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WD 2005/ 044895 PCT/ |1 B2004/ 003572 METHOD FOR ENHANCED
SOLI D STATE POLYMERI ZATI ON OF POLYETHYLENE
TEREPHTHALATE FI ELD OF THE | NVENTI ON [ 0001] This

WO 200oson rel ates to net hods of enhanci ng sa@dmdBzewtoeess2
pol ymeri zation of polyethylene terephthal ate through
the copol ynerization of at |east one nononeric unit
conprising at | east one pendant chem cal side group
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| NVENTI 3’ potlyepmativESnerEpraMANANG e (PET) is
w dely used in many naterials and products, such as
fibers, fabrics, nolding resins, and soda bottles.
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or di ester BACKERQUND QFIHEJNYENTIRN as, for

exanpl e, terephthalic acid and ethylene glycol. -
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degradation reactions. Typical temperatures for melt polymerizations are between 250

and 310°C. In conirast, solid-state polymerizations are typically run at rglatively lower
_ termperatures, typically between temperatures of 160 and 230°C. In addition, solid state
polymerizations can result in the production of relatively high molecular weight

~ materials, typically 0.55 dL/g to 1.5 dL/g, compared with melt polymerizations, typically

up to 0.65 dL/g. However, in commercial production, solid-state polymerizations may be
relatively slow, typically 0.015 to 0.025 dL/g per hour. As aresult, -there exists a need to

enhance the solid state polymerization reactivity to more efficiently produce higher

- molecular weight polymers.
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I SUMVARY OF THE | NVENTI ON [ 0003 a] In one aspect,
there is provided a nethod for increasing the rate of
solid state polynerization of polyethyl ene
terephthal ate (PET), conprising: (i) copolymerizing
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grav@y- | ncl ude groups chosen fromtertiary butyl, hexyl,
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pentyl, butyl, propyl, ethyl, methyl, nitrosyl (N0,), and sulfonyl (SO;) groups. Also
disclosed herein is a polymer of PET produced by the same methods.

[0005] An example of a monomer having a tertiary butyl side group that may be
used in the invention is tertiary butyl isophthalic acid. Examples of monomers having a
nitrosyl side group that may be used in the invention include 5-nitroisophthalic acid and
dimethyl 5-nitroisophthalate. When tertiary butyl isophthalic acid is used in the
invention it may, for example, be present in an amount ranging from about 0.1 to about 8

mole percent of the total diacid content of the PET, such as from about 0.1 to about 4



di met hyl 5-nitroisophthal ate. -\Wen tertiary butyl
i sophthalic acid is used in the invention it may, for
exanpl e, be present in an anount rangi ng from about
0.1 to about 8 nole percent of the total diacid
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followi ng drawings: [0008] FIG | is a plot of solid
state polynerization reactivity rates for
fornmul ati ons of Exanple 1; [0009] FIG 2 is a plot of
solid state polynerization reactivity rates for
formul ati ons used to study the inmpact of the nitro
group on the Theol ogi cal behavior of selected
polyners; [0010] FIG 3 is a plot of solid state

pol ynmeri zation reactivity rates for fornulations of
Exanple 2; [0011] FIG 4 is a plot of solid state
pol yneri zation reactivity rates for
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formul ati ons of Exanple 3 using the 500g Batch
Laboratory SSP Rig; [0012] FIG 5 is a plot of solid
state polynerization reactivity rates for

wofosssgisi ons of Exanpl e 3 using the 40Kg Bat CRCI/IB2004/003572
Laboratory SSP Rig; [0013] FIG 6 is a plot of solid
state polynerization reactivity rates for
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fommﬁg,hg]ofmﬁﬁpwmg to the present invention, solid state
pol yneri zation of PET may be enhanced by
. copol ynmeri zing at | east one nonomer conprising at
| east one pendent chenical side group with other
precursor materi als. The other precursor materials can
DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention relates to methods_ of enhancing solid state

‘polymierization (SSP) of PET. In particular, the present invéntion relates to enhaneing
“ the SSP reactivity of PET by copolymerizing at least dne monomer comprising at least

one pendant chemical side group with other precursor materials. |
| [0016] SSP of PET often occurs at reaction termperatures exceedmg 200°C in the
flow of an inert gas, such as nitrogen. For a.conventional PET resin, the rate of this
_reactid'n-is often predominately determined by reaction temperature and gas flow rate.
However, other factors, such as carboxyl/bydroxyl end group balancé, catalyst residues, .

and copolymer level (including diethylene glycol), cana also affect SSP reactivity.



i ncl ude diacids, dinmethyl esters, and diols chosen
from for exanple: terephthalic acid, isophthalic
acid, dinmethyl terephthal ate, naphthal ene, napthoic
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invention, are summanzed below. Methods 1-3 describe methods for prepanng relatlvely

' consumrpgl

" low molecular weight prepolymer feedstock. Methods 4a, 4b, and 5 descnbe methods for

-SSP of the feedstock produced in methods 1- 3 in. order fo produce a hlgher molecular
we1ght polymer.
. Methed 1 - Preparation of Terephthalic Acid (TA) Based Feedstock

[6021] Ethylene glycol (Dow Chemical Company); terephthalic acid {DuPont
| Polyester Europe SA); and isophthalic acid (BP Chemicals), 5-tert-butylisophthalic acid



aci d and phosphorous acid in ethylene glycol is added
to the vessel. After 5 mnutes, a slurry of antinony
trioxide (Sigma Aldrich, Inc.) and cobalt acetate
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P5% 0. the autocl ave. The pressure in the autoclave is
then reduced to less than 1 nBar over a period of 30
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‘mixed glycol/methanol fraction. A solution of phosphoric acid (S-igrﬁa Aidrich, Inc.) and

phosphorous acid {Sigma Aldrich, Inc.) in ethylene glycol is added to the vessel. After 5

" minutes, a slurry of antimony trioxide and cobalt acetate tetrahydrate in ethylene glycol is

- added to the autoclave. The pressure in the antoclave is then reduced to less than 1 mBar

over a period of 30 minutes. Polymerization of the monomer then proceeds with the

