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PCT/ US99/ 08783 5 i i FIELD OF THE | NVENTI ON i *166166* The present 06T 2002
invention isvalpyerted primarily to a series of plasticizer esEerfoaidss

*‘met hod for making such esters for use in the formulation of polyvinyl

chloride 10 , (P uch as phthal ates, adipates and trinellitates. These
pl asti ci zes\mmm\@\m\\m prepared by the reaction of an aromatic or aliphatic
diacid, tr \ aclid anhydride with an al cohol prepared by the
hydr of or nyl at i eer®f a C6- C o HIGH REREORMANG ASTICIAER® NI um or
tin-based catal yst or an acid

s glefin cont ai ns
at | east 50% nono nethyl brancs : (A OAQALCOROLS > 15 . met hyl
octene-1 or 2-nethyl octene-2. Such novel plasticizers

FCYRYM AN

have been found to
be especially useful in the manufacture of |ow fogging, flexible polyvinyl

chl oride (PVCYS autorm:‘ti ve interior trimapplications. i 20 BACKGROUND OF

THE | NVENTION | | Siﬁvcetheir introiiction in the late 1960's
branched C9 al co | X gai n prom nence as pl aﬂ“@mmmmmwr
PVC. PVC conpounds prepared with phthal ate esters of branched alcohol's
are used in many different 25 market segnents: these include el ect®®al

wire insulation, flexitHeepresenyinvehtivars digected privtaritpr £5krisgbf plagtRiizer ite!

shower curtains, synthetic l|eather, vinyl boat covers, vinyl sw mmng pool
liners, vinyl steaanddvethad for stnlingssueh estess & oekindtbe Eorsulation of aelyainy! etdoride wo

99/ saa~~ f ~~73 i ~.0_C, I 7002, PCT/ LS99/ 08783 Esters,of Qhranched C9

al cohol s are 19 ef(érvrcgdsucgbé‘? P@@‘E’%‘E& 4&%@8%@8@?‘?‘??}5\3%39?@%@@%53 eHYE Alfse
when used in PVC mepmethifthe rbdtfiodf 85 idfnatiy bEAIBLRGS BiacinBiaedasvaid ages over
the Ca esters in higher perfornmance, inproved extraction resistance to

wat er, tower eni swhydridedrith sryalpehed prepried by thatsdrofpenylatian efraalé-Oyp, olefing | ow
tenperature flexibility. .However hese,products are sljghtly defensive to
the Ca esters in Yirg? %ﬁ%ﬁ’mr élﬁ‘fﬁnﬁlg‘_s E@I}'b%&g ﬁ%&l&grorﬁr"cf’fgis%ﬁlrg}ldpéﬂﬁ@f@h@fes
and slightly | onggé oRkfiN cHhieird ahBadtis0%smony mBRAYIHakdhns(R tRSbets sarBbh & g, 2-
advant ages over the Cs esters with lower 10 , em ssions, the Level o%

eni ssi ons ar d5of tmethylectenedegn 2biethyl estensedreSushdiovelepastieizershavelbesmsounkd i n

the interior passenger.conp t for. aut onobiles nuf act ur er ften
ovel op. speci 1 ot anecian op Pabemegieadif ST Pegine REgHR pai L lond

rel eased as the qpmqmdnﬁ,tﬁ,ietme}i&ﬁhﬁaﬁy&tio@rrentIy, no C$ phthal ate
esters and no branchéd C9 phthal ate neet specifications which require a

m nimal 15 fog formaHi on observed after 3 hours at I100C, in a fog testing
apparatus. To neet these test performance criteria, phthalate esters of
branched or linear Cl10 and Cl, alcohols, phthalate esters of the nore
expensive |ingar SACKGROUNDOFIHENNVENTIONTE! | itic anhydri de nust be
used. 20 | In accordance wih Wadey et al.) "The Nonyl Phthal ate Ester and
Its Use in Flexible PVC', Journal of Vinyl Technol ogy, Decenber 1990, Vol.

e 2 et iyt eyt prs AR B S R e PR e 3 P el

branchi ng whi ch afge BEitinved t&gﬂH?E&hiﬁéddé ag¥iRitlcidet Sfor PYRS PV GoHPRBunds
noderately branched phthal ate esters 25 (Jayflex DINP), sli (ﬁghtly br anched

(Pal ati nol N), hipgraparedwithphtinlatSesicrs of branahet (b aleokgls apsused irameny giffelent and
| i near C9 phthal ate, (70% n-nonyl ,. 30% various. al.pha branched . somers). |t

< known i h o, | HEFSL FEmER: MRsinOude SREh i e BRSSP BodTE: | 30
?gt gggt Ve foggi ngnsRESEA WallhRR Svinyl Bov @88k, sPMBMCERhbaVRyHSsR RS{rat ed

vinyl swimming pool liners, vinyl stationary products or notebook covers, and

' tarpaulins.



.17 0C1 2002 WD 99154277 1.-PCT/US99/ 08783 exanples set forth hereafter that
t he novel branched C7- le\pht hal ate, trinellitate afnd adi pate ed7eBGl 1081 g. ,
branched C9 wbtohakate, trinellitate and adi pate esters) of themaRsesss
*invention which are forned froma branched oxo C7-Cl1 oxo al cohol s
unexpectedly pass the fog test. The branched nature of these plasticizers
wi |1 make them sl i ght|gstémRiof bRasiRAC/ll@dhbRare prRiyRAveNaterd ithhi2d fledPz- and
thus yield even better performance in PVC conpounds. These uni que branched

C7-Cl1 oxo pht haleihyhexanolybscapseavienarsed wdi Y@ cempovmsissthh £s esteryidldggi ng
roperties which are highly desirable,faor yse.ip autonptive interiaqr

gpploi cations. 10 %ﬂ?’ﬁ&?’%ﬁé@%‘ﬁ%ﬁ% Oﬁ?retﬂﬁﬁéaa?rtsd?rﬂ‘gﬁ%fr&?‘%ﬂ“@@dmp&‘ﬁ al cohol s
according to the RESSESH rebidReH toQRatl, RAE %m?ssiroh.?H?]ﬂgepBYé;siP%,ﬁgfvbﬁérpgﬁ?ﬁm' ch =

has all the performnce advantages associated wth convent ed C9
pht hal at e est ér s gubwityeankt lovbteepdrangre flasibility. However,phereqesddcassare slightlpan DOP. .
When conpared to her kngwn branched phthal ate esters, the phthal ate
esters of br anchél%tf@é“’ﬁ%a'fsc‘*aﬁsff%’é‘lt At LRI FEAIFRy L %o" f@ﬁh‘%é’éﬁ’ﬁeﬁ"ﬂﬂ/enti on
provi de i nproved i Cl g : per formance, and | ower
em ssion rel ease ‘?‘F’i’éerﬁ{ﬁ%%{’fdnsg?&gﬁg’ﬁegw&? glgg(gégtﬁg{egmdi tionally, the
present inventors have discovered that trinellitate esters 20 forned
according to the present invention tend to dry-blend faster than Jayflex
TINTM (triisononyl triMhquehibeCyesigrapler adventagesmypethe s estgrsavitivlewer and 1
nole of trinellitic anhygdri l.so t efficient..The
trimellitat gﬁlgxo e(%%szbrng, g’@é%’%?ﬁé“?%oq%ﬁze %é%ggoﬁtag?eﬁ%gir}c%gﬁo%%v arsy Fgrpl ace
TOTM (tri - 2- et hylprb@ieyd udediinritielinteflbpasicngerionipattimest fonsttordBids, appl i cati ons
and in wire and cable 25 fornul ati ons where conventional trinellitate
esters have not beswfastressienidevelop spesifistions opdbalged of emissions entfeg’oxo

esters of the present' inventli e Lower, valatihlity, ~they. will. haye

| onger useful pro @fc mee'{gfeﬂ_gerﬁeag%er?m? e n{ers:ﬂ%r} 1h|ets%1 'eCBQ%IMIé{Sf%Fép@X‘W% be
used in future _1?qﬁﬁry\hxfden@t&ahﬂﬁatogqmﬂaawt&h@etIsgwmtiaﬂs whitl reqire @ Minimal

pl asticizer efficiency, and i nproved processability are desired. 30 I,

99/ 54277 ~" HGT/ Jsgaroaries observesl after 2 hoursTh 0@ sremfog testingtapparatuss d'o meet
provi des nmany additi onal vant ages .t h hal | becpne appar.ent as descri bed
Dol ow 5 SUMRRY s TR PERORN BT it PRI e FROBE T e
novel series of ph@hblsChiBlaREsRESoffH IR a@enﬁwliﬂaﬁkwﬂcaﬁmree%k%ff ar use
in the fornulation of| polyvinyl chloride (PVC),/ such as phthal ates,

adi pat es and tri nehlellitiataebydrifleanyst bstsedi zes esters i 10 according to the
present invention ar el prepared by the reaction of at |east one branched
Cr-C11 oxo al cohol prEEar ed by hydrofornylation fromcC6-C o olefins i

compr i sing aty east SOpduebBidee iAo, 11 0GR PRARARIEM A 2ls UgAR!

