;e3e, p6Tk}}i 9 1 APR 2002  ESTERI FI CATI ON CATALYSTS The invention ddn8BR 2802
esterification catalysts and in particular esterification catal ysts which
conprise nd\//%f’g’@%’anoti tani um orga mmmﬂmmm r or ganoal urPOTHIB98/03448
conmpounds. 5 Organotitani um corrpounm rticular, titanium

al koxi des or orthoesters are known as caf@beysts for esterification
processes. During the esterification, these conpounds are frequently
converted to insoluble conpounds of titaniumwhich result in a hazy
product. The presence of a haz%fﬁw_%sadvant age in polyesters
whi ch have a high viscosity andlor nigh ~ g point and are therefore
difficult to filter.ThEURVERILAD N¥stelrdaint | | onpounds _whi ch are
effective catalysts in the nanE?acg?ﬁr gStof po ygsg?ggrés”%n@cf? éﬂ%ﬂ/et hyl ene

t er epht hal at e asstericationcataly sy WEIEI SompASEsRRL it} g R final

pol ymer. Qur co-pending aai%l i cati orr#ﬂpubl i sﬁ%ﬁg%ﬁu&%\gédﬁﬂkﬁ‘gwg%l ates to
an esterificatiwganpelomipem dompabmash t hese 15 Problens are partially sol ved
but there is still a need for a catalyst which induces little or no

yel lowing in & pol yé&¥ganctitaniond ucaenpoursdsnand, hie garticalby Sanidnt alkoxigds @bj ect of
the present invention to provide an inproved catalyst for a process for
preparing est erdthogsters e Koown as hnatalysts clot iesterificationOprgce3e¢se tDAkihd EheCONPOUNd
suitable for use 20 as a catalyst for the preparation of an ester conprises
the reacfion preStRifiation Hieser corrasnds e Fenetols cwbnvariedodst iesolufe ti t ani um
zirconiumor alum nium_an al cohol containing at |east two hydroxyl groups,
an or gt 3nophos FREPEYSE ShaNIHM Whish resulhinayhaay Aredyet; The ereperoel oz bage and a
base. Al so accqggiglrgcut’ odt hg: invention, afA{),rocess for the preparation of an
ester 25 conpriselrcany Rgt'0Ro% N PaYesters which havs:a highadscpeity apdiontiigh pr esence

of a catal yst, G $ e reagtion praduct, of an orthoester or condensed
ort hoest er 01E1°~wr ~g~'ﬁi‘>bﬂ91§n? ﬁlrE’eR%ErGg“ée V\iﬂ%ﬁéﬁ 8o 3terpErrthgsereg 3nAY 2
titani um zircq,pg{g,wi}J : 1.0 C ..contaj ni at | east two
hydr oxyl groups) anﬂ%)?"g‘légg%pﬁ%dég%ﬁ @g %Lceo%gldvr?dca%ﬁyﬁ{sa{? ﬂ%n'@aréﬁfaq“éea%ft one P-CH

group and a bagRiyedtérsashdir REholyBRACHBHephtiSatd" %nQ%M &' §

conpound~suitable for use 5 as & catalyst 1 n an esteriticat P@ﬁucﬁr ocess

conpri ses the rneadepbe PjelsiRg iRf tha Nirdl tpgmpebu,orcoﬁm% Sk hoester of
|

titanium zirconiumor alum nium an al cohol contal ning at Teast two

hydr oxyl gr oupgublshedag@8 @BMISEE1OIAtes GO BR @BiaANCARN RodaS B vilicn Rast one P- OH
group) a base and a 2-hydroxy carboxylic acid. 10 The organonetallic
conpound of tihe@rdblemsrare partialig sbite ut teiel i© Sl (et foF a @htaidstiwrichHdUEBs Zi r coni um
or alum nium orthoester or condensed orthoester, an al cohol containing at

| east two hydr dittglor ag velipwing inre rolvgsteapéthsehosingtheeagatund cont ai ni ng at | east
one P-COH group and a base. Preferably, the orthoester has the fornula

M OR) 4 or Al (OR)3 whésan qbigckofithe prasenhinvsntion tommavide en improwedataiBystsoran al ky|
group. More preferably R contains 1 to 6 carbon atons and particularly
suitable ort ho€s°{‘§ie§s¥h@ﬁ'€ﬁ§'"96§tﬁ'§i sopropoxy titanium tetra-n-butoxy
titanium tetra-n-propo zcrconi y tetra-n-butoxy zirconwm and

tetra-i so-butoxy al G‘ﬁ’%“ﬁi’%’n‘f’ %'@V%%éHQ@&"W?WmP@%M%P@QEor

[ th f thi 0 i ti typi cal | db
Car ot ul iy cr g7 ySRESBNSCie e b L B P Grrodie e Pardobp Ui .
Ti tani [ ' . | tly. ted b
the Tormil a R TALEH oy oenses oihdepBe St Fahpl S SEPkPP el o and

represents i t Rkl e A1 WBke AR PALRNABaNse M SrdefSihoblifle20 and rore

preferably is less than 10. Preferably nt'ai ns ¢ Bon at ons,

nore preferabl Yompbung @sHtahiRg atledsPore P-ORTJAAUD azagglggse‘ 11APR2002 WO
99| 28033 PGI/ GB98/ 03448 3 and useful condensed orthoesters include the

conpounds known as pBb ¥éudtding tbittieAangon, B PratessIar tdhrepdratiod MbEegdtd pol ybutyl
zirconate. Preferably, the alcohol containing at |east tw hydroxyl groups
is a dihydriesabuoprises canthgcan dacesterificaliortl redictidhUis iheagredende of Han@gitol o~

1, 2-propanediol, 5 a 1,3-diol such as 1, 3-propanediol, a 1,4-diol such as
1, 4- but anedi ol compriingl the oesctiom proguat @h ah exrthibestdr dn\cdndexydd erREfer sfuch as
2-met hyl - 2, 4- pentanedi ol or a di hydric al cohol containing a | onger chain
such as diethylene glycol or a polyethylene glycol. Preferred dihydric

al cohol s are 1, 2: et hanedi ol and di et hyi ene gl yc e .organonetal lic
compound can al so be prepared froma 1 p polyhya"”um@ mmmsuch as

gl ycerol, trinmethyl ol propane or penta~rythritol. I the
organonetal | i ¢ conpound useful as a catalyst is pre 4 by reacting a

di hydric al cohol with an orthoester or condensed orthoester in a ratio of
from1l to 16 noles of dihydric alcohol to each note of titanium zirconium
or alumnium Mre preferably, the reaction product coqtains 2 to 12 nol es

Y ~ - N Y




Preferably, the organophosphorus conpound is a substituted or unsublst AP R
al kyl phosphate, a substituted or unsubstituted aryl phosphate or a
phosphat e oo ®nsaskyl aryl glycol ether or an al kyl glycol epdegpodginierred
25 conpounds i ncl ude nonoal kyl aci d phosphates and di al kyl acid phosphat es
and m xtures of these. Particularly convernent organophosphorus conpounds
are the 1 1 AP R 2002 WO 991 28033 2PC f/ G 898/ 03448 4 conpounds
comercially avail abl e as al kyl acid phosphates and contai ni ng, pnncipaliy)
a m xture of nmono- and di-al kyl phosphate esters. Wen an al kyl phosphate
as used, the ortpRMT™ ZFRIUH OF SfuB¥Nis) ncaleahal eentainingt & . legsd twaahysimrylat oms, nore
preferably up to 8 carbon atons and, nost preferably, up to 6 carbon 5
atoms. Wen al l%/‘f”gﬁy?" Bfga%qpﬁﬁphgﬂuﬁlwp%‘f‘ﬁéﬁm‘ﬁﬁtﬂg&h&?&tsm&rpeotl%@pt he car bon
chain length |s }ﬁrably up to 18 carbon atons and, nore preferably, 6 to
12 carbon at on# $cularly pr ef erred or ganophosphor us corrpounds i ncl ude

butyl acid phosph | h | yet hyl
B 2L PROSEN Gy e LR G U e RSB S Bl Eﬁ%eiitmy. 0
the reaction gr£dé‘8émn9§t il Qrfelstg %Fbc%? £os b8/ thb Redclih, br b 10 4.0

nol e of phosphorus to um zirconi'um o ° a i ni um,

preferably in thgoidnog &n&eas@d?mﬂo SRR ? of alfffirdTEh! and oSt

preferably in the range 0.1t A phosphorus to e netal. 15 A

base is al so usfgnhbin cBﬁtﬁﬁiﬁé'ﬂgléane M@ FXA @FdQSéJCEn Oérgéda&adsmbﬁ&t' on. The

base is generally an inorganic base and suitabl e bases include sodwnm

hydr oxi de, pot adfripoiid)ieHtawhgl et agudt INETINOHNYRYSIT 9 baske and W 20Bydagi C bases
such as tetrabutyl ammoni um hydroxi de or choline hydroxide

[trimethyl (2- hyaraxyiietaodl ) ammoni um hydr oxi de) can al so be used. Usual ly,

t he amount of 20 base used is in the range 0.1 to 4.0 nole base per nole of
metal (tl~niup zirciteiomganometalicicampouny) of tiidipventiard iethecrdaciompmtuct of i N t he
range 0.1 to 2.0 nol e base per note of metal and, frequently, the anmount of
base ~ present 3 dtaniym, rrrconimy & Gluliniyn oripoeatereorbepsdensed ortinestenfart i t ani um
zirconiumor alunmnium Wen 2-hydroxy carboxylic acids are used to prepare
t he products of2ledhel ZgntriRipgnal depst wefRydraxy! Hrquas a” eRrganIeR§BNITYECt i ¢ aci d,
citric acid, mafic acid and tartaric acid. Sone suitable acids are supplled

as hydrates or %pSH"LPeB‘EP?'"'"&a‘l'e#’WfO@E %@9’?“28@3%‘3 PEEferdB 3448 5

t d b d t hi d t,
The. proferred rUFCIEsdepIS M(f?‘%} o ARG ot SRS 2B i om i 1
th t | t i
bt o Onw%reoﬁqif o) ke Mefpreaeebl R Baneh tp bl b pdd °0 UM '
2-hydroxy ; aci d, pel,, 'sn.’?:ta% %E&Re@lnag&%é%&mr,‘&% ﬂtram%”&ré‘g‘rép?o The

or ganonet aHl c conpound can b e cohpon (orthoester
or condensed org%terte?aA %g)y cgpéogh ngte%.g_nl oflHr OXyd groups,
or ganophosphor us conpoun ase) renmova |f esired) of any

by- product, (e.@traissBRfoNPAimmiuaPhol when the orthoester is 10

tetrai sopropoxytitani un)) at any appropriate stage. In one preferred nethod
the orthoester or coméaoRcsed briroesidrs buitbié for piegayify he comsdahes ofatiie M Xxed
and, subsequently, a base is added, followed by the organophosphorus
conpound. Whetp invehtiby dreotypicatio pbepstel ibg canshsl hySroibis of fitasigrentirconiunt e reacti gn
product, this is usually added to the orthoester or condensed orthoe; ;ter
before the 15 oalgamimph@stpdmtem Tinppound zirsonistal exbndelised ramhessteed yare al | or
part of the 2-hydroxy carboxylic acid can be neutralised with the base and
the resulting sé@eaWdemeﬁeoteﬂrwt@tfmlacorrponents of the reaction mxture,
including, if desired) a further port| on of the base. The esterfication
reaction of the process of the invE&RIMEPREMAR)e any 20 reaction by which an

ester is produced. The reaction nray be (i) a direct esteriflcation in
whi ch a car boxyi¥higcR jrepresents; a’é\ﬁ'ﬁ!’@ﬂ“ﬂé“ﬁﬁ‘ﬁl'e&’FPsﬁ‘l‘tEBWB'Pmr%éETmFB‘ f orm an

ester or (ii) a_tra este ifica alco ol ysi s h.a fi $t al coho
reacts with a2% F?e?t'a ey e fi)thBP%h %fﬁ PEgE 'Vbsf%"isﬁ‘gam E{efeé?b&yo and a
second al cohol duc eavage of t e f| r

transesterifi ca??" ﬁ% 1253'%’%ﬁt°[" 'U\%? Brﬁ sfoéfa tg%rc%r(ggé éetém?o formtwo
different esters by exchange of al koxy radlcals. Di rect esterfication or
transesterification cen be used in the 1 1 APR 20DZ W O 99/ 28033 PCTI G
B98/ 03448 6 production of polymeric esters and a preferred process of the

i nvention conprises a polyeste~rfication process. Many carboxylic acids and
anhydri des can be used in direct esterfication including saturated and
unsat urat ed nonocar boxylic acids and anhydrides of such acids such as
stearic acid, 5 isostearic acid) capric acid, caproic acid, palmtic acid,
olelc aC|d palnltolelc aC|d triacontanoic aci d, benzoic acid, nethyl



pol yesters are often produced from di basic acids such as those nenf ilofRi 2002
her ei nbeforg or esters of said dibasic acids and di hydric aicohols.
Preferred p@ﬂ%@?@:’i fication reactions according to the i nveRfE1/6R9%/03d48ude
the reaction of terephthalic acid or dinmethyl terephthalate with

1, 2-ethanedi ol (ethylene glycol} 15 tp produce polyethylene terephthal ate
or with 1, 4-butanediol (butylene glycol) to produce poiybutyfene

terepht hai ate or reaction of naphthal ene di carboxyiic acid with

1. 2- et hanedi ol tfdRIseRHES IS &; O her col's such as
1, 3-propanedi ol , 1, g hexanedi éC{);E an @%O‘P‘Ey]%g‘?’??b'ﬁﬁ@é%oﬁ‘" Wi ?LP%L{X%M gl ycerol,

trimet hyl ol pr opagshagepoijs P@?ﬁi}ﬂnﬁl’éiah&’bol?d'uﬁd AcSs Ui tabl e for preparing
pol yesters. 20 The esterification reaction of the invention can be carried

out using any appr opFiréfembly KiheVdlcoh€ Cdbntaie tOkast twé Hl&bky ig%ﬁ%areacti on.
A typical process for the preparation of polyethylené terephthal ate

conprises two stdityesc albohot dne chi bé & 1.2tdRy Suches 8 RRYtREARdI0I BF 1 -pRipatigiipt hy !
terephthalate is reacted with 1,2-ethanediol to forma prepolymer and the
25 by- product 8 &8-dinl swe baur@HproprnedisiDy ach-didihsiclp 28 P-bitdedibiS aSdigisequent |y
heated m a second stage to renove 1, 2-ethanediol and forma |ong chain 1
~ APR 2002 WO 9%e78088 rPCTrBiBei3iyodsyl §rdipp sliohnasr2-méthyi2eikpentanéidl lar hhese
stages may conprjse an esterfication process according to this invention.
In direct esteri%hYgrg jalsahal (rentaibing @ donge piiin dachapsl diethylere eghgolobr al cohol ar e
typically heated, if necessary in a solvent, in the presence of (he

catal yst. Water P8YPEYIENg, alygol, (Preferrgd  diRwdric caleaholsn agendi2-ethanediol rapfoved, as
an~ azeotrope w ing_m xture of solvent andl or al cohol. GCenerally,

boj | .
the sol vent andldﬁ)e}r&’ygqngg%lf’" ' t°EﬁaB°"ﬂﬂF'L%°‘i"é°°E%EFé‘r%~°€oPei RIepaiie & Bl e wi th
eturned Lo 18 PERREoRoL8RAR S Badnliiere LimmDLI ne excess

returned to t I on vessel

| cohol d, wh ~.. ted. | i ew of the fact
that the catalysts of ey firpeRemuPoititiRl Reffes ¢ GiaefHobrastc cpoci es.
I ot gener 8y adiR Bxiste MG AL 9 iR CBRILAD kX T e 2

is frequently neCessary wth conventiona sts. Peal direct

este fication reafeldf@Bmi 1o HEmokS BRGHalid 88T to Qé&%@&f'&%ﬁhﬂﬁ{ﬁi&nimt hal ate
et'hy

which is prepared by m xing phthalic anhydride and 2- exanol . An

initial 18 reactor amiriuh.0MitelpraferBl Sthé redofion! 8duchebhtalnd© B U SRIILEH!
conversion of the nonoester to diester is carried out by refluxing in the

presence of thg diwtidd \ekbhalt ped ha@PET Mhniire, SifcoridM- d0RGmiNiLinh |andl hodthe wat er
has been renoved. Subsequently the excess alcohol is renoved. In an

al cohol ysi s r eacréferablyth o &snaies, difydris talcahal qleo Imaiendf titahiah,y stcoditire ol xed 2p
and) generally) the product al cohol (second alcohol) is renoved by
distillation of tiRldman azeotrope with the ester. prequently it is
necessary to fractionate the vapour m xture produced fromthe al coholysis
in order to ensure t A8 OF9AEORNGERNATYS [AOFBA Witichs egsiaingt atdeast foae tFFQR| y wi t hout
sign~cant | oss of uBrodu%t ester or first alcohol. The conditions under

whi ch at cohof ysi%YPe SR P§neetested EAP 13 SYMBEH: ob SrBIRBARPIIINE NOMPa¥Tdy upon t he

boi 1 ng poi nt 2D BB b P Bosteearales s PRSI T3SS PSSP IRIEs 00 PCTI G
B98/ 03A48 A pref %{?gﬂeﬂorocess of the invention is the preparation of
pol yet hyl ene tetpep thalate. A typical batch production of polyethyl ene

terephthal ate is car prgghagit yog%{;a pg,ggggm?‘grg oh@:l g%d;cgug?tm& eq%hyl ene

glycol to a reactor along Wwth c yst 1t desire heati ng the contents

to 260 - 270C umﬂgrbsﬁuﬁagﬁﬂ%é‘sgﬂéte,% @B%ﬁte@or%nédﬁéﬁtutg&aé&i 'n%Ebh‘a‘@?ﬂ‘g”C?S as

the acid dissolves at about 230C and water Is renoved. e pro t is

transferred to phesgphardoRut GMKyRWE JyeaCetRsr aNdn CadyRblysdi diferafrighegi I needed.
The reactor is heated to 285 - 310C under an eventual vacuum of 100 Pa to
renove et hyl eng coinpauids nglups edbesikyl JoREphFERHaRE ahd &ﬂmbci@Fﬁ&bhd}é‘s b scharged
fromthe reactor, cooled and chi pped. The chi pped 10 Pol yester nay be then
subj ect ed to solmixiures af thegeoParhaitarig adrivement bigasgpbospporusitanpolihds arébent  of
catal yst used in the esterification process of the invention generally
depends upon the titanium zirconium or aluminiumcontent, expressed as Ti,
Zr or Al) of the catalyst. Usually the amount is from30 to 1000 parts per
mllion (ppnm) of metal on weight of product ester for direct or
transesterificat~on 15 reactions. Preferably, the anmount is from30 to 450
ppm of netal on weight of product ester and nore preferably 50 to 450 ppm
of nmetal on weight of product ester. In polyesterification reactions the
anount used is generally expressed as a proportion of the weight of product
pol yester and is usually from5 to 500 ppm expressed as Ti, Zr or Al based

. -~ . r A NN



5 to stin-ed titaniumn-butoxide (340 g, 1.00 nole) ina 1 litre fi1s,1hﬁ%5\,42002
flask fitted with stirrer, condenser and thernoneter. An aqueous sol ution
of sodi um hydnerzéed®, contai ni ng 32% NaCH by wei ght, (125 g, BcHGBYSH3aI8 was
added to the reaction flask slowwy with mxing to yield a Gear pale yellow
liquid. To this liquid was then added a pol yet hyl ene gl ycol phosphate

havi ng a carbon chain 10 | ength of 12 carbon atons and avail abl e
comercially under the trade name Knapsack 194, (215.8 g, 0.55 nole of
phosphorus) and the resulting mxture was stirred for 1 hour to produce a
pal e yel | ow | i qEPAPRHINER cammerciaiy, eeaiieble fas 2lkyy 261 \phagnhgies andycemeinigp 15 The
nmet hod of Exanple 1 was repeated with the difference that 0.28 novle based
on phosphorus ( PEERENY)2 [iriye ot morersang d-aliRIgsPhats: esiers dYEen va kYl pal e
yellow liquid w E_.hs?‘ tTi cont.ent of 4. 49%'13%byvei%g.t. E L‘IE 3 _The nethod of
Lcanple 1 was T EPEETEE HROCREFom EpRpEBHoN s b AGPoeh F5T0 o)
commerci al butyl i ] Xt - di -butyl_acid
phosphat es) was %ogggpﬁfﬁ%?gggggf&ﬁ?é %ﬁspg@cﬁg?f?%%é'pp@o%ﬁ% “as a pal e

yellow Iiquid wikdnawienC %@506%hlgg!§tﬁiy%mr ﬁﬁ;da Whes arelusr]xé ’?@50&982 WO

991 28033 11 MPLE 4 P e net Exanp was repeated

except that the RaRWNgOE pRidridly GFlothsRRRRRNAING ARHS FolPsterdrably, 8] £ Dased on
phosphorus (182.0 g). The product was a pale yellowliquid wth a Ti

content of 4.20%kyn éradt Parbeukai\\iréitrdd dhandRbsPenal compaimisCindiud@s
repeated but 0.64 nole based on phosphorus (431.6g) of an aryl polyethyl ene
gl ycol phosphat eyutysatid phesphate; ipalybtiylenadgiycot pRosph&es anarapyl pohethgele 123 was
used in place of the Knapsack 194. The product was a pale yellow liquid
with a Ti Cont endiycolfph8sphdtssl p by wei ght. E~, MAMA PLE 66 The net hod of
Exanpl e 5 was repeated except that the anpunt of Knapsack 123 used was 0. 32
nol e based on 1phosphdhe et ofgorganophidsehqivs dororound spreseplainethg gbaation | | qui d
with a Ti content of 4.08% by weight. 15 EXAMPLE 7 Ethyl ene glycol (248.0
g, 4.0 noles) weRsodygiefdhedprnliprsie usyally injthe @pge 0.4 dmdth mals efrbpentionss t¢ 142 ()
0.5 nmoles) inallitre fishbow flask fitted wwth a stirrer, thernoneter
and condenser. AyTi®8Empist GiteaiumnFircanivm Pralyrpipmyprefeabinin thoreegg0g to 1 o npl e)

was added from a dropping funnel to the c|ear soqlution which 20 s then
hoat od 1o 65 C ZOEE ARPIRNS BLmo8 e e Sot o N e PR 6 18y i o1 d a

clear, pale yellow liquid. portion (82.19 g, 0.1 nole Ti) was wei ghed
into a 250 m CO’PWEBTO%P+%§(éé'I{BOI%IerCi al butyl acid phosphate (fa.1 g,

0. 05 nol es based on rLus) i f Wi th;
Sitirring. The Binal By SiReet cigushf s R bb bt bisBR Bmg iRRbon | O

5. 26% by wei ght) > 0z, | 3 : I @%8 34 Sodiinhy! ene
glycol (49.6 g, BhESba%I'sé?)E'%v@g %’dl eagﬁ%/%%%o%ﬁlﬁag unbne {ng é% I c?red titani um
n- but oxi de (34. Ohydroxide 1pdiEsin hydirdkidé 2nd BmnfdRlie BYdrdxdideS Kut MNFarfIbRRYS
solution of sodi um hydroxi de containing 32% NaOH by weight (12.5 g, 5 0.1
nol e) was added dugh | a3\astraBlityR aRPloniRinh YW@ BGdeD oy Célolifth Bg@bade [himetnyg a car bon
chain length of 12 and avail able commercially under the trade nanme Knapsack
122 (32.3 g, 0. 0&-nyorogyetiybarantosiim pyubexidepeansdiso behused.edsually, thg amondist was a
white solid having a Ti content of 3.74% by weight. EX~ MPLE 9 10 Et hyl ene
gl ycol (49.6 o Bas8 used &) invihe rargedt toy4.0muippbasg denrmid of metst (ttamguh.t i t ani um
n-butoxide (34.0 g) 0.1 nole) in a 25Q m conical flask. An aqueous

sol ution of sodi Zifeohiym rop RiuchiniurinTe prefegeampunt GHNIge b AN te 220 molg, 0. 1

nol e) was added fol | owed by di butyl phosghate ( 10.5 g, ,0.05 note). The
resul ti ng produckasgepsr Mojeaofymetalcand dfreaentiigtha amoystefcpsapresenttie it thef 4. 56%
by 15 weight. EXAMPLE 10 Monoet hyl ene gl {_co_l (49.6 g, 0| 8 nole) was added
by droppi ng funn@no 1 1.0 mole kaseprE MolePf thapiym; ZiePRYR % RIHENEAbwWh as

|ybutyi titanate (Tj] PBT) (Ti content 24 0Ot b 4.2 g 0.10
Tol ks 1) in & 250 m MRS AR aeRYIags T steroaip st oL B uim
hydr oxi d taining 32%NaOH by weight (12.5 g 0 1 Was, d
ol | owed by a SoRYEPEH TR 20, e e sby, Syt M3

ghgg&hg;u\f\/)ei- gﬁ[‘_etah%?c%&&.”%oR{eOSlMSQine Waids %re\'\‘@ljlptpﬁedsg inJarB@Y 1oP @sBagliboggont ent  of




1 1 AP R 2002 WO 991 28033 13 EXAMPLE 11 PCT/ GB98I 03448 Di et hyl ene -bi Y& 2002

(848 g, 8.0 was added by dropping funnel to stirred zj i

Nn- pr opoxi de" Pﬁ@% NPZ) (445 g) 1.0 nole Zr) ina 2 Iftre- ﬁéﬂ‘g&sﬁgﬁ%m on
of this solution (129.3 g, 0.1 notes Zr) was weighed into a 250 m 5

coni cal flask and an aqueous sol utiom containi ng 45% chol i he hydr oxi de by
wei ght (13.45 g, 0.05 noles) was added foll owed by a Comrercial butyl
phosphate (9.1 g, 0.05 noles based on phosphorus). The resulting product
was a clear yel Imsnu@eland icaibdasddng tils rm CWRErEA b-nGdrof &k Yopkasemeinght .
EXAMPLE 12 10 Diethyfene glycol (84.8 g) 0.8 nole) was added by df opping
funnel to stirr eueferfradmolannatics efcackiud ditaniden, Gitbbniom @) allmiiurinade reactwn250 ni

coni cal flask. An aqueous sol ution of sodi um hydroxi de contai ning 32% NaCH
by wei ght (12.5 Rgodugt i$ Crfploed) maies perdielel of titahioaezircdnjuna oc alnmieiuoi. aMloreut v |
phosphate (9.1 g, 0.05nol e based on phosphorus). The resulting product was
a Gear solid gelPréferabiy dheageatalyst ¢antainsnt-@ it 3.5 fmojes @6 Ahiwroxyedcighner MEJEAPLE 13

Et hyl ene gl ycol (24.8 g, 0.4 nole) was added by dropping funnel to stirred
titani um n- but Xt Zucopiug or @luMindA-e) in a 250 mi conical flask. An
aqueous sdution containing 45% by wei ght et choiine hydroxide (26.93 g) m
0.1 nole) was added f'8FI 8 "Eﬁ}a“é SOMPIRF 2630 196t ?Tepﬁ’ﬁ%sblha’f“é‘“?lg‘.ez g, Ot
rtfole based on phosphorus). The resultin roduct was a clear pale yellow
i quid having a CPIPROHIRRBpero saensed igen ARagyebaiing aiiemst #8e gl ycol
(99.2 g, 1.6 nol S e f I ng nel St.pr i tani um

n- but oxi de (68. 1%50 gjg"gpgl %&ﬁqo%o%hﬁd c{r%bﬁ'ﬂ%alaaflba%z'“ nFeg'(%’l‘J’%albdfg sof utron
of sodi um hydr oxj t.ai,nin % i Q.0 P R 2002
%0 591 28058 por et O A g de! ég%/’é;‘&\h/g’g}'a%%ﬁ i g’ﬁe%l‘%ﬁgt%'ghséer ci al
butyl phosphatg fraisbpropSxytianitimiRk Sy apblbRridts 3ibd. | IR Sné biéfiired Midthod tar 0duct was
transferred to a 500 n1p rotary evaporator flask and solvents were renoved
under vacuum at @nobstdrOory Edlibhsdd Nihdestdr Gafid0a Qinpdhéi Asbral dle MR8 @b, of 10. 54%
by weight. Esterification EXAMPLE The products of F~canples 1, 3, 5 and 7
were tested at asubSeuéntly) abasenis Glideki/ Elipyen By th€ srgandphbsphibras kerhpdune.
preparation of bis(2-ethyl hexyl phthalate). Titaniumtetra-isopropoxide
(Ti(OPr7),] was Waeda a$ydroxomatauylic iavid 1calsaprpsnt in e réheion produchiteis isvas a
1-litre, 4-necked round-bottonmed flask fitted with a thernmoneter, rubber
seal, a tube di pysunlly tadtieslv to hihes @rtheester obr tdardensedc tortheesteanbefere Défren and
Stark apparatus. The equi pnment was operated under reduced pressure using an
oi | vacuum pum @EaneekasprrucampIURGs addedofNteEativelys alf oriPed af the dV¥reXe Dean and
Stark apparatus. The dip tube in the flask was connected 15 to a supply of

oxygen-free ni t r GRIRMVICEFIdcan bg\revtetised with:the,pash apd e desuliing 53t 3998d f%npval  of
wat er during the reaction. 1.0 le (148 ht hal i ¢ anhydri d s added to
2.~2 ol es ?315 B o3eL CAPPINEREYithe 87619 @%‘H%e uqﬁ@gmﬁerg?g%eg,oa g’lr@g'ol ve the

pht hati c anhydri de.anq the nitrogen flow started. 20 A wei ghed anount of

catal yst was addRYIYP F‘ﬁeba?eeacti on flask in a porcel ain boat before heating

the m xture, except f i (OPr.! hj..C S. i j
2- et hyl hexanol via 't h@eré&%@ngigﬁa@mﬁntﬁ %@E?g%ggog "%elpgev[\‘/ﬁﬂgdsg%]Fg%e of the

reactants. The,J Ragldn0sy Whitd 4hCest¥hds BRALEM. | eSRAcHBR! MbPbE§H Akt Vi gOT OUS
reflux at 200 y suitable adjustnent of the heating rate and 25 vacuum

The wat er producggleriestioh tHRMET a SHBStyANAdiRb] ¢ aARydritid 6id ah @conbiired@so ~ 1 APR
2002 WO 99/ 78033 15 fornmed and collected mthe Dean and Stark apparatus.
PCT/ GB98/ 03448 Thuem RinCgbter 95 (iNfa tridesterification alvamly$is) ih aviioit D firstvaiedter awi ng
sanples at ntervais by neans of a syringe fitted wwth a 30 cm needl e
i nserted throughrdabs withkbfirst estexlto plodode arabgtbreof Weesfirsicalentiolt amdaa kevomah wei ght
(approxi mately 100 g) ,

alcohol produced by cleavage of the first ester or (iii) a transesterification

25 reaction in which two esters are reacted to form two different esters by exchange

of alkoxy radicals. Direct esterification or transesterification can be used in the



5 of cold alcohol to quench the reaction, weighed and titrated .agai{ngpPr 2002
st andard pot assi um hydr oxi de solution in ethanol using bronophenol blue as
i ndi cator. w8943l ts were used to calculate the anount of pdEBsRIBEHs

hal f-ester present. The reaction was continued for a total of 160 m nutes.
The results are given in Table 1 below. 10 TABLE 1 Cat al yst Product

Col our' Product darity'/o Conversion®i (OPr')485Nary99. 95Exanpl e

170C ear 98. 59Exanpl e 360C ear 96. 43Exanpl e 5700 ear 97. 64Exanpl e

780C ear93.54 ' Hazen units. Colour of final reaction m xture. EXAMPLI~"16
The products of pEgegtiph eaf Polynierianebtds tand14 prefered @sdcesk aff the ovectent r at i on of
164 ppm Ti or Al or 340 ppm Zr based on reactants as catalysts 15 for the
preparation of RYAREEHG PARsgHeation proesseaMany Tarbeniiciasits apd @plydridks
[Ti(OPr'),] and anti rmny oxi de were used as conparative exanhpfes. The
appar at us was ac%n |bet pged n g cesteriicAian belvdng SRSt japd cnsajuraked

t hermomet er, rubber seal e be e surface of reactants and Dean
and | ~ ~ ApR"?B%‘?W"@Q?"%O@@b 6%58?%%283% Bich &8 §i58% 36ifs. A gl ass

I 30 d hed b h
1 ask ‘and Deans SRR ‘%B‘?fr SO Eab0p B Qe oA x&tc“%%ﬂréﬂ@ efincer

vacUUM U102 | AGEHMEL D SOISELS bty Ul S QORROEE oV, e

oxygen-free ni ”&%egggﬁ‘gﬁ&{ 8%’!5@%9':[ %cn? Eﬁﬂggﬁuc thg(ggcht %sadg%ah@%cu emoval  of

water during the re enzol c acid was added to 10

mol es (620 g) mMagRhdik! SRE tg}e?ﬂﬁtﬂéhc ddiE $26868 Bch! BpKCAtid VaseidiS Glal O Prevent
benzoic acid sublimation and to mnim se pol ycondensation reactions. The

catal ysts were huginkded fmaheladi] aakicObci6,UsHpRNEIERY JichbokyiE acid and

nonoet hyl enegf ycpl to ensure good di spersion. The m xture was heated to

di ssol ve t he hgmpambe aeidi ahdaantlydriaes bi thesegadids ravpodicambelic adibe stiehngzer at ur e
was raised to 180 C and after 5 mnutes a slight vacuum was applied and the
t enper at ur e r ai snroelitio adi0 it addl, srimdsicacidopyrarhelittib ecidatdanhydrinestofitresene gl ycol
commenced at about 150 C and the reactions 15 were maintained at a vi gorous
reflux at 190 t @cti9RA@hply frequenBh bsedAo] direcheatarificationn imgltidien gliphaticestaighit vacuum
The wat er produced was renoved wi th nonoet hyl enegl ycol and col |l ected via
the Dean and St &h&in appareaches mapphygrie aigongls suskas bt pesfyiiesylf et aed by

wi t hdr~~nnng sanples at intervals by neans of a syringe fitted with a 30 cm
needl e i nsert ed St&3Pb AFNeIHe dinydrig olg eyich ﬁaéﬁ%ﬁﬂ \A&praméﬂdto a known

Wol ghed and ¢ HBriaatng %&r@% Pa%ﬁ%d?qa‘%"%vélw '%?z&?%&‘?rh%see{sqe "
et hanol usi ng brp%ntggrpfﬁmol ’A ?eﬁﬁ?cpgogesgagfo& mv@ﬁ #mérgegfre d vaI ue

(AV) were used t Pat ¢ e co vers enzoategester

fosul to are gi va W@W@‘ﬁ‘“‘?’”‘"‘%ﬂ g S T

2 PCT/ G B98/ 03448 Catg 180
m n. Col our Sb oxi de*46. %g%r@éﬁ%'ﬁé/%& 84556“85?%%%’99 réHclion'4r8 g¥hétail e Bwer

yel 1 OWTi (OPr ") 4 Triailesd éh GLoReRIC Ay rénasﬁﬁmﬁ&it@s since, dunng the
892. 8398. 5999. 3999. 53col our | essExanpl e

996. 6099. 2799. 28 brificktion @dEtlonsibiExaEPtoteliminate the displaced alcohol by distillation.

1094. 9197. 4298. 0398. 52col our | essExanpl e 1145. 9350. 4050. 97

| 54. 60whi t el ci ouThebx Bwpt BorddlGie @SBE. & BHeladidiSdlitablenfor tisdat lestadficBicmngpe e

1397. 6198. 4399. 7699. 87col ourt essExanpl e

1495. 7598. 2799. 4ka4hi& G alse un |ties s@hsestprification process according to the invention.

597. 2397. 5498. 0499. 60col our | essExanpl e 398. 5699. 0199. 1099. 78col ourl ess "
Anspec Sel ect Anfirequsniy Oréthlacy@Rwesters afderger wmi@m@ogplyase)pr@ﬁuchany ppm Sb.
After the reaction flask had cool ed, a sanpie was renoved for

chr omat ogr aphi ¢ @EPlysef eptarssuch gs Wﬁ"@ylfaGMﬂ? mey! ’G?“F?C@f‘%ﬁte“&’é?%‘%}%t s
produced 5 varyi ng pr oport| ons of the products. The products forned were

et hyl enegl ycof2sn¥Roiah MedesTyaeavigical é‘f"ﬂ?‘?'%H%“é’l 'Q@WhﬂYsb%FPfﬁ%f’tné "(Ci:“Ef)B

G o i e ol ycor bt uactl) e RHR AR et AR om o

are reported m Tabl e 3. 1 AP R 2002 WO 99I 28033



18 TABLE 3 PC'T/ G B98103448 Cat al yst EGQVBEGDBDEGDEGVBDEGDBSD 11 APR 2002
oxi de' 6. 670. 720. 482. 75-Ti (OPr'), 1. 71 ~17260. 460. 473. 95Exanpl '%3936}2' 89

| ca 0.040. 0WO2$9Bxanpl e 91. 9412. 88ca 0.040. 24 ~0. 48Exanpl ePGUTBEEPA* s8¢
0. 080. 260. 30Exanpl e 111. 383. 93 ~0. 530. 452. 36Exanpl e 120.914.01 ~ 10. 700. 41
"1. 39Exanpl e 13"2. 1615. 620. 150. 270. 77Exanpl e 141. 7919. 87ca

0. 070. 300. 91Exanpl e 53. 0225. 600. 280. 241. 28Exanpl e 3~ 2.611 19.10l 0.1~
0.21~ 0.91 ' Anspec Sel ect Antinmony Oxide (3~6w|w nonoet hyl ene gl ycol) at
164 ppm Sh. " Analetrgia@inosta®r nat ant |iquor. The results denpnstrate that
the catalysts of the invention are effective $ for the esterficafron
reaction of benzoate waéret esififigeion wesctipn ol dCkmspdtérficdiondatweat avs of DEG
by- product than antinony oxi de or conventional titanwm catalysts. EXAMPLE
17 A pol ycondensestersigenemiy the estera wilCloe séleciedistt asi th produes b aolatéaprlogucst i rred 10
300 mM gl ass vessel fitted with side armand cold trap for collection of
nmonoet hyl enegl ycesteravhidieanbs teatovesillyl djstilationr ol | ed ceram ¢ heati ng el enent
was used to provide heat and an oil vacuum punp was connected to the cold
trap. A nitrogén bl anketMeRtianeppiqinheiere, polymerisneriersi ean be profiwcesoby trap.

i 11 APR 2002 -- WD 99J78033 PC T/ (GB98103448 19 Pol yet hyl ene terephthal ate
was prepared froRTOCERPER HXSNEDS Firert estsifration) oatransssteyiiraron andca, partisulary uppl i ed
by 1Cl Pol yesters. . Two sanpl es wer e used; sanple A was a short chain

pol yner cont ai ni Hfffeé'\égr?ﬂ’? dimeny 9F Ahe, esiprficalion SFASETR 1051 SVPIRBASI Ag units

whi | st sanple B was 5 technically pure bis dr thyl)terepht hal ate.
Sanpl e A al so co\é\@é?% 'hcaﬁfﬂ)?%%orr‘rétﬂg? ?fege'I?BF’%ﬁﬁqﬁg“gﬁa%&%%ﬁ}fﬁ”bfgﬁ‘ g of
(hydr oxy)t er epht LyIy r . i, . tion flask
under a nitrogen %%I)\/\lfs es?%h%émagﬁim%tggtbaﬁ%ﬁ%\@é%ﬁpﬁﬁl gegs gl?poﬁeg%%{ Sg/%fs J("?’i added
at 30 ppm in h ; L 1 StLGS o 250 C
20 Tor 20 25 oy g{aa\%ﬁ?‘htﬁ%g'g?yﬁ@g‘égﬁ%ﬁ?@?g(a %Jé’ts?'beﬁgtre%%'r oDiecr®) 00 ppm
and cobal t acet ahglydstdrs AR et Sroduéad rRRIMbibYES 8cidslda6h ad@bkd menfished Ol Ut T ONS
n nonoet hyl enegl ycol . The ni hogen fl ow was stopped and vacuum appli ed
steadily to 100 Rereinbéfbrer orZdterbofMBaltUdibssid BEds SHEPERyrGaRoldls Prefsneased
steadily from250 Cto 290 C. The power consunption of the electrical i
stirrer increaseg@oljéstatifitdiion heactions crsartivig abd thehmventibly nriudanice tdaetioptofr r er
revol uti ons dropped. The revol utions were nonitored until a predeterm ned
val ue for the peterginthalid acig eedmethyl ttdrephtiaidtaih 1t2-gihgrieBikinfethylensaglysobached at
whi ch point the vacuum was broken with nitrogen and the nolten polyner

di schar ged and1gjteprotisd poivelbylensiterenihalate or withwhé-butanedial (hubteng glycalle 14 hour s
at 50 Cin a vacuumoven. 2p The col our of the polynmer was neasured using a
Cpl orgard Syst emPPier RRbbYiYIeR® ieeaphtheigterRl TeariencofnapBtnalere digarbaxyc sgr

expression are the Hunter Lh, ah and bh or C elab L* * ang q* scal es
wher o the beval udvin-2stanedialin opice poetiiiens Bepribplsnale) Qe BYEOD P he

I i ifth b-val e. .Th J I I i_ght d
Dy Gol Per meat; o 26 -BAPBRAPL ] FBrYRREbE PTiyans efrrdS s & JER Tabl o
4, 1 1 APR 2002, fl Mo
Sarpl eReact | on TIPS pedireste et s R St datl DT
Wi gh Wvh) Sb i de"\ - : : i - 27 I
5AL403. 3&2. )781#,92;30%gﬁ%?ég@ﬁgl@%5%@'&%?@%%%%%’ﬁa% : ?%léé}"%é’}’g%%%g%anp ©

~0. 5619, 550T" i ( ORppaoprlel R BBcRBASIoL S0 EERABn RA&RASH. 934. 6312, 770Exanpl e
3BI 100 r4. 052. 915, 450Exarrp| e 10B1008. 656. 301 NAExanpl e 13B954. 473.56 ~NA

¥ An_t: rrglny oxi de Cat al wstypichiaghacdss G0 HeCPrepedtsh of pdfhethjpei® BrephiNAiate Not
aval | abl e.

O

comprises two stages. In the first stage terephthalic acid or dimethyl
terephthalate is reacted with 1,2-ethanediol to form a prepolymer and the
25 by-product water or methanol 1s removed. The prepolymer is subsequently

heated 1n a second stage to remove 1,2-ethanediol and form a long chain



These results indicate that the catal ysts of the invention are activiel ABR 2002
the 5 preparation of polyethylene terephthaiate and are capabl e of

produci ng poM4280#3 h | ower yel | owness val ues than conventi oB/cRos/3sds
titani um based catal ysts. EXAMPLE 18 It has been postul ated that e

mechani sm causi ng di scol ourati on when titaniumcatalysts are used to

prepare pol yethyl ene terephthaiaie is $nteraction of 10 the catalyst with a
t hermal deconposition product of polyethyl ene terephthaiate. Catalysts of
Exanples 1 to 7 ssed, by m xing; with one such deconposition
product) di et hyi %ﬁ‘gﬁi@@e{ &f B%t\ﬁtﬂi’P&Féf@eE [MREDHFPINPIiSe 2o estenifisation fpeocess 9 1 AP

R 2002 -~ WO 991 280 CB98/ 03448 21 standard catal yst, titanium
tetra-i sopropoxi %?@Pg@é%ﬁ%fmmwas used for conparison and was added to

0.4 g DEDHT in 10 m The. |ysts of Exanples 1 to 7 were added
t o DEDHTI t 0i uene sol u?’ipé)'%%g t%';ﬁgﬁ'%gﬁggc%o%égﬁ?rpﬁﬁ‘eﬁ” ereeshofaipetel @re

sufficient to praghiefy hdfed # HBceb! ration in 5 the mxture and the
col our of each of the m xt ures M/gasr&@reﬁcgdr”ﬁnﬁgdﬁ)%%rfmcﬁ°€mw@% Water

spect r ophot onet ghis krbylplodict Bf B S : uLts are~: given in Table
5. TABLE 5 Catal ysthljpé?Jru (Gar dng@%’ﬁ%@‘g%%&gﬁ‘%&?s )af‘laf?@’ﬁg%r‘wf’é

16Exanpl e 28. SExaolhemaus b anehearifer SIXAUD i SEAIRLS 8 OExanpl e 77

1 1 AP R 2002 WO 99128033 22 PCT/ G B98/ 03448 1. or ganonet ai °'conpound

suitable for use migtreawbiati aib yaundéreed tiflSmiRBRT Fht Wt whilh SSLRL B{é”p” si ng
the reaction product of an orthoester or condensed orthoester of Ot t ani um
zi rconi um or al urseprrated beforeataeemo landiamaledtivi BE rBtufed 18RS rdaldnHEILHXY !
groups, an organophosphorus conpdund contai ning at | east one P- ‘group and
a base. 2. An or FEEQiipN jie compipte el eacess raitbity ahe) wheni (8ed, SVERT bl Ng t he
reaction product of an orthoester or condensed orthoester of titanium

zi rconi um or al@iFY3RCMAR Hrview elFhe factdbatitios ertangtsal theemmhtidnvio nbysbmaxly!  gr oups,
an 1 p organophoicgﬁgoru conpound contai ning at | east one P-OH group) a base
and a 2-hydroxy d {ecSPgEipg;. it I8 notrgeneraly nessssant toi removerhemcbrateor di ng t o
claim2 charactegdsed i.q t hat. the 2- ha/dr oxy acid is lactic acid, citric
acid, malic acid or Tartdr 8 §leauenty nessssshiydth sprvertianalcatalystscAitydicaic cor di ng

to any one of thg, j 15 cl.ams characterised in that the orthoester
has the fornul a ‘Ié}(%i&;e%&gécggﬁn( ﬁﬂcépr'\/\iﬁetﬁﬁ RUBR3EatON ©f Ris(ghetayinexy!} ebthalath and R i s
an al kyl group c I 10 arbon atons, 5. An organonetallic
conpound accor di %gk?cl)sr Qﬁ%’%ﬁgwﬁ' X"E:q %'}Qhr?g'cf,"%f"%n?f‘%zfﬁélr'%?’@f* i%@e'ﬂ‘“?'n t hat
the condensed g themmt &' ohRS ﬁloﬁ%\%sféptié‘.rf%t‘gﬂ{ &b can be 20 represented by the

formuta, R MOR )ZO ~R where M1s titantum or zrebm iR of €ean ai kyl
group cont ai ni Ngmbndedted tCAEIE s M@Wre‘ﬂuﬂi@ i# ﬁ?%résgﬁ& o%g'sl'e ncgfagélgqtns

organonetal | i ¢ conpound according to any one o e prece

characteri sed i natdnaerdtire oR¥8DFVOPC GRANEIING iWafdr Rds de@tﬁ‘?érriévg@ Slﬂb’équﬁﬁ)ﬁgl groups
y & edal )

is 1, 2-ethanediol, 1,2-propanediol, 1,3-propanediol, but ~n
2-met hyi 25 2, 4- herekeasedicaial isderadvayl ene gl ycol , pol yet hyl ene gl ycol
glycerol, trinmethyiol propane or pentaerythritol. 1 1 AP R 2002

In an alcoholysis reaction, the ester, first aicohol and catalyst are mixed

20 and, generally, the product alcohol (second alcohol) is removed by distillation
often as an azeotrope with the ester. Frequently it is necessary to fractionate
the vapour mixture produced from the alcoholysis in order to ensure that the
second alcohol is separated effectively without significant Ios':s of product ester

or first alcohol. The conditions under which alcoholysis reactions are carried out

25 depend principally upon the components of the reaction and generaily

components are heated to the boiling point of the mixture used.



WO 991 28033 PC f/ (GB98/ 03448 23 7. An organonetal lic conpound accordi 11(31 '%POR 2002

any one pf i eding clains characterised in that the reacti o%roduct
is prepared by reacting a di hydric al cohol with an orthoest eFCYBB dBnsed
orthoester in aratio of from1l to 16 noles of dihydric alcohol to each
nole of titanium zirconiumpr alumngum 5 8. An organonetallic conpound
according to any one pf the preceding clains characterised in that the

or ganophosphorus conpound is a phosphate) a pyrophosphate, a phosphonate, a
phosphi nate or a phoshhiefered Qrockss off tyamoeRioalid he pFPERALHEF SRePEhdIT tO any
one of the preceding Gains characterised in that the organophoSphonrs
compound is, a sEEphihelgteed typical Batchgodustidn of bbigshysenk YerepHisatd g tvied
substituted or unsubstituted aryl phosphate or a phosphate of an al kyfaryl
gl ycol ether or @ byl goprgingl torephthalicfagid. and Gathyleme @tygaino reteakioi Slozow@ound
according to any one of the preceding clains characterised in that the

or ganophos phor usCRYRY § GRsirer £nd eading {fte conents va1269 - 270%h under tipesssurgahi ¢ gr oup
contains up to 20D c&s?&{} aitoms. 15 11. An organonetallic conpound
according to afy™OHEY §PacRepetion porpmenses Anihg @pid Aisaniugs iahahduhi230tGrand

or ganophosphor us pound i s.a phosphate of an al kyiaryf glycol ether or an
al kyl glycol et h“’e%‘gﬂ'g\’ﬁr%e%sré’&rpg‘i?Hctdﬁw‘&?"ﬁferﬁ&t*hsemanq Jtagipve seasionantt oms.  12.

A |1 dj . f th di 20 dai
Char actert o d i it Rar R e AR Ot R At 2P - BTG CaRe AN an amount
in the range 0. leveRudr cHRh 6 fo. m8§m%lé§rwl?%gé¥g$|8?ﬁggdy%}! éﬁm oltan 2y rconium

or alum nium 13. An organonetailic conpou ( ?/"BF%‘ of the

precedi ng.cl al Eprgas a0t Lisebrded tohAhe [44EioPAsGed S LRER T BAlLATOUNE 11

the range 0.1 to 25 4.0 nole of base to 1 nole o i um or

al um ni um Lolpofyster ABYEe HE &%ﬁe@@@@%o?@é@%ﬁ%@rﬁéﬁ%, E%p;%répnié‘.n

organonetal | i ¢ conpound according to any one o al ns

characterised in thatThehenodntity gatayst ugaiinlthe esRiREMAprdcasHEr tRSRhidn | N the
range 0.5 to 4 nole acid to 1 male of titanium zirconiumor alum nium 15.
A process for t raengralipdapatdsupon theditaniasi Zrcotiomor alGriRBmCadhieht, Breasdd an 5
esterification reaction in the presence of a catalyst conprising the
reaction product@sofi. Zrer &t rhibe satelysto Usuaiy thenameblinbis tilomestt te 1 00 pairts bemni um
zirconiumor alum nium an al cohol containing at |east two hydroxyl groups,
an or ganophosphdPign &Rp) & matat emweight iohfogict estersfor dinect dP-i@hkegtediicataand a base.
16. A process according to claim15 characteried in that the 10
esterfication PEERFPEH TS the amosrtis Bem 3P tafSOprbeionetal antweightal i ¢ aci d,

i sostearic acid, C?‘-Bfi?fg%ad d, caproic acid, palmtic acid, oleic acid,

pal nitol ei ¢ aci d) ¥t rﬁ"_ﬁﬁ?’ﬂrecp_&@faa'}’ 59é?1259 BPyef raetalperwajght BlaiodvFtc aci d,

2ot 0.t er epht hai S o] thyeStefteafte tchdne 5a Soapdet bnoh ) Gone PETSREHES 2uco ni ¢
id, f i i A i t hal 5 di i id, i

Bt ) il 1 i Rt Rl or AP o8Bt (B B SifeolPy b

17. A Process ach@iédidtesl #icphbakas GlHAR: BORRR: | Preldialhy hRSESH & 1 11 cation

reaction conprises reaction of an alco an anhy 0

di carboxyl i c 3giffbn®5 tc21 00 pbm@5resisd ias TIE df Al Bdted &h prbud Bé&ifefer 2CCOr ding to

claim 15 characterised in that the esterfication reaction conprises
reaction of a methyl Teeriductsdf fisltivbnties haVe tten ShdWnADBE eRsdifd caiysRCr Y1 i €
acid or nethacrylic acid with an al cohol. 19. A process according to claim
15 characteri ed fomprohaingt éstere ahe ipbiféstedd BiDEN bG@ﬁhi&lWa@Wduﬁ%ﬁdiﬁ{@cti on of
two esters to produce two different 25 esters by exchange of al koxy groups.
1 1 AP R 2002 ; |hap®ingte H@DFBARCINCBNS redié8 amoh oARliowingdsiporegeramcor di ng t o
claim 15 characterised in that the esterification reaction conprises a

pol yest eri fi cat i ®MPEESPPIte kriowhcatalysie Theahave @isodeent showp I tiendtatte againet,  di net hyl
t erepht hai ate or napht hal ene di carboxylic acid with 1, 2-ethanedi ol

1, 4- but anedi 0l25 P[eGRIHIREATEBRIYRIStE] Produstswheaayeis base apHegbhslis agid ispane or
pentaerythritol. dﬁl A process according to any one of clainms 15 to 19
characterised irf ﬁ%i"*ﬁb""&%@ﬂyst is present in an anount in the range 30
to 1000 parts per mllion calculated as parts by weight titanium zirconium
or alumniumw th respect to weight of product ester. 10 22. A process
according to claim15 or 21 characterised in that the esterification
reaction is a polyesterification and the catal yst ~s present in an anpunt
in the range 5 to 500 parts per mllion cal cul ated as parts by wei ght
titanium zirconiumor alumniumwth respect to wei ght of product
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1.s10% h h& () - acid phosphate used was 1.00 mole based on phosphorus (182.0 g). The
FLN10983& () - $&k' I'mn' {"'rP=!! K@.O%(hkh! yss! 109&' ()-s& F10%& ()- 10hh
10hh 10hh! { @ 0%PFEUEtWas@lrEie yelligvaliquid with @+ contept S #-20% S8 () - "I A
S109&' ()-"!')" S10%p& ()-"'6" S10%b& ()-"!"
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10 10 10!'K S109%&' ()- _!8. SlO%&'f(g( [1/00202"?r S4! 3@ 0% U& ()-!# 10%JU& () - &
109808 () - & The method of Example 1 was repeated but 0.64 mole” based on
phosphorus (431.6g) of an aryl polyethylene glycol phosphate, soid
commercially under the trade name Knapsack 123 was used in place of the
Knapsack 194. The product was a pale yeliow liquid with a Ti content of 3.45%
10 by weight.
EXAMPLE 6
The method of Example 5 was repeated except that the amount of
Knapsack 123 used was 0.32 moie based on phosphorus (215.8 g). The product
was a pale yellow liquid with a Ti content of 4.08% by weight.
15 EXAMPLE 7
Ethylene glycol (248.0 g, 4.0 moles) was added dropwise to stirred
titanium isopropoxide (142 g, 0.5 moles) in a 1 litre fishbowl fiask fitted with a
sturer, thermometer and condenser. Aqueous potassium lactate (60% by weight,
213.5 g, 1.0 mole) was added from a dropping funnel to the clear solution which
20 was then heated to 65° C under vacuum and volatile solvents were removed %
yield a clear, pale yellow liquid. A portion (82.19 g, 0.1 mole Ti) was weighed into
a 250 mi comical fiask and commercial butyl acid phosphate (9.1 g, 0.05 moles

based on phosphorus) was added from a dropping funnel with; stirring. The final

product was a clear, pale yellow liquid (Ti content 5.26% by weight).
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50.1 mole) was added followed by a polyethylene giycol phosphate having a
carbon chain length of 12 and available commercially under the trade name
Knapsack 122 (32.3 g, 0.05 moles based on phosphorus). The resulting product
was a white solid having a Ti content of 3.74% by weight.

EXAMPLE 9
10 Ethylene giycol (49.6 g, 0.8 mole) was added by dropping funnel to
stimed titanium n-butoxide (34.0 g, 0.1 mole) in a 250 ml conical flask. An
aqueous solution of sodium hydroxide containing 32% NaOH by weight (12.5 g,
0.1 mole) was added foliowed by dibutyl phosphate (10.5 g, 0.05 mole). The
resulting product was a hazy liquid having a measured Ti content of 4.56% by
15 weight.
EXAMPLE 10
Monoethyiene giycol (49.6 g, 0.8 mole) was added by dropping funnel to
stimed condensed titanium alkoxide known as polybuty! titanate (Tilcom® PBT)
(Ti content 20.0% by wt) (24.2 g, 0.10 moles Ti) in a 250 mi conical flask. An
20 aqueous solution of sodium hydroxide containing 32% NaOH by weight (12.5 g,
0.1 mole) was added followed by a commercial buty! phosphate (9.1 g, 0.05mole

based on phosphorus). The resulting product was a white splid having a Ti

content of 5.03% by weight.
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A portion of this solution (129.3 g, 0.1 moles Zr) was weighed into a 250 mi
5 conical fiask and an aqueous solution containing 45% choline hydroxide by
weight (13.45 g, 0.05 moles) was added followed by a commercial butyl
phosphate (9.1 g, 0.05 moles based on phosphorus). The resulting product was
a clear yellow solution having a Zr content of 6.01% by weight.
EXAMPLE 12
10 Diethylene glycol (84.8 g, 0.8 mole) was added by dtopping funnel to
stirred aluminium sec-butoxide (24.6 g, 0.1 mole) in a 250 ml conical flask. An
aqueous solution of sodium hydroxide containing 32% NaOH by weight (12.5 g,
0.1 mole) was added followed by a commercial butyl phosphate (9.1 g, 0.05mole
based on phosphorus). The resuiting product was a ciear solid gel having an Al
15 content of 2.06% by weight.
PLE 13
Ethylene glycol (24.8 g, 0.4 mole) was added by dropping funnel to
stirred titanium n-butoxide (34.0 g, 0.1 moie) in a 250 mi conical flask. An
aqueous salution containing 45% by weight of choline hydroxide (26.93 g,
20 0.1mole) was added foliowed by a commercial butyi phasphate (18.2 g, 0.1 mole
based on phosphorus). The resulting product was a clear pale yeliow liquid
having a Ti content of 4.62% by weight.
E 14
Ethylene glycol (99.2 g, 1.6 mole) was added by dropping funne! to
25 stirred fitanium n-butoxide (68.1 g, 0.2 mole) In a 250 mi conical flask. An

aqueous soiution of sodium hydroxide containing 32% by weight NaOH (25.0 g,
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The resuiting clear liquid product was transferred to a 500 mi rotary evaporator
flask and solvents were removed under vacuum at 95° C to vield a hazy liquid

having a Ti content of 10.54% by weight.

5 Esterification
EXAMPLE 15

The products of Exampies 1, 3, 5 and 7 were tested at a concentration of
170 ppm Ti as catalysts for the preparation of bis(2-ethylhexyl phthalate).
Titanium tetra-isopropoxide [Ti(OPr'),] was used as a comparative catalyst.

10 The apparatus was a 1-litre, 4-necked round-bottomed flask fitted with a
thermometer, rubber seal, 2 tube dipping below the surface of the reactants and
a Dean and Stark apparatus. The equipment was operated under reduced
pressure using an oil vacuum pump connected to two water condensers fitted
above the Dean and Stark apparatus. The dip tube in the flask was connected

15 to 2 supply of oxygen-free nitrogen. This provided a nitrogen bleed to aid the
removal of water during the reaction.

1.0 mole (148 g) phthalic anhydride was added to 2.42 moles (315 g)
2-ethylhexanol. The mixture was heated to dissolve the phthalic anhydride and
the nitrogen flow started.

20 A weighed amount of catalyst was added to the reaction fiask in a
porcelain boat before heating the mixture, except for Ti(OPr'), which was added
as a solution in 2-ethylhexanol via the rubber seal with a synnge, below the
surface of the reactants. The reaction mixture was heated to and maintained at
a vigorous refiux at 200°C by suitable adjustment of the heating rate and

25 vacuum. The water produced was removed substantially as quickly as it was
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The progress of the reaction was followed by withdrawing samples ét

Intervais by means of a syringe fitted with a 30 cm needle insened through the

rubber seal. Each sample was added to a known weight (approximately 100 g)

5 of cold alcohol to quench the reaction, weighed and titrated éagainst standard

potassium hydroxide solution in ethanol using bromophenol biue as indicator.
The results were used to calculate the amount of unreacted half-ester present.

The reaction was continued for a total of 160 minutes.

The results are given in Table 1 below:

10 TJABLE1
Catalyst Product Product %
Colour! Clarity Conversion
Ti(OPF), 85 Hazy 99.95
Example 1 70 Clear 98.59
Example 3 60 Clear 96.43
Example 5 70 Clear 97.64
Example 7 80 Clear 93.54

' Hazen units. Colour of final reaction mixture.

EXAMPLE 16
The products of Examples 3, 5 and 8 to 14 were tested at a
concentration of 164 ppm Ti or Al or 340 ppm Zr based on reactants as catalysts
15 for the preparation of monoethyleneglycol benzoate. Titaqium isopropoxide
[Ti(OPr),] and antimony oxide were used as comparative exampies.
The apparatus was a 1-litre, 4-necked round bottom flask fitted with

thermometer, rubber seal, dip tube below the surface of reactants and Dean and
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condenser above the Dean and Stark apparatus. The dip tube was connected to
5 a supply of oxygen-free nitrogen and provided a nitrogen 'bleed to aid the
removal of water during the reaction.

0.5 mole (61.06 g) benzoic acid was added to 10 moles (620 g)
monoethylene glycol. The excess of glycol was used to prevent benzoic acid
sublimation and to minimise polycondensation reactions. The catalysts were

10 added as solutions or suspensions in the monoethyleneglycol to ensure good
dispersion. The mixture was heated o dissolve the benzoic acid and the
nitrogen flow started. The temperature was raised to 180° C and after 5§ minutes
a slight vacuum was applied and the temperature raised to 200° C. Distillation of
the water/monoethylene glycol commenced at about 150° C ‘and the reactions

15 were maintamned at a vigorous reflux at 190 to 193° C by suitable adjustment of
heating rate and vacuum. The water produced was removed with
monoethyleneglycol and coliected via the Dean and Stark apparatus.

Progress of the reaction was foliowed by withdraiwmg samples at
intervals by means of a syringe fitted with a 30 cm needie inserted through the

20 rubber seal. Each sample was added to a known weight (approximately 100 g)
of cold alcohol to quench the reaction, weighed and titrated against standard
potassium hydroxide solution in ethanol using bromophenol .biue as indicator.
The resuits of acid value (AV) were used to calculate the perc:entage conversion
to benzoate ester. The reactions were each monitored for a to:;al of 180 minutes.

25 The results are given in Table 2 below.
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109VBMK: () -/ _sepksas| s} 5$CBd in. JOYREE. | )150/mkPY 180 min. Colour

Sb oxide* 46.09 53.05 61.05 66.16 paile yeliow

Ti(OPr), 70.63 81.84 99.67 99.39 colourless

Example 8 92.83 98.59 99.39 99.53 colourless

Exampie 9 96.60 99.27 099.62 99.61 colourless

Example 10 94.91 97.42 98.03 98.52 colourless

Example 11 45.93 50.40 50.97 54.60 white/cloudy

Example 12 32.09 38.50 44.50 50.44 white/cloudy

Example 13 97.61 98.43 99.76 99.87 colouriess

Example 14 95.75 98.27 99.48 99.66 colourtess

Example 5 97.23 97.54 98.04 99.60 colouriess

Example 3 98.56 99.01 98.10 99.78 colouriess

" Amspec Select Antimony Oxide (3%wt/wt monoethylene glycol) at 16;1 ppm Sb.
After the reaction flask had cooled, a sample was removed for gas
chromatographic (GC) analysis. It was found that different catalysts produced
5 varying proportions of the products. The products formed were ethyleneglycol
monobenzoate (EGMB), ethyleneglycol dibenzoate (EGDB), diethyleneglycol
(DEG), diethyleneglycol monobenzoate (DEGMB) and diethyiene glycol
dibenzoate (DEGDB). The proportions (by area % from GC) are reported In

Table 3.
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1090vBME' () -/. 109VBME' ()-/. 10%VBME' ()-/ssssssstT4*/. 10%vBME (
10%vBM&' ()-/. 109%VBME' ()-/. 10%vBM ) /. 10%\/$I\/&'()-//KDN(stttUtttsRl*/ I
'1098& ()- | 39Z10%8& ()-/ 11 #mlove® ()-3. 10%vBME ()-// KDw (.
109%vBM&' () -/t 4u| uuvvvvv| [ NA4/ 10$010$10% | 0109B& ()- | .109%& ()- |
, 1098& ()- | *1098& ()- | (109%& ()-v!v-vOv8vlivRv|[; NA4/ 10 $ 10%& ()-E
| #° 1098& ()- | MLOYB& ()- |10%& ()- TABMBIg ()- |'1098& () -

FE—$— 104

R, B o e eesboe () - s
Sb oxide* 6.67 0.72 0.48 2.75 -
Ti{OPr), 1.74 17.26 0.46 0.47 3.95
Exampie 8 1.93 12.89 ca 0.04 0.08 ' 0.7
Example 9 1.94 12.88 ca 0.04 0.24 0.48
Example 10 1.98 14.58 ca 0.08 0.26 0.30
Example 11 1.38 3.93 0.53 0.45 2.36
Example 12* 0.91 4.01 0.70 0.41 | 1.39
Example 13* 2.16 15.62 0.15 0.27 0.77
Example 14 1.79 19.87 ca 0.07 0.30 0.91
Example 5 3.02 25.60 0.28 0.24 1.28
Exampie 3 2.61 19.10 0.1 0.21 0.91

* Amspec Select Antimony Oxide (3%wt/wt monosthylene glycol) at 164 ppm Sb.
*Analysis of supemnatant liquor.
The results demonstrate that the catalysts of the invention are effective
5 for the esterification reaction of benzoate esters and produqe products with
lower levels of DEG by-product than antimony oxide or conventional titanium
catalysts.
EXAMPLE 17
A polycondensation reaction was carried out in a mechanically-stirred
10 300 mi glass vessel fitted with side arm and cold trap for collection of
monoethyleneglycol. A thermostatically controlied ceramic heatiing eiement was
used to provide heat and an oil vacuum pump was connected to the cold trap. A

nitrogen blanket was provided via a connection to the cold trap.
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Polyethylene terephthalate was prepared from
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(hydroxyethyi)terephthaiate polymer precursors supplied by ICi Polyesters. Two
samples were used; sample A was a short chain polymer containing
approximately 4 ethylene terephthalate repeating units whiist sample B was

5 technically pure bis(hydroxyethyl)terephthalate. Sample A also contained
approximately 5 moi% acid end groups.

100 g of (hydroxy)terephthalate polymer precursor was placed in the
reaction flask under a nitrogen flow, followed by a dilute solution of catalyst (Ti
added at 30 ppm) in monoethyieneglycol. This was heated with stirring to 250° C

10 for 20-25 minutes at which point a stabiliser (phosphoric acid, 100 ppm) and
cobalt acetate tetrahydrate (250 ppm) were added, again:as soilutions In
monoethyleneglycol. The nitrogen flow was stopped and vacuum applied
steadily to 100 Pa. After 20-25 minutes the temperature was iqcreased steadily
from 250° C to 290° C. The power consumption of the electrical|stirrer increased

15 with the viscosity of the polymer and the stirrer revolutions dropped. The
revolutions were monitored until a2 predetermined vaiue for the peripheral speed
of the agitator tip (15km/h) was reached at which point the vacuum was broken
with nitrogen and the molten polymer discharged and quenched into coid water.
It was then dried for 10-14 hours at 50° C in a vacuum oven.

20 The colour of the polymer was measured using a Colorgard System
2000 Colorimeter. Common models to use for colour expression are the Hunter
Lh, ah and bh or Cielab L*, a* and b* scales where the b-vaiue.in both describe
yellowness. The yeliowness of the polymer increases with b-valye.

The polymer molecular weights were measured by Gel Permeation

25 Chromatography (GPC).

The results are given in Tabie 4.
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1096& ()-E $
JABLE4
Catalyst Monomer | Reaction Colour Colour . Molecuiar _
Sample Time (b* value) | (bh vaiue) Weight
(Minutes) . (Mn)
Sb oxide* A 195 6 532 . | 19,330
Ti(OPr), A 110 6.7 537 16,290
Example 5 A 140 3.39 2.78 11,480
Example 3 A 145 3.34 2.57 14,130
Sb oxide* B 135 0.71 0.56 19,550
Ti(OPr), B 115 9.06 6.67 15,190
Exampie 5 B 80 5.93 4.63 ) 12,770
Example 3 B 100 4.05 2.9 15,420
Example 10 B 100 8.65 6.30 NA
Example 13 B 95 447 3.56 r NA

* Antimony oxide Catalyst Grade from SICA added at 250 ppm STb
NA - not available.
These results indicate that the cataiysts of the invention are active for the
5 preparation of polyethylene terephthalate and are capabie of pl;'oducing polymer
with lower yellowness vaiues than conventional titanium-based catalysts.
E PLE 18
It has been postulated that one mechanism causing discolouration when
titanium catalysts are used to prepare polyethylene terephthalate is interaction of
10 the catalyst with a thermai decomposition product of polyethylefne terephthaiate.
Catalysts of Examples 1 to 7 were assessed by mixung; with one such

decomposition product, diethyidihydroxy terephthalate (DEDHT) in toluene. The
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concentration in an amount sufficient to produce the same Ti concentration in

5 the mixture and the colour of each of the mixtures was determihed using a LICO

200 spectrophotometer in 11 ml glass cuvettes. The results are}given in Table 5.

TABLE 5
Catalyst Colour
{Gardner units)
None 6
Ti(OPr), 11.9
Example 1 6
Example 2 8.5
Example 3 5.5
Exampie 4 55
Example 5 5.5
Example 6 8.5
Example 7 7
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CLAIMS

1. An organometallic compound suitable for use as a catalyst for the
preparation of an ester comprising the reaction product of an orthoester or
condensed orthoester of titanium, zirconium or aluminium, an.alcohol containing

5 at least two hydroxyl groups, an organophosphorus compd:_und containing at
least one P-OH group and a base.

2. An organometallic compound according to claim 1 comprising the
reaction product of an orthoester or condensed orthoester of titanium, zirconium
or aluminium, an aicohol containing at least two hydroxyl groups, an

10 organophosphorus compound containing at least one P-OH group, a base and a
2-hydroxy carboxylic acid.

3. An organometallic compound according to claim 2 characterised in
that the 2-hydroxy acid is lactic acid, citric acid, malic acid or tartaric acid.

4. An organometaliic compound according to any one of the preceding

15 claims characterised in that the orthoester has the formula M(OR)‘ or Al{OR),
where M is titanium or zirconium and R is an alkyl group containing from 1 to 6
carbon atoms.

5. An organometallic compound according to any one :of claims 1, 2 and
3 characterised in that the condensed orthoester has a structure which can be

20 represented by the formuia, R'O[M(OR"),0],R' where M is titafnium or zirconium,
R'is an alkyl group containing 1 to 6 carbon atoms and n is less than 20.

6. An organometallic compound according to any one of the preceding
claims characterised in that the alcohol containing at feast two hydroxy! groups
is 1,2-ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-bménediol, 2-methyi-

25 2,4-pentanediol, diethylene glycol, polyethylene glycol, glycerol, trimethyiol-

propane or pentaerythritol.
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7. An organometallic compound according to any one of the preceding
claims characterised in that the reaction product is prepared by reacting a
dihydric alcoho! with an orthoester or condensed orthoester in a ratio of from 1 to
16 moles of dihydric alcohol to each mole of titanium, zirconium or aluminium.

5 8. An organometallic compound according to any one of the preceding
claims characterised in that the organophosphorus compound is a phosphate, a
pyrophosphate, a phosphonate, a phosphinate or a phosphite.

9. An organometallic compound according to any one of the preceding
ciaims characterised in that the organophosphorus compound is, a substituted or

10 unsubstituted alkyl phosphate, a substituted or unsubstituted aryi phosphate or a
phosphate of an alkylaryl glycol ether or an alkyl giycol ether.

10. An organometaliic compound according to any one of the preceding
claims characterised in that the organophosphorus compound is an alky!
phosphate in which the organic group contains up to 20 carbon atoms.

15 11.  An organometallic compound according to any one;of claims 1 to 9
characterised in that the organophosphorus compound is a phosphate of an
alkylaryl giycol ether or an alkyi glycol ether having a carbon chain length up to
18 carbon atoms.

12.  An organametallic compound according to any one bf the preceding

20 claims characterised in that the organophosphorus compound is present in an
amount in the range 0.1 to 4.0 mole of phosphorus to 1 mole of titanium,
Zirconium or atuminium.

13. An organometallic compound according to any one pf the preceding
claims characterised in that thé base is present in an amount in the range 0.1 to

25 4.0 mole of base to 1 mole of titanium, zirconium or aluminium.
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14.  An organometaltic compound according to any one of claims 2 to 13
characterised in that the 2-hydroxy acid is present in an amour}t in the range 0.5
to 4 mole acid to 1 mole of titanium, zirconium or aluminium.
15. A process for the preparation of an ester comprising carrying out an
5 esterification reaction in the presence of a catalyst comprising the reaction
product of an orthoester or condensed orthoester of titaniym, zirconium or
aluminium, an alcohol containing at least two hydroxyl groups, an
organophosphorus compound containing at ieast one P-OH group and a base.
16. A process according to claim 15 characterised in that the
10 esterification reaction comprises reaction of an alcohol wiith stearic acid,
Isostearic acid, capric acid, caproic acid, palmitic acid, oieic acid, palmitoleic
acid, triacontanoic acid, benzoic acid, methyl benzoic acid, salicylic acid, a rosin
acid, abietic acid, phthalic acid, isophthalic acid, terephthalic acid, sebacic acid,
adipic acid, azelaic acid, succinic acid, fumaric acid, maleic acid, naphthaiene
15 dicarboxylic acid, pamoic acid, trimellitic acid, citric acid, trimesic acid or
pyromellitic acid.
17. A process according to claim 15 charactensed in that the
esterification reaction comprises reaction of an aicohol with an anhydride of a
dicarboxylic acid or a tricarboxylic acid.
20 18. A process according to claim 15 characterised in that the
esterification reaction comprises reaction of a methyl ester, an ethyl ester or a
propyl ester of acrylic acid or methacrylic acid with an alcohol.
19. A process according to claim 15 characteri:sed in that the

esterification reaction comprises reaction of two esters to prodbce two different

25 esters by exchange of alkoxy groups.
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