WD 98/ 23662 PCT/ EP97/ 06699

MODI FI ED 1, 3- PROPANEDI OL- BASED PCOLYESTERS Background of the

| nventi on This invention relates - to nodified 1, 3-propanedi ol -
based pol yesters, such as polytrinethyl ene terephthal ate, and the
pr epar at i orwolegrised , whi ch pol yesters have a 5 I e du GeTI/RPOTIEHEsNC y to
formacrol ein when heated in air. Pol ytri met hyl ene
terephthal ate is a pol yester useful in fiber applications’in the
carpet and textile i ndustri es. +he manuf acture of hi gh nol ecul ar

wei ght pol ytrinethyl ene terephthal ate conmonly involves the nelt 10

condensati on pol yer | 2gbbeRreh i, s-iNORRRBBELRLAED porymsTeRE! ePhLNAl IC

acid (or an al kyl ester t ereof) to a nol ecul ar wei ght pol yner,
foll owed by solid-state polynerlzatlon to produce a high nol ecul ar

wei ght #%gfb%%hEBf {he ﬁnégdyygganedlol can be derived from 15
ei ther acrol ene. oxi I n each case the pr oduct
1, 3- pr opanedi ol FV&PC&PV?“EERRE%?%?WﬁﬁrEBn?Pdlfled 3-®&epPansraglhy- product s

in anounts ffBHBé@prQ?bb@eﬂDIESuch as poubﬁﬂlﬂéfﬁblﬁﬁé terephthalate,lhe
I nventor has found that nmerizati on process,

t.he 0 . 0
certain of sf ppﬁﬁﬁﬁfa{l o theﬁﬁ&%boﬂ?thg%. YRS W& &a¥8dat o acrol ein,

and their reduced €2adefcy Nté hEofr Ralrope bl Uskerx aieabensehyraf f ect the
col our of the pol nmet

t er epht hal at e iSéﬁgg%gaﬁ#ﬁﬁgﬁ%ﬁ%ﬁﬁaﬁﬁﬂﬁﬂal?gﬁp%ﬁéfg%y e&?&é?é%g?ﬁﬁn about

100 [err] C, swclfiderj applications pim duhet caspét darsd dtextyidleyneri zati on or

when the fir"f%&%%tries. The manufacture of high molecular weight
polytrimethylene terephthalate commonly involves the melt

10 condensation polymerization of 1,3-propanediol and
terephthalic acid (or an alkyl ester thereof) to a low
molecular weight polymer, followed by solid-state
polymerization to produce a high molecular weight
polyester. The 1,3-propanediol can be derived from

15 either acrolein or ethylene oxide, but in each case the
product 1,3-propanediol typically contains carbonyl-
containing by-products in amounts from 50 ppm to more
than 1000 ppm.

The inventor has found that, during the

20 polymerization process, certain of such by-product
carbonyls can be converted to acrolein, and their
presence in the final product can adversely affect the
colour of the polymer. Furthermore, when
polytrimethylene terephthalate is heated in air at

25 temperatures greater than about 100 °C, such as just
prior to solid-state polymerization or when the finished
polymer is being dried, acrolein is slowly formed. It
would be desirable to produce polytrimethylene
terephthalate and other 1,3-propanediol-based polyesters



polymer is being dried, acroleinis slowy forned. It woul d be

desirable to produce pol ytrinethyl ene t erepht hal at e and ot her

1, 3- propanedi ol - based pol yesters -2
having a reduced tendency to generate acrolein during their

preparatlomwg@dqumﬁn heated in air. preparati on andeconrorbget ed i n

air. According to JP 51-142097 stabilised polyesters my 5 --

be made by incorporation of a hi ndered-phenol. The probl em’r ermai ns,

however, to redyecgs tgerém%%n%ntzgeto cT;]eneraR:%l xe%falmé&y{ f, vel low

It is therefore an’ ect of the inv rocess for
preparing a n‘bhﬁireﬁr@@:ﬂtﬂ@n andprbpanee id balsédrpol yester. In a specific
aspect, it £ Si &N Y ROlrOhint BE & AV &K 1t tlﬂvazEngeté‘ PEARRRS for
prepari ng polytrlnethylene terephthalate haV|n% reddced tendency
to generate adr®pdifiemeh IrppopgnpAiol-basediinolyitgtravi nfnazl ow yel | owness

i ndex yal ue. 1gecific asp&@9r dithgst ant Hjddy &1t It% lﬁvepgia‘aﬁeéﬂol 3-
pr opanedi ol - based polyester conposition 1s prepared process

conmpri sing: ProvidegyolytaimethylengFsrephthalass Pé&é?goﬂ R4t

conprising (i );eﬁdan@yownﬁéﬁeﬁa,te( mtrob@imr¥ie iheattedCcid 20r. or al kyl

ester thereofs m&g£§ o JL %%%% henol of the formula [err]

According to the invention, a 1,3-propanediol-based
10 pclyester composition is provided which includes
polyester molecules having at least one terminal group of

the formula

Rx

i
HO (R)y—C—

in which each R is selected independently from Cqi-3q

15 alkyl groups including methyl, ethyl, isopropyl, t-butyl,
t-amyl, 2-phenyl-2-propyl and the like and at least one
R group is ortho to the phenolic hydroxyl group; x is an
integer from 1 to 4; R’ is -(CH2)- or alkyl-substituted

methylene; and y is an integer from 1 to about 20.

20 According to a further aspect of the invention, a
modified 1, 3-propanediol-based polyester composition is
prepared in a process comprising:

{(a) preparing a polymerization reaction mixture

comprising (i) 1,3-propanediol, (ii) an aromatic diacid

25 or alkyl ester thereof, (iii) a hindered phenol of the
formula
Rx
HO
A

THIS SHEET HAS BEEN
REPLACED . This Sheet Has Been Replaced

IR




WD 98/ 23662 " PCT/ EP97/ 06699

- 3- I n which each Ris independently selected from{err]

al kyl and at |least one Ris ortho to the phenolic hydr oxyl group; x
is an integer from1l to 4;, Ais a (Jerr] hydr ocar byl or

het er ocar bwogsr3egz;, and n is an integer 5 from 1 toPr¢I/ERSWDEER9t | onal | y
(iv) an aromatic organophosphite conprising a trival ent phosphorus
group (ArOWP in which Ar is an3aromatic group and wis an

I nt eger from%ntvgn:gh eyg@h R is m&@ger{@&tﬁl Qé?g&?%df%out 13’83& m xture at a

tenperature 1 wi thin the range of about a [err]C while
renovi ng bypradkyl amet ert, lkestaotne ne isufdritbioend the phenollqoroduce a

| t L0t M
Pexat ot of SRy PRl okl bRl a8 1 co 4 ARRY BB, o1 on

of the Inventhmd&arbyl or heééruceﬁbmrgermp," aaab@myé Sé'n rigfteigert 0 t hose
conpoynds, her ontarn chem, cal not ,

(iv) an groug
converted acc n]g % AS? Eoﬁ % Yﬂ“frophenyl hydrazone
derivatives aaswbamn;ﬂwseptﬂute compr::saim;r |amftrri.|vaabhy p&@hm&@&b@ are

derived from P‘Pt&a%g in whlc 1a,tl $s aanrg Jrroen% arg b%écgdg al dehydes and

ket ones) are re erred £ KBRS

As used hereiinhte g]eﬁﬁroapanew 9} -based poI yester refers to a

pol yester pr eFar ed reacti ng g | east with at | east one
(preferably a%’n‘é‘ﬁ tadPa8Pds Bt Z%eacm"“af“l%iff:“’égt%‘r Th"e‘f“&ﬂ‘raitr‘r‘r\ﬁhl ch at

I east10 nol e,;mrmrﬂheofrange of abdwet digd tios aboldt p3oPpaheditille and
"pol ytri nmet hyI pht hal at "PTT") such a pol yester
in %‘H’vaftnq €J§E°§BC Ve cfgont or“f“ﬁe E’t' )f?’et di%ecid is
terephthalic zamcd:c(eora Polakkyer estrpositdiosobf. iGthibnsBO viscosditgl ssmay
include, for g ﬁgrq:]l bi, s ( FNR @Ryl ) et her
neasS 5] %hmékgﬁgugi"afﬁéprqp nol ofPhf ]’.359@ QAn¥!

and 1, 4-but an S may inclu for exarrple
i sopht hal i ¢ aR¢kpigdmdl Descriptpon. efdehJinweatdprar boxylic acid. The

condefisati an As used herein, "carbonyls" refers to those

compounds, whether containing the C=0 chemical group or
not, converted according to ASTM E 411-70 to
2,4~nitrophenylhydrazone derivatives and measured
calorimetrically. Such carbonyls are derived from both

20 acetals and free carbonyls (e.g., aldehydes and ketones)
and are referred to herein in ppm based on C=0.

