,e3e\6BT } 1 8 S E P 200Z Inproved Infrared Absorbing Polyester Packaging
Polyner 5 Ba f the Invention 10 This application is a 18 SEP 2002
conti nuation mww SSN 08/ 839, 005, filed April 23, 1997. 15 Field of
the I nvention i nvention reTbnes t o packagi ng pol yners,
particul arly bot opage nade from packagi ng pol ynmer conpositions, anédesgee
particul arly pol yester pol ynmer conpositions 20 which have an i nproved
infrared (I R) absorption characteristic. Mdrre specifically,

i nvention relates to a polyester polyner conposition that mcH,m!mmﬂ@ mﬂ e
as an infrared absorbing material. The present invention envisions t

of the polyester polyner 25 conpositions to nake plastic bottles with
acceptable color and clarity, and with good physical properties, and with

t
i nproved Infrﬁwb@@smﬂ@ﬂe&rmfb aﬁoif@si‘@ﬂ PAGkIFiey iBdiger 1 8 S

EP2902 -2 T~ ...... T. he use pol yester conpositions as a
packagi ng
Background of the Invention
10

This application is a continuation-in-part of USSN

08/839,005, filed April 23, 1997.

15 Field of the Invention

The>§resent invention relates to packaging polymers,
particularly bottles made from packaging polymer
compositions, and particularly polyester polymer éompositions

20 which hav; an improved infrared (IR) absorption
characteristic. More specifically, the present iévention
relates to a polyester polymer composition that includes
graphite as an infrared absorbing material. The present
invention envisions the use of the polyester polymer

25 compositions to make plastic bottles with acceptable color
and clarity, and with good physical properties, and with

improved infrared absorbing properties as the key

characteristics.



material, particularly conpositions conprising polyethylene 5 terephthal at%
generally referred to as "PET" in the formof filns, plastic bot t | esl GAEP 2002
ot her containers is well known. Plastic bottles are used in containing
pressurized fluids, such as carbonated-glri nks, such as soft drinks or

m neral waters, as well as in non-carbonated, non-pressurized drinks. 10 To

forn1p|as§£fopqg£:es, the polyner is extruded and then fornmed into chips.

The chip oyed to nake a bottle preformby injection nolding as is
wel |l known in the industry. The preformis then reheated and blown into a
nmol d which prquides_the_final shape of the bottle. The blow 15 nol ding step
causes bi axi aqu/}b?i%?ﬁ a??o%ogﬁfe?%eelpp%?%%?%?l%%?rp%%i?i%?nc ¥ bteur at | east
inthe side walls and the bottomof the bottles, and to a |esser. degree in
t he neck.m%ﬁ‘e“bﬁ‘];xi%?r%’r?‘é ?%JEYo%o‘ﬁ?%%%l’e%nit?%’h%’ths%%gt%%i%%"rleee% t hat
it cap resist deformation frominternal pressure,during 20 use and

adequgt e|Eﬁ%€%ﬁﬁt§?#?_%% ??%?Eaﬁ/%rr%%e‘Tﬁ%‘Es?? Va1 aﬁ%%rd%%e@“%h’g?lfml‘?ff_e. To
sunmari ze, a conventi onal $€L%§St%i %g&gﬁbased on a nopdified PET resin is
gener al | y£ SHiHpat 331 RIFE 6D131¢ PP TaANA NS Who'ht SEIFWh nol d t he
polymer to make a bottle preform The preform nust be heated to about 105C
and bl ow TASIEF iPREEEDHATT AP G TS e THeF iRed ¥y to 18
S E P 2002 -3 heat the preformand to cause the preformto quickly achieve

the desi rtFiblaiv FOTRPBRE S @ ekt SWD abduio o5 ks @%é“ﬁb?ﬁ%ul arly

useful in the industry. O course, the blow . .
waters, as well as in non-carbonated, non-pressurized drinks.

10 To form plastic bottles, the polymer is extruded and then
formed into chips. The chips are employed to make a bottle
preform by injection molding as is well known in the
industry. The preform is then reheated and blown into a mold
which provides the final shape of the bottle. The blow

15 molding step causes biaxial orientation of the polyester
composition to occur at least in the side walls and the
bottom of the bottles, and to.a lesser degree in the neck.
The biaxial orientation provides strength to the bottle so
that it can resist deformation from internal pressure during

20 use and adequately contain the fluid over an industry

standardized shelf-1life.

To summarize, a conventional polyester chip based on a
modified PET resin is generally shipped to plastic bottle
25 manufacturers who injection mold the polymer to make a bottle
preform. The preform must be heated to about 105°C and blow

molded into a bottle shape. To reduce the energy required to



nol di ng tenperature varies for different polyester 5 conposition-s, for
exanpl e, pol yethyl ene napht hal ate would require a different bl ow ol HgigP 200
tenperature. Heating a conventional polyester preformto about 105C is
typically achieved with comrercially ava+l able quartz 10 infrared | anps
which emt in the near infrared region (NNR) as well as in the infrared

regi on (lfQa@stié|brdeofmrengl eartyusexptiné rgﬂef@mrto Thei @bBPr Hin Ady, Of
infrared radiation by PET is | ow because PET tends to absorb infrared

radi ati ong o0l Yo &f r SETHBLN hé LAUEHCE Efp@Sathid b Meser | peghed af&irg I Thus,
the rate of heating PET is very dependent upon the ability of the pol yner

resin to ghsord,ihey nisared radinli ahand: any GOMPAREILS ML i he PET

conposition Ich can 1 nprove the absorptioh of Infrared radiation is

COMTEr Ci %éyﬁff%’“@%’é&?‘? :\ﬁ%g?@yf@g U&ff§er%g% ;{D?Sldggggpts 5, 409, 983;

