EP 0 305 091 Bl Description The present invention relates in general to

| on-exchange resins, and in parti cCEP®306@9t81i on- exchange resins, and their
uses. - 5 | on- exchange naterials may be broadly defined as insoluble
matrices containing labile ions capable of exchanging with ions in the
sur r oundi nBeSFHRHO®M wi t hout any maj or physi cal change tak| ng place in their
structure. Synthetic, ion-exchange r S|ns %te back t

Hol nes concel B"ea%f“’eé‘ﬁﬂﬂ't 'ﬁ'é‘f"? £9en%rl 47, o PXhANEg Lo | |"é %'}(%ﬂf%aca@é' %%3@? on
the insql uls? na gl%acflyeéefmesd T&Sl Etngg\égrltém Eﬁile qus E?@bl
vas \the pfexcﬁaﬁg w%z .ogg lpe i ;1%3"% Sl Suthed ,f*j% fanoe

With a 10 back 1o 1 e¥ cb.f.‘ceﬁéu thatn
resins and r| | Somh .hé& bip Gndnft- f$ Sladhyte/akitd. PFnext
matrix is rJ.ev.t A t n%f? haBlicrbsiftsl 1 B dRfIAZRA Enidn[dXEhande Wit 2
amount  ppr E@éslhh’keu %wsm&ehﬁamemvaeaa%o A9 SatoioBis RIVRlyaEIR RhioWVibSing. [Dfoss-
i ntroduct i giRin@in théBAYsBPEAE Malix i QTLIN iibdiedBYi thdladdlien ofGiRinylbsiizénéQDVE)EN &f arhduft
earlier regdriflly vaih@bétwéen|1adnt \26% YA lafé Gevelosthens wasahwinttddadtioh yf 'Madspdrobs’ ndsias! in
regi ons t hesielye g6I0stiuctird @f he BDIIeE reSipCtONtInrelatively larga lhblesdepgated youas-inkediregions
denser pol yisrehy priodding alnsorel spah. stiuctre allwingex ddughtg @nd eriserspolystgrena ivubaosedr ook
by, for 1exednge resihearRatanefachredHyafor Gemple.rtiye Botrh anddHaBoGenPlamnandahe Ryn@hemical
t he producCenisay, thy awhicts beingeoldtunder the rdde markskAmbextyist2 pid, owexd nespectirlye urrently
respect i vehvpilab@ustyrenetdivinylperariedhted ierraxehange. wsing aufleh e divediprdiuanteos dist &t ldtinge
" resins suf themmally unstablp @t temperatyras inagyaess (9h abouh 150 ° G Whighiyetets ‘P%” vpAee: 41§ thergfore
t enper at ur ©gogniged % a slesigle Qpjegiive e prt t‘?/\ﬁﬁ”é‘ﬁe r"é!’s"l"F']aEQes'ef'?Fe gving, §d§@°’ frermels
the{r_gfor?% PRGN sed as a desi rabl e obj ectl v | n t&e art lpr

i on-exchange, YYehave, aow,fgund fhat this foictive ﬂga |c

that this JEya¥ Y’\‘}‘ea ﬁ“f'B' "'? prRIY [ h ¢ rovu

aci d ester ,0dM %PT YNy °and9"g b Yl om y

exanpl e PvEHEROLTA, 9.sz£4£9 w gfp"g Acaten
&1dide 34 bB 'aQesﬁle’l &WBQ' d &ha ﬁﬁ HCHvenﬁiﬁlﬁqp &

The pol yne %}g& ag é?1fzo
USP 2, 348, [NOSAEs, 35101956 Rfages n&%& 5@%@“0 rherdel ¥t SING3EHOR AN C
acid, Japa I?méﬂ%@t oh Q)@Bht?lr\nrgéulplPﬁét@ Qith N% v(nr Béhlorial, $fyteRs Metriyl Berylate and
pol yner i samhﬁaenefchrandsl NbAY 6 tRY arbrBdalayorershéug| RRABM B BRIIS a RinV bNGd rdamMaaie
and benzpy InoldfeSitable PhisRallrdpdiiece.g poRsiythanitehiomnss, POWEMPIE ShedRthnd povided. Miste
KOH over ni ghjischuk 1885, G2(4)EPages 133980 ddatribes 16 polymetisdlion of whiNsiBionyfidorida S0 divipyiges
4864 t0 A8adne tdpedubEEPOIymEs whith alesporiified. t he copol yrmerisation of butyl

Vi nyl sul phonaiceording fo the rpydsera dveatio, a vopdlymer is| mepackd, bysinya @nsestepredralymerising a
acryl at e adefivativept a driaylesutphdnisr acifiecheiNozlly cofivettible t@ thersolphanig acidf and anrolyethylenically
descri bes pesiurated ezodemer and iprarsecoid star chregically dopxeiting) the Gerivetiye of thieyny! auihenic acid
physi cal pindhreopdlyser so-formegdn beap foym fetheviey sriphorigicies as defired dnclaiile sheet s and
powders. Pl agiuiiablespivethpenicallo rsaturgiod nqmgsinclyde for exgmele divinylbpazene, h@vmvlpv"d'"e
pol yrer i sagivigyltolyeneg qiyinkinarnisaienes.| disi qehthglalen, ‘ﬂMPF‘?l ‘P'YﬁS'n d'*‘f@ﬁ? ?5 B dof¥ ‘f

pol/ dmhw'ﬁ? é" AdbHpredia bd'mﬁhaemam ofred P
copo g@sﬁ o F?{:'Eg?‘i“&a‘é H?El ﬁv T ”fﬁb fv%ﬁepfgﬂ?g o
| | en ,d eb 11 9, . an
\rglolnzet ﬁ;Ig E{ °s s ﬁ ag aéd ﬁlV'nya second step C émg ﬁfd