N removal of ethylene glycol. The melt viscosity of the baich is monitored using agitator
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Met hod 3 - Preparation of Polymer Feedstock [00231 Low
nmol ecul ar wei ght pol yner feedstock suitable for use in
practicing the invention can be prepared according to

wOouhs/det980ds described in any of U S. Patent NySI/IB2004/003572
5, 510, 454, 5,532,333, 5,830,982, 5,714, 262, 5, 633,018,
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lets formed are collected on a solid novin
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-of out?g eac%z y%flc/aﬁo %%7% 5 mm in diamefer, in a rotatable container. The droplets

formed are collected on a solid moving surface. The molien droplets are crystallized by
being placed in contact with this solid surface between a minimum and maximum
temperature as defined below, whereby they sustain a rapid change in temperature and
remain between the minimum and maximum temperature long enough for crystallization .
to occur. The minimwm temperature is defined as Tri=Tg + 10°C, where T 1s the glass
transition temperature of the oligomer. The maximum temperature is deﬁned as ngxr_—’__[‘c _



+ 0.5(T,,,-Tc), where T. is the nelting point of the
oligoner and T. is the cal cul ated tenperature of

maxi mum crystallization rate, Tg + 0.5 (Tm Tg) .nél%ooz é}
WO 28/044895t al | i zed particles can then be introd&d8§2q0d/083572

solid state polynerization reactor of any suitable

esji.gn. hod, 4a Sol i.d Phase,. PoI merl ati.on
+ 0.5 R et b S b¢ Mg aipicn (B o EOmPLaTe, s HiF calystatp)
_tempefaﬁ&ﬂ%}"m‘ﬁlxmmnlcyymmmmbnsatp;ﬁg}u ee‘i:(Tle‘g)f or ex anpl e,

Met hod 1 are solid phase |zed in a heated,

j H9ReL Blae mtalllz@@ P%F‘ﬁlﬁleﬁ Ifﬂilb&igﬁ pdured e a spiid stalgen

polym@%i ﬁea"%‘lf; S Qfsﬁﬁz}t@eaa%‘f The colum is able to

00g polynmer batch without
| oss (here| nafter this SSP equi prent shall be

Methddffiﬁf— rS%ﬁthha@é Pbiy%lémoﬁ%tf Conveabioh A PEY uSiFg SW0g)Batch
Labork &g,sg@i@g pol ymeri zation nethod invol ves
crysta ng the resin, while fluidized, at a
f f H
ST it AR o SR el i s

polymefipgkia o leea®dBackered trbtal gﬂanmvﬂaidulghd;vméh beated tutlto(gen and air
nitrogen, with a reduced flow of 1.5 MY/ H_ per Kg of
are cap bp pawspd.(esotunt & abje torapia a fulle flaidized 5608 @ebgﬁl%g)atch

it 3B st Sl S f RIS,

Laboraﬂ:nnsSSlBﬂkg)hTﬁe m@e@p@ymnhmmethoaohwdvmymmmg the

rosin, i oo Pt PP R S0 00 BB HEIRACE of

polymef Qﬁ\f&qg th¥utel Othe Wtﬁre MBI & Rosecsabisk ?ﬁ%‘ﬁ@tched
ol ymeri zed I n a heat ed, Qjgacket ed netal vessel throu

from aghfioatitrigent wathra nedwérﬂoan lap M ¢Hn pebk g phpebaner (iee Tab?e .
colum is able to contain a fluidized 40 Kg pol yner
bat ch w, thout |l oss herelnfter IS egui pment
onal | Y s 858 BtaSsShE bt R esa o bl 2 bry Sop
Rig). Polyner feedstock is charged to the reactor at a
t enper at ur e nitialchaigg  Temperatura ind@0fQ B5C over a
period of 30 mi nuildsell Thee mat erilalO ngng hen hel d at 85C
for two minutes Wempa@aturéiCr easijn@OBhE {enperature to
115C over 100 m nu{®/s TiHRe T1nal| 56 afgs pf

: . Batoh Size 500 g

Method 4b — Solid Phase Polymerization of Conventional PET using the 40Kg Batch
Laboratory SSP Rig

- [0028] The polymer chips produced by, for example, Method 1 are solid phase
'polym,er;i'zed in a heated, jacketed metal vessel through which heated nitrbgén and air can
be passed. The columm is able to contain a fluidized 40 Kg polymer batch without loss
' (hereinaﬁer,,_this SSP equipment shall be referred to as the 40 Kg Batch Laboratory SSP
Rig). Polymer feedstock is dharged to the reactor at a temperature of 40°C and then
ramped to 85°C over a period of 30 minutes. The material is then held at 85°C for two

' minutes before increasing the temperature to 115°C over 100 minutes. The final stage of
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7 WO 2005/ 044895 PCT/ 1 B2004/ 003572 crystallization
i nvol ves raising the tenperature to 210C over 60
m nutes and then holding for two hours prior to

wOoBegAl4ug»3 and intrinsic viscosity (W neasurenparasoi€oossr:
reacti on enploys a preheated nitrogen flow of 1.5

[ B per. Kg af. pal ymer at 210C (see Table 2). Table
erystalfizalion BRI B B Fpeiiuide 51O G imbutdipnd Hon
holdingfok twd h&ha beer b Ak 4h& iftfsiSVREESI :

_850C St agebl Ra%ﬁ@rrg%%%#gl ns, St a%W@%Tge
reaction ei9plogs agechrated nprogsn floev A EEM Hloper BeRéipplyfiarat 200°C
(seeTgii%%) Stage 2 Dwell Tine 2 mns Stage 3 Tenperature
' “Stage 3 Ranp Tine 60 rains Stage 3 Dwell Tine

120 m pabRag:SeltEEP Adtekéind/Phhfflefers foROMecthdi 45 €

-Pol yneri zati on of Low Ml ecul ar Wei ght PET using the

5009 Labor af grar SSE R @cﬁgg@ﬂe g p@ryper chips made

accordi ng tp—V t[ho T Peat & 50 ¢t ﬁ%%gé ol yneri zed by

further cryst apyeg L Tempatalire o1 Bi%e FI ui di zed, at a

t enper at ur el_of 2 --Rmpa"fl_mermg&&’ . of 6 M3/ Hr per
Kg of ' pol yner. tgeek Dsvelli Fimees, [t Aaimenperature is
ranped to 2B30CSéape 2t Pempdratuogen |f LBRC educed to 1.5
M3/ Hr per Kg ofSthed YRemp(Eee Tabd®@mdis| Table 3.