5,419,936 an 5 e and assi gne di scl ose a pol yester
conposi ti ich: 1nclu n_ .| ar radi at i ]g%ﬂg i al
conpr?siﬁ?%gﬁ%éih%ﬁ%%tg?i %%ﬁ%#ﬁ%?ﬂéﬁ%l%%ﬁi#%ggbs r ré%?% f%% in the
wave- | en egl o ] t 1 cr d IR to substantially
reduce tﬁEe %lgéatgltﬁrgpeéi%ckgf% 59(}](2)%]?&4@%&%%%0 ymer or bottle
preform The suitable netals include antinony, tin, copper, silver, gold,
arsenic, cadmum nercury, |lead, palladium platinumor a mxture of two or

e, Of these £ B GONLERLLATS el (iRl 8 S Sl L el e o
envi ronment 3l Jy; NerAy doys; &Nds these (RLRl S A POl LA ful ardy, preferred.
10 infrared lamps which emit in the near infrared region (NIR)
as well as in the infrared region (IR) as will be more
clearly explained later. The absorption of infrared radiation
by PET is low because PET tends to absorb infrared radiation
only at certain frequencies as will be described iater.
15 Thus, the rate of heating PET is very dependent upon the
ability of the polymer resin to absorb the infraréd radiation
and any components within the PET composition which can
improve the absorption of infrared radiation is commercially
useful for bottle manufacturers.
20
U.S. Patents 5,409,983; 5,419,936 and 5,529,744 to
Tindale and assigned to ICI disclose a polyester composition
which includes an infrared radiation absorbing material
comprising suitable metals which intrinsically absorb

25 radiation in the wave-length region of 0.5 micron to 2

microns (NIR and IR) to substantially reduce the reheat time



The nore desired netals are one or nore of antinony, tin or copper “1%§5P2W2
anti nony being particularly advantageous. 10 U. S. Patents 4, 408, 004,
4,535,118 to Pengilly and initially assigned to Goodyear disclose a

pol yester having inproved infrared absorbing materials contained therein.
The only infrared absorbing material nentioned is carbon black 15 including

speci fic dypee PEms Jramale Rl aode e f urmace lwagk.e Tha La bon bl ack

has an average particle size from10 to 500 nanoneters and a concentration

from 0. 1 it0. 114 PANS ¥ JeIGH, R&IpHEY | QN Rart A Wel,ghtn ;of, the pol yest er

enpl oyed. This conpositi'on al so substantially reduces the tine to heat 20

the DI ef QptQuAPRIALII el Je A0S a EUORGAN dHAlENLrR) 10311, Q1 A 739, 933

in the nane o hi not s assi gn eljinlimte i scl oses a

pol yest ertxJoesoi .rr%Co Oosf téh(%ar’sewhi CEQ)IC%SEH %i‘ﬂal%.%aacigc%gsgr (Jf'%% ?nge | tsi ve

n
materi al , graﬁhl € havi ng an ‘average partirclé siz m crons.

Thi s pat ent,_does not, recogni.ze t . 8 2 - r ite,. useful for
silver e%)cl aart&nlc &%u{mlntm%a%%&%p le Cgr%%gll&?ltuzn'boaﬁ e

absorbi ng iTnfrdr f%di ion. 'Thi's pat € S0 “I's no

preforns, .packagi ng mat.eri al or_plastic bottles. ln fact,. this patent
rel ates tpolagCl uFllnnta'ig'frﬁ':‘g etlgcgherﬁ (e fec#eé'}selcyter i O et %’lacll arts. 5 Summary

of the | puontion The Present Javention 1) Lhe broalest, $n5e, J0p! udes a

The more desired metals are one or more of antimony, tin or
copper with antimony being particularly advantageous.

10

U.S. Patents 4,408,004, and 4,535,118 to Pengilly and

initially assigned to Goodyear disclose a polyester having
improved infrared absorbing materials contained therein. The
only infrared absorbing material mentioned is carb;n black

15 including specific types such as channel black and furnace
black. The carbon black has an average particle ;ize from 10
to 500 nanometers and a concentration from 0.1 to 10 parts by
weight per million parts by weight of the polyester employed.

This composition also substantially reduces the time to heat

20 the preform to approximately 105°C.

European Patent Application EPA 739,933 in the name of
Shimotsuma et al. and assigned to Teijin Limited discloses a
polyester resin composition which contains, as a laser

25 sensitive material, graphite having an average particle size

0of 0.1 to 50 microns. This patent does not recognize that



pol yester resin containing graphite. The size of the graphite 10 particles
are such that they are not readily visible to the naked eye when unjggfgqmz
di spersed in the resin and are present in an anount from3 to 60 parts by
wei ght per mllion parts by weight of +#he polyester resin (ppm. 15 In the
br oadest sense, the present invention includes a nethod of heating either a

pol yestergrashitOri 8 poLyest esr bgbsbeoPhef OnfrHyedexpesangohne pelyester
resin or polyester bottle preformto infrared radiation for a sufficient

time to heatedhe, PObyest oI e81 D08 POl yset ek BpLEbend! ehRERE L0 greater
t han anbi'ent tenperature, wherein the polyester resin or polyester bottle

f fempera i P | b.
pref o m GRS 19y & 00 PR OF BN e paL LT clsradhe Graphblecpartlel gssbelng

not readi en uniformy di spersed therein. 25

uhi ch cart bet AT ar (hTR fo1g DB EISG00 oo EPE PEPe ROt Fell bl o

nol di pg tenperature, and blow nolded in the formof a plastic bottle, said
bottl & preform bei ng made from pol yester that contains graphite particles,

with the size of the graphi%% %&Ii%ke%hgg&%% %%Eihgiently 5 smal | such
that they are not readily vFS#@?ﬁi%ﬁ—fhe—ﬁakeéLeyfhmhen uni formy dispersed
within the bottle preform The graphite particles are present in an anpunt
from3 to 60 ppm based upon the anmount of polyester resin. 10 In the

br oadest SenSQThéhgrgggggn{n¢gggﬂéﬁpnigléﬁ% broadest sense, includes a

polyester resin containing graphite. The size of the graphite
10 particles are such that they are not readily visible to the

naked eye when uniformly dispersed in the resin and are

present in an amount from 3 to 60 parts by weight per million

parts by weight of the polyester resin (ppm).

15 In ;ﬁe broadest sense, the present invention includes a
method of.heating either a polyester resin or a p;lyester
bottle preform by: exposing the polyester resin or polyester
bottle preform to infrared radiation for a sufficient time to
heat the polyester resin or polyester bottle preform to

20 greater than ambient temperature, wherein the polyester resin
or polyester bottle preform contains 3-60 ppm graphite

particles, the graphite particles being not readily visible

to the naked eye when uniformly dispersed therein.

