;uve3dendk(6T41 O#17 .luly 2004 - i PROCESS FOR PURI FYING A LIQUID
HYCROCARBON PRCODUCT The present invention relates to a process for
purifying a liquid hydrocarbon product by renoving high nol ecul ar wei ght
contam nants. Mary |iquid hydrocarbon products are available, which 5
contain high nol ecul ar wei ght contam nants. The contaninatiq@kﬂﬁrﬂﬁh!y
originates in the process producing the product and is due to Udesi r abl e
pol ynmeri sation o substances intrinsically present in the process. Such
pol ymeri sabl e substances may be the |iquid LO hydrocarbon. product itself
(e. g. styrenepdndati engn FPSRPFENR}, 2but coam al"SeJo@r@tel FRODYET et her
nmononmers intrinsic to the process for producing the hydrocarbon product.
Such other nononmer may itself be a separate product of the process. The
pol ymeri sabl e sphst anggsnhave 15 ikrcommdhato theyracesprene to

pol yneri sati on under the process conditions. For instance,

di cycl opent mdi eAgiaadaciéIudRd CTPEAE IRH et adt eheP Y pf BeryLefe 1dy

contain small.a s Ck | yi SPRLERE hbecause both typically produced from
t he CS-cut %?l%ggggékggggpglugnt Stream 0 from which isoprene is produced.

Thus, isoprene #sniyniiinsicalyikyopeedent arPdtet protess?pt ba8bEPng “Pilfér yl ene
or glcyclopentadLengéandmg%%cgg%gl?ghylﬁppggm@ém wthermppe, if a

poI?nerisabF%nﬁﬁaPo Pboh product styrene) Is used as a feedstock
for the prodygthgnn2bieh achenuifgl yrergimopss yiertoe procksesopol yner (e. g.

syndi otacti c polystyrene, random styyene-but adi ene r or
styrene-butEHPéHElBHoEPec858ﬁﬁ%£daeqrﬂfpﬁ%%u%? ?%%%?fg%%ggbe form ng an
uncontrolIegopghgg@gg@igganMgﬁyﬁtaﬂuﬁﬁ iheringhtatbndpteers: Aparthef rom
the 30 fact“that such pol ynmeric contam nant naX interfere in_an.undesirable
manner wi t hptheefsr nBEEEn POR RS 1&RR SagatP STa1C25 79| §°2008 poidmst it

welly al so_norgaklLy haye e Least indon mhichs | ssd)tbes prbuteamehibe envi saged
polgner. Thi'€“Tatter aspect could be C_  serious nui sance when processing
the envi sagedopokyrer brtto e dffprisdRts B TReT tintelF F aBPE°p6Eyneri sat i on

may occur cue 1 Leactions caysed y the presenceqoindragasoeh reuhst ances

form ng polﬁﬁéfﬁsaflon initiators which are difficult to renove or avoid.
Such initiabebsucaul dubd radiscalrorfarawdrdy oht pet 6xP8es, SRRPERT N turn can

be Torred Lom.oxyaen 10,1 Hareasd n fille DLESENeP.0l,0l ELbES 208! hofye

conpounds h&¥PAY “an bl'e” bond ol ymerisation may al so
ocguy due to.therpiesence afnsubstanmesnahichpatyrasisatabpstnfigr e

polymer i sat i on feaction, especi ally whet e, Lhi Safalal ¥sbnksad subskance
cis- and trans-1,3-pentadiene (piperylene) may contain
small amounts of polyisoprene, because both typically

produced from the Cz-cut of a cracked effluent stream

20 from which isoprene is produced. Thus, lisoprene 1is
intrinsically present in the process producing piperylene
or dicyclopentadiene and may form polyisoprene.

Furthermore, if a polymerisable hydrocarben product

(e.g. styrene) is used as a feedstock for the production

25 of a homopeolymer, copclymer or block copolymer (e.g.
syndioctactic polystyrene, random styrene-butadiens
copolymer oOr styrene—butadiene block copoclymer), the
product itself may be forming an uncontrolled polymeric
ceontaminant under the right conditions. Apart from the

30 fact that such polymeric contaminant may interfere in an

undesirable manner with the formation of the envisaged



The hi gh nol ecul ar wei ght contam nants are typically present in relatively
smal | anmobunts up to So by weight based on total weight of the liquid
product. However, often anpbunts as | ow as 3% by weight or |less or even 1%
20 by weight or |ess already nake the product |ess suitable or even

conpl etely unsuitable for subsequent processing or for direct gpdoghye. In
order to benefit fromthe process of the ptesent invention, theliquid

hydr ocarbon products to be 25 subjected to the process of the present
invention w ldcughat| yihave 110 zcen &&n@lﬂﬁ@év@-g@@%c%@@igg highy s

mol ecul ar wei ght contami_nants, nore specifically at |east 0.001 ow.
However, in é%hﬁf%5§%§ EVER. t&falorerl SHESThtRC kahe hmkBhéisel ot tele appecdss of
the present inyeniiga 30 atiract \ﬁ%-isla@mgeew&t,pzs@&sgéhn?eegrea“ on

techni ques are known in the art for separating contam nants fromthe actual
product basedwiisagreddiplemencénits rblcecuidrra®ight . One such known and

applied. technol N Lsti QN .- r.ei p tion takes place on
t he bgsis of 13Q¥U|§“§%§£E%%?%e?§%g§§rin%g§f¥}3f§ d%%%?g %érm§8n t he

vari ous conparsentisiomhi chudifif erventes parsanelcatedl toatbe df f febenaassksn
volatility b en the various_conponents. _However, the fact _that high

nol ecul ar meﬁ%ﬁ?“%g%t% ARt $=5rF&° régé%ﬁ%“ﬁgﬁu: %ﬁ%]?r%ﬁghh%ﬁcﬁﬁﬁe St hat
a distillativedseataenivbsda sekat iiveky a@xpensiots day= of = pueifyi pgrtbe
product . hbng%y, in such distillative treatnment the_ actual product formng
the bul k of tHESHREETF19be FREGMedPWSHFE FéVe RS TRFBRApDEF oF edixyION

recoyered as jtrhf-LOasenysthoPp redehic@n o&nd1sisRquantd yh£ondenss n&ﬁr
further use, whereas the hlgﬁ nol ecul ar wei ght contam nants woul d have to
be recover ed "&FitHe 3% oifi 82 BBEESATS EaEPILENPOBEs| (FeDhe Riveryyc i pakhenve

nature of thigs . realdEiteud hok ob %ﬂ@;\g%efen\e%u'oc% a%fa;}éaﬁl@@s reguLged to

carry out the distillative treatnent. reover, the t'enper atur es
normal |y appladcdd dsh eisalysat Fon Eher pasgmene sdangar wiadttdver mal )

deconposi tion .ef. t: [ bon. pr hi; oul d l.ead to. product |oss
and foul i ng §?§¥ﬁ%ﬂ§%g¥§%§%?§ gﬁégzggg%%ngaﬁ%o% %Pqﬁ%ﬁF%%e Tt RS coul d
be aubi ded byopeiforpmomeshe distillation at | ow pressure, but this would

increase the risk on.oxygen ingress which in return could lead to the
f or mati on of per@ﬂ%ﬂﬁﬁ&ghy%;%gﬁfﬁﬁdwibg é,cPﬁg§FlE€P&ﬁ(ﬂi?\ﬁﬁﬂl?%&h%e
pol yneri zati @redmreadat ivabat Fuet DeERBLE, ahownpEesFUND Aty lati g woul d

necessitate &he use of nore expensive equiE, It wi' 1 be appreciated
BEGES it

ment .
that these f Ferderat hée 4plti PFatiet t FEACNEFOAnEt t FES 4R £ r om an

econoni ¢ per giFec Wnodkhtes PE£Sesl hBVSHt hoNwai gk tt @ Pnewde a Jgihod for 30
effectively and cost-efficiently renoving the high nolecul ar weight
cont afi nant s PYTHESE NP ot HeF S ob] BREAV B fRr ENFeRIOSEE thy a5 R - 3Rkfbr ane

separation t eathRM dndRIDYEythgshighy 1ol ecyl ahrwRi@hh eyt nants from
the |iquid hydrocarbon 35 prcduct.
or for direct end use.

In order to bens=fit from the process of the present

invention, the liquid hydrocarbon products to be

25 subjected to the process of the present invention will
usually have to contain at least 0.06001 %wt cf high
molecular weight contaminants, more specifically at least
0.001 %$wt. However, in some cases even smaller amounts
can make use of the process of the present invention

30 attractive.

In general, several separation technigues are known
in the art for separating contaminants from the actual
product kased on the difference in molecular weight. One
such known and applied technology is distillation,

35 wherein a separation takes place on the basis of



- 9 17 July 2004 Accordingly, the present invention relates to a process
for purifying a liquid hydrocarbon product conprising 53 by weight cr |ess
o~ ni gh nol ecul ar wei ght contam nants having a nol ecul ar wei ght of at |east
1000, 5 wherein the product streamis contacted with a hydrophobic

non- porous or nano-filtraticn nmenbrane and the purified pr odlqc}%fﬁ(g@am i's
recovered as the permeate. The nol ecul-ar® wei ghts as used throughout this
specificaticn are expressed in Dalton and are based on a 10 determ nation
by gel pernpation.,chs ot 9gt aphy O tusiveg yidry stlys ener Labs brati on

st andar ds. e advantage of using a nenbrane separation is. that, as opposed
to distillatdrgrpname? e ¥31AB ﬁéé%etr@r‘tﬂ?é:‘nietet h%ﬁp%‘a%% 5% tH2 hydrocarbon to
be treated., This saves o8 13:8Renqyy k.08t SHessahasdnacenpdseoppoesed to

iy

absorption C%‘he menbr ane” separ at i on does not require a ggsorgti onqs}lgg nor
does it resiievera VokufRAoushes] SO EHYI SRS JfSthet | adRnhLoPbent,

which is also a possible c quengq of.absos ptdess HAsaopposed to nmenbrane
20 separation® o@gTs%ngoggugﬂﬁgln%%ane, tn.he presently proposed nenbrane

separati on fastiheaativantagettbat: ie Bl owdd 3gh 6F L YreRbr 2nd L hor €€¥c8n occur,

as the transm ssion. o% t he Rer neate takes plage-wi@;helsetutbon-diffusion

mechani sm (@&~ h&te¥ nafEePf °%¥5 'Thé “d€paration | n- accordance with the

process of {he,present nbnyeriaon prictkido Sptning hehprodbikt ofntbet we

fractions: a perneate and a retentate, ,The perneat been upgraded in
the sense t$areahsteoRBakFRatioh Hoeve th‘:“a‘ge btg%?.’?% %\7\%?‘25 Cohsequent |y the

perfgate h egQ&ﬁk@gdagota_ehigg&%rodgalu@ chrpar edn t endheubskegibaak lpr oduct .

The fetentate Ich contains an increased proportion of Lpants as
conpar ed t octhdenekgi AaF FREFHIEE Yy awW%%s d%%%n}af‘ﬂg rg%??&%ﬁ‘a@

concentrati on. Rtt Q%ﬂ?_%%‘_%@n%t WM I asatd and 19¢ tbeoseparatsorpeand the
percei ved efid*asé. ~35 The retentate val ue may be | ower tgan or. simlar to

the - 5 17qdubybae6dmydnge GionhEdiidt nklhe feRAFIFREPSFEFEEut - def i ned

as the weight percentage of 1] A0 nal y p¥ ogeict st pRam:t hatlgaases t hr ough
t he menbr an@aﬁﬁaei Sgr é%&vserté:tfggtﬁ)er'neat%can vary within broad linmits: 10

to ?g~ by wekghtgulrpcefrer ablnyr8®un 95 sdbytikl §ht Vel ATEASEMfe retentate
still has a value close tq that_of_ t Lgi Riodughpitibe shage cut will
be rel ati veM?IIe(?W,er\Ahérer@ag”‘,gr_}f Ti%ném\‘/]g%%%%? Ilt?ﬁ%mr et gnt g?elcan be nuch | ower
than the valg:+qfi 1bhe cof iigidadage othuet dehgepbpéct L =®RL) be to recover

decomposition eof the hydrocarbon product. This could lead
to product loss and fouling of the egquipment. The

20 application cof high temperatures could be aveoided by
performing the distillation at low pressure, but this
would increase the risk on oxygen ingress which in return
coulcd lead to the formation of peroxides. As explained
above, these peroxides will induce polymerization

25 reactions. Furthermore, low pressure distillation would

. s |
necessitate the use of more expensive equipment. It will

be appreciated that these factors render the distillative

treatment unattractive from an economic perspective.
The present inventien aims to provide a method for
30 effectively and cost-efficiently removing the high

molecular weight contaminants.

These and other objectives were realised by using a
membrane separation treatment TO remove the high

molecular weight contaminants from the ligquid hydrocarpeon

35 preduct.




10 as much perneate as possible. Thus, a further advantage of the present
invention is that beside the perneate, which always has a hi gher val ue than
the original product, also the retentate can have a rel atively high val ue
by proper control of the stage cut. 15 The liquid hydrocarbon product to be
treated contains 50 by weight or |ess of hieh nolecular metiRhJ ﬁHd%ﬁ nant s
based on total weight ef the |iquid produét- However, the presem nethod is
particularly suitable when the |iquid hydrocarbon product to be treated

contai ns 3~ 20 by -weight,or, | 6sfe PESSYI tabkYclxmbywaight o Jess of

hi gh nol ecul ar wei ght contanm nants. Even at high nol ecul ar wei ght
cont am nant P&QEESSof @ K- BHEEigm bEIredshvRecrethed ofr adhepr esent
invention. is_highly_effactive, 25 The.l{iguLd kydragarhen pr By e
treated may Eggg%QF%S sg?ﬁa}iyeﬁﬁgahégﬁ Eﬁeni%al'ﬁgbdu???gﬁéggﬁﬁﬁﬁ#§¢ging
t he desired chemrtrahapredictvigrm H-ndleqel ght wot ghess Lok thilgl stolledd ar

wei ght contam nants, erei n, the desired. chem cal  product is.a hydrocarbon
optionally 3gh bﬁﬁﬁigﬁgggﬁkﬁdggzﬁ%%%?%%t%gogg%g%%tgﬁdW§U|t?bﬁy as a
mol ecul ar wepgbbiof nbesgdrdvars 260, navos-ef sui tabl ynl essbtrhaes 201 amk even

nmore suitably |ess than 150. The nolecule of the desirgd chem cal product
sui tably coné?F% $e5t PRS- Torid Tfstety® thi OUGR-hi 6R pofyPeIPraify 2004

n _ nerization (TRel #ehBGLQRROLWLTRfHSAld HN)sLaAN-WEEUELoWRI R 13DI ety
preferably is a palvnerisabl2 ol efinic bond. Agcordlnaly, one cl ass of
sui t abl e chefPeal fpFadders 3T Rt B phit i 73 €BCBy 2P Re2pRoEESS O™ IFe

presgmt 5 iné(@f‘%Eﬂﬂnaj%&%nn'%@plggle%efme%@iort. her, gsnse 8l -Epkpuliapch)
R1IR2ZC=CR3Rg (I) wherein. Ri, , and Rq may be the same or different and
i ndependent | ysrepr BSéHE thy@rcgenl ICR G ml KA nd&Ides al kenyl, aryl
(preferably phenylL, .G nClAr & k%'ng%gfgéaéiﬁ%mééBaB@tESRr%%eE%i%9 a
G -Cqg al kyl group. It is preferre th represents a grcup as indicated,
whil e R2, R3zandpRogedepresiéntt ilyidrtggen. there is no need to change

the phase of the hydrocarkon to be treated. This saves on

15 energy, and costs less hardware. As opposed toc absorption
the membrane separation does not reguire a desorption
step nor does it result in a voluminous reject consisting
of the laden scorbent, which is also a possible
consequence of absocorption. As cpposed to membrane

20 separation over a porous membrane, the presently proposed
membrane separation has the advantage that nc blocking of
membrane pores can occur, as the transmission of the
permeate takes place via the soluticn-diffusion mechanism
(see hereinafter).

25 The separation in accoxdance with the process of the
present invention aims to split the product into two
fractions: a permeate and a retentate. The permeate has
been upgraded in the sense that its contamination level
has been lowered. Consequently the permeate has obtained

30 a higher valus compared to the original product. The
retentate, which contains an increased proportion of
contaminants as compared to the original product, has a
value depending on the concentration of the contamination

{(resultant of the separation} and the perceived end use.

35 The retentate value may be lower than or similar to the



Anot her class of suitable olefinically unsaturated conpounds are the

conj ugat ed di enes, which can be 15 characterised by the general formula
('] RIRRC=CHRg- CHR7=CR3Rq (I1) wherein R1, R2, R3 and Rq have the sane
meaning as in formula (1) and Rg and R7 may be the sanme or different and

i ndependently represent hydrogen. or Cl-Cq al kyl, 20 preferq?[mgﬂgkﬂyl or
ethyl. Yet another class of suitable chenical products are the conpounds
contai ning one or nore olefinic bonds in a cyclic structure. Useful
conpounds of this type are alic clic,nngo- and diQLgan:F,sugp_as che

cycl opent adeéne, oZ5 tdiccyct iopemt hdf efe; [N3- &YEFGheXadi éve |t &yl ohexene.

Preferred Ch%”%%aldyéggggé%(%¥W%$§eoﬁﬂg§9al5pﬁéﬁb@ﬁ gt m s sui tably
from4 to Y6t€arbdn atons,- and exanpl es”i ncl ude styrene, isoprene,

y - om
but adi ene, paksekl, Irpentadi Bre, neTRARSNE, 8DfehBadifEAS 2 T56h Zen & SO T D Tiene,

xyl enes, C2-C~ mono-al.efin Suj. t et hgne ;anRd:pLQPenRs)grand acryl ates,
| i ke met hyFa&crfyitat éf*tg}ﬂﬁb%%arél g?‘lgxgﬁd met h)?l met hagilroyl ate. 17 Jul y. 20D4

O ?11 pr oduelrs /@it Geddi £yt bpentadhéne Iangasey téife HEVE Y nuch
pre

erred for the purpose of the prese i.nyentkan.. F | mkesu) ar
wei ght conBadildalts Ve 3% gﬁ%f‘gcha?%\?gi éﬁt ttlg% gtﬂlra‘%arlsﬁjgrl%oo. I nJ tile

process of (Hhe JyRaentud NVENt i ve. rat akeast yBOW-hy wheirg#s off aane

contam nants having a nol ecul ar wei ght of at | t..1 r ed,
suitably avalagsto @}G%yf%?@ﬁ‘t%nﬁgﬂope 3 a%@l“ét %Q%éﬁt%%oe/;% wei ght is
removed. Mgt 10, suifably; 99%hycwehghbrgrecirve ofiltlhése tomMsPdTRALS is

renoved. 17 s prefertred that the contam nants whi htg_lqave ad»@r'u@&é’lar
weiight of ats Iresst R500akre ef f BEEFVELY 1 divad ? wiifie Tont am nants havi ng

a nol ecul ar i.ght_ of | eastp900 ake ceyen payieipraferphiyeetéectively 15
removed t o %endule %*pefsl%llu?n eﬁgp?oduct (i,]sual ity. Effective renoval in this

context neansidihadLedys eass 9584 bpewerghtlsandatord s ity  at | east 99% by

wei ght of said. contanj nan i d. € HURRer, lddnde fvs1 ¢ heiagnl ecul ar
wei ght of tHféJ%‘bﬁan‘—i‘nL%ﬂt%ﬁ‘igs%ﬁ(%tggg\ré?t'i 5&‘ and . t

value by proper control oI the stage cut.

15 The liquid hydrocarbon product to be treated contains
5% by weight or less of high molecular wsight
contaminants based on total weight of the liguid product.
However, the present method is particularly suitable when
the liquid hydrocarbon product to pe treated contains 3%

20 by weight or less, more suitably 1% by weight or less of

high molecular weight contaminants. Even at high

o

i 1 g ight oz
molecular weight contaminant levels of 0.1% by weldl I

less the methcd of the present invention is nighly
effective.

25 The liguid hydrocarbon product to be treated may be
an industrially produced chemical product stream
comprising the desired chemical product and 5% by weight
or less of high molecular weight contaminants, wherein
rhe desired chemical product is a hydrecarbon optionally

30 comprising one Or more hetero-atoms and suitably has a
molecular weight of less than 250, more suitably less
than 200 and even more suitably less than 150. The
molecule of the dasired chemical product suitably

comprises at least one molety through which poly~



20 may be as high as 500, 000. A typical nolecular weight range of polyneric
contam nants is 10C0 to 30C, 000, nore typically 5000 to 200, 000. The
menbrane used i s hydrophobic and nay be either a non-porcus or a
nano-filtration menbrane. The menbrane 25 shoul d be hydrophobic, since the
streamto be treated is a hydrocarbon(-1ike) stream which sr¥%Qﬁk Lapabl e
of passing through the nenbrane. The nenbrane suitably has a thi‘ckness of
0.5 to 10 pm nore suitably from1 to 5 um The nenbrane is typically

supported on_af.:l.east.one; 30; sUbstr l,ayer. to .brov t he necessary,
mechani cal strength.{%uc 'ﬁé%%ré%éé%g gl'f7§T%eﬁ%§$Ldg?% Sg’éonp8%ﬁ¥é
menbr anes or Mgt idme Conpbsit és. eCeodnaldry s> conpbsiiei pepbrane may be

conposed of a non-porous or nano-filtrati nenbrane supported on a
mcro-filtrati onlg‘g%oo‘r W4 £ PREr 50P6R r“r’%nrrﬁruar&te)abg]re ot bt her PperBEES - s

17 Jul'y 2004 wiwtcer icaln T spsubsiedt eymahsl pocRidd e shppertedron a
further porous support to provide_.the required nmechanical strength The

non- porous of “WAAGHAT t3 5T I B ReRbRARS SMEy &NSo L sl W ERebe 4L)
substrate, but it w.11 ggRgcu@ﬂ@ﬁﬁgood that in such a casge t he thickness
of the menbrane should be sufficient to wthstand the pressures applied. A
't hi ckness gwéaterrt fan o unk gagnthBn beyr eeuithed.ssHd sof sanpfepeeterred
froma process econom cs_ viewpoint, as such thick frenbrane wll
si gni fi cant | $n80 tPcRnendmt hr olghpatedt bRermemraie,-Ghereby. deCredsi ng
t he anmount oflﬁuriﬁied rooduct ¥hich1can be recovered per unit of tine and
menbr ane ar ed: “Fydrop f% Hﬁﬁ%-?Ff?rﬁtPBﬁ?Y wbﬁ§ng§laﬁ€thomn inthe art
and {potentigkpuapplico@AOnsi deses i bedrasenthiay 15 dnstance, 1 herbygat ment
of waste streams, separating dissolved lubricating oils fromorganitc
sol vents, separati pgedregarsd Tatal jst repapbexres fr gmourgas Gisdl yeré s, or
separating | ow nol ecul ar wei ght oligoners dissolved in organic solvents in
pai nt wast es¥26°| R2gefer Anhdho- FEPEEAENbnhirdbBE&Res whi ch are useful for
the purpose of the present, invention should hayve a cyt-off value in terns
of mol ecul ar weigﬂ?gb9346&ﬁﬁﬁxf%xﬁTbﬁ?bgﬁi?aB%énﬁ§8ﬁgﬁh8ﬁ%§“ura“6d
nano-filtrattompeanpesiare rMdHranesuqatetngi Enpegpanator 3! e for 25
instapce, disclosed in US-A-5,205,934 and US-A-5, 20' 5, 734. These conposite
menbranes cofPrFeEtERIFFFeAY it perdeE2 subSETdte édbrane, such as a
mcro-filtration orryktrabigstratit dﬁ?@ ane, which substrat y have been
treated with a pore %r%tectoﬁ}wi%ﬁkto c%ating it wth a 30 g%??cone | ayer
whi ch subsequeateyni 81¢r #3s| iRkethd Bxanpies ohesshhabheasubs] raf eedmateri al s
are polyacrylonitrile, polyvinylidene fluoride, polyether imde and
pol yani de i nf@ERUFhe (For @ngr Giectv? Bmymde behylrogymer mitnatidferent
pol ysi | oxane, ghe f.i nal si&Hcone coatin angr35 t he pare-protecting
silicone | aydPt YPrERFAYHave g epresent hydrogen or C;=Cy alkyl,
2C preferably methyl or ethyl.
Yet another class of suitable chemical products are
the compounds containing cne or more olefinic bonds in a
cyclic structure. Useful compounds of this type are
alicyclic mono- and diolefins, such as cyclopentadiene,
25 dicyclopentadiene, 1, 3-cyclohexadiene and cyclohexene.
Preferred chemical products comprise up to 15 carbon
atoms, more suitably from 4 to 10 carbon atoms, and
examples include styrene, isoprene, butadiene,
cis-1,3-pentadiene, trans-1,3-pentadiens, benzene,

30 toluene, xylenss, C>-Cz mono-olefins (suitably, ethene

and propene} and acrylates, like methyl acrylate, ethyl

acrylate and methylmethacrylate.



17 July 2004 thickness cf ~0-500 nm P::other exanple of suitable

hydr ophobi ¢ nano-filtration conposite nenbranes is disclosed in

US-=.-5, 151,102 and conp=i ses a crosslinked | ayer having a thickness of

|l ess than 1 ~tm which layer 5 includes a pol ysul fone type polynmer and/or a
pol yphenyl ene oxi de type polyner as well as at |east one Ch|ﬁﬂ5my§@04

br ononet hyl at ed pol yphenyl ene oxi de typé pol ymer supported on a sol vent
stab' e porous nenbrane substra~e. Crosslinking is effected by using as

am ~:e as 10 cpesghinking agentne feosabst datecsuptalleylisnid rsol ubi | i sed
pol yacrylonitrile. Thée coated substrate ngn?ran gaé Qecg%pggygggaen a

pOr ous Ssuppbrtene EFer &8se e et HanT tafcs ?éngpﬁ. Exapl es of “'Sui t abl e

support mat eérai %y& isnclyde poly 15 ethyl ene, polypropylene, nylon, vinyl
chl ori de pBFyﬁer S, “aromati c pol yi mi des, pol ystyrene, polysulfon, polyesters
such as pol yet Mykehe ghemepiachal &t ere B assCPRbaMENa8AG FIforgdhi ¢ supports

based on al uyi na.and/ or. silica._ Jhe,compoghbe mBMRRhane My AUEE aftye desired
shape, e. g?ﬂoté%c&ﬁfn (AN S}]é oorépﬁgng?fg I'n case a non-porous nenbrane is
used, tranggkseinen iofvdrhe qerateat ez$ake8%phace=Ea K& sdiluti on- di f f usi on

mechani sm the hydrocarhons to be per d dissel we it thesenbs@ne nmatri x
and di f f us€°tddUgiE e fﬁ‘{lrp%ﬁs%ﬁg)g%??%?n‘g%ﬁ?gne I ayaer, after which they

desorb at the pemate siwde:adhe ami hedskvBAg bor teHLBYC pErHETdN i s

hydrostatic pressure. An advant age of using.hydr j C - pOr ous
nenbr anes &sid@dal ek tHdHe %é’é BY Hﬁﬁgbf'i Iltsrgfegl%ﬁ‘%?o rr%anes i s that

there is nq pluggi.ng &4  whi8ntt Ber fore nd possiebiddrteminames nefrbr ane
beg(g)m' ng blsélgkte h{/]' I%{rggéﬁ rr%l e%ul es RI ugfgjd in the .POr &s, Jkpj?l?cl%%g
happen in pereusdenbt anespraiearpasine Fof NinicER i ot & diTTicul t to
regenerate the flux, Ther Ensl bl $ed8:preber med fariddrel prirpose of the
pr esent in\feﬁ[lcf]o‘hc%%aﬂs‘g“%?{ils -~ yeJuI y .2004 a non-por ous_ nenbr ane.
However, itrdmoesphasthske thatamanentisl PEFEDEN anﬁ‘.orlt?r%{ﬁle%r ot d al o be

used in the prccess he_pr t _inventi.gR. N RoToUs: ffedby anes as such
are known i%tjl'ﬁaa%?tgél% %rlgng%rgﬂng%)gl“egar?y hydr g?)hob_i c non-gor ous_menbr ane

capabl e of r&iadaingo88ashyewepyhtnuor emsipg ogii o fpistintlsy halvt hg=5 1 Hdl ecul ar

wei ght cf at least 1000 and through which hydrogarhon progicks asigpecified
above can beeTPERsniPt BO*Ti ﬁoPﬁgxgofn\t%?ﬁn%n-t i tfusion mechani srr%s can be used.

and more suitably at least 93% by weight of said
contaminants is removed. The upper limit for the
molecular weight of the contaminants is not critical and
20 may be as high as 500,000. A typical molecular weight
range of polymeric contaminants is 1000 to 300,000, more
typically 5000 to 200, 000.
The membrane used is hydrophobic and may be either a

non-porous Qr a nano-filtration membrane. The membrane

25 sheuld be hydrophobic, since the stream to be treated is
a hydrocarbon(-like) stream which should be capable of
passing through the mempbrane. The membrane suitably has a2
thickness of 0.5 to 10 pm, more suitably from 1 to 5 pm.
The membrane is typically supported on at least one

30 substrate layer to provide the necessary mechanical
strength. Such membranes are often referred to as
composite membranes OL thin film composites. Generally, a
composite membrane may be composed of a non-porous oOr
nano-£filtration membrane supported on a micro-filtration

35 or ultra-filtration membrane or on ancther porous




10 Typically such nmenbranes are crosslinked to provide the necessary
network for avoiding dissolution of the nenbrane once being in contact with
a liquid hydrocarbon product. Crosslinked non-porous nmenbranes are well
known in the art. In general, crosslinking car. be effected by 15 in
several ways, for instance by reaction with crosslinking agq&pﬁﬂygag;can
optional |y be enhanced by irradiation. Ong exanple of suitable, presently
avai |l abl e crosslinked non-porous nmenbranes are crosslinked silicone 20
rubber - based g%nbranesmwpf whi ch thﬁ ponS|onane nenbranes are a
parti cul ar | y"GS&F Gl “gr oup™ f > MBRbBF 8R8s™ 3Ty pPc Y =1 He® pofBR Fbr@aner 2

contain the fepeaki-nganids §mpﬁbrtmberpkavhae siHd canget 0 @@@gagyggggen
or a hydrocarbon roup Preferably the repeating units are of 25t

ol e R P g B Y ot P R B a B kTl oo aarie Ruasiay be

the same or dithepentisand Fepiosent bydsegeneo0r b%thﬁdcr qcarbagn, group
selected fromthe group consisting of alkyl, aralkyl, 30 cycloal kyl, aryl,

and aPkaryl . UPP@FéF&@@yt?ﬁtI%%s%iéheaoﬁaﬁﬁetbﬁo@@§Q%nﬁﬁ$F@flshan al ky
group, and mpstrpaaterably bath 0 ghedps: are PE! byl nQroups t}«\é(erp}’ S ta%e

pol ysi | oxanes for the purpose o e present |nvent|on are 2
t er m nat ed) @DpyéﬁﬁetﬁymhMQﬁaﬂﬁg gihet 85 thasslbluhlm@usiﬁdnﬁbéﬁfected

t hrough t he 004 or -NH2 group cf the
ES% erre #;%¥ﬂgxa ?é%ﬁ%%§e§ THF acﬁ&ﬁﬁ%%ﬂ«ﬁféh%ﬁﬁc%nerlc

pol ysi | oxane
pol ysi | oxaneviewbpanes. aAI&nuﬂthemlwhthMyraﬂ@ POIOUS ireiFiaRes 6eul d be

use I n general ubb es.5 can be defir:ed as nenbranes having a
nonqﬂ%rous t b‘fsyé ﬁéﬁ? @%ﬁﬁf oS REHBFARET of NEE Py PRS2 FMdnhi ch
at |east -onecpsl meﬁnha@fapgﬁﬁs_ﬁléd anshdihOn §RIBRT abur 8 Welkl- 38l QM
operating tenperature, i.e. the tenperature at which the actual separation

takes place. UNef SRoERBE PO MHIPHINDAEM i al |y suitabl e non- porous

menbranes are theyseopabbed $AREI G asSy: Ay xappl ¢ -af sych a
material is polytrln%?h | sil Ipropjhe (%he exaéﬁ?gégfgsgggagpg crg%SIlnked

el astcneric %@?y@FFoﬁaﬁe ﬁ@ﬁﬁmﬁ%&#ENﬁpnkﬂ@#%i®@$yddé§¢nbbddawn i For
US- A, 102, 5plsc Jhus, Hgt ahle HES, £ & ﬁgg‘ﬁﬁg O%Fgago é%'g't gxane

pol ymer such as descfi be supra having a no ecul ar wei' g
150, 000, pre¢€$a@ly855®ub@Lmaﬂldqnqxﬁstﬁrmmcssganmklag)vemhsch is

o boly(car borer- BaF ST raer 3P Y VS o e P EoR PR N - R
or - OOCR, a $31PenBs ok éepam@ﬂang;Hquhmnxﬂcuhékywelghylol@g@h@&bky| ’

al karyl, ral kyl . Further detai e ardln sui t abl e _pol ysi | oxane
nE|r~ranes ¢ s%%yY%ﬂnﬁnlﬁ 88" Acésfgéf n h@aﬁﬁgﬁose of the

pr esent |nvent|ODpt@@nateﬂehheQAﬂM}ﬂxwﬂmﬁbrﬁﬁﬁﬁﬁﬁﬁbsswaléﬁ0§§blGE@dul
pol ydi met hyl si | oxane rrerrbranef @; i ndi cated herein_before the non-porous
b

menbr ane may* B Wi®dPREPSEEN TEF ALY e Spbortedhonlg have a

cut-off value in terms of molecular weight of
400-5000 Dalton. Suitable hydrophobic nano-filtration
composite membranes and their preparation are, for

25 instance, disclosed in U$S-A-5,205,934 and US-A-5,265,734.
These composite membranes comprise an underlying porous
substrate membrane, such as a micro-filtration or ultra-
filtration membrane, which substrate may have been
treated with a pore protector prier to cocating it with a

30 silicone layer which subsequently is crosslinked.
Examples of suitable substrate materials are poly-
acrylonitrile, polyvinylidene flucride, polyether imide
and polyamide imide. The pore protector may be a hydroxy-
terminated polysiloxane. The final silicene coating and

35 the pore-protecting silicone layer typically have a




30 substrate |layer of another material. Such substrate |ayer could be a
m croporous substrate as described supra in relation to nano-filtration

menbranes, i.e. it could for instance be a substrate nade of

pol yacrylonitrile, polyvinylidene fluoride, polyether imde or polyam de 35
i mde: - 12 - 17 July 2004 The non-pcrous ne.-| brane shoulg W duably
retain at 'east 800 by weight but nost- preferably at |east 9 wei ght of

all corrpounds havi ng a nol ecul ar wei ght of 1000 or nore. The fractl on of

conmpounds %i nggs ”DJ:?C%'ba?Pé yei ght, hetween 256G and: 100G Lhat will be

retai ned b rane”w depend on the degree of crosslinking of the
menbr ane, nﬁejm:atg@bzutmanhefuércrpercam ecm 1 hee imgrer aetEonibet ween t he

fluids to bg separated and th r ne. 14 t he_hj thg degree

of 10 cr osﬁ%%%@e%ntﬂntﬁé f'o ?%t hel% aagrlecpc 1%97 oae‘%*!t’ﬁgfﬁac?. on of

conmpounds hawjdg Ra#DheCH| arivRheklt ke ieens 250 and 00wt hat: Walkrpass

t hrough the nmenbrane and will end up in the perne ‘i[“f The Iovver t he degree
Yh

of ¢rossli nmcrﬂg—@q!lél @hgohbghéfﬂﬂﬁetéﬁ?@é?%wmerﬂ%“ e? PREYI5 fraction of
conmpounds a b petween 250 angd 1000-£ hat owkl | end up
in the per&?g1 ,{;&%gﬁ%%ﬁ&g {‘Cgﬁ% 9%&?%5 the retention Ofehl ghgr nmol ecul ar
wei ght conpotient s- V\btlbﬂememebhaﬂeteﬁjmd@e{m@l%ﬁ@c@xadﬁoﬁ}ﬂﬁﬁous menbr ane

does not have a sharp cut-off val ue,., -Gomoynds - LMol ecul ar
wei ght wi | Ipcbla%f%eFmFQPB%FF? Phr 8udiy ‘T%%eccnon bor ous én%rgnlggt an conpounds

having a highestfetecutabsweightingl tid spfeferd dely tuatng hen| Endind as
hydr ocar bon product i s contacted with thﬁﬁhédro {néja non porous or nano25
filthation Q@?ﬁ?éﬁ%ké?gaaﬂﬁﬁﬁs MBfThPARS ressure 13 the Fange of from2 to

80 bar, norg, preher @bg¥d190t9a59v11@hlua:ﬁwx of bet ween 200 and 5000 kg/ n2
rrenbrane per day (kg/nkd), nore preferably 250 to 2500 kg/ n2d,. and_a
tenperature in The ?@Iﬁgédoﬁupﬁéﬁﬁi—@ ST a8 Ml 3 HRFRT 56y T0t 0 40 C

As indi Catgg b PURLas 808 - 0f tthe ,advantagas Gﬁeéﬁlﬁupcfé)pe%r@ﬁg@hdl ng to the
present invention I's at all hi gh nol ecul ar wei ght contam nants are

ef fecti vel yExanpled. oThEsitebbenstingic T oAt S EYUEHE L pHBCcBSS¥Ag or 35 for
B I e e ?ﬂuﬁfﬂ?%ﬁt??ll\y%%%%iﬁ%%%gﬁr@% o
resulted 1nz pomatkedpoigiovement pAflystyrens, polysulfon, polyesters
such as polyethylens terephthalate, glass fibers, and
inorganic suppcrts based on alumina and/or silica. The
compesite membrane may have any desired shape, e.g.
20 cylindrical or planar.

In case a non-porous membrane is used, transmission
of the permeate takes place via the solution-diffusion
mechanism: the hydrocarbons to be permeated dissolve in
the membrane matrix and diffuse tﬁrough the thin

25 selective membrane layer, after which they descrb at the
permeate side. The main driving force for permeation 1is
hydrostatic pressure.

an advantage of using hydrophobic non-porous
membranes as compared to the use of nano-filtration

30 membranes is that there is no plugging effect, i.e. there
is no possibility of the membrane becoming blocked by
larger molecules plugged in the pores. This could happen
in porous membranes, as a result of which it 1is mo;e
difficult to regenerate the flux. Therefore, it is

35 preferred for the purpose of the present invention to use




the properties of a subsequent product, for which it served as a reactant.
Nanel y, when dicycl opentadiene 5 purified in accordance wth the present
invention, is used for preparing unsaturated pol yester resins, a
significant inprovenent in the product properties of the polyester resin
was observed. Thus, in a further aspect . the present invention. rejates to
. : Jul

¥~~~  ~z.010 _ .. __ .. ., a . .~ ltthe process ef the , present
invention for the preparation of unsaturated pol yester resins. ~ u~ ~"p-

pW'Y" " It i sawebh-kBOWud Mdmer AL . AR RS At yﬁaﬁgde&@rﬁ%gﬁs% rgsins can
be prepared by reacting an s5 unsaturated di carboxylic acid or its
anhydri de wi t h2ROpoEyRYEFHICRINSHOT2 MY GPeye| apent hei eved The gtesin t hus

formed is thegrregqvered and hleanded wiid,an,gthylenically unsaturated
nononer copolynerizable with the unsaturated polyester polyners to fo_ ~ma

bl end. Suitabl e 2B<ernePhRylcewi @raransatad at'ech nonenkenswar é nwelde knowarand

i nclude: styrene. .k Ayl _styr ; .0S e Lnyl toluene, divinyl
benzeﬁl% andytﬁg ?FEEEQE%EH%%ég%g’%G s%llr?%:g ée%%@é?%%%?édmgﬁg%l&ﬁqp@b% ds
o_- danhyldr;_de&ﬂﬂete@ﬁiing}gﬁ%e_hm&&_tigrm e:dr mm/%ﬂhydmgdgadlsi %vmltg_efai c 25
acid, malefic_an ide, fumaric. acid, i C e used in conbination
with aromati cm%ﬁ%gg RhhEEIEE i SOy t?o&%?a\éswkacf%@&y 3t hBTBBEPh YL al cohol

di ol s, such asyetbykepengbyealuctd ethyene slacadsopsopyhene gh-weal-, and
the |like, may be used, The reaction between al cohol, 30 dicarboxylic acid
and di cycl opét adf n%l?stfe‘%is@élulty‘-%rdrli-efdlwn dteah e vipar acare bef uE6M-C to
220 Go' The #Rveskiop bechUnbherrdddsistiatatdy, g & oL Loyt ae BagpLes

without limting the scope of the invention to these specific enbodinments.
RVENDED SHEEF:eces32gyY- ngrwogky 2004 Riahplie disprel eikperni néntievner e

per f or ned USH&Qm?:QMQrBHEQbEQiﬁgn?%ﬁ*%sﬁﬁ¥E% %hhﬂgigflfqggééﬁg E%E%FbianIS

crosslinked polydinetrylsil oxa ayer having a €ss
supported on rrdiltt a- €rptratngs doloyettverdun der(RE) e sreabe anel 1 Thaown

menbr ane was . dip a.flow cell, hayi an.i.nlet for the_feed an outlet
for the permea ;{{‘%ﬁ ao%?l‘ei[gf %rent‘c’gl‘ﬁ(‘a:‘lr’et““Gi‘:r(l)%gftle\l.“k’llﬁleq e‘?afréckf?vefﬁﬁﬁgf’gn Yarea
was @0 cnR. i) dére=fakdwags,f €drf iemtanstontage-amssiebn i nt oht Beokkow cel |

using a feed p.urﬁg and_was_ci rculdat ed over, tr\%ﬁ.l menbrane with a flow of 414
"/'h. The per medte" Was®¥etbver 88%§3Pr SRTCRHIYYe ISR 2nedt BYwas recycl ed
to the storagexessetiodd The feed was a stream of dicycl opentadi ene ( DCPD)

cont ai ni ng 85% by vvei%Pt of dicycl gpent adi ene, the renmai ning 150 by wei ght
bei ng formed by C&'UiOfEFPHEdBEI VALIEFES o1 i R& SCEMdivhers2 1 &) eri ners,
(co) quadri mercsr B4 £1 1 edld PREY M Bhre6uSURSHANCES s are crosslinked silicone

20 rubber-based membranes, of which the polysiloxane
membranes are a particularly useful group of membranes.
Typlcally, the polysiloxanes contain the repeating
unit -5i-0-, wherein the siliicon atoms bear hydrogen or a
hydrocarbon group. Preferably the repeating units are of

25 the formula (III)

-[Si(R) (R')-O~]p- (III)
in the above formula, R and R' may be the same or
different and represent hydrogen or a hydrocarbon group
selected from the group consisting of alkyl, aralkyl,

30 cycloalkyl, aryl, and alkaryl. Preferably, at least one
of the groups R and R' is an alkyl group, and most
preferably both groups are methyl groups. Very suitable
polysiloxanes for the purpose of the present inventicen

are (-0OH or -NH; terminated) polydimethylsilcocxanes. The

35 cross-linking is then effected through the reactive



20 Approximately 2 kg perneate was produced by passing the feed through the
menbrane at 30 bar and 29 C with an average flux of 399 kg/nRd. The stage
cut was SCo. To avoid oxidation upon contact with air the perneate was

col |l ected under nitrogen atnosphere. 25 Both perneate and retentate were
anal ysed using gas chronatography (GC) and GPC in combinatiqn J\Md} R
refractive index detector. The GC analysj;s was carried out to conpare the
content of |ow nol ecul ar wei ght (c250) conponents in perneate and
retentate. Polyneric 30 substances could_not be &&t ecgted by the OC

anal ysis: foerThesd subbt@hcad e hBree dnaf{&i BoMdS @ duis e GPC
results are indicated in figure 1, Th howed _t 1. conpounds
havi ng a noP&ddifar 3t ght™ %%vneiﬁoa%r%ﬁggiggﬁégnégkab%mh%%% menbr ane.
The GPC resybiysshewethd hadrib henpsl yRksbcothe? JulbpeQ0son-FEraont am nant

in the retentate had a nol ecul ar ight rang>;ng from 5( t 0,D00 with
a wei ght avBERGE 28 %X Db’ kﬁweuf)%gyng‘?i 8~8gﬁ? i ﬁél(r%)tbe\ﬁggq?eggon%aol?%st)ge
pol yksopreng .ang chad & coancent hakboanok 2560naykl riom—~sheSs riesentater  The

pol yireri ¢ contam nant was conpletely absent in th erneate.as is clearly
shown in fi gdr@ne polymgy| g 2@[}10@%&“6“@%% ?‘ﬁﬁ%rf' ﬁ%c“gfélsé? ot~

puri fyi ng a.liqui & hydrocarbon, progdugt a68MBELSIsnG ibg: Merwigituns ek of
hi gh nol ecular "wei ght “‘contam nants havi ng a nol ecul ar wei ght of at |east
1000, wher eibe lidve tpraoduee rateant eBPebAtEERed lnictt-h 1S5 tRROHoH © 2 ¢

non- porous or._.nano-filtration andythe pudd i et productestreamis
recovered aé‘mtll?g1 pté}%aa(f égég.sgggéggggs clai mza)d inclaiml, wherein the
hi gh ool ecul@owei ghtpcoahaih hapt subbeble nrohe®Pdra SWEgH T PIc a2 Feast

2000, 10, rscess.oh clal edeln,Slol MLkl d, Mol dh iy o
conpri sing as dde £esi ¢ egotheninat hpt edlgl packydeocar bon, whi ch optional Iy
comprises one %%S“ﬂﬁiﬁgﬁé”éEaégfgaﬁfQ Qggsglggkg%ug%gstomeric
polysiloxane membranes are extensively described in
i5 US-A-5,102,551. Thus, suitable membranes are composed of
a polysiloxane polymer such as described supra having a
molecular weight of 550 to 150,000, preferably 550 to
4200 {(prior to cross-linking}, which is cross-linked
with, as cross-linking agent, (i} a polyisocyanate, or
20 (ii) a poly{carbonyl chloride) or (1ii) Rg-3Si{A)a
wherein A is -OH, -NHp, -OR, or -0OCR, a is 2, 3, or 4,

and R is hydrogen, alkyl, aryl, cycloalkyl, alkaryl, or
aralkyl. Further details regarding suitable polysiloxane
membranes can be found in Us-a-5,102,551.

25 For the purpose of the present invention the
preferred non-porous membrane is a crosslinked
polydimethylsiloxane membrane.

As indicated herein before the non-porous membrane
may be used as such, but may also be supported on a

30 substrate layer of another material. Such substrate layer
could be a microporous substrate as described supra in
relation to nano-filtration membranes, i.e. it could for
instance be a substrate madé of polyacrylonitrile,

. polyvinylidene fluoride, polyether imide or polyamide

35 Simide.




15 weight of less than 250. 4. Process as clainmed in claim3, wherein the
nol ecul e of the hydrocarbon conprises at | east one olefinic bond. 5.
Process as clainmed in claim3 and/or 4, wherein the desired chem cal

product is selected fromthe group 20 consisting of styrene, isoprene

but adi ene, pentadiene, dicyclopentadi ene, piperylene, C2-C54 rsdegf i ns
and acrylates. 6. Process as clained in éﬁa|n15 wherei n the eS|red

chem cal product is dicyclopentadiene. 25 7. Process as clained in any one
of claims 1-6, meq;ehanpbermrgbmﬁama mymp@h@bége@@aigorr@%ﬁ%%sl i nked

pol ysi | oxane, nenbrég 8. Pro% as clainmed in ang one of the preceding
claims, wherdidttha Fi G¥i #eHydrotarbdl Sir GthRtST3230 ebntasesd 9\&ﬁt B¥t he

menbr ane at ya $41PSc FEADI ARG PRSI & 441 Ad1e: rage Qi Erem 2nto 80 1han a
flux of between 200 17 Julq@£004 17 (2nd SOCDC kg/ n2 ne%graﬁé per day

and a tenperdt dte*$n THE ﬁéﬁgélém flcROrP e @D I vingproresscadaa ai med in
claim6, inyuhigh thecpueifbed %@yqlo%rbe&t% %elprﬁg%étg%éangf} txe used

for the 5 prepdraticn of unsaturated pol yester resin
/N Z/ NFT/ NMryehoTs INe/ Wi ML/ N PENCNOANG ARV 9N OOf/ct\tctaNEm;hNur;hbf 2ABG

membrane, the stage cut, the temperature and the
interection between the fluids to bs separated and the
membrane. In general, the higher the degres of

10 crosslinking and the lower the stage cut, the lower the
fraction of compounds having a molecular weight between
250 and 1000 that will pass through the membrane and will
‘end up in the permeate. The lowsr the degree of
crosslinking and the higher the stage cut, the higher the

15 fraction of compounds having a mclecular weight between

250 and 1000 that will end up in the permeate. At higher
temperatures the retention cf higher molecular weight
components will deteriorate. Furthermore, since a non-
porous membrane deoes not have a sharp cut-off value,

20 compounds having & lower melecular weight will pass more
easily through the non-porous membrane than compounds
having a higher molecular weight.

It is preferred that the liguid hydrocarbon product
is contacted with the hydrophobic non-porous or nano-

25 filtration membrane at z trans-membrane pressure in the

range of from 2 to 80 bar, more preferably 10 to 50 bar,
a flux of between 200 and 5000 kg/m? membrane per day
(kg/m2d), more preferably 250 to 2500 kg/m2d, and a

temperature in the range of from 10 to 80 °C, more
30 preferably 10 to 4¢ °C.

BAs indicated supra, cne of the advantages of the
process according to the present invention is that all
high molecular weight contaminants are effectively
removed. This is beneficial for subseqguent processing or

35 for direct end use of the purified hydrocarbon product.
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& ()-p5 the present invention relates to preuseos—the posiil

10 pieyelepertadiene—productobtained oy the process cf the

present 1nve1tlon for the preperaticn of unsaturated __ii:::>

polyester resins. F whicly the ,owu-ﬁed MJOFPEMF(M

It is well kndWﬁ‘ln tbe art that unszaturated

polyester resins can be prepared by reacting an
15 unsaturated dicarboxylic acid or its anhydride with a
polyhydric alcchol and dicyclopentadiene. The resin thus
formed is then recovered and blended with an ethyleni-
cally unsaturated monomer copolymerizable with the
unsaturated polyester polymers to form a blend. Suitable
20 - ethyleﬁically unsaturated monomers are well known and
include: styrene, methyl styrene, chlorostyrene, vinyl
' toluene, divinyl benzene and the like. Examples of
suitable unsaturated dicarboxylic acids or anhydrides
thereof include unsaiurated acids/anhydrides like maleic
25 acid, maleic anhydride, fumaric acid, which may be used
in combination with aromatic and aliphatic dicarboxylic
acids. As the polyhydric a1lcohol diols, such as ethylene
glycol, diethylene glycol, propylene glycol, and the
like, may be used. The reaction between alcohol,
30 dicarboxylic acid and dicyclopentadiene is typically
carried out at a temperature of 100 °C to 220 °C.
lThe invention is further illustrated by the following
examples without limiting the scope of the invention to

these specific embodiments.
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cutlet for the retentate. The effective membrane area was
100 cm?.

10 The feed was fed from a storage vessel intec the flow
cell using a feed pump and was circulated over the
membrane with a flow of 414 1/h. The permeate was
recovered as product while the retentate was recycled to
the storage vessel.

i5 The feed was a stream of dicyclopentadiene (DCPD)
containing 85% by weight of dicyclopentadiene, the
remaining 15% by weight being formed by Cg diclefin
derivatives like (col}dimers, {co)trimers, (co)guadrimers
etc. and polymeric substances.

20 Approximately 2 kg permeate was produced by passing

the feed through the membrane at 30 bar and 29 °C with an

average flux of 389 kg/m?d. The stage cut was 50%. To
avoid oxidation upon contact with air the permeate was
collected under nitrogen atmosphere.

25 Both permeate and retentate were analysed using gas
chromatography {GC} and GPC in combination with a
refractive index detector. The GC analysis was carried
cut to compare the content of low molecular wesight (<250}
components in permeate and retentate. Polymeric

30 . substances could not be detected by the GC analysis; for
these substances the GPC analysis was carried out. The
GPC results are indicated in figﬁre 1.

The GC data showed that all compounds having a
molecular weight below 250 were not retained by the

35 membrane. The GPC results showed that the polymeric
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1. Process for purifying a liquid hydrocarbon product
cemprising 3% by weight or less of high molecular weight
contaminants having a molecular weight of at least 1000,

wherein the product stream is contacted with a

ot

hydrophobic non-porcus or nanc-filtration membrane and

the purified product stream is recovered as the permeate.

2. Process as claimed in claim 1, wherein the high |

molecular weight contaminants have a2 molecular weight of

at least 5000.

10 3. Process as claimed in claim 1 or 2, wherein the
liguid hydrocarbon product is an industrially produced
chemical product stream comprising as the desired
chemical product a hydrocarbon, which optionally
comprises cone or more hetero-atoms and has a molecular

15 weight of less than 250.

4. Process as claimed in claim 3, wherein the molecule
of the hydrocarben comprises at least one clefinic bond.
5. Process as claimed in claim 3 and/or 4, wherein the
desired chemical product is sslected from the group

20 consisting of styrene, iscprene, butadiene, pentadiene,

dicyclopentadiene, piperylene, C5-Cg mono-olefins and

acrylates.
€. Process as claimed in claim 5, wherein the desired
chemical product is dicyclopentadiene.

25 7. Process as claimed in any one of claims 1-6, wherein
the membrane is a hydrophobic non-porous cresslinked
polysiloxarne membrane.

8. Process as claimed in any one of the preceding
claims, wherein the liguid hydrocarbon product is

30 contacted with the membrane at a trans-membrane pressure

in the range of frcem 2 to 80 bar, a fiux of between 200
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and 5000 kg/m2 memprane per day and a temperature in the
range of from 10 to 80 °C.
9. Process as clzimed in claim 6, in which the purified

dicyclopentadiene product obtained is used for the

5 preparation of unsaturated polyester resins.