one acid | and/or 'anhy In the presence of a’catal yst. |

present inventi orFletikle AV, Jowrsalaofpiinygd &eshifobogyp Depamtiend 920, Malstl, Nozdspest er

conprising: reacting a branched C7-Cl1, oxo, al gohol A ptepar fro -Co

ol efins by hydr of ¥13ndA lathess g Hreatly Vahiqus abPﬁ’ybﬂﬂﬁﬂPetgﬁﬂﬁfﬁk%ggi n the
f t ' ' £ j 9 t hyl

presence or a ca lﬁé%[@%«é)aé}ggﬂ&'ei’ést%g' \%ﬂglll%lfnl d%gret%mfdxléﬁn%‘mdcﬁ%?é norlgrle/? met ny

branchi ng at the resent 1 nvention also Includes a
pol yvi nyl chl ori denieacially avgilabliet Thesednoipde modegatplylbyarichsd plehilateiestersand t he
pl asticizes esters of the resga;pi nvention, and_optionall %] Etabi iz

fihl I erls and ?)?%ﬁlr(J%@eF Wnslightly brapehed (Ralatingl &) clyghty brapc i#f“i'ﬂ%tﬁ}gllﬁ.
T ! . . VS ar iy
Shocts or ot ruacio bRl By A b oA A ofp Kb, ARG, iRl | T

al | areas of pol yihaoHedGdiinirs)de applications. Qeher and further objects,
advant ages and features of the present invention will be understood by
reference to the following specification in conjunction with 30 the annexed °

drawings, wherein |i kflt‘??futu?w;?%"tﬁe O e pichl SR & Shthalates fail the

30  automotive fogging specifications. The present inventors have demonstrated in the
!
|
|
|



 The esterificatian process conprises the follow ng steps: (a) a

_,C 17-0C1 TO02 5 DESCR PTTON OE THE PREFERRED EMBQODI MENTS The pliasQCEilier

ester,s according to the(ﬁr}-esent invention are prepared by esterification of

aci ds and/ or way¥wysdgd7des with at | east one branched C7-C, 11~ og@rc{gg@%tpd3
Ing an

excess of acid and/or anyhydride and at | east one branched C7-Cl1l oxo

al conol 102 1 eactdaiiplég 3abuh RLUAL i fiehovkfraRliBh . Bllnhie! BEAUAG OXO

al cohol ~conprises at | east a nmeth anching at thé'beta car

(b) heating the readtadipateldten fetg)yiratiched O phihalaiy tHireliatetdudipate @RVt he
boiling point of the o ~ alcohol and maintaining a pressure sufficient to
obtai n boiling of thtpresemdrventiomvhich pee formpedsisgmia branched pxn§r-Cheoxeildokate/ or

hydri d d the b - | ot hthal ate, .trimellitat
or adli pate eat or - AMGREHR: SS (ol Sri Bk O pRy P Get B nfasttert e
reaction vessek. Yhenl Bkolflyiniire Chmpatitdthah Q6RRALGHAY Tyt NOP, indGhidBel@nGe"

nmore of the follow ng steps: renoving excess acid by nitrogen or 'steam
stri ppi ng; addi ng badeopasnmancgue B Vascampavinds, Thase insigue;btanched tGv@ik @docar bon,

clay and/or filter gid,tq.t reactipn.m xture follow.ng esterification
before further tré’g‘ﬁ’r?gaﬁ?’snglg@faﬁ% (@Q’ﬁt%?s){%{ﬁha AQW fgggmggmﬂpg[tl?é’rvh&ﬁem
99/ 54277 PCTI US99/hsg$.r,83esﬁammraﬁeauaitamammhb.)zsppme@na@?i dual organic

acids and to hydrol'yZe the catalyst (if present); filtering the solids from
the ester m xture containing the bulk of the excess acid by steam or

ni trogen stripping under vacuum and recycli of the acid nto the reaction
vessel ; and régrovi ng s%t‘iﬂéfzat? F%Wlstpﬁ@a‘?tdrff%&g’n‘é‘?ﬂéﬂﬁh %0@}0195?135000“"“8 to
filtration. In cekail 58 t ; - in the
process follow ngﬁﬁsﬁﬁ%&g?ﬁ? ?otbi ng. a%rhottl%b?@%gggﬁs?ﬂt&ﬁee a@g%lrl%s:&rlllﬁh%r eat nent
step may be elimi lpatfe’dna‘ncoad‘tammgm assecisted mithgetvaationd GrécbéCaphthialatehe

pl asticizer esters of{th resent. ivention are prepare netal or acid
catal yzed reacti oﬁ?tﬁfj’ &'Hﬁsﬁaﬁﬁfﬁ n E’Stﬁf’i"ﬁhaf‘icéss qtg??lgaag#}g.s egicqmpgred
triacid, or the agj glu%gwcgm BERchdd ﬁﬁiat%sféé}s,atﬂe gﬁ‘t?ﬁlg{ecé%&% of UrERAEE ¢, Yo t e

hydrof orrnyl ation o o olefins. According t present 1 nvention,
the ol efin 1515rushloobf4§lkab¢ordihg ke tetpré&eat inventionptdwde inpacwedieffiriaicy t bettebbina
carbon (e.g., 21 nmethyl octepe-1 or 2-nethyl, qctene-2 formed by the "oxo"
process). | The pﬂ@ﬂ%ﬁfﬁ@ﬁpﬂﬁrg’é?%‘iezéqd@w& nissipR relense 6. FRABINZA HUBRE used far
pol yvi nyl chl ori dir&%gé’h?. They include esters prepared fromthe reaction
of an aliphatic oxo Z ‘cohol and an aromatic acid, wherein the aliphatic
oxo al cohol is prepared by hydrofornylation of an olefin m xture which

i ncludes at | east 50% i sppers. havi ng met hyl sybstitution at the peta
carbon. The aromatic ;&W@%:éh"eprgﬁq”;‘r‘ ERtaEs °fi’r56??{elr?pet?‘§‘rt6‘m?“t§%‘ﬁﬁf§fsi ng

of phthalic ashd. shirdilcbbdiin 1BhepreflR HEARRSANR E9blond itk b T

t hereof . The nobst preferre sters are ose erein"the aromatic F’({j is
25 pht hal i ¢ anhydrTTM (tdisonomyl tiimellitateprgparedl fromBdmboles ofiCh ploahdl @nddanole of
al cohol is a branched C9 oxo al caohol F&r epared by hydrof or n}:l atiqn of

2-met hyl oct ene- 1 tamgilie aphydgde)y | They pispdend todhg masgeficaneaTheryreslitaevaxp

esters according to the present invention may also replace TOTM (tri-2-ethyl hexyl
trimellitate) in automotive instrument applications and in wire and cable

25  formulations where conventional trimellitate esters have not been successful.
Furthermore, because trimellitate oxo esters of the present invention have lower
volatifity, they will have a longer useful product life. Moreover, the trimellitate
oxo esters could be used in future 125°C wire applications where low volatility,
higher plasticizer efficiency, and improved processability are desired.

30



e ey e, o ~"T pC Tsj. 00l WO 99154277 PCT/ US99/ 08783 The
esterification process i Mﬁreferabl y conducted in the presence of a
catal yst. Tweoombszesterification catalysts are titanium zireenseyess tin
' - catalysts such as titanium zirconiumand tin al cohol ates, car bpz)rqllcgtczw and
chelates. See 5 U.S. Patent No. 3,056,818 (Wrber). which issued ober
2, 1962, and which is i i k # i i jum
al cohol at es whi ch can Tt;%%ﬁéssgﬁtrlggﬁggﬁg%??’fbﬁéﬁﬁggg?gﬁ%%%%% ?l%aténa“es,
tetraet hyl titanhtesne sptarenpaoiescribédtelat.es, tetra-isopropyl 10 ,
titanates, tetrabutyl titanates, tetrapentyl titanates, tetrahexyl
titanates; tetra-octyl titanates, tetranonyl titanates, tetradodecyl
titanates, tetrahexadecyl titanates, tetraoctadecyl titanates, tetradecyl
titanates, tetraheptyl titanates and tetraphenyl titanates. The a.l kyoxy
groups on thesti SYNMMARYOOFCEHEINVENTION sane or they can be different.
The zirconium counterparts of the above al cohol ates can be 15 substituted
in whole or in part as catalysts. The titanium carboxyl ates which serve as

esterification cataly! re pal [i erials havj at | east one acyl
group for each titani Sl_tr%%f?%sﬁw lggl%ﬁggﬁfn%{lﬁq?%%f]ﬁ‘%l ge stf@%%ﬁ%ﬁ&&%?ﬁ“ﬂe

enpl oyed as cat ahesicd fob elaltihe saely bsddrddr hse @Mhe hmulBioabrGRNNEN! alleAde such
as hydroxy titanium acetate, hydroxyl titanium butyrate, hydroxy titanium