25 In the broadest sense the present invention also

comprises a bottle preform which can be heated with IR



conprises a plastic bottle nade from pol yester that contains graphite
particles, said graphite particles being sufficiently snmall that tﬂ?ﬁEﬁr@z
not readily visible to the naked eye upon uniformdistribution wt ﬁ
plastic bottle 15 and are enployed in af~anount of 3 to 60 ppm based on the
anount of polyester. Brief Description of the Drawings 20 Figure 1 is a

chart of héec&E AHSORSt H69i BPECHI s MBS End R avavet shgtds ane wiekt ed
agai nst the absorption coefficient (1/cm of PET. Figure 2 is a bar graph

of Percentofyeqalh Flouerosh BF 0w 2bs 8] dimgr Wadoys whesecthe Jpoveral |
power of IR lanps is 18 SEP 2002 plotted against the control and 5 ppm

7.5 PP 40: Rphod® PR, 306l 20 BB GEABNLS SAPONY B SRIPOSI L ONS, £ gure 3

is a bar graph o ow where e prefiormtenperature

(in © is,plotiged @g@é nst {ﬁgoﬁg%ﬁﬁﬂeﬁﬁgr@@%@ %eﬁq&péﬁfé@%io%g@lt%g ppm

and 20 ppm graphite/ polynmer c sitro I gure Is”a grap

i f . f
ngﬁﬁ.ﬁi S%%‘B@’éﬁ#i e e e iR fabl £ PSR S0 ete féreﬂ%%?%‘n{‘idis
| i ati . : i 0m ,

2 gener af Ty vy iR P S HE e A IS (R o B Loy T Ol e R
(2.5 to 50 merons). Apdeter LR (POLLel o an SRLHET PR -3 H81 40 Bpm

based upon the amount of polyester resin.

10 In the broadest sense, the present invention also
comprises a plastic bottle made from polyester that contains
graphite particles, said graphite particles being
sufficiently small that they are not readily visible to the
naked e&e upon uniform distribution within the pléétic bottle

15 and are eﬁployed in an amount of 3 to 60 ppm based on the

amount of polyester.

Brief Description of the Drawings

20 Figure 1 is a chart of the PET Absorption Spectrum where
IR wavelengths are plotted against the absorption coefficient

(1/cm) of PET.

Figure 2 is a bar graph of Percent Overall Power at Blow

25 Molding Window where the % overall power of IR lamps is



accurs because the infrared radiation penetrates into the 20 inter"{BSEPﬂmZ
the polyner and vi brates the nol ecul es without subjecting the polyne
heati ng by conduction. Polyester, and particularly polyethyl ene
terephthal ate (PET) can be heated by infrared radi ation generally faster 25
and nore uniformy than by conduction heating, but PET absorbs only a snal
portion opldbeeti Rawayvekenghd. cdstsbbwand 3 BpBEP7 2002pmB 10 nppwgure 1,
which is a plot of the absorption coefficient (1 over centineter, which is
t he dept hppih pedeLoappengpéphbee)bol pdeat compoystidRswavel ength, (in
mcrons) it is clear that PET primarily absorbs the IR wavel engths around
5.9 and about 5 8.7 to 9.1. These correspond to specific bonds in the

pol yester which are excited by the infrared radiation. FromFigure 1 it is

easy to visualpzguibat i§ @Oﬂ)é{f?t@i{éﬁﬁeofefl@@hﬁh@vbaﬂ?l@l&ﬂﬁld;dwbﬁdwdwﬁéﬁéi such
that it could abSorb nore of the wavelengths of IR it would require |ess

tinme 50 10hbe heated EQmﬁ@Pé%k@aR§$Y°ép5§s'%lé‘t@é@fé’émﬁé‘g phastic bottle
operation. O course, it is also necessary that the fornmed plastic bottle

Uil exhibiirgpogngl rity, $1sthemparsicles o6 sbi 45l absar bi ng

material, 1n the case o he present inventiongraphite, are too large in

si ze, the r3PR: PAJHLE ﬁérSE§%ﬁ§£l£b n¥isible |ight wavel engths and cause
the bottle t'o appear hazy and not clear, particularly froman aesthetic
viewpoint. If it is desired to nake a plastlc transl ucent bottle which , 20
is browm or green in color for certain specific types of soft drinks or

al cohol i ¢ bevegagese sychcas begpy bRepnt Nee size: ang, AN KoL Lf1e gLaphi te

partl cl es I S no SO | nportan wever, e I ndust ry daoes no vvant any

I K
Egit % = ggl i %% ucen%gelﬁ%rggvﬁ Ies r@?:éca%ﬁ£?goi nasklng
t he grapmgé%ég%tiglﬁgmpan enpl oy a broader S|ze range of

Description of the Preferred Embodiments

15 -Infrared radiation covers wavelengths from 0.8
micron to 500 microns, and is generally divided iﬁto near
infrared (NIR 0.8 to 2.5 microns), middle IR (2.5 to 50
microns) and far IR (50 microns - 500 microns). Heating
occurs because the infrared radiation penetrates into the

20 interior of the polymer and vibrates the molecules without

subjecting the polymer to heating by conduction.

Polyester, and particularly polyethylene terephthalate
(PET) can be heated by infrared radiation generally faster
25 and more uniformly than by conduction heating, but PET

absorbs only a small portion of the IR wavelength. As shown



18 SEP 2002 -9 graphite, so long as the graphite does not appear on t€€ P 2007
surface of the bottle. Such bottles can achieve the primary goal of u ﬁs

| ess energy to heat the bottle preformfor blownolding. 5 Gaphite, which
is a crystalline allotropic formof ca®Bbon, nost conmmonly exists in
platelet form For clear bottles, the graphite particles should be greater

than aboyt, @i3ume(m,Ci@nkni Ast Bephatgest tdemepsbeptriandcoatrieadhky (10
visible to thée naked eye(as an upper limt). A preferred range for graphite

particleo%E%echﬁtQm@t%%vlwih%haﬁgueheoheg&ﬁpekt9eﬁ€e&91§@nnex kgagerfrom 3
ppmup to 60 ppm based upon the weight of the resin. However, when 15 a

cl ear bOE%hEakioBﬁe@%ﬂ;§§1wB%%hEQ?%RPr3&%”&&%E$n§?lEE”EQrcﬂEE§ gﬁgﬁhite

(based on the wel ght of the resin) produces a bo e that 1s snoky gray to

dar k gra!SEir”PE%%il Lbgothis ggylﬁewé%?a%gl%g E??uﬁﬁ' g(@daBBt 5#;8%6"‘“ ch

the present tnvenfion i's Inten fo cover, the preferred range o 20

presept hvepti gnyis bebueenos andoz) pBMLELARRLEeLoARd Rr enDr ef erabl y

bet ween ppm esire nmast er o] € pol yner conposition
or raw nmaterials_thereof _containin vant i ti, f _th taphite ip_far
i gher CBRECRFFAEi BR4 ChaR Be CRaUSCPor TouBSedloht “BroRBLRGERPEN ¢ AE°DS
pol ymer %o gchi?vg t he desir%d Lgvelgiof gﬁggha e ET tgg gok ner. ~ s s~P
200z -1 0" SH'tabre Boﬁﬁegﬁgys 8r & 5?8 aéed -front thBOréactYonof a
terephthalate could be modified such that it could absorb
more of the wavelengths of IR, it would require less time to

10 be heated to approximately 105°C in a preform and plastic

bottle operation.