As used herein, "1,3-propanediol-based polyester™
refers to a polyester prepared by reacting at least one
diol with at least one {(preferably aromatic) diacid ox

25 alkyl ester thereof in which at least 50 mole pexrcent of
the diol is 1,3-propanediol, and “polytrimethylene
terephthalate” (“PTT”) refers to such a polyester in
which at least 50 mole percent of the aromatic diacid is
terephthalic acid (or an alkyl ester thereof). Other

30 diols may include, for example, ethylene glyceol,
bis (3-hydroxypropyl)ether and 1,4-butanediocl. Other
diacids may include, for example, isophthalic acid and

2, 6~-naphthalene dicarboxylic acid. The condensation
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-4- pol yneri zati on of polytrinethylene terephthal ate usually
generates as nuch as about 4 nole percent of.- the bis(3- :
hydr oxypr opyl ) et her which, in effect, becones a conononer and is
| ncor por at edops8i23e6% he pol yester chain. 5 A pref ePCFEPRT%EY of
hi nder ed phenols are esters or acids of the formula -
[err] in which each R indepéndently is a (Jerr] al kyl noiety

i ncl udi ng ”E&QMJan&EHELOhS&&”éﬁlﬂbrzhebﬁ?Yénettéﬁéﬂhmh&@ate usually
2-phenyl -2-propyl and the |ike, x is 1 or

(CH
al kyl - subst | tgt?tr'@dfaﬁﬁﬁhﬁfewé“‘h yasi 2boyt; ﬁt’@@%‘? percent off, BhFlb%%(%'bout 20; E

is oxygen Or HyidricRgpRop AL | Stifer wmch, dhréﬁfecho,n(bedw\ééogeﬂoﬁén&ﬁﬁr]
nono-, di- br.anched hydrocar byl or

T ot AR Ay FICRFRPERSI (ROt ER . BP KRS R et |

et hyl ;5 propyl, hexpkefesnedcylassard hhadéréﬁaphnnbhs lageadsters or i nteger
correspondin t e f G Note that the R and R groups
can be JOlne%cﬁgg ?g ¥ﬁ% s§ lﬁture [err] 20 and that the al coho
group (OY) is noyf limaxed to |l o nol ecul ar wei ght nonof uncti onal

al cohol s but canji nclusg ¢ ihigher alcohols such as dodecyl,
hexadecyl, octad¢da (R")yC—Et6he like, and di-, tri- and tetraols such
as

n
in which each R independently is a Cj.12 alkyl moiety
including methyl, ethyl, isopropyl, t-butyl, -t-amyl,

10 2-phenyl-2-propyl and the like; x is 1 or 2; R’ is
~{CH2)~ or alkyl-substituted methylene; y is an integer
from 1 to about 20; E is oxygen or nitrogen; G is a

direct bond, hydrogen or Cj-3g mono-, di-, tri- ox
tetravalent linear or branched hydrocarbyl or

15 heterocarbyl, preferably Cj.ig alkyl such as methyl,
ethyl, propyl, hexyl, isodecyl, and the like; and n is an

integer corresponding to the valency of G. Note that the

R and R’ groups can be joined, as in the structure

HO 0O
7
20 and that the alcohol group (0¥} is not limited to low

molecular weight monofunctional alcohols but can include
higher alcohols such as dodecyl, hexadecyl, octadecyl and
the like, and di-, tri- and tetraols such as
1, 6-hexanediol, pentaerythritol, and the like.

25 Examples of G include R, -{(CH2)p-,

- [ (CH2) ;0] 2 (CH2)} ~,



1, 6- hexanedi ol , pentaerythritol, and the like. 25 Exampl es of G

include R, -(CH2)[err]-, -[(CH) [err]Qz(CH2)[err] -

-b5- [err] i n which
R'* is (Jerr] linear or branched hydrocarbyl; each mis

i ndependentwqosaaseé2nt eger from 2 to about 12; r i srawEPYWoseper from O
to 5, and z is an integer from1l 5 to about 10. Specific exanples-~ of
such hi ndered phenol s i ncl ude -o¢t adecyl

3-(3,5-di-t-butyl -4-hydroxyphenyl ) -

pr opi onat e,
tetraki s(met hyl ene(3-(3,5-di-t-butyl- l

4- hydroxyphenyl)propionate))nethane 1, 6(h?wmnethylen =

bi s(3-(3,5-di-t- bkllir | -4-h roxyphenyl)goph nate), 10| THIS SHEET HAS BEEN
tri et hyl enegl ycol %%ﬁ n"ESTJtyI yf% REPLACED
nethylphenyl)proplo , and 1, ad5- trls@3 S di -t -but yt=

4- hydr oxybenzyl )-1, 3,5-tri azi ne- ZbA.QQ%ﬁ §ﬁr5ﬁbﬁmm+one avai l abl e
comercially as Irganox 1076, Irganox 10100 Irganox 259, I|rganox
245 and |rganox 3114, gspectlvely 15 g'l ganox Is a tradenark)

Rel at ed hinde#%xyﬂﬂﬁ91 i c15 C1-20 " Lifigfds cnBrAREReY N TRReEWilig esters

proplonyl)hydra2|ne I rganox 10 N, N' - hexanet hyl ene
bi s- (3-(3, 5-df -¥s an integer from 0 to 5; and z is an integer from 1

S to about 10. Specific examples of such hindered phenols

such as 1,2-bisSy n is lnﬁépézdéngiy taP Yl eg%rh¥95ﬂxé'pa?% t 12;

include octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-
propionate, tetrakis{methylene(3-(3,5-di~-t-butyl-
4-hydroxyphenyl)propionate) )methane, 1, 6-hexamethylene-
bis{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate),

10 triethyleneglycol bis(3-(3~-t-butyl-4-hydroxy-5-

' methylphenyl)propionate), and 1,3,5-tris(3,5-di~t~butyl-
4-hydroxybenzyl)-1,3,4-triazine~-2,4,6(1H, 3H, 5H) -trione
available commercially as Irganox 1076, Irganox 1010,
Irganox 259, Irganox 245 and Irganox 3114, respectively

15 {(“Irganox” is a trademark). Related hindered phenolic
amides and nitrogen-containing esters such as 1,2-bis
(3-(3,5-di~t-butyl-4-hydroxyphenyl) propionyl)hydrazine
(Irganox 1024) and N,N’-hexamethylene bis~(3-(3,5-di-t-
butyl-4-hydroxyphenyl)propionamide) (Irganox 1098) can be

20 used to form the end-capped polyester of the invention,
but such compounds are not preferred because they tend to
impart higher color toc the polymer.

The amount of hindered phenol will generally be such
that the molar ratio of the hindered phencl to aromatic

25 diacid monomer (or ester) present in the polymerization
reaction mixture is from about 0.0005 mmole per mole of
diacid to about 5 mmole/mole, preferably from about 0.005

to about 0.5 mmole/mole
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but yl - 4- hydr oxyphenyl ) propi onam de) (Irganox 1098) can be 20 used to
formthe end-capped pol yester of the invention, but such conpounds
are not preferred because they tend to . inpart higher color to the
pol ymer. The amount of hindered phenol will generally be such
that the nokewsnsséa o of the hindered phenol to aromatic 2%crEPnasdaci d
nmononmer (or ester) present in the polynerization reaction_m xture
is from about 0.0005 mml e per nole of- 6 - diacid to about 5

mol e/ nol e, pref I r t tg_abpout 0.5 mmol e/ nol e
WO 98/ 23662 & %l?‘l&(lgs’) 8&@99& h&c%c}%d phenols I EBFEA €699

- 6- polyﬂnﬂmgnyyleeetaerewhﬁhk&aae ghénoksoraredutsy gadgmer

pol ytri et hyl h gte 5O WY SHUGE1 ROS | ecul ar
wei ght, the hi ere pheng}1 t he pree eer% g 6 e (Frefﬁi —ggxygen)
cause little @ro% iEncy Qéiyéellh erPUriittgde or nvmencm iim codbumat i on
with the or gapanpasRb tlesco%r&&mn with t8adol afﬂ@g;r; Y, Y%Ecﬁf" our,,

the effect of the hi nder ed phenol on col ou ten m ni nal
The nodi fi ed B8 o F@TEERER- BRSBIR p A OTer tHP ?ﬁ%ec'ﬁ of the nvent i on,

i ncl udi ng polweﬂ&rea em@negpshye&.&ns,m ©ft8n minikPImed in part of
oligoneric or érTEI’I C .chains in whi the%fhenol or phenol iC

resi duum of a h| B@YgRERS) + 3 pr°Paned&8|ldb6?e€s? yssteiordedheo one or
both ends of if@ention, 1namhynﬁg p&mydtﬁeﬁa andesbpolyd s, is