pent anoat e, hydr §RYC),isualmazphthalates adipetes Aydiironeflitaies. afheiplrgcizanestess, hydr oxy
titani um decapoate, hydro titan um.dodecanoat droxy titani um
L et 6 el AR 5 ooy R Seg2S¥ b ok e
oct adecanoate, h i i | i: _ ,
yclroxy 25t 11 antanctiCECR U AR Epal OF Ridtolorh AR R Gl ek
hydr oxy titani umcbmaptisiog bt lagsy ISVemethyldranchingiat drei beta cadmmnwith atclgdsatoae acid
met hoxy titanium acgetlate,, .etho titani L%m butyrate, i1sopropoxy titanium
pent anoat e, but o£)9/Pf if“?ﬂ?idﬂﬁ?’ﬂ’é &?eg‘?e‘?sa(fﬂ"’g{i&xy titani um oct anoat e,
i sopropoxy titani um decanoate, isopropyl titanium dodecanoate, isopropoxy
titaniumtetradecanoate, isopropoxy hexadecanoate, 30 iso ro O
oct adecanoat @5i so ro Qheipresantlinventiontlso irchidena pracedsdfor prepaingen plaflicidér~ P P
XY ~P PXxYY7 W 99I54277 1'7 Oéfl‘ 21%3@?5” US99108783 acy| at e
i sopropoxy | i nse&8CREYNRRSING: FeaGHRSp Brapc v 0@ plcahel prepyeedr @B Ge-Guoup of
the acyl ate can d . i i ni um
car boxyl at es can\égegi lsjis)gggéaréfotégva 9@twétB%gleﬁétﬁ;ﬂégﬁﬁ&%@ﬁg@gggﬁt@g gérs%rg by
reacting a titaniofmcaenlyeewhdred sdid alefind omprise avleadt 509 raethylebranvhingcit nige
pol yol s such as glycols or glycerine and am no al coho~l's, am no aci ds,
hydroxy aci ds an®¢{sdl rboxylic acids. Typical chelated esters which serve
as catal ysts 'bncl ude tetra-ethylene glycol titanate, tetrapropyl ene glycol
titanate, tet2r abutyl ene glycol titanate, tetra-octylene glycol titanate and

| The present invention also includes a polyvinyl chloride resin composition

|

comprising polyvinyl chloride and the plasticizer esters of the present invention and

option'c:ﬂly, stabilizers, fillers and other well-known additives that are commonly

used in the art. The polyvinyl chloride resin compositions can be used to prepare
25  films, slhcets or extruded, molded or cast products that are suitable for use in all

areas of polyvinyl chloride applications.

Other and further objects, advantages and features of the present invention
will be understood by reference to the following specification in conjunction with

30 the annexed drawings, wherein like parts have been given like numbers,



€10 , tetrapolyethylene glycol titanate, dibutoxy di-(ethylene glycol)
titanate, di isopropoxy di-(octylene glycol) titanates, dﬁnethoxy
di - (octyl ene glycol) titanates, diethyoxy di-{octylene gly ) titanates,

-tetratriethanol amne titanate, tetratriethanol anine-N—dngDe titanate,
triethanol amine-N-stearate titanate, triethanol amne-N-[i nseed 13c00 280 t
titanate, dibutoxy titanate, dipropoxy titanate, 1 S dinethoxy titanate,
di et hoxy titanate, other dial koxy di propoxy, dinethoxy, diethoxy titanates,
and ot her dial koxy di-(am no al cohol) gitanates. The corresponding
zirconium chel ates are al so useful as catalysts. Selected acid catal ysts
may al so be used i i r A | ] 0ERSS,. S0 xanpl es of acid
catal ysts are: sul géggaggiéﬁugéhggigﬁgﬂgé%. §§é§§8? :v§uene sul fonic

aci d, naphthal ene sul f,oni ¢ acid, um num sul f at e,  al um num powder, norna

decyl benzene sulThe RIBUSZPLLSIRGAPATIRE IBY PRETN diyenten IS Ik W nor mal
nonyl benz~ i \ Eﬂﬁgﬁ WG gSi nor ma
heptylbenzg%gagﬁ%Qgﬁggagggﬁ?Bﬁor 8%%%%?%2%%@§g§§%%?%§?éqg%gﬁ? nor mal 25

tri decyl beakehsl. sul foni c acid, normal tetradecyl benzene sul fonic acid,
nor mal dodecane sulfonic acid, normal trideca.ne sulfonigd acid, nornal
tetradegane sul fonic acid, normal pentadecane sulfonic agid, normal
hexadecane sul fonic acid, normal heptadecane sulfonic acild, nornal

oct adecane sul f Qihe @stafifidatiodGiriEdss BARFGRSE BRFoR NG Reps: shdngg)' siral ei cosane
sul fonic acid, 3-nethyldodecane sulfonic acid, 3 35$&§FL | - 5- et hyl decane

sul foni ¢ a€repss of wid pdd/aeapihydndesnd o leastmedranched Cer‘ew%(a dechalbehzene

| f - - . h - .' - , - - - -
G sul T oni ¢ SioR VSR PIIAAL LIBAT ADE8 9 SRS sk obren s 00 0 m
i WO 991 53@E750% Taedhyd btratbitg 400% he0@ BB 854 () heating the spkfiomi ¢ acid, 2, S,
2, 6-, 2 7- t hal di sul f oni ] i xt. fit i , and
51 S o 101 oUHRES ey al bt of @5t a8 %@éﬁroﬁéh%wpéﬁéﬁr'séﬂi;& i ng
an ar omat i endiyeirdoed ?ﬁﬁsuﬁﬁﬁlﬁ'ﬁbm%tai@Bﬁliﬁybf%ir&cﬁsi ehix iR, Eliw&adi sul fonic

acid, nethane trisul OPIC acid, hydrochloric acid, perfluorinated resin

sul foni c acpaverting theacidand/or anhydyudesad thebranghed Colinl pxmaleokalitela t hi ony!|
hl ori de. i, . ; . . bor | id
ona s | coPHted iniineliRie 86 sq g PG e Pk Winer S oIl e i€ 01 7 O

esteri fi catlcoho) from the rrantiorovespsdl y- basi ¢ aci ds, preferably dibasic or
tribasic acids) can be aliphatic, cyclo-aliphatic or aromatic, they can be
substi tldted or unsubstituted, saturated or unsaturated, or 1 S they can be
bl ends of acids. Representative acids include acetic, hydroxyacetic,

chl oroacetic) briherateeificationgyracesa vatyiforthed ipthedednaee hiote of thephenyl aceti c,

pr opi oni c, rQpl.oni Cll tya- ropioni.c. n-butyric,

i sobutyri CQ@&%&%W&@%& %‘F?%HQ@@M&?&%F@FWD%’W@ noi c,

ff’"pr oic, peldmlgartiz suchcaspalythina, sill]algd,mpﬁvaﬂrbm, clz' WEth& amhplha_- hydr oxy
ihgnoceric,, mal oni c, ,succj pi c ut.aric, .adipi.c pi melic, azelaic,

sebaci c, déh%ﬁ@gm?T@pHP@é?@%%yggﬁ?ﬂggﬁFﬁ&Egﬁgggﬂ?ﬁgﬁﬂmﬁﬁﬁB@*?Eic,

pent acoganedtereadBaséfdooxyl ic, 1,2, 3-propane tricarboxylic, citric,

acrylic, alphachloro acrylic, beta-chloro acrylic, beta-brono acrylic,

bet a- phenyl acrylic, nmethacrylic, vinyl acetic, crotonic, angelic, tiglic,
undecyl enic, oleic, erucic, linoleic, linolenic, malefic, fumaric,
mesaconi ¢, citraconic, itaconic, nucconic, 2S aconitic, fryristic, stearic,
i sostearic, branched CS and C 10 (e.g., 3,5, Strinethyl hexanoic) and
branched C17, C19, C21, etc., acids. Anong the alicyclic acids are

cycl opropane carboxylic, cyclobutane carboxylic, cyclopentane carboxylic,

cycl ohept ane carboxylic, cyclohexane 30 carboxylic, 2-hydroxy cycl ohexane

carboxylic, I, I-cyclopropane dicarboxylic, 1,2cyclobutane dicarboxylic,

1, 3-cycl obut ane di carboxylic, 1, 4-cycl ohexane dicarboxyli c,

cycl ohexane-1, 2, 3, 4, S, 6- hexacar boxyl i c, cycl opentene-2-carboxylic,

| - cycl ohexene- 1- carboxylic, hydrocapric, cyclohexadi ene-1, 2-dicarboxylic,

and 1, 3-cycl ohexadi ene- 1, 4-di carboxylic. 3S 9 WO 99154277 T 7 0 C T 2007
PCT/ US99/ 08783 The aromatic aci ds include benzoic, o-, m and p-chloro and

bronmo benzoic, o-, m and p-hydroxy benzoic, o-, m and p-nitrobenzoic, o-,
m and pnet hoxy benzoi c, al pha-napthoic, beta-naphthoic, o-, m and

p- net hyl benzoic, o-, m and p-ethyl benzoic, p-phenyl benzoic, phthalic,

i sophthalic, terephthalic, 5 hydroxy phthalic, 2,3-dinethyl benzoic,

benzene-1, 2, 4-tricarboxylic, benzenel, 3,5-tricarboxylic,

benzene-1, 2,4, 5-tetracarboxylic, diacids of naphthal enes and trinellitic.
10 ANHYDRI DES ' Anhydri des of nono- and pol y-basic acids' can be used in

pl ace of the acids, especially when plasticizes esters are being forned.

D T T T




.15 anhydri de, adipic }anhydri de, pinellic anhydride, nalefic anhydr7Qer 20m
mesaconi ¢ anhydride, c¢itraconic anhydride, glutaconic anhydride, itaconic
anhydri de, pWdwwldsgr7anhydride, benzoic anhydride, nadic anhydpifgsodigidly!