Of course, it is also necessary that the formed plastic
bottle still exhibit good clarity. If the particlés of the
15 IR absorbing material, in the case of the present invention-
graphite,_are too large in si;e, then the particlé; scatter
the visible light wavelengths and cause the bottle to appear
hazy and not clear, particularly from an aesthetic viewpoint.
If it is desired to make a plastic translucent bottle which
20 1s brown or green in color for certain specific types of soft
drinks or alcoholic beverages such as beer, then the size and
amount of the graphite particles is not so important.
However, the industry does not want any particles to be seen
with the naked eye even in translucent colored bottles. Non-

25 translucent colored bottles which are capable of masking the

graphite particles can employ a broader size range of



diacid or diester conmponent conprising at | east 65 nole terephthalic acid

or C1 - C4 dialkylterephthalate, preferably 5 at |l east 70 nole % ”QW?@EPZNH
preferably at least 75 nole % even nore preferably, at |east 95 nole %

and a di ol conponent conprising at |eas?-65 nole % ethyl ene glycol,
preferably at least 70 nole % nore preferably at |least 75 nole % even
more prefgraitatl deasdnPadgodee %Yrdphite aless mef ermider Idh tdhad the

di acid conmponent is terephthalic acid and the diol conmponent is ethylene
glycol . The-mide peroantmge: for ahlewfbddel b agdd Lenmonenind oialnga AP0 nol e
% and the nole percentage for all of the diol conponent totals 100 nole %

15 Where dhe RO weshey GO uRitey are nadi fird Yk one e e 0!
conponents ot her than et hylene glycol, suitable diol conmponents of the

descri bed, )ﬁfiﬁtcﬁr may be selected from 1, 4-cycl ohexanedi net hanol ,
1, 2-pr opangﬁjl ol , 1,@ propanedi ol , 1, 4-butanedi ol ,

2, 2-dgnet hyl - 1, 3- propanedi ol , 20 1, 6- hexanediol, 1,2-cycl ohexanedi ol

1, 9-cycl ohexanedi ol , 1, 2-cycl ohexanedi net hanol, 1, 3-cycl ohexanedi net hanol ,

Z, 8bi s(hydr oxyimer vl Je trheyal ord 5 2y Qladagane, whareal 't%efc aiecﬁfe”t s 3, 4,

or 5; and diols contal'ning one or nore oxygen atons | e.g.,

di et hyl er]%rq;%colmo% %@M&Waﬁ%}gj}%ﬁﬁq{(@l 'tpél%ylﬁgiqn.gl e e ;t%aixgropyl ene

gl ycol or mxtures ese, n general, these 18 SEP

2002 -11 .cantaih 2.t0 I y. 0.8 oald tic
diols car%D ({enc%r%l c2)tyheed qlrﬁagrgle%e‘gr eé:aﬁlsjélocrl%tst’r asr%r}so"glg{nﬁ%gtﬂala% i on c()érh%ansaar% xtures of

both forns.. Preferred nodifyi ng di ol_.conponents ar .

1, 9-cycl @'e%?érhe{ﬂlr%ﬁ%gnoﬁn or % cﬁreq%syﬁ eénrlgneg ylcoo ! aglrd a orrt—1 x]:teuardellc%c t hese.
Wher e.t he_poal yester conmponents are nodified by .one or re i d conponents
ot heiothé"ﬁﬁl KpHthdite %%T%A ?%%Fassuiatnablipé3 4 i]dmélgtr?p'on ntpsre(afgqrirpeﬁgti c,

al'CyClIc?aﬁgéé¥é¥ngfé§hite particle size is 0.6-8um.

The amount of graphite employed may range from 3 ppm up
to 60 pém based upon the weight of the resin. Herver, when
15 a clear béttle is preferred, having approximately 40 ppm or
more grapbite (based on the weight of the resin) éroduces a
bottle that is smoky gray to dark gray in color. While this
may be acceptable for colored bottles, which the present
invention is intended to cover, the preferred range of the
20 present invention is between 5 and 20 ppm graphite, and more
preferably between 8 and 12 ppm. If desired, master batches
of the polymer composition or raw materials thereof
containing quantities of the graphite in far higher
concentrations can be made for subsequent blending with the

25 polymer to achieve the desired levels of graphite in the

polymer.



10 dicarboxylic acids) of the linear polyester may be selected, for 18 SEP 2002
exanpl e, fromisophthalic acid, 1, 4cycl ohexanedi carboxylic acid,

1, 3-cycl ohexanedi car boxylic acid, succinic acid, glutaric acid, adipic

acid, sebacic acid, 1,12=dodecanedi oi €l&¢i d, 2, 6-napht hal enedi carboxylic 15
acid, bibenzoic acid, or mxtures of these and the like. In the polyner
preparation, it is often preferable to use a functional acid derivative

t hereof such as the dinmethyl, diethyl, or dipropyl ester of the

di carboxylic anjiftkadhe poiyekddies Hfe aotchiadd dasomftidesaacids A& s0 my

be 20 enpl oyed where practical. These acid nodifiers generally retard the

crystal | igzaldon datd LHmar&nddhdf el d ihpddd. 1 A0 @amtdiulsarl y
contenpl ated by the present invention 25 is a nodified polyester made by

reacting taetrlééﬁ'gﬁ{f]%r%ﬁj Qf Qflephtcﬁa&%?k{ziQQ}thlfa@ﬁéléw?é ,ep;b%@@é'f&bwi d or

di et hyl 002 -12 terephthalate wth any of the above

comongrers, TJ}%M@ nggf])én %i,éi?%ég?ﬁféb%ﬁblylgg I & b and fhe @L%h\%rpf all

diols'is nol e o. ter made from terep Ic acid

(or  di ety terealy ol ot o). ok &1 i G ool of A JRddhsghanl vester as

st at ed above, t Tnvention also inclu use o of an

aromat | ¢ (ol seh 2% & & PRl ane di Ao jco ol o hihignatic

acid, or t iesters, and a nodifie ol yest'er ma

| east 85 yml & %ol dhe 4 carboxyl sig Jeamihese a7 ot dligcidlaldi ester s

w th any e above cononone i onal production of’ polyethylene

terephtrﬁ%é%éaﬂf%ferably at least 85 mole %. It is also preferable

10 that the diacid component is terephthalic acid and the diol
component is ethylene glycol. The mole percentage for all of
the diacid component totals 100 mole %, and the mole

[}

percentage for all of the diocl component totals 100 mole %.

