, €3e0, "6TOkzW O 991 28033 ~I A911EAI ~ ESTERt FI CATI ON CATALYSTS ~; § o890
PCTI GB98/ 034*48 The invention concerns ester~cat~on catalysts a11d I'n
particul arwesyzsos3 i cati on catal ysts i noveI OrRFANGBISYBId8UM

or ganozi rconwm or or ganoai umm um conp @ E@@ﬁ notitani um conpounds and,
in particular, titanwm al koxides or o rs"are known as catal ysts for
esterfication processes. During the esteri{f{'®ti on, these conpounds are
frequently converted to insol uble conpounds of ti tani um which result in a

hazy product. The presence of g.ré]@ 1 ar di sadvantage in
pol yesters which have a high %‘l—mv?‘“;ﬁ)ﬁg?ﬁéh&éh 10 melting point and are

therefore difficul t410 {jehidf cpﬁéé;rhh%gw tor] By Q% 98R tlhtﬁgmwgrcorrpounds

whi ch are effectlve catal ysts 1nt manu acture of polyesters such as

pol yet hyl ene t g&i&iabded lcabste wWRick B C | owi ng in
the final pol ym;r Cthr E%oﬁgend:cngaﬁ%}ggﬁggllggﬁﬁﬁmm gﬁg@&gﬁﬁg@% 314 081

relates to an s,ggmdljm,mbgnp&hgg:ess in which these 15 problens are
partially solved but there is still a need for a catal yst which induces
little or no gel | owDR@ndtitanfunp @biyipsiings 2REO0GH patlcuits] BEnlMcalkddebY&st . It is an
obj ect of the present invention to provide an inproved catal yst for a
process for preftiaestes asticlosn @ cataigstn dort estérfieatibm \pestessea, Darngothganonet al |i ¢
conpound suitable for use 20 as a catalyst for the preparation of an ester
conprises the egeifichion. phestuctompbursly @re hsewertly spnvededietes énsobybiehoest er  of
titanium zirconiumor alum nwm an al cohol containing at |east two

hydr oxyl gr oupS§e™RAYNeY ¢fditropmbYhinbregyt BErRsy RtpdedniTes eressycact 2 B3t one P- OH
group and a base. Also according to the invention, a process for the
preparati on of 'SFhPELEF d'%%"’%‘i’iﬁ?ﬂ'l‘ §@¥esée<§? wym@aveath'garv'%%%'téﬁvcf/?f@ah. on

reaction in the Pr esence of a cat al O&%r:’gj ng the reaction product of
an ort hoest ef® B}et‘ESnBQWS(?GdoFf%o‘BE’F Fe to fiter.  Fypthasgprsg Y2 1 1 APR

~~ PCT/ G B98/ 03448
2t Toast two hyBFORUTET BmeRin By AR diec iRl B BCI R & i ng at
[ east one P- O gig saaﬁhaggags.gethﬂ?r@ bR E BRI BhEBEgENOTeL al ¢

COI'TpOUﬂd swtalg use an este on process

conpr i ses t he -fgA%bhaHle RSl |9fthémﬁngf 'oBRRRF CouO Lo BARRN SRlcAbh 0SS T of

titanium zirconiumor &alumnium an alcohol containing at |east two

hydr oxyl gr oup$ubidRed8068 SPIASFHIOeltes GO BR RURANEAALRbIREN & Wictf Basl one P- OH
group, a base and a 2-hydroxy carboxylic acid. 10 The organonetallic
conpound of t{Bherdbiededré patidils sbied e dete 19 Bl @Y & 2 @btastiwHichimdubas zi r conwm
or aium rnum orthoester or condensed orthoester, an al cohol containing at
feast two hydr dittiglor oo yeilp@ng inra mivgsmeopbaspd osinsthe cagggstind cont ai ni ng at | east
one P-COH group and a base. Preferably, the orthoester has the fornula

M OR), or Al (OR) 3 wites an discsoftthe presentringentian tacrmovivigran Irbpravet! qtalyst fan al kyl
group. More preferably R contains 1 to 6 carbon atons and particularly

sui t abl e ort hoestregess foppeprtingtegtersai sopr opoxy titani um tetra-n-but oxy
titanium tetra-n-propoxy zirconium tetra-n-butoxy zirconwm and

tetra-i so-butoxy al AEFHHRE toThe N¥eiige 8 CarPMRIGIS eamrouRe SYItARIE ©F 8%  prepari ng

t he conmpounds of t nventi gn ret cal | b r ef ul
hydr ol yel 5 orZ0UT A By P RPN aapafyﬁf) i R PR AT um or

Zi rconi um conden ed ortho ter ntI re resent t fornmul a
RgMO®R ~-g"R r%ﬂei/\ﬂl The e"“@r@"@esﬁ %q"f( Z'rc n'um Carft qTﬂf%/ep!r;@sent S

tit f | h f bl
(5 Tess than” 100epPLEinaRnd” & HA0 o, @s"“}y{ ?@Bé'cgﬁbéﬁ @?ﬂ%%f’&ﬁ%free o
preferably, R capbidtdnthinihg 2Pie8&0ROP-GH §BBp and a base.

Also according to the invention, a process for the preparation of an ester
25 comprises carrying out an esterification reaction in the presence of a catalyst

comprising the reaction product of an orthoester or condensed orthoester of

AN
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1 1 APP 2002 WO 99/ 28033 PCT/ G898/ 03448 3 and useful condensed o1t1hxmmfs
i ncl ude the conpounds known as pol ybutyl titanate, polyisopropyl t~tanate
and pol ybuMi992893onat e. Preferably, the al cohol contai ni ngPET/GBEY&48 o
hydroxyl groups is a di hydnc al cohol and can be a 1,2-diol such as
1, 2-ethanedioi or 1 (2-propanedio|,&§ a 1,3-diol such as 1, 3-propanediol, a
1,4-diol such as 1,4-butanediol, a diol containing non-term nal hydroxyl
groups such as 2-nethyl -2, 4-pentanedi ol or a dihydric al cohol containing a
| onger chain s : .2t hyl 2t hyl |..; Preferred
di hydric al cohgﬁ?"@?‘eﬂ%&‘?@g %glrr@ ] na%éphgl-g%%rﬁ@n% Ig%g@'% W#‘H‘é'
organonetal |ic %9511?5@95&1qrgsﬁabnaéﬁemb%oaﬁamarc%qtafnrngryt adOorROB-YRYHELC 2l cohol
such as glycerol, 'trinethylol propane or pentaerythritol. Preferably, the
organonet al | i c gsarpyed useful as a catalyst iS prepared by reacting a
di hydric al cohol wth an orthoester or condensed orthoester in a ratio of
from1l to 16 nol es o adirhedemdodimen i origandeetdticridhmpowid suitdbidotilde Zi r conwm
or alumrnum Mre preferably, the reaction product contains 2 to 12 notes
of 15 di hydri ¢ @&l = odtalystpre an estedficationtprdcensvopmgrise< theireattiar pratiuctrofarum and nost
preferably 4 to 8 noles di hydric al cohol per nole of titanium zerconium or
al um ni um The athgesi@ptrosdensss athogstenad titdniin roortiem s aimidiwasan one P- OH
group can be selected froma nunmber of organophosphorus conpounds 20
i ncl udi ng phos pieahek copiginbghaks ferst dwo  MieoRh @MIPs s an pbrognephasaases and
phasphites. Preferably, the organophosphorus conpound is a substituted or
unsubsti t ut ed acromouwﬁsgrﬁﬁaﬂ@,a deasy195¢ | T-PHegroge. akes® AnP t3)Reudrary |
phosphate or a phosphate of an al kylaryl glycol ether or an al kyl glycol
et her. Pref erre‘?‘P% '&%ﬂgounds i ncl ude nonoal kyl acid phosphates and di al kyl
o banoohoenaesmor e e e Bl Rt FRb GV TE Ly G450 Skt o
PCTHGB98/ 03448 4 .cor ) i y i,la d_phosphat es
a u?anﬁﬂ%g;g}fé?/qn&g ”Srﬁ%%rk ?r@x‘ééétlar Bl @ca%%lzs_%é %?e%g{g, am

and cont ai ni ng, pnnci re of nono- an oSphat e

t . W I h [ bl
esters en a”zﬂgclh‘&’ %HB%? al Geds? Méeﬁycﬁ; gbﬁéﬂg,g'aﬁogrrggﬂé@p%ﬁ&ﬁ abl y

cont ai ns up to carpon atons, nore pre at ons and,

most pref er abl yeodiuhd chntRhd A 1astddrneMB.oH Ry ah& 4! kY ! p%feraéu#sytkegl ycol
et her phosphates are used the carbon chainlength is preferably up to 18

carbon at ons angkhdgBeenhdathd ArRRk YAOR), bP ALBRE WHBRM & f4ium Badikcbritth ar |y
preferred organophosphorus conpounds include butyl acid phosphate,

pol yet hyl ene { ¥&OR i9BOSRNAERP. ANdle prejeratBORYBhBNE @1E6 Ghipe® btopb@aghat es. 10
The amount of organophosphorus conpound present mthe reaction product of

t he i nvention i particusaly|syitdbe érir@estean greiude tettaisodrofoxynilagivef, tgpaaspheyus to 1
nol e of nmetal (titanium zirconiumor alumnium, preferably in the range
0.1 to 2.0 nol etighiowphotetidnpepbxyo| 2conitnal  dete-mogaexy pr gireonatyl y a@nd t he range
0.1 to 1.0 nol e phosphorus to 1 nole netal. 1 ~ A base is also used in
preparing the rteqetsooniqy 8Dt t he i nvention. The base is generally an