Such difigd t t th

i ndelbd pherbt=iot S P8Ry hopt zat] Gretic” o bplimer i, SHAAAR S o oML i ng

1, 3- propanedi e giietral or phenohionmediciudimaoifda(bindéked resdreilicher eof ) and
PPrmtting  acid of B3B3 YUCRLAAL U 'FRCLLOBHR DASERSH L' 2 PO/ VITer

of ecul ar wel 'S achi eve e cl ass such 20
pol yesters carphena*reprhesenved oy Q?m'aerf ddmkags - [err]

Such a modified polyester can be prepared by
15 ~ incorporating the hindered phenol in a polymerization
reaction mixture containing 1, 3-propanediol and an
aromatic diacid (or alkyl ester thereof)} and permitting
the polymerization reaction to proceed until a polymer of

desired molecular weight is achieved. One class of such

20 polyesters can be represented by the formulas
Rx
0 0o 0
HO—@*(R’)y—g—PO—CHz—CHz—CHz—O—B—@-B H
p
and

Ry
0 (o} 0
HO ®y—L o_cnz_CPb—cry—o-L@—!': H
P
in which p is about 4 to about 2500, preferably about 40

25 to about 250. One specific embodiment of this class can

be represented by the formula



p and [err] in which p is about 4
to about 2500, preferably about 40 25 to about 250. One specific
enbodi ment of this class can be represented by the formula )
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-7- WO 98/236§2er 1 | in which the pol ytri merhpbros699

t er epht hal at e conposi tion i ncl udes pol yester chains endcapped at’
one end with a specific hlnderéd-phenollc group. 5 It is
not necessary that every pol yner ain of the conposition include a
hi ndered phenol i <“¥k8yp for the oPropanediiol - based pol yester to
exhi bit reduced ene e I S expected

t hat advanta ?@%u ts é?ék%%ﬁ'e§€%«§§¥ﬁﬂ g‘ﬁf”@“d@bOOZ to 10
about 2, preferaltmsedout 0.00002 fto about 1.0, hin gred phenol i c

term nal group per polymer nolecule. For fiber-
in which the polytrimethylene terephthalate composition

includes polyester chains endcapped at one end with a
specific hindered phenolic group.

5 It is not necessary that every polymer chain of the
composition include a hindered phenolic group for the
1,3-propanediol-based polyester to exhibit reduced
acrolein generation. On average, it is expected that
advantageous results are achieved with about 0.000002 to

10 about 2, preferably about 0.00002 to about 1.0, hindered
phenolic terminal group per polymer molecule. For fiber-
grade polytrimethylene terephthalate, the average number

' of hindered phenolic endgroups per polymer molecule will
be within the range of about 0.001 to about 0.01, or

15 about 1 out of every 100 to 1000 polymer molecules.

Numerous processes are known to prepare polyesters.
Such processes may be batch or continuous and employ one
or multiple stages. The currently preferred process is a
two-stage condensation polymerization process which

20 involves melt polymerization followed by solid-state
polymerization.

The first stage, melt polycondensation, includes two
steps, a "pressure step" followed by a "vacuum step.” In
the pressure step, a molar excess of the diol(s) is

25 reacted with the aromatic diacid(s) (or alkyl ester(s)
thereof), usually in the absence of added catalyst in the
case of diacid reactions, at a temperature within the
range of about 230 to about 300 °C, preferably about 240
to about 270 °C, under elevated pressure, preferably

30 undexr nitrogen gas, within the range of about 20 to about



grade pol ytrinmethyl ene terephthal ate, the average nunber of

hi nder ed phenolic endgroups per polyner nolecule wll be within the
range of about 0.001 to about 0.01, or 15 -. about 1 out of every 100 to
1000 pol yner nol ecul es. Nuner ous processes are known to prepare
pol yest er swo 9823662 Such processes may be batch or conti nerovEPEREs2 NI Oy
one or multiple stages. The currently preferred process is a -

t wo- st age condensati on polynerization'pﬁoéess whi ch 20 i nvol ves nel t

pol ymeri zat i @od @digwpdeligraply talsditl €0 psi. WROLY NEY iprdldiRRd as a

The first stage | t pol.ycondensatjon, includes two steps, a
"pressure stg:g'ﬁrfogﬁc&gﬁdbiﬁare%‘ﬁ%%ystsgb%ag?ﬁ means sugh,@spressure step,
a nol ar excessveafheakic ddisoliil$3tion 25 The poilgmetribgatidh ddmeliaionet hge

di acid(s) (or_alkyl er(.s her ual |y i-n the_absence of
added catal ys eal|en ehdg§t° EQ )'o %%%deucc?f tadlggglgél‘rr%git?%“ﬁ)s&,ldaetcugaferrperat ure
withidthe weight papdyestérabauin®3m tiotaboaic 3els¢writyC (ipveleaabl y about

240 ahgus 0 ' I t ly 30
under nitr ogrgrge gas, tdvmﬁ‘hf‘%%ﬁie‘%%%gr%%gfogg%%t ggopé%ézég{?gi[ aB%%Eeb?Q' Y
- 8- us3Ed WyPaithdn phe)rangeefodr abpyt3A50k Feo (H®Uksi0)- 25Wat er

is produced as a gypraduchcaif 4ted YPOVYRE H¥1§Uﬂ>$fﬁllleerizat'pn. stJ§&Ns such
as overhead distillation. The pol ynerization conditi ona’af e

sel ected so dhe PHFEFYGCela FeAuged ang RoRelycondensadiian(catakgbyht

pol yess er havdyh a3 lanthtBEL6m VS a3Y Ibmpound is ddded.) T Measured in
hexaf | uor oi sopr opanol . of | ually within the range

gss than . X 0 g u
of 0.05 to oprgterred catalysgqs a,Firandum atkpxide 3ns pol yneri zati on
st age, titand uar Besukede st yeichsiag prdsanpolycondemaaiti @dthahal yst 10

such as a titaniumaor tin | s, adde The .. . referred catal yst
is atitaniudis f&ﬁggeogu%ﬁ&g{s’%%o abotu?‘t g%?u%?%u‘flogar&ém{?yg’f’égfll 9% pr esent
in an anount thiet hieight of theheokwesderof 10 to 200 ppmtitani um based on

the VY.PS' ght .Theoﬁ.otwhﬁoi)&j:dfasf qe‘ig%% product ogk@hé %r@‘gl g%gbaiswei ght
product of the first step 1s
heated at a temperature within the range of about 240 to
about 300 °C under less than atmospheric pressure for a
time effective to increase the intrinsic viscosity of the
starting material to at least about 0.5. During the
20 reaction, additional water is produced as a byproduct and
is removed overhead along with the excess diol.

In order to impart to the polyester maximum
resistance to acrolein generation, the hindered phenol is
added to the polymerization reaction mixture in the

25 pressure step of the melt polymerization process.
Alternatively, the hindered phenol can be added in the
vacuum step or to the polymer melt prior to solid-
stating, but addition under high vacuum conditions can
result in a lower degree of modification of the

30 polyester, particularly with the lower alkyl hindered
phenolic esters.