15 Wheré the polyester components are modified by one or
more diol_components other than ethylene glycol, ;uitable
diol components of the described polyesters may be selected
from 1,4-cyclohexanedimethanol, 1,2-propanediol, 1,3-
propanediol, 1,4-butanediocl, 2,2-dimethyl-1, 3-propanediol,

20 1, 6-hexanediol, 1,2-cyclohexanediol, 1,4-cyclohexanediol,
1,2~cyclohexanedimethanol, 1,3~cyclohexanedimethanol, 2,8~
bis (hydroxymethyl)-tricyclo-[5.2.1.0]-decane wherein 2
represents 3, 4, or 5; and diols containing one or more
oxygen atoms in the chain, e.g., diethylene glycol,

25 triethylene glycol, dipropylene glycol, tripropylene glycol

or mixtures of these, and the like. 1In general, these diols



15 well known in the art and conprises reacting terephthalic acid with

ethyl ene glycol at a tenperature of approximately 200 to 250C form ndl 8 SEP 200
nononer and water. Because the reaction is reversible, the water is
continuously renoved, driving the reactlilon to the production of nononer.
Next, the nononmer 20 undergoes a pol ycondensation reaction to formthe

pol yner. &xtamn thers epgf iore Dérdhey t 2rephs hed tsomca toradid et hyl ene gl ycol
it is not necessary to have a catal yst present. Cenerally, during the

pol ycondefsgat o1 g1eaeid 0o Bs Cad @l stemSl dy&d el f eghsiehc s @ntippny. Using
di esters, other diacids 25 and other diols various catal ysts may

convent i ai& ¢ ¥obes e Oy Asni St edd &khoye i Ned Aes ar tprdher padiner  of 18
SEP 2002 -13 producing the polyester of the present invention by any

conventi gpal; ARINST4] S1 AP A0 € TOFe they REESEM et dWEM O alddn the maki ng
of bottle preforns and plastic bottles 5 fromthe preforns, it is often

desired to ﬁyﬂgﬁ%t a t | @l  Accordingly, the less
addit?veéﬁgﬁ% oyed, ?ﬁ%g%fbg$€rat %é%gﬁiﬁgf proéibed. On the other hand, it

is sonetines desirable to make a colored plastic bottle or bottles with
ot her desired characteristics, and 10 thus the use of a variety of

convent onal | ol oML AL YR 15 a8 WA 1 1% S60P8. 21§ ey present

i nvention. Accor aly, ous pi g es, ers, branchi ng agents,

crystall ingoaéej oapcircviatqa%/ng%erjr Inﬁ%senétsherantq]l% thﬁe;ré f ihg%aﬂjt%gae@it MAY. be added to

t he pol yner” general or ~near e pol'ycondensati on
oot O s e PR S RS AN e place Lt o en. 1 the
knOV\TOi 4 cgihcearabrOthiAinél e?coina/se)ntcgto%ar{e isr;[eearrr] rg’l&/lbyeesetrcrapl1 Or1¥ae§g baendselected,
for example, from isophthalic acid, 1,4-
cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, succinic acid, glutaric acid, adipic acid, sebacic
acid, 1;124dodecanedioic acid, 2,6—naphthalenedica;boxylic
15 acid, bibénzoic acid, or mixtures of these and the like. 1In
the polymgr preparation, it ig often preferable té use a
functional acid derivative thereof such as the dimethyl,
diethyl, or dipropyl ester of the dicarboxylic acid. The
anhydrides or acid halides of these acids also may be
20 employed where practical. These acid modifiers generally

retard the crystallization rate compared to terephthalic

acid.

Also particularly contemplated by the present invention
25 1s a modified polyester made by reacting at least 85 mole %

terephthalate from either terephthalic acid or dimethyl



those skilled in the art can pick and choose anong the 20 various systens

of introduction of additives to achieve the desired result. The gragdH§ S§eP 2002
may be introduced into the pol yester production process at any time. For
exanple, if a diacid and 25 a glycol ad@-being reacted the graphite could
be introduced during the esterification reaction or during the 18 SEP

2002 - 14 qolyaiiensad el eac) | Of. t HReGaisee Hendidrie iy | Merid n®dd S§ in a
platelet like structure, it naturally orients itself in the direction of

i njection, ol i ng £07ad hes bodd o s &f ordrRs ah inbidey dif ecti oy Of s bl ow

nmol di ng during the production of 5 plastic bottles. This means that the

pl at el etsl(jadingﬂbé@_rrselves with the walls of the preformor with the walls
of the plastic bottle such that their nmajor surface corresponds with the
maj or surface of the bottle preformor plastic bottle. The advantage of
such an alignnment occurs when the 10 bottle preformis subjected to

infraged radiatj ayg:ihet adi ﬁ%@g%%?%@eﬂ&?téﬁeﬁ%ﬁ eicgrzﬁ)i@ ISJQM"i ch

is oriented in a manner expo ar gest surfaceto the infrare

radi ati on,.t her C i n r ki i at i on. Th ?mu.t of

ener gy nedelge q%?r%%"g%éﬁ?ﬂ%%%f g%%?r?g %er{}gln%gedoﬁl%%}'o;% rf—’lurqnrl errplgerdat ure for
stretch-hbl ow mol ding_ of, the bottle. Jf the t erature i1s too |low the
bottl e mﬁ?obﬁegs\?tee% %Seasrtfaets%%n%eo‘éeﬁpe%}gea cree,se:rgr?(; Jiriiv%%htel%nenaplesroat ure is too

hi gh, the bottle w.ll have pearance .. .This 20 tenperature .

di ffer enclélciojsuéceaﬁ \I¥e the b?%vi@é%la‘?aﬁgga%an%%nﬁtjl% ciloarﬁr;éc% cslrga)tEil oapserza?{tq ons the
Tt e T B RO ) IO P S e Wy
o1 OdbBL GH SR e ST & TETEA S (R U s Y TRr ER B (FE

[ ustrates (IR OUSE ST e ST e A5 IR S ARG concentration

diacids/diesters with any of the above comonomers.