I ‘ |c s
converti ngp? y q'i. sﬁma% Eja en% ?&J&H@@B& Wi o‘#tﬂ:&g BiRyiGRaR WSRirated
so-formed | l&'ihms ttidnt B Pékdi{y RBORWC suiighbiClin tReS MEEGhd BméhBinNthel -
Sui tabl e pg ous‘& QBN rioébssaYily (hPeabonk ?Jtﬁéjammfo%d iR fhb YedBtioh EHixtuPss MATBA Wil depend
di vi nyl benzabyet dMe thinid RI6h irdi réiRiivityl s b the lobiéitasbeind ipdllymats6cbdna e i Sesired
di al 'yl phthé skt copdlynpr. Sl yretnits thi peduyd aryedesifid lighred 6f @bsgitldng may be readily
di met hacr yldamhined Byl péksons blillb@makki @  di net hacryl ate. Preferred
pol yet hysoeni cal reyardsrtaentiny iilgrdnicracid advstive @bdmicathO caavenibiecto kieosuipharde acid, these are
"cross- | i nkepresdntedtyltheckermptad- yvi nyl ar omat i ¢ hydr ocar bons such as
di vi nyl benzene and trivinyl benzene, glycol dinethacrylates, such as
et hyl ene gIRyeBH CHes@¥y| ft e, and pol yvi nyl ethers of pol yhydric al cohol s
such as divinyloxyethane and trivinyloxypropane. particul arl
preferred pol yherey Rieisi aithar | H, ausI'Sf?f G?‘a&t"@d& gyt |s§bs¥:1‘}"91’ ﬁS'fY'b‘é’ﬁ'?@'ﬂ’é f°"H’fé"‘p'°
product mayfYAPh RN Vs ipr e %{J %Vfaf‘ mlto 9 %by
pol yet hyl enj cB] ¥ §thehaet j¢r ey &1 1o s At FYCIoP ?"F’pp'g “Pﬁ??‘?’ fit a“f"o o R&TRI?
in about 79HYW. sul phur in the copolymer. The am)unt in the product does
not necessarily correspond to the anount enployed in the reaction m xture,
which wi Il depend anongst other things upon the reactivity ratios of the
mononer s bei ng pol ymeri sed and the anpbunt desired in the final copolyner.
Sui tabl e amounts to produce any desired degree of cross-1linking nay be
readily determ ned by persons skilled in the art. so As regards the
vi nyl sul phonic acid derivative chemcally convertible to the sul phonic



represented by the formula:~ [err] 55 wherein [err] is either H, alkyl,
for example [err] to [err] alkyl Em0B0S09LBed al kyl, cycloal kyl, for

exanpl e cycl ohexyl, or aryl, for exanple phenyl, and R2 is either alkyl,

for exanple [err% to [err] aI k}/ )écloal kyl for exarrple cyclohex I or
aryl, for emgm iy 10 G alyl. Prfegs txd%'so@gnquswmp FBgbIRH Fv

to [err] ?}?I °"‘PF‘(?f9§r“39b‘1‘ ‘{!ﬂhP‘l'c F%d IV P"°§'B'B§? fhe stig "13 'ﬂﬁ deriypd |s
pref er abI"X’“c_Fi s °?1’1"8“'B

Ly
convertibl e Ld % e est‘%éseo?e e Qéﬁ ozr'uc ﬁg nlsgl ?C g:gﬁ%;mﬁ&?w s'grone

hydi.o y5|

of t ' \ °r W l%:ﬁ 3 ster
o lg Yont yafo s.él =
5 der ! V for\'(sg T an Vac[dVor asﬂvbg ﬁHbre é%ﬁé %Iuﬂé‘ﬁrf Ll'ﬁ{'t‘?erél Sad, e
~alkyl eSte%nﬁ)Ie Eﬂfroc% asesefn Yde: m&ﬁéﬂl&%as&r 8RS or pdbigh " ed
~ ester s,arngabide. RERY |dQ19 olydidd §r¥ bdtatt GrvaRRERY bxafdleSis Q:onvbl!e!gJ riR|y Shghe SEBY tddfhe
acconpl i sshsﬁbnleyacacamuacw.dggoawﬁwmwk Gh YSdt Isfap @edait Wothd ¥dphohié Beidis Tyied whichng
agent undgén dxiicatioy flase€ond stel hildsMbSiree 2@ gBgO| Ysi ng agent is either an
aci d or a bwseaaveSsikgrisihglye foasd Bhat thé) @bgiebeofthyarolysis Cancle deatiyl ncrobsdd b effentihg the
hydr ochl awérolysisindhe diesohicalof ettrisamnestt is feteittkeprofagsdga aifect thabyeirlysik ot the prasepecof
sodi umsoruitasduasi um 10 hydroxi de. Using acid hydrolysis an ester
derivative Saochemizmpisdhei ssietcervi chetisel reactians whiciydre effactep by the ipresense pistrufficientiyci d
group. Uditenge isenicortufichsafio,fislds Fori awsgfuf feyiew oksthe subjectigferencst mphee medefhGhiagicaci d
" i's for mecntitlef 'WBireseund in Syathesist %‘éﬁ"ﬂ?ﬂhslﬁf?"'we%‘@’ g §ord Heidalhetal88&. he free acjd
groupi ng. Vs rRggrds dher pauirgieplg "P@)G‘P{o“"ﬁﬁ%{ﬂcst Rcoene; e‘é"aé?"'%yﬂ’%l“%qq ajliguid dtyis o
gr eat,| 3 iN9eISEARL &xjcayse é‘?"feeE‘?'P in ¢pg %‘ﬁﬂ‘o‘f‘ "éd T°n"' ﬁ%awggzcw "°“°V The

&

| t rﬁEr'“P'P‘P ﬁy§‘°'t‘ W@'P"é?"b F@“ %*r &y yt “‘°

i cecns G i FeR mewge ';'a Pt L i

;gﬁle ;pstp;f ;F :én a co’ &m % ran :éby mostt '|IJ qF rbné{#: li Iﬁ\&ﬁl r(%%t ey
ertio i dlr Xal

e 3 e e 'L ‘?fjﬁm G .nierbwﬁ% a

: i

Spri ”ger ' Ele {cLlﬁan dnbhiy r%- m%&ﬁf%ét |éi‘tGP é?uHi%W ber rlaCIbHsr ed
for ul tr agfiahCout mofé rRSCHaT fe Mhﬁerr QﬁtFéanﬁ: Aot bdodPor M&Hérﬁi:ai brdtiSnsdfiuced by
NECEeSSar Yind MoveMEMe oS PRRY i€ aiiEbit anll Rasiitiaf§ bes Ussl foN&ich puidbiséh dsmidisiitatbranat

t he r egui didlzatione SHEHS ¥aquiphteRt RANGR| dBlaRed iéih, 86F eBMAPRI, Blchy DARIURFas6MRS Lified, Roth

ul t r asoni siehtifie ToMPhG Limitsd 8Hdi L€ Seidicd Labbragfsdainiie@r to activate the transducer
and a nmeansLdwobr Righapewst Ultragagndt daa béi Uséd tPradsiabiyt the tirtensityl &f LthedultrdSbund ds bélew the