- Sel ected Priocessidil) BYANRRRr S 0% nlyhs Nod 5 Initial
Charge Tenp rdswggg‘lﬁé’;gp%é Ti "§1C¥‘C"’i 1S,

Temperat ur ~~Stage 3 Ramp Time 60 mins

Stage 3 Dwell Time 120 mins| .

" Batch Size 40Kg

Method 5 - Solid Phase Polymerization of Low Molecular Weight PET using the
500g Laboratory SSP Rig

[0029} The polymer chips made according to Method 3 are solid phase
polymerized by further bryst-aﬂizing the resin, while fluidized, at a temperature of 190°C
in a nitrogen flow of 6 M?/Hr per Kg of polymer. After 5 minutes, the temperature is
ramped to 230°C and the nitrogen flow reduced to 1.5 M*/Hr per Xg of polymer (see
Table 3). | '

" "Table 3: Selected Processing Parameters for Method 5

| itial Charge Temperature | 190°C
' ~ Dwell Timeé ' 5 mins,
Temperature | 230°C

Ramp Time | 30 mins |
Batch Size 500 g

[0030] One or more of a variety of analytical methods may be used to determine

the SSP reactivity of PET polymers made according to the invention. For example, in

- one method, the polymer of interest is heated in a vessel through which the flow of an
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of a variety of analytical nethods may be used to

determne the SSP reactivity of PET polyners nade
WO20004d8%3g to the invention. For exanple, in BOF/IB2004/003572

nmet hod, the polyner of interest is heated in a vessel

T T e

of theppatigee. arbtakemepaidst Gmpl withdhs reselis ploited oniat gtaph The slope of

surement.s f t he er .are taken agai nst ti
this e{fBh Ao FBTRIdn FOCUI A hol VRO PGS AT el (9 Bhich can be
used a*shz! suidd Q@S%Qctﬁﬁy% ‘égmbgreﬁ% S%ﬁf&c@ réH%ﬁt F¥k ﬁﬁ?ﬁiﬂé’ where
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reactivity. [0031] Analytical nmethods that were used
in the exanples below include: Melt Viscosity [0032]
Melt% {33:{# scosity was neasured using a Lloyd Instrunents

sconeter at a tenperature of 295C . -A sanpl e

usl dried PET was .intr d under
n.ﬂ%“?*&g pr}? gty WedmeRIehpsing a P el Vispqmeter

-t a tefdpRrAe B ovES A RERpTLIdF %)?éiné“&stl gl?&.'% FETt ésf fﬁ?{%ﬁuced under a

transducer to Heasure the rate ow of extrudate
nitrogem poxgghinte thabirtsl af e viicometeTheite Rbe barmelevascthenifitted with an

r a,five mnute re ce i Lwa Cotrol.dto
intertf ot B8 Rtk Fncrol S ob RS Brggethacalte
The ektA@iafs @H6IL aftbrlalive rhﬁﬁt@@%fd@hcé’ﬁth@ \Wsoa;&ﬁfondarts raasﬁabétg of
pressures of between 5 and 30 Barg. The conputer was

betwegp §ranicamy B ingh ulingimenke progsuse ety thmbam@l vitly §ypdcal

ival
operafh RSN 8Ol 01 A0 AL Qb SACRIL SIS0
calcﬂpiedﬂekb Viscotity vedies (lopgd0 @mcbsit}a gad eghivalentintidBsic Imﬁsibl}és from -
conput eéqtand t he degr aﬁaﬁt ion_rate was_cal cul ated,

afegriﬁ%m&&qﬂa FBRnCCSPPPECY B Pt AfiBtTSifevigermiyagainst
time W3 thid by ME beﬂghter MISROTLEY délﬂﬁl ﬁ%ﬁ@& VEﬁlaf@, lAn extrapolation
Vi SCOoSi ty I N ascal secon Sol ut 1 on | SCOSI

of the[gpgd3D z8w tihe gweﬂhsnﬁmlﬂnmmsmwomm e@knmaiengmitMScosﬂy

be vi correter at a
mPasczlljlsecondg

Solution Viscosity

[0033] Solution viscosities were measured using a U tube viscometer at a
temperature of 25°C. The sample was dissolved in Q-Chlorophenol (Assay min 98%)

“under reflux conditions, cooled and then measured versus a solvent standard. Each
 -sample was measured four times to enstire that the results were repeatable otherwise, the

'viscometer was cleaned and the sample reanalyzed.



\_ o

tenperature of 25C. The sanple was dissolved in

O Chl or ophenol (Assay mn 98% under reflux

condi tions, cooled and then neasured versus a sol vent
wozoasndassd. Each sanpl e was nmeasured four ti mesCt/mB2004/003572

ensure that the results were repeatable otherw se, the
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heatemamac todiBR0@. Ifheissatialavasifoutdie bﬁﬂﬁgﬂy al-yasaling,dtives hot

pressedi ] destienchedrim s mprbies B heben B haines s syl
mannmtﬂlmetmeamei s rORIdE %erﬁabaégrmheﬂef&%'saﬁgfdee Bfred when

her mal degradat| on of the"sanmple i1ncurr
dlssoldt@smltqatamhw)ai‘leessampde wasjhenThesfanpices fmsa ﬁ'ﬂdR tube and

* placo EABEEAORRe 4o B ST bt o BeRraY B g b o

field dtfRagth ereurdr thrd 2708V 0h b S hdc@N AtHe réiof MRS shbﬁ*ﬁ oh/ffle M¥etra

may be used). The resonances shown on the spectra

were ipgsggatods g whish the leygls WhilH G {M@lel %yandsOB (e DRGqups per b0
100 I repeat units) were
pdyn%g%gg#a{élgtgf‘%g%ggﬁ%éq'nst r uﬁgn%/mg{)ndi Itoi ons for %DEG and