Conventional production of polyethylene terephthalate is

15  well knowﬁ in the art and comprises reacting terephthalic
acid with_ethylene glycol at a temperature of app£5ximately
200 to 250°C forming monomer and water. Because the reaction
is reversible, the water is continucusly removed, driving the
reaction to the production of monomer. Next, the monomer

20 undergoes a polycondensation reaction to form the polymer.
During the reaction of the terephthalic acid and ethylene
glycol it is not necessary to have a catalyst present.
Generally, during the polycondensation reaction, a catalyst
is preferred such as antimony. Using diesters, other diacids

25 and other diols various catalysts may conventionally be

employed as is well known in the art. The manner of



Test Methods 5 The relative viscosity (RV) was determ ned by m xing 0.2
grans of the anorphous polynmer conposition with 20 mlliliters of sol §&if

consi sting of dichoroacetic acid at a tenperature of 25C and using a
Ubbel ohde vi sconeter to 10 determ ne t18-vi scosity. The haze of the
anor phous pol yner conposition was determ ned by visual observation. 15

Bri ght nesgr88dc-y8y | empess) pbstbe arDERAOYSe POhY MTBRAVERPIPOS! i Oan%er e
determ ned by using a digital color nonitor such as Hunter Lab

Usual |y t1Bent8R08oR51 a54RREADL S DEEGDEDSES f8r 20n8SprdBent OYRYed ity puber

can 6000.

1002

the grayer the polyner. For yell owness, a negative nunber 20 iIndicates nore

bl ueness and a positive nunber indicates nore yell owness. Preferably the

yel | owness nunber is between -3 to -8 (not yellow, but not too blue).

Analysis of thg, (rﬁéﬁ%ﬁé"gﬁ%&&é’!ﬁf&f}&fﬁ Faﬁcﬁ‘oéi‘f?]@?c%@{«ﬁi@é’s pol yrmer

resin was al so deferm ne
was hydro ed_wt

hydro?ide£¥%p tﬂgaﬁ
The
chr omat ogf &

hour s.

AN~ appropriate portion

I
a sealed reaction vessel a orPAppr oxi fat el y two

(HP5890, HP7 736% f onlkfmﬁett Packar
1u%?

% by meig?ﬁp D

10

i5

20

25

fyd

hand, it is sometimes desirable to make a colored plastic
bottle or bottles with other desired characteristics, and
thus the use of a variety of conventionally known additives
is also within the scope of the present invention.
Accordingly, various pigments, dyes, fillers, branching
agents, crystallization retarding agents, and other typical
agents ﬁay'be added to the polymer generally duriné or near
the end of the polycondensation reaction. The exact desired
additives'and the place on introduction in the re;ction does
not form a part of this invention and this technology is well
known in the art. Any conventional system maybe employed and
those skilled in the art can pick and choose among the

various systems of introduction of additives to achieve the

desired result.

The graphite may be introduced into the polyester
production process at any time. For example, if a diacid and
a glycol are being reacted the graphite could be introduced

during the esterification reaction or during the

€ anor phous pol yner

3Foend8 S B P 2002 - 46, aqueans solation ol ammoni um

| id i f he hydr ol , d i h | ) db

et € RS0 e PRy T ARG R OO U LA IF T EIRNGEE Y 98
. The a nium hydroxide is 28 to 30

Stk T o s el e I YR SRt rade.



The CEG (carboxyl end groups) val ue of the anorphous 10 polyner is 1 00
determ ned by dissolving a sanple of the anorphous pol yner in reagent &rgﬁg
benzyl al cohol and titrated to the purple end point of phenol Red indicator
Wi th 0. 03N sodi um hydr oxi de/ benzyl al eddel solution. The results are
reported as mlliequivel ents sodi um hydroxi de per kilogramof the 15

sanpl e. e W ds saof oraced ad ledyy de KdéNséd Ny dish AU ST 0} YEIBI st N
parts per mllion is determ ned by obtaining a representative sanple of the

anor phous; o ?gﬁnelcéwojgﬁm A Ay A0 ii'"@r(!é?tﬁﬁ’@l]&ﬁ'd’ﬂ’ént{élsii{%l'f Gy d
ni trogen) such that the anorphous polynmer passes t'hrough a nunber ten nesh

si eve butufé)'dﬁ%ciscnﬁ; gcf)?%rgﬁé&ﬂﬁ‘éﬁold’iﬂ&fi% @%é@fédiepﬁfyédégﬁ?ﬁgat ed at

160C for 90 mn. osed systemto release the aceta

acetal defyfle GPNLRN o4l 1GHSPAGE ddl 2ind %H@%éwmﬁeﬁgﬂg -

anal yzed by gas chromat ography and the parts per milion aceta

el 0ped T E TG A 4" hal BT oy sn T (TR B ahal b g apparatus
he. amor PHETE DO Th HL% G Hed by Bl 0" D0 T Berhs oo ot |
he.  of AoV A Gt | S ORGT SPERY ratpn TIC i o1 00 Bl R,
casaet Lo " 111 GO 1T et TodlBod TP e SPab o gH At Hhd the based
et or m ndiFE T CoRH Vo R oy T AR o St SV, e
EoaRess iy SIEAPALL {RleAn, e 5 sedies ol i apentys

wor & ai s EATIThEt: FORPERT HACHS 417 SO AP THEor { D80) i & Uset

to deternine the tenperature at the glass, crystallization rate, and nelt
poi nt L1 SHAT R SPhe MR PRI e | AR AR ] STRC per
m nute. The DSC eqFI yed was a del 910 DSC from PerKkins Eln%y. The DSC
Was pur oo SRR T O TS R PRI Bt BRGNS Taciation.