The hindered phenol is attached to the polymer chain
via (trans)esterification. The byproduct water (e.g.,
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heated at a tenperature within the range of 240 to 300 C under | ess
t han atnospheric pressure for a tine effective to increase the
intrinsic viscosity of the starting material to at |east 0.5.
During the reaction, 20 additional water is produced as a byproduct
and is wo9s/z3am)ved overhead along with the excess di oPCI/EPITI6699 In
order to inpart to the polyester maxi num resistance to acrolein”
generation, the hindered phenol is - 9 - added to the pol ynerization

reaction mi xteygg i:ﬂetg@l@)s or alkRiCaRUERoP! AP, f, tf&t%mﬁﬁh%eggéé( rization

process. Alternatively, the hindered p lenol can din the
vacuum step 6ANt BetﬁésbbYﬁk?tlrﬁlefi REEorhen Wy jhyproduct boklatathg but

addi tion UndQ"emBé!BtM?é?ULEEé?m'nt k@BSHEANing point bgSkl B- %)Po%‘axl)@y‘er degree
of m)dlflcatlon of t he ol yester partlcularlywl he | ower al kyl

hi nder ed diol B’H@ﬁﬁl?li:e e‘éeca&rtsw“ conditions. TiResidiadred phenol is

attached to mBaopehytEénghailtohol in tMéade)fxﬁﬁ'tS.)z%iﬂlﬁhl farsaﬁt@n The
bypr oduct wat er the acid | al coho

e.g. .
(e.g., from f“ﬁétéﬁe??n termmat@aﬁhﬁepgﬁgﬁﬁ/ ‘iﬂaslﬂ 1| F& “8?"?9 % the
bypr oduct boullsimtta polymer zﬁoaman.atuweldyletss tFvan thhe béakmﬁlg p0| nt of
1, 3- propane | und the re £n.&ondi tihons Res 5
nDnofunctiongﬁngFCSﬂo$$$na#he%bo ?ngflza ch ﬁ?oﬁkg} este k ure can
terninate thespokyhet, cathyl, M@Dwﬂ.mghehgl) are mostl plrarﬁtaerml yrrer
ol egyl ar vebdhh,sEobe Ll S Wely ea mégmgr e%fpngge{aa&% Gedloe,0r the

| onei "al kyl eésters (s eth exy ®fre nost
preferred 100x alc@b@hu&éxbﬂﬁﬁh@0ﬁ§mati%@tyméé§$cﬁéﬁnvaFXDﬁr©yproduct wat er

or al cohol from ghe ﬁ&iwmrﬁxwubqnofeaﬁélmsm >stttan;@ is cooled The nol ten
product of the_first stage is coo olidified and optlonally

forned into 5@#F€%§leqTﬁpd °Pt1°na56Vyﬁ@Fm?% %Wﬁﬂ1ﬂ&§99&6ndeﬁ%%d in solid
form ("solidpolbmer issStdredglyaiondensbeVvin esbiiiiTFokat Ureolegs than the

tarogk staPQi¥{Ble "Bl L Rt enPE RS A N &b nBY! ¥YAL IR ene
| polymer melting point, generally (for polytrimethylene
terephthalate) at a temperature greater than about
180 °C, preferably above about 200 °C, under reduced
pressure and/or an inert gas stream. The solid-state

20 polymerization phase is carried out for a time, generally
about 4 hours or more, to produce a modified poly-
trimethylene terephthalate having an i.v. of at least
about 0.8, generally within the range of about 0.95 to
about 1.15 for fiber applications.

25 Because the polyester preparation process includes
at least one vacuum step, it is preferred that the
hindered phenolic acid corresponding to any selected
hindered phenolic ester have a boiling point higher than
that of 1,3-propanediol, which will help prevent removal

30 of the acid from the reaction mixture under vacuum. The
most preferred hindered phenolic esters are thus those in
which the corresponding acid has a boiling point greater
than that of 1,3-propanediocl under the polymerization
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terephthal ate) at a tenperature greater than 180 [err]C, preferably
above 200 [err]C, under reduced pressure and/or an I nert gas
stream The solid-state polynerization phase. 20 is carried out for a
time, generally about 4 hours or nore, to produce a nodified

pol ytri met Rybeg)er662 terepht hal ate having an i.v. of @CIErPaTIED. 8,
generally within the range of 0.95 to 1.15 for fiber appllcatlor'rs
Because the polyester prepar ation proeess 4 ncl udes 25 at | east one
vacuum st ep, re d a e nQl.i L d

cor r espondi nd:eagtiﬁp‘ ?l%’w tplter}%rﬁbn eredﬂrﬂgﬁ% @al?, gt glrf gg‘g{:a

boi | i ng poi nt24i dlﬁ‘.eItOt haqut 300 °C.t lead @hel(Brmfi))pﬁﬁmmlcaMDoh will help
prevent reno h | der vacuum
The 30 \réyéjmduc r‘?’g% %n nder "% ﬁg%?lgléﬁﬁ%)sq%r%% Es('%"tlhl sein

whi ch t he corpfoesl;tod@mg than ha%‘%qﬂﬁlnﬁidhglpm nt greater t han t hat

of 1, 3-propanedi @l puadeprLher PO YMRISsZ 3kl Rindered phenollc aCLH?aCtlon
condi tions, preferably wthin the range of 240 [ e Cto 300

[err]C, and tee&eEsr afispEsHREITE RY Meb§ﬁlr¥}%%tab°"e in whigheptor | ower

al kyl a'COhOubaQ%soﬁebﬁl?k@@bF&&ﬁHo|ﬂHN%he phenolid NAirbx¥yipsigpanediol . 5
A nost preferred _class of hindered esters is as

nolic acid/-
defined by t REYdr mira™4hode ?rP}Wﬂ@h% ropyl7 % X }2dst°%ofé R dfoup ortho to
the phenolic dxydiemsyly &8 L-or 2; R’ dsutykCHy) -aoy|aluyR2-suberyikuefr opyl; X

iIs 1 or 2; Eis oxygen; y is 1 or 2, R is -(CHerr])- or

al kyll0subst i tnettéylepg; n is n%t bR isnH er1C1 amcRisYls [Mher UspePE] al kyl .
The use of d ch_ 43350 Lg oxyphenyl) -
ot oe o acittas T T B 08 Ry L MRS

byproduct. Theaicohisl abyéro@l@ﬁ:ttkﬁ agspge @@amt?cbwmg waterj asraduces an
additional chijdtddicll N3he! al 86o1 Mypkdduct oBOhYEY{AlaRi8ACt | ON
m xture. A advant age of an acid is its greater solubility
in 1, 3- propariddirgiduces an a ditional chain terminator into the
15 . polymerization reaction mixture. A further advantage of
an acid is its greater solubility in 1,3-propanediol.
Although modification of polytrimethylene
terephthalate with certain hindered phenolic acid/esters
can increase polymer colour or reduce polymer molecular
20 weight, the hindered phenolic acid/esters of the
preferred groups cause little or no increase in colour
particularly when used in combination with an organo-
phosphite. The aromatic organophosphite additive contains

a trivalent phosphorus group (ArO)yP in which the

25 organophosphite contains at least one Cg-.2p aromatic ring
bonded to a phosphorus through an oxygen atom and w is an
integer from 1 to 3. The preferred organophosphite
additives are selected from aromatic organophosphites of

the general formulas I-V:
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Al t hough nodification of polytrinethylene terephthalate with

certain hindered phenolic acid/esters can increase polyner col our
or reduce pol yner nol ecul ar 20 wei ght, the hindered phenolic )
acid/ esters of the preferred groups cause little or no increase in
col our wo 98/73862 i cul arly when used in conbination w thpewEBywmE6ss- N
phosphite. The aromati c organophosphite additive contains K -
trival ent phosphorus group (ArOwP i vdich the 25 or ganophosphite
contains at | east fone ery] aromatic ring bonded to a phosphorus
t hrough an oxyger ngiggd wis an integer froml to 3. The
preferred organophosp 1 additives are selected fromaronmatic

or ganophosphi tes of 3 the general formulas I|-V: WO

98/ 23662 0 PCT/ EP97/ 06699
- 11 - [err] L(@—o—y\} I
0—"Ls
KO
o—P P—0 i1}
l@— \0 0’ 1y
| O
2 Ly

2

in which each L and L’ is selected independently

from Ci-20 hydrocarbyl and heterocarbyl; b is an integer
from 1 to 3; s is an integer from 0 to 6; Ar is a Cg-3p

5 substituted or unsubstituted aromatic group; J is a
direct bond or divalent linking group such as -CHp-, -
CHR’-, -8-, -80-, -502-, -PO(OR’)-, -POy-, -PR’-, -CO-,
and the like where R’ is Cj.pzq0 hydrocarbyl, Q is fluorine
or a divalent linking group such as -Ar-, -0-, alkylidene

10 such as -CHp-, and -CHsCH2-, and the like; T is hydrogen
or a Ci-2¢ hydrocarbyl or heterocarbyl group; and w is an
integer from 1 to 3. Examples of preferred
organophosphites are tris(2,4-di-t-butylphenyl)phosphite,
bis(2,4~di-t-butylphenyl)pentaerythritol diphosphite and

15 2-([(2,4,8,10-tetrakis (1, 1-dimethylethyl)dibenzo~
{d,£1[1,3,2]-dioxaphosphepin~6-yl]loxy]—-N,N-bis
[2-[[2,4,8,10-tetrakis(l,1l-dimethylethyl)dibenzo-
(d,£]1{1,3,2]dioxaphosphepin-6~yl]loxy]-ethyl]ethanamine,



in which each L and L' is selected independently fromdderr]

hydr ocar byl and heterocarbyl; b is an integer fromlto 3; s is an
integer fromO to 6; Ar is a (Jerr] 5 substituted or unsubstituted
aromatic group; Jis a direct bond or divalent |inking group such
as - CH er r Jwo 98123662 CHR -, -S-, -SO, -SOerr]-, -POraRErI706693] €rr] -
-PR -, -CO, and the like where R is (err] hydrocarbyl, Qis -~
fluorine or a divalent |inkinglgreup such as -Ar-, -0-, élkylidene