O[036] Betrinhait eaditkne f@DEGCahd OH detbuchatith Gese nyllows:
1H Frequency of Observation: 400/ 500MHz - Sol vent: TCE

Nucle@POdradd: W dt h: | OppmypAcqui sition Time: 1.3 seconds

Frequgﬁgysgdb%glg,tagon6 35 M apeses Pul se Delay: 1 second

Solvehunber of Scans: 400 m cal Shift Reference: 6.0
, Spectﬁ?wyldtg fset: 125. 8KHz 10558 coupl er Mode: None

Acquisition Time: 1.3 seconds

Puise Length: 6.35 microseconds

Pulse Delay: 1 second

Number of Scans: 400

Chemical Shift Reference: 6.0 ppm

Offset: 125.8KHz

Decoupler Mode: None

Temperature Control: 100°C

Carboxyl End Group (CEG) Determination

[0036] The CEG concentration (ppm) of the copolymers was determined by
titration using a Metrohm 716 Titrino. 2g of the polymer was dissolved in 50 ml of o-
cresol/chloroform mixture (67:20 v/v) by heating to not moere than 100°C on a stirrer hot

_ plate. 5.0ml of 0.05M ethanolic NaOH (1M NaOH in methy_lated spixit 5:95 v/v} was
~ then added to the solution. The titration was performed against ethanolic hydrochloric

acid (1M HCI in methylated spirit 5:95 v/v).

10



Tenperature Control: 100C .Carboxyl End G oup (CEQ
Det erm nation [0036] The CEG concentration (ppm of
the copolynmers was determned by titration using a
wWolebdsreaksys 716 Titrino. 2g of the polynmer was di BSHiB2eEH 003572
in 50 mM of o- cresol/chloroformmxture (67:20 v/v)
by heating to not nore than 1 OOC on a stirrer hot
... plate. 5.0mM of 0.05Methanolic NaOH (1M NaCH i n
Ditfercppigl Yeamaipg palarimer€DNC)) was  then added to the
solution. The titration was perforned agai nst ]
elM03AbThe thepdaldeshivot of the pplyestanyiviaslexhmined by didfosential

irit. 5.9 ,..10 2Q05/ 044895 .PCT/ 1,132004/.0Q3572
scannfiichlotimt DY hrineh, VR R ] 400 et e gt ©
standdrileX 1B gRenald Whs @ked! Wigh Ralieshe 65015&%&@5994& REZb°0Ymin and

o differentia scanning calorinmetry (DSC) using a
10°C/mén respectivelyrumdenmdrogen-i br at ed usi ng an i ndi um
standard. A 10ng sanple was used, with heating and

: i rates set at 20C/ mn and 10C/ mn respectively
m&'ﬂ’@é?’%ﬁitrogen. XRF (Sb/ Co/ P) [00381 Analysis of PET

B8t B b B co b G0 S s
les further illustrate the

forh il 38, oy :
Peropr eﬁ%ﬁﬂf&ﬁ)\f&ﬁ%i(@gm anple 1 [0040] PET copol yners
were prepared by esterification, polycondensation, and

solid state polyneri zat] rding to Methods 1 and

4. The follow ng for nﬁ%ﬁ@ﬁﬁﬁg sunmari zed in Table 4,
were used to exami ne the effect of 5-nitroisophthalic

ati089) Rrpiptlovang cxaupet frsherdilugrae {hemapse issniienst at e
pol ymeri zation (SSP) performance. Table 4:

Examggéia“' ations of Exanple 1* Mol e% Mol e% H3PO4 H3PCB
203 CoAc | PA NI PA PPM ppm ppm ppm

[0040] PET copolymers were prepared by esterification, polycondensation, and
solid state polymerization according to Methads 1 and 4. The following formulations,
summarized in Table 4, were used to examine the effect of 5-nitroisophthalic acid (NIPA)

and isophthalic acid (IPA) on solid state polymerization (SSP) performance.

Table 4: Formulations of Example 1*

Mole%

Moie% ,

CoAc

HaPO, | HaPO; | Sb,04

TPA NIPA T
' 1 ppm ppm ppm ppm
2 0 160 30 280 220
1.9 0.1 160 30 280 220
1.5 0.5 160 30 280 220
1 1 160 30 280 | 220
2 160 30 280 220

*All levels ate as added.

11




2 0 160 30 280 220 1.9 0.1 160 30 280 220 1.5 0.5
160 30 280 220 1 1 160 30 280 220 0O 2 160 30 280 220
*All levels are as added. 11 WD 2005/ 044895

WP/ d48R04/ 003572
the 5009 Batch Laboratory SSP Ri g,

[0041] Al |

and reactivity data_was neasured by

g ailmoler s pregumd on B W iveirh bobrirESEP Rigand

o T s i B e oo

resultSsGnblGzed RN, PAnRaubleSGC Rati o
100 ppm Mol e%

ppm per

| V/ Hr.

sanpl es were prpeHRoHissT2
accor di ng to met hod

! ppm ppm ppm
Units 2 0 0.017 46 37 184 25.