- nadi ¢ anhydri de, hexahydrophthalic anhydride, trinellitic anhydrlge an

m xed anhydri des of npnobasic acids. Another anhydride is pyronellitic

di anhydride. 20 Auaites . t ] i k£ h
aci ds and anhydrf%jies tar eu§~naltfﬂig§glear|@§%lﬂa?)|6f;§3§|gﬁci\?ggﬁ ?F%%?‘gﬁ%ﬁg%%@s%%
ol efins, such as preset);filtenag theselidsdrmin therestehyrlixtore coneniing the butieofttke
process. Anmong the nonohydric al cohols which capn be reacted with acids, and
30 anhydri des acc@fCGFsirﬂj’“{W SLEAM BF BiLTOREN SLHDRIPG PRFEr Ypeuunhandgecyching of themcid,
nost | primary C7-Cl iy i Gt L Eut i . ol s and
Al kenol o, 1 suoh B0 thg TRRRRNREE: sl sChctoll Mo dibtea G ufy KA° ° 70
T 2002 WO 991 A2 7f1tfa6Gdn. US99/ 08783 The term "iso" is neant to convey a

mul tiple isoner product nade by the oxo process. It is desirable to have a
branched oxo al cohol conprising multiple isonmers, preferably at l|east taro

i . 5 Branched | cohol b duced in t -cal | ed "oxo"
o7 00ess by hydr of or ny! BRI B Er R El PR ARt B TEIERMEPt act | ons

to a correspondi ngBhARCHash SripSing, ~TPbEE ke HRIALSbBS tRARRGH: SRB nfyauct |
foll owed by conversion of the crude oxo al cohol -contai ning oxonat i gn
product to an oxoelahinated Ffromlibe pracassmaltdgethero pr oduce oxo al cohol
commercially,, the hydrofornylation process is adjusted to nmaxim ze 0xo0

al cohol formatd on. This can be acconplished by controlling the tenperature,
pressure, catalyst con i i | r

denetal | ed crude al cohgﬂ%?écr(a)b;l}%’at?ﬁp 'ﬁg%gﬁﬁﬁ‘?gﬁmﬁfdgﬁgﬁggﬁ“s“ I%g aﬁﬁ%’ﬁeg{grg%gygd to
convert residual mmlfxﬁMyﬁidgzddaemtion@famhmlnmticﬁhalimddtacitlj sauch @f a ldiagide hed
oxo al cohols fromthel cobalt, catal yzed hydrofornylation of an olefinic

f eedst r eam pr ef er BBl EBQ%BPP’Q@&BYJ%’%’F g!eﬁ’t?gﬁwl‘é agtogﬁgi_ico obgsepargdhy the
hydr of or nyl ati ng L1 dstr. b i 1 ifle
and hydrogen (i .e@@t‘?ﬁ%gg‘?l}sgg%s?}oioﬁﬁtmhexgéggg 52@%%%&#5%&%‘%@%%%@%
cat al yst unders r emoiti contairoatdedst 50f% rdret methylrboirehing et thertresd ¢avborofe.ga -

al cohol -rich crude ieaction product; (b) denetalling,thg alcohol-rich crude
reaction product mathybedenerl QBZﬂFélPSéPFtGHﬁ"?%@"WdedB%rW RPesS)cat al yst and
a substantially catal yst-free, alcohol rich crude reaction product; (c)
separating the catal yst-free) al cohol-rich crude reaction product into a

concentrated al cohol - r TEdprfaeidqilastitidercditerd 46 figdse pieRcawbeodsedtfor polgvinyl)

hydrogenating the concentrated al cohol -rich product, thereby formng 30 an
oxo al cohol. 11 chloride resins. They include esters prepared from the reaction of an aliphatic oxo

20  alcohol and an aromatic acid, wherein the aliphatic oxo alcohol is prepared by
hydroformylation of an olefin mixture which includes at least 50% isomers having
methyl substitution at the beta carbon. The aromatic acid is preferably selected
from the group consisting of: phthalic acid, trimellitic acid, anhydrides thereof, and
mixtures thereof. The most preferred esters are those wherein the aromatic acid is

25  phthalic anhydride or trimellitic anhydride and the aliphatic oxo alcohol is a
branched Cy oxo alcohol prepared by hydroformylation of 2-methyl octene-1

and/or 2-methyl octene-2.

30 ESTERIFICATION CATALYST




i,- - ~7~0CT ~~07. WD 99/54277 PCT/ US99/ 08783 The ol efi ni c feedst jgkmy
is preferably any C6 to/Cio olefin, nore preferably a branched Cs ol efin.
Mor eover, thgoabgfhfi c feedstreamis preferably a branched olp%frigfbg gy ein
~at |l east 50% of the nethyl branching occurs at the beta carbon a?om The
hydr of ornyl ati on and subsequent hydrogenati on of the reaction of crude
hydrof ornyl ati on product is capable of producing branched C~ to C ~

al cohol s, nore preferably branched C9 oxo al cohol. Each of the branched oxo
C~ to C, ~ al cohol s t{ypheesterificederpprosess is freferably-eapidactedin the ptesermeatf a
branched oxo al cohel, isanmers, e..d...branched oxo al cohol c ri Ses
2-nethly octene- 1cagw,t‘2?H@fﬁﬁgfgc%@fléﬁté‘ﬁ'ﬁs afe%gu%ggm@é gg"%‘é@’é‘rsal 9
phthal ate esters diaygs hQRRne 2FBaSH ah@tih BRoRAAES ARG Fab aﬁ{&cf%se@éaa' ate
ester of the present invention that is prepared frombranc e 0X0

al cohol made f5r otV 3- RetehtyNo .03 066,818 (Werthed whithhydued ohdutebizr 2] HO625 ahdherhizko
process, provided that at |east 500/?0f the ol efi ns have nethyl branching at
t he beta carbon d?BWPerﬁaée%ﬁ?‘ﬁﬁ‘llé’tréeE“é‘P‘ér of the present invention
denonstrated certai | performance advantages in several key areas over both
Jayflex DINP and Pal atidol N, which are two comrercial phthal ate esters
that are al so derived Typial Hitaahemngeoiottes whibiptan bkaysell ax cAPhIs inghileepar ed
froma mxture which is 20 predom nantly di methyl heptanols and trinethyl
hexanol s. Pal at i rigframethyl tisanabes; tedragthylfitanates tetiapropy titandiss, tesea-igppriopyland

or anchad Co v, ey ARy abkie Ak ihedh i sTBH! B ERF DL

and 2-nethyl oct efignateshavian@nyl Bitaniated elraddidséyl titinbics e fexdicyitithd @MdtR-
TABLE 1. This tabke was developed from al cohol 25 isonmer and conpositional
dat a predicted bastafleey! tikanoias, iredesyl titanates, toyrahentyl titanatesi aod tetsapherd out on
sel ected ol efins., This ta, s _based on..t assunption that 2 nethyl
octene-1 and 2- meft iR tesog?lgﬁggfwmupg%ﬂﬁqﬁathg ag a’éﬁlf %%&F\?FW? of Khey %8 oxo
i process. |f theeshirgeht iHelirdconidinfdoBhterparts bPAR abbee NESHOBMSGRDer EPOr t ed
for 3-methyl octanol and 7-nmethyl octanol in TABLE 1 could be reversed. 30
12 '~ 7 D Gf 2Bobstuted in Wwhela®r iiEpart #REBHGIE~ COVPO-1TI ONS OF' ~~ sRaNCHED
Cg OxO ALCO-i (' ~L s ConpoundPer cent 1- nonanol 6. 42- net hyl oct anol 2. d' ~- et hyl
hept enol O gto Z-propyl hexanol ~0.3~ butyl penta~aol ,0.13 nethyl

oct aaol 42. 37- met hyl ocfpRRhddmAridxiafes Shithl seRRRAL a8tetidchtiod eatalysts are

2-ethyl -5-netl ~.yl hexanol ~3.62,2-di nethyy heptanol 0. 92-i sopropyl

hcxanol 0. 92- secbpolymerjcamitemals Davingtdeashonesicygrapp f@ edelt titahiom athme eTy@ical

| cohols, i.e,, (1) b hed ,C~ | coh i yl. al cohaol) . di net hyl
ﬁcg? a(rjloiss Iang tr i(tﬁé'%*‘ill'@‘lr*‘fél g%gw@&% 2)%“‘58%(% é]éq%qjgsggéﬁlgﬁgggqu%p%@gﬁn%q%
al cohol, (i, gq) %amaﬁta%rﬁsﬁ%c@ésﬂﬁ/a@-tnmd ‘Zal:etaﬁé‘; ﬁ}farﬁ;fwh{aﬁfunqms}mté,i es of

3, -nethyl ~octanol, "2-ethyl heptianol’, an ~r opy exanol (rayflex L9F);
25 and (3) shi ghthydrdxyaitarined pEotandae hytiropy ippmiva héxanbate, hydodxyrtitagthat | on of
but ene diner (P~.la~tino rTt .were generated, Addjtional a, theoretical
GC chr omat ogr am fAF2NPRE %’F%ﬂ’é%}@@n@m &?&“%ﬁ%%@%g@&m} &‘b‘lefx‘é)“qaﬁee hYGroxy ¢
i nvention wai.s ' bd itanR kR @b iS4 Md RitafddFhe~) ~
e e oas o Bafaf8Tdeafale, MdbelinRaPbaddhiite, 455

octadecanoate, hydroxy titanium oleate, hydroxy titanium soya acylate, hydroxy

25 titanium linseed acylate, hydroxy titanium castor acylate, hydroxy titanium tall oil
acylate, hydroxy titanium coconut acylate, methoxy titanium acetate, ethoxy
titanium butyrate, isopropoxy titanium pentanoate, butoxy titanium hexanoate,
isopropoxy titanium octanoate, isopropoxy titanium decanoate, isopropy! titanium
dodecgnoate, isopropoxy titanium tetradecanoate, isopropoxy hexadecanoate,