Vi br at i onavitafiontihigeshold ntthkeliipikd neldiampbyedr e srmal |, a nechanical anplifier (or
hom) is of t B ameqetiof dtlasbri¢ eveey raguiesdetilbdepertd onpaumbee of facius includinguike atyrendf thy a
conpoussd reactnts @ will be feadily letersfirfable bea persaptskiind imthe t.ansni tting into the
liquid is bYhed¢apelpmerBads predueadi kynthe procdse of the peasent dnverition way brouser doritp samet

i ndi rect RWHoses aspfyion|ad atins-euchange PYs. dipwqypl @s prayiopsly mpntignedy el digker thermpli ng
bat h, whettabiliy qop yieiepds thalrrange of usage.iBesidas Joplrse B Fafisrchange tosing, dhay, atey
and_the | l?aﬁf\‘}i"ﬁf ly ‘E?’lé'cats (PRS- Eﬁ'q"‘v@'i'?‘ ey may be é’F%d aér"étalé‘?tf et ‘”'ﬁ‘? @’2‘8‘& PERPPTC or

magnet (’Pst

fr
s o Fhe*’ﬁgfg‘;: T oSl M,

primarily pr nBPana%ﬁo?b@r% c%ﬁalénsdlefﬂhww&& @nd 30

atom zgtio Wo% b ﬁgl&oﬁm B of B ol ) HbaREStnbl S bietinO8r H*G6R! fide Wi S
Dawe U't ra%g,@ biyfic delgm ted,” Roth Scientific Conpany Limted and Life Science
Labor at or i §3 alphdgbdsGét the'-ﬂ?d@lu%n b¥ 8 RstBrBYasaciitlglah AR SheN il @arbbiglidkeRd.  Preferably
the intensi gitaib rdabiBnts! bid B506H Ebndifond RF ONurdiing th6 Prokdsadsl (P RAdy) drd iRl th EF-AL he
| i qui d nmegbagere.npl oyed. The anmount of ultrasonic energy required will depend

on a negrber AQrefdn@a iptésss icorprisel ragtiig e CndtGi mionadiefib,oe a Jixturs thavedfawithsanaalvdhohat |
be readi | slevdiod mmperatalelteprbducaampaes.on skilled in the art. The copol yner beads
produced by Attiveghoang Ce $5C-onhonobiefinmmag e pmplpyedeihis ipferradip useeitherdgpbiiene, witiech mayme
pur poses kessybstantialiyapuwe oramivospntalnohenageling end/an paratils, oy @ pentens, fof examplg A ethyl-

nent i onedbutenpeyhich may the suksiaatiahnpura erapay| betagmixeswith dewer o ";ﬂh@ﬂ“é‘ﬁ?ﬁfm‘i » iR iexampien g e
of usage. butnaes, inelydingjaqbutenpscor hexepesendielaslifange resins, t heY

parti cul ar | puiteblfihe algeliol may ke ya elkanch for g@male meltanql, ethapglprapaR sb@“?ﬁ‘g'é’of’eﬁtgm's

cat al yst soiFxagoigpepterablymethapolos  pr ot on-

e




40 catal ysed reactions. Such reactions include, for exanple:- (i) a
process for the production of an eER@305\091 &licting either an olefin or an
olefin oxide with an al cohol, (ii) a process for the production of an al kyl
aromati ¢ conmpound by reacting an aromatic hydrocarbon with an al kxl atin
agent sel ect &dPraforeeehreactionris fhat %Hﬁ&b‘!ﬁ"éﬁ"i“hg‘ethgﬂ foyprogducor tertiany, butylgpethyh,gther (MTB
product i onA °‘an°fa'I"Tf’dﬂ%ﬂ"°'b'9 t'?"é%fdﬁ"ﬁ( utgnps yyith mefhiang! o proguee g tortig 'meth

_ process fo thé%%n ':é’“ S ng;g
olefin OXI 0 | " Cq] 'Ve‘%ﬁf’qi 6%%2? 2 8 o] P‘H@eb e 8?('"8 y an

est &r, by é E' ] ct.%'“*’ ﬁ* o oo.e. Hoi i 8 o b S 28 B ™1

reaction c ? .Ir.ﬁ pr s rﬁéyeoe%ﬁér&i

EP- A- 0083 I|q or the v s% |5r ﬂc‘tﬁeslﬁuﬁm

[err] monoglghsdd, or a m xture thereof, wth an a oho at el evate

tenper ayir et HEMA! GiBohdimdklr Pab maﬂahﬁwmhonahy.cd @ralchhol o] 64 TalmolP RAGY Rk 0:1MBY

be enpl oyegd, 1:iol Obérating Dlefi-fichChirkghfidsStRe Blokiiee Fecbv‘éﬁ}béﬂcs e YAl BohhighBdontesion of the

subst ant i ahibghollidd ReghbiblERYeof6Pa icrmBtiotDHENeVerf dnltsicesd 6t olitin Py eicoiriige, unBésiréble side

pent ene, f Ractionashoh s dlefife dimglisatidaUdr eoligomevititien) afRlo &void IniY Riis Bémelimby prafefred @

may be adnbpesstb aldohdl rittookey adhére kivictip@s therstbickidneskricro®fin:di@hol eolanfatie 55 but enes,

i ncl udi ng | sdhelbiomsea readtionsell) Ny a@ronly dilusttiveadt fthentgpe dbpratanizhtalysed aeaglion othish isTay

be an al kacatdlysatfleply thecwsind of themrdsent iventiont dnd axelnot ip anypreay dttendedio beerhiustive.

pent anol s or Fheoatelytit Burposesethe catioh-gxchasphieesind of thp presentiventigrBay(elsp bp gxchanged with

preferred metakoetions for example Grepp Vikpeiglcatioas-wi t h nmet hanol to produce terti ary

butyl met hml Qae wensequrirBef the apfanged theppal plabifte of thereein isghatjitallqws dhe ppduction of dua

hyl b&t e@ww%'t/%ft’h%t‘ﬁ'a?'e 2 oL the resinrleaded th tal H@’f”ﬂ Yd’%quPé'Pg
A trl)\r%f or r o8" SRS PRI, off @ﬁm%gf?'hﬂt e rag'd'f’ Hﬁéanmwf)
referred t6°"é?°'|’_’]d fowoe by ¥ ‘ﬁﬁgr%’ ‘E°"E the ?el"f)r H‘?%s'b
i e e e t‘&%ﬁgg f
nmonool e%? N ’% for Qarqp qFﬂ e ap eMedpa a enper a urmel ""h‘e

range from: 5th BJnﬁJn m gaurmsame% uyraeftrhee toatnaeuéwrng%aieg 80 bar gauge.

The process may be operated either in the liquid or the vapour phase,

pref er abl y pieParktif of theikibh-HERPGs Rediiid BRLY¥omsSi Ng the catalyst in the form of
a fixedgped. 10 The ol efin to alconhol nolar ratio nmay range fromolefin
rich to alwﬂlrlch, e.g. a molar range from10:1 to 1:10. Operating
olefin-rich sinplifies the product recovery since there can be high

conver si on(ap$uspénsion Payhaisatiamt give dHeisgeobd eopalymet r ope f or mati on. However, an
excess of olefin may encourage undesirable side reactions such as olefin

di meri saéi on Aonixigle;of)barie atig {Aig), bydroxgetal! caulespd@4omis 011756 aquepus solutiop) andrwater (252 mi)
preferred wes asliusiod taepth 1GHNH soflile Hyerpxideci50%6! Aauepuscsplian). [Ty thisgwas igdded xanthum gum

st oi chi ome{109 &l 3% 3quecss eqiiion) apdhsodium chlpridg (801g). The resyifing rpifiye avas, piired at27P 1-Bfs
(i) to (ivi aat?a@%PHW‘ ljtre). &%qsraaw'#én@tlert%eh? é°69 roton catal ysed reactjon
which is cat °’g¥""t"tﬁe°°f‘%§'r'91§f R"I’Réf' rt’t"y ‘ié‘ﬂd "‘%rr%’"‘ﬁl? cia|
any way ? nfﬁl :EH a;%g ( in fa ()P } \?éﬂ%W resu t: theiI setab| off
cation-exc e éreﬂb;?

metal cati Qhg I?EF i Wetor 3R 3 OQ'?OGE‘T; 4 h°f"s n a Xh pr 'P%g conseﬁbuence %ﬁ'% he
enhanced therma sta | ty of the resinis that |t aIIovvs the production of

dual fwggd,a%,sqmrglﬂg&t&g,vgg{ef@s;ggpglbﬁe,an acidic formof the resin | oaded
with a for exanple palladium by
direct inpr eﬁm&.h Behd {504) ¥Bmas) labtve wbi@ Dlabadth & I iitfe SoPwitht rhétianél (300 nQnd! BdnBontribd
conpound f ol wadoriayacrdecguptaoonmpf*rht FrixtiFe twik srsdD&nd NeRuked &thas - el feBNhdits. The
metal . It lSreamtngg&aewaielfmerw&hmvahsdxhaa@mmm ®&lert his with conventi onal
resi ns hecaug@ebiamplet1e@p @r vds Usp2ated) Sxxes It Shetrefluk eahpertutehemploybd vasc@80mGdostsd tob

t he el enent a5 Ceind Irgfiut wasi calinbgd falbtButours dnstehd biots hoers.| Thel idegrpe of drgdrblysis of thelesterral
degr adat i on grbups treaciigroupewasd3%Cat al ysts of this type, for exanple the

hydr ogen f or i) Ekampled (P)liyiwas repeatestiusing i NeOH finsteachpt SYhHGla e degroe pichydislysizi pf they

t he product i ester grourstte agidgroups was 2bpet®¥%on wi | | now be further illustrated by

ref erencé t oW [Resip Hpads\(Pag) freR £¥fﬂ‘@%1 (a) were placed in a 1 litre pot with 0.1M NaOH (500 mi).
Ultrasound (28.6 W/cm?) was applied to the mixiure at 50°C. Cavitation occured and resin particles

(bulk) abraded. The degree of hydrolysis of the ester groups to acid groups was 86%.




- of (t he?0est efh

Preparati on of the Cati.on-exchange Resin in Bead Form 30 Exanple 1 (a)

. Suspension Pol ynerisation to gi veEp baosegoBt copol yner. 35 A m xture of
boric acid (6g), hydroxyethyl cellulose (24 m, 0.17% aqueous sol ution) and
- water (252 m) was adjusted to pH 10.3 with sodi um hydroxi de (50% aqueous
sol uti on) . vr&xamplest (Bh§v)avasl cape ERptIgLIe mengity of the gpelied a'ﬁEF@Ulﬁ'swaﬁd?qHﬁddﬁ)
and sodi umi4HWsM? aad the gitrspund-wag apriied for ena oy The Gavitatin, threshqld was potaxcesdad gnd 1,

in a baffl &y df’%s"'gtrq"ﬂ"%ff rogig |Pﬂ'§°'%§nwaa>abaﬁ'v°r’n¥5'8|q°%?° °fa'r¥6'°t¥§af”etft°f 8’°t'@rtP]

 The nononef® HSI sting of the &r ester A%, onrtc gcr d
; (30®f cg Fr@ in ceswrIng ba%\el)g¥ Og?l' I’ﬂ?)léa%
(50TH) anaten umioﬁic e él/,tﬁ 5b e sl 1l YR, above.

Stirring a Was con e resu resin beads were
filtered o ¥ashed with water and acetone extracted for 4 hours in a

. Soxhl ef, aj%%{a'??rus with acetone and dried in a vacuumoven at [err]. 45 (b)

- Hydrol ysis gfambld8 @iRawi (b) e BheéRd taJ&%ptfmai l(2) GQRBAISEI BYiution] dohsisBRS bfnndae%tﬁm&séom

from (a) @day 2% \eicBustodfichflandwadr B8d mh wes eed. Wi t h met hanol (300 nl) and

concentrated hydrochloric acid (5M (200 m). This m xture was stirred and

ref | uxed mébting ef Rdsinfag Catdipsthours. The resulting beads were filtered off and

- washedst horoughly wth water. so (i1) Exanple 1 (b) (i) was repeated

except tiexampldr® refl ux tenperature enployed was [err] instead of [err] and

reflux was conti nued for 16 hours i nstead of 15 hours. The degree of

- hydr ol ysiRyody EMethyl Tortiayy PiMABE)d groups was 53% (iii) Exanple i (b)

(i) was re?eat ed usr ng | M NaCH i nst ead of 5M HCl. The degree of hydrolysis
P'8 "t?f MESE] wasy eapiioregpyerad Gange BD%’“PB'BW"’S (LFW t'Re§W'1 syphopic

(509 fr ATHEY rP‘EP‘eV"'f' %éheepf Praceantlprr aacata'ﬁ {@rqem wet'ﬁ 9 uRgerideticsls 0o

cggq §|o pe}n Ryrepi grl
Cavi tat i o ?sg wa Egmﬁq s %'ﬁaé"'t?e B g
hydr ol ysi an tf'f?ga'g ?°5’ﬁ ac!tf" 7ma fm 91 Bl
(v) EX%”Edf‘?e fmwaf sed er 5 ata%ﬁg%g@aﬁ Halysle, meﬂ?l%?ﬁ%? 5% Fonf 6

appl i ed e ul trasound was applred
for one hou’i’herifl;gsQ@ﬁrbénqn{hggcéomfﬁ\?rn&lrﬁlems not exceeded and only a very

| i ght dusting of resin particles was observed. The degree of hydrolysis of
ester gyoups to acid groups was 77% 5Srape1 (Vi) By changing the Horn
arrangenment a nore efficient stirri ng was obtained. At a | ower power input

7.9 Wecn ST S_optda nereln artictte renm
by aded. TCTRr et o o MR Aoaee I okt iy st OB SHD RIS ORI
obtai ned |after 1 hour atRefueofm]e. FAmbiplyst 18 Msﬁ»minvanﬂpn((aw)cmdkr(ﬂeylyswwe
repeat &d |except that | inverdidn Ex3X pbiliser 4ol ution consisting of nethyl
cellulosq (20 g, 2%Jqueogg solptiog)y ang water (380 nl) was used. Tegting
of Resin|as Cagal yst L5 BExagpl e B Prygquctilon of Methyl Tertilary Butyl Hther
(MIBE) 20 dhe product ihgy of MIBlgwas rfonitored .over a rgnge obg
terperat yres uggng the vimpyh sul phongg acijd/ DVB cogl yner rgsin of the
presenf? i nventbgon as fat al1y,st, a corm,gri s¢n bei ng made unden identical
condi ti ons—w Lll a (,ormer Cratty avartrabte ati On-excmange resin
(Arrberlyst[E 15 §%qhe glgltcgnegi gt%wt raffinate-2 (a 4

T he T ults res
refinery st 9°r o BN 1 2l fl 2112 A
25% W e A?ﬂbéﬁ;}éf%u@ﬁbo@t é so ut ene: nmet hanol no rati o.
(n) At lts optlmum temperature the resin of the invention gives better conversion to MTBE than Amberlyst
15.

(iii) The resin of the invention gives lower levels of DME by-product than A;jr'nberlyst 15 at their optimum
operating temperatures.

50
Thermal Stability of the Resin

'Example 4

&5 The thermal stability of a resin according to the invention was investigated by measuring the amount of
acid leached from the resin during thermolysis and determining the activity of the resultant resin in the
catalysis of methanol - acetic acid esterification.



25‘ The feéed was passed oever a 15 nml catal yst bed at a pressure of 15
bar and an LHSV of 2, over a range EF0BesparBiures. The MIBE yield was
determ ned by on-line analysis. Dinethyl ether (DVE) formation was
determ ned by GCMS. The results are given in the acconpanying Table 1. 30
Teble 1 TeqpePaitnce por 00 o e (FaRR s e  Facrorer b e
ether in pt BlPE'tggdg’ ’HY°9 §?"r‘P"cﬂ"d fppied "‘ amgth © reqyiiveqiomperatiye fori 72 hours. The
| nvent i on (:E’Q“ﬁg:s J‘ 'zg a¥ptered-glass f”""e' 6 filtrato was ﬂf'ﬁ'e%rr'f'r LHMNapHusing
©ONO| Indica esu

ts are stfgg g Table 2. 3
20 : 5 Ion-exchange resin (0. 100 ¢), acetic acid (6.5 g), 5 gj) an% clohexane (0.5 g) were p! g 1
1 9' g\/ in a sealable gl fltted with a magpetic stirrer ollower Thrs mersed in a water ba

50°C, th stirred At.30 minute I |
38 From it Wlth sgé.ﬁa%”"&o é'a°f53%’£a. @“ﬂ t..q""" tazr‘ag llation irb % Pré's'
optimum t enat Lﬁyeth& rol OF b 'nf¥hhyf &¥6tato vQ t& he hbﬁ}{eefﬂie}nglrbtdnéar HIrts
[err] foyp Weﬂﬁnab,e@roductlon V\/nereas that of erlyst 15 1s about

[err]. (ii) At its optinmumtenperature the resin of the invention gives
better conversion to MIBE than Anberl ystragi®2 (iii) The resin of the

i nvention gives |ower |evels of DVE by-product than. Amberlyst 15 at their
opt i mum oper@rimg LEnperaryr

55 Tise ther mal "&labi | i tly ‘Y"“iysr >|’;?n§8?3%‘g‘?'@g°fb%s"§)reboﬂvgg?%h_—xﬁé ° 4

i nvesti gat ed bé‘ neasLii ng tlhe amountl of acid leached frdom.t ho rnc A di ng