10 such aaéaﬁ%%r n%rm@iagﬁzgp[aeg rﬂbg;[f%rr %8, a@ﬂtx‘f%ﬁ?)! 158 ahal S

hydr ogen oca et érocar gr oup; and Wis
an i mms fh%nwsspgcglvmmlégaépsm dfedrieep emark)

or ganophosphi t es $68h £ o&BQnYLkpﬂgé@h'$§%
bis(2,4-di-t- but;?%ﬁéﬁgf p§n§2§¢§t?$%%ﬁg dlphOSEhlte and preferably

2-1[ 2, 4, 8, 10-addeddins (the1 PAPREVRG | BE 9/ 19fdithenpglt stage of the
[d,

[

[

(2.
f] 3,2] - heRrl BrEc¥ss OXyind\pNokbs
[[25,14, 8 1 t%&?ﬁtl rethy %t:é:t | hoBbRorus-containing
f] [

1,3,2] d??i%%ﬁ’sr}ﬁeﬁﬂfﬁsen §11 &PRANANTSACtion mixture

in an amount within the range of about 0.01 to about
0.5%wt, preferably about 0.05 to about 0.3%wt, based on
the combined weight of the diol(s) and the diacid(s).

d
2-
d,
12

10 Excess phosphite is undesirable because of possible
negative effects on catalyst activity. While
incorporation of the organophosphite in the
polymerization reaction mixture can result in
(trans)esterification reaction with the polyester, any

15 ~ such reaction will not interfere with the beneficial
results achievable with the invention composition.

The polymer composition prepared according to the
invention process is white or near-white in colour. The
polymer can be spun into fibers or moulded into parts

20 which also exhibit decreased acrolein generation when
heated in air.

Example 1, Preparation of Modified PTT.

A 600ml stainless steel pressure reactor fitted with
a distillation column, condenser and collection vessel

25 was charged with 133.2g (1.75 mole) of 1,3-propanediol
having a total carbonyl content of about 70 ppm (as C=0),
207.7g (1.25 mole) terephthalic acid, 0.17g Irgafos 168
(an organophosphite, 0.05 wt%) and 0.04g 3-(3,5-di-t-
butyl-4-hydroxyphenyl)propionic acid (0.013 wt%,

30 0.144 mmole). The reactor was pressurized to 50-80 psi
with nitrogen, with pressure released five times to degas
followed by repressurization to 20 psi and heating to
250 °C. The pressure was maintained at 50 psi for two
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avail abl e commercially as Irgafos 168, U tranox 626 and | rgaf os

12, respectively ("lIrgafos" is a trademark). The

or ganophosphite conpound, if used, is preferably added in the-
pressure step of the nelt stage of the 5 pol ymeri zati on process. The
phosphor us-woB$/zased ng conpound i s present in the coTdeXsEEEI0N
reaction m xture in an anount within the range of 0.01 to 0.5%u,"
preferably 0.05 to 0.3%w, based on +he conbi ned wei ght of the

0 OLUS), and e <ol dhah 1 bueanP SANIBOBLL Ok e dhence aé}dﬁ%;lag'e because

of possible negatlve e
i ncor por at i dihegeaffer. After g gaat@[ihoiphb@et i m ltclrm:spolayusrerl zation reaction

m xture remaif@Rg’ gsebiuid w&atJ %&Ls%&ré%aca{é e %%“0“ with the

pol yester, any such'reaction will not interfere w benefi ci al
resul ts achicipiBiLdafipt Kas h‘éewﬂ%t i 3he molten prarueti Magnpoured The
pol ymer conpesict bopaﬁrgﬂgr@&mordl ng to the I nvention process is

white or near-vvhlte i n nmer can be spun into fibers

col o
or noul ded i nt o Tp&r PEO2PCE © Lal%‘ﬂe(fh (388 e':9<‘l‘ﬁl 5?1107(?@crté§§éélumcr ol ein

generation wieaxide (80 ﬂs@atmemoal Ti) were chd»cd®he 4 sBhegaration of
Mbodi fied PT stai nl.ess steel, pressure reactor fitted

with E—Qeﬁlkstfflf'fsﬁt i 0 e’C wéﬁnﬁ%ﬁ%%?edaﬁﬂ-t@olnlléétagéﬂr vessel 25
was char ged ewiachatdd. 29 {Houts 200 ﬁ:)oa@f witB- wrs}mnedﬂﬁlrogen swee[}gaw ng a

Lor a8nt hal| hxerdn £ha o3 o ehto BRI e e snring, dhaghioth. 0. 05 w o
and 0.04g 3b@3h5tdi 260 °C. The iprepbude hyals oxegpivenyy lcpplepsothanaci d (0. 013
W% 30 8,144 guple) ActHl® o GRGLO! WS RIESSUL £90clRe 395 552 KPa

(50-80 psi) W|th nitrogen, W th pressufe release times to
degas fol | ome@lBg aeér'éls%mqlmrowaﬁolmgam (20 psi) and heating
to 250 [err] C. JherPheSS WAl ¢ v.) of th 1 }
13 - mai nt ai ned at_345 gPa (50 psi) feorpot %’S‘eﬁoh’?é and t hen

15 measured in hexafluoroisopropanol. The yellowness index
(YI) of the polymer was measured on a moulded plaque by
reflectance in accordance with ASTM D-1925. Results are
shown in Table 1. Acrolein was measured in ppm per weight
of polymer.

20 Example 2, Comparison Preparation of Unmodified PTT.

The polymerization of Example 1 was repeated, except
no organophosphite or hindered phenolic acid was added.
Test results are shown in Table 1. The comparison polymer
formed substantially more acrolein when heated in air
25 than that of the polymer prepared in Example 1.
A sample of polymer prepared as described in this
example was ground at liquid nitrogen temperature, sieved
through 20 mesh, and the fine powder was extracted with a
1:1:1 hexane:methanol:chloroform solution. No phenolic
30 ester or acid was detected by reverse phase high pressure
liquid chromatography {(diode arxrray VV detector at
250 nm}.
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| owered in 69 kPa (10-psi) increnments each hour thereafter. After a
total of about 6 hours, any remai ni ng pressure was rel eased and the
aqueous 5 distillate was wei ghed. The. nolten product was poured”
into a pan and cool ed. The product oligoner (140g) and 0.072g
titani um woosn3sssput oxi de (80 ppm based on Ti) were char geCi/ERS7/666590- L
3-neck flask. The flask was degassed with nitrogen, 10 evacuated to-
about 20 kPa (200 nbar) with a small - 14 - nitrogen sweep t hr ough t he

reactor, andghagbed W t@regafgatlo Sbler ﬁ% &Efiég %@'J%tgahggégrééo [err]C. The
pressure was ry. After 3
hours, the r&herpdicnEste¥e was cool ed and the pol yner 15 was

i sol at ed. The poiﬁﬁéffﬁ&o\lﬂ %eom ié i’v)asOfrebQthgl y@ﬁée;y@s
measured in hexafl uoroi sogropano ZO owness i ndex (Yl) of the
§u

pol ymer was basuPedbes Af nraansx IO b}22 mmol) wagf Bgedahpetead

accor gance \é\ﬁotfhtASTMﬁhéﬁé’& pkfaeﬁﬂllt:Saam 20As shov&hqwn'rhmlabl eulie chol ein
was neasured in p Exanpl e

Conpari son Praé‘ﬁggﬁtlf‘oﬁ"ﬁxf‘a‘ﬂn?ﬂ)dl"f 2dd BFY. 3 s VP o thagef BN neri zati on of
Exanpl e 1 wagpoigpeat of, Erxaeld 1. no organophosphl te or hi nder ed
phenoli¢c acid wa addeil. gts pol Test resuﬁl‘1 YL S %vvré bI e 1. The
conpari son pol yngr S3MP+€ L RG-Sl *sRHSPARTT &5 y r?o &8 réf‘er’ *%hen heat ed
in air exatnbaa waatgncbunmeatpclllqud px'epage;d tempExatpke, lsleved

A sanpl e of e d (oF7 | [

grouﬁf@ at i (%S)I %qﬁlkt ?égﬁ%&?eﬁ%{:dr g’?%r giRSd%é\%dégov?as emfﬁ%%éaﬂg rresh and
the fine powdsid:labesane smeidrbngl: hchloroform solution. No phenolic

hexane: met ha%%lteqhwrﬁ&@am@a&ﬂe%edm yPRERRE phase nighSheLsfizaCi d vas
detected by reverse ase hi ressure ui d chronat ogr aphy

(di ode array INgudét 6 Femaa@graphy (dipdg apyay UV de ector atwp 98/ 23662

PCT/ EP97/ 066930 nm) .
15 Example 4, Preparation of Modified PTT with Hindered

Phenolic Ester.
The polymerization of Example 3 was repeated, except

that the organophosphite was omitted and a relatively
large amount (8.5g, 16 mmol) of hindered phenol

20 Irganox 1076 was used. The oligomer and polymer were
more coloured than those of Example 3, some solids were
collected in the agueous distillate, and the molecular
weight of the final polymer was substantially reduced.