0.9 46.88 1.88 2.7 1.9 0.1 0.0291 50 58 199 23 3.08
Table’5: Arthiptiéhl FadutORr IordiTatifhs df £xanpld 10. 0613 49 46 195

0 2

Ibl
MOle?"Cé\gl%Eg%ll ILS@o oﬁ’h‘?\gtr Featlur 3?%% cﬁm’ﬁl WM%GC DEG
1 > Ra® oo~ denonst r at ed h| gher SBP rat ¢s as
cqmpared to t 2% 1|IPA reflerence] copol yner | | Ratio
measur ed PéFanetens (wepe vl topan | menac fesptl88] remge [f or Mole%
pdl yestefr copd yners| produced .ih this] fmieyf. [0043]
2 1't] 1 9 bel pened that jpagy of 134 s| apgarenoly lawpgs | 1.88 | 2.7
1.oT NCTEFSE ) ;roigr 5Gac 1 ygty| (oY ayg bpen the resulft 308
Ol L B U T » LTI I I III"UIU I ,dl :
{1507 T8 65570 O%F TIPSR Y187 %9 g 3.43
1 1 {00613 49 | 46 195 23 3.48
1.0.0898 ~ ~ ~

Conclusions from Example 1

[0042] All copolymers featuring levels of NIPA between 0.1 and 2 Mole%
demonstrated higher SSP rates as compared to the 2% IPA reference copolymer. All

measured parameters were within the accepted range for polyester copolymers produced

in this manner-

[0043] It is believed that part of this apparently Ia:rgé increase in SSP reactivity

may have been the result of the nitro group impacting on the theological behavior of the
polymer. To establish whether this effect was significant, a 2% dimethyl 5-

nitoisophthalate (DMNI) material (see Table 6 below) was prepared according to
Methods 2 and 4. The copolymer was then studied on thé 500g Batch Laboratory SSP

viscometry. This data is illustrated graphically in FIG. 2

12

Rig, according to method 4a, and reactivity data was gathered using melt and solution




- Mole% H3PO4 H3_P03 _Sb203 CoAc
| DMNI | | | '
: ' ppm ppm, ppm ppm
0 160 -} 30 280 220
2 160 | 3¢ . 280 220
1 ' 160 30 280 220
' 0.5 - 160 30 280 220
‘*A]l Ievels are as added. '

pol yner. To establish whether this effect was
significant, a 2% dinethyl 5 nitoisophthalate (DWVN)
material (see Table 6 bel ow) was prepared according to

woMebdefdsos2 and 4. The copol yner was then studi egrazdodecssrz
500g Batch Laboratory SSP Rig, according to rret hod

, d_reactiyv s gat hered | t and
| g ?oﬁmwfaa& ¥?r Sing g Inpact P'r ﬁ%&é\? ?rat up on th
" aphi cal | y Riologica Beh B’Vlmoﬁﬁglsp byaners*

914
PETMBS604/ BEBG’ZZ TabB0e §: FOsul at(E@rhts or Studying
heDINfgacy of the|Ntro oup on tthe Rheollogi cal

—+

Behavi or ¢f ecl edpfial yifer pm M| epiicP H3PO3 |
S)AUJQL,O/-\ pmqqpmlpnggm 19) 2@ 30 280 220 2

1663 —] ) g a¢—[ 0044] As .
i et A8 1 6 3ET 0,23 S cer i «
Alllegpls 3 psadded pet ween the SSP rates neasured by nelt and

solution viscosity suggesting that the nitro group was
' | npactin he t. r.heol ogy of .t hi qpol r.
L&ﬂﬁ%ﬁ#%@we%&?oaﬁ% 25 ther W PE%H‘%E‘} % yn%emeen

the SORLWEEHe Dl\;‘lilﬁkmébd sahﬁeamebaﬁﬁsug%mh% MMt fh%%&%' group was

and the 2% nmeasured by solut sconetry,
mdeednntp@fammge taeditrhedlognef thid capsBmeadowevdrythedvad stilbad

signi a0l Rengy Setoveet o Cinsrin crsp puiarERER WS ot afid e 2%

DMNI Oink kusd Bt 12 @t o WAk d hddthy© st dhAl the Rt BRP¥sactiviithad

4. The follow ng fornulations, summarized in Table 7,
indeogbeen lsprgved exani ne the effect of DA/NI on solid
~ state polynerization (SSP) performance relative to a
pol ymer. Table 7: Formul ati ons of Exanple 2*

E"““Rﬁfng% H3PO4 H3PO3 Sb203 CoAc DMWNI

[0045] PET copolymers were prepared by esterification, polycondensation, and
solid state polymerization according to Methods 2 and 4. The following formulations,
sunmarized in Table 7, were used to examine the effect of DMNI on solid state

polymerization (SSP) performance relative to a homopolymer.

Table 7: Formulations of Example 2%

f0046] All samples were prép_ar_ed on the 500g Batch Laboratory SSP Rig,
according to Method 4a and reactivity data was measured by melt viscometry. The

results are summarized in FIG. 3 and Table 8.
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ppm pprq ppm ppm 0 160 30 280 220 2 160 30 280 220
1 160 30 280 220 0.5 160 30 280 220 *All levels are
as added. [0046] Al sanples were prepared on the 5009

wo Jed/edagdsaboratory SSP Rig, according to Mt hpdrds2cadossr2
reactivity data was rreasured by melt visconetry. The

results are . summarj edl ndT le 8. 13 WO
__2005/Tphla8sAB AEs ﬁ& 91‘111!! Pﬁ !&E\:@!
Mole%=esSSR s| Cobalt-pr il a |(§rbs fCEGa GZ NHESY, opPEC

DMNP| Sat€ES | | EQ HEG HEG C DEG | Rat¢ EG RtiBG |/ Hr
bm ppni ppm ppm per | 100 ppm Ml 6% Uniits 0 (. Ba6a PO

O TR opspni- “ppm 2P pEn0) OpSR ‘ﬂeﬂ@ﬁ"lﬂpﬁﬁ. 3 1.7 |Mole%

3
LN AT W o COMETTIST oS TTom 122
ul
l‘

TToTY T T T [OrOT LI}

p

yi\

85543 3 1 90.061 46 52 A9mid412 - - | 1.33} .5
e

S ~>of P
S A6y Iﬂ af Qﬂ%n n’g‘?q-gur ed-byv.inelt Viscone .33

G077 E oty nidtho afbs Jorklic! 49R% Hombbbt ek
D0

Ttn|m O

r
Al 0.0329-| melfs uk ecb3pat adBl e s2%8r é_wi-t hiln _t-he laccept =d1 27

range for pol yester copolyners produced in this

manner. [00481 Based on the above data, it is believed
Conchisiaiis fibs Exdniple@r oup i npacts on nelt rheol ogy, and

therefore nelt viscosity nmeasurenents. Although all

(08 A DA R A AR R
the homopolymer standard formulation when measuared hy melt viscometry. All
measured parameters were within the accepted rangé for polyester: copolymers produced
in this manner.