i norgani ¢ base and suitabl e bases include sodi um hydroxi de) potassi um

hydr oxi de and ammoni Urf $APEPNSSRF QRNCEpiES syitapimior Prsearias the romPatnds ek thishut vy
ammoni um hydr oxi de or chol i ne hydroxi de [frinet h}/lcﬂgz- hydr oxyet hyl ) anmoni um
hydr oxi de] ~ cafd QVEYOBES, RGNy ERAGYPY IRGIRMSISH titanium, zirconium”or

aluminium orthoesters. Titanium or zirconium condensed orthoesters are
frequently represented by the formuta
R'O[M(OR'),0],R!
in which R’ represents an alkyl group and M represents titanium or zirconmum.
25 Preferably, n is less than 20 and more preferably is less than 10. Preferably, R’

contains 1 to 12 carbon atoms, more preferably, R' contains 1 to 6 carbon atoms



20 base used is in the range 0.1 to 4.0 nole base per nole of netak spr 2002
(titanium ziircontumor alumnium. The preferred anmount is in the range
0.1 to 2.0 Wl ¥/28e3e per nole of netal and, frequently, the pEpgBss/exhsdase
present is in the range 0.1 to 1.0 nole base per nole of titanium
zirconiumor alum nium Wen 2-hydroxy carboxylic acids are used to prepare
the products of the 25 invention, preferred acids used include lactic acid,
citric acid, malrc acid and tartaric acid. Sone suitable acids are supplied
as hydrates or a us ~ 1 APR 7002 WD 99/ 28033 PC f/ GB98/ 03448 5

ni xtures and ca%%8€%§§g$"ﬁeqsﬁ? §"¢9§F S s Ye SoRpRIPESknoMm; a3 Aolybwvlesent , t he
preferred nol ar gatio,9f ' titani zircornumor alumniumin the
reaction product a?‘s eOPﬁy'?%%fg'rtr% LS aﬁégl?m#ﬁn}yéz’rﬁ?nﬁ“?'t ani um zi rconi um or

alum rnum More pref qgré?@rla%my.t e FR3h&! dtarfr@NLAb0S t%? Qngl%r(a)m‘? rﬁ%ij’%l‘s?'% eOf

2-hydroxy acid per nole of "5 titaniu zi rconi um

organoretal | i ¢ emyBRIAELHRdhaREn BE gﬁ)éfo?dlﬂgl.g;ﬁ OaF‘H?Q-é!rQenEé]& o??,%?q%glgegdfsol,t WO

(orthoester or condensed orthoester, a contarning at

hydr oxyl groups,a o,BngspElﬂSQthdﬂépaﬁéﬁmob'H%—@B\%u@@%ﬁ%ﬁ%ﬁﬁeﬁﬁﬂvﬂ{’ i f

desired, of any by-product, (e.g. isopropyl alcoho e ' orthoester is
1 p tetrai sopr opontghingah-temninaidiyd@RY ghfuBs Sithi &t Bmeth@3%-pdnthn oPLeferred
met hod the orthoester or condensed orthoester and a di hydnc al cohol are

m xed and, subsdényenic [aicohal doasipingsa amhderd chdirolsL@nasl dhyldie @ycgiagoghosphor us
conpound. Wen a 2-hydroxy carboxylic acid ~s also present in the reaction
product, this i®olsthEens gitdedPreterretedioydriboaistrels are clomenasaidl Qnhkhoest er
before the Z 5 organophosphorus conpound is added. Aitenmatively, all or
part of the 2-h e @hicelox\Pe iogapemetalicagpripoumbcanr adol teeptepdrédirdninie base and
the resulting salt added to the other conponents of the reaction mxture,

i ncl udi ng, if 19ESYPYRgC algonqlsych af Siyesrali timetaylolpraeans as pentaBnahritabt er i f i cat i on
reaction of the proc%ssf of the invention can be any 20 reactvon by which an
ester is produced. THhETEALIIGHIF ARG e cqmround esefubes a eatalyst |sioreparefion i n

whi ch a car boxyl| 1d_or 1ts anhydride and an al cohol react to form an
ester or (ii) ab% ﬁg%@ﬁ@e éjﬁhly#'r:icc% olp'glnw'?‘a?"c 8P| X \CoRdenss; ihogstariin 3t al cohol

reacts with a figst r QH% ter of the first al cohol and a
second al cohol rgét% J?gﬁqbt?/%gpgggage Sﬁp?l %mﬁ? 54 "é°§e[%fr"{aBP""“( ficpyuy
transesterificatyq e J i i ! are reacted to formtwo
different esters b?nﬁg‘gﬁa%g %%exgpl%'\g%/?%géﬁpgpéﬁ%%{sﬁﬁtra%? tgsﬁé?q??si"éati on or
transesterifi AricC aRohst b Noft & 1.~ 9] 2803
PCT/ GB98/ 0344g§t€mgr oducti onbégsrg%lgIrb;rrlg??l%m'eg'{cgﬁgﬁaﬁggﬁmﬁhen?eérnrge’aosgr ocess of
the nvent ~on compiérsisg 4atoP®|nydRsst @kydfit GRS heP ML 58 titaBRY zBNBR%y! i ¢ aci ds
and anhydrides can be used in direct esterification incl uéll ng saturated and
unsat ur at ed non@tamrdgryti ¢ aci ds and anhydri des of such acids such as
stearic acid, 5 isostearic acid, capnc acid, caproic acid, palmtic acid,
ol ei ¢ acid, pal nmit ol 8Pe orgehebhosphpris atnaawidowizici contdranataisst asé t-oMet hyl
benzoic acid, salicylic acid and rosin acids such as abiet'sc acid,
di cat boxyl i ¢ aciSH¥PsER basseifsiedarire aadiaberi abpteehephpsphari ddompeureipht hal i ¢
acid, sebacic acid, adipic acid, azefaic acid, succinic acid, fumaric acid,
mal efi ¢ aci d, 2h4IEIREI @RSPERESr BERRMEPhatasd RivePholRtea nDliasphitates sand
anhydri des of these acids and pol ycarboxylic acids such as trinellitic
acid, citric acipE?SDf‘ﬁEf?esi c acid, pyronellitic acid and anhydrides of these
acids. Al cohols fVGQH?ef{!ér'Q{ used fo%qp?li rgct esterfication include aliphatic
A nSIFRPNEPRPUD hBITPOLRF HS & BRtHted sent vi |

strai ght chain and branc e
hexyf, octyl an i i nc, af cohol s such as 1, 2-et hanedi ol )
1 (3- propanedi oﬁné}fgﬁ[i%é.a 'gyd? g%gﬂaaﬁ%’la%gﬁ%&j"f%qrH@?("gﬁtg‘gfcg?w'aﬂﬁ'as"ﬁ'ﬁﬁefﬁ9dnc

al cohol s such aghepysRr & af \/ i to rred process of the

i nvention corrpri%ses? reagtiangﬁg?ggtmﬁgﬁlle%g%oér mhﬁﬁﬁ?ﬁ%ﬁe&he&n rfgel"iege to form
bi s(2- et hyl heyylcpppdunas Atigde TRt RIdpnBEIALRY Sl ?.Qkﬂg .@{D%J%\ésaﬁé reaction
are generally the | ower honol ogues such as nethyl, et%y ahd propyl esters
since, during tmext@8s esth&ei ParfualafiPEonkeast B@Emoph&sph&u&’é&t'ﬁdouh& & ihgi nate the
di spl aced al cohol by distillation. These | ower honol ogue esters of the
acids suitable for direcf esterifrcation are suitable for use in the
transesterfication process according to the mvent~on. Frequently
(meth)acryiate esters of |onger chain al cohofs are produced by al cohol ys~s
of esters such as nmethyl acrylate, nethyl nethacrylate, ethyl acryiate 25
and et hyl nethacrylate. Typical alcohols used in alcoholysis reactions

i ncl ude butyl) hexyl) n-octyi and 2-ethyl hexyl al cohols and subststuted

al cohof s such as W O 99328033 7




dr met hyi am noet hanol . ~1AP~~2 PCT/ GB98/ 03448 When the estenfication1t i APR 2002 -
reaction is a transesterification between two esters, generally the esters
will be sel ¥P8Y28% as to produce a volatile product ester WeENGBHIRG
renoved by distillation. 5 As nentioned herernbefore, polyneric esters can

be produced by processes invol ving digect esterification or
transesterification and a particularly preferred enbodi nent of the
ester~cation process of the invention is a polyesterification reaction in

t he presence of Edhot ' herei nbefore. In a polyestenfication
reacti on pol ybasi dﬁacﬁ%f£%ﬁ$%§§@fédao%?epﬁ ?@ﬂs?%" AbespEetey and- contaisingll | y

reacted W th pol pir@BaiyC adh&RROLBmbR. ice a, polymeric ester. Linear
pol yesters are often g(r:gduced fr%’ﬁ]&d%ﬁgf@%&@(@?“ iFctress Whssen plnt i oned

her ei nbefore or E®serse ®LseR i bR Shdup Rl i hydric ajcohois.
Preferred pol yesterification reacti %nspgccoébéflﬁbg]tét%c? %ﬂ%%?ﬁf%‘?ﬂ?‘@ﬁs'i ncl ude
the reaction of meeapbfetablyi up &C8 darbén SorBtdaY! mb&a" i at it

1, 2-ethanedi ol (ethylene glycol) ~ 5 to produr(?e p‘%%'teapﬁy?peﬁoemc@r&é’ﬁht hal at e
or with 1,4- butsaftems divhérbalkylargner gihy gt eirRr RBhOGH tylen

terepht hai ate or reaction of naphthal ene di cgrg%xy ?%Péa?:j?eg’ t\§/{‘v|et(i"i'$"°”

1, 2- et hanedi ol t¥@frienatitie nreferpbly loy ke rEecampdhdtbrad 8RB nfore ge;g%%glaytgq%s such as
1, 3- propanedi oi, 1, 6-hexanedi ol and pol yhydric al cohoi s such’as gfycerol,
tri met hyl oi pr opaffEPeangtopen Padieyarhyr prefeirediroeganbmrassHordsa BdrdhduRds MR | Ng

pol yesters. 20 Th?y esterification reaction of the invention can be carried
out using any appPopFiaResrhat elvetariens gues! fpbosphates Hn@rarfii Sofekrlens €act i on.
A typi cal proces cB»anot he preparation of polyethyl ene terephthal ate

conpri ses two stages. TH2ERe fir st stage terephthalic acid or dinethyl

t er epht hal at e1'bs rea(;,-;‘gcla Wi t{: flbz'Et hanedi ol to forma prepolynmer and the
25 QY- Product water or- netHang| oPYoPRIERREES campound axesieytmer the sesaibs equent | y
heated in a sec St ; emove 1, 2-ethanediol and forma long chain -~
1 APR QL02 WO 39? hﬁso@%’%ﬁ%%/‘ B SIS e 15898, frb to 4.8imaireef phosHbotus t6 hese
stages may conpriimde 8imé&SitEbhil-CALLON process according to this invention.
In direct esterificati onélt(ﬁ'(taah'gﬂtr:\l %E%"?U"éﬁfh@ﬁp!pla@).g%e@my Ber8080.140 cohol are
typically heat e@,0 éle PR&EBASEE ¥ 1 ol in the presence of the

catal yst. Water 5 is aﬁ%?- pr oduct°%P%tgl]%n%p’gedﬁé?ﬁe%ﬁa%gdg”\eﬁ?@f?ei051 foedved) as
an azeotrope w tilephaspHoruddo AimdiethédaiOf Sol vent and/ or al cohol . Generally,

t he sol vent andl or al cohol m xture which is condensed is imm scible with
wat er whi ch i35t her eAdraee segisd 8éeatn BRSNS 150485 | cohol are
returned to the reaction vessel. Wen rengcti onai?&sn %}g&njﬁ géf_ttget'wgmgfcess

al cohol and, whdhe Bserljs samieratiyitan atceganicObRY FAQTRSHL bééésv.}m%eo%odt he fact
that the catalysts of the invention do not normally forminso unt e speci es)
it is not gener 8Y9'9Xidfe petessury hydroxidenancarhmemurh HBRokibe t{u?%thahiQrbaglth ure, as
is frequently nelgcgssar wi f h conventional catalysts. A typical direct
esterification PEcE? ofrauty hammenayariatiosde odr bhaiﬁe-iejdlfaﬂdgeﬁy,he\_thpht hal at e
whi ch is prepar quh Hy m't%d n%m%h_t hal i ¢ anhydride and 2-ethyl hexanol. An
initial 15 reactd O TEPORMOHB perexidel chrsalscint usedt Usiraly, 3hdsmeme bt

conversi on of (}Qgsermg ester to diester is carried out by refluxing in the
presence of the catarydt "al'e 2k forf O erle baseaper 00E of metd (Wamurhhe wat er
has been renoveg..,ayd t | e _excess al cohol is renoved. In an

al cohol ysi s reac{cioon, s‘%%ﬁ’%g@'fﬁ)r‘fr $ PPEred PRGNS s iBrite sanealyiste 2@ evoii xed 20

and, generally, pddReePhHRduUgt coho second al cohol ) is renoved by
distillation oft enebaes a% gfzrg%tglr%g’e#%gfﬁﬁ't E‘@ FquaY of s prasepl ip in thej s

necessary to freagd@nal £o kR 4PN D Sture produced fromthe al cohol ysis
in order to ensure that the secoﬁd maofgc%#ép'uﬁnsz'rscg'ﬂ%\rf’z?fE‘H’“E‘f“ﬂécti vel y wit hout

significant |oss of Whe&jar&§cahoic Ld ol . The condi tions” under
whi ch al cohol ysi s reacti onsr(g(?e c%*rg'rlﬁ eysc%ih?'ﬂfg?%gﬁﬁﬂat APCEAT ¢ upon t he

conponent s of25t eenh@a préferedandksORRBe Nrud¥ 1588RAReR: re heated to the
boiling point of the m xture used. 1 1 APR 2‘309&&6%53/736%%93“

PCTI GB98103448 iicedast.r 6dmpr sutathes aeifs bleCspBaNnsd AfbriSs bhGs AlERALAt i on of
pol yet hyl ene



terepht hal ate. A typccal batch production of polyethyl ene terephthalfat dPRs2002
carried out bg charsgi ng terephthafic acid and ethylene glycol to a reactor
along with b\ 3?’%’5" if desired and heating the contents to ZQQE/-GB%Z)QQ“ynder
a pressure of 5 about 0.3 MPa. Reaction commences as the acid dissolves at
about 230C and water is renoved. The product is transferred to a second
autocl ave reactor and catal yst ~s added, if needed. The reactor is heated
to 285 - 310C under an eventual vacuum of 100 Pa to renove ethyl ene gl ycol
by- product. The pRlt&nRr t ester. i.s discharged fromthe reactor, cooled
and chi pped. The chi ppe é%q%%puc?fa@& '8 O YhsR ai2HeyArosy  BEe o mresant tsol | d st at e
pol ynmeri sation, pbferedmBRF AL unt . of catal yst used in the
esterification process of the%lf ﬁ%@%ttﬁ%nﬁurﬁézﬁ‘éqnﬁm?aﬂ%@%@ 1P depctivre

titani um zirconprogucols % Wi Mokd eP ; ressed as Ti. Zr or Al, of the
catalyst. Usually the anount is fprgoﬁbgo%t“gﬁéﬁog%ﬁrgw§r6|é‘P""}‘H"I‘-I Msre (ppm) of

metal on wei ght nréferabigdhetat@yst @bntsigy 1 6itd 86t dosesterificatton 15
reactions. Preferably, the a<'21>r?$)unt is ?:%%%3%0@{50&238&8’3@% PSTERAF Obn wei ght
of product est &rtitanivin, mosopiupr @fatiédalny, 50 to 450 ppm of netal on wei ght of
product ester. In poiTyesteri fication reactions the anount used is generally
expressed as a proporihe oprgafométaicwvebgpdunef civ %ug];epg,%yg?trg{xin nﬂ] is usually
from5 to 500 ppm expressed as Ti, Zr or Al based on produc go )?ester.
Preferably the #BBAfeNisdoRpestenochndensel datodd M ARG 8SMEnAS at Thast éfo or Al
based on product gol yester The products of this invention ﬁave een shown
to be effective WIPK! yEUPsi grgaperhdsrtiony emipeurs amd basy) Wt Rihoval #@n
econonical rate without |eading to haze in the final product and with a
rediced amount SFS{E CHRRPYETOGEH @8t spBrops aipapaniieantht corkaest &at al yst s.
They have al sg l???a%o rrcl,own.tc: be stabl e against 25 precipitation from

pol yester pro ViAS eﬁ°%%%§a%§éPUprm§§Q¢Oﬂ¢ eneaweidresmaitieethet 0 such
products. ~1AR ges@pog%jog 033d 10 The invention is illustrated by the

fol | owi ng exanpl es. Preparatl or SRNESHH G0 dis dibwsic \pirohelsar€atiagd, atd; EXAVPLE 1

PCT/ GB98/ 03448 El,hus l.. (496. .00 nol es) was added from a
droppi ng funnel 5 tggés%ﬁ'gryr%a%gt'? %%q%s'u&m%{eﬁ?ﬂ’&ﬁ feanopapprusicapipopnd.e) in a 1

litre fishbowW Mraalk dhfg i Lyrer. condenser and thernoneter. An
aqueous sol ution of socﬂdu%gﬁé\dgégﬁﬁséé, 'sc?%ﬁtpéﬁsﬁ’ftﬂb'“gmcmrp%mm ight, (125
g, 1.00 nole) wasuatigdaddel Otdt hRe I ian £l lowly with mxing to yield a
cl ear pale yellow |iqui d. To thi ?ﬁlsi&%ﬁl c?frwagoig?%gﬁ %ré’(?gi‘fe’a bﬁfﬁﬁ/e'?'ﬂyl ene

gl ycol phosphas erdanaghngpharus a6meding Radhed arpon_at oms and
avai | abl e comrerci al | y under tﬁcgmt rade ngnn%@gg%%gg{(p%iﬁ’e(%gf%yg, 0. 55

mot e of phosphorarbyxvimabid ten Hecrtsutrdlisagwitd b BER MNBSheSbYFRDf Qiael HOUr tO
produce a pale Yel low liquid wwth a Ti Content of 4. 07% by wei gh?. EXAVPLE

2 15 The net hod "6fotEstepipenebtsialsthe egueadre thoird, indidmg dif fdegF@nNg Gkt 0. 28
nmol e based an phospharus (107.9 g) Knapsack 194 was added. The product was
a pate yellow | P‘E{H‘?’W\mettﬁ‘s‘a Ti content of 4.49% by weight. EXAMPLE 3 The
nmet hod of Exanple 1 s repeated but 0.50 nole, based on 20 phosphorus
(91.0 g) commerci al Sterficatign farstqaheltthe Precess Lof sheobvermo caraB6l afly - but y
acid phosphatfos)qawg’ﬁ lysegl in place of the Knapsack 194. The product was a
pate yel l ow I<qu™sa wi't VS " ShhtiRicdeseds . BBoseagtioneinghbe () a\dfad®9l 28033

esterification in which a carboxylic acid or its anhydride and an alcohol react to
form an ester or (i) a transesterification (alcoholysis) in which a first aicohol
reacts with a first ester to produce an ester of the first alcohol and a second
alcohol produced by cleavage of the first ester or (iiiy 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



11 EXAMPLE 4 1 1 APR 2002 PCT/ GB98/ 03448 The net hod of Exanple 3 ws R
repeat ed except that the anmount of butyl acid phosphate used was (ﬁfrr%q’%
based on pH¥9PEA@INE (182.0 g}. The product was a pal e yel | owpti/geosthawist h a
Ti content of 4.20% by weight. 5 EXAMPLE 5 The nethod of Exanple 1 was
repeated but 0.64 nole based on phosghorus (431. 69} of an aryl polyethylene
gl ycol phosphate, sold commercially under the trade name Knapsack 123 was
used in place of the Knapsack 194. The product was a pale yellow liquid

with a T~ conte 5 y # 6 The net hod of Exanple 5
was repeat ed exggpgétlf n;)atAf ?/%%nqeart'?m%\#\% g‘?" Kﬁa%gﬁrc‘?;f%ef%éﬁ HasmEnep nol e

based h h i | | I d wth

T content of 4 OHseny ooy ey oepa by Men) BinSoREaSel oo Bnstibio g,v“ a0
I ddedarfl 2

Tl 6y ina 1 itrect ehoon T oo T AR SR S et R o7 “anc

condenser. AqueowsodatioRyis| abias| &t aingdhde YerbycHed st sucﬁl% gt Hric ;c, note) was
added from a dropping funnel to the clear solution whic G Was then heat ed

to 65 C uxtders isastearin @it capricascid, @asrol \eit, Haiiic QacidC BRL Sk aé!n%% ca clear,
pale yellow liquid. A portion (82.19 g, 0.1 nole Ti) was weli ghed rnto a 250
m corneal fl asRcidrtdacootaneic @ciel bdmaoiy lacid c methpihseppdia tagid ( 931. i, ack- &3 Ol es
based on phosphorus) was added from a droppi ng funnel ¥1 stimmg. The
final product wESNaagdsesych palebieticepdidvditargonyit 6dds eqdmt eﬂtph&a%%@y wei ght) .
~ 1 APR egg W~D 991 28033 12 EXAMPLE 8 PCTI G B98/ 03448 Et hyl ene gl ycol
(49.6 g, 0.8 molSeYhaliascitdderapiiialierasispisehaduariel atipic sdui, eabetaict atd,um

n- but oxi de (34.0 0.1 nol e in a 250 m conical flask. An aqueous

sol ution of sodF‘ﬂﬁ%ﬂ”ﬁyﬁ?’%fP@@ i 8Fi¢: am#P'ﬁga@ZWRﬁmwdmbg*wc (@t@.dndg, 5 0.1
nol e) was added foll g @)@Fge yet hyl ene gl ycol phosphate having a carbon
chain length b%pi’%'%ﬁ%l 9 Acigis| Apd (pelyesroexylic eeidgisuchase Knapsack

122°(32.3 g, sed 0 hos hor us . The resul ti ng product was a
white solid hav?‘ﬁ‘geﬂm %’d c'?)l ctaé:ﬁjt{;' S'%a SRYERMelitis 24 andaphxides of theseEt hy| ene

o butox de (a4, B ASBRGR e iIREs oo 'f?é*"%%vﬁ‘%54“?3@%%%%&%&&2' Lantum
S0l Ut 00 of SOUkAlR Bl nGRIb e SRR AL 900, (42500, 0. 1

nol e) was added fol | owed by d|bu ospha

resul ting produstearasicéhdazdih thﬂlélc&tf@‘éh&g & 182 Ti of 4.56%
by 15 weight. EXAMPLE 1 D Nbr¥oet hyl ene gl ygo @tg%e%%l 633)9%%%&;01 was added

by droppi ng funnegloutadedisliahd e @-terdrdeiBsd dol %b%@b@d@%% 55}299945 S
pol ybutyl titanate (Tiicom PBT) (Ti conterﬁ1 20. 0% by wt) rd 0.10

notes Ti) in a e&Qenithriwr ndal préfemek prodbss? Of mue@étﬁloﬁc&drﬂph% facti@di um
hydr oxi de, cont ai ni ng 32% NaOH by weight (i2.5 g, 0.1 nole) was added

foll owed by a céstheiheiaabl vithippihalisransysinide @ foieh tis(B-ethPiheBABhtBalate.

The esters employed in an alcoholysis reaction are generally the lower
homologues such as methyl, ethyl and propyl esters since, during the
20 esterification reaction, it is usual to eliminate the displaced alcohol by distiftation.
These lower homologue esters of the acids suitable for direct esterification are
suitable for use in the transesterification process according to the mnvention.
Frequently (meth)acrylate esters of longer chain alcohols are produced by
alcoholysis of esters such as methyl acrylate, methyl methacrylate, ethyl acrylate

25 and ethyl methacrylate. Typicail alcohols used in alcoholysis reactions include

butyl, hexyl, n-octyl and 2-ethyl hexyl aicohols and substituted alcohols such as



based on phosphorus). The resulting product was a white solid ha}\gi Eg T
content of 5.03% by wei ght. ~ 1 APR 2002 WD 99/ 28033 PCT/ GB9d/ § 3
EXAVPLE 1iwbiserbogbene glycol (848 g, 8.0 nples) was added bscriGBysismg
funnel to stirred zirconium n-propox~de (Tilcom NPZ) (445 g) 1.0 nole Zr)
ina?2litre-flask. A portion of thi; solution (129.3 g, 0.1 noles Zr) was
wei ghed into a 250 mM 5 corneal flask and an aqueous sol ution containing
45% chol i ne hydroxi de by weight (13.45 g, 0.05 noles) was added foll owed by
a comercial bu %I \Rghongate (9.1 g, 0.05 notes based on phosphorus). The
resul ting produlPeATMISEX8Y yel | ow sol ution having a Zr content of 6.01%

by wei ght. EXAWPLE %he]ﬁoth 'é‘sﬁeﬁ%ﬂaﬁ&e r&lc¥|8r9 lls %%ﬁgeesg?rg%tlgn rgggtlw%zri%g added by

dropping funnel to stirred alum nium sec- butox nole) in a

250 i coni cal %%?&lggf%éguyatﬂy@aé@ \Nﬁll%e;’&éléﬁ?edgsfg B HREYALaKIAGGRANT a1 NI NG

32% NaOH by wei g g, 0.1 nole) was owed by a conmerci al

butyl phosphat eedi& whicH caPbrapBled Ry ak@fkign Phosphorus). The resul ting
product was a clear solid gel having an Al 15 content of 2.06% by wei ght.

EXAVPLE 13 Et iyl ene a3l yreatione@heferrefofe, 4pdithent a¥dis askelesk Byoddésanpy ng f unnel
to stared titanwm n-butoxide (34.0 g, 0.1 note) in a 250 m conical flask.

An aqueous sol uprocsssesointaimg digciddsléeriiyatioriod fansetemftatidnndhy phrmoiade (2f 1. 93
g, ~ 0.1 nole) was added foll owed by a aDnrnercial butyl phosphate {18.2 g,
0. t m-cl e baseprefarrep lepsiphiotents pi thEh esteefivation PRcEssOdtidie Wwasnton Clkear pal e
yellow liquid having a Ti content of 4.62% by wei ght. EXAVPLE 14 Ethyl ene
gl ycol (99.2 g, pdyesterifidation rpectiorid deedprbsende oithe catplyat desehbeaddmeinbsiore: r ed
titaniumn-butoxide (68.1 g, 0.2 nole) in a 250 m conical flask. An
aqueous sol uti ol »POESETRAIPH/ GREIRN @elyeesin adidsi ol gsBEAINplYaRsigeRidsNt©H (25.0 g,
1i AFR Z~Z WD 99| 28033 PCTI GB98/ (B448 14 0.2 note) was added foll owed by
comrer ci al  butdy/HSYshoSaFed with payyags algonois,is) RegducergaPivanerie €5tRy €Me®ar | i qui d
product was transferred to a 5%9 rq r ot g‘%s_eva orator 5 flask and sol vents
were renmoved unBRYeSESR AEnPUN Rigfueed Fof G 2R3, FUEY BUTIShAREPIRTed T
content of 10.54% by .weight. ~sterificatio LE ' 5 Th r%gucts of
Exanpl es 1, 3, Bergﬂ%fqe\éreétefse {58l o3I 3 c%ﬁf '@fdir'f)r?iCS[?o'sl?gregeﬂ Ti as
catalysts for the nreparal i Qll Ls6Ag 5L e NEXKs RIMES WA &hetion of
terephthalic acid or dimethy! terephthaiate with 1,2-ethanediol (ethylene glycol)
15 to produce polyethylene terephthalate or with 1,4-butanediol (butylene glycol) to
produce polybutylene terephthalate or reaction of naphthalene dicarboxylic acid
with 1,2-ethanediol to produce polyethylene naphthalenate. Other glycols such
as 1,3-propanediol, 1,6-hexanediol and polyhydric aicohols such as glycerol,
trimethylolpropane and pentaerythritol are also suitable for preparing polyesters.
20 The esterification reaction of the invention can be camied out using any
appropriate, known technique for an esterification reaction.
A typical process for the preparation of polyethyiene terephthalate
comprises two stages. In the first stage terephthalic acid or dimethy
terephthalate is reacted with 1,2-ethanediol to form a prepolymer and the

25 by-product water or methanol 1s removed. The prepolymer is subseguently

heated in a second stage to remove 1,2-ethanediol and form a iong chain



Titani umtetra-i sopropoxide (Ti (OPr')4] was used as a conparati vel LAPR %
10 The apparatus, was a 1-litre, 4-necked round-bottoned flask fitted with a
t her nomet ewO 9948P3% seat, a tube di ppi ng bel ow the surtace FCTHGRISHO3HMEt ant s
and a Dean and Stark apparatus. The equi pnment was operated under reduced

pressure using an oil vacuum punp cognected to two water condensers fitted
above the Dean and Stark apparatus. The dip tube in the flask was connected
y 15 to a supply of oxygen-free nitrogen. This providecJ a nitrogen bl eed

to aid the remoyval of .. [ rin he reaction. 1.0 e. (148 pht halic
anhydri de was a%pg’énae(?'t %’Y’\%F }é brgr%{l t(t,{('assg( igfngayzgog}p '?ﬁ ﬁ%)?g{r?ﬁ{'c?t'#h%m?ﬁ%%(t ure was

heated to di ssolye. Fn@?odﬂlltimwu&w anhydri de and the nitrogen flow started. 20
A wei ghed anount ofd atalyst was added to the reaction flask in a porcelain

boat before heating Qﬁedﬂ&%ﬁﬂc@ﬂm%@&% orféﬂﬁyd;li_&é%réroétc%iofg\c%{sar@?ded as a

solution in 2-ethyl hexanol via the rubber seal wth a syringe, belowthe
surface of the gk RBhted, iflftRessBAGH b @BIvEAL XA e PradBsce i Mcadtalyat. Mernai Nt ai ned
at a vigorous reffux at 200C by suitable adjustnent of the heating rate and
25 vacuum The ised By-piote e akk Yaastioh eiaVer is whsivadtdsabn Yadsopilivikkby as it
was WC9 99/ 28033 15 forned and coll ected mthe Dean and Stark apparatus.
~ 1 APR 2~2 PCTbdBiBg3niktoe48 sblventpnd/gr sisshobf Gérleerlly, aae olesnt aattorfaddoh@wed by

wi t hdrawi ng sanples at intervals by nmeans of a synnge fitted with a 30 cm
needl e i nsert edmidureugiicht lire condspeesd e ahmiskibie hwithawalee wigish @ddwgefore a known
wei ght (approximately 100 g) 5 of cold al cohol to quench the reaction,

wei ghed and ti t penaeatedabefpnessolventangifor calgnbiplaare iremnig de dha tkaction| vgssebn m

et hanol using bronmophenol blue as indicator. The results were used to

cal cul at e t he aMgntreaston ifr eeeriele NPaprcess plsphoppRd ofien geee FOBREt P6n was
continued for a total of 160 mnutes. The results are %wen m Tabl e 1 bel ow.

10 TA LE 1 CatGPF\RePBissdircievdi tipctBha) dfcgataysis of thy nvention do not normally

3800t ear 96. 43 Ex KB BEOR0GEPELFS 7 BARSRHEAY PResBA PSR T, T ¢ 5
a8 to 14 ver SEEE e b bbeBuonty ik i Lo RERAHGlabaf ABSRIP 55 oy
Zr based on reagfé%@te%teﬁ&aﬁd’ﬂ ?éla(:ﬁ;nsis 1Ref Reodrfi6n R %é&?{-%\%lﬁ%rtggphjhazate

nonoet hyi enegi y benzoate. Titani um ~sopr opoxi 4] and anti nony

oxi de were usedyashG [MAVI-S- ) akp anplimliat 1 €,
4- necked round bo??g%%ﬁéargﬁ byi tt Pég;‘ﬁ?\l}mh?% anhyfcd BRAL BB hé¥aol Jar ikt

15 reaction to form a monoester is fast but the subsequent conversion of the

monoester to diester is carried out by refiuxing in the presence of the catalyst at

a temperature of 180-200°C until all the water has been removed. Subseguently
the excess aicohol is removed.

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

20 and, generally, the product alcohol (second alcohol) 1s removed by distillation

often as an azeotrope with the ester. Frequently it is necessary to fractionate

the vapour muxture produced from the aicoholysis in order to ensure that the

second aicohol s separated effectively without significant loss 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 generally

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



t hernoneter) rubber seal, dip tube below the surface of reactants ?”FAPEQ&R
and t t APR ~ WD 991 28033 PCTI GB98103448 16 Stark apparatus. A gl'ass

col um ( 30wergp28es3t ai ni ng gl ass beads was attached between pRpcpeaeiison
flask and Dean and Stark apparatus. The equi pnent was operated under vacuum
using an oil vacuum punp connected to a water condenser above the Dean and
Stark apparatus. The dip tube was cohnected to 5 a supply of oxygen-free
nitrogen and provided a nitrogen bleed to aid the renoval of water during
the reaction. 0.5 no 1..06 nzoi ¢ acid was added to 10 noles (620 Q)
nonoet hyl ene gl ycol A %ﬁ{eeﬁr(gg(@é%cggsoﬁgﬁ%q Pgtioldsthe SEsgaRelo PRty IBRfh z0i ¢ aci d
subl i mation andefedni QM sation reactions. The catal ysts were
10 added as sol Sieigons or s sl%gir’lés{‘f% nésja%l o nﬁflgcr;‘%w%g? 7P 'S8 637%D ensur e

good di sper si ongyut HYecnBighk Use ic eat issol ve the benzoic acid and
the rntrogen flouwggt ar tgeg. The t'grrg'graggur '?Ngﬁyg%{it%eadretaf)torl@@‘gd”'ghd after 5

monutes a sl i ghiataiyae i UB88 Snd ABMhE the BBfke b % bEIM raised to 200 C
Distillation of the waterl nonoet h§| gne SI yc%%&(%g&e rg?preas Cu P150 C and

the reactions sldboues.8MPa) Readtids dorirherded bIPE QLIS diksEdied st Bloul S°d 9nd 93 C by
sui tabl e adjustnent of heating rate and vacuum The water produced was

removed Wi th nosesertibydneveq e prodacih mislened b $Ecand dlRodRa e arSt ar K
apparatus. Progress of the reaction was followed by w thdrawi ng sanpl es at
interval s by mek@talysdis addeq.rif nepeled.i Theeckaviot It a0 te DBMC@ddE inasesd ed t hr ough
the ~ rubber seal. Each sanple was added to a known wei ght (approxi mately
100 g) of col d ¥eeHARaCHU ofutdadt? to emave &ttyiena glyem bgbeduandhe irottét ed agai nst
standard pot assi um hydroxi de solution in ethanol using bronophenol blue as

i ndi cat or The rRICYHCt 8stefris discharaed|fige thearactns reeoless el ¢rapped! Thel chipped he

per cent age conversion to benzoate ester. The reactions were each nonitored
for a total dP PRYFSHI Ma Resthemsubissted tossolid statgpelyryensation, i aferbirate? bel ow. 11
APR 2~2 WD 99/ 28G33 L TABLE 2 PCT/ G B98/ 03448 Cat al yst % Conver si onEst er 90
mn. ~120 rnin. | 150 THEAOU PRERIAYS, Usegi e SSterier e ruesesn gigheigventian 0566. 16

~pal e yel | owTi ( = 381. 8499. 67 ~99. 39 ~col ourl essExanpl e 892. 8398. 59
1 99. 3999. 53 | co%%)raf'yeds%’%}"gs i F’éﬁ"@%@'@%ﬁ@@?‘%’?@@?%’?@ym@fwﬂb@M%%d , Exanpl e

1094. 9197. 42 i . 32.%7 S 45.9350. 405d.
~54. 60whi t el ci g%df/}Exarr%ﬁgp%ggéé{8§3%%k%ééﬂqn}lﬁ\%ﬁm%’Jt(?ﬂf}g(g?ﬂ?iegﬁbI e
izgg g égg 4211;88 rﬁlglgg( gﬁgg?/g\g{a! ﬁg%@%ﬂlﬂgduct ester for direct or transesterification

597. 2397. 54985048@0fé) CPeRrtblye HRENAIR| € frath 38Bo 28T o9 oS %We‘?%h?ﬁf‘

colourless * Anspec Sel ect Antinony Oxide (3%wm|wt nonoet ene glycol) at

164 ppm Sb. Af t@oduchestéresng tmodd prefetbly 50a6l 460 Bhre g metalSH Mgt WBSodeOVeEd for
gas chromat ographic (GC) analysis, It was found that different catal ysts

produced $ var yastay- pr myhesteiifcagonobadtitre ts adowrt 8sed 1 gereFf adrsssédsdred were
et hyl enegi ycol nonobenzoate (EGWB), ethyl eneglycol dibenzoate (EGDB),

di et hyl enegl ycc? PPBE®N) of teewdght ehmredugitmmllyesenariids nnatefr¢rDEG@/R)0 mrd
di et hyl ene gl ycol dibenzoate (DEGDB). The proportions (by area % from GC)
ace reported i neXPERSPRY 25 Ti, Zrpor Al IsRd on-progidt 90lyR80.3 BreREatily (BB3B0084s18 18 TABLE
3 Catal yst , EGI\%EGQBDEG ~ DEGQVBDEGDBSb oxi de' 6.670.72 ~ i10.48. 2.75-
Ti(OPr'), ~ 20 from 3 to 100 ppm expressed as Ti, Zr or Al based on product polyester
The products of this invention have been shown to be effective catalysts

for producing esters and polyesters at an economical rate without leading to

haze in the final product and with a reduced amount of yeliowing of polyesters in

comparison to known catalysts. They have also been shown to be stable agamnst

25 precipitation from polyester products when aqueous base or phosphoric acid 1s

added to such products.



1.71 ~ 17.26 ~ 0.46 | 0.47f 3.95Exanple 81.93 ~12.89 ~ca 0.04 44 APR 2@

| 0. 080. 71Exanpl e 91.9412.88ca Q 040, 24 ~0.48Exanple 10 ~1.98 | 14.58ca
0.°080. 26 ~OW3OB24803% e 111.38 13.93 ~ 10.53 ~0. 452. 36Exanpl e %%§g¥§&§%ﬁ.ou
0.70 10.411. 39Exanpl e 13~2. 16~ 15. 62~ 0. 150. 270. 77Exanpl e 141. 3374
0.071 0.30Q 91Exanpl e 51 3.0225.600.280. 241. 28Exanpl e 3~ 2.61~ 19.101 0.14
0.21~ 0.91 ' Anspec Sel ect Antinony Ri de (3% | Wt nonoet hyl ene gl ycol) at
164 ppm Sb. "Anal ysis of supernatant |iquor. The results denonstrate that
the catal ysts of the [Qn are effective 5 for the esterifieation
reaction of benzoate.ﬂggz{rgrgitlogﬁsd' psgﬁta%%yeth?ﬂoﬁ%'ﬂﬁ%‘awp*ﬁﬁ | ower | evels of DEG
by- product than antinony oxide or conventional titaniumcatalysts, EXAVPLE
17 A pol ycondensation reaction was carved out in a necharncally-stirred 10

300 m gl ass vessel fittegrephdallosh Jhale, gl d Lrap for collection of
nonoet hyi enegl ycol . A thernostatica heati ng el enent
was used to proEXAMmBlEd and an oil vacuum punp was connected to the cold
trap. A nitrogen bl anket was provided via a connection to the cold trap.

WD 99/ 28033 19 1 1 AREtipieRe gifeai/(496R3508 4R er epht hal ate was
prepared from (hydroxyethyl)terephthal ate S’;‘?J’yﬁ?’%ﬁ‘g’ﬁﬁaﬁ}%ﬂp ﬁﬁ i ed by

| Ol Pol yest er s5 oTofiresidtitgmiues n-betogideI 520 g, S00TRLR) f IR 5rdislRgli asPal, Po! ymer
contai ni ng approximately 4 ethyl ene terepht ha? ate repeatl ng uni B8 whil st
sanpl e B was 5 W#ghtiTenl topdensee doil sthémnanensy edhehddoBE elilibRl At &uinsam!l e A

al so contained approximately 5 nol % acid end groups. 100 g of

(hydr oxy) t er eph{fP4e% ptRipivg (32pr NaQht boweights (105 3¢ €00 infbld) WasTRa&d i.on Tl ask
under a nitrogen flo f ol | oned bx a dilute solution of catalyst (T) added
at 30 ppm) in JEBHYPN dAvgHigHdy with Tiwing temisidhe albarchaw Ydlowtiiglid i Tidink0 250 C 10
for 20-25 m nut t ich point a stabiliser (phosphoric acid, 1 Q ppm
and.cobal t acet gcfuéoafvg%ﬂfegﬁdt 8 PebeYIens gycolerhostdid ddiying gadamaaschaml Ut i ons i n

nonoet hyl eneg itrogen fl ow was stopped and vacuum appli ed
steadily to 15)%%%{“ CXP‘ ? e%%fa-ggn?ﬁ?fg?‘@gabﬂ%%pnﬂ'@?fﬁ@Wa{fueethwet@dia mameas ed

steadily from 2RRa+eati01890:{s 5 Thg-power consunption of the electrical
stirrer increased p% Wi t hq%ﬁéa g’l gg%ﬁ@f@&?ﬁ@ﬁoﬁ“?ﬁﬁ? resutling Imexterei rr er

revol uti ons dr opRaeshrre r i re jtored until a predeterm ned
val ue for the peri phe}_gﬁ 15%23}%'1?&{3E3\6§8iy?'§%9”'9i“’ﬁ“FffSI?ﬁ’?tﬁ)t 87%eached at
whi ch poi nt t heopagghtm was broken with nitrogen and the nolten pol yner

di scharged and quenched into cold water. It was then dried for 10-14 hours
at 50 Cin a vaexamepEen. 20 The col our of the polynmer was nmeasured using a
Col orgard System 2000 Col ori nmeter. Common nodels to use for col our

expression ar t he Hietmethed of Bkaniisl1 Rias Gdpeied ViR the wirdiendld P2 scal es
where the b-value in both describe yell O\anesg. Theﬂlreygvf?%e\?m%eeg'gp&zgt he

pol ymer i ncr eas®deiased br padspaorud (87 9a)) KiBSsalioh RCWARLINRT Ghi Prol@@c,rte measur ed
by Gel Perneation 25 Chromatography (GPC). The results are glven m Table 4.
was a pale yellow liquid with a Ti content of 4.49% by weight.

EXAMPLE 3

The method of Example 1 was repeated but 0.50 mole, based on
20 phosphorus (91.0 g) commercial butyl acid phosphate (mixture of mono- and
di-butyl acid phosphates) was used in place of the Knapsack 194. The product

was a pale yellow liquid with a Ti content of 4.56% by weight.



11 APR 2~ ° WD 99128033 20 TABLE 4 PCT/ GB98I 03448 Cat al yst Mononen 1 APR 2002
Sanpl eReaction Tine (M nutes)Col our (b' val ue)Col our (bh val ue) Ml ecul ar

Wei ght |, (WAPERB0sXi desA1956 ~5. 3219, 330Ti (OPr')4 | A 41106. PETAyBIS/03448

~16, 290Exanpl e 5A1403. 392. 7811, 480Exanpl e 3A145 |3.342.57 ~14, 130Sb oxi de#
~B ~1350. 71 ~0.56~ 19, 550Ti (OPr')sB1159. 066. 6715, 190Exanpl e 5 ~

B805. 934. 6312, 770Exanpl e 3Bl 100 r~ 4.052. 915, 420Exanpl e 10B1008. 656. 30l
NAExanpl e 1381 954.473.56i NA Anti nony oxi de Catal yst Grade from SI CA added
at 250 ppm Sh. MAwmpigQt avail able. These results indicate that the

catal ysts of the 1nvention are active for the 5 preparation of polyethyl ene

terephthatate and afg GeREDLEBhoRRUHIGERG B RhEFEhatthd BnESWet g | owness
val ues than conventional titaniumbased catalysts. EXAMPLE 18 I1 has been

postul at ed t hahci@hospralRaided a8 Nebidlibasal o1 pRdshRtusM¥a.of bf apam cat al yst s
are used to prepare polyethylene terephthalate is interaction of 1 p the

catal yst wi th aroubhemwaela pdlegeivpaigiit wiina praeieatof 920R 0k weighty | ene

terephthal ate. Catal ysts of Exanples 1 to 7 were assessed by n~xnmg with one
such deconposs EXAMPRE@Juct, di et hyl di hydroxy terephthal ate (DEDHT) in

t ol uene. The 1 1 APR 2002 - W7 99128033 PC T13898103448 21 standard
catal yst, titani um Tee metiodopr Drpowiedd a5 (eppeted but A44 eledbased coonpari son
and was added to 0.4 g DEDHT in 10 m toluene. The catal ysts of Exanples 1
to 7 were adde@"eseh@EDHHA! §PLee 280RMM | bRveliiere spiEd aphosefiriNtsPEt i on ~n an
amount sufficient to produce the same Ti concentration in g the m xture and
the col our of &aBERewRllY Haderithe fRdesnamesKeRepaskniZd evpsusserhdy Blats ebiheoo
spectrophotoneter in The results are given in Table

5. TA-1 E 5 CatKQF@Féf‘CgS?l%ﬂ‘e ?éﬁ?%w%%‘ \éﬁtﬁitete@ﬂ%dl‘i‘é'éﬂ“(‘aﬂl'C?'kﬁri."g%ﬁé%pl e

16Exanpl e 283%%%@%@ 35. 5Exanpl e 45. 5Exanpl e 55. 5Exanpl e 88. 5Exanpl e 77

EXAMPLE 6
The method of Example 5 was repeated except that the amount of
Knapsack 123 used was 0.32 mole 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 giycol (248.0 g, 4.0 moles) was added dropwise to stirred
titanium isopropoxide (142 g, 0.5 moles) in a 1 litre fishbowl flask fitted with a
stirrer, 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 soivents were removed to
yield a clear, pale yeliow liquid. A portion (82.19 g, 0.1 mole Ti) was weighed nto
a 250 mi coniwcal flask and commercial butyl acid phosphate (9.1 g, 0.05 moles
based on phosphorus) was added from a dropping funnel with stiming. The final

product was a clear, pale yeliow liquid (T: content 5.26% by weight).
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conpound suitable for use as a catalyst for the preparation of an ester
.conmposi ngwWmes8e3ct i on product of an orthoester or condensRFBEBIIE4er of
titanium zirconiumor alum nium an alcohol containing $ at |east two
hydr oxyl groups, an organophosphor conpound contai ning at | east one P-CH
group and a base. 2. An organonetal l'ic conpound according to claiml
conposi ng the reaction product of an orthoester or condensed orthoester of

titanium zi r CORAMBR %é al um nium an al cohol containing at |east two
hydr oxyl groups, an or ganophosphor us conpound contai ning at | east one

P-OH group, a base gffeda dyddy Uy, 68'RA%Y WL febd by JrophiRg Hiran@netal lic
conpound according to claim 2 characterised in that the 2-hydroxy acid is

lactic acid, Cdufréd Gtaidn-biBkiE (840 &, V1 hidle) a i2C2RCIM corflal ABsKOT@anonet al li c
conpound according to any one of the preceding 15 clains characterised in
that the orthosgéss sbasior biesobinmydrxit CRitaniag 32% (NBBHDLYWSdHE (1.5 6, titani um
or zirconnmand R is an al kyl group containing froml to 6 carbon atons. 5.
An or ganomet af 0.1 enotx) MpsUAdHed Foimwat Iy 4 @ogetiyleneegigdol phasbae havidg and 3
characterised in that the condensed orthoester has a structure which can be
20 r epr esent edcdmont dneinf lengtiollof,12 Ringl dvalaRle) 2@pméRtialyhender ki teadei tagnei um or
zirconium R is an al kyl group containing 1 to 6 carbon atons and n is
| ess than 20. nermekdRg&Rohettdd neles bersd on dhespborueli e resuitingypresiyet of t he
precedi ng clains characterised in that the alcohol containing at |east two
hydr oxyl gr oup¥@s &awhitezoliq hayvingdi dcontant of 7 Pplnweisdl , 1, 3- pr opanedi ol ,
1, 4- but anedi ol __2-net hyi 25 2, 4-pent anedi ol , diethylene glycol,
pol.yet hyl ene g§§%¥¥¥i%lycerol, t nmet hyl ol propane or pentaerythritol
ti APR2~2 W- 99/ 2803 3 PCT/ /103448 An or ganonetailiic coppound
accordi ng to@ny ongthé?"et ﬁ'@c"gt’(g%g(ﬁ' ?{"ga ae W@%ﬂﬁ’g?‘g@‘{ &FP8RG et fat t he
reaction produ i.S.prepared b cti a . di hydr| | cohol, with an

ngrr tltgnug\q Onr-lgl.ﬁom e g?»?f%l , g'.grné?llgomo 5%& m"fl cont gﬂfg‘l‘ n%r' es of

|
€
ort hoester or con&ense oest rom

di hydri ¢ 21 0ONghydefe €GB LA nidrbA Mlarflo oMM BTy BRUTISL UM 6. An

organonetal | i ¢ conpound according to an the preceding clains

characterised igy B8} whi SeQIBRAREBIPRAN hEPRRRUAES igS 0 85 phd e, a
pyr ophosphat e, a phosphonate) a phosphinate or a phosphite. 9. An

organonet al i i C reRHRE BidduR Rl L3y ihQd RBYInP B ehe@burtd1® BhREES 4B bl NB
characterised in that the organophosphorus conpound is a substituted or 10

unsubsti t ut edsaddgnl. phosphate, a substituted or unsubstituted aryl
phosphate or a
EXAMPLE 10
Monoethylene glycol (49.6 g, 0.8 mole) was added by dropping funnel to
stired condensed titanium alkoxide known as polybuty! titanate (Tilcom® PBT)
(Ti content 20.0% by wt) (24.2 g, 0.10 moies Ti) in a 250 ml conical flask. An
20 aqueous solution of sodium hydroxide containing 32% NaOH by weight (12.5 g,
0.1 mole) was added foliowed by a commercial butyl phosphate (8.1 g, 0.05mole

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

content of 5.03% by weight.



phosphate of an al kylaryl glycol ether or an al kyl glycol ether. 1?@#%[12&2
organonetal | i c conpound according to any one of the preceding cl al

char act er i w@b928038hat t he or ganophosphorus conmpound is an aP&yiGBgsitidfhat e
in which the organic group contains up to 20 carbon atons. 15 11. An
organonetal | i ¢ conpound according tQ any one of clains 1 to 9 characterised
in that the' ~organophosphorus conpound is a phosphate of an al kyl aryi

gl ycol ether or an al kyl glycol ether having a carbon chain length up to 18

carbon atons. ganornetal fi ¢ conpound according to any one of the
preceding 20 c gAMéﬂEWract eiis~d in that ttte organophosphorus corrpound IS

present in an amunble&hweké]g\yéoqn&%ﬁ@]o %Ble%} Sos a4 @ o?'hosg%nwéﬂ ol e

of titanium zirconiuntor n organo ound

according to aemreeeﬁcdafunmsmwxﬁg%ﬁkw ﬁb@f(a@szggh%nﬁ&égf)'.ég it éhaghat the base

is present in an anount in the range 0.1t ase to 1 nole

of titani um ZjargakhWint séddRi(Mmaay, oﬂMAu&%@&@éi’avegghe& ko AFFR0 202
PCT/ GB98103448 14. An organonetal frc conpound according to any one of

claims 2 to 13cediar agdkedrids et abueolid) 8blutidecottdit@dlr 489 el hyBroRideéS®Nnt in an
anount in the range 0.5 to 4 nole acrd to 1 nole of titanium zirconium or
al um ni um 15. wAghr 0iGaSsg,f 0.05 trhes) rvegsa aédedomlioned apy &S icermediaP bitgi Ng
carrying out an 5 esterification reaction in the presence of a catal yst
conpri si ng t hephesabate (M prblfuntieshasat oo phéepbstnr Ther resdtrdamsiedt wast hoest er  of
titanium zirconiumor alum nium an al cohol containing at |east two

hydr oxyl gr oup# cleanyetiowsaiidion baviiser dicontentph6Atls bvweighhi ng at | east one P- OH
group and a base. 16. A process according to claim 15 characterised in that
the = 1 p esterfXAMBIERN reaction conprises reaction of an al cohol with

stearic acid, isostearic acid) capric acid, caproic acid, palmtic acid,
oleic acid, patnitol é%t*af'eaelgéycdt(ﬁ‘i SoReaneieLwascadged t?én?@?%”gafﬁnflf' Gret hyl
benzoi c acid, sal 'cféll ic acid

i sopht hat i ¢ aciyfre P'B'BWFh%ﬁc'bEt°58? ?4 bdaH"S'eg{?re% goag‘?cb?r&cag%sgag"jé(z:e?g: (C;I
a.C' d, SUCC! nr Ccaaqg &!Js solﬂ%rdf%oc%&rﬁ Hdeﬂ{?{i ef ' Pam?% 32% Na g%legtqg‘l%ig' mesic acid

dlcarboxyllc a acl e

orpyr oMl | 1t o Aol wdTaaells RIARASY 2266 HelidlElel Bn ﬁﬁg@(an sf@gags erised in

that the esteri |cat on reaction conprises reac with an

anhydride of a ghse@bPERE¥bAdrusiCing ré&hmﬁg E(ob&&h@@éﬂebps&xﬁ'g@ ha¢flg 48-A1 A Process
according to claim 15 characterised that the esterification reaction

conpri ses reagt édendf 2060 yMdghest er, an ethyl ester or a propyl ester of
acrylic acid or nmethacrylic acid wt h an al cohol. 19. A process according
to claim 15 chapasameys ged in that the
Ethylene glycol (24.8 g, 0.4 mole) was added by dropping funnel to
stirred titanum n-butoxide (34.0 g, 0.1 mole} in a 250 mi conical flask. An
aqueous salutian contaming 45% by weight of choline hydroxide (26.83 g,
20 0.1mole) was added followed by a commercial butyl phasphate (18.2 g, 0.1 mole
based on phosphorus). The resulting product was a clear pale yellow liquid
having a Ti content of 4.62% by weight.
EXAMPLE 14
Ethylene glycol (99.2 g, 1.6 mole) was added by dropping funnel to

25 stirred titanium n-butoxide (68.1 g, 0.2 mole) in 8 250 mi conical flask. An

aqueous solution of sodium hydroxide contamning 32% by weight NaCOH (25.0 g,



esterification reaction conprises reaction of two esters to pr oddck APRC2002
different 25 esters by exchange of al koxy groups. i1 APR 2~2 WO

99/ 28033 POYOGBR3393448 25 20. A process according to clai m p&r/GRos/n3a4s
characterised in that the esterification reaction conprises a _

pol yesterification conprising the regct!on of terephthalic acid, dimethyl
t er epht hal at e or napht hal ene dicarbox?llc acid with 1, 2-ethanediol,

1, 4- but anedi ol, 1, 3-propanediol, 1,6-hexanediol, tnnmethylol 5 propane or

i ding to,any one of clains 15 to 19
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rotasy,evagor
or aluminiumw th respect to weig §edevapogiehcess

according to cl @i &k Qivedl wdHaréadh8s LieH vhiulhalest BS, esler it cat i on
yst

7 I a
reaction is a polyesterification and the cata i S p?’ deénirazy anount

: ‘ e Caht
in the range 5 thavib®8 Tpenteht srab.5a% Ay Qeighgtl cul ated as parts by weig

titani um gi rconiumor alumniumw th respect to wei ght of product .
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| vgl fa[ V] cal] ca] cal] ca] ca] cal] ca] cLaEe?l:iﬂggaa] cal] ca] cal] ca] ca] ca]ca]ca] ca]c
A <a] ca
g %ataggfig:ﬁ%ﬁwg?cg ga?(L:J]a]ch] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca! 9Fn2
T LT3, og o |y The PEpeTeltarplen] Sapend ¢ apedieid aalokmsipabeal cal cal

cajcalc"alcal'-///1/101
g]_ggg] g%%?%%%%%% g)%L %g%&’gﬁi]ﬂcgilé%}ég’} caGtatyifiesyl] mrafjatand) ca) ca) cal

cal] ca] ca] cal] ca] ca] ca
P PVPEQEEO. oo AR Il BR 001 YRKMRES ramMRezhEL] ] Ca] Cna

U c”a] ca] c”a % chal C?ﬂ\éz géga?a%us%gs/\g 1-litre, 4-necked round-bottomed flask fitted with a
thermometer, rubber seal, a tube dipping below the surface of the reactants ang
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 a 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 anhydnde and
the nitrogen flow started.

20 A weighed amount of catalyst was added to the reaction fiask mn 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 syringe, below the
surface of the reactants. The reaction mixture was heated to and maintained at

a vigorous reflux 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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1" Y10%&' ()-9gl10%& () - 109‘4&13{»4‘ 3109RrodyetG: kwePre 0% (%-F !'| @O0%& ()-F
@0%&' ()- 10%& ()-s 10%&' ()- @10%& )-yv, diE' A 0109% ()- .
109 ()-@ @OY%& () -] *Y109%&' ()- ( () { &FBOYR: |( =onyersion

Ti(OPr), 85 Hazy 99.95

Exampie 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 Tt or Al or 340 ppm Zr based on reactants as catalysts
15 for the preparation of monoethylenegiycol benzoate. Titanium isopropoxide
[Ti(OPr),] and antimony oxide were used as comparative examples.
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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talk apparatus. A glass column (30 cm) containing glass beads was attached
between the reaction flask and Dean and Stark apparatus. The equipment was
operated under vacuum using an oil vacuum pump connected to a water
condenser above the Dean and Stark apparatus. The dip tube was connected to
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
subiimation and to minimise polycondensation reactions. The catalysts were
added as solutions or suspensions in the monoethyieneglycol to ensure good
dispersion. The mixture was heated to 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
were maintammed at a vigorous reflux at 190 to 193° C by suitable adjustment of
heatng rate and vacuum. The water produced was removed with
monoethyleneglycol and collected via the Dean and Stark apparatus.

Progress of the reaction was followed by withdrawing sampies at
intervals by means of a syrnge fitted with a 30 cm needie inserted through the
rubber seal. Each sample was added to a known weight (approximately 100 g)
of cold alcohol to quench the reaction, weighed and titrated agamnst standard
potassium hydroxide solution in ethanol using bromophenol blue as indicator
The results of acid value (AV) were used to calculate the percentage conversion
to benzoate ester. The reactions were each monitored for a total of 180 minutes

The results are gwen in Table 2 below.

PCT/GB98/03448



,210%g& ()-1 LO 10%g& ()- |. 10%& ()-,10%& ()- *10%& ()-F (11 APR 2002
10%g& ()- 06789Fch@ !s! 10%& ()-' 10%s& ()- 10g 10g 10g

. 710%g8&' () WebBOsE8’ () - 310%g&' () - c-wX6b@ " sy109%&' () - S9g109RLI/GRI%/P3448
10%e& ()-12 10%NV& ()-s! 109%WE ()-s!!10%J& ()--n}~SHe! 10z 10z 10z
7310% & ()-sb5y10%& ()-Y 310%& () -LF syl0%&' ()-S!3 syl0%&' ()-S2

| 111z[<SHE! Y 10%& ()-310%& ()-1Y 10%z& ()-!s!10%

;& ()-10s! 10%& ()-0& 10%& ()-!"d""#$. % [<SH=! 3 *310%& ()-!8L10%& () -

I $L109& () - &10%& ()-!"10WNV& ()-Y #R8ESs () -. W& i'j' k' |y xnbCl

&F109%&' ()- 10z_10z 10z 710% & ()-"5 10%& ()-

Y. 10% & () -sLy, 0 (D-y' "' (F*+, 1P3 v1O9%& ()-I'! < 0%& ()-"1 :3
ylo%&(-z()gv)-!g el (P y o MEBAPEERR Y () Esdet 0

y10%& ()-"111 10L& () - | dolckAV& fobmin: | 16 ki QPR AR | (LoREH0% & ()-3 10
10 10! KLF. g109& () -3

Sb oxide* 46.09 83.05 61.05 66.16 pale yellow
Ti(OPr), 70.63 81.84 99.67 99.39 colourless
Example 8 92.83 98.59 99.39 99.53 colouriess
Example 9 96.60 99.27 99.62 99.61 colouriess
Example 10 94.91 97.42 98.03 098.52 colourless
Example 11 45.93 50.40 5Q.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 85.75 98.27 99.48 99.66 colouriess

Example 5 97.23 97.54 98.04 99.60 colourless

Example 3 98.56 99.01 98.10 99.78 colouriess

* Amspec Select Antimony Oxide (3%wt/wt monoethylene glycol) at 164 ppm Sb.
After the reaction flask had cooled, a sampie was removed for gas
chromatographic (GC) analysis. it was found that different catalysts produced
5 varying proportions of the products. The products formed were ethylenegtycol
monobenzoate (EGMB), ethyleneglycol dibenzoate (EGDB), diethyleneglycol
{DEG), diethyleneglycol monobenzoate (DEGMB) and diethylene glycol

dibenzoate (DEGDB). The proportions (by area % from GC) are reported In

Table 3.
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Ti(OPr), 1.71 17.26 0.46 047 3.95

Example 8 1.83 12.89 ca 0.04 0.08 0.71

Exampie 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 0.53 045 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

Example 3 2.61 19.10 0.1 0.21 0.91

* Amspec Select Antimony Oxide (3%wt/wt monoethylene glycol) at 164 ppm Sb.
*Analysis of supematant liquor.
The resuits demonstrate that the catalysts of the invention are effective
5 for the esterification reaction of benzoate esters and produce producis with
lower levels of DEG by-product than antimony oxide or conventional titanium
catalysts.
EXAMPLE 17
A polycondensation reaction was camied out in a mechanically-stirred
10 300 ml glass vesse! fitted with side arm and cold trap for coliection of
monoethylenegiycol. A thermastatically controlled ceramic heating element 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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approximately 5 mol% 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 monoethyleneglycol. This was heated with stiring to 250° C
for 20-25 minutes at which point a stabiliser (phosphoric acid, 100 ppm) and
cobalt acetate tetrahydrate (250 ppm) were added, again as soiutions in
monoethyleneglycol. The nitrogen fiow was stopped and vacuum applied
steadily to 100 Pa. After 20-25 minutes the temperature was increased steadily
from 250° C to 280° C. The power consumption of the electrical stirer increased
with the viscosity of the polymer and the sturer revolutions dropped. The
revolutions were monitored until a predetermined value 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.

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 yellowness of the polymer increases with b-value.

The polymer molecular weights were measured by Gel Permeation
Chromatography (GPC).

The resuits are given in Table 4.
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Sample Time {b* value) | (bh vaiue) Weight
(Minutes) (Mn)
Sb oxide® A 195 6 5.32 19,330
Ti(OPr), A 110 6.7 5.37 16,290
Example 5 A 140 3.38 2.78 11,480
Exampie 3 A 145 3.34 2.57 14,130
Sb oxide® B 135 0.71 0.56 19,550
Ti(OPF), B 115 9.06 6.67 15,190
Example 5 } B 80 5.93 483 12,770
Example 3 B 100 4.05 29 15,420
Example 10 B 100 8.65 6.30 NA
Example 13 B 95 4.47 3.56 NA

* Antimony oxide Catalyst Grade from SICA added at 250 ppm Sb.
NA - not available.
These results indicate that the catalysts of the invention are active for the
5 preparation of polyethylene terephthalate and are capabie of producing polymer
with tower yellowness values than conventional titanium-based catalysts.
EXAMPLE 18
It has been postulated that one mechanmsm causing discolouration when
titanium catalysts are used to prepare polyethylene terephthalate is interaction of
10 the catalyst with a thermai decomposition product of polyethylene terephthailate.
Catalysts of Examples 1 to 7 were assessed by mixng with one such

decompaosition product, diethyldihydroxy terephthalate (DEDHT) in toluene. The
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standard catalyst, titanium tetra-isopropoxide [Ti(OPr'),] was used for
comparnson and was added to 0.4 g DEDHT in 10 ml toluene. The catalysts of
Examples 1 to 7 were added to DEDHT/toluene solution of a similar
concentration in an amount sufficient {0 produce the same Ti concentration in
5 the mixture and the colour of each of the mixtures was determined using a LICO

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

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

1. An organometallic compound suitable for use as a catalyst for th‘e
preparation of an ester comprising the reaction product of an orthoester or
condensed orthoester of fitanium, zirconium or aluminium, an alcohol containing
at least two hydroxyl groups, an organophosphorus compound containing at
least one P-OH group and a base.

2. An organometallic compound according to claim 1 compnising the
reaction product of an orthoester or condensed orthoester of titanium, zirconium
or aluminium, an alcohol containing at least two hydroxyl groups, an
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 organometallic compound according to any one of the preceding
clams characterised in that the orthoester has the formula M(OR), or Al(OR),
where M is titanium or zirconium and R 1s 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
represented by the formula, R'O[M{OR"),0],R’ where M is titanium 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 least two hydroxy! groups
is 1,2-ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol, 2-methyl-
2,4-pentanediol, diethylene glycol, polyethylene glycol, glycerol, trmethylol-

propane or pentaerythritol.
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amount i the range 0.1 to 4.0 mole of phosphorus to 1 mole of titanium,

Zirconium or aluminium.
13. An organometaliic compound according to any one of the preceding
claims charactensed in that the 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 atuminium.
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dicarboxylic acid or a tricarboxylic acid.
20 18. A process according to claim 15 characterised in that the
esterification reaction compnses 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 clam 15 characterised in that the

esterification reaction comprises reaction of two esters to produce two different

25 esters by exchange of alkoxy groups.
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weight of product ester.
10 22. A process according to clam 15 or 21 characterised in that the
esterification reaction is a polyesterification and the catalyst is present in an

amount in the range 5 to 500 parts per million calculated as parts by weight

titanium, zirconium or aluminium with respect to weight of product polyester.