15 The_%mount of energy needed to reheat the preforms
depends on the optimum temperature for stretch—blé@ molding
of the bottle. 1If the temperature is too low, the bottle
will have a pearlescence appearance, and if the temperature
is too high, the bottle will have a hazy appearance. This

20 temperature difference is called the blow-molding window. In
commercial operations the energy of the IR heating lamps is
set to heat the preforms to a temperature in the middle of
the blow-molding window. Figure 4 shows the energy required

to heat the preforms containing graphite, in a Sidel SBO 2/3

25 production machine, to a temperature of 105°C, and



18 SEP 2002 -Is The percent isophthalic acid (1 PA) present in the anorphous
pol ymer was determ ned using a Hew ett Packard Liquid Chronptographl@ ffmm
with an ultraviolet detector at 285 nanoneters. An anorphous pol yner sanple
was hydrolyzed 5 in diluted sulfuric adidsdt (10 M acid in 1 liter deionized
water) in a stainless steel bonb at 230C for 3 hours. After cooling, an
aqueous sl uidrafeontidiel hoob avasrdy xeswd tdmdit ees icheingsagH i et hanol
(HPLC grade) and an internal standard solution. The m xed sol uti on was
i ntroducedhddd o Adride HELd88s anal ysis. The Exanple The sanples in the
Exanpl e were produced in a 500 pound 15 pilot line reactor. The pol yner was
prepared from 199 kilograns of DMI with 135 kil ograns of ethylene glycol,
and with 82 parts per mllion manganese (using nanganese acetate), and 250
parts peq1'%lméghégginnny (using antinony trioxide), and 65 parts per
mllion cobalt (using cobalt 20 acetate), and 1.4 weight o diethylene
egcoF(based on the weight of the polyner). Seven batches were prepared
overall with 0, 5, 7,5, 10, 15, 20, and 50 parts by wei ght graphite per
mllion parts ﬂ%’ez‘é\ﬁ%ﬂé‘%f&'xy{@ osi-ré\f (1?92()' MY GR & IS ngi%%{fd“.z

0C. ste 5 the

tenﬁerafure was ring the ester i nt er change reaction

J at.i i 69. 7
par e by SEmhOT G Bedpld e e e 2 Dart s by wel ght
pol ymer was, Aadded, | éPr%ﬂ‘;erpplt%cﬁ{ﬁism%d{ POPCAJ(::’C}%%&%$%]£§[E|S%/&%% 339_6”3% to

arrest the ‘ester interchange ca Icactivity

(based o e ight o po ). of i t | G, .5 I enpl oyed,

t hus for%énrgjef%%t‘g%%o?ﬁle%?gcr %%%I;E{%riﬁoeane@%&e%%&flaﬁ%%%oeﬁﬁ%l ate. The
resukts o LS. e set _forth in Table 1. TABLE |
Awméb«wé&i%@d%%ﬁ%ﬁ%s%m ght nessDEGCEGAI ASbMhCoPTgTc T PA' / . pprpp
nppnpprppm /. Control 1. 887-7.1311. 51227321675646778. 4168245. 32. 29GRAPHI TEG' a

phite-51.871-5. 326, 31. 55201D419679606079. 1158. 42462. 3Gr aphi t e- 7. 51. 893- 6. 92
51.592311219778626979, 3156,,9246. 12.32(3ra§hlite- 101, 8875..824. 81. 6822732147668
7078. 8166- 245. 47 St t S S B Ry A BRI e R I 62. 6245. 72. 3
1Gr aphi t e; 201, 900- b. 721, 1t , 5132%822474.656978. 8164. 6245. 12. 41Gr aphi t e- 501. 89
2-4. 616. SEPIBAYE G667 Dt BT B 1Y 36

15 Briggtness and yellowness of the amorphous polymer
composition were determined by using a digital coior monitor
such as Hunter Lab Scan 6000. Usually the range of
acceptable brightness is 25-35. The lower the number the
grayer the polymer. For yellowness, a negative number

20 indicates more blueness and a positive number indicates more

yellowness. Preferably the yellowness number is between -3

to -8 (not yellow, but not too blue).

Analysis of the DEG (diethylene glycol) content in the
25 amorphous polymer resin was also determined. An appropriate

portion of the amorphous polymer was hydrolyzed with an



10 Table 1 shows that the various graphite sanples (except for
sanpl e) have substantially the sane features and properties as

the 5@ 8PP 2002

the control .

The 50 ppm sanpl e actually had the best (|owest) acetal dehyde |evel, but

bri ght ness 15 properties were not satisfactory for making clear bottles.

G een or brown colored plastic bottles may be produced with a 50 ppm

gr aphi t e gepleomer .sdlhet ixrove imdmdiarg Wik el itk prreforsaaleeategurtamer ti es 20

of the PET control & PET containing 5, 7.5, 10, 15 and 20 ppm

1 8 SEP

2002 - 20 wfsgrlapt t22 weT e afat yeagark atink weslty cevwkedtiod sogi €@he 1Incgui(dol | and,
OH). The bottles were blown on a Sidel SBO 2/3 production machine using a
si ngl e 2-gddteiorgerfertie dardxplatacd safddubrd nks btdrd earallykedigstgasd he bl ow

nol di ng conditions 5 were optim zed for an appropriate control

resin. A

"heat scanromasddiepper f anedan dhereaddiphesipbdnadudyenidig aard D ai si ng
t he percent overall power of the quartz oven lanps in 2% increnments. Ten

bottlgs wRyteddowny mts SREh Herern) drnalHewdeney RIvkane ofrHéhe middle
bottl es was observed for 10 anount of pearlescence or haze. The preform

t enper at Wi dnhé Rk Qi |6 0 ddhes SHOPTRGH i thasnd G QI

e L4 xHAN

infrared pyronmeter that reads the surface tenperature of the preform (the
vari abi | idypndfritdie d daiRd Py R efs I RRHH ghEge .The- bl ow ol di ng wi ndow
of the resin was defined as 15 the tenperature Tange of the preforns that
yielded a slightly pearlescent to a slightly hazy bottle. Using the control
pol ynmer's optim zed bl ow nol di ng conditions, heat scans were then perforned

on the other mesl e 2QH0:60NdHRl AMhgde v3IRRMo 7 +hePRiforkd:

and 20 ppm graphite polynmer sanples weré injection nolded into

M 15 ppm

10 polymer is determined by dissolving a sample of the amorphous

polymer in reagent grade benzyl alcohol and titrated to the

purple end point of phenol Red indicator with 0.03N sodium

hydroxide/benzyl alcohol solution. The results are reported

as milliequivelents sodium hydroxide per kilogram of the

15 sample.