t hermol ysi s arlﬁas"mleftt@rlmmong t1B@ Qitehi ity of tO9& resultdnt resid®dn the
cat al ysi s of| mesimefiiksl Inventiga gt j160 £¢7F2U esteri fi @9ion. 6 EP 0 3¢5 091 Bl
The ion- exchar‘?@%"?fé'sﬁweﬂ‘@":o\ﬁgz hat er (5018n8) werd pl aced“én a
Fi sgher -%ort rﬁeﬂ'b?'t“Peé"‘ﬂRHPEr Q”FFBn pur ged W%Ph mtroaen seaﬁaéd and
heat®d in an &PFN é O nVERtiop He [ eqGuiref tenperature for 42 hour $27The i x{ure
was cool ed, ffiltelf® °sl"hraurh a Sintered-glass “funnel he filt 2% e was
titrated with 0.01M NaCH usi ng phenol phthal ein as indicator. Results are
shown in _Table 2. 5 | on- exchange resin (0.100 g), acetic acid (6.5 g),
met hanol —( 3&@mg) and cycl ohexane (0.5 g) were placed in a seal able gl ass
vessel fitted with a magnetic stirrer follower. This was inmrersed in a
wat er bath 1atA[IR§¢QG s foy reepadngce icopeivimiektinrtte isnnef keeds b @ Wayhtsplphpnigsacid amst 230
M nut e i nt er vealethylkgicalsunsauralgd gopamsr which gemarises e sReR & bat h and a sanpl e
renoved for andllySIPelyBYishashy sugRAngion FrreaeBeicap@)y e viRdaiPhee pHidberralive ghte
measur ed by thé Bt h” of the net hyl acetate peak relative to the
cycl ohexane i nt andar Results io are given in Table 2. Table 2

er T;&' g& Q@zl

Resin I d Loss (rrm)l /g of Resin) Progr ess of

EfSt eri ];,Ihacsag I on vahgrem I? jil from dro en, d alkyl, cycloalkyl oqz aryl and Re is selected
arter (% 3 k I $ nsgllg rated m r, and

39.5 Resin of t )Qh mg r5 uzfioE p(1)wuth elt&r acld or a base.

39.6 Resin of t Inventlon [err

44.8 20 Rﬁsdrd%eﬁf astcmﬂndd"'\ﬂ%tnk 9 wherein 612id efe2fdd from C1 to - &ll§1, phenyl or substituted
28. Q_/Resr n of phei@. | nvention -

32.7 No %esin 9.0

3. A process as claimed in claim 1 or claim 2 wherein R’ is hydrogen.

4. A process as claimed in any one of claims 1 to 3 wherein the polyethylenically unsaturated monomer is
selected from a polyvinylaromatic hydrocarbon, a glycol dimethacrylate or a polyvinyl ether of a
polyhydric alcohol. '

5. A process as claimed in claim 4 wherein the polysthylenically unsaturated monomer is divinylbenzene.

50 6. A process as claimed in any one of claims 1 to 5 wherein step (2) is effected in the presence of
ultrasound.
7. Use of the copoiymer product of the process of any one of claims 1 to 6 as a cation exchange resin.

8. Use of the copolymer product of the process of any one of claims 1 to 6 as a catalyst in a proton
catalysed reaction.

9. Use of copolymer product of the process of any one of claims 1 to 6 as a catalyst for producing tertiary
butyl methyl ether by reaction of isobutene with methanol.

7



25 Cdainms 1. A process for prepar| |nthef

a vinyl sul phonic acid and a pol yet e%glggngy unsaturat ed ﬁ“ﬂlﬂullﬂmﬂﬂmmll
conprises the steps of: 30 (1) copol ynmerising, by suspénsiot *

copol yner i satThenon-gkehangs resim {360 amhwaér Q563! weke fpiabiatt ih i EFisafier-Porr bt WHich: was
[err] 35 then purgbrbwith witrdgen, rshalddsand @batetlt it dn bif Bath Biytol @GEBd tedripkiture SrUA2Yolrk.Uthe d
al kyl , cyclmbdirkwhs onled, diltaréd thwoagh| esintdred-glass @uinaat.t Thel filfrate wastitdste witico.GIMRAGH dsing
aryl with (Ehgnolghthatdin/astitrjdaton iResuts re steevainuTable@d nononer, and (2) thereafter
hydrol ysé ng tlpreexphangritesin (1100 gk peetid jicid6tSty), endtiaaal (aea*g)amd cclohexaneli@5 @) were pldced
process as it aeaiable dlass ypssbinfitted wite r aagnelip stirger dalibwert Bhib wasommprsed i 4 watgrebath] at
~al kyl, phe§1C.d1e reeqtion mixiyrechping(tired copiiisously. AtB0 miinyty intervels thesvessetavasendoledhin an
claim 1 or iefwaierbaih apcbs simple emeted;fer angiviisobieses-liquid chremataeaphy. feactiprapmgressi wes
any one of MepRTadPyihg growth \fdip eihvk acetalg pegicielive dnthe gYdloioxanss intemelsatandardrcfioauite r
is sel ec’Ped’efWS?ﬂ"éra%wa nyl aromati ¢ hydrocarbon, a glycol dinethacrylate
or a polyvinyl ether of a 45 pol yhydr| c_al cohol 5.. A process as
claimed in claim4 wherein the polyethyl Table 2al | y unsat urated mononer is

di vi nyl benzpnp 6 A process as claiped in any one of clains 1 to 5 wherein
step (2),i ef f ectRegini N t h¢ Peanaysise| adcid3bss (mmoligl of REsE NErogréss dE/ESerfitatibi)
copol yner product of the process of pny one of clains 1 to 6Games3ngxgati o

exchange 1 eql RogiBot the hventioh | . 150 <CrAeR! P TET  PT OQUET Of The process of any pne
of clains 1{tgg @%eqnvg,%@l YSko ot [Proton cglgl ysed rdacti on. 39% Use of
copol ymer pr|ofedd of B IvBRiol | 0G85T/2% 2Ny one @lhpclains § to 6 agga catal yst

for Progyici rgngsmgﬂr@rhy,e,mgﬁ | 2y@icigh et her bygmgaction ¢f i sobujggne with
met'déEnol . 7 Redithof he t¥onte®] Bl The ijon-exchange resin (0. 50 g)ssgnd wat e
(50 cnB) werle pl a@eRbsinn a ischer-PoIrter bottle which was thengmurged Wt h
ni trogen, searetamd freated T am o battrat—tie—Tegut red—tenper-attre— or
72 hours. The m xture was cooled; filtered through a sintered-glass funnel.
The fil tzsatc%mz'\@s titrated with 0.01 M NaOH usi ng phenol pht hal ei n as

I ndi cat or esults are shown in Table 2. 5 | on- exchange resin (0.100

9), aceticqac] %Ltf 51 5f09)pre§%§ma@%oly 3, ﬁn Eﬁ}‘?yb%&h%{(gn\ﬁryi gmghogl}: %’% §nd a

