalysts to this

process th n CT 1-8 were nodified by replacing 8g of the sand
with 8g catal ystTesildlestrate heuvalabl of sabalysts o thimaretsss whe h the
f1uidisati ofbadeidi BRGT 178hrd 360181 HOBY Do 1Bt s 10X ML s@ha SAEH and
catal yst. For Exanples 2, 8, 10 and 12 the collectlion systemwas nodified
with an 50 $frcaralvetesieNedctos Rasitiebls Isiat itonPe sioup#rikile Wit Fheays fill ed

and topped giRivisdtisatal thdhed. r epliacaset Haosen wongit nBedre d2Qpaar] and
IR e R PR Y RN
modified with an 50 mm diameter Aldershaw distillation column with 10
trays filled and topﬁed up with water. This replaced the section at
80 to 120°C and the air condenser. The polymer fed to the fluidised
bed was polyethylene (grade HDPE 5502XA, ex BP Chemicals Ltd) except
in Example 3 which used the same polymer as in CT 3; in Example 4
which used the same polymer as in CT 8; and Example 6 in which a
mixture by weight of polyethylene (97% grade HDPE 5502XA) and .

titanium dioxide (3%) was used.

Example No Catalyst

2-6 Gamma Alumina UOP SAB-2

7 - Zeolite/Alumina Advanced 507A (ex AKZO).0154
8 "

9 ]

10 "

11 Alumina Matrix (BP2906 sample ex Katalystics)
12 Alumina Matrix (BP2906 sample ex Katalystics)



(S 4
ta

I n Exanpl e 3 which used the sanme polynmer as in CT 3;
used the sanme polyner as in CT 8; and Exanple 6 in mhlc
wei ght of pol yet hyl ene (97% grade HDPE 5502XA) and tlta

was used.

Exanpl e No

Al um na UOP SAB-2 7

Cl54 8 9
sanpl e ex
Kat al ysti c
M  Gas (
w % 2
510
7.1
361
10.5

3
242

15.1 10
480

slightly d
experi ment
soft wax

above give

Cat al yst 2-6

10 11

le 4 whi

e

Aluninalwhtrix ( BP2906

ch

ced

3%

Zeok®te/ Al um na Advanced 507A (ex AKZC»

K%Ezallré’ ]

t %ﬁp 17 . a um pa Mat ni % (BP0 | e ex
5) 9 'E 0} No  Febpm8t Pro®h orif ey pr gHu éaR<E
<CA) D¢ b¢¢(|’61\ >3090MW MN/ >700 MB7H0 MN wt%
470 470 - - 15.12050 4347 | 2088 2.9 97 3
= T S 270 16817 510 -
7 3 949 510 5 - 510 4.4 270_ ] 168 -~ Q4
6 4 910 5310 15. 3 7.13- % 347 248 -7 530
3. 10 252 157 8 510
5 ala93 4.0 A190 - 8. 361 24}. 03 186 . 95
430 510 15.3 3.5 - -1 - |- - 4.8 11
. 8 . 60 214 0] o 2 450
' 9 230 ﬁ;}—iﬁegppedaep—Lpéﬁi§*+”gég E@%rﬁﬁa!ySDA y a
fferent GAC techni qgue- The non- gaseous Erocuct fir omot gese
5 rangdd from al soft wax to a ne gar. . Lidquid. [Exagple 2 jgave a
iicﬁ 2§ltcﬁﬁa apett—oerr- #rzg@vg:rtjéé cfgghis ii?nuph ga as
5 10 430 - - - - 4.8
11 480 6.8 1.80 | 214 | 130 5.6
12 480 - - - - 5.1

The product from Example 9 was analysed by a slightly different

GPC techmnique.

The non-gaseous product from these experiments ranged from a

soft wax to a near clear liquid.
melts at about 70°C.

a thin cream at room temperature that clears at 60°C.

Example 2

gave a soft wax which

A 20% mixture of this in naphtha as above gives

Example 9 gave

a cloudy liquid at room temperature which settled with time to give a

clear top section and some wax present in the lower half.

A 20%

mixture of this in naphtha as above gives a slightly hazy solution at

room temperature that clears fully at 50°C.

liquid at room temperature.

Example 10 gave a hazy

A 20% mixture of this in naphtha as

above gives a clear solution at room temperature.

Primary products from Examples 7 and 9 were analysed by NMR

which show no evidence of aromatics.

Example 13:

To illustrate the performance in the steam cracking stage of

the product produced with a catalyst in the bed, the product of

Example 12 was mixed 50/50 with naphtha and passed through a micro-

cracker at 800°C at 20 psig using a feed rate of 2.0 ml/hr and a
helium flow rate of 6.0 litres/hr at NTP.