{0048] Based on the above data, it is believed that the nitro group impacts on melt
theolo gy, and therefore melt viscosity measurements. Aithough‘ all reacﬁVity data |
gatheréd- i this sef of experiments was measured using melt viscometry, it is believed

that the rate enhancements cannot be explained by this phenomenon alone, and that the

presence of the mitro group has impacted positively on SSP reactivity.

Example 3

[0049] A series of PET copolymers were prepared by direct esterification,

‘polycondensatlon and solid state polymerization a.ccordmg toMethods 1 and 4. The
- following formulations, summarized in Table 9, were used to highlight the differences

between the solid state polymerization (SSP) performance of IPA relative to 5-tert1ary
butyl isophthalic acid (tBIPA).
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*All levels aré as added.

[0050] The SSP performance of the resins was studied on the 500g Batch
Laboratory SSP Rig and the 40K g Batch Laboratory SSP Rig. The methods used are
detailed in Methods 4a and 4b respectively. All rates were assessed by melt viscometry

unless otherwise stated. The results for the 40Kg Laboratory SSP Rig are sumenarized in
FIG. 4. The results for the SOOg Laboratory SSP Rig are sunimarized in FIG. 5 and Table

10.

[0051] Cousistently higher SSP rates for tBIPA copolymers in 0.1 to 2 Mole %
range were observed when compared with equivalent level IPA copolymers.
{0052] Consistently higher SSP rates for tBIPA. copolymers in 0.1 to 4 Mole %

range were observed when compared with equivalent level IPA copolymers.
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unl ess otherw se stated. The results for the 40Kg
Laboratory SSP Rig are summarized in FIG 4. The
results for the 500g Laboratory SSP Rig are sunmmari zed

wWOI2009d44895s5 and Table 10. [0051] Consistently bb@hﬂfﬁﬁdlﬁ(}:ﬁ'ﬂ
SSP rates for t Bl PA copolyners in 0.1 to 2 Mole %

T [ﬂli ﬁ XFég V\,E,en conpar ed_wi t h_ equi val ent
abig %r PUHBE'POE&%E%@HM 3/ Ufngihe 568 Batch
ratesfor tBIPA copdk ry$S¥ Rigt o 4 Mole % range
wer e observed when conpared W th equivalent |evel |PA
P e B N S BT s e e :
tBIPA ﬁﬂ)@l /t%%gl Resul §s for Forﬁul aﬁﬁﬁis 0 aﬁ]f:e E(éc DEG
: ng thg g|Bat ch Laboratory SSP Rilg Mol ePo I\/bI epo_,
s P Cobal P ShCEG-BEG-BEG HEG & DEG |1 B1 PA | PA_Ra] dRatio
Ea Rati o W@-PH B JoRPBorh BE® dePraod PepiRdbiness Mole%
ok ts 010 0 0p37 41§58 258 26 39 0,91 |4¥nis 1. 80 2| 02 |

0.1 b 2 01b60237 59 4183138584 (0288 422495 1. DO11.P87.40. 571.80 | 2.02

10 |0. OR56] 3919|211 20. 459 0.{93848.1438.84 47 0101 4219 | 1.11 1.98

1.670. 0239 400.9354p8 9. 94 7689 39247 Ao 41 (103 BaBa4 | 237 | 2.01

.
Pl P

2 0- D257 70 BED 40 ¥ B 91 43679 F1.98 2068 ['3542 | L11 | 1.93

0878 0 T 93,5102207 ] 20,81 | D94, 1L 4808: 43.35 | 2.12
W08314 [ 3391315250 4917201 3504 |0 0214 22295 092 | 1.8

He

-~ dd

B W O U

g et

[@0833 h3 435 | 457 1|81840|3108D4390.339 589232 031 | 1.88
4267, 00,0205 10 41. 79 1503 | 073 (.3028P |40.881 [245.231] 71.39 | 1.93

R

.64 8B3. BROD1BD U297| Cphcliugyons Boem|Exaaple43 75 | 1.43 | 1.81

;
6
0053 Copobyger of €qt Ui NG bEY PA EADNSHIAT 904740 | 1.79 | 1.93
ansISteng hygd'| IRr °°'”61f°“ c215 | 417 | 064 |3333 | 080 | 197

Conclusious from Example 3

[0053]} Copolymers featuring tBIPA demonstrated consistently higher SSP rates |
versus equivalent level IPA copolymers using both the 500 g Batch Laboratory SSP Rig
and the 40 Kg Batch Laboratory SSP Rig. All measured parameters were within the

accepted range for polyeste,r' copolymers produced in this manner.
Examp_l_e 4

[005'4] Four PET copolymers were prepared by direct esterification,

' polyboﬁdeﬁsaﬁon, and solid state polymerization according to Methods 1 and 4a. The
following formulations, summarized in Table 11, were used to verify the differences
between the solid state polymerization (SSP) performance of IPA relative to tBIPA. The
results are summanzed i FIG. 6 and ‘I‘ahle 12, '
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versus equi val ent |evel |PA copolyners using both the

500 g Batch Laboratory SSP Rig and the 40 Kg Batch

Laboratory SSP Rig. Al neasured paraneters were
WOZRESIH4898 he accepted range for pol yester copobgIE2004/003572

produced in this manner. Exanple 4 [0054] Four PET

copol ymers were prepared by direct esteri fication,

pol ycondensa sol.id st rization

accor di ng toLlJI‘\i\g’tl ljﬁrsi‘dq rogiations ‘%ﬁi‘@p lgq%?owi ng
formilations  sunmerized in Table were used. t.o
eMdlg%et He Miole¥erledb8O: HelHwPén theglf&@sl q sCabe |
oliBiieAi 4at iIBA ($SP) per flormance {of |1 PA rlel ativel{to
Bl PA. THe resulft spame Jumssi z4d 'pmel ¢ @pand [Tabl e
2. 36 Wy 200 U448 goPCIT T 047|005447 | Tablg T§:

F (v A O/ B |Jr\r'\r3

E‘Ul TTIAI d.l| UllbeD: nl.)(d.gﬁbU i HL\\/3:Q Ig:/\(;:fVUI 60 gkl"\moﬂ 280
220 gg 01160230 4801890  lo 238 60 1302880 420228 sl160
40 280 240 Bl |l ed8Ps dre 3 added@80Tatl e 209:
*Alllevalgatept 39det Results for Fornul ati ons of Exanple 4 Ml e%
Mol e% SSP Cobalt P Sb CEG BEG BEG | 3EG C DEG tBI PA
|PA Rate EG Ratio |V/H ppm ppm ppm ppm per 100 ppm
Ml e Units 2 0 0.036 40 42 188 27 1 52.08 1.93 3. 4.
8 0 (raea22An3RtitaR&NIN for Formslatiofd oPEtampled 0. 017
46 37 184 25 0.9 46.88 1.88 2.7

~—t ==

| Mole% | Mole% | SSP | Cobalt| P Sb | CEG | HEG | HEG |HEG:C| DEG
tBIPA | IPA | Rate ' , i BG
' ' . Ratio
IVHr { ppm | ppm | ppm | ppm |per 100] ppm Mole%
~ ' | Units | _
2 {0 }0036]| 40 | 42 | 188 27 | 1 | 52081 1.93 3.4.
8 | o Jooz2e2{ 27 | 36 190 23 0.0 | 46.88 | 2.04 | 24
0 2 0.017 | 46 37 184 25 | 09 | 4688 | 1.88 | 2.7
0 g8 (002551 24 | 47 | 183 24 1 | 52081 217 | 29

Conclusions from Example 4

[0055] Both tBIPA copolymers demonstrated higher SSP rates versus the
equivalent level IPA copolymers. All measured parameters were within the accepted
range for polyester copolymers produced in this manner although the higher DEG in the
2% tBIPA. formulation may have further increased the SSP rate differences for the

purposes of this comparison.
Example 5

" {0056] Two PET ¢01501ymers were p;fep ared by direct esteriﬁﬁaﬁon,r
polycondensation, and solid state polymerization according to Methods 3 and 5. The two
formulations used were standard formulations with levels of 1.42 Mole% {BIPA and 2.33
Mole% IPA respectively. The results are summarized in FIG. 7 and Table 13..
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from Exanpl e 4 [ 00551 Bot h t Bl PA copol yners
denonstrat ed hi gher SSP rates versus the equival ent

WO 1005/@44895°A copol ynmers. Al neasured paranet er $caie8004/003572
within the accepted range for pol yester copolyners

pr odyc in this manner al t hough the, higher DEG in
e ehot

t he Iytigaf Besudfs fopbommylations efxampled eased
the SSP rate. differences for the purposes of this
Mole% PR, $ Clbbalcfanpl e |5 g0 1 °DRG

iBrpAolensg ed by dijrect gsterif N,
ahd sol {d staffe pol yneri zgti 0.;3
aTa—S he—t-wp—Forfgul-attgns >
formul afi BHE i PR dvEPE df PRy ] . Niple%

0 D ectivaly 1 , 10
14271 G 07 and.Talpl €-13.] 2BIW 18229 2.20 1.45
0 P{T12.382 )04/.5)0%579 Tal4é 13:178ndl y3.5cdlis8Reoll tisOfof 1.44

Formul ati ons of Exanple 5 Ml e% Ml e% Cobalt P Sb G

ConcliBidasHicGinHECiwpIBEG t Bl PA | PA EG Ratio ppm ppm ppm ppm

per 100. ppm Mole% Units 1.42 0 1.7 6.7 281 83 3.5

12 .33 1.5 0.241 176.3.5 182. 1.04
100571908 1 ol WA bl mitadrona s ik anigehe,
SSP rateBiiA @agladwith deD s MeltdPa &JEG ek 684 enmpePdtab@hf 230°C.
.. OSSP rate when conpared with the 2.33 Mole% | PA
This refgrbpyersreninay allewpyeredpeian isfSSPIewperatme, svhikapaintaining
reactor&ﬁllaﬁ » With ] nﬁiﬂl_ e fisiff g%%gésg&oéhgﬁaééglsﬁggm erature,
I1'e-'mal ntarning ;. ~ feactor ughputs W'th

potential benefits in processing characteristics. 18
WD 2005/ 044895 PCT/ | B2004/ 003572
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W claim 1. A nethod for increasing the rate of solid
state pol ycnexi zati on of polyethylene terephthal ate
WOPBEDS/04488Fpri sing: (i) copolynerizing at | east @mi©IB2004/063572
diol. with at | east one diacid or dinmethyl ester and
at | east one nononeric unit selected fromthe group
consi sting, of diacids and dinethyl esters that
contain at | east one pendant side group, wherein said
at | east one pendant side group is selected fromthe
group consisting of tertiary butyl, hexyl, pentyl,
butyl, propyl, ethyl, nmethyl, nittosyl (NO2) and
Weti; onyl (SQ2) groups to nmake a polyner feedstock;
an ii1) subjecting the polyner feedstoclc to solid
The _met hod of claim1,

a}thate pol é}rre | zati on, . | m

er eifthto€ megeasingdhe ryfe abislid statel pokyoenization of polyethylene
sel ec gg»p l?&@g groups. 3. The method of

cl ai mh%?p%ée!rmeeit sgﬁiﬁ' e%st one pendant side group

is séDect edpdlymerizing aidgdst 6eGlip] @ith upkeas tonelMiacidRyr @dsthyl
of claim 2, V\,her‘i:a eﬁ%' d at | east one nononeric unit

conprises SFEF {ODF MNGRISHR ynit selgeiag fropudhe group
i 1 oot & daas 5ol A8t

total diacid content of the P
claim 3, wiendant siigigioun, wheeein said et leastamer pendani side group is

Fr om about oD AR FOR ik B triaS bl B, mpmoy

di aci d conbatyl, mropylnethiE nethyl, MitGsyTTNRS a@H s61f8hY (80.) groups

wherein said at | east one nononeric uni?i conpri ses
di met hyl 5i¢Mmare apebrasrdpedstockawmNDED SHEET ( ARTI CLE

19) 48 7. PN .0, the sol.id.

st at eé%ol yrsrel:)}i%czat %ﬁ%@%@r@%ﬁ %l#gogideétgmt%oﬁm%}oé‘j
in the range of about 200 to about and 230C and the ~
2nt r i The methodsefadainy 1, whdremrsarse Jeast ows?ﬁiﬁe oA is

that ig at least fiv rcent greater than the
averaﬁeée‘?t?ﬂhpﬁ%ﬁe@wgl‘!%iwpﬁ-ate for solid state

pol yneri zati on of PET

3. The method of claim 1, wherein said at Jeast one pexndant side group is
selected from nitrozy] (NO;) groups.

4. The method of claim 2, wherein said at least one monomeric npit comprises
tertiary buty] isophthalic acid in an amount from about 0.1 to about § mole
percent of the total diacid content of the PET.

5. The method of claim 3, wherein said at least one monomeric unit comptises 5-
nitrosisoisophthalic acid in an amount from about 0.05 to about 8 mole
pexcent of the total diacid content of the PET.

6. The method of claim 3, wherein said at least one monomeric unit comprises
dimethyl S-nitroisophihalate.

AMENDED SHEET (ARTICLE 19)
19



wi t hout at | east one nononeric unit that conprises at
| east one pendant side group. 8. The nethod of claim
7, wherein the average intrinsic viscosity rate
increase is at |east about 0.03 dUg per hour. 9. A
met hod of solid state polynerization of polyethylene

t ey epht Ltied.i.n. aj wherei n.at. | east .

o di of 2o BoBSf R 5 itetbin fhEh i d e BN Gy o paiod out
di met hyd teapemsturedn teknge philysmrr200as dbs@cind Z30°CaMRAdhe intrinsic
by solid state . pol ri zation of the polyner

f eedst o‘@fﬁm’%ﬂf %E@Pé@t @@Vﬁ’aﬁcr@tqth@ 1pat i/ﬁ’ﬂ@t'ﬂve percent greater than
f eedst qg¥ a*éiﬁg@ﬁlﬁﬁ&?@{fise%% g%{ﬁgﬁégtahe@ﬁh%ﬁ%aﬁon.of PET

diacid or dinethyl ester trona

copol yrieithioné at Igpstionsmonoraericomeit diz cothprisesiit/ieid vhe pendant side
ester %B[?él sing at |east one pendant side group

sel ect ‘omthe group consisting of tertiary butyl,

hexyl, pentyl, butyl, propyl, ethyl, nethyl, nitrosyl

( ) and sulfon¥l (SQ2) groups. 10. The nethod of

cl%i m Sthegpethed AT slairg 7a Wherdn tho averpgsrintiisic videog tyorape increase is

i's Se'-a%?éa?fabfo Bl ALY tyl groups. 11. The
nmet hod of cl ai %Pgl,()g%}e#g?wnhs 1d at.least one. pendant
side group is selected fromnitrosyl (NO2) groups.

I]TI%. Th% mehh(?d of. cl aim 10, wherein said at |east one |
nomefi BT Pf b st pAymerzation of pelyethylens tsprphiielate as recited in

aci d idlidni awReteh dtr1e05 3RQWio1Gs lsof)cgyl‘gl?(‘?ité%ie@iéﬁé%{ ?eé'iat opg diacid or

percent of the total diacid conteht
2005/ chmehs! postar| B200wke085p0lymes. feditoaket fididvwel blyaisniid state

11, | 0. Sal t noneri,c unit conprises

5- ni %iﬁé%}%@%‘ﬂ?ﬁ%ﬁ %’(g@glce i o& ﬁ%tg‘gﬁ agﬁovﬂ'ﬁ{e"?'r om about

0. 05 tio nelbimgtth8palginer fepddteckthe af lehdnend dibBanddit d&stone diacid or
conterh:il ot;; gge PET.,.14. The nethod of .claim1l, )
wher ei TSRV ESKE afadditiopally renabrrastized ythiat kegpianesliagid or dimethyl
di met hyler Sopdsiey 0LHt Sl o '

9, wherein the I‘g&'}ql id st at%ﬁhgnfﬁrr%ﬁrz ?iefgg&?gglggfhfgé@lﬂn

out atcongstingidertianyrbatyl rhexiyb peatnly duiot, paipylitettBd0Onetbyl, nitrosyl

about RpY A3 S alollbd | NST €

10.  The method of claim 9, wherein said at least one pendant side group is
selected frow tettiary butyl groups.

‘11, The methed of claim 9, wherein said at least one pendaﬁt side group is
selected from nitrosyl (NOy) gronps. |

12  The method of claim 10_, wherein s_aid at least one monomeric it cotoprises

tertiary butyl isophthalic 2¢id in an amounnt from about 0.1 fo sbout 8 mole
percent of the total diacid content of the PET.
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viscosity is increased at an average rate that is at

MBSIB{4¥§5 percent greater than the average intrinsic
viscosity rate for solid state polymerizati on oPCPEF2004/003572
wi t hout at | east one nononeric tout that conprises at

| east one pendant side group. 16. The nmethod of claim

118, Whahe inthdFofAYRRA0E vl sd; xir,és‘i L fonk i ;

increase_ is at | gastgpz;_k‘)%ut #@é&&f g %géf %gﬁﬁ:&%‘c unit comprises

AVENDEBritepsisoigophthalic Eciton an: 2dbonnt from about 0.05 to about 8 mole
percent of the total diacid content of the PET.

14.  The method of claim 11, wherein said at least one monomeric unit comprises

dimethyl S-nitroisophthalate.

15.  The method of claim 9, wherein the solid state polymerxization is camied out at

a temperature in the range of about 200 to about and 230°C and the infrinsic
viscosity is incteased at an average rate that is at least five percent greater than
the average intrinsic viscosity rate for solid state polymerization of PET

without at Jeast one monomeric xmit that comprises at least one pendant side
group.

16.  The method of claim 15, whereit the average intrinsic viscosity rate increase

is at least about 0.03 dl/g per hour.
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