-— VW

pl aced in a ﬂg [ SWef .
This was i mer ?ﬁ o tcﬂyrt?en & sagfesidh! ¢ p@J]tﬁ satlB E@f?@iﬁ&l'sﬁﬂhﬂcxécw ri {lJ'gf the

stirred®ontinggWaky. At 30 mnute intervals the vessel was cool e

I ce/water bath and a sanple renoved for analysis by gas-liquid

chr omat ogr aphy r' ReRGt cRR- go,092ess was neasured by the grow h of the nethyl
acetate peak relative to the cycl ohexane internal standard. Results 10 are
gi ven i n_Tabl e whereirl & iseseldctéieBinihydrogen, alkyl, BB Wkl Scycloaligi shd lafyb snd(FAIelefte® |
Resi n) Pr ogr éem alisjl, dysibakyl driagyhiwitho(h) sadolyethyldiicalygnsdiestedimaiomefend nvent i on

[err] /72h (2) thet®aflsy hydrolysing the product of step (1) vt sifheRansacid o0& basae | nvent i on
[err]/72h 0. 05 39.6 Resin of the Invention

[ err]/ 72h 2, A procggs ap claimed in claim 1 wherein R? is sglpcigd #om Ci to CRadkiinphwhyl tdn gubstituted
InVEAtigp  Bhemk]/ 72h 0. 25 28.8 Resin of the -
| nventi on 32.7 No Resin

9.0 25 C af’r’rﬁ“fmeﬁ?ﬁcﬂ?&%’én 'F"ﬂ'i“ 1rﬂ’é‘ﬂ5‘r%‘?‘f§’°&’ F&:’éﬁ)‘&f"?ﬁﬁé‘r in th'e form of beads, "
mononer whi ch

of a vi nyI Leﬂ honi c et hyl_eni cal | at u
conpri ses { h grg‘ 085? aumed m any one Ef claYms 'P t\t; 3 wherein the pohl/etlsiylemcalﬁ' unsaturated monomer is

* polyhydnc alcohol.

5 A process as claimed in claim 4 wherein the polyethylenically unsaturated monomer is divinylbenzene.

50 6. A process as claimed in any one of claims 1 to 5 wherein step (2) is effected in the presence of
ultrasound.
7. Use of the copolymer product of the process of any one of claims 1 to 6 as a cation exchange resin.

8. Use of the copolymer product of the procees of any one of claims 1 to 6 as a catalyst in a proton

% catalysed reaction.

- 9. Use of copolymer product of the process of any one of claims 1 to 6 as a catalyst for producing tertiary
butyl methyl ether by reaction of isobutene with methanol.
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rom & polyvinylaromatic hydrocarbon, a glycol dimethacrylate or a polyvinyl ether ofa .. .. .



30 (1)' copol yneri.sing, by suspension copolyneri satl a vinyl '
sul phonic acid derivative of the gPoi305691 BeErr] wherein | m,' wmmnm,ﬁ"
from hydrogen, alkyl, substituted alkyl, cycloalkyl and a ’
selected from al kyl, cycloal kyl or aryl with (b) a polyethyl eni cal " y
unsat ur atRatentansprtiehe, and (2) thereafter hydrol ysing the product of step (1)
with either an acid or a base. 2. A process as clal med in claim1 wherein
[err] is lseVetehay 2pr HH’FP@W 9"196 oo °’°<5' T’e"f I°’"6‘r VE‘M'B‘&W'PSF'HF ad [ﬂ‘f@ﬁyl
3 A pr ocesRolysthylenisgh yagesitlig neH ’ Fory 'Pﬁ"ﬂ '}? s hydrogen.
- A piocéss as g)l ﬁqpﬁll‘."ﬂe'lsﬁ“%rﬂ"'ma s‘??f‘s'?f‘ﬁ gP "‘f"?aB 'B?se W'sf’ gsdure-erivats “der
; poI yet hyl eni cé’f’T‘ unsat urat ed nononmer i s 45 selected froma

pol yvi nyl ar ong 5&% a glycol dinmethacrylate or a polyvinyl ether
of a polyhydrlc al cohol™. A process as clainmed in claim4 wherein the

- pol yet Ey' eni Galh Yo W84 ﬁﬂ&ﬁermem rstorfdioM! a.ydrlm zeab%t.w.gten%kyﬁd}amﬁs as
claimed i n anyyiforshpe Ghehd Basgbwhith ist .eé..eemkﬁl feida »bﬁrﬁ?n@ &Rt (6} bR
presence of UldyeipiGHisenl ungésitighf Mhortdr gmpopo ynmer product o e process of
any one of C| @ £P§ch1aedeﬁde6gH@'$olﬁe @8 PRHuKRY Gia 8aRit(HSdntvedd?. mitUsiRer (Saulehdler einer
copol ymer proghget of the process of any one of clains 1 to 6 as a catal yst

I n a pfsoton catal ysed reaction. 9. Use of copol yner product of the process
of any ore vérfablesi wis inlArspruéh Bbeanspiuhia byl lemf RErauggesihitastnytet eindriCar is [GerAlkyl-,

met hyl et hePhdyl- sdeasubstituleriod Phepggpugpene Wi t h net hanol . 7 EP 0 305 091 B1
Pat ent anspr Cche 1. Verfahren zur Herstellung eines Copol yneren in Periform
aus ei ners- \/Verighron|wieoin Apgpruch i pdpr Anaprch  beapenryehty bah fene R’ @h@’éﬁ?PWﬂﬁQ"ﬁiﬂ
Monone#en, das die fol genden Schritf6 unfaft: 5

CopdT ynerd s Xerfahien. wigrie wg@dgrf@hg?roﬁssm@ﬂm yﬁef‘r peansArcht. E%‘ °"bF€-fee°'V°thV'°"'S°h

Vi nyl sul f on4agepétiote: Mprpme ausgpwihlh istnter ginem pelyyinyiapqmatiscaen- Khlenyagserstoff, eingpg . 1,
R ausgewAhFi{y koldimethagtylaf oder ¢laam m‘g@?@?’(ﬁf‘?sa‘? °’t@f"hé'|‘°hﬁfkyl , substituierten

2: t;: %%Zs?'ﬁgﬁnéﬁ? éuﬁg %rucglg] bei (% %lsnpeb% {%{anslstgP lﬁurr}{;ees%m@e 'Monomer

ungesl ttlgt und (2) anschlieaende Hydrolyse des Produkt es aus
Schri tt (sl) M?Olﬁé ..m nd%ln rdeﬁwgggd@s.s 8/ aforbihE ol doh Sonvil/ 2 nA8HgBart Y ©
in Anspruch 61% ausge RSt ounter el ner -

Cs- Al kyj en er subst ituierten Phenyl gruppe. 3. Verfahren, w e | n
Anspr UCh 71 Q%Bndﬁﬁ@&yslﬂébolﬁneﬁﬁ@ﬂﬁw 446 Bbm VBfhreR A4bh ifger@bifbn/des %ﬁé’pﬁfcﬁbf‘f Bk el St .
20 4. Verfalka@nenauytaasdh&harf gendei nem der AnsprUche 1 bis 3 beansprucht bel
dam das pol yet hyl eni sch ungeslttigte Mononer ausgew hltt ist unter einem
pol yvi nyl &ir wembndangdes GépdNnmmiainites &k dérh Vertshiee naclirgdndbickmddr Masprigheat biodals

ei nem B0l yv iKaglyseton ttir eine pretenenktalysientd Reaktion.Al kohol s. 26 6. Verfahran, wie in
Anspruch 4 beansprucht, bei dam das pol yethyl eni sch ungesittigta Monomer
Di vi nyl besiz ¥brwiesdung dps Ogpatnasimresiyktesiug dpm Verfalyen dech irgendefeam der dpspdichret bis Bials 5
beanspr ucht Kaiglgsatod findistipsieiung (/@)teﬂ-wtmgi@ﬂﬁﬂw durehdfieaktion yondsohuien mikMethanek hr t
wird., 30 7. Verwendung des Copol ymer produktes aus dam Verfahren nach

i r géndéd nRayeprlitatigRg oy Oche 1 bis 6 al s

1. Procédé de préparation d'un copolymére, sous forme de perles, d'un acide vinylsulfonique et d'un
monomére A insaturation polyéthylénique, qui comprend les étapes : '
(1) de copolymérisation, par copolymérisation en suspension, (a) d'un dérivé d'acide vinylsulfonique
45 de formule :

1.CH = CH-S0,0R2 ()

dans laquelle R' est choisi entre I'hydrogéne, un groupe alkyle, un groupe alkyle substitué, un
50 groupe cycloalkyle et un groupe aryle, et R2 est choisi enire un groupe alkyle, un groupe cycloalkyle

et un groupe aryle, avec (b) un monomeére 2 insaturation polyéthylénique, et

(2) 'nydrolyse du produit de I'étape (1) avec un acide ou une base.

2. Procédé suivant la revendication 1, dans lequel R2 est choisi entre un groupe alkyle en Ci & Cs,
55 phényle ou un groupe phényle substitué.

3. Procédé suivant la revendication 1 ou la revendication 2, dans lequel R' représente I'hydrogéne.



Kat i onenaust auscherharz. 8.. Verwendung des Copol yner prod '
Ver f ahran nach irgendei nem der Ansgptoc30s 091B1s 6 al s 35 lemcwﬂﬂimym;”"h
ei ne protonenkatal ysierte Reaktion. 9. Verwendung des Copol yrer pr oukt es
aus dam Ver fahren nach irgendei nem der Anspriche 1 bis 6 als Katalysator
fo die He‘!-sPélﬁ#r%%ﬁ“%?@%@ﬁ%ﬁ%ﬂ'@!‘%ﬁ R Brdens lRauek e repnomesp ) iasglyiation

- mit Met hanol PolughyiGaisye: pRi|cholsi epfresunhydipeasiuea ohriayispraatigves i gimétaciriate 65, 81sphel e,
~ sous forne d&nphenrelyvindiayed'upaicadd pRlyydmeeiigweoni que et d' un nmononbre &

o t ti L y~t hyl 6ni que, i d | d S d .
L A e ATSENSH' Sl T ri gt
d acrde vi nyl®¥P¥RSue 45 de formule: RlL CH = CH - S020R2 (1)

dans | aqueil %A%&déesﬁv:gsﬂesduel&na%% 'réwn%rc&fagg;fﬁ sUBnIbQPRws toy b& middfin QLRHPE

al kyl e subst i Ugkeedl ons. roupe cyc yle et "un groupe aryle,

est choi,gi entre un groupe al kyle, un groupe cycloal kyle et un groupe
aryle, aveg (Unksalith diPHEUUR cBpofymshsitddr dck@sunahtiBhd iletBriqus! Bos Bbentiddtions 1 2 6
Phydrol yse digofmgfeinb éhandeuddiddRtiohsl) avec un acide ou une base. 2. Procedd
suivant |la revendication 1, dans |l equel R2 est choisi entre un groupe

al kyl e en & Utilisaion duGproduit copuiyimgliielu pistégs auiamt Iphequslcengpellded revandications 1 4 6

Pr oc6de 1sui vadinmb aatilgsearddhsamb réactiod caalysbapar desepratorsat i on 2, dans | oquel R
represente |' hydrogene. 8 EP 0 305 091 Bi *

H U 111191 Mtiisgtionddu poduit edpblysédiiquardu fRepddé spivehtdiuney ausicomaye des, epafidicationsohd 61 &
3, dans | equebmne catgiwepubpaur R predueiion difthetde tpiohubiiargt dennéfide pas réasting; disobuting o
un hydr ocar buves dyaréhghdty | ar omat i que, un di met hacryl ate de glycol et un

et her. p& yvi nylique d' un al cool polyhydroxylique. 8 5. Procede suivant |a
revendi cation 4, dans |l equel |e nononbre a insaturation pol ydthyl dni que est
| e divinyl benzene. 6. Procedd suivant |'une quel conque des revendications 1
a 5, dans lequsl |'etape (2) est m se en oeuvre en prdsence d' ultrasons. 10
7. Uilisation du produit copolynerique du procede suivant |'une quel conque
des revéhdications 1 A 6 come resine dchangeuse de catfons. & Uilisation
du produit copolyndrique du procede suivant |'une quel conque des

revendi cations 1 a 6 15 comme cat al yseur dans une reaction catal ysee
par des protons. 9. Uilisation du produit copol ynerique du procedd suivant
~ lune qugjconque des revendications 1 & 6 comme catal yseur pour |a
production d' 6ther de tertiobutyle et de nethyle par reaction d'isobutbne
avec du nethanol. 20 25 30 35 40 45 50 55 9
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