30 isoproipoxy octadecanoate, isopropoxy titanium oleate, isopropoxy titanium soya



al cohol s conpar ed

. It has been di scovered that the 2-nmethyl and the 6-nethyl heptanokg @ﬁqdmgzhe
no

sanme.retention tines. 9 assuned that 2-net hyl and 7-nethyl octa
will Iikew Sﬁ,dy@)ggent;he sane retention times. Unexpectedly, thg- %3
- oxo al cohol's GC pattern was different fromthe GC patterns of ot her novvn

C9 alcohols. | Table 2 Ilsts a branchl ng summary of the three reference
tP branc ed C9 oxo lCOEﬁ@ ornmed in
accordance with t3fé abq,é%ogﬁqpqxx\)gﬁpgﬁy é%?%%rﬁoﬁe,"‘ttﬁa ey OKY B

number of brancheom@acﬁa@eageawoﬁma@o catbén RORRCNRE ol eoRlihD zfiEddiyfd

al cohol of the present ‘i nvention, a conposite bran ex 0
significantly I ovaarbctﬁyhamstdaaﬂaemeqmtnstcathbfsmr the i slightly branched C9-based
al cohol . This reduced branching translates into sone notabl e perfornance
differences. Plasticizer viscosity for the phthal ate ester of the present

invention is fsound to f&%@gﬁﬂe\]ay x‘?ﬂed@g@%dti’ﬁgla ti\hrﬁ\ﬁrp%omg@u@g%ﬂﬁtal y

branched C9 pht hal at e] e

pht hal at e) . TABL EpadyfGactiinalGhicleciddingludingAimlals sich gbglyyolBoaplgbathe@Bamimhed
Oct encsCg' SPA COLAO_C9C9bPal atj nol, N Jayfl ex DINP ,Jayfl ex L9POxo
Al cohol Al cohol  BragRieis aBinoaciski hydremastds pnd pgh(wh@xxbﬁaﬁléneammd chelated

~2874Di -b h d44 0T 21 1< 1B

ndex . 242050, oenters Wi oervR aBRGEFAEb AL TP CLBERE Bec) tangi rarpegyicns
100 54 Pl asti ci zgflydabtitddhate, tABGtyRnd c& tﬁﬁﬁte tet?a-@ct ele 290 1fténhldip9/ 08783
67 0.976° a. BAS data for Di nersSol al cohol . PrediCted c. Conparison

wi th Pal atindi0, N tetmepalyethylene diyadbtitiaste, dlhllltybxwdr—éed\bdmp ghrobtitdratmti-on of
phthalic anhydride with t nch 0X0 cohol f th

P vent i on- denons Eertaro e Gy RREASEo Prapaes diabon Sraebist eBRebtamaion co
primary al cohol s;g; Copg%ga(gé 6o &Hagrywl? Hfaﬂ@ﬂe?rt&r%wﬂaﬁd?ﬁmﬂgzttf}%ﬁée ester are

antici pated. The ase I's a conputer useéd to predict
pl asticizer perf dctmmbtsha.hmi drmeeerbleatE’ﬂ(anatcotriedlansl phiasN- stieamte tiendtgr nance

15 information abQu . ‘Tﬂa Ja er DI NP, Ja . ex L9P,
Pal atinol N, and 'H€ %ﬁ?ﬁ%ﬁ? ‘f‘ﬁf\?] ?’?yc}fﬁ%ﬁtl PRACHARMS f or
these phthal gkes dig Ethég%am&tea&e%gg tifbhafelGther tﬂﬁlkgﬂl @igk{%@g)é dhBingkys |1 sted

in Table 3. This ta shows t hat t he branching ‘in Ccreases,
pl asticizer effi odxethmyy titanateq si0d ptﬂeodxaﬂ@xpdr-éﬂmmealpeimimmatesa Thecr eases,

and the weight |oss observed with n a 20 .and so wat er extraction
decreases. These ©HEEpPRAdingiconm 5?%?2\? etﬁﬂafﬁaa‘f"ggtét forth in Wadey
et al., "The Nonyl Phthal ate Ester and Its Use in Flexible PVC', Journal of

Vi nyl Technol ogy, December 1990, Vol. 12, No. 4, pg. 642. The i performance
of the isooctene-deri veseqéd hdd edtelysts ey abodeudedip thie eﬁtb&ﬁqmtxeﬁ@rﬁcekmvent i on

i.e., Iso- DINP), i f
g)ler for maftge ﬁ) %Is% %’%ﬁ% hal %\%dca{ws snuggrsgﬁ% ‘felr‘1°33| ﬁne"%e Sﬁlgﬁ’mg%cag ]'JZe%rFso
di spl ayed in Tabls&xlfemcwd naphthalene)sulfonic ggid; ajungingmpulfgealuwainggy Bawizy, |

, =/ 1" PCT/ C1599/ R4 &3 a?ib%?senggﬁt’&& 254 fn%ﬁa%ae@tbe@en'a@mat@tad Frﬁ)trﬁxraﬁ in

FI exi ble PVC 5 Propert [ ex Palatinol Palatin P  so-C9
DINP 711 P N LO9P cipmy Weﬁ fomc acxd normal octylbenzene su]fomc acid, norma

heptylbenzene sulfonic acid, normal hexylbenzene sulfonic acid, normal

25  tridecylbenzene sulfonic acid, normal tetradecylbenzene sulfonic acid, normal
dodecane sulfonic acid, normal tridecane sulfonic acid, normal tetradecane sulfonic
acid, normal pentadecane sulfonic acid, normal hexadecane sulfonic acid, normal
heptadecane sulfonic acid, normal octadecane sulfonic acid, normal nonadecane
sulfonic acid, normal eicosane sulfonic acid, 3-methyldodecane sulfonic acid, 3-

30  methyl-5-ethyldecane sulfonic acid, 3-methyldecylbenzene sulfonic acid, 4-
ethyloctylbenzene sulfonic acid, phosphoric acid, aromatic phosphonic acids (e.g.,
organit; disulfonic acids, 1,2-ethanedisulfonic acid, 1,3-propanedisulfonic acid, m-



|
. 15 20 25 30 Shore A hardness848183808082Shore D har.dness3l 29302827%9b810 %ﬁ
modul.us, N mm-12.511. 811. 810. 710. 811. 5El ongat i on. 1 1
%8293423653380328R5¢C] ash-Bl erg Tt C- 24-32- 26- 33-36-28Bri tt | epegrshengss
© C-324135-43-46-38Wei ght ~oss, % (7 d@100C)5. 45. 64.03.42.44.0Vol atility,
carbon bl ack, %i.01. 1i.30.90.90.9Soapy vi ater |oss,

R.03.41. 81. 61. 41, 7Conpot i.pd. spe rayityl.,2211.2211.2221.220]1. 2161. 221Dry
blend tine) m nut benzend digifogic i, 3522 0&32#6@'&?@8‘? é‘ﬁégo%ﬁ% oF IRkFRIrgsH
parts, plasticizeefth@sgibomers,tandil5-petylededifulfonic ackd),raaplid fredlitdatsns pregured

COPPCO dat a versu rapching | ' . | iCl,z forned from
branched C9 oxo a?%g%g{?‘fg nnigf)}élggn%%%#b%aéﬁqﬂofl nﬁlﬁgcﬁ%’ aﬁlgésg,&nﬁpa?cénf?’i %fla'ﬁ falls
at mid range bet wdiewifalagyddid mdthaxe taswifoticacids bpdrochinrickeid, pedflubhihited fesithe
present inventd on u]foﬁfb%fcﬁ?&dfé%ﬂ %edl %e'ﬁ‘%’siﬁ%?@%m@ﬁ?&% 184 GhioRAVRIREACS over
Pal atinol N with hi gher efficiency, % ter 'ow tenperature perfornante,
and' reduced wei gbrropggfuoridas dihydrexyniinridgcdibydroxy Runborie aeignand silicon
di fferences may bgudhihdddeult to quantitative. However, the differences
bet ween Jayflex DI NP and the isooctene derived DINP is statistically
significant (but still less than the performance differences between DOP
(di -2-ethyl hexyl phthalate) and Jayflex DINP) in both the | aboratory and
manuf act uri ngloenvi ronment, with the i sooctg_,@seri ved pl asticizes having
several areas of inproved plasticizes perf ce. 3ayflex DINP is |less
efficient, which 16 ~~~5 WD 99154277 a. . ~ ~ ~ c~ 200z PCT/US99/ 08783
translates into a sli ; : : j cific
Ebﬁrbﬁﬂﬂéfﬁ%xdg w%@%w%%&nﬂéﬁﬁﬂ Wé‘gmgﬂt?&,géﬂ%@%@

gravity projections are correct . that the cost ratio een’ resin
and pl asticizer awads predprally dibasic ppiribpsis agide)ras heakiphetiatcyeleedliphaticeors nal |

di f f erences bet wegdniafl, tREY/ daERIERINAEd Bhufabaitete®@ Sk fted bERNaRFalkd Q7
1- nonanol phthal atﬁ?e an >épect ed, t hat
ra

-mef hyl .nonanol . Thus, .it,is.to he e
o al gt 1 yTSr i ga by bkls of egds| ReNsientaive RsiIsingiidt rede i RmoRedic
2- nonanlol ] wi t hI Sdflﬁd)ﬂoédéﬁt'mmﬂhiohéaiﬁ, qfanaadeﬁt,rﬁyhphenplhmioj t,ripﬂai}?ll}idl:etil&,eﬂfo?l’mihc, and
- propy exanol . ) (i.s: nded. W ranche xo.alcohol 10 of the
present inventi onl?lal?l?ﬂgpl@g\ﬁnd'fi?n%&gh&ggqxngz%m?'ﬁ ’d’lgglg rilccilsfbpg'ﬁ'g’rxﬁfgﬁ%‘lce. Al
0% addi ti on of t hiownlexies heobeiGdnoveterisl n-dhptanaic, cspioih pelprgonizn capedic, launiear C9
al cohol shoul d gi PRE : Ll A ki ; s
performance. Q he ,aq[;r)lglrcf lc')éﬁr?gﬁrgé’ r gdghg?rtoiqgggi?ﬂ%glg’gﬁ%%mﬁ\éyg%‘?feﬁg’te%gﬁ%&ﬁaﬁgw’lt
G X gt senuechiiré b luorinlius i
ranched, |inear tadosaedl,2 icl b,2(8- i A 0
esterification. %‘pr esgnt [ nVﬁnti oln laI ﬁclplir@%cl ué;ﬁ. g%yé:gl lvi rlylry;hlagjrh?de
resin conposi ti on®tINAT™ CriftEs WA Y% ?S'Pf‘?féo.g %R aﬁﬁﬁg‘%}( i€P2&r esters
of tpe prgs](cant |?mthacrth,_vﬁtybaq;tla,sqromnzlepnﬁ%{;c,.érgbc,omd;?éem,imﬂ'gmqwent| 0{1_
are fornmed fromtgek ; c ; ;aromatic
acra, uier ety ne APV EAeRr St IR Mﬁ@%@a Gl 501 on o
an olefin m xture; r efins conprise a Tea % et hyl
branchi ng at the trimethyhaexboeic)and byasiched ﬁy;p@m,ﬁzildﬁc.r egiin co(;rposi %/i on
conprises a polyvinyl chloride, 25 typically unplasticized, in an anount
fromabout 25 - 99.99 weight % of the conposition and a plasticizes ester
of the present inventi dmong tiealzpelicracidsrontialvprpatie Carbexylib, eyelophtands of t he .

ol a5t ci zers 30 o PR E R pAC BGIIE. oy QoM BRI Shdthitahy " U 1
basi ¢ f or nul a30 onearboxyilic,122hydroxy cyclohexane carboxylic, 1,1-cyclopropane dicarboxylic, 1,2-
cyclobutane dicarboxylic, 1,3-cyclobutane dicarboxylic, 1,4-cyclohexane
dicarboxylic, cyclohexane-1,2,3,4,5,6-hexacarboxylic, cyclopentene-2-carboxylic,
1-cyclohexene-1-carboxylic, hydrocapric, cyclohexadiene-1,2-dicarboxylic, and

1,3-cyclohexadiene-1,4-dicarboxylic.
35



E WO 99/54277 17 O dT 2002 PCT/US99/ 08783 Reactant Ea.l Ex.2 PVC{70rT 2007
(suspensi on grade, K 69}/ parts 100 PVC (dispersionlgrade, K 74), res -
100 5 PI astiw@pﬁguﬂpagrts per hundred resin (phr) ~ 25, 35,50 perA399és733
Bal Cdl Zn liquid stabilizer (phr) 2.0 2.0 Stearic acid (phr) 0.2S 0.25 10
The polyvinyl chloride resin conposition can further conprise stabilizers,
fillers and ot her well;known addifi.ves, that .are co nly used, in the art.
Preferably, the pol yviWIar%‘I‘t{fri}(’H}é l?gléqer?e%%c%'i r I&'&ﬁ‘ﬁf? abigme, _ 7
wei ght of a st abibkhztsie, osgheatdgsthydrony benzpio o s-aind palitobemzoibas-, wMand pdm um
zinc, lead, and m xtures thereof . for 0. el % filler
sel ected from caI"&elﬂb%y%gn%%g’t?gp%‘gtnezl,%&gfca§?tgafl(r%éht;]"lo%?{l’ 3’2%%&@%? ﬁ hFﬁ%amc’ 0
pol yvi nyl chl ori de andgi-ethyldepzni¢, tp-phenplfbenpric,mhthading isophthatic, terepbthaliGe used
to prepare fikns, AP Roiidasledenor! 8 19884 _are

k h?'%l?)gﬂphﬂl'éh@'i ? pétmol ¥ enzBie, Cﬁﬁeﬂé l,e, a%lgﬁt:bngfct Eeﬁﬂaﬁ}%e

suitable for use ' areds’ o Vi ny ori de’ ¢ ati ons.

nol ded or cast 20,}p?-tdeasbaxylie, bepeengrlek datrtetrasashaxybn diackds o4 nephthalenes gnd

sui tabl e for useifleftitonoti ve applications such as autonotive interior
parts. Wile we have shown and descri bed several enbodi ments in accordance
Wi th our invention, it is to be clearly understood that the sane are
susceptible to 25 nunerous changes apparent to one skilled in the art.

Ther ef or e, do not wish to be limted ails shown and descri bed
but intend to%show all changes and mdié—@m hat fall within the scope
of the appended clains. 18 ~ 7 0 C T 2002 1~ Cai.ns: 1. A process for
preparing at |east on oG e ¥ L:sd LI g :
hydr of ot nmyl ati ng au p%@l& ﬁﬁ#ég?é@g egﬁn(f éo&y P ggr%ﬁ%(?ié %ﬁhg’gﬁg‘%‘éﬁ) rl%cguogtthe acids,
conprising at | ezspecinty wheapleyideizer gplerscara being fprateds Thesededudaacetion conpri ses
at | east one ol efyhfdBRieSfropdnicl@RYdritR, BbOtyRcaARirde] si6cifit abhydride;glufatie, C-)
Coo aliphatic _olefjns,, an .c%@ju tirn~z~ %@?rdeﬁf’ Bﬂndﬁéslid olefin feed
Stream cont ailfis dnnydside sdieis spRydride. melic apiydgfe melec ARRge. meswgmic
branchi ng at t he ahkjdridepcitracunid dnhydrydl; glyeacanicnghyiride dtassbnia aploydridephlialic he

al dshyde product of st a). t . al [ ti: C sl ng at | east
one al cohol sel e@f‘&iﬁﬁdgg?éﬁz %‘5 aé?%d&@@c%@;cgﬂng%}gd&g}eﬂlgpﬁap g’n@ﬁggﬁ_ , Ca, C-,
Cep) C a t5 nonotheyahydoophthiah anhydride,demellitic ankydeiderpidyaiied ashydrides e f; and
(c) reacting, "}?Mb%a{ié 860 CRnherdMhFEIRNS hiroRlcilPb dahyliesl ) at least a
portion of said al cohol product of step (b) Wth an est'ea~ification
xeactant sel @ted fromthe group consisting of an organic acid, an 20
organi ¢ anhydride, and conbi nations th~ereo~ to formsaid at |east one

pl asticizes ester. 2. The process according to claim1l, wherein said at

| east tine alcohol is a branched C9 oxo al cohol and said at |east one
olefinis selected fromthe s5 group corALEOHQLSf 2trnethyl oetene-1;
2-nmet hyl octene-2; and conbi nations thereof. i 3. The process accoz~ding to
claim1l or 2, whereini said plasticizes ester is selected fromth. group
coirsisting @& pht hal phmong theralgohglsiwhigh-candedpactedwith agidpand %"ﬁ&‘éﬂ&t“@r%‘and
m xtures thereof @ndxsaicdnhsis terivddi fFth bRMcheiaCl eploldfins Ssatiead Bendilig drfche ]
group consi sting of dj a(ilggs, tr] a.ci‘(;s%5 aat - ~f dride~ thereof and m xtures
thereof. 4. . A pitdmethybactenseayia fhe 0 IRCESS- t he process of clahn 1, ~ or
3. 35 5. Aplasticizep ester prtpered by a process) conprising; (a)

hut | nof or nyl ati ng ano }éﬁ.fg}-.gg{?;rgéeﬂéoh&gfi@ﬁﬁéiﬁolé R/(}chﬂ(%ﬂe ?«%‘rg@#t@@%ﬂ%ﬂfs%ﬂ&'“

conprising at | east sxel n sald, eed streant ~

gorrpr i se; at ﬂOeaS%nh drides A¥cotBing b t1f predeal nkRntiva\dre) Gy Weily iflexdinglaofogtg at the
ets carbon; , |
primary C;-Cy; monohydric, substituted or unsubstituted alkanols and alkenols,
|