A sample of the polymer was ground at liquid nitrogen

25 temperature, sieved through 20 mesh and the fine powder
was extracted with a 1:1:1 solution of
hexane:methanol:chloroform. No extractable Irganox 1076
was detected by reverse phase high pressure liguid
chromatography (diode array UV detector at 280 nm).

30 A sample of the oligomer produced in the first step
of the polymerization was ground and the fine powder
extracted with a 1:1:1 solution of hexane:methanol:-

chloroform. No Iraganox 1076 or parent hindered phenolic



- 14 - Exanmple 3, Preparation of Mdified PTT wth Hi ndered
Phenolic Ester. The pol yneri zation of Exanple 1 was repeated,
except ~ that O. 065g of Irganox 1076 (0.122 mml) was used instead 5
of the hindered phenolic acid. As shown in Table 1, the acrolein
formati on iwoes/23662as simlar to that of the pol ynPCTEPITREEED| e 1.

A sanpl e of polynmer prepared as described in this exanple was -
ground at liquid nitrogen tenperature, 1$i eved 10 t hrough 20 mash and

the fine pomﬁe&dmﬁ§seﬂéﬁéﬁﬂéﬁiéMlhhtﬁe extract %ylrEvQ§§§nEh§§é

chl or of orm sol uti on. nglglrcg % st er aci d was detec ed by
reverse phasBXAEGH*Hretdth% chromatography d(q%rd&?&FGQF&phyA’(‘ﬂ]rXﬁfe‘S array W
detector at by llqu1a5£hfﬂﬁat0b5aphy cEﬁB&ﬂHdBw&thphﬁaaréﬁééﬂréﬁcﬁﬁym fied PTT
wi th Hindere I|c Est e r|zt|on of

Phe
Exanpl e 3 wagLFe%gét e%loweedgcglﬁt pEasSnce ?%aﬁpetﬂfsof'dﬁﬁogz&ﬁ 'vvas onmitted
and a5rel ati ¥8Hy 542, 690/ a?M@eaadDaaG ¥I8i 3y, colrempohyl @b bbnﬁered phenol 20

| r ganox 1076]1:\9@3%%?%%8 ng’lhltggﬁg{:eaggle&%éggerén\é%SPP%&‘@ht'? Jpore col oured

than those o $he aqueous
distillate, haddehed rmh%tmjlna:r acid. Simeightaneflyshe bifnal cqutl:mmr was

substant i al '§ rbBIHEEhs in Example 2AWSAHBIE o ndte%gp%x 10, ghound at

liquid nitrogen 25 tenperature, sieved throu 1:neflne
powder idyaet ehidvitte@nyi shoaifigamt szimupmmgf species at

hexang: net ha@ﬁéséﬂk&]ﬁé’éﬁa@ Wi gBKEl ags a&&étregjanox 1076 Was
detected by reverse phase high pressure |'iquid chr omat ogr aphy

qu
(di ode array WV 'El}é?%%t’iﬁsuétt5285°ﬁnfha%ﬁssentlallYAaé?arr’éF% kindered| i goner

?rOduces\u in phenblistestieap hag under@ér}-é T&Me?é@&hf@&?@ﬁoﬂ\ﬁasncﬂr&wﬁd alnd t he
I ne powaer , extracted.with a sol,ut exane: net hano
chlorof orm KB l?h’é%‘?fb%f{ °&Fcpﬁfzéﬂtp‘?ﬁtﬁ‘d°é‘r &§ BREADI F@ the

polymer.

15 The lower molecular weight of the final polymer
obtained with a relatively large amount of the ester is
also consistent with the transesterification reaction of
the ester, because both the hindered phenolic acid and

the C1g alcohol derived from the ester are mono-

20 functional species which can terminate the polymer chain
and reduce the molecular weight of the polymer.
Example 5, Preparation of Modified PTT with Hindered
Phenolic Acid.

The polymerization of Example 1 was repeated, except

25 that the organophosphite was omitted and a relatively
larger amount {0.87g, 3.1 mmol) of the hindered phenolic
propionic acid was used. The polymer molecular weight
was somewhat reduced compared to that prepared in
Example 2.

30 A sample of the polymer was ground at liquid nitrogen
temperature and sieved through 20 mesh, and the fine
powder was extracted in a Soxhlet extractor with

acetonitrile for four hours. After evaporation of the



PCT/ EP97/ 06699
acid was detectable in the extract by reverse phase high
pressure |iquid chronmat ography (UV detector). Analysis by liquid
chr omat ogr aphy conbi ned with mass spectroscopy (LC-M5) showed the
presence of wepseses wWith niz of 336, 5 484, 542, 690pcTiE® 7060 896
whi ch correspond to poly- trimet hyl ene terepht hal ate ol i goners - -
endcapped with the hi ndered pheh®lic acid. Sinmilar analysis of a

control acetiraRanad §§liré1ntE)<6\fma| &ediWhb ol éuw&?ngﬁ ﬁhﬁn%hilest er
did not exhibit any S|gn|f|cant |goner|c species at 1 hese

mol ecul ar weidfIRVEE 9& EQp¥epband analyzed byThgwerse Rhase é‘l"r&\ﬂ/ t hat
essential |y agdedsueehilidai@dchromatograpdRol(ie e@stertds. umger gone
transesterification_and, that hi ndere enolic acid portion is
bound to the SOMParisoR o4, standard Soq‘uu?ﬂe ‘% %é‘?q}ﬁﬂ r wei ght of the
final ol yr’rerphenollc aobdal aesiewuitaﬂlqz mel deteetsblarngmdurednt of the ester

WD 98/ 23662 -
- 15 -

S | S e tio reactlon of
t he ester, 2%61(862.'1% ?&?{3 déere C{oﬁgngﬁ%céa%%%catandq’ 15 the (err]
al cohol der| \MSqu@#ntthGlébt%S%n@aidwoallzof the Himtstrieshpheapedtes which

can term nal & e Iy TBERBLA! g, che carBByLEHURE S N TRl GEULRL Vel oht of

the polyne e 5, Preparation®o R H ndered
Phenol i c ACI @olymer. The pol ynerization of Exanple 1 was repeated,

exceplp 25 t h@am&msrwgaémmnt %f“@ﬁe%i}x@éi: %%@dr ghathyel y

| arger amount_(0.87g | ) of the hindered phenolic pr opi oni ¢
acid was usecf-lrFﬁ'e (BGFﬁﬁ’éFehﬁ‘é*‘(ﬁjl%t"%é?&h?ll@mers thes sskewhat reduced

colrrpar ed to tafmtlylareapalyedcugns The maB%agpketral Hhta was conﬁlgegﬂtg of the
pol ymer was gr.qund iquid nitro ture and. sieve

t hr ough 20 rrg"s"ﬁ:% SRGCLRE ???l’éalnmgg%hepmg?r?\étspr%& &%1Anbqurdyn| et
extractor w tdo the PTT altyametd, lee of.om/E0BB6NBY 54240, 7a8aposat i on of

t he

15 Example 6, Use of Comparative Phenolic Acid.

‘ A polymerization was conducted as in Example 1,
except that the acid was replaced by 0.03g 3,5-~di-t-
butyl-4-hydroxybenzoic acid (0.12 mmol). Surprisingly,
the resistance to acrolein generation of the resulting

20 polymer was not improved, suggesting that a methylene
group para to the phenolic hydroxyl is required to

achieve the desired effect.