10
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top section and sonme wax present
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Exanpl e 10 ga¥®e a hazy liquid
A 20% m xture of this in naphtha as above gi ves a clear
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roomtenperature that clears at 60 err]
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Exanp ve a
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Exanpl e 13: To

i || ustrate t9Paped ftﬁrﬁ%éés‘FW frer Sheqppt ki stage of the product

produced with a catalyst in the bed, the product of Exanple 12 was m xed
50/ 50 with nap tha and p lSSG thr m Cro ckefl at 88@ err] gt 20
psi g using| a P Cate of Fﬁ\’:g%nd a & ?‘TP&\"F“?OW rB% &2 ‘I"‘h&tél’i‘i tres/ hr
at NTP. 10 The pr oduct| of uzhEs 1@r ackj ng sopeg:atizon Was lanalBxsad and
conpared tp th esult fnromth eat napht ha. em ca 100% Napht ha
50% Napht ha———ﬁl‘iﬁgﬁa: efbatiorid b 0 5 6%t #00% Ex
12 Hydrogelp _Methame 1.2  13.3 0.83.2 19.14 Met Hane
13.3 Etha}é;lz,__ . 2.6 13.11 Ewaﬂ.e4 zé. §
2.4 22 Ethyytene 260 246
23.2 Acet y|l.eneEthylene Q.2 26.0 (R426 23.2 0.2 Hropane
0.3 Acetyper@ . . 0.2 0.9 Pr Opbflfv”g 0.218' 8
15.9 30 [grT—ACetytenes 03 0.3
0.3 | sobut Ane Propane (') 0 0.3 0 @ 6 0.9(') 0 _n-1But ane
0.6 Propyferne 18.8 ~-0.p But 61%991 13.4- 2
1.5 U. 8 TsqQburene -9 2.0
2.3 Cq Acetylenes 0 0.3 0.3

Isobutane 0.0 0.0 0.0

n-Butane 0.6 0.2 -0.2

Butene-1 0.2 1.5 0.8

Isobutene 2.9 2.6 2.3

Butene-2 1.1 0.8 0.5

Butadiene 4.9 5.1 5.3

Isopentane 2.2 0.9 -0.4

n-Pentane - 3.8 1.7 -0.4

Gasoline + Fuel 19.6 29.2 38.8
0il
Example 14:

To illustrate the effect of pressure, a fluid bed reactor of 78

mm diameter was charged with Redhill 65 sand (ex Hepworth Minerals

and Chemicals Ltd) and fluidised using nitrogen at a flow rate of 15

1/minute (@ NTP) and heated to a temperature of about 530 to 5402C.
Polyethylene (HDPE 5502XA ex BP Chemicals Ltd) was charged at about

200 g/hour.

This reactor had much shorter residence time than the

reactor described in CT 1 and thus gave higher Molecular weight tail

for the same operating conditions of pressure and temperature - Mw

for this apparatus at 5302C and 1 bar gauge is predicted to be 900

11



Bﬁteﬁe-z 1.1 0.8 0 5 But adi ene
.31

4.9 | 5.1 5 sopent ane  This Sheet Has Been Beplaced

0.9 ~0.4 n-Pentane 3.8 ,",I" I" ﬁl m

-0.4 Gasoline + Fuel . 19.6 29. 2 .8 O
Exanple 14: To illustrate the effect ofl2pressure, a fluid bed reactor of 78
nm di aneter was charged with Redhill 65 sand (ex Hepworth M nerals and

Chemi cal s ) | 4y-qi s ' bR vl fdaWiata19da 1/ mnute
(@ NTP) an?%e%?gga{:o%ﬁf e?r%eergéf%?emoﬁt‘eeabour 5%0 tol 540[ er rg. %gl yet hyl ene

( HDPE 5502XmcesasipeCrharpressyret fromhPaghgagediar’ Mo #euend g/ HodP. This
reactor hadigmygh. ShREdEreb@tsORMCHEdNTRxENPOLITMA GERRG! Arredéabld bed in CT 1
and t hus ‘gave hi gher Nbl ecul ar_vveigght tail fogé tr{‘le sa7e. 9 %rvq{éhng
condi ti ons PPRFIsBadel fAGE (FIHPL FERETE 2€ MROF HreFht L3EpB RISt Vet 530[ err]
and 1 bgr: grwger irespa@tbectik tnd hecPling a p2riion O theagasH@LIm thke heavy
nmol ecul ar weli t ai.l . was e i ACL 1,00, fcn S d bar
gauge to 2 ‘braarg{%%é)g f%g?@%e\é §§Q§%ﬁ%§€s§ggr%%u?? Esr hﬁgv{:eﬂa%eéflqgft rapol at ed
usi ng a rel thapl 8. WEnheEMT andeht 1% bar faayeel nocBteothaft Os8Rf% HIWT 4ndhes by
?auget}'f th éatl?_ k&ns%fﬁi% L&%bdlem&eléémat:am f@@g%c@mgra meitztémhoodw hte gas
romthe cracking o e polyner as the_ fluidisjng,gas S at no nore
than 0.04%¥esPrafivedRa dheoddrs, fabgt ﬁ8°ﬁ%raem?ir?§ﬁl% Uﬁé%ﬁ—ﬂ@%gd}ﬁ% dat a
for taillp abpys® andl.2x Weapedwivgby. of 500 are 0.5% and 0. 06% respecti vel y. .