The analysis of acetaldehyde (A/A) in the amorphous

polymer in parts per million is determined by obtaining a

representative sample of the amorphous polymer, cryogenically

20 grinding the polymer (using liquid nitrogen) such that the

amorphous polymer passes through a number ten mesh sieve but

collects on a 25 mesh sieve. A weighted portion is then

heated at 160°C for 90 min. in a closed system to release the

acetaldehyde. The acetaldehyde content of the headspace in

25 the closed system is then analyzed by gas chromatography and

the parts per million acetaldehyde is determined therefrom.



bottle prefornms and blown into plastic bottles. Figure 2 shows the
percentage of overall power enployed 25 by the infrared | anps neceggagpp 2001
heat the sanples, nanely: the control having no graphite, and the 5 ppm
7.5 ppm 10 ~ ~ SEP 2002 -21 ppm 1581ppm and 20 ppm graphite sanpl es.
This Figure clearly shows that |ess power is used by the IR Ianmps (in the

Sidel SB chyi t r ner r t it
can be blc%o}\?vé ?ﬁ)ﬁeﬁh{ﬁaoé% cc%p%@ﬁ%%‘{%ﬁ#@%g%f{gegeS éejlp%rrﬁé;%ate yt 1050

when graphite is.e ed..Fi shows the bl ow nol di ng wi ndow for the
bottle preenf"%lro%e? ng’}}?%ﬁ} thli:éng%l(agG?sel% versus the preformtenperature (in

C). The blow nolding windowis the 10 tenperature range where the preform
can be blow nolded into a plastic bottle. If the tenperature is too cool

(general ly bel qw approximately 10 bl ow ol di i1l cause l.d
stretching of Tﬁ’?ﬁe %égq%’?atclr%bt‘?ﬁg% vﬁﬁqangh < oIg:oarVgaH'Y% e adjocf%hf referred
to as_pearl esence.. Qovi ously, stretching.at 15 too col.d of .a tenperature is
not dasi rfURSET IS &4 e p iad‘éqx%ﬁ}odﬁerﬂqlé’é'fert He a?[ﬁqqrt"i}r%d ?ﬁ'e
bottle to properly conformto the sh,egoe of the nold wher]r bei ng bl own, and

t he over &P ghc L K E-CG SRE AR and, "% the tenperature
is too hot the bottle devel ops haziness and is_no 20 | onger transparent.

For nont rERfRFaHERDI SHRIP ¥5est tll%é‘}arf‘bfracé%’a‘?%féj,y STREFHT WS TH&s S Woul d be
masked by theq%igrrent. Thus it is apparent that there has been provided, in
accor danc VitdP e Mhvart i oh Medssr ﬁiﬁﬁt%a& ocds L4 VIS ¥4 IRF

satisfies the objects, ains, and advantages set forth above. Wiile the
i nvent i orf ¥ et R | IRRF TP EHARuncth gipmple of the amorphous

10 polymer is placed in a cassette and the cassette is
introducgq into the spectrograph and the based line and the
slope of each catalyst and sequestering agent present is
determined. The catalysts employed in the Example are
antimony-(éb), manganese (Mn), and cobalt (Co) and the

15 sequestering agent is phosphorbus (P).

The glass transition température (Tg) , the melt
temperature (Tp), and the temperature of maximum
crystallization rate (T.) were also determined. A

20 differential scanning calorimeter (DSC) is used to determine
the temperature at the glass, crystallization rate, and melt
point transition. The rate of temperature increase/decrease
is 10°C per minute. The DSC employed was a Model 910 DSC
from Perkins Elmer. The DSC was purged with nitrogen at a

25 rate of 50 ml per minute.



1 8 SEP 2002 -22 with specific enbodinments thereof, it is evident that nanK
alternatives, nodifications, and variations will be apparent to thosk8 SEP 2002
skilled in the art in light of the foregoing description. Accordingly, it

is intended to enbrace all such 5 altedsatives, nodifications, and
variations as fall within the spirit and broad scope of the appended

clainms. 1 B®&ER200% -2 MaHalsc d@idedpd). praadmestertgonposition
useful for absorbing IR radiation and for nolding clear bottles therefrom

5 compr i Siiti OIKAShRIr GOIY Adidihtied A% Duled e ARy par ts by
wei ght graphi'te particles per mllion parts by weight of said polyester,
uherel n saldl f ARl dr AU L4 B Caiien WINH oy i ARRRAd ddr saldl gl yest er

are not readily visi 0 e naked eye. 10 2. The pol yester conposition

ar goat | dienersmeyay HEPI AR i R Sl AR 85
Compoti ¢1'gh BT MU R o al B vaerer Thont ot 1 A r B85 ol ¢ o
rapnt el SR uBie AR s 0 Wl Slemd 2, K ipnslnr madie
cooling, an aqueous solution from the bomb was mixed with
three volumes of methanol (HPLC grade) and an internal

standard solution. The mixed solution was introduced into

10 the HPLC for analysis.

The Example

The samples in the Example were produced in a 500 pound

15 pilot liné reactor. The polymer was prepared from 199
kilograms_of DMT with 135 kilqgrams of ethylene glycol, and
with 82 parts per million mangénese (using manganese
acetate), and 250 parts per million antimony (using antimony
trioxide), and 65 parts per million cobalt (using cobalt

20 acetate), and 1.4 weight % diethylene glycol (based on the
weight of the polymer). Seven batches were prepared overall
with 0, 5, 7.5, 10, 15, 20, and 50 parts by weight graphite
per million parts by weight polymer. The maximum ester
interchange batch temperature was 250°C. During the ester

25 interchange reaction, the methanol was removed. At the start

of the polycondensation reaction 69.7 parts by weight



said preformmade froma polyester containing at least 3 but |ess than 90
parts by weight graphite particles per mllion 25 parts by wei ght ofl b &k Fy2002
pol yester, wherein said graphite 18 SEP 2002 -24 particles when uniformy
di spersed in said preformare not readil9 visible to the naked eye. 6. The
pol yester bottle preformof claim5, wherein said 5 graphite particles are

greater thaRsgROLhsOpedMiNiibg bargsshby MvEEHRE OPol ymedNRaPObygsleinbottie
preformof claimb5, wherein said polyester contains at |east 85 nole o

terepht hakgls. o 20581 yIHEsPRLY St 8E180LE| & PEGHLOEFEPInG! 2480, tYNSE£é &Y Sai d
pol yester contains at | east 85 nole % naphthalate. 9. A clear plastic
bot t | I j Fati .sajd b
pol yest or Tand 5t T oane sl P S e R o R P D et Tor b e
Lol Ll b  oh : : d

R R A (O T

| astic b . : . : . ‘
Peast 55 motd VAT FLBhERE oy EHLE) PoRRLAaPERYTELEL FROPEL EPLIOOPI AR ™ |
said graphite papticles; ars, OheakeL  t nap, aboul, Pr 2UNY! PrfDep) 4E9EStL 20

di nensi on.
set forth in Table 1.

TABLE 1
AMORPHOUS POLYMER
TYPE RV |Yellowness| Brightness | DEG | CEG | A/A Sb Mn Co P Tg Te Tm IPