. e3ey6v2234L4l 666 TEMY@\D 02/ 058843 NWMWWWHW CATALYST COVPOSI TI ON AND
PROCESS THEREW TH FI ELD OF THE | NVE vention relates to a g
conposi t ivea 02/038p4d si ng either (1) a titdAPWH conpound, a EICTAN0I/4L575

phosphorus conmpound, and optionally water or (2) a titanium conpound, a
glycol, water, and optionally a phosphorus conpound and to a process for

produci ng pol yeste M@%ﬁ% I@Rbﬁl@ mﬁi for
exanpl e, pol yet hyl g}réeﬁterepht al at e, po]lhytrl nmet ene terep txﬁrate and

pol ybutyl ene terephthal ate, generally referred 10 to as "polyal kyl ene
t erepht hal ates", are a cl ass OfFIERpoOF dHE INUENIION pol yners. They are
widely used in fibers, filnms, and nol ding applications. Polyesters can be

.produced by transeshRfihfdntioh raitedto DebrsIstfonsueaiprameditiet (1y b thga@aht hal at e
(DMI) with a glycol followed by pol ycondensation or by direct

esterificati oporpound, aglydok aphosphotusrcemipohed,iand apiIQtlaélYIW@temrt(E\) @ glycol 15

f ol | oned by pql ycondensation. K A catalyst, is used to c taI t
esterificati oAtaniymaAUBRUG; ¢ glysel. SiatetAmd APt 5’ Wnptpgﬁ Wdanpl e,

pol yester cangpe Q@%%&Fﬁoﬁ%lhgbaﬁégt&g a slurry ni xture of TPA and gl ycol

at about 80C I'ntd an esteri tnear oligoner wth degree of

pol yneri zation | ess than | sterifiers at
tenperatures a o from 240C g@@@%@@ﬁgdﬁﬁﬁmﬁ% n pol ynmeri zed in one
or two prepol ynerizers and then a final polymerizer or finisher at

t enper at ures from Pelyesters suejoes, prﬁa@ﬁkep?lﬂﬁ@&]lep%Fﬁr?@ﬂ@éﬁtﬁd yzed by the

pg{ggénGen;gr : ee |nDn usegnlﬁr
oY oot Pt imérieAt ctepn ARl TRV pdi LR RE kRN L AL, RALUITT FdsaLd
conmmer ci af, pr aﬂwtﬂowky@afelta@?mgmg’e afeseba%’s)ofl gbﬂmnﬂdlﬁhw pb@hﬁzrs and

antinony acetate. However forms insol uble antinony conpl exes that
plug the spi nﬂ“hcsemsw1del{v|ubeill‘siihemflrhgsamdm@ém§ applidatieatient shut downs to

W pe spinnerets clean of precipitated antinmony conpounds. The

anti nony-based cat Pbby&&tSrs&bﬂbabﬁﬁlucalﬂ))ﬂ@a:wastemﬁwumn@zﬁmdster sudiDa®?2/ 0S88. t 3

PCT/ USO1/ -t 9S7S envi ronnental pressure and regul atory control espe0| ally
in food contadimethyltienkthalate. (DMTthth ﬁl%&%@%ﬂ"@ bxpobopdengation or by

t fi t t f t d F
exanpl o, or gaAlet CRERRRHEE oraf hiadlen B RRINSEROATTRN) PRpAALYTTS) T
titanates,gar ?olifﬂ@ﬂrbyt 1RDn8éds8Gé1. VA cRAlyERRYEN®DAat DyzeaBé adirBficatibAr

produci ng pol yal kyl ene terepht hal ates. However, the titaniumcatalysts tend
to hydrol yze tmansestetificationi and/onpblycohdensdtiog. gl ycoI -insol uble oligoneric
species, which |lose catalytic activity. Polyesters produced from an organic

titanate al so generrat exanglle,Pulybisee Cdrdbeprodiiced bydnjtotim slong nyigmrade, f or med
fromglycol and tetraal kyl titanate, has been shown to be useful 'as

pol ycondensat (T8 @k glysel et alm 8Q3Ca 0 @CSJWWSQHWOWB’G@ WﬁG?%
JP49057092, JP4 003395 nd, JP isclo e] sol ution
for pol yest er PRORATE fothan@z %% 31[11&%18 g?‘gc éotgrefg %n g’ ﬁ}r E
titaniumgj yC?ﬂoﬁ& 24@%: tSQ@@"’G,’.SThé bligdrhi@ mﬂﬁﬁ%g&x@i‘ze@h?&lm&% of
prepolymerizers and then a final polymerizer or finisher at temperatures from

250°C to 300°C. TPA esterification is catalyzed by the carboxyl groups of the

acid.

Antimony is often used for polymerization or polycondensation reaction.
25  Three forms of antimony are widely used in commercial production, antimony
oxide (Sb,0,), antimony glycolate, and antimony acetate. However, antimony
forms insoluble antimony complexes that plug the spinnerets in fiber spinning and
leads to frequent shutdowns to wipe spinnerets clean of precipitated antimony

compounds. The antimony-based catalysts are also coming under increased

T
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S s water per part of titanium Both titaniumglycolates and the

wat er-containing titaniumglycol ate, however, react in the presence of air
to form 300 o2tesssiier eby becom ng insol uble. See al so JPO720T0AF01/483306944,
and US5017680 disclosing titanium catalyst solution produced fromtitanium
tetraal kyl titanate and a salt. These titanium catal yst sol utions
stabilized by, im solids or
gel wupon expos%‘?go%&e%tl?gef%%hﬁ%ﬂéEﬂag?r cgﬁlﬁ&égspggl Hﬂ;n fcogird]tcg{lué i njection
nozzl e, pipe, aglicatiti@r process equi pnent in the polyester manufacturing
process causing production interruptions. Therefore, there is an increasing
need for devel opi n@ltgmﬁﬁff &l pdts EPabe dsed %l?érﬁidaﬂoﬁ'tfansé’ﬁélﬁfcan&{ apath, is
.efficient, produces a polymer wth reduced color, 2 s exhibits good

catal yti c act palytondeigtionnedctiphs) gF qrenample, emwnprmmatesamthlas teraopropyent al |y
friendly. An advantage of . the present mventh on caﬁal yst conposition is
ithat the conpakd tefram- itptesp PRECTIOMIAD Be SHFEFIVSRINSAB sg@fm SHAYHS when

used in pr Oceﬁﬁ' ro c%gi#ﬁ?eﬁ%@g eA'%rtJ:D %aﬁ?’(s)l/Ho Zér tQanum cat%l/?étg nanﬁ%'t ai ns

air. Other advant ages re ap aren nven I'S nore

ful'l'y di scl osggdieBizelon cbﬁﬂa@t\/ﬁutm @Eg EﬁEothﬁBib@ig&m%ﬂé SpecRRPOdi ment

of the invention provides a conposition that can be used for producing
pol yest er. Thwhichripsesiatalptic agsivigyi Delyestersiproguced fioadarbyrganigiitanaieplso tit ani um

conmpound, a gl ycol h s_conpound, and optionally water. A second
enbodi ment of g%/ tFﬁ&é‘g‘f’%bﬁhlﬁFi{w “provi des a conposition that can be used

for producing polyester The cqu05|t|on comprises or is produced 1 o by

conbi ni ngi@ titani #ﬁ@@ﬁb&‘b{ ate OgﬂnyéﬁpmM@férandém@alkﬁlP@ﬁ&qelliﬂsé’eﬂlhosphorus

conmpound. At |rd |nvent t hat can
be Used Tor pRHRLIY 6T dspayelnnoRsuala Ch BRI I o e
presence of as%b@éoesgpmmtJP@9D57@9@am>h9®neJ3950mqmsoml@n;cﬁ,ls@ohol in
which the s s conposition can be the same as that disclosed in the first or
second enbodi titaniuro glyichkatd sohativn mnpolDEsTﬁngimm PUSGON2 DO RS | NVENTI ON

According to the first enbodinment of the invepntion, the co ition can
conprise, condisslosesdleHEq 4'9ta61f‘m1 @yc@@ﬁq@pggta@ptlgt{lq PEATREO n’gg%g ?

gl ycol , ot %&Ha?i)gﬂﬁ]iryéf @%th ﬁﬂgg@%fgwﬁ{ MGt c&nﬁﬁﬁgt' on

pr oduct atita Corrpoun or us compoun
optional |y watieinium @tycobite, thewavaplteaeminbhe p:emmofmr tdltbrmisbﬁdﬁ thesebpnpound,
the glycol, the phosphorus conpound, and optionally wa

becoming insoluble. See also JPO7207010 USSIO6944 and USSOI7680

disclosing titanium catalyst solution produced from titanium tetraalkyl titanate

and a salt. These titanium catalyst solutions stabilized by these metal salts are

20  stable in air, but form solids or gel upon exposure to water and then air. Those
solids can plug injection nozzle, pipe, or other process equipment in the polyester

manufacturing process causing production interruptions.

Therefore, there is an increasing need for developing a catalyst that is
stable in air, water, or both, is efficiént, produces a polymer with reduced color,
25  exhibits good catalytic activity, does not plug process equipment, and is

environmentally friendly.

An advantage of the present invention catalyst composition is that the

composition does not precipitate over prolonged storage or when used in process



According to the second enbodi nent of the invention, the conposition z s
can conprise, consist essentially of, or consist of a titanium conpound, a
gl ycol, weoer/pssasd optionally a phosphorus conpound or a PEXAINOHSHF oduct
of a titanium conpound, a glycol, and optionally a phosphorus conpound; and
can be produced WO 02/ 0s88~3 PCT/ USQOL/ - 19576 by conbining the titani um
conpound, theg ,,;p@,%] &ﬂﬂé) The
titani um conpo‘gln%ﬁgllﬂi’ co lecrogtnag g?t%%ggg&% oun gfor ithﬁgef %ﬁyﬁd second
enbodi nents cdre 1b®ritl|0ﬁ ismore falig daecbsddhﬂbmstmbbWLer ei nbel ow. The preferred
titani um conpounds are organi c titani um conpounds. Titanium

t et rahydr ocar byl oxi des, al so IE/BIARY OP TE DNEVERAIGN titanates herein,
-are presently nost preferred organic titani umconpounds because they are

di | | abl
Lot r ahyar ocar byl oxf i EGREGHnkS: ofshPRE o Vies BRipblbcil i Ron ey 11
‘where eachs R {;gedsfor Fﬂﬂu&ihg palyestess €T l%ﬂoﬁﬁbo%fu@mcaﬂlpﬁbé@}dr is prodhesl ey | |,

al karyl, hydrocarbyl radical containing from1l to about 30 preferabl y 2 to
about ~ 18, andcmbmnr;gzeﬁ@nalm sorzpaund) 2 glyaslba phosbamssemppaetl, 6ad and each R
can be the sarre or different. Titaniumtetrahydrocarbyl oxides in which the
hydr ocar boxyl ° Qﬂﬁ‘bl FGEai ns from 2 to about 12 carbon atons per radical
which is a Iinear or branched_al k radi cal, are nost 15 preferred because
they are rel ativel Y $esendpambedimen rtbe invariionalsg provides a compestden tat  ve i n

f ' th ' d but
are not 11 m ¢ ot P b e b By SRR B B o el e B
titani um{etr gy combRIAXA dtnidnh Eéiﬂpw]‘idt £ &ly2ol) wakdr Oadddptiohally2® pht¥phorus

t et rahexoxi de, titaniumtetra 2-ethyl hexoxi de, titanium tetraoctoxide, and

conbi nati ons ocbmpwmcbr 20 nore ther eof . The titaniumtetrahydrocarbyl oxi des
are well known to one skilled in the art. See, for exanple, US Patent
nunbers 6, 066, 714 anthifd entbodfimént Of theavettivg prglidesn mbcesbtizh carsbd wsedr por at ed
herein by reference. Exanples of commercially avail able organic titanium
conpounds i ncferdeoduning palestast The pracess qomprrswszmmlpg’ inthe mvm BT (tetra

i sopr opyl tlta and tetra n- 25t| ) avai |l abl e
fromE I. e Ghingstiisr a 8“%8%’889“ ﬂ&‘%l}ﬁ)ﬁﬁl\fﬁfé‘lc e\r/e U S A The
gl ycol capg bec@:’ﬁ ity oY Sathe afthROAYAbN iR AR fist/6recdtd dhBodiibmt ed

al cohol , or conbl nations of two or nore thereof. Exanples of suitable

gl ycol i ncl udeftheubventionnot |imted to, ethylene glycol, propylene glycol,

i sopropylene 3 o glycol, butylene glycol, 1-nethyl propylene gl ycol ,

pentyl ene glycol, di et hyDETWILED DESCRIPOIOR UISBEEINREMTIGROL/ ~9S7s glycol ,
triethylene glycol, and conbinations of two or nore thereof. The presently
preferred glycol '%&Mmﬁgemhahys@elnbo&menplmeh}weuﬁomnemﬂpommﬁsancan be
used with a titani umcontalning catalyst can be used in the invention to
produce a sol ub:lnpnsa;lcuﬂsmtresseﬁnaﬂmbﬁsr cxfnsstmf abtaallmmgmppmnﬂsa glyepbands

i nclude, but are not limted_to, phosphoric acid salt t hereof, a

phosphona% e Phesph O@SWF}PBH%&HQPPEE) dwgercg@rpathg,pé u° %%‘Hbsphorous

acid or salt t

pol yphosphorlcga%g'c?f{ ?ﬂco‘f%ﬁ%ﬂi&gﬁ% 60"‘*1&%11 Ogﬁ%éﬁb&&?%{a dc n is > 2.
The phosphonatpgodsé®by cambihapetht fieaniah Bompowdid, (HElgDycOR(tad mﬁarus n which
each 10 R can be the sane or different and can be independently H -4

al kyl, or conispmapoueshend aptiensily vater- Z is C1 5 al kyl ene, C1_5 al kylidene, or
conbinatlons t hereof , di { pol yoxyet hyl ene) hydroxynet hyl phosphonate, and
conbi nati ons of tV\M@brdmg&)thheﬂE&nﬂcm'Bbéinmt of thamnzatiom tbd kahpositinal sal t,

al kaline earth netal salt, amoni, S nmhi nati ons of .two or, nore
thereof . 25 | CRYSPIRREIFS, SORSI FpReR éi& fgﬁ‘i ‘EO&B’ISEO%%‘?BWB} SRMRBRARAEIEC nel ude,

.but are water, and optionally a phosphorus compound or a reaction product of a titanium

compound, a glycol, and optionally a phosphorus compound; and can be produced




not limted to, potassiumtripol yphosphate, sodiumtri pol yphosphate,
potassiumtetra phosphate, sodi um pent apol yphosphate, sodi um

hexapol ypHoephisse3 et hy phosphonate, propyl phosphonate, RgaArEsoywErhyl
phosphonat e, di (pol yoxyet hyl ene) hydroxynet hyl phosphonat e,

met hyl phosphonoacet ate, ethyl 20 net hyl phosphonoacet ate, nethyl

et hyl phosphono : anﬁhﬁ &ﬁgqﬁ

di et hyl phosphgflg(ggfé@ﬁg?,hgﬁt y ¥{)jnlﬂgt y’gﬁogsipﬁo’ﬁgﬁgrét%?ggﬁ%nra }lse,%}heyl
phosphonoacet aplosphyrtis oxppeirly| phosphonat e, di (pol yoxyet hyl ene)

hydr oxynet hyl phosphonate, triethyl phosphonoacetate, or conbinations of
two or more thereof Thd BnRing 6RbbundDERLEY ERFPIRREEFISEMSpRmdTOFIHe RSt | S
‘pot assi um tri pol yphosphate. The conpoSition can contain titaniumin the
range of from absecod @0bBddimentisenbe ie%aswehd ateadisdlosed hergidwiaw.on i s
substantially stable in air and water, preferably 0.01%to 10% and nost
spreferably . 1% t o §he biefpddiitbniurhh@®ngRuR@Sirt bfRniAtatiant &npoahds phor ous
such that the P/Ti nolar ratio is in the range 3 0 of about 0.001:1 to
about 20:1, pr Etarinml totrattydacathybaxides; dsataderrediio as tetepatkyhbitanatss hergyp, are

02/ 0588- 43 PCT/ US -49%76 pr e‘{:er abl%i 0.2:1 10 Ll Yater and a ﬁlgl vent
such as a gl ycBiesently mpst Prsfprred.arganig fitaniym campp Sraush ey HHeHY on. The
term "substant b@éil'aﬂle%ﬁt&h‘éétiwre.efﬁaﬁl I JPShithiS RlaiinPtetih YRbGbYIBxiE S
presence of air or oxygen for at ast 1 day at roomtenperature. The
titani um conpougdpowgidy ddlydesthoseftaoimgithe framubngfolliAR); avhebeeach®isned, by any
nmeans known to _one skilled in the art, under a uit1 ble conditjon effective

to the protuct II@ﬁVi@)‘FallryrFéle@Eﬁﬁﬂgﬁ‘PPBWYBFYQO?IE%Pﬁ%W yaerserbyl sadica ondi t i on
can inolude o LSIRREANGE 118 sbiG CHRRAAN,bLARIN o AHY20RC,

preferably abott" 0 about St pretera )

under a pressul®cirBeh afoail e eI aiRd eachRecdncigie sdrié 6r diffegat. Bindhifmar a
period of time sufficient to produce the conposition or the reaction

product. The t ietrahydracarbytpsidasiin whigh dhe hysneragiosshgrorm sorfainp Sionu2 twaboye
conbined in any,order. It is prefterred that a phosphorus. c und is first
di ssol ved in a}.{% F%"gBP a{obnsd?eeia%ﬁ%afl &'hé@l lﬁfliq%lﬁe.‘r %ﬁ’é%ﬁ?f%‘ﬁ}’l rggftggfaéﬁ M9
conmpound i s; 15 ' ' fhBadiBEvallatie,adcan be

ai ded wit h&é npf(b?%%‘éﬁ&ééﬁﬁ%?ﬁ?%??%ﬁt&%}{ %l?ggeiﬁggﬁggi caail agitation. Generally
when a titani usffeaivpdn fidniisg thersblutied. Suitablet titenignytewahydhmatyboxadessol uti on,
heat is generated jndicati nq sone reaction anpng.them, Wshing not to be

bound by t heor jncluigebwrare pet limited We@@ﬂwghteﬂﬁﬁhwgfl‘% St AeHAIPOXIdCa ni um
lycol ate, whigh is. i Lex. i 0. Th
go)r/rggs?t i60n o:‘ EP%:IE ??\e\?reaﬁsgggor}?%gg# tgmt&&gtgﬁ‘%-%atﬂ%%ﬁgf?? %Hﬁmﬁg?gp@lté Q%d?’oebe used

for, for exanplignin®etiE-tthalheRokidd, tiddhi@aa itelraabtdxile, sldantinations ofitwa@bso be
made in another |ocation, optionally at a high titaniumor total solijds
concent r at @on, moneltherepfsHisrtitaniumoetrthy dsecaebylaridessse well kpawn 4e eee skélledade i n

another 2 5 plant or, lpcation at hi.gher concen } osition
is a reacti olr[: B}ﬁ?ﬁﬁﬁt{ S%F%HSXWRI%W%?WEB%‘%C%% 5’9%{28‘} ?@ﬁ%%ﬂ&gﬁ%us
conpound, the QHERGHION oPHWARMGS ieafpobRedBREindY rfeRAWE CExhplaout furt her
purification. It can also be further purified by any neans known to one

skilled in thecammeidialifesvaileble oFganietitaniuieconprandsingtudorbusfare rat diaitedpr opy |
3 o titanate | ol vegl LRotETSL RO AT RRRIIE ST B 50 6 RELRSD 40

25 titanate, respectively) available from E. I. du Pont de Nemours and Company,

Wilmington, Delaware, U.S.A.

' The glycol can be an alkylene glycol, a polyalkylene glycol or alkoxylated
alcohol, or combinations of two or more thereof. Examples of suitable glycol
include, but are not limited to, ethylene glycol, propylene glycol, isopropylene

30 glycol, butylene glycol, 1-methyl propylene glycol, pentylene glycol, diethylene

-




PCT/ USUI / ~9a7S 200C, preferably between 60C and 120C, to renove and
condense i sopropyl alcohol. The conposition of the invention is preferably
subst ant iVeO PY038843ubl e i n a solvent. The term "substanti al PET/USBHESTROr e
than trivial. It is preferred that the conposition be conpletely soluble in
t he sol vent. However, a substantial portion of the conposition can also be

suspended or  di\3pei3&HyleRe bRBoIS A/ EhbinADs SPIWEDE mbAtheed BubSt antial Iy

di ssol ve the catal'yst conposSition disclosed above can be used Iin the
present i nvenpiresentlylprefaored pdydol is goindémergleeblsol vent is water or an al cohol
such as an al kyl ene gl ycol, a polyal kyl ene glycol or 1 o al koxyl ated

al cohol, or conbi n%{yﬁg@g@{orﬁ%n%oﬁﬁﬁla{ BerRafsed Wi S@3hi ‘g‘f‘ﬂﬁ,},ﬁ‘% sol vent

is al kyl ene glycol. nposition conprising or produced by co ning a
titani um conpoanalyst candieysed in thh dsyEtion o modwpewslutde solopon. obednpleswaff er can
contain about 0.001 %to about 8% titanium and about 92%to about 99.999%
+gl ycol , or51 Suitahzphaspherus gompouyls dncles, put are petdimited pa pelyobeshorsout 60%

is water, and _ahout 40%t Qut 99% | . h ]

conpri sing or a 15&5 3&3@ {%%EQ%S%BF??P ﬁgﬂa ¥ ?Sl{ ‘a%?ﬂjr‘# fé@%‘dﬁ%%?@%@%%ﬁ%&nd
wat er w t hout pphsBEHokSus@RIY ARk BhdlecEbid cothtifbliols botwo SmoRtérebRDI Y
0.05%to 0.5% "titanium by wei ght; about 1% to about 80% a o preferably

about 5% to afhapobPhesphosic apidehe havd the f@wdooBBURVAL arintwhiclen gt 2. and
about 20%to gbout 99% preferahl 0% to 959 ycol i ght... According
fo the thera dheshesbanalreSer i aye s ibruia op i LEECHAEDKa Hhhon 865°1 §
produce an,ester | tery:d rOMi : 0 | SES
cont act i ng? i tr]?tc?ilg[)%B%s%ﬁ%e&ggffe;re@aa?glc%gtge %:@EE??F??%&?C% %:qg?]t’)gﬁyl conmpound

and an a s al combinavibaethereof.amndiZt is @), allityfenej @ntallitydided, o tombmatiomduct i on of
a polynmer. The conposition can be the same as that disclosed above in the

first or secofker MMYCQWIQWEPYCHOW‘P@W phospkongte; agbepplynations of
Hhon corbi ped (e PESIHE tfethsitomhe fa S an kiRl @I Rk STRINA 121

ol, St'er ’ or ester. Suth

carbonyl comaupsishilGhH A& cokitinaiods 8Piwd drithéredhdréef. aci ds, esters, am des,
aci d anhydrides, acid halides, salts of carboxylic acid oligoners or

o B8V o9 " SRk LedlRks YRR THORISNR oo BhaLRERNEIAE ARS O 100

or nore théereof. The presen acrd 1s an-organic acid such as a
car boxyl i ¢ acindt Bmitsadkd, potussiani tripdlyphephite ebdjune ofisdy ghosplpitg gputassigman est er
or pol yester conprises, consists essentially of, or consists of contacting
a reaction med¢ttaphasphatersedivm pgnjapolyphosphate, sodium hexapolyphosphate, ethy

phosphonate, propyl phosphonate, hydroxymethyl phosphonate,
di(polyoxyethylene) hydroxymethyl phosphonate, methylphosphonoacetate, ethyl
20  methylphosphonoacetate, methyl ethylphosphonoacetate, ethyl
ethylphosphonoacetate, propyl dimethylphosphonoacetate, methyl
diethylphosphonoacetate, triethyl phosphonoacetate, hydroxymethylphosphonate,
di(polyoxyethylene) hydroxymethyl phosphonate, triethyl phosphonoacetate, or
combinations of two or more thereof. The presently preferred phosphorus

25  compound is potassium tripolyphosphate.

The composition can contain titanium in the range of from about 0.0001%
' to about 10% such that the composition is substantially stable in air and water,
preferably 0.01% to 10%, and most preferably 0.1% to 8% by weight. The
composition can contain phosphorous such that the P/Ti molar ratio is in the range

30  of about 0.001:1 to about 20:1, preferably about 0.01:1 to about 10:1, and most



conposi tion discl osed above. The reaction nmedium can conprise, consist 1 o
essentially of, or consist of an al cohol and either ( 1 ) an organic acid,
a salt theoeydsssn ester thereof, or conbinations thereof PEA/USRI/ARAS

ol i gomer having repeat units derived froman organic acid or ester. The
organic acid or ester thereof can have the fornmula of R2ZCOOR2 in which each
R2 i ndependen )8 14d )10 P8P PIR¥oll iffpRétestaban Makévi Ng a
car boxylic ac?géf%@g@p(p%tl t(t;)k%el @%ﬁﬁﬂ%#@%ﬁ%ﬁ hydr%gar by|p¥§§.dl cal in which
each radi cal kpshelresioofahe vompesitigur. €Fler tatwh §fsubstautially stablelbieditrs fcbbeimg bon at ons
per radical which can be al kyl, al kenyl, aryl, al k?r yl,  aral k%_lr radi cal, or
conbi nati ons &Plublgdn syaterin dhe presenss of Aiper oxvesn f31 ) legsick da% Ado¥Rgani ¢ aci d
-or ester therg?é)f elgg%ret he formula of RRO2CACO2R2 in which A is an al kyl ene
group, an aryl group, 20 al kenyl ene group, or conbi nations of two or

nor e t hereof and i s.the sane as.,above. Each A has about .2 t.0 about 30,
«pref er abl ySabout 3 1§ UHYER ?&poﬁﬁq’élfwgfaggi’g‘f’ﬁ)hgbl&ftonwo%d B 20, and

most pref er ab'cxmﬁ'ﬁeg,ﬂy‘S BT 180 BRE sIBIOW thEXATARS 2 Qitsbid t abl e
organi c acids I ety e, t are not limted to, terephthalic acid,

i sopht hal i ¢ acbsaditiompffbetivieto s prodwutivniofitles cmpbsitdiopiaceastion pralubt. pht hal i c
acid, glutaric acid, acrylic acid, oxalic acid, benzoic acid, naleic acid,
propenoi ¢ aci dhespaditionsaminclusiss tempergrgin the range 9L frepy aboph R Gyfoahont | v

preferred organi&-diacid.is t t hal i c.-Aaehd b

produced t her g‘ﬁbfﬁnm f%flay 5\?"&‘§5mt ea%8’flt 1@&‘3@?@&?&&@@3@ odhgc%@xb;rrpl es
of suitabhg eghakS prasdueditar Hitlacesinidahte thdichfRratge raigePidtor ageded 6f

di met hyl pht hal ate,” di met hyl terephthal at e, WO 02/ U, 88-t3 PCT/ | f

SOL/ . 19a75 nettimd suffcienttoerodicathcgdmppsittoarcatles repétipngirgdustat e est er of
5-sul fo i sophthal ate sodiumsalt, and conbi nations of two or nore thereof.

Any al cohol that carheagbitif dongjouad) dydod, dghosshoaus @aippundcapd yest er can
be used in the present invention. The presently preferred alcohol is an

al kyl ene s gl yowibinsd inasy pederultds pratyrredmpaphasphruscompovpdds Bi¥te as t hose

di scl osed aboveg. | i tabl e al.cohals incl b limted
Co Cetranor . iisplrsa i a gbsnl uihbit? aseRisfol TolrorBit A TamitH s BbSpEL, (e - ©
gl ycol, iggpr Odafié _ethghé{llﬁﬂlm. Be¥ir&D ehelo¥itRhatioh-0aR bb Wided@ @Ry lﬂﬂﬁn%lsﬁ@ao' ,

pentyl ene gl yco iethylene glycol, triethylene glycol, 2-ethyl hexanol,
and conbi nat i eisfoptxdmplepa mechamichDagitationofenctally whesetitahinomownpgundfier r ed
al cohol is an al kyl ene, gl ycal h as et hylen | ycol for .the polyester
produced t her SOPWIRgIwith the %@ﬁéﬁ@%’ ’r’usisﬂﬁﬁ@flﬁ?eg’f }éagﬁﬂ‘?lfi@gtlp(g??éﬁlg'lsﬁgle

ol i goner of a - ung I AhERD O nedSTRS Ablny has a
total of aboutrg%rt]tlag%}aékggﬁﬁgﬁbfk%re erogg(fggﬁtr)om gﬁ%u@’z r%o about 20 repeat
15 units deri vyeshtion@roduess is prdhablyl titaninmoglpcblatedwhich dhinl comiphex withnthect i ng of
t he carbonyl conpound and al cohol in the presence of the catal yst can be
carried owt byphesghosus ¢app@geans. Any suitable condition to effect the
production of au ester or polyester can include a tenperature in the range
of from about 150C Tlee ainopdsit0E thainveptionf eandislpyodusedion sikdEhere it daibe 400C,
and nost preferably 250C to, 300C under a pressure in.the range.of, from
about 0.001 t o*sgh&y: for ‘359‘??8]&)13\%‘?'@3*’15?“0& qfjapac ) abcl"ﬁ?'r o‘ﬁf%’oadfﬁ b9.2 to
about 20, prefcr all v, 38 octich, bBtidRAt at & higHtdniiRSdr tBlafEAIARP! Y 0.5 to 10

hour s.

concentration, and transported to the site for use. It can also be made in another

25  plant or location at higher concentration.

When the composition is a reaction product of the titanium compound,
glycol, and phosphorus compound, the reaction product can be used as produced
without further purification. It can also be further purified by any means known
to one skilled in the art if desired. For example, the solution of tetraisopropyl

30 titanate /glycol/potassium tripolyphosphate can be heated between 40°C and



The nolar ratio of the al cohol to carbonyl conpound can be any ratio so 2s
long as the ratio can effect the production of an ester or polyester.
Gener al | yOl2038843 0 can be in the range of from about 1:1PCa/EovWes730: 1,
preferably about 1:1 to about 5:1, and nost preferably 1:1 to 4:1. The
catal yst, expressed as Ti, can be present in the range of about 0.0001 to

about 30, 000 & i 1 owei Nt 06E P } gct;ﬂgqi si ng
t he WO 02/ 1?288@§9§%II'%H S%limgglgg()s car Blozr?y(lg coﬁ%gﬁen%ﬁﬁcrﬁagllﬁéggg#gl ,

pref erabl y abaltdoh6l.001 to about 1,000 ppnw, and nost preferably 1 to 100
ppmw. O her ingredients also can be present to enhance catal yst stability

or performance. Thereabaipssition @FRRShVdrfion §RpreReabilp SkbstantipNPsBIGHIBGN gSt er s or
-pol yesters by s using any of the conventional nelt or solid state

tetchni ]9_ues£ _ Tlselv;mtt éﬂ‘lyestfmﬁsf"qbe'@ilmlbﬁ means e ﬁ@nﬂéviﬁbltl_éiwrcﬂq?e‘f)ﬂwtéﬂtei onﬁl
esterification, transesterifjcatiqn, and pol ycondensati on catalysts suc
eas, for exérrpI°8?1PH§H@%E8§%IPPEB@%F@‘,%ISHW rSOL‘%éHE rﬁ%\y?\ger,mbé%th}, OfH oduced
to the product.i K 1 . ?I)MZH% j.pt roducti on of

ot her esteri fltotlggﬁ %ﬁ;&é‘t}%ﬁ%ﬁ%@{?%&%&@%&E}%ﬁ%so%gieﬁg}i oW %Sldlg%rrpl es are

provided to further illustrate the inventjon and are not to he construed as
to unduly limt tlﬁ\éleS@bf?Bt@F‘t‘fql?éubﬂ%}?ﬁW .SOWFI?h tSPERARHS noted in the

exanmpl es were d?é&Lo%E@ %Jg[c%ﬁ‘ﬁgﬁgaﬂh’th%\ﬂeg&ﬂ %ﬁ\%ﬁﬁom ﬁ%ﬁfe?enﬂy?gér%&ef EXAMPLE

1 This exanpl e 'shows € preparation o e invention osition and
that the inverbjvent is WaBSrah @ltohsl stitiahs &n hlkyRhé glyosl, a pplyalighege glypel bod.
Potassiun1tripolyphoigyate (KTPP; 17 g) was added to ethylene glycol (807.5
g) in an open akaxslatédalpahwbdrispmbigtipngofdwognaar thpgeafi dibe arost prefereed

conpl etely di ssfil ve. Plf tolrraie a solution. TYZOR TPT (tetraisopropyl

titanate; TPT;SOVSE.@%?M@%CIO wWy added to the solution to produce a clear
solution weighing 982.9 g, a loss of, 3.1 g (theoretical weight, 986 g). The -
clear sol ution was Hhesompositiongomprisig orBradyesd byt ¢pmbipwga WP on wei ght

decreased to 868.4 and to.8 r 12 hour: C inly due to
t he evaporati 88“3’19“%% 3 éigﬁorlb%liﬂég%q%é% Og‘tqgoang’ aé{ah%%éﬁ%iyg%gtgbf@r@%mﬁsepar ate
run, ethyl ene g3b¥c®b01%%40 Bttt 8Ys Gafiukl iR {Hdud9B/63d abdit 99 1908% L1y dblas open

gl ass beaker and the resulting m xture was heated to 60C with stirring
until KTPRswasibdits®0012%6do aloys 8eisdisaniuny) shoat 0KTtPRbew| Q94 tsrwatqipand abord 8 g)

was added to t | ycol soluti,on to produce a titaniumglycol/KTPP 10
W O 02/0588.t é{b&) 90 %Out 65355:%) 1S glyco . P gty

The composition comprising or produced by combining a titanium
compound, a glycol, and water without phosphorus can contain about 0.001% to
1.0%, preferably 0.05% to 0.5%, titanium by weight; about 1% to about 80%,

20  preferably about 5% to about 50%, most preferably 10% to 30% water by weight;
and about 20% to about 99%, preferably 50% to 95%, glycol by weight.

According to the third embodiment of the invention, a process that can be
used to produce an ester or polyester is provided. The process comprises
contacting, in the presence of a catalyst composition, a carbonyl compound and an

25  alcohol under a condition sufficient to effect the production of a polymer. The
composition can be the same as that disclosed above in the first or second

embodiment of the invention.



PCT/ USO01/ ~957s sol ution, which was clear, had no solids, and contai ned
about 2. 0% titaniumhaving a P/Ti nolar ratio of 0.2. A portion of the
titani umvgOP/ossBISTPP sol uti on was placed in anot her open @CIYSObeEREr under
hood to accel erate air exposure at roomtenperature s (about 25C) and
remai ned clear after 1 day. A portion (10.57 g) of the titaniuniglycol/KTPP

sol ution was m xed w.t.h: | i 0) I er sand the
resul ting water soﬁ\gﬁtc(}ﬂglnﬂg\}gzﬁeclﬁg%r 1Ovlti’ %Wo%tr@dshg} Pﬁgp&%?gh%h@% g‘%ﬁ%ﬁ ?%n was
placed in an offinnglads], bap@ducsdedsidioe golyestdr. Sueh calben@l dn@oundx posur e at
roomtenperature and remained clear after 1 day. Wthout KTPP, the
titani um gl ycicluse) bitiaghnotilimitegito; acidseesters, aspidesnpeid anhydsides cgidipalides.ne
-oxygen or air _to f.ormsolids,after exposing to air 2. hour r | onger
w1 hout “krop, PRt ERBRRT A9 fliksFhart LR rel Blrnlofis R0 o Vi i
content was | g8 ortdaaibikhtidHe BYtwirdrdhbre tidr6ofS Athe iprédntPepRfdrddefd ihhe i f the
a15 titaniumcontent was higher than 0.8% EXAWPLE 2 This exanpl e shows that
t he i nventi onoxganisesid sush as 8 catbakyles dcid eri saltftiareef. pr ol onged period. Et hyl ene
glycol (28.015 g) and KTPP (2.489 g) were mixed in an open 2 o gl ass beaker
to forma m xture, AsWHflrelodigdtof Brddfcifif o 3REr @Eﬂdye%fér UBhblisdSTERRAsHAS
di ssol ved to produce a KTPP/glycol "solutron. TPT (9.496 g) was added to the
gl ycol / KTPP segsaitiably dfpoipsonsisisef aontadtan amhcionaneditkdhPRiisthe ehtatyst whi ch was
sem -transparent, had no solids, and contained about 4.Q0%titani um having a
P/ Ti nolar rafpopesition gisclosedabpys-t Thsreagtiongaediin £an GABPYISR 6PMEPP sol uti on
was placed in_an | %q r i E d

10, . € el%if of2 gle&n%sg%ffatnlbag%lﬁ?g %er Qﬁ%ﬂ ﬁggsapicnac%r%ﬁft l?he]fe

remai ned sem -transparéent. I'tani’um gl'ycol'7.KTPP
sol ution was pgh ¥@ek heiebf, WatehbingtiSs tBdrebMorappidicligodfee hagingsépehacakar and t he
resulting water solution was 11 WO 02/ 0S88~3 PCT/USI | 1/ -~9S7S nore

t ranspar ent wietiedtfrelah @eganirasider estersol uti on was placed in an open gl ass
beaker under hood as in EXAMPLE 1 and renmi ned the sane after 1 day.

EXAMPLE 3 Thi s exampk@rdanidiid e dfer iitdéordah hivthe frghyrof REDOR? #n pl ugged
injection s nozzle and process pipe in a continuous pol yester manufacturing

process of a pihichteaph RAtindepernlently cargbep(ld hpdrogerk §2 Hydrocaitmypradicabt er
manuf act uri ng gr,ocess is @ conventi Oﬁ‘glﬁ Ipr.ocess ygl ne skilled

l, K t
in the art5 anBaYipgagabexyli 35 sHp thihe fermunysy, ¥ ¢ y?‘Fé’F%S%@S‘r%aF‘HeW}P er est

of brevity. Ehyl . 840 hBo@ 1% 4r Hhohloned by
addi tion of 185%%@1§a%a¥g]%?é#@%hﬁe%%? ﬁg‘qggi toat% to p%ogld%ﬁ%e g cl ear
titani uni gl yceddicdhhii¢hosan be alkyl, alkenyl, aryl, alkaryl, aralkyl radical, or combinations

of two or more thereof. The presently preferred organic acid or ester thereof has
the formula of R*0,CACO, R? in which A is an alkylene group, an arylene group,

20 alkenylene group, or combinations of two or more thereof and R? is the same as
above. Each A has about 2 to about 30, preferably about 3 to about 25, more
preferably about 4 to about 20, and most preferably 4 to 15 carbon atoms per
group. Examples of suitable organic acids include, but are not limited to,
terephthalic acid, isophthalic acid, napthalic acid, succinic acid, adipic acid,

25  phthalic acid, glutaric acid, acrylic acid, oxalic acid, benzoic acid, maleic acid,
propenoic acid, and combinations of two or more thereof. The presently preferred

, organic diacid is terephthalic acid because the polyesters produced therefrom have

a wide range of industrial applications. Examples of suitable esters include, but

are not limited to, dimethyl adipate, dimethyl phthalate, dimethyl terephthalate,



that contained 0.1 %titanium The solution was punped to a feed tank,

havi ng an injection nozzle and pipe, fromwhere it was injected at a rate
of 8.6 mwannoissuzan ol i goner |ine of the pol yester manufaetcwnisng4gsroHcess.
After 1 day, the solution in the feed tank fornmed solids and became cl oudy
1S because the feed tank and injection pipe were not air-free. After 3 day,

the injection ! ess was
forced to Shuﬁ%@%t@ 1| g&@%%@g@é’lﬁ%%?g?%%?l{ ;QBﬁhtBl{él‘al nvention
conposi tion dislin@tsaR] A§l contbihatjons b oo somateathawadf. pi pe i n a pol yester

manuf acturi ng process. Ethylene glycol (8.12 kg) and KTPP (0.30 kg) were
added to a mx tan r at
.60C to produce a K%% ;@gﬁﬁ?c uﬁ%ﬁ?ﬁ?g&&ﬁ?gﬂ??@iiﬁ&gﬁ % %St&/g%ggdded to
produce a 9. 5bkgsazbimbmpreaémdmtmtmmImpﬂﬁﬁﬂgpmfmedﬁnqlml rsrancaliqtlenmu ng
about 2.0% Ti. The concentrated 25 solution was m xed with 181.4 kg of

sct hyl ene g$ ycﬁlycphoﬁthﬁfmlﬁﬁkl{gi A(Qbn A end B rasg the samg agthese é’tSClBFeélnt to
PO 2 i Ahaved EisaBits o bR WIEHERY 6o hed alciot ARuEA% Akkny O- 1%

titani um haV| rat o o

titani un KTPPﬁ)ﬁip‘ﬁﬁ@l' 1sﬁpfdﬁah@1nbmaﬁon étﬁyle nglye@l , bpyleae gBedl, isspropstehef r om
which it Wasmjected at a rate of to the oligoner line 12
WO 02/ 0588- 13 gBedl, tbsml¢ne~g3azl bmeted prqptvhme ighycel memiyieng glygel. sithylens o

th tal t ed he feed tank
Cemni ned ol LaEieah EPhYiRD: Ayceb ity bRl e o RbIHER A et Re ol oo

remai ned ealy, I I ol | f anti nony,
to producgbpoﬁyeé%ﬁljgl% %%?ﬂiﬁfohf;é}afeg@%lg%?&ﬁ 1_s|_‘Fﬁ]4|1‘giTk9/}€ne c})%l%égiaged 0. 04%
Ti 02 by wei ghtethyléie ghypdol figrthé polyeniachrodined thereffomki £widetangs efhe gl ycol
(15.88 9), TPT(gg 1187 g), and water (4 00 grans) were mxed in an open
beaker to nakén mﬁlﬁmﬂl(‘@ﬁﬁ]@%l ning 0.1 %Ti, 20% water, and 79.9% gl ycol .
The solution had blue tone and becane cI ear after 15 mnutes. to After 2
hours under hood ex]ﬂié&ﬂiﬁoh@r@fﬁcarbbnﬂempﬁmﬂﬁ&h@bé‘@Aeﬁﬂlaﬁthgelﬁicﬂb}r 16

hours under hood, it was the same clear solution. EXAMPLE 6 This exanpl e
further shows hanatdtelofiabpuil faorboub Hb oraferehlydemn abentiago about 20 repeat

15  units derived from the carbonyl compound and alcohol.

The contacting of the carbonyl compound and alcohol in the presence of

the catalyst can be carried out by any suitable means.

Any suitable condition to effect the production of an ester or polyester can
include a temperature in the range of from about 150°C to about 500°C,

20  preferably about 200°C to about 400°C, and most preferably 250°C to 300°C
under a pressure in the range of from about 0.001 to about 1 atmosphere for a time
period of from about 0.2 to about 20, preferably about 0.3 to about 15, and most
preferably 0.5 to 10 hours.

The molar ratio of the alcohol to carbonyl compound can be any ratio so
25  long as the ratio can effect the production of an ester or polyester. Generally the
. ratio can be in the range of from about 1:1 to about 10:1, preferably about 1:1 to

about 5:1, and most preferably 1:1 to 4:1.

The catalyst, expressed as Ti, can be present in the range of about 0.0001
to about 30,000 parts per million by weight (ppmw) of the medium comprising the



di fferent a phosphorus conpound. 15 Ethyl ene glycol (28.015 g) and

pot assi um pyrophosphate (KPP; 1.68 g) are m xed in an open gl ass beaker to
forma mwo ozessswhi ch is heated to 60C and stirred until KRPP/USS1/ab5350l ved
to produce a KPP/ glycol solution. TPT (2.9 g) is added to the glycol /KPP
solution to produce a titaniun glycol/KPP solution containing 1.5%titani um
having a P/ Ti i f..Q. t

titaniun gl yco‘{%%gl E%Bﬁ@nmgsa%ﬁlhélé re\;%\fltaﬁl&v%tg gtrd'g%ﬁté)g&b 8?{ }R&g Rt her open
gl ass beaker tandpnesipesferablyoineoHiOtppomw i Oth¥dingredienis3also i Whree8B8 CLAI MS
VWhat is clainmed is: PCI/USOL/-t9S7S 1. A conposition conprising, or
produced by combenGerfatalyststabdiy orpefpeuetd, a gl ycol, a phosphor us
-conpound, and optionally water wherein said s phosphorus conpound is

sel ected fromthe gradigtsl9sizosiposidon tarfbdaded i pridncing@steas ¢t polyestesahyt
thereof, a phosphonate ester, a pyrophosphoric acid or salt thereof, a
«pyr ophosphér oussingany efithe gonventienab pielt arsolid siatsitechniaies. The eatplyshr nor e
thereof. 2. A co osti ti.on accordti.bqg t't% cl ai m 1 vvhgrﬁ.l n.said titanium
conpound has t $PERHOSTHAR 15 2lsp CERPAblE with qanventional SSIEUHCRION, on Al kyl radi cal
a 10 cycl oal kykasafbg@dation! #ldpdlydondimiation QltalfREBidRAs] RPSxhpltWO Or nore

t hereof, each R contains froml1 to 30 carbon atons per radical; and is
preferably tetmanganesy: ophdlt, and/anzite saltsend aambbintipducddtta iz prodaation

conbi nati ons thereof. 3. A process according to claim1 or 2 .wherein sai d
glycol is sel SRPEHS Pﬂwmeﬁ&waﬁo%rﬁ%wgsgsmﬁ uggronAtiaghes gaterifigation catalyst.

pol yal kyl ene gl ycol, al koxylated is glycol, and conbi nations of two or nore
t hereof ; proeferably said glycol ethyl éé@@ﬂb@@l , propyl ene glycol,

i sopropyl ene glycol, butylene glycol, 1-methyl propylene glycol, pentylene
gl ycol, diethyl ene Thytdlowilg Egithyleene pgdbyidal to fortherdibstrant themsveafion wo or
nore thereof; and nost preferably said ?I Y_CQ| is ethylene glycol. 20 4. A
conposi ti on actwstare Agt todeqonstited as so upduly lippiethe sepps it thesiaventios. Al ect ed

ait, - and conbT KA ooy hesBl nfhE RelpflEl Sere’ e BoUAB " o0 o Crarme

1 to 4 wherei nysmhidgRRRl PeRGARQSA acid has the fornula of Hn+2PnQ3n+1;
sai d phosphonat e es?er is as selected fromthe group consisting of

(R1O 2P(O) ZC2R1, di (pol yoxyet hyl ene) yet hyl phosphonate, and

conbi nati offs thereof; nis > 2; eachagﬁéﬂdependently selected fromthe
group consisting of H C_ 4 al kt;r/ll, and conbi nﬁ i gns t.hereof; .and@é{g\s

sel ected from t hehgs SHMRIG FRaveY pighe preparatjon p @‘Fé‘l‘l%e,ntl@lf?:mBP?Wl} at and
conbi nati ons t&x%ril?\peﬁltioljféomposition is stable in air for a prolonged period.

Potassium tripolyphosphate (KTPP; 17 g) was added to ethylene glycol
(807.5 g) in an open flask followed by heating at 60°C in 40 minutes to
20  completely dissolve KTPP to make a solution. TYZOR® TPT (tetraisopropyl
titanate; TPT; 161.5 g) was slowly added to the solution to produce a clear
solution weighing 982.9 g, a loss of 3.1 g (theoretical weight, 986 g). The clear
solution was heated at 100°C for one hour, the clear solution weight decreased to
868.4 g, and to 839.1 g after 2 hours at 100°C, mainly due to the evaporation of "
25  isopropyl alcohol and ethylene glycol.

In a separate run, ethylene glycol (34.754 g) and KTPP (0.498 g) were

mixed in an 6pen glass beaker and the resulting mixture was heated to 60°C with
stirring until KTPP was dissolved to produce a glycol/KTPP solution. TPT (4.748
g) was added to the glycol/KTPP solution to produce a titanium/glycol/KTPP

10




WO 02/ US88~3 PCT/ USQL/ -4957s 6. A conposition according to claim5 wherein
sai d phosphorus conpound is selected fromthe group consisting of potassium
tri pol yphoe preass43 sodi um tri pol yphosphat e, potassi um t et r 260Iu80hasphat e,
sodi um pent apol yphosphat e, sodi um hexapol yphosphat e, ethyl phosphonate,
propyl 5 phosphonate, hydroxynet hyl phosphonate, di(polyoxyethylene)

hydr oxynet hyl ¢ iphgs t t

met hyl phosphon(%acet’ g\]lga%ss ﬂg% M‘%ﬁqoﬁﬁos%ﬁgﬁgggie@g?gmﬁ ﬂ??% titanium

et hyl phosphonhaded aPeTi rﬁdslamahodifm hyl phosphonoacet at e, net hyl

di et hyl phosphonoacetate, triethyl phosphonoacetate, triethyl

phosphonoacet at e, AIpdAGRbIME fifurifel DK IPPIEBIOh QydslpRiceR in ardiflrPY f er abl y
-sai d phosphorus cor‘rp%und i's potassiumtripol yphosphate or potassium

tri pol yphosphapen. glass bakarmndar Hdodro ametﬂratsam@xmsmesatpomdmmpblhtmecorrbl ni ng
tetrai sopropyl ti tanat e, . ethylene gl pot assiumtri pol yphosphate, and
aopt i onal | Y5 watd@put 33 anc]agema@ggﬁeaég ng contacting, in the presence of
a catal yst, a carbonyl conpound and an aI cohol wherein said catalyst is as
recited in any of @lprtien (L10c557 g).of'the tltgnlum/@lygniéié'EPlaeQioﬁm wgsnm{edlvauﬂm 8

wherein said carb co nd has the fornmul

ndependent | yVEEF CL¥ L& RrRiEn aPgh S b GHS Metieroat Ve SHgERbYan, (2
hydr ocar boxyl q;‘,@g{] g a carboxylic acid group at the termnus,

(3) hydrocar bg;/]lEQ1 ra .cuéfgél:{dh whi ch each radical has 1 to about 30, pr ef er any

Ayl 2l karyl . ar al RS Sl afiog gl HlostCfn Fpnel gt heRds SREh oat o i
ester, ang, (5)ceRE Qﬁftek]%h‘in@it rh¥fA tQhpdufe &ﬂ%ﬁﬁfmd Rleaf sl gaysai d
car bonyl 25 conpound 1s terephthalic acid, dinmethyl terephthalate,

i sophthalic aW1ﬂ10uhKﬂtPlﬁ‘athecntaumd/glmod:smlnium,ai:mcd,m sehilepl contegiad, repxt’techal ic
acid, glutaric crylic a al jc acid, benzgic¢ acid, nmaleic acid,
propenoi ¢ aci 8’“%5{1"39’@[3}?8@ girdo g@“fneei"?‘g? a%ersee;pc%ng %%hf%%% G JoREHn sal t,
and conbi nat| ﬁﬂﬁ] 3
PCT/ L1S01/ . 19s l%f]})lr e e;{R ésrg aér%gg%lg gg%%n‘%lgllléwtwgf gﬁﬁ%ﬁ%ﬁ c acid, ,
di met hyl ter eadsﬁtaﬁlvadsaowartha@m%my welphit. t Ty sditionlkcarfe pisohdsif decordi ng to
claim8 or 9 wherein said al cohol js ethanol, propanol, isopropanol,
but anol , & hytitantung cortent wasragher éha &8%col , i sopropyl ene 5 glycol, butyl ene
gl ycol, 1-nethyl propylene glycol, pentylene gl ycol, diethylene glycol, -
triethylene glycol, 2-ethyl hexanol , EA0AMPLES nati ons of two or nore
t hereof; and preferably said al cohol is ethylene glycol. 7.6 .AlR A9

- A& A9. A& A& A&. Pt Exldnple SEvS hatthévBnhoifediickitiinSs HaBIGIRGHISR 96
k} xsmhc”Y] ca] ca] ca] caU] ca] c<a] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cpiaderigedjpesipda) cajcajJcRalk mV_'|Q
TG 5G. 8k{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
ca] ca] ca] ca] ca] ca] Ea]ylaié] glodal §28:0] @) and [KCERIK {2483, gdWere mixed in an open

I[ITIN'S" X{vqlgb
a] ca] ca] c2g caplass Célatjocfa]Té&]I@aPE%t]%lﬁ]ﬂc&’P%la‘]%eé] @@c@]@é@ﬂ“&%ﬂ)j‘@ﬁﬂ%ﬁ]ﬁ:a] ca] ca

cacacacaca /0v|
]gb]]X]]]ca] ]ca] ]c&f‘ g]% QJ&?g%ﬁ I% ﬁ( {ﬂﬂ (]“ ?g?a]’d f%da ca ca] cg] ga
] ca] ca] ca] cal fggacsgﬂ;m@am@m pfoaa@@@ﬁmaa aamppmmmamw 8| 889"
9] wrmhc™Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caf ca] ca%ca] cal cal] ca] ca] ca] ca] caU
] ca] ca] ca] ca] sethictirespireal, bad oapelalscand-@asined about 4.0% titanium having a P/Ti
; <\ <<<B===" >>>/ ’>’>’>+? @\RBBCCDDf D| wr ngb] X] ] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c& %r]le%? ety 9-2a] ca] ca] ca] ca] ca] ca] ca] caU] ca]ca]ca]ca]ca]ca]cal fD
DDBEEFGYG GGHAHHHI SI | | EJaJJKSK~KKL* L9LLLLEMWN| wr phc”Y] 1] ca] cajca]ca]ca]ca]c
aU] ca] ca] 23] ca] ca] depertipe of S|titanivm|elyqod/ K 1EA) @ait@a]\ﬁ%ﬁ]r&%ﬂe an angthed] ca] caj ca)

“aJ o) cal ca) caf B EATCHOCAO Bal e B2 EA7 RO F) oy sapearea eiPeef e

]ca] cajcal! W X3XWXXYZ ZZZZ

TIKI[[\2\\\ -] W] ] AqeeBggtion (7.80 ) of fhafilanipfglygol 5 TRR %"A‘]‘%"A‘J‘%Y%ﬂ%‘]eémhl ca] ca]
S obbobbn! coradiid (EAIERLERE OBE) R LBl ARl Gl Rling aRiiohiBh Gy | & o

a)J ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca]cal ca] ca] ca] ca] ca] ca] ca] cal
ehghxhhhhh+i {i i

] \jqj k Skkk$l xl{ hmm#ncnMoooppqqgssYt {vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] é&] ca] ca] ca] ca] ca] c”a]caU]ca! Yt,w w
WWWEX SXXX?YYYYhmm#ncnMoooppgqgssYt { vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca]]ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] caG*=ci
K- &Y




10%g& () - m&s10%g& () - &ML0%& ()- , 10%g& () -

109g& () -smL0%g& () - &10%& () - &cd9i K- 9109%g& ()- 10%& () - 910%g& () -
109g& () V&YaDossesy ) - 109%g& ()-s10%& ()-9Q i K-)-109%g& () - QB(MISW&Ja(F)
Ly& 109g& ()- &S$: 10%g& ()-9"10%& ()-!- 10%g& ()- OF10%& ()-; % K-
s<10%g& ()- 14 100/@1&' ()-'2 100/@1&' ()- 91109%g& ()-

L/ 109%g& () - LL~109%
To%e () - L@OMRE LB e ) o ko eorstblioh oy e by duopen stes
' | i K- KLS) 10%&alsrurided BOGRAS(ih FX ANPL & Karldarbﬁﬁmd(themmm@&d y-
1092 & () - &ML0% & ()-sQ Ti K-K 610%& ()-9Y4gl0% & ()- LS210%& ()-010%& () -
L.' 10%8& ()- && S10%& ()-L*MLO0%& (ExARPKE610%& () - 3
10%g& () - &310%g& () - & 10%g& () -

"&10%& () - 910%5;&' y K= KL10%&, () - . e

9° MLOYg&: () - 910%ga&: %”)5jegi‘i’%%@&S{?’%‘t%@éégv%éﬁ%%?é&olt‘?m Regs pectighy i k- ke10
a%9& () - L! :510%%zle)and pk 98@%3 194 cd{ﬁﬁ’ﬁ&ai oly@s,téﬁl%i&fa(ciurmg process of a pilot
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S)S 10%g& () -plant wi thloughput 56.7 kg ou1 The polyeste1 manufacturmg process is a

conventional process well known to one skilled in the art and the description of

which is omitted herein for the interest of brevity.

Ethylene glycol (179 kg) was added to a mix tank followed by addition of

10 1.068 kg of TPT, while being agitated to produce a clear titanium/glycol solution
that contained 0.1% titanium. The solution was pumped to a feed tank, having an
injection nozzle and pipe, from where it was injected at a rate of 8.6 ml/min to an

oligomer line of the polyester manufacturing process.

After 1 day, the solution in the feed tank formed solids and became cloudy
15  because the feed tank and injection pipe were not air-free. After 3 day, the
injection nozzle and pipe were plugged by the solids. The process was forced to

shut down.
EXAMPLE 4

This example illustrates that the invention composition did not plug

20 injection nozzle and pipe in a polyester manufacturing process.

Ethylene glycol (8.12 kg) and KTPP (0.30 kg) were added to a mix tank to
produce a mixture that was agitated for 1 hour at 60°C to produce a KTPP/glycol
solution, to which 1.13 kg of TPT was added to produce a 9.5 kg concentrated
titanium/KTPP/glycol solution containing about 2.0% Ti. The concentrated

25  solution was mixed with 181.4 kg of ethylene glycol in a mix tank at room
. temperature in a pilot plant to produce a clear, diluted titanium/K TPP/glycol

solution containing 0.1% titanium, having a P/Ti molar ratio of 0.5.

The diluted titanium/K TPP/glycol solution was then pumped to the feed

tank and from which it was injécted, at a rate of 8.6 ml/min, to the oligomer line
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e ) 0t Qi SR S AR R g
:10%& () -L I10° i%e(i)uz) o%&/ géil\él) towiéé%ﬁﬁﬁqggﬁégﬁgg@:i%}?@@d@ water, and

"s10%g& () - H 10%g&
y10%& () -6z 7779 888 olddd C&\B& @Wldﬁ)h@&bl@: {one and became clear after 15 minutes.

10 After 2 hours under hood exposed to air, it remained as clear solution.

After 16 hours under hood, it was the same clear solution.
EXAMPLE 6

This example further shows another invention composition containing

different a phosphorus compound.

15 Ethylene glycol (28.015 g) and potassium pyrophosphate (KPP; 1.68 g)
are mixed in an open glass beaker to form a mixture, which is heated to 60°C and
stirred until KPP is dissolved to produce a KPP/glycol solution. TPT (2.9 g) is
added to the glycol/KPP solution to produce a titanium/glycol/KPP solution

containing 1.5% titanium having a P/Ti molar ratio of 0.5.

20 A portion (7.3 g) of the titanium/glycol/KPP solution is mixed with water

(2.83 g) in another open glass beaker to produce a composition in water.
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2. A composition according to claim 1 wherein said titanium

compound has the formula Ti(OR),, each R is independently an alkyl radical, a
10  cycloalkyl radical, aralkyl radical, or combinations of two or more thereof, each R
contains from 1 to 30 carbon atoms per radical; and is preferably tetra isopropyl

titanate, tetra n-butyl titanate, or combinations thereof.

3. A process according to claim 1 or 2 wherein said glycol is selected
from the group consisting of alkylene glycol, polyalkylene glycol, alkoxylated
.15  glycol, and combinations of two or more thereof; preferably said glycol ethylene
glycc;l, propylene glycol, isopropylene glycol, butylene glycol, 1-methyl
propylene glycol, pentylene glycol, diethylene glycol, triethylene glycol, or
combinations of two or more thereof; and most preferably said glycol is ethylene

glycol.

20 4. A composition according to claim 1, 2, or 3 wherein said salt is
selected from the group consisting of an alkali metal salt, an alkaline earth metal

salt, and combinations thereof.

5. A composition according tb any of claims 1 to 4 wherein said
polyphosphoric acid has the formula of H,,,P,0s,.,; said phosphonate ester is
25 selected from the group consisting of (R'0),P(0)ZCO,R’, di(polyoxyethylene)
. hydroxymethyl phosphonate, and combinations thereof; n is > 2; each R'is
independently selected from the group consisting of H, C,, alkyl, and
combinations thereof: and Z is selected from the group consisting of C, ; alkylene,

C_ alkylidene, and combinations thereof.
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7. A composition comprising or is produced by combining
tetraisopropyl titanate, ethylene glycol, potassium tripolyphosphate, and

optionally water.

15 8. A process comprising contacting, in the presence of a catalyst, a
carbonyl compound and an alcohol wherein said catalyst is as recited in any of

claims 1 to 7.

9. A process according to claim 8 wherein said carbonyl compound

has the formula of RRCOOR?; each R? is indépendently selected from the group

20  consisting of (1) hydrogen, (2) hydrocarboxyl radical having a carboxylic acid
group at the terminus, or (3) hydrocarbyl radical in which each radical has 1 to
about 30, preferably about 3 to about 15 carbon atoms per radical which can be
alkyl, alkenyl, aryl, alkaryl, aralkyradical, (4) a 5-sulfo isophthalate metal salt or
its ester, and (5) combinations of two or more thereof; preferably said carbonyl

25 compound is terephthalic acid, dimethy! terephthalate, isophthalic acid, napthalic
acid, succinic acid, adipic acid, phthalic acid, glutaric acid, acrylic acid, oxalic

- acid, benzoic acid, maleic acid, propenoic acid, bis-glycolate ester of 5-sulfo

isophthalate sodium salt, and combination of two or more thereof; and most
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