TABLE 1
Example v Yellowness Acrolein Acrolein
Index in air in Ng
6 hz/175 °C |13 hr/150°C

1 1.16 21.1 68 14
2 1.36 29.1 408

3 1.22 26.0 65

4 0.55 68 20 15
5 - 1.06 40.2 20 17
o 1.06 17.2 432 19
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- 16 - acetonitrile solvent, the residue was taken up in a smal
anount of solvent and anal yzed by reverse phase high pressure

| i qui d chromat ography (UV detector). By conparison to a standard
sol ution of wigwnkéendered 5 phenolic acid, essential |pcmEpsdeéesst abl e
hi nder ed phenolic acid was detected in the extract. This is -
consistent with essentially all of the hWiindered phenolic aci d belng
bonded via the carboxylic acid group to the pol ynmer. 10

Simlarly, extraction of the polymer formed in the first (pressure)
step provi dedEpanpberet,s Qdnefiirpacdon of Modifiigidy enti ffiatimn mass

spectral data vasrgong Xidlaces poljelldd FRIGKSEnEOPAENM NkfP N nder od

phenol i ¢ acid bound PTT o
336, 484, 542, 6900M 452 BOE-~ Sf@le runExé#r%T%OGl ﬂA@été‘-fl)CEﬁﬁraamq!m Frfenol i ¢

Acid. g roceés ROt VEIRHipA ! uonlmso C@mw%e(ir@anbg FrpEPfa 1,
except that tﬁe acid was replaced by -di-t-

but yl - 4- hydronB%ﬁz%F%?%ﬁﬁ(}Q@OWEEenﬁ%?%Yz%ﬁuﬁﬁw9§§n§P§°mat°9raphx4ﬁa
resi stance tomassoseédt GHIPIt bal Gbuhderd Qfdﬂtfalllﬁgageut 0.090lymer was not

yar oxyl i o 1 8qht cand gieohol (ChpfpEon o mpisedFRRnBRFAreS fnse PO

TASLE 1 clea%@é*%f the Ie\é[terYE&Il@V\@Eslﬁsgano&CﬁQbG' BccurrdEHELi N 5
ndex in air

hr/17go[err]Cthgth¢y1kﬁﬁ§§,@|@ortlon of the alcoholigygup of 291 1 68
14 Irganox 1073 was didfilled from th@D%olymerlzati@h 3
1.22 26.0 65 8 4 55 68

20 Tsxture along wygh thel}o%-propaqﬁilfl. Based Q@ the 17

6 1.06 expddtéd amount o432, 3-~propanedilfl removed at this stage,

the amount of the Cjg alcohol observed in the distillate

15 . was approximately 25% to about 60% of the total alcohol
available, in theory, from the Irganox 1076 used. 1In
addition, LC~MS indicated small but detectable amounts of
low molecular weight oligomers in this distillate at 336
to 542 consistent with oligomers containing the hindered

20 phenolic acid endcap.

The distillates were also analyzed for the parent
hindered phenclic acid [3-(3,5-di~t-butyl-4-hydroxy-
phenylpropionic acid] by high pressure liquid
chromatography {reverse phase, UV detectoxr) but less than

25 about 10 ppm of the acid (the estimated detection limit
based on a standard solution of the acid) was seen.
Therefore, essentially all of the hindered phenolic acid
portion of Irganox 1076 remained with the polymer and is
consistent with the proposed esterification reaction

30 between the acid and the polyester chain.

These distillates also contained about 0.8 to 1.1%
2,4-di~t-butylphenol, which arises from the Irgafos 168

organophosphite.
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- 17 - "Exanple 7, Confirmation of Mddified PTT Identification.
The distillates collected during the vacuum stage froml arger-scal e
runs (6.8-9.1 Kg/batch [15-20 5 | bs/ bat ch]) prepared by the process
of Exanple 1 with 0.025 wt % I rganox 1076 and 0.05% I rgafos 168 were
anal yzed bywgas2issr onat ogr aphy/ mass spectroscopy and PCT/HPOYIBE9% O
contain about 0.06 to 0.13% (Jerr] al cohol (CJerrJHerr]OH), whrich
denpnstrates that cleavage of the estef8 10 bond of I|rganox 1076

occurred and thatDﬁétiﬁiﬁﬁesafEtht@ﬂtrol polymgrﬂiﬁQléhQOQP%h&w@Up of

| r ganox 1076 d| stille efq%?g?' zation_m xture al ong
with the 1, 3 rga’b‘?’bg&?édFBf‘taB%?éon%rF taPpectes akeRhRL of 1, 3-
propanedi ol EHHDYSS'S aéhérhll% Fzﬁge?upﬁgf? BRI o tmeehg,&éféd 15

al cohol observed 1 n the distillate was approximately t o about
60% of the tBhanohieddmid.qvitapreionn ehddrys control p@lmx rdid r ganox

1076 ysed. |Roaddbhtfin d&é}@abmdl R8h&6red pheno13BhliQyEsget est abl e
amount s of Iowm)lecular V\/E|):g> ollgoners inthis distillate at 336
to 542 consi 8PERAPPSPH @L119OMGTSK of j goners contai ning the hindered phenolic

acid ERAMRED. 8, Corgparlson dheptbcdsd thxa&bwaee al so anal yzed for the

par ent nder henal I.c_ac | -T-Dbut dr oxy-

phenyl pr opi oni chgla? &° %léﬁtbf’gsgtd%i %{ﬁ 3’ y8s repe B?%rﬁi%/ography
(reverse phasergél skslertesp)ipment| ¢ssotthalb-20 1b. pabemér Ifeppm of the acid
(the,gstimat e i0 bas andard solution of the
acid 8Was seggtgﬁa &éln&‘#nfeq@f%)s l,seeése fdﬁeg?’é’?‘l igf agﬁe hi nder ed phenolic
acid Ipgauoonl &f6 | (Igdaoxand76. Permted nwiat fatherpal yndgsigrd is 30
consistent viLb, LD PTARASaeRRLeihT IRl Ahd 32GRhBY 1076 was RPN the

acid and the po yester
in the first (pressure} step or in the second (vacuum)

step. The polymers were pelletized and advanced to

15 “higher molecular weight (i.v. = 1 or greater) by solid
state polymerization by heating at »>200 °C. The acrolein
generated when the final polymer product was heated in
air {6 hours at 175 °C) averaged 56 ppm for the polymers
in which the Irganox 1076 was added in the first

20 (pressure} step and 75 ppm for polymers made with the
Irganox 1076 added in the second (vacuum} step. Control
runs prepared without either Irganox 1076 oxr Irxrgafos 168
added to the polymerization produced polymer which
generated 190-200 ppm acrolein when heated in air under

25 the same conditions. These results show that addition of
the hindered phenolic ester in either step of the
polymerization results in reduced generation of acrolein
when the polymer is heated in air and that addition in

the first (pressure) step is somewhat more effective.
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- 18- ’ ‘These distillates al so contained about 0.8 to 1.1%

2,4-di -t-butyl phenol, which arises fromthe Irgafos 168

or ganophosphi te. Distillates fromcontrol polynerizations

wi thout 5 added Irganox 1076 contai ned no detectable Cferr] al cohol
and | ess t hwo9sR36pm (upper limt) of the hindered PQIMERIDDE629 aci d.
Extractions of this control polyner did not contain detectable --
hi ndered phenolic acid/ester or - 1g¢ncapped oligoners. 10 " EXAMPLE
8, Conparison of Process Vari abl es. The pol yneri zati on of
Exanple 1 was repeated in | arger scal e equi pnent (about 6.8-9.1 Kg
(15-20 | b) pol ymer per batehy #sing &rgafos 168 (24 and 48 ppm P)
and lIrganox 1076 (0.025 and 0.05 w9 Tnm a factorial 15 design series
of experiments in which the Irganox 1076 was added in the first
(pressure) stiep @r 1, B-phep&esdid ~based aréMACHPo1S/BRerThE pol yners were
pell etized and advanged ., to_higher nolecular weight (i.v. =1 or
greater) by SSFP@sSition comprising,lydsProRRReftipy-hesd agomatie00 [err] C.
The acrol ei n pyestergrobsaibsts Waeinghet fis@dt psle RArmanadugtoygSoHeated in
air (6 hourst%% %3589§£r]C) averaged 56 ppm for the polyners in

whi ch the |rganox t was added in the first (pressure) step and
75 ppmfor polyners nmage with the | rganox 1076 added in the second 4
(vacuum) step. Controli25 ouns prepared without eitherthjs B pl
| rgaf os 168 HO (Q”Lhé_polynerization produced pol “ l
gener at ed 190-200 pp ol e'n when heated in air under
conditions. These results show that addition of t he hi ndered
phenolic ester in either step of the 30 pol yneri zation results in
reduced genetat wbihcbfeach ot eisn selected idepdritRemalyy#ebmi 8;hggted in air
and t hat addiaio in the first (pressure) step is sonewhat nore
effective. alkyl groups and at least one R is ortho to the phenolic
hydroxyl group; x is an integer from 1 to 4; R’ is -
10 - (CH2)~ or alkyl-substituted methylene; and y is an
integer from 1 to about 20.
2. The polyester composition of claim 1 in which at
least one R group ortho to the hydroxyl group is selected
from the group consisting of t-butyl, t-amyl and 2-
15 phenyl-2-propyl.
3. The polyester composition of claim 1 or 2 in which
the 1,3-propanediocl-based aromatic polyester is described
by the chemical formula
Rx
o
O—CHy—~CH,—CH,—0
20 in which p is a number within the range of about 4 to