such as, 3-methyl octanol and 7-methyloctanol.
|
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~ 19a (b) hydrogenating a}h\l east a portion of the al dehyde product &7-0£Tdp]
Via) to orna an al cohol’ product conprising at Ieas(t_ one mnohydri c

al i phati c alwolegks27aad 5 (c) reacting, in the presence of as pegi@obhgmati on
catal yst, at |east a portion of said al cohol product of step (b) with an
esterification reactant selecxed tomthe group consisting of an wonatic
-acid, an aromatic anhygkd @fn “AFdisGReEAt fPEdn9BPa IRRPRAEIME Db 2Dy the |

pl asticizes ester, io The plasticlzer ester "according to claimb5, V\/Xerel n
sai d aronatic aciaxd posess.elitiedesimblmto haveg wanched 0z slcbing cofmprisipp hadiple
acid, trimellitic, acid, agh%)flricfes t hereof) and m xtures thereof ' i s 7.
The pl asticizes eSPBFSRIEGFBNA] 1¢a5t WUISANSor 6, v~rherein said ~rydride is
selected firomthe group oonsi.ating of phthalic anhydride and trinellytic
anhydride, said at | east oae nonohydric aliphatic alcohol is a branched Cy
oxo al cohol, &@nd sai d Biaethed oxeabtobblmanbepropuded dsthel sefdatied $®@iod girecks bypm

t he group consi sting of et hyl octene-1; 2-nmethyl octene-2; and 20

conbi nat i ons therlé’gf‘?f,‘)@y%ﬁ' QWW““E@FW%CFQQ Hefahpions fBf conpri si ng

t he plasticizes e ndi ¢ aj r Dol yyi C | [
e P o sor SBsRARR ibitfed €5, Dbt SRRk R or bRl tomed b7
chloride resin cwmo&isibh@mtw@dabmalé&mcb&itﬂihﬁg okfidtioRApr&duc® ban §ké1g: 0. Ol
- 7.0 weight percent of a stabilizer selected fromthe group consisting of:
cal cium barium aemhol.um zinc, |ead, and mixtures thereof; and/or 0.0l - 6
0 wei ght per C@nt of afiller selected fromthe group consisting of calcium
carbonate, clay, and mxtures thereof. 10 10. A film sheet or an extruded,
mol ded or cast productisRir§&ab Produce Bké ARoRAcyMidYdial h{&r}fzaﬁ)fmimion
conposition according to claim8. 20 . AFl .Af!.A3. A@E. AF3. A3. AS

. AyF. ASNY2. A@r. Afprogdss isridjusted Ao axiXmizab ko alcohohformiatdem] Fhis can be accomplished
cX=zupkfa\ W ca] ca] ca] cal.cal,calcal cal cal] calca alcalcalc(a cal cal ca] c®
a] ca] ca] ca] cal c’&%yc“ét i a]l@g}lbeft%ﬁng%@ & Jcrggs I@Flga%ﬂ]/s% ance]n?raJloé, a}x&/%l' rea]cﬁml
xzEHozupkf a\ W ca]igad copbadffer]tflentiaRdCahdediestor admahmgdkodtio grodl Gadl cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal

" @ CHS SN IB&T Sl genited E) jonvert-redidualrxd Miithydésctalaxa)abahol] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! ++++
+++9,,.-S---.H //0[ 000-2223p3

| cal ca] cal cal cal ca] ohl o] Eo) P B O b s abeal - o
DDDFFI FNFZFi Fx FXHiyidt dfbfnaylation] ofJah eddfimicalle edshre ath pedferablg abmaptiss|thafaliajriizg ca] cal

ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! HIJJ" KKKLLLL+M MV
VB Nt Os OOPWPP9 QB RItFIIR<SSSSSS| wr mhe” X] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

. ~al: %=l T TUTUUI V
eohoat CFT PREE Tl © s B RS ARRE A I £k By SR GRLAR amaRY T T
Ul c”a] c”a] cal)] ca] mendxidd ad]hydiopeh iod. csyhthaic ads) i tha prapee]of alhydiafainnddtion] ca]
ca , : . e . .
""" % 3° @HdXd[ deatriyRd yndrs seastien conditipasdthat promeig thefoppatign-of analeoholgigh c 4] ca

] ca] ca] ca] ca] ca] C&L{I@ie%?tlo%aﬂr(d\%a] cal] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]
ryrrrr

calcal I I Il | mbnmmTm]ont \sst;

uu) vvvwSwwivk{ x} xsni d _@% cegrel adliigctat akebhicilrivh] cpddeqad otioh padduel tadecayera] caj caj ¢

*a] ca] ca] ca] ca]ca]ca]calca]ca]ca]l czg_ca] ca] ca] ca] cal {xg;ﬁbyyy z0z6z8zEzRzaz| }

r~Y), D wr rrgb\lﬁ} ca{hP@ outhp dzdrefarawlatian caplyatand 4)substentialin patalystaires pleghela) cal
. I DHZQ | ng~), D) b\

o] Gl ca] o] o] calteuia R SHEAIELT cal cal cal call oaf ou] calca] ba] CRULE

a] ca] ca] ca] ca] caU] cad5fh HEdA¥dnd the SMhBAMETES, afdhéIMeh(Ornd&/rbB3Ron(prodibct B8 a( ) -
d$F(10%H#8& ()- Dla zX7 61 10% | [& ()- I Dsl'10%& ()- !@!10%& ()- !a
1109& ()- ! 109%@sncentrdted aledliod4rieh pyodyict @of dnl0eahbipeorBoduct,tand

(d) hydrogenating the concentrated alcohol-rich product, thereby forming

30 an oxo alcohol.
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crude hydroformylation product is capable of producing branched C; to Cy;
alcohols, more preferably branched Cs oxo alcohol. Each of the branched oxo C;
to C,; alcohols typically comprises, for example, a mixture of branched oxo alcohol
isomers, e.g., branched Cy 0xo alcohol comprises 2-methly octene-1 and 2-methyl
octene-2. | '

‘ i The performance of several Cy phthalate esters have been compared to the
perforlmance of the Co phthalate ester of the present invention that is prepared from
branched C, oxo alcohol made from 2-methyl octene-1 and 2-methyl octene-2 via
the oxo process, provided that at least 50% of the oleﬁns have methyl branching at
the beta carbon atom. The phthalate ester of the present invention demonstrated
certain performance advantages in several key areas over both Jayflex® DINP and
Palatinol® N, which are two commercial phthalate esters that are also derived
from b!ranched Co alcohol. Jayflex® DINP is prepared from a mixture which is
predominantly dimethy! heptanols and trimethyl hexanols. Palatinol® N is
preparled from a mixture of methyl octanols and dimethyl heptanols prepared by
hydroformylation of dimerized butenes. A branched Cs oxo alcohol was prepared
from 5 mixture of 2-methyl octene-1 and 2-methyl octene-2 having the isomer
distribution set forth below in TABLE 1. This table was developed from alcohol
isomer and compositional data predicted based on klnown oxo selectivity model
studieé carried out on selected olefins. This data is based on the assumption that 2-
methyl octene-1 and 2-methyl octene-2 will exhibit the same selectivity in the oxo
proces]s. If the selectivity is different, then the percentages reported for 3-methyl

octano!l and 7-methyl octanol in TABLE 1 could be reversed.

!
1
\
I
|
|
|
\
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2-methyl octanol 2.4
2-gthyl heptanol 0.8
10 2-propyl hexanol ' 0.3
2-butyl pentanol . 0.1
3-methyl octanol 42.3
7-methy) octanol 279
2,6-dimethyl heptanol 13.5
15 2-ethyl-S-methyl hexanol 3.6
2,2-dimethy! heptanol 0.9 !
2-isopropyl hexanol 0.9
2-secbutyl pentanol 0.5

Gas chromatographic data for three Cy alcokols, ie, (1) bram;hed C; oxo
alcoko! (isononyl alcohol, dimethyl heptanols and trimethyl hexanols); (2) slightly
branched, linear Cy alcohol, (i.e, a mixture of 65-75% n-nonanol, with smaller
quantities of 2-methy] octanol, 2-ethyl heptanol, and 2-propyl hexanol (Jayflex L9PY;

25 and (3) slightly branched Cy alcohol prepared by hydrof'onnylaﬁon of butene dimer
(Palatinol N) were generated. Additionally, a theoretical GC chromatogram for the
‘branched Cy oxo alcohol according to the present invention was generated (i.e., with
different retention time scale). ‘ '
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1&120043/é0 (()/“)&_ égqf‘ép)ﬁféf%@gﬁ}\(e@ﬁc?é&%ol@ﬁ fétived alcohol of the present invention, with a

composite branch index of 1.1 is significantly lower than that reported for the

|
slightly branched C9-based alcohol. This reduced branching translates into some
notable performance differences. Plasticizer viscosity for the phthalate ester of the
present invention is found to be between that of Palatinol® N (i.e., a slightly

15  branched C, phthalate ester) and Jayflex® LOP (i.e., a linear Co phthalate).

i
| TABLE 2

Cy ALCOHOL DATA
20
Slightly Branched C, Branched Octenes
c' SPA C, LAO G, Cs’

i Palatinol N Jayflex DINP  Jayflex L9P  Oxo Alcohol
25  Alcohol Branching

% Straight chain 4 <1 . 72 6
% Mono-branched 50 15 ' 28 74
% Di-branched 44 66 <] 20
% Tri-branched 2 18 <] <1
30  Branching index 1.44 2.01 0.28 1.14

14
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c. Comparison with Palatinol N and Jayflex DINP data only

Moreover, esterification of phthalic anhydride with the branched Cy oxo
alcohol of the present invention demonstrated similar reactivity to that of the
10 conventional Cy primary alcohols; whereas no quality problems with the phthalate

ester are anticipated.

The COPPCO database, which is a computer model used to predict

plasticizer performance in flexible PVC, contains plasticizer performance

15 information about four Cy phthalates: Jayflex DINP, Jayflex L9P, Palatinol® N,
and a di-n-nonyl phthalate. COPPCO performance predictions for these phthalates
(at 50 phr) as well as that for Palatinol® 711P are listed in Table 3. This data
shows that, as the branching index decreases, plasticizer efficiency increases, low
temperature performance increases, and the weight loss observed with oven aging

20 and soapy water extraction decreases. These observations are consistent with that
set forth in Wadey et al., “The Nonyl Phthalate Ester and Its Use in Flexible PVC”,
Joum;l of Vinyl Technology, December 1990, Vol. 12, No. 4, pg. 642. The
perfoxlmance of the isooctene-derived phthalate ester according to the present
inventlion (i.e., Iso- Co DINP) is estimated through correlation of the plasticizer

25 perfoémance of these C, phthalates with branching index. This data is also
displa&ed in Table 3.
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Property Jayflex Palatinol  Palatinol Jayflex DI-n-  Iso-Co
DINP® 711P N L9P CSP  DINP®
Shore A hardness 84 81 83 80 80 82
Shore D hardness 31 29 30 28 27 29
100 % modulus, N/mm? 12.5 11.8 11.8 10.7 10.8 115
Elongatlion. % 329 342 365 335 332 335
C}ash-Bicrg T; °C =24 32 -26 -33 -36 -28
Brittleness Temp, °C <32 41 35 -43 -46 -38
Weight |L:ss, % (7d@ 100°C) 5.4 56 4.0 34 24 40
Volatility, carbon black, % 1.0 1.1 1.3 0.9 0.9 0.9
Soapy v\?/ater loss, % 2.0 34 1.8 1.6 1.4 1.7
Compm:md spec. gravity 1.221 1.221 1,222 1.220 1.216 1.221
Dry blend time, minutes 19 1.0 1.6 1.0 10 1.2

a. COPPCO predicted values: PVC 100 parts, plasticizer 50 phr, stabilizer 2 phr
b. Extrapolated data, from COPPCO data versus branching index (i.e., a plasticizer

formed from branched Cs oxo alcohol)

In terms of performance ranges, Palatinol N falls at mid range between
Jayflex DINP and the isooctene derived DINP of the present invention. Isooctene
derived DINP shows performance advantages over Palatinol N with higher
efficiency, better low temperature performance, and reduced weight loss, but in a
manufacturing environment these differences may be difficult to quantitative.
However, the differences between Jayflex DINP and the isooctene derived DINP is
statistically significant (but still less than the performance differences between DOP
(di-2-ethylhexyl phthalate) and Jayflex DINP) in both the laboratory and
manufacturing environment, with the isooctene derived plasticizer having several

areas of improved plasticizer performance. Jayflex DINP is less efficient, which

16
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1098" & ()- 1098" & () - 5Wadeyy data shows that there are small differences between the
performance of phthalate esters prepared from 1-nonanol phthalate and 2-methyl
nonanol. Thus, it is to be expected that if a slightly branched, linear C, alcohol (i.e,
a mixture of 65-75% n-nonanol, with smaller quantities of 2-methyl octanol, 2-
ethyl heptanol and 2-propyl hexanol.) is blended with the branched Cy oxo alcohol

10 of the present invention, there will be a decrease in plasticizer performance. A

10% addition of the branched Cy oxo alcohol to slightly branched, linear Cs alcohol
should give a 1°C decrease in plasticizers low temperature performance. Other
performance properties should be unaffected. Thus, it may be desirable to
intentionally blend significant levels of slightly branched, linear Cy alcohol with the

15  branched Cs oxo alcohol prior to esterification.

The present invention also includes a polyviny! chloride resin composition
comprising polyvinyl chloride and the plasticizer esters of the present invention.
The plasticizer esters of the present invention are formed from the reaction of an
20 aliphatic oxo alcohol and an aromatic acid, wherein the aliphatic oxo alcohol is
prepared by hydroformylation of an olefin mixture, wherein the olefins comprise at

least 50% methyl branching at the beta carbon

The polyviny! chloride resin composition comprises a polyvinyl chloride,
25  typically unplasticized, in an amount from about 25 ~ 99.99 weight % of the
composition and a plasticizer ester of the present invention in an amount from

about 0.01 - 75 weight % of the composition.

* The polyvinyl chloride resin formulation containing the unique plasticizers

30  ofthe present invention are exemplified by the following basic formulations:

i 17
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Reactgmt Ex. 1 Ex. 2
PVC (suspension grade, K 69), parts 100 -
PVC (dispersion grade, K 74), parts - 100
5 Plastic:izer, parts per hundred resin (phr) + 25,35,50 50,70,90
Ba/Cd/Zn liquid stabilizer (phr) 2.0 2.0
Stearic acid (phr) 0.25 0.25
10 The polyvinyl chioride resin composition can further comprise. stabilizers,

fillers and other well-known additives that are commonly used in the art.
Preferably, the polyvinyl chloride resin composition comprises 0.01 - 7 weight %
of a stabilizer selected from compounds of calcium, barium, cadmium, zinc, lead,
and mixtures thereof, and/or 0.01 - 6 weight % of a filler selected from calcium

15 carbonate, clay, and mixtures thereof.

The polyvinyl chloride resin composition of the present invention can be
used to prepare films, sheet or an extruded, molded or cast products that are
suitable for use in all areas of polyvinyl chloride applications. The molded or cast

20  products of the present invention are particularly suitable for use in automotive

applications such as automotive interior parts.

While we have shown and described several embodiments in accordance
with our invention, it is to be clearly understood tha;t the same are susceptible to

25  numerous changes apparent to one skilled in the art. Therefore, we do not wish to
be limited to the details shown and described but intend to show all changes and

modifications that fall within the scope of the appended claims.

18
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1. A process for preparing at least one plasticizer ester, comprising:

5 (8)  hydroformylating an olefin feed stream to form an aldehyde
product comprising at least one aldehyde, wherein said olefin feed
stream comprises at least one olefin selected from the group
consisting of Ce, Cy, Cs, Cs, Cip aliphatic olefins, and combination
thereof, and said olefin feed stream contains at least 50% by weight

10 of olefins having methy! branching at the beta carbon,;

(b)  hydrogenating at least a portion of the aldehyde product of step (z)

to form an alcohol product comprising at least one alcohol selected

i from the group consisting of a branched C; C;, Cs;, Cip, Ciy
15 monohydric aliphatic alcohol, and combinations thereof} and

()  reacting, in the presence of an esterification catalyst, at least a
portion of said alcohol product of step (b) with an esterification
reactant selected from the group consisting of an organic acid, an

20 organic anhydride, and combinations thereof, to form said at least
one plasticizer ester.

2. The process according to claim 1, wherein said at least one alcohol is a
branched Cs oxo alcchol and said at least one olefin is selected from the
25 group consisting of 2-methyl octene-1; 2-methyl octene-2; and
combinations thereof. ;
i
3. The process according to cleim 1 or 2, wherein said plasticizer ester is
sclected from the group consisting of phthalate esters, sdipate esters,
30 trimellitate esters and mixtures thereof and said esterification reactant is
selected from the group consisting of diacids, triacids, am}-ydnd& thereof
and mixtures thereof. |
4. A plasticizer ester prepared by the process of ¢laim 1, 2 or 3.
35
5. A plasticizer ester prepared by & process, comprising:

(8  hydroformylating an olefin feed stream to form an aldehyde

produst comprising at least one aldehyde, wherein said olefin foed

40 stream comprises at least 50% by weight of olefins having methyl
branching at the beta carbon;
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reactant selectcd from the group consisting of an aromatic acid, an
aromatic anhydride, and combinations thereof, to form said
plasticizer ester,
10
6. The plasticizer ester according to claim 5, wherein said aromatic acid is
selected from the group copsisting of: phthahc acid, tnmelhhc acid,
anhydrides thcrcof and mixtures thereof. ,
15 7T The plasticizer ester according to claim 5 or 6, wherein said anhydride is
sclected from the group consisting of phthalic anhydride and trimellitic
anhydride, said at least one monohydric ahphntw alcohol is a branched Cy
oxo alcohol, and said olefin feed stream comprises olefins sclected from
the group comsisting of 2-methyl octene-1; 2-methyl octene-2; and
20 combinations thereof, i
|
8. A polyvinyl chloride resin composition comprising the plasticizer ester
according to claim 5 and polyviny! chloride.
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5  comprising:
0.01 — 7.0 weight percent of a stabilizer selected from the group consisting of:
calcium, barium, cadmium, zinc, lead, and mixtures thereof: and/or
0.01 - 6 0 weight percent of a filler selected from the group consisting of:
calcium carbonate, clay, and mixtures thereof.
10 10. A film, sheet or an extruded, molded or cast product prepared from the

polyvinyl chloride resin composition according to claim 8,

20



