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| NTEGRATED PROCESS FOR THE PREPARATI ON OF A POLYESTER
RESI N FI ELD OF THE | NVENTI ON The present invention

w@e@viozEes2 an i nt egrat ed process for the preparetT/BP2006/065709

a polyester resin. Processes for the preparation of
pol yester resins are well known in the art. In this
specification, the term"polyester resin" neans the
pol ynmers formed by condensati on of unsaturated

di carhoxykheracpdscsyshres mBkeppraskATIoNdodt AEPOLYESTER
di carboxylic acids such as phthalic acid and

i sophtalic acid, or the respBebfiVe di carboxylic acid
anhydrides with pol yhydric al cohols such as 1

, 2-propyl ene diol, diethylene glycol and neopentyl

gl ythLD GB 95B, IBOENEE@NateS to a process for the
manuf acture of esters and rs, wherein

olef|nTE%lP§eﬁ?“EybP%e%Fb? ?8&% ?Suﬂgaf%Fﬁﬁﬁét%d process
coppeupds §98§§k9t@9nabf|§a§61§e§@é909e§59"5

(propyl ene is nentioned as an exanple thereof) are

epoxi dPsedeabeh Saruratedrabaphhipe pbnoearbexyficesins are
per, [ cont ai | eas c n i

Pt estiefRg i thiralhontlotiis BP8PRaTkatkr Al sont' toem
conpoundsaad thelhrgheansathéapeﬂyﬁbrphabrmed by

nonocarboxgllc acid containing at |east_5 carbon atons

i SCEBAVRFERUCOTNPE PﬁéaégF%FeﬁydhééFPﬂﬁyl%ﬁ acids such as
aCﬁsh@E@t9&ldsughdaétﬁé96d9859ﬁbg9llaaxcpssU§§thQs

step (i) . The nonocarboxylic acid used in step (il
|spuehawed tcorh ehe pepphtidiasediiln steph¢i yespéettige
suggest in.GB 95 ti,n

SR RSk et nay On 08  REtRoRelERkaRor e  &2RaLs
arsﬁtngaér@nztbeOpgmeﬁéldﬁolpoay@ahp@éyblglg@bQSaﬁae
added, such as unsaturated or saturated dicarboxylic
acP@@PeFBYhaﬁhfﬁeiurlng pol yesters. In the Exanpl es of

GB 956Gé895@,180 A relates to a process for the manufacture

of esters and polyesters, wherein (i) olefinically or
cyclo-olefinically unsaturated compounds containing at
least 3 carbon atoms (propylene is mentioned as an
example thereof) are epoxidised with saturated aliphatic
monocarboxylic per-acids containing at least 5 carbon
atoms, and (ii) the resulting mixture consisting of the
epoxidised compound and the higher saturated aliphatic
monocarboxylic acid containing at least 5 carbon atoms is
converted into the ester by heating. An accelerator, such
as zinc chloride, may be used in step (i). The
monocarboxylic acid used in step (ii) 1is derived from the
per-acid used in step (i). It is suggested in

GB 956,180 A that before heating of the epoxides formed
together with the monocarboxylic acids arising from the
per-acids, polycarboxylic acids are added, such as

unsaturated or saturated dicarboxylic acids, for
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such polyesters are not prepared. In the process of GB
956, 180 A, the epoxidised conpound is not separated

wo e@mord9e2 nonocar boxyl i ¢ acid derived from t hePQEEPR06/655709
(which is the oxidant used in step (i) ), before
carrying out (poly) ester production in step (ii) . On

the contrary, both sai roducts. frogmsaid step (i

r BoPRRCF BT LoFrbat ERePrPs Y8 Fhtt BEnEPLEs pF chndss, 160 A
(i bhcBrgotacktedsodteagon pg@pggédreactlon Wil e
conventional processes for the manufacture of

pol yesterthesphaceegupfeCRedebi b0t 2npekat ePesidhasede
raggﬁ ghnbrom 180 EQHéﬁgtgg @PgmtPﬁe08856989§8ngﬂgvgkld
e n ener gy

er, an inprove in reactron tine an
codsnmpédoﬁromnthe pehtewed byhéuhlmyiﬁgepo@pyheneused in
oxi de i nstead of nnno ogglene as descrihed in

Iy
USSAEB372b08 PSFRFEI RETBYoPY| Bhe oXPE) FEAEESERPERCTION in

di gacpoxylic @ﬁ'gh@nBMQEk§§§ teofer myakt grpabbRy from said
copolyners in an exothernic reaction and w t hout

rebease (of aaeereaﬂtdnéadvan@égﬁ 61t heSasd bfo steps (1)

g;gg& §ne oxi $§|ggéo.g the_c n? 89”? gpdllng on

|ndus% |aF sca Sévera busand “Yons per
annum whhlpacdheahatonsl opageesteanspor thandahandttoge of
of the environnentally hazardous and toxic propyl ene
oxPaeYEPECEURBRF RBNMECIRY BoE B2 ht BRsFFBPSkBFBBYEr 11 the

pr opyLeng-oxidg ﬂ§0p£8n§4bgcf9581Qﬁéyc&HEQHﬁbggeremoval of
oxi de) during storage, transport and/or handling. The

poWytepropylemEIQXEMemtcan beadetonnenmaland ehergy

ester ro ucti gn % gcess ge to formati OTé and L d
%é SRR P%aﬁ%nt URGBETFT 8d év?%?.%ﬁl“% PhgPy-ene ox1dae
pf@ﬁ@téa@so@fmbh@pﬂ@§y£@ﬂep@ﬂy@§l¢raéeaéﬁcrﬁbéb as
nol ecul ar _wei nol ecul ar wei ght distribution
vi§§a§r§974ﬁagctﬂ@ﬁﬁpntypaﬁHY%@gﬁnOééﬁ@rreéﬁanWhah di-

ap@ékﬁ@&&?@cpéePSr5hﬁ§dr£8és'E§t§89ﬁ Efggfﬁgtlng copolymers

in an exothermic reaction and without release of water.
A disadvantage of the use of propylene oxide resides
in the cumbersome handling on an industrial scale, i.e.
several thousand of tons per annum. In particular,
storage, transport and handling of the environmentally
hazardous and toxic propylene oxide are cumbersome and
cost intensive. Moreover, propylene oxide is prone to
form poly(propylene oxide) during storage, transport
and/or handling. The poly(propylene oxide) can be
detrimental to the polyester production process due to
gel formation, and frequently leads to undesired
deviation in the properties of the desired polyester
resin, such as molecular weight, molecular weight
distribution, viscosity, functionality and resin color,
and final application properties, for instance reduced

chemical stability of coatings. Due to the above reasons,
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chem cal stability of coatings. Due to the above
reasons, the use of propyl ene oxi de had been restricted

wo eoogordokscal e production, and niche appli cati PEIFEPZNG065709

above-identified di sadvant ageszare now overcome by
integrating the process for the conbi ned preparation

f st d | ide with,
f oF AENESBr @paPSTPEHeBT HHCMFUPANeR POl SESFE: PRSI e, mall-
Acser dingkydutheopy eseat ni BMENkHeN: provbaes for an

i ntegrated process for the preparation of a polyester
resin, Teonpppsengdehel Siepsdoradainfedesi agcanevi pupreome

O AL BaPene Lot PEgserg lunt, ghonL 98

propykenecoxi denbmaet &od, paody{eher eactiengithea process for

obt ai ned Brogglene xi de fractign mith one or nore
cohPBURHSPEERELPRAOF r BRPEhBT §F BUpPRONSFSEF ngeBF S -

di car bexybigiAgi ds, tlbcarboxyti cnachdi anhydsi dessandr an
pol yhydric al cohof s to obtain a pol yester resin. The
preseagrippedgpacedspr beesshpepnepsrehecnnnlf acpatgesfer

polyester resins.and yI oner at an industria
scg¥§}£an30§§{hg§$ nF?%c%ﬁ?ﬁ?nggduced envi ronment al
ri ks asdctipact. sibeabbtegratibnn with arppoesessnt dhe

produce propyl ene oxi de not only has the

abbBiesdeser eﬂnt%EﬁﬁFééFlaﬂvﬁﬁ%§b¥§F btit far8oPFeByf £8e
ino@igkgni ficant sinplification and hence cost
reduction due to the reduced transport and storage
redoi reapatrstiog ethpsopahenat exiad. fThet sobj eend

i nvention also relates to rocess for the . .
matet aETOFEEBf HiporsBatBrd, BETHY hRRT oP fil thet BAFYARE et th
precessri soder eshbyuhiipkedltottherpoapyhengroxpdeonsisting

manuf acturing process. "Integrated process” within the
suBf et capeeryicat fondhas it Aer ekl ag eRafl ehpeydrides and

polyhydric alcohols to obtain a polyester resin.

The present integrated process permits the
manufacture of polyester resins and styrene monomer at an
industrial scale, and with significantly reduced
environmental risks and impact. The integration with a
process to produce propylene oxide not only has the
above-described technical advantages, but also results in
a significant simplification and hence cost reduction due
to the reduced transport and storage reguirements for
this raw material.

The subject invention also relates to a process for
the manufacture of a polyester resin wherein the
polyester process is directly linked to the propylene
oxide manufacturing process. “Integrated process” within
the subject specification has the meaning that the
processes for the manufacture of propylene oxide, and of

polyester resins are combined into a single process.
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processes for the manufacture of propyl ene oxide, and
of polyester resins are conbined into a single

w@emces®4Her ei n, the intermedi ate products ar ePCT/EP2006/065709

transferred directly to the next _reaction stage.
"Directly" within the subject specification has the

meani ng of direct pi.pe connection, optionally wth

| nBFFeAl ak B° st BFSEBCPAGFF| bF 8UC howater ChotsFREbEYi ng
tr@@ﬁ@@tlyvt@ rpadnear Eéﬁ&@ionoét§@¥.ObbﬁfeéﬁﬁyVO%ithin
nobil e tank. Preferably, a direct connection neans

t habet hebr adt nePefi &l crSiprodlacedlenmeheisgnel a direct
prg?gét&8ﬂn8§£§o ang EE@H&E?thQEEOi ESIH8&%§§éeEtorage
reactor via 11Xxe co%nectlon , thereby avol ding

fuctbét ihaad] i hgwefetheotawnmal et hal sradSapvabl eia road car

oxi dants i nclude organi oxi des and_peroxjdes . In
stEﬁ“F%f',OFhénﬁrSBgﬁE ey Pg W%g&%gdtﬁﬁkh brefiprable, @

oxhdant: Swhhableoaxhdantstakre caPabhe ﬁét@?@éhdﬁkigﬂoduced
of the al kene to the correspondi ng al kyl ene oxi de. The

oxpdahhe PaBbudecdRggenn ahdeoxygenttentrphnifag gasese

or_Im X h ailr and _nitr xi.de. :
surPabr et e BaResth, BLhy BTAsd sorhEc Bl bR s un O b e ggiaing
ar eaqatheéronanliphat b€ bydr epernxtdesaldhe

hydr oper oxi de conpounds preferably include, hydrogen

per oxi delteRtei aryInutyI LAGUrOPer BXRUES BERYFS bRZene
hydeppgrgxide, and isopropyl benzene hydroperoxide, of

whi ch et hyl benzene hydroperoxide is nost preferred.

Pr ef er &bl ytephéabxi dantpispaot aesdt usatedchbdphatihca

< | i -acid, f bly, th i dant
e e R B Sp O e R s e T R r b aP AP ORES by
vaeyoxdependhngronhthgl guhst tat enandooxt dpphdiSyi habl eene

processes for the production of alkylene oxide include
t he¥edfesERPbedifanLS- ARgHBE807XYUSLA- 8549959IgRgContaining

V[%é%%906419}%€&¥esF95c5”§539§§’aLHenPEEBQEaB£98e9fOther

propyl ene oxi de from
suitable oxidants are hydroperoxide compounds, such as
aromatic or aliphatic hydroperoxides. The hydroperoxide
compounds preferably include hydrogen peroxide, tertiary
butyl hydroperoxide, ethyl benzene hydroperoxide, and
isopropyl benzene hydroperoxide, of which ethyl benzene
hydroperoxide is most preferred. Preferably, the oxidant
is not a saturated aliphatic mono-carboxylic per-acid.
More preferably, the oxidant is not a per-acid.

Suitable epoxidation catalysts may vary, depending on
the substrate and oxidant. Suitable processes for the
production of alkylene oxide include those described in
US-A-4904807, US-A-5519152 and WO-A-2004/101141. For
instance, the preparation of propylene oxide from
propylene and an organic hydroperoxide oxidizing agent,
such as ethyl benzene hydroperoxide or tertiary butyl

hydroperoxide may be performed in the presence of a
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propyl ene and an organi ¢ hydroperoxi de oxi di zi ng
agent, such as ethyl benzene hydroperoxide or tertiary

whedoylo2deydr oper oxi de may be perforned in the pPEREPINE6/065709

of asol ubilized nol ybdenum cat gl yst, as for instance
described in US-A-3351635, or a heterogeneous titania

on s catal yst, .as describe |n US-A-4367342 and
ARSI R ST e aemal
penextdenandia UktARBYBL6BE} cateazpotitegbsedesctibefia on
in US-A-48332 60 . Another commercially Sractlced

te@hhépégyatélyﬁé,daﬁe@@S@ﬁekedaﬂ|Bﬁ 6r4 pop§fenedt o

vhe e c ‘ X 0 N <1
ot a yer OB B o e F R BB Lo e Bt B By Yo iae
wi thdoaygénaanhdmhydi ogenei nevhétpr esedescotbadcanal yst

has for ex e been. described in_ JP-A-4-3527
usUir%gégﬁggB USA%Pébﬁésggmm%EF%@é%él@é@Ctlced technology

JPy 5 9 0 <
218, AT B S 00 BAHELE prions oric

i nepr poratecn mobheonggalh sueh éSSPéVPQdF@ﬁﬁbVSQOIHurther,

a”Q 8 GRLL! %r § 048584 ht89i818§l%50'5£ﬁsox Ben. and
par Fcutarr eferved pr ocess t he prep%?a?lon of
prnpyke@enoxndehESpaesentegbatedcstyngﬁe has for example

nmononer / propyl ene oxi de_process L nst anc

deSePTbeaSFRI s Al B50H0A84 %H?%VbroE%sé b§552657

anELQUEQBb¥8§dV@§L§989§§36§ tﬁ? Rohyesben regsnatpabgosy,
prepared I's an’ unsaturated polyester resin as

deS€ribed4la0Ki r kndx hoeh 6ENEYEBopediagoheChraentous

T h Vol 1982 K - Li i t
CERROA PR s tPut e hePoalis Redhue RERak 28pF 29 ©
Ecga@maaﬁuMBeeb@@Kd 588. 42@@rr£@flbu&998saﬂﬂtanla or

"Pol yesters, Unsaturated", Encycl opedia of Polyner
Screfeétand Engi neering; 3d ed., Vol. 12. p . 256.

U”S?tu% %PtPQumﬁerg{pfgfé §eér§r895¥95%§£efﬁ§iE§e8§ration

defi ned above, east” part of
di carpoxyllene oxide is an integrated styrene

monomer/propylene oxide process, as for instance
described in US-A-6504038. This process is particularly
advantageous if the polyester resin to be prepared is an
unsaturated polyester resin as described in Kirk-Othmer,
Encyclopedia of Chemical Technology, Vol. 18, p.575
(1982), Koon-Ling Ring et al., “Unsaturated Polyester
Resins”, Chemical Economics Handbook, 580.1200, April
12899 and “Polyesters, Unsaturated”, Encyclopedia of
Polymer Science and Engineering; 3d ed., Vol. 12. p. 256.
Unsaturated polyester resins are polyester resins as
defined above, wherein at least part of the dicarboxylic
acids, dicarboxylic acid anhydrides or polyhydric
alcohols comprises an unsaturation capable of radical

copolymerization with styrene monomer.
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aci ds, dicarboxylic acid anhydrides or pol yhydric
al cohol s conprises an unsaturation capabl e of radica

w@opaelyiver i zati on with styrene nononer. | n stepPCHREPNG/065709

this preferred process for thegpreparati on of an
unsaturated polyester resin, ethylbenzene

hydr oper oxj de |s react ed Mﬁth ro i n the resence

oF o ShoxFaRt {5 Sat B ySrPEOCFbr B P BByF Enet Ski Ee and

1- phepytaet banek. ahnusteputsted pbeypPEopY| eaeginxi de

fraction obtained in step (b) is preferably reacted

wi RhghecBECBr BYEbAPBUAYSISel ctedctrontihe Brenpne in the
c c arho c

ahoas g O R R R LR L L B Eh S PEbf1ene

unsatdeated pepyesteretksnol. mheretepaﬁcbeashepptbppiene
t he dlcarbox%llc aci ds, |carboxgllc acid an?g

or OpoP§hyarFEaR coRbP S EOnpRi SESPakPlindat BF &

capabheont padheak @Qﬂ@bMH&E'é@lé@ﬂe&ﬂtboﬁtyﬁ@ngroup

mononer. The preferred process using ethyl benzene

hy@@@pesbxneeOQSd@ﬁeerKMén@ atudehediconprkgescaasiap
hydBehebnaal beastyparl of Lhe 1o phenyt, el hapo

ob a| ¢d'inte styrene in the presence of

a eusaabketdehydngéseercaéehystwhefhenobtaneedt part of the

unsat ur ated_pol yester resin may_then preferably be

bI%h@%ﬁbﬁﬁYﬁth%C§@§reﬁecﬁﬁﬁaﬁ¥}lcaﬁaleﬁpgﬁﬁFFQeﬁﬁ?ﬁ

OtﬁgiyﬁﬁékﬂctXP@éhéyghc@ﬁp&h@é§DQha§Bé§tﬁ§§tE§n ERPXY¥1e of
resins or polyurethanes as required by the final

appbilcatlonopFilgueeidatibasviahestyhenprebeeomned. The

enbo dlnent of the subje cess: A feed stream
CoRErERERbdobRbEaRu Rk SRy RIBSERR: Bl SRAPPEERMIAL a5 the
traﬁﬁaeﬁtedeBtnea teﬁpt@éegnhtséé@ (di p hereeackorleast

unit (2) in process step (a) t he ethylbenzene
hyB?6pePbx a8 ﬂsPE@ﬁYéc?EHaﬂP@hObF@b@ﬁ@ if gpeydrated into

prg%??&ﬁeoﬁnaghgpﬁfeg@B&Qnof a suitable dehydration

catalyst.

y reacted

The obtained unsaturated polyester resin may then
preferably be blended with the styrene monomer, and
optionally with other resin types such as thermoplastic
resins, epoxy resins or polyurethanes as required by the
final application.

Figure 1 illustrates the preferred embodiment of the
subject process: A feed stream (1) comprising
ethylbenzene hydroperoxide and propene is transferred
into a reactor unit (2). In the reactor unit (2) in
process step (a), the ethylbenzene hydroperoxide is
contacted with propene in the presence of an epoxidation
catalyst to form propylene oxide and l-phenyl ethanol.
The obtained mixture (3) is then transferred to a
separation unit (4), wherein it is separated into a crude

propylene oxide fraction (5) and a fraction comprising
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catal yst to form propyl ene oxi de and 1-phenyl ethanol.
The obtained mxture (3) is then transferred to a

wGeepanzvkon unit (4), wherein it is separated PCL/BPR6/065709

crude propyl ene oxide fractiaon7(5) and a fraction
conpri singthe 1-phenyl ethanol (9) . The crude

propyl ene oxi action (5)_1s transferred.into a

PRy o etV s LhaRbL ao b bpbR ot TR o?rﬁﬁyﬁﬁgﬁtﬁFé?%d

pokygstebnr esh Ni 8} rahBréhisdr eacbos WBhELHF) unthe (7) for
yl ene OXIde is contacted with other raMInaterlaIs

(Gygec@ﬁﬁpagahgoan@foannﬁnéaé@ﬁﬁéaﬁd@oé@@éé@édreﬁéﬁw( 8). In
th
%hQ%OEB £ODSI § 599 ydfl ﬁér§9§¥gh§y§yg9§de is gopgacted

di car oxy IC acl ric a
t0w®bhaoﬁhéheransahueateﬁspoByestempreSnng(8m¢ dhemore

reactor unit gﬁefergbl¥ congrlses means to aglta e the
r eaCt'Pon” gCtedcht9® HiSt PFPRP GRAFPOFTHAFTPEs. It
fUBRB@Eb@&?i@&aQEYd§0”HEb§§b8E9D§ctQcﬁﬁngMﬁy&@Rﬁés and
nmeans that can provide heati ng and/or cooling of the

reﬁ@ivbhdﬁiﬂt@i@OhﬁisléQs@bbéﬁﬂ bheth@sat@aabéﬁyppéyester

acid %gr baxyl E:Saé‘% anhyd Q% r3b1 dr |

¥r1s§s means to
alco o J conprises an unsa uration apa
radgmahtéopnbyﬂeatzabnom1Mthhetheushyaene soheper. afdfigor
1-ghen¥% ethanol (9) is transferred to a reactor unit

(1 e

gEfwRerefh ﬁPngeétpF%E@FaPﬁypﬁPPpHéﬁ?dW%?QE Fft gemove

StMé@Q? ”RQQHErtﬁ%%)chH £P§v98§538§§195 gngubtabbg1ing of
dehydration catal yst, and separated froma stream ( ?

coth|seagtmaneleEheestyrene nmononer (11) and the
ransferred

o g Bnf e RO ERE oh e PR Tl B BE B LE B0REShE o fafoonylic

coaposi khppdeidys b §be9h9@ii@falb@h§mbje6§ pbepesses an
an oxi dant, preferably ethyl benzene hydroperoxide is
reé@?@@uﬁﬁﬁhobr6%@%@1?nofhéaﬁﬁégén€@P6iY@ﬁréE@?FaﬁtWéﬁh the

CaE@b¥éBetﬂo£8ﬁQ}pr@H¥l?nﬁhgﬁygeethanol (9) is transferred

to a reactor unit (10), wherein it is at least in part
dehydrated into styrene monomer (11) in the presence of a
suitable dehydration catalyst, and separated from a
Stream (12) comprising water. The styrene monomer (11)
and the unsaturated polyester resin (8) are transferred
to a mixing unit (13), forming an unsaturated polyester
composition (14).

In step (a) of the subject process, an oxidant,
preferably ethylbenzene hydroperoxide is reacted with
propene in the presence of an epoxidation catalyst to
form propylene oxide.

Ethylbenzene hydroperoxide is available from
conventional processes for instance processes involving
reacting ethylbenzene with oxygen or air to form
ethylbenzene hydroperoxide. Suitable processes for the

preparation of styrene monomer and propylene oxide from
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Et hyl benzene hydroperoxi de is available from
conventi onal processes for instance processes

WO ewaelordomy reacti ng et hyl benzene with oxygen OPCHEP2006065709

form et hyl benzene hydroper oxidg. _Suitabl e processes
for the preparation of styrene nononer and propylene

met hyl benzene pene d e bee escrib
R s o R A PN N e SRS
Et byl benzepsohydspperoxhdepusuahbys560nt8hPShenzene
by-products such as nethyl phenyl ket one, acids such as
behY@F@P@éP&lﬁﬁdugp?ééV|@OaéﬁénsZthEﬁyﬁéﬁhénéPChnaS

Fug§E6¥2§§§?9?hQ£8néa Qc?ﬁgn¥hcﬁtg% %eﬁ&ggg ac1? and

€ reactronin ste
protlucel oxygehdgcontpahannebyapoododactisdsmehsasuch as
al dehydes, Bﬁeto es cohol s, ethers, acids
u

esPer s SURRCRE a%EFELéetB%Et|EuﬁF%%hWBEe'pFBﬁlBﬁ?Etlon in

al debydea) &hxho&ﬁrﬁatﬁro@agetbg §enrespeadhnggycaybon
acids and esters. In step ( ﬁe propyl ene oxide is

sepapdteds $h@hsépaﬁéd€bmd@$ th@tpn@pyléhQObQiae gshers,

usyal Ly 886e9¥e 'rséucﬁngx'”ge%QBSaCSSQt 'k§p8e£§8gl
the reaction mXx e, and su%sequenfl separa ng“a
"cpudpli ﬁﬁ@pyﬂ&@ﬁydétdﬁefh@ﬂtf@ﬁmétéﬂ1hh& tREBEOrAgsponding
m xture by at |least one distillation treatnent. The

fiFeEPERseEFifat fBA B8FCERE reaction mixture gives an

overhead £ractign, CQHéa#PbﬁQlQHéeéﬁlgg §£k§@§a959e§0”?he
low boiling inpurities, and is preferably carried out

atsappreSSQneOéftheonerybeQeOox1d651ﬁvnﬁQaébarﬁoneahu

at .a g erature ran% gf frgg110 ? ﬁé Then t he

pr opy T K489 8 Ferbved together "Wt h ot hef S hPGher
bohhkﬂgr@pngaa1@@Bgéqaénamyog@paeadlﬁ@oaucbrﬁa@ﬂwph@pylene
reaction m xture obtained in step (a) . This second

di skiffatraftignustanr yhearereadnont BtXhUpPel¥upe ofast one

fr@ﬂégl%l ngnotf Qﬁe%%HW%hea?gIQE Ql%gﬂpg%ggHﬁeof the

range o romo O to 250 0C, "and prefera
reaction mixture gives an overhead fraction containing

unreacted alkene and some low boiling impurities, and is
preferably carried out at a pressure of from 1 to
20 x 10° N/m? (bar), and at a temperature range of from
10 °C to 250 °C. Then the propylene oxide is removed
together with other, higher boiling contaminants as an
overhead product from the reaction mixture obtained in
step (a). This second distillation is usually carried out
at a pressure of from 0.1 to 20 x 10° N/m?, and at a
temperature range of from 0 °C to 250 °C, and preferably
at a pressure in the range of from 0.1 to 1 x 10° N/m%
and at a temperature in the range of from 10 °C to
200 °cC.

The thus obtained crude propylene oxide is generally
termed “wet crude” propylene oxide due to the by-products

and water present therein. This wet crude propylene oxide
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at a pressure in the range of from0.1 to 1 x 105 NNm
2, and at a tenperature in the range of from 10 0C to

WQ@OM7/023942 The t hus obtai ned crude propyl ene oXPCEEPR06/065709

generally ternmed "wet crude" _propyl ene oxi de due to
t he by-products and water present therein. This wet

crude _propyl ene OX|deprefer ins fr n150 to
SOBOSERFaBL bar P CRbR ST FPR0R byona Bl PEBF ' VAREFS HBFe
preferabhyo{r0aidno) t or4800ppmacot vateeral¥el FPER 100 to
preferably, this wet crude propyl ene oxi de contains at

nnéﬁoaseemwpﬁﬁ/wagarn WBEenpref eFrabeyahat ynoshigoget crude

PP ;1RLe a 3 p a s
R i R L L e R
crpdefepabpyleﬁemoxtdéOD@ phen, ugeal hyrpupréfedably at most
r to renn excess wate This is u |y done
5$Eﬁn9Pﬁ@ par EPSFhEIEE?E?£%Y|PF %PEEe%ﬁgbngPﬁE Rét
crwggep(opylene oxide in a distillation treatnment as

the overhead product froma "wet" crude propylene
oxi de Thactveh, casdedrrrasy apee deséei bedthan usually

US_@%§§O%86%urtﬁ£§fEga?g%bvgngxg% %antréhkgris usually
onents are enpl oyed stV i on

t r eahgent. rEndtrranbepaconponentswvatercogpoundsesbat anethe
added to the material to be separated, and which

f abfFi CArESaPHPRY | PGt POACST 6F Pndtahebl By iehahgPAGTBRT as

th@h@ngekﬁéw%%da&a%ﬁeltnr QP*‘%eH"X&%Qe BPILPEBRE oxide
simplify the separation and thus the process.

Acéoadtnghy ashéousenstasuetabserehedaﬂhevscénﬁéﬁéﬁﬁ@

reg EE ampunt of conpon g s, ot her_than Qrog¥lene 1 q
oxf de Ppe ¥’ b3ttt oftf pFtitctof *the dr 8TPriatFon hni tretove

I nipathi eubastwal gt iom thedtméhe. negErfOled components are

di stillation colum having a higher separation

capagPPyndpr ehekragcenfifias| 6P EBRAPBABATS24r ECaPPpREPREATSD,

gygﬁﬁcﬁﬁPBHsz@Yiﬂgaéeoé él%gﬁ?@gtﬁBﬁﬂsfoIhhﬁstance by

ation treatnent can
changing of the equilibrium of an azeotropic mixture, and

hence simplify the separation and thus the process.
Accordingly, the use of suitable entrailer components
reduces the amount of components other than propylene
oxide in the bottom product of the distillation unit, in
particular water, without the need for a distillation
column having a higher separation capacity. Preferred
entrailer components are aliphatic hydrocarbons having 4

or 5 carbon atoms. This distillation treatment can be

2
carried out at a pressure of from 1 to 20 x 10° N/m (1 to
20 bar), and at a temperature range of from 0 °C to
200 °C. Preferably, the distillation treatment is carried

out at a pressure in the range of from 5 to

2
10 x 10° N/m , and at a temperature in the range of from
10 °C to 150 °C. The propylene oxide fraction obtained in

this distillation treatment, also known as “dry crude”
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carried out at a pressure of from1l to 2 0 x 105 N m
(1 to 2 0 bar) , and at a tenperature range of fromoO

w0200 0C . Preferably, the distillation tPEHREP®NE065709

is carried out at a pressure ijpthe range of from5 to

10 x 105 NNm, and at a tenperature in the range of
from10 0Cto 0 The propyl ene oxi.de fra
(oM A0 001 9,180 9o cThe, proprlene, oxtde. T RagLi 00 com,

"dey ehude; phepyl gperexidey peeketabhy1gonpginRscfr QAL Oy,
to 150 ppmw of water, nore referablg | ess than 120
I

ppﬁﬁﬂéﬂ maf@rpraéarﬁbhﬁréeﬁﬁeﬁbaabﬂQ BBVt fANWADOr, even
%@Esgab?VeTe r%h e§§r§8 ¥ '§§§ hB?E §9iggﬁﬁkly

pre erab ess an 50" pphw o arn
nDEesprehenabDyppmheoﬁryateudeAgaDpyhene pxéferably, the

cont ai ns | east .5 | preferably
wat'ey, CgPﬁ%epﬁoBﬁhﬁP%taxégﬁaFaPFﬁhnﬁfaﬁaﬁgg RogrdeEe

cogtbycandigumberspaecrWibtert heiseparatbop18fct BEparation
unreacted al kenes and at | east part of the water can

becéf feteedvaibifiobe dpfflgubng, ctheesepaeati on of

al dehydes, %39% %?§%£%€9ééh8fp£ﬁgy gaQ%égeaiﬁeD?s a%d at

particu ar et “out ~apove

t hatatbephppuoit trs aadetheanenalefﬁgcmaﬁewlteaﬁt into

t he pol yester resin. For commercial use, dry
pr6b§féﬁ@16¥rdéhﬁeéagafatb@nsaﬁj@&@%Hy@%saaﬁareﬁéﬁs from

puEh&'ﬁ@BbQ@enghgxﬁgg'Eéoﬁ§£t98515£§9tHQ@fE@GPtreﬁs set out
conpl ex equi pnent, and consumes |arge amounts of

enebgyeaSlmeWBsaéoundothahgthhelmpdestmed haddthagrefaining
propyl ene OXL S n_EP- A- 0755716
TR s e EeRaE ShECE . Bo0TRAETT TRBFRGuERE ppmpgTeial use,

knawn thatici pebpasetng arbuat scefispobybépsapyéengl to a
oxide is generated in the purification treatnents. It

haSUhbliebeeRTE bLRATE ARt The BYdpFeanetsPuriéicahiany
alg@gﬁgﬁéﬁ ? B?é¥|é§ gghgﬁtangngeE8H§§ e@nga¥@ €lmounts of

pres wet ¢ and/ or dry crude propylene
oxedergy as well as involving the undesired handling of

propylene oxide, as outlined in EP-A-0755716,
US-A-3578568, and WO-A-020704%97. Moreover, i1t is known
that increasing amounts of poly(propylene)oxide is
generated in the purification treatments.

It has now been found that the by-products, i.e.
mainly aldehydes, carboxylic acids and ketones, and water
present in the wet c¢rude and/or dry crude propylene oxide
can be accommodated in the unsaturated polyester resin
without or with only minor modification of the polyester
formulation, since during the polyester formation the by-
products become incorporated into the polyester resin, or
are removed during the process. Accordingly, the subject
process preferably employs crude propylene oxide, such as
“wet crude” or “dry crude” propylene oxide. This permits

to significantly reduce the costs for the preparation of
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can be accommopdated in the unsaturated pol yester resin
W thout or with only m nor nodification of the

w@eiloyesver fornul ati on, since during the pol yeBCEEP2006/065709

formati on the by products become incorporated into the
pol yester resin, or are renoved during the process

Accor di ngl the su ect cess eferaply_e

cr bR BF OBy ehe oRFk: suBnPeges BhE Fhats” cfTTHRY®
crigeirprepytepe @Méd@nsihuﬁa@@anpb§yé§t§tgﬁééhﬁaakéy
reduce the costs for the preparation of- |i the

pr 6pyrené exidelland hence the costs for the

fa t
Ul SGhUEE Bl DGR ot 6F BOlYeSLer ASSLPRLce, o
naamﬁahydeeorthetahdehyﬁe peaket bneowché peagéstatoresin

t he ester resin.wth any nucl eophili oup, such
asWéFEo oY s"dh %Ppgbr%ﬁtQBHXBf chﬁc%FanﬁgﬁﬁggaP“g
stryehireonThesenpokyesterrr gstns obtakbpabbe dy-tbe
subj ect process, preferably contain from0.02 to 5% by

mepghve@tennreSlﬂérpbédlﬁabhepbmptbﬁu@ubn@@hyﬁéocess,
g;grg%é? %1y2§5n% ? £PL 898'896 8xéde Y wgl%ﬁgt ¥ ynits

yed i due”t o s goo avai
Vﬁﬁéflpé&SEﬁbmlprbbhénﬂtUdEd@hp@g[ene oxi de
advantageouslgén&y act as a two-functional initiator

conpouhBSieFabeict € ERUARYPRARYHP I BeCPtE€8eht FhIERBLY

reaghi 90c A1 XLUELe£0 (&) d'8§éb95y£t§ ?Sbg aPeEOLAl NOLY, water
the present inven |on al so preferably pertains to a

prpcessntmmereththeudeugeoaykyhenexodededu@npagsessly may

from 50 000 | based
CORBbTE | BnEaT ERPHAE PURLy 5t b SRAT eFORpp s oF reacts

pohyeﬁt@ﬁyf@ﬁﬁybalﬁ@n§r@éeﬁtlthahef@éHUt@bhOmﬁxtdf¥ to a
crude propyl ene oxide is enp ed. Changes to critica
f of P &PPOKSIEancChe - nﬁ@@o§¢hﬁ9¥ybytP§kPﬁ@S?ﬁE invention

also preferably pertains to a process, wherein the crude
alkylene oxide comprises from 50 to 5000 ppmw of water,
based on total composition.

Alternatively, for water critical polyester
formulations or critical formulations, dry crude
propylene oxide is employed. Changes to critical
formulations can be made simply by taking the
functionality of the by-products present in the propylene
oxide into account.

Preferably, the crude propylene oxide fraction used
in step (c¢) comprises on total composition from 95% by
weight to 99.95% by weight of propylene oxide.
Preferably, the crude propylene oxide fraction preferably
comprises at least 96% by weight of propylene oxide, more
preferably more than 96% by weight, even more preferably
at least 97% by weight, more preferably more than 97% by
weight, even more preferably at least 99% by weight,
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functionality of the by-products present in the
propyl ene oxide into account. Preferably, the crude

w@empptome oxi de fraction used in step (c) CONPCT/BREOE065709

total conposition from 95% hy weight to 99. 95% by
wei ght of propyl ene oxi de. Preferably, t he crude

propyl ene oxide fract r ef er abl ri ses _at | east

69y wBr Bt POF LB OB FoRETexEaah HOF ebBr BE CRabI y ey o5t
thgﬁeﬁé%@byyM@tQMéas@vgg BU%ebprﬁéﬁﬁﬁb|Mfabrb§§§én87%§lde
by weight, nore preferably nore than 97% by wei ght,

evBﬁeﬁ@rébeeféhabpyua@ Pé@@ylggebﬁyldéuéﬁ@CQQQFnCQ@pélses

prefe t han
D SF enaRry o T P e 2R S dhon Y b bk B0 TREle( mare
oxpdefePulet ger abky, thhe 99uéé°pbgpyééghtoxadelﬁrmoteon

co rises t npst 99. ht of p yl ene oxi de,
SprEfR 5bP§ ras§ ?ﬁ b§0/§b9 Reuéﬁ? nghgi REAbFEaP LY

pr?é@éa§h¥n399n@§% 89. 8% % y, wehghh, m¥et PPE€erably at most
preferably | ess than 99.8 96by wei ght, again nore

pr éPeBabl Yyarenost, QQOSGW@byfﬂEﬁQhY lﬁﬁﬁetbﬁ@f89a50y by

7P SRR e PR OR B, an

y Wel'g prefera ry at
99m@ 8% byeverghl yoht pnopy! ene7exi deg, weheht eai pdepylene
bei ng conmpounds originating fromthe epoxidation
r eaétfien FeeFﬁVPlB Bzeheifd %?ﬁ?PuB%ﬁz%ﬁéglnatlng from the

hygﬁ@??&Q%hQﬁ r@écE?@ﬁtb@ne959ﬂuﬁé§z8£etB@SQtH9ﬂDBQHQéne
during step (a) . The crude propyl ene oxide fraction

nayydrspeconpdeseoa seaftiquantpdycof pbl yhépeopyinpnends
OXIde% havE g ?aﬁeight aver age nol ecul ar wei ght of
mor &’ t Aan>2860,*however preferably |ess than 50 ppmw.

Unl essTsé ateddet bespi senet beiadl ecataioMengit S1so comprise
mentioned are wei ght average nol ecul ar wei ghts, and
the FuALi GRANFEyYi eft RelWdRrARY LpoRcPronAal | byvirm)a, weight

Thsvg£ggs HB?QXL?Q? Qéhgﬁtf590£698 PRER E5§69r39%¥ver

contal ns at nost
preferably less than 50 ppmw. Unless stated otherwise,

the molecular weights mentioned are weight average
molecular weights, and the functionality is the nominal
functionality (Fn). The crude propylene oxide fraction
more preferably contains at most 30 ppmw of
poly (propylene oxide) having a weight average molecular
weight of more than 2000, yet more preferably at most
20 ppmw particularly more preferably at most 15 ppmw,
again more preferably at most 12 ppmw, yet more
preferably at most 5 ppmw, and most preferably contains
at most 3 ppmw of poly(propylene oxide) having a weight
average molecular weight of more than 2000.

In step (c), the separated propylene oxide fraction
obtained in step (b) is reacted with other raw materials
to form the polyester resin. This involves an initial

reaction between a carboxylic acid functional compound
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poly (propyl ene oxide) having a wei ght average
nmol ecul ar wei ght of nore than 2000, yet nore

w@e@ieeabl y at nost 2 O ppnmw particul arly nor ePCT/EP2006/065709

preferably at nost 15 ppmw, again nore preferably at
nost 12 ppmwv, yet nore preferably at nost 5 ppnw, and
nost eferabl contain

(pR5ay FERePERPURS RagT Naca REFRE-holr AGerhe) BEGPEPoe of 2

WEtQBElQEtn@befbbﬁnaZQQQrok9a§k9@ E€ter L@gcﬁeﬁargksguct
progylene oxi de fraction obtained in st
t

r edtt €t Rhﬁﬁ_@@ﬁereﬂﬁﬁlﬁﬁféh?éFSPF@fﬁéﬁgﬁvhepﬁ@Pyégﬂ@rOdee
reé ﬁ I8IIH§9%V8§C§Pbb §E59|a5§§05g8?ﬁp§&$§egf reacted
an ene

car oxy i c aci unctional “ conpoun e propy
oxudderophéomahtyatmohhbypaBSEnmelatoa cathpbystl having one
form a hydrox aIk ester reaction groduct whi ch then

cah*rBatt faf H%r @?%9%PaﬁF9mspr66 FERBObXFABPEHAYBne

or AL eqdhgarboxybi supsbdraphydeidesrar echgachgd HRdEhg at
the initiation by an initiator conpound having one or

noteaatt Lverhgdeovgehyatvas. 2|hpt6a@@tl@@nbmdnd§en atoms.

A e e e S A T e

eas rom
at 6oBm ahehgatoxglhgdbﬁgen aﬁenﬁagreltypbéapkgspneSEﬁtthe
in _the faorm of hydroxyl groups,  but nmay al so be
pr 6SERt Of net fie FBIAFOPTEURS, ahlhelgPBOBES Phi BRIGPBYPEC

OfgQ@ﬁQQXYEhEtQEQQD§n1%@5%@9'@ohﬁb&héEOEnGQHHQUQQ§er,
i nCl ude water, alcohols containing at |east one active

hyd&ggbnlatgnnpemnnngeGUIéeavalbablectoverbaer@ﬁDMﬁthm per

© bitieh e, AVRAFe, O L RS PrAL R B, Pkt 0l

a|§ﬁh9ﬁ51@@ﬂt@tntﬁg ptoptyoan2 bﬁlﬁehygﬁ@xablgr@mp§h@eﬁc
nol ecul e. Exanpl es of such initiator conpounds are

ma@@?ti@F@FhyP@ﬁ@ugﬁ?céPClﬂﬁﬁr699V%ﬁ@réFy@éF9hOlS

O SRRl oo, YOLYCET 0 Ao Rem UL PR notcue

naEnampﬂes of such initiator compounds are water,
diethylene glycol, dipropylene glycol, glycerol, di- and
polyglycerols, pentaerythritol, trimethylolpropane,
triethanolamine, sorbitol, mannitol,
2,2’ -bis (4-hydroxylphenyl)propane (bisphenol A4),
2,2"-bis(4-hydroxylphenyl)butane (bisphenol B) and
2,2"-bis(4-hydroxylphenyl)methane (bisphenol F).
Preferred are aliphatic alcohols containing at least 1,
more preferably at least 2 active hydrogen groups in the
form of hydroxyl groups. Preferably, the aliphatic
alcohols contain at most 5, more preferably at most 4,
and most preferably at most 3 hydroxyl groups per
molecule.

The ring-opening reaction between initiator compound

and the anhydride, or the propylene oxide leads to a

polymerization of alternating units of propylene glycol
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2,2' -bis (4-hydroxyl phenyl) propane (bisphenol A), 2
,2 '-bis (4-hydroxyl phenyl) butane (bisphenol B ) and

W@2002/02591 s ( 4- hydr oxyl phenyl ) net hane (bi sphePol/EP)006/065709

Preferred are aliphatic alcaoholgs containing at |least 1
, nhore preferably at least 2 active hydrogen groups in

the formof h oxyl gr.ou Pref erab he al

L EBfon RO AT A oAy = Dar BBnagh ThT 2R abi Gk But Roat  Ghough
: @ﬂﬂeﬂv§£n@agé§rabbypagsﬂp§é BaBMd&@xybegt@yﬁgap@a in the
nol ecul e. The ring-op enlng reacti on between initiator

coﬁﬁ@@hdpﬁhmeﬁh@raﬁﬁyéﬁrd reéer@héYpréb§|@h@aékpaﬁlic acid
e t
L A e e R

| i akages, anhytioigh. et her Ilnkages are possible, and
can be tolerated in the final Hggster resin.

Pref er abfyr £kl gl ca b%i??lécth %ﬁ@%}?désu%EHthed in

St%Ee(ﬁieQ&n&@eoEr§S§G£tQB@ée§§th§y§tCygthﬁaﬁmgygétgﬁysts
The reaction of step (c) preferably is effected in the

pr@@@ﬁCéS@fCQmBQPﬂébl@O@H¥a$y§g aSuetabl ectachpgstsom the

COUPE(,5e50POUTS SOTPISI NG:f TRLAL. SeLect dolL oM.y

up consr's nganes
magnegouncandi omn, cabehuss suéheqslvBEeﬁquxaaeﬁt chlorides,
oxi des, chlorides, acetates, butyrates, Ehos phat es,
n|?F%P@Eesst%ﬁFﬁF@EeSOCP%ﬂéﬁF@EeSoI%éFE@ §Rd stearates,

naQBEQ§8§£§§; Qieéﬁége§nda§a9§§ﬁéh9€9s'nokﬁéﬁiéégﬁoéé
and al kyl ‘quaternary am ne conmpounds US- A-4560788

Codpoandsedf 1zi HE; As@aa6a§62|ﬂndchﬂbvldguaZEnnaayeamtee

or zinc o are de |ra | e. 1l nasnuc

o aEPPBRar | T PRoRPBhOPEr i pYoltar s oar S b arHen By =inc
thehlousge, CEhee g@@t@bbeoﬁak@hySbﬁlaQChuéepa@alcularly
exchange resins such as Anberlite R 45 (OH) (am ne

t ypestesPhy AnperrrheaPREXSBPLEARBOXYI L EJREI BOL9pRA

reﬁk@&uctQngréabﬁ§a95e&eﬁg tﬁ@??lEsefaéghgﬁrgaltable

catalysts include ion exchange resins such as Amberlite
IR-45 (OH) (amine type resin) Amberlite IRC-50 (carboxylic
acid type resin), and salts of lead, cobalt, rare earth,
cadmium and nickel. The catalyst may be employed in
various amounts, for example, in a range of 0.001 to 1%
by weight, based upon the dicarboxylic acid anhydride and
the initiator compound.

The reaction is generally carried out at a
temperature in the range of from 100°C to 240 °C, and at
a pressure in the range of from 1 to 15 bar. This
preferred embodiment of the present process permits to
produce unsaturated polyester resins having the desired
properties for various applications. Different
functionality of the initiator molecules, as well as
temperatures and weight ratio of the raw materials allow

producing polyester resins with different molecular
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cadm um and ni ckel . The catal yst may be enpl oyed in
various anounts, for exanple, in a range of 0.001 to

wdadoby23mei ght, based upon the dicarboxylic aci BCT/EP2006/065709

anhydride and the initiator compound. The reaction is
generally carried out at a tenperature in the range of

f . 100 OC t 240 0C d. N th
ST I oS T Tl e s AR

presentiphaCess. Petifht et OnprAdycreURSAt WAt 8Hce formulated
pol yester resins having the desired properties for

vaPiotscapphieapfonsCrBEff BFeRY I POACPKoARI FEFCBEOThe
In - u mer at ur .
T R B L
pol yeshereresingeWt htide f feaenionolecatapwer phtisy laad

nmol ecul ar _wei ght distribution and functionality. Such
re%?ﬁ%cﬁﬁQ bé F%YeFﬁgtﬁhg%eF%PﬁuFB?Earoh“Yﬂ Vbasdi § of

a ehHdenprOPYhepeapxidg fraction, phthalic acid
anhydri de and mal ei ¢ acid anhydride. Alternatively,

t he redketsonpr¢hestlepy (epvahyebeaeffeet edtfpc sevdihion
different ste i nvol ving condensat.| e i on,
THESTEaPar bttt borvEE P FREE ch e Bl FEph Bropyiene
reagi denanwheénetAnacpredpobypekylscf eened Afesr completion
propyl ene oxide and i nstance a di carboxylic acid

Af Per CEofpf et FonSbRIBhi BOFFPEET $FageCOoRBl yRPar feacid or

a'8998kdaQQh9&9§&Q QEed5é8éQ,aQHMdEBQeréégt§9Qeﬂixéﬁge is
the reaction mxture is allowed to react further at a
t eapépaedr eoi nethe fangkeofafrante0pE€rabud0igCthe range of

or Ghthe s Eal Fode to TaePoatte artberend Coe St fhea

fupsthonahttiepolandtte gesignota spesi hlCokestd introduce
structure of different blocks. However, all of the raw
mafef farshrayuBetpresentieh  t ARdr Bacferigand fRecific resin

reacthop,pL Step; eeL-OBY Bhsorbe

However, all of the raw materials may be present in
the reactor, and the reaction of step (¢) may also be
conducted as a single stage reaction.

Preferably, at least part of the dicarboxylic acids
and/or anhydrides of dicarboxylic acids or polyhydric
alcohols used in step (c¢) comprise an unsaturation
capable of copolymerization with the styrene monomer.
“Unsaturation” within the context of this specification
describes an unsaturated double bond capable of radically
copolymerization with the vinyl group of the styrene
monomer, which is employed as both solvent as well as co-
monomer for the polyester resin. The degree of possible
copolymerization is not critical, provided that at least
a small degree of copolymerization with styrene monomer
occurs between the unsaturation and the vinyl group of

styrene monomer. Suitable unsaturated compounds include
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conducted as a single stage reaction. Preferably, at
| east part of the dicarboxylic acids and/or anhydri des

w@boodiozsanboxyl i ¢ aci ds or pol yhydric al cohol s BSEHEP1006/065709

step (c) conprise an unsaturatjgn capabl e of
copol yneri zation with the styrene nononer.

"“Unsa ation” wthin e.conte t

SpREEFYCabHERL M ErP ek RhERREaT bY AP BHe HbBFcpEREEOUNdS
capabheasf viadicaktyreopol yper hzabhensW thethen¥hdybated
group of the styrene nononer, which is enpl oyed as

botlhcaBPoert 1 asaners agdc@n%n@ﬁﬁatﬂé@t@ﬁedé@ﬁyéeﬁﬁkic acid
reéhﬂg%?@ﬁegegﬁﬁg %ﬁggs Q#g 8kyﬁﬁ &a '8935§P98£ed

criti prOV|de a sna dégree o
co@@hyﬂbbxzatcoacmﬂshlstyndeefnmaomeraomdurmabetmeenid,

the unsaturation and the vinyl 8rou stgrene
nohbAePRSurttabt eClihEataratedct gﬁago acid,

'n@hﬂ@%@ﬁ@l%h@”b@@&'yaﬁadtﬁéh¥h§9a9§&é¥ HRsatyrated) of
conpounds, such as V|nyI esters, vinyl alcohols, a,b-

unsht ghanhed becas@@xyﬂp@ea@rdsnaﬂdmblbaun@atuAg@eﬂ more

?Lé%é?g§¥£h° ag},d gQ g }dg% PLeLs ggtexanggggu [he

~Gnsat urat & boxy 6 acrds rnt mari c
adempﬁﬁhﬁchampdlsetﬁGD@LC acid, agtiyoacenleiachdid
mesaconi ¢ acid, chloromaleic acid, and the anhydrides
t hBRRBET 1Pt of which may be used alone or in

conbi nak L 08,,A0R1 BoART SrPhei et ably:gi Hrsiep &ﬁ%y@ilagehas a
subj ect process, the conpounds conprise naleic acid

andisrcqafeguratndnanhyddnde tOThelueabeE bbﬂdnstlth a
nageiﬁ aci 9 or i.ts aghﬁ has a ﬁ i s: conf %g n,

| 347 R T8  pol Jesterte Wtha ni'gh degr tc88ases
st enkcrhtsdsanege fhhglusuabbylﬂegﬁ@aﬁégctm@nranehoétyrene
the final crosslinking reaction with styrene nononer.
HoWeversr f Haupvag- thg poryest ERecBAdERSREF oRACREaRERBACN

theg SHPSBaE¥§etéﬁp Lppained Aty th%QQSraEerﬁESBQEG’

and for a sufficient ong period of ftine,
temperature, and for a sufficiently long period of time,
the cis-configured double bond is transformed to the
trans-isomer, i.e. it assumes a fumaric acid structure.
As polyester resins containing fumaric acid units in the
polyester resin chain have a 20 times higher reactivity
towards styrene than those containing solely maleic acid
units, the present process is preferably conducted in
such way, that step (¢) is performed in such way, that at
least part of maleic acid units present are converted to
the equivalent fumaric acid configuration, more
preferably that essentially all of the maleic acid units
are converted to the fumaric acid configuration. This may
be conveniently achieved by exposing the polyester resin
to a temperature in the range of from 180 to 200°C for a
sufficiently long period of time. Determination of the

required time and temperature is well within the skills
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mal ei c acid units present are converted to the
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convertfed to the fu ric acird contiguration
belnomudeseﬁbtylashaeuerhyheXposangdthphpbh&éstenhydride,

resin to a_.tenperature in the.range. of from 180 to 200,

OCEFOPhENSHH 1 BEbat | FEFERECPeH adot ot | fesanyarophtharic
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well within the skillsof a person skilled in the art.
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al S0 sagura carboxy coacrds and erivatives ma
usefcasdeapohphediatsaldbrsesi nehiudessf oori askapte diols
phthal i c acid, phthalic anhydride, isophthalic acid
teﬁ@ﬁhtﬁa|?éhgéﬁae ﬁéxaﬁ§drabﬁthﬂ?eeaﬂﬁyaP%depropylene
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acid, and/or azelaic acid, may be used
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%drhc al cohol s Ech asl exang e diols
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diol, 1,4-butane diol, 2-nethyl-l, 3-propane diol,

1, Gyﬁéﬂﬁﬁéaﬂﬁoﬁlméyhﬁﬁﬁéxahédépﬁﬁnaﬁ@ép%h??he@P906}

2, 23 k< 1&5%”8%9%& daadzPENLANE ng?en&téd gX%bHQS&?U%,
|rret ano rogenat ed ISp eno ene oOxl ae

addugyseot hyﬂdegeddﬁedsboépheapheﬁpl A; trlOlS such as
glycerol, trimethylol propane; or tetraols such as
pentaerythritol, all of which may be used alone or in
combination.

In step (c) of the present process, the crude
alkylene oxide fraction is reacted with one or more
compounds selected from the group consisting of
dicarboxylic acids, dicarboxylic acid anhydrides and
polyhydric alcohols. Preferably, said one or more
compounds are selected from the group consisting of
dicarboxylic acid anhydrides and polyhydric alcohols.
More preferably, said one or more compounds are
dicarboxylic acid anhydrides.

Styrene monomer is a further raw material for
unsaturated polyester formulations. It is also cumbersome

and cost intensive to handle, store and transport on
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al kyl ene oxi de adducts of bisphenol A ; triols such as
gl ycerol, trinethylol propane; or tetraols such as

w@envazyl hritol, all of which nay be used al oPer/BP20061065709

conbination . In step (c) of-the present process, the
crude alkylene oxi de fraction is reacted with one or

nor e .co ds lected fromth ou nsi.sti ng of
B e R ey e BT F AL BhPHBaRier hab.Rer
DOthMﬁtl@takgehabﬁ-rgqaﬁﬁégbhadlﬁabﬂ 8REsPEPIDE Bers to
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furt heTheaprasteriatotessupsatarabed pohyestes a further
fornulatlons so cunbersone and cost i ntensive
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. Bpr36MEIakrEhousandsof ghenstBehnanAYRt ulbhtEr bhevester
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obpai pedripaopbhonal tstepdfd}ibs aﬁdeﬂanm anounts of a
unsat ur at ed ﬁglyester resin obtained_ in step (c) . The
st JRrehe ohbhePlbBE ai HEBA ! hYsBeBlEdPLlis geuaPryds such as

St@Qk'hﬁ@gaﬁaé'H?BrHQGQHBBQ|'EglﬁngQErh§é£68819¥néhe
addi tion of amounts of a radical inhibitor

usEatEytaaphehotyé G@h@OUﬂ@S suthrasatmrbuhsiahyéroqulnone,

n tri nethy dro U|none te but
oy PaliE) "BRS bl BRNOY Ve Oy ARy Dot SR hO L B
hyﬂy@nga@ﬂ@nepmbﬁeﬁ@quymo@eheB@pbh@ﬁg@hﬂ@l@ne, copper
hydr oqui none nononet hyl ether, phenothi azi ne, coppe

nabﬁPhEhﬁP@tecoﬁ@@?eéhF%?PHédﬁn@n@hEhP|kéke}nln Partlcular
paEEéCHhﬁﬁone type radical inhibitors need the presence of

dissolved oxygen in about stoichiometric guantities in
order to remain active, an are employed in the range of
from 10 to 50 parts per million. An unsaturated polyester
resin blended with stabilized styrene monomer requires an
increased amount of the radical initiator in application
in order to neutralize the effect of the stabilization,
resulting in increased costs and higher concentration of
highly dangerous compounds. The presence of stabilizers
in the styrene monomer thus reduces the reactivity.
Therefore, the styrene monomer obtained in step (d) is
preferably directly transferred to the reactor of

step (c) or a mixing vessel, and more preferably not
stabilized, or only stabilized to the level required for
intermediate storage and transfer to the polyester
reactor. Styrene monomer may be added to the unsaturated

polyester resin in an amount so that a weight ratio of
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t he qui none type radical inhibitors need the presence
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range of from 10 to 50 parts pes mllion. An
unsaturated polyester resin blended with stabilized

styrene noper uires an increa ed anount of _t he
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(c) or [ vessel, and nore gref r ab
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obpaeaedabéypaﬁfeheedumatghtpbayestef pebyﬁstempt@s1ng
styrene nononer (is in the range of from97:3 tg 20:80
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consi derabl e i nportance for unsaturated polyester

reshas usddrgycaopeﬁiadhéder(EEP@WlonThnshcbhpound is
usuaII ng_t
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preferably anrupsatdr ahed ppkypsteestesi ReEOAPELSUBYure.
mal ei ¢ anhydri de. Above a tenperature of 140 0C, the
DCPD 8i s86EFafes ra?vodihy @9€IB%@ﬁ?aah@nélﬁﬁﬁeEHP@§ltlon

Thesg %PSEuPQdSEQQh@ g%ﬁbéséég?rw §§8t599o“ﬁ59r&991ng the

ci scon Igured mal eic ydride, thereby introducing
rigydrbpioyblicttgt ofictheemaneéoithe pol yestenltesidnying times

Stggcﬁaﬁg'lay up applications are reduced, as well as the
required amounts of styrene. Further, due to the high
hydrophobicity of such resins, these unsaturated
polyester resins are widely used in marine and sanitary
applications. Accordingly, step (c¢) is preferably
performed at a temperature of at least 140°C, and in
presence of dicyclopentadiene.

A disadvantage of the use of dicyclopentadiene is the
strong typical smell of this product. Even in minimal
amounts, DCPD will impart its typical smell to all
tubing, piping and tanks that it is brought into contact
with. It is generally considered difficult and cost
intensive to clean the equipment sufficiently to remove
this smell, and hence dedicated transport and handling

material is usually required. Accordingly, the present
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This increases rigidity and hence the glass transition
tenperature of the polyester, while also increasing

wo b@7hysdupphobi city of the material. As a resuPCT/EP2006/065709

drying tinmes in hand | ay up applications are reduced,
as well as the required anounts of styrene. Further,

due to the, high rophobi ci.ity of such resins ese, .
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maapbpactat edn. ThﬁlEKE%pcapméheﬁadnbﬁctbyubeamsgdefﬁected by
t he subj ect process w thout internedi ate handling _and
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deﬁh§§t@9e§98'PQEE&aﬂE”hE@B expBsaturabedepol YEstehviolet
resins according to the subject invention are

fo&nuhatedlentsunhbaaWSthatStmeyacaﬁouopesynérLzetMﬁthon

rene no helr i nal C
corbEbaer L aan srorat nShar it "ErreRhatByEeRs AhavEraRTaLLy
of wiadigah skagktebr D.e-18@ p@ﬂ@@ung r{baghwi | kngreate
radi cal s upon exposure to heat, ultraviolet |ight,
el BRY EbAVbRAHE H%t§Fﬁ1PaFa§69r@§s oP PﬁFFFaPVoWelght based

engLaye TEQI@QDHQtWQEgEEe Eaghgahn§5@ﬁ£§£easpolyester resin

prefera
comp031tlon Heat-activated radical starters include

organic peroxides, such as for instance diacyl peroxides,
peroxy esters, hydroperoxides, ketone peroxide, alkyl
peresters and percarbonate compounds, and alkali metal
salts of peracids. Ultraviolet light-activated radical
Starters are photosensitive compounds, for instance
acylphosphine oxide, benzoyl ether, benzophenone,
acetophenone and thioxantone compounds. Electron
radiation-activated radical starters include halogenated
alkylbenzene, disulfide compounds and similar compounds.

Further additives that can accelerate or decelerate
the radical reaction, and which may be used in
combination with the above described curing agent include
metal salts such as cobalt naphthenate and cobalt

octanoate, tertiary aromatic amines such as N,N-
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pol yester resin conposition.- Heat-activated radi ca

starters include organi c peroxides, such as for

I nstance di acyl pergxj.des, roxy esters, o
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radhdt addiactevahed badaddbdst anterssi nobbudeplastic resins,

halogenated,alk%lgenz ne, djsulfide conpounds and

si APPAY EORPBENASS RArYHEFTAdAFEr ves that can

accel erate or decelerate the radical reaction, and

whi ch may be used in conbination with the above

descri bed curing agent include netal salts such as

cobalt napht henate and cobalt octanoate, tertiary

aromati c amnes such as N ,Ndinethylaniline, N,Nd

(hydroxyethyl) p-toluidine and di nethyl acetoacetam de
Dependi ng on the desired application, to the

unsat urated pol yester fornul ati on optionally other

resins and additives may be added, such as

t hernopl astic resins, epoxy resins and pol yuret hanes

.CLAI MS1. Anintegrated process for the

preparation of a polyester resin, conprising the steps

of (a) reacting a suitable oxidant with propene in the

presence of an epoxidation catalyst to form propyl ene

oxi de, (b) separating a propyl ene oxide fraction, and

(c) reacting the obtained propyl ene oxide fraction

with one or nore conpounds selected fromthe group

consi sting
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of di carboxylic acids, dicarboxylic acid anhydrides
and pol yhydric al cohols to obtain a polyester resin. 2

WO 20870239¢Ess according to claiml1 , wherein t hBCDEPZVA61065709

i s ethyl benzene hydroperoxide.»3 . A process according
toclaim2 , conprising a further step (d) , wherein
1- phenyl ethanol obtained in step (a) is dehydrated at
| east partly into styrene in the presence of a

sui tabl e dehydration catatysta 4 M A process according
to any one of clainms 1 to 3, wherein at |east part of
t he di carboxylic acids, dicarboxylic acid anhydrides
or , pol yhydr j 0 rLses Lon
capanl SSFELEaPREPOCREar ORI bOEDL AL LPBRLLEELOR s
nopoihgestSr. rAspnpcesspatsondi nget stapy ofie of cl ai ns
1to 4, wherein ste i s, conducted by reacting the
préa§|ﬁﬁ%cakvaeamf?hgaéi%o?x ?%tdwaanB§9P?%?aththe
anpydebdes ypdgh LpbkiahiobnbyafstoapOUndrhami pgogPeene
or nore active hydrogen atons . 6 . A process
acestdeéng to claim4 or claim5 , wherein the process

rorbier CBbrarhad TrebrEniely OhiRRetRerlitre hEan <

Acpr oegssiagcondi gt bnadypooeydénel akhde 1ftocbion with
wherein the propyl ene oxide fraction enployed in step

(cYEonpritsés BﬁmPBP%ﬁScéﬁﬁ%gF?@oﬁr?Po 959¢ ByPwePgAt sting
tOoggdgé%QQMXy@thECQESPr99¥5§E@x?¥5geac§d-a hDAPEEES and
according to any one of clainms 1 to 7 , wherein the
propybeneroxi deécbhacti on conpinsespbiparbOrt 05000

pp of water, based on total conposition. 9 . :
P ook BEREFar At rorangoong Groehat i ioFe g the oxidant
whesebohyheepropyl Bperoxtdexfsacti on separated, in

|

step (b) , fromthe mxture obtained in step (a) is
3. A process according to claim 2, comprising a further

step (d), wherein 1l-phenyl ethanol obtained in step (a)
is dehydrated at least partly into styrene in the
presence of a suitable dehydration catalyst.

4. A process according to any one of claims 1 to 3,
wherein at least part of the dicarboxylic acids,
dicarboxylic acid anhydrides or polyhydric alcohols
comprises an unsaturation capable of radical
copolymerization with styrene monomer.

5. A process according to any one of claims 1 to 4,
wherein step (c¢) is conducted by reacting the propylene
oxide with one or more dicarboxylic acid anhydrides under
initiation by a compound having one or more active
hydrogen atoms.

6. A process according to claim 4 or claim 5, wherein
the process comprises a further step (e) of adding the
styrene monomer obtained in step (d) to the polyester

resin.
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directly transferred to step (c) . 10. A process
according to any one of clains 1 to 9, wherein the

wale@ansoy | i ¢ aci d anhydri de conpri ses mal ei ¢ BCT/BP2006/065709

anhydride. 11. A process accorging to claim 10,
wherein step (c) is perforned such that at |east part

of7theAconfiguration gf t he doubl e bongs ?erive?nérog
mal ei c™aRT AT A%t AECPOI VRSt BY 78%i RECare Trandforned Po
t heneoeatf hgunat bepp ol chinBLki geactdet18n éﬁﬁl@?@ésin step (c)

according to any one of clains 1 to 11, erein step
(cFOTNBTr peefoPRedC ARl acPBRpEt At QR ef6PMab o F el¥t WeaQGhDCEO

andqi Bsthg, PLESEREE,Of AL CyelapepLadiene .
8. A process according to any one of claims 1 to 7,
wherein the propylene oxide fraction comprises from 50 to
5000 ppmw of water, based on total composition.
9. A process according to any one of claims 1 to 8,
wherein the propylene oxide fraction separated, in
step (b), from the mixture obtained in step (a) is
directly transferred to step (c).
10. A process according to any one of claims 1 to 9,
wherein the dicarboxylic acid anhydride comprises maleic
acid anhydride.
11. A process according to claim 10, wherein step (c¢) is
performed such that at least part of the configuration of
the double bonds derived from maleic acid in the
polyester resins are transformed to the configuration of
fumaric acid.
12. A process according to any one of claims 1 to 11,
wherein step (c¢) is performed at a temperature of at

least 140°C and in the presence of dicyclopentadiene.