about 2500.
4. A process for preparing a 1,3-propanediol-based

polyester composition which has increased resistance to

REPLACED
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- 19 - TH 0962 PCT CLAI MS
1. A process for preparing a 1, 3-propanedi ol - based pol yest er
conposition which has increased resistance to acrol ein generation
when heated in air, the process conprising: 5 (a) preparing
a pol yneri zaoissm3gszact i on m xture conprising (i) BCiERvogsnedi ol ,
(ii) an aromatic diacid or alkyl ester thereof, (iii) a hindered-
phenol of the formul a - 20 - [err] 10 ° in
whi cheach R derd R@PERABRLL Yok Shifk ¢ab8MITEL] the procesdl k! and at

| east one Ris ortho to the phenolic hydroxy roup, x is an

i nteger fromCPHFALINAis a (err] hydr ocar byl or heterocar byl
group; and n = #recpRkHEMa polymeriiza@ibh £OadtidGilitdre@n aromatic

or ganophosphite 15 | conprising a trivalent phosphorus group (ArQferr]P
i n which °°mpr¥RFnﬁs(éhngr%ﬁRﬁQR?ﬁﬁdéﬁb'aﬁﬂlbvﬁ%;%ﬁPWQQi§géﬁa¢ién11 to 3;
and 5 (dy) oMyt @sBepgthatdsbd eq@ii®nanhxide SediprnlcdMeer ehur e

wi thin the r%? e qf 180 to 300 [err]C while renoving 20 bypr oduct
water, for a (%%‘ Sufficient to produce a pol yester conposition of

intrinsic viscositly as mgasured
This Sheet Has Been Replaced

ey i

n

in which each R is independently selected from Cj_3¢

alkyl and at least one R is ortho to the phenolic
10 hydroxyl group; x is an integer from 1 to 4; A is a Cg-50

hydrocarbyl or heterocarbyl group; and n is an integer
- from 1 to 4, and optionally (iv) an aromatic
organophosphite comprising a trivalent phosphorus group

(AxO)wP in which Ar is an aromatic group and w is an

15 integer from 1 to 3; and
(b) maintaining said reaction mixture at a temperature
within the range of about 180 to about 300 °C while
removing byproduct water, for a time sufficient to
produce a polyester composition of intrinsic viscosity as
20 measured in hexafluoroisopropanocl of at least about 0.8.
5. The process of claim 4 which comprises the steps of:
(a) maintaining said polymerization reaction mixture at a
temperature within the range of about 230 to about 300 °C
under greater than atmospheric pressure for a time
25 sufficient to produce an intermediate reaction product
mixture comprising a 1,3-propanediol-based polyester
"having an intrinsic viscosity within the range of about
0.05 to about 0.25;
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i n hexaf | uor oi sopropanol of at t abtqﬁngn 2. The process of

d
claim1 which conprises the steps lacenaintaining sai d
pol ymeri zation reaction m xture at %“Hﬁ““““‘l“ merature within the range
of 230 to 300 [err] C under - 20 -
greater thawyoasassspheric pressure for a tinme sufficient PCT/EP97/0€692)roduce

an internedi ate reaction product m xture conprising a

1, 3- propanedi ol - based pol yester having &3 - intrinsic viscosity
wi thin the range 9& §)5a t&ine%@atlén polyn(é@lz%qq_bﬂgcgtgi)%@@wtéaqa
pol ymeri zation cata to sad nt er medi ate reaction product

m xture and W&Pﬁ?ainﬁﬁihﬁt% eeaction predugk yekxtugie apdi ﬁ@lﬁlhﬁhﬁ%ﬂﬂjl%

reaction prOd'éﬁEamyéﬁué@ntalnlng idtedmb@IPES Aldiice ivht Prodhbe mandaof 240
to 300 [err] C unde ess .t han atrms herj c presggre for a tine

sufficient to2to3 temp%?%ﬂtﬁ?e withis ﬁPBpﬁ AL BROBG poPyERt2R°Mavi ng an

| ntrlhnSI CI vhsgoal ry ghdét leastth@nSatmospheric pre(s@):rbeabrn.g simgl pol yest er
in the soli st

t t th 18 Cf
e suf fi ci eAtiegetent to nrogiaen St parbEG AL ToBe R oRO R an

intrinsic 15 havingi snosntyimficatvikeasitP. & at least abo&'heowpm of

claiml or 21 n)\l\'ﬂegglrtig Qlt{]gp%rl?%ster in tﬁ&%ﬂlldv\%tgﬁgcg: b§d by the

f ormul a:
i ndependent | y tiespar@kere | geddddr rebast yborp 180 °G folrudi himeet hyI et hyl,

'Sopragy' t- Rkl eiba w% produce 2 gopbenyds %&Jp%%xkleadh&bfnélﬁ xis 1
- or | -substituted nethylene; y is an
i nt eger intrinsic v1$c051ty of at least about 0.8

6. The process of claim 4 or 5 in which the hindered

phenol is described by the formula:

Rx

2
HO—@ (R')yC—E+G

n
15 in which each R independently is a Cj.j2 alkyl moiety
including methyl, ethyl, isopropyl, t-butyl, t-amyl,
2-phenyl-2-propyl and the like; x is 1 or 2; R’ is -~
(CHp) - or alkyl-substituted methylene; y is an integer
from 1 to about 20; E is oxygen or nitrogen; G is a

20 direct bond, hydrogen or Cj.3g mono-, di-, tri- or

tetravalent linear or branched hydrocarbyl or

heterocarbyl, preferably Ci-10 alkyl such as methyl,
ethyl, propyl, hexyl, isodecyl, and the like; and n is an

integer corresponding to the valency of G.

25 7. The process of claim 6 in which the hindered phenolic
ester is selected from the group consisting of octadecyl
3~-{3,5-di-t~butyl-4-hydroxyphenyl)propionate, tetrakis-
{methylene (3-(3,5-di-t-butyl-4~hydroxyphenyl}~
propionate) )methane, 1,6-hexamethylene bis(3-(3,5-di-t-

30 butyl-4~hydroxyphenyl)propionate), triethyleneglycol
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from1l to about 20; E is oxygen or nitrogen; Gis a di rect bond,
hydrogen or CJerr] nmono-, di-, tri- or 25 tetraval ent |inear or
branched hydrocarbyl or het erocarbyl, preferably C[err] al kyl such
as net hyl, et hyl, propyl, hexyl, isodecyl, and the like; and nis
an I WOagI¥66 or r espondi ng to the valency of G PCT/EPY7/066%
process of claim3 in which the hindered phenolic 30 ester is sel ect-ed
fromthe group consisting of octadecyl 22 - .
3-(3,5-di-t-butyl -4-hydroxyphenyl ) propi onate, tetrakis-

(et hyl ene(3-(3,5-di-t-butyl -4-hydroxyphenyl)- propionate))net hane,

1, 6- hexanet hybﬂ@-b(%(t&b(u&y.‘i-—di—hjrdroxy 5—methylphenyl)propionate) and

but yl - 4- hyd . th |

RPN iy 8 ch kol Ao B Rt St S AR AR R R
1,3,5-tris(3, Br:bﬁzitnwrwlﬁﬂﬁy@lﬁo&!ymmn)e- 1, 3 5-

triazine-2,4,6 'ﬂ'ﬁ"&@ce‘é%' 8F€claim 6 J.In wilcxhghgrﬁcr?éesre(g %leno } 3 in

whi ch t he hlndere henol i ¢
3-(3,52di -t - Redd J@r%rdr%ﬁyghehwapvhm—c;md@ompuenyll)cpropmrac athd.process

of clainms 3, ¢, orrpe igrodBisshofher1diddereq or g 1n wlpﬂ_qpoé hq.ﬁtd%';:ed

present in the polymerization reaction re 1h an anbant within
the range of RREH i egtsr is PreseqﬁnﬂnetﬁérPﬁéY@e€#24¢ﬂPRnnﬁﬂ0d;on

7. A fiber orz?mslﬂr.ete%ahw ehmeuRt epaEcth thenrhhge 4B about RPINNBSLE'
conposition o bC alOmslmn'xole per mole of the diacid.
10 10. A fiber or moulded article prepared from the

polyester composition of claim 1.
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