The data for tail above a nol ecul ar wei ght of 350 is 10 7.5% and 1. 2%
respectively. 15 20 25 30 35 '

15

20

25

30

35
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12 13 8039/8066(2) dains: 1. A process for cracking a polyner
conprising primary products which separate as solids and/or liquids 5
fromthe vaporous products and are capabl e of being further processed, by
contacting the polynmer with a frurdized—bea—eenprising one or nore
particul ate materials of qua , ceram cs, carbon black and
refractory oxi des at a terrpe”m @ﬂrﬁ'«%ﬁmoooc and in ttympymg@@p of a
fl uidi sing gas whi ch does not *ox¢ dize s vapor ous products conpri sing
saturated and unsaturated aliphatic and aromatic hydrocarbons which

vapor ous products: a. having | ess than 20% w w of gases conprising Cl-C4
hydr ocar bons and b. containing no nore than 10% w w of aromatic

hydr ocar bons 15 assom at ed WI th the wei ght of polyolefin
polymers in the feed, are substantla y a high nol ecul ar wei ght

tail conprising hydrocarbons PhsB&hg c&f weight of at |east 700 as
nmeasured by gel perneation chr e high nol ecul ar weight tail
being 20 mnimsed so that it iif} 15%W/W of the total primary -
products by fractionating the vapor ous pr separating the high

nol ecul ar weight tail fromthe primry products and recycling said high

nol ecul ar weight tail back to the fluidised bed for re-cracking. 2. A

process acc®admpy to Claim 1l wherein the primary products are 25 further

processed tp ot hgr rbxgg@%aémcﬁiﬂgeaml ef“iht§ f‘iﬁ%&ﬂ%@dbé&)rug&!o%dﬁnthe
val ue of the roduct sel ected froma ca ytic cracker, a vis-breaker, a

hydr o- crackfare Pﬁe%ﬁ“éarﬁ%ﬁaﬁkérdisﬁlgcék%rlnt% VRPRrs PYQSNCES CORPELRLZEV( | ¢
reformer, gpiimbfy gaotudas Capadlef o being)Futittietr pidedssl ShatdcabiDyedumnt . 30

that the vaporous products are treated to generate a primary product
5 substantially free of a high molecular weight tail comprising

hydrocarbons having a molecular weight of at least 700 as measured by

gel permeation chromatography.

2, A process according to Claim 1 wherein the primary products are

further processed to other hydrocarbon streams in units designed to

10 upgrade the value of the product. selected from a catalytic cracker, a
vis-breaker, a hydro-cracker, a steam cracker, a coker, a hydro-
"treater, a catalytic reformer, a lobricant base manufacturing unit
and a distillation unit.

3. A procéss according to Claim 1 or 2 wherein the primary

15 products are further processed to produce a product comprising
ethylene in a steam cracker.

4, A process according to any one of the preceding Claims wherein
the fluidising gas comprises at least one component of the vaporous
products from the fluidised bed reactor which is recycled.

20 s. A process according to any one of the preceding Claims wherein
the fluidised bed reactor is operated at a temperature from
300-600°C. o |
6. A process according to any one of the preceding Claims wherein
the weight ratio of polymer to the fluidising gas is in the range

25 from1l: 1 tol: 20.

13
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13 14 3. A process according to Claim1 wherein the primar roduct s
are further processed in a steamcracker to produce a pr CW)H ﬁ‘l J‘lﬂll
ethylene. 5 4, A process according to Claim1l vvher

products fed to the steam cracker contains no nore than 15%w/w of the hi gh
nol ecul ar wei ght tail product. 5. Alrocess according to any one of the

preceding &l ainmg Sk rhctcla‘édi’ifg' Gé‘tan'&a&ﬂeo o?fthQOL:YéE%FliﬁéJ ci Bfud Wé&ll%' ng gas
isinthe range 10 from1 : A process accordi ng to any

one of thetpe e’d"@&’f‘ﬁg’fd‘%ﬂbrrﬁ‘ wféﬁler rVetlﬁ‘ét éﬁﬁhrﬁ“ Bhe wwrmwa? ifei ght

tail in theivafceaus Wf:@&ﬂi@h&t:ln% e iphimat mbdaaes" abi sepaichee ftheikiighed bed
react or unde{ cDI’ essur.e

g$s, ace ny one, of t.he
precedi ng CPH e hnar-&rh tffu‘l ?t}?eg?‘fyﬁl e &g gg“r?%??‘gles A h% e
catal ys®. ~ 8ack toAthy ddeitdisadderdd ey rpecﬁcaim 7 wherein the cat aI ytic
conponent gf thg I:J:&Hegngéiopgfhg 2o | £5504d13F A% RceBhPthafis 4D total

solids in the fluldi sed bed
" wherein the amount of high molecular weight tail in the primary

products is minimised by operating the fluidised bed reactor under
pressure. '

10 9. A process according to any one of the preceding Claims.1-6
wherein the fluidised bed comprises ‘an acidic catalyst.
10. A process according to Claim 9 wherein the catalytic component
of the fluidised bed is less than 40% wt of the total solids in the
fluidised bed.

§ muii\‘x‘iiilfﬁfi‘\i‘fii‘ii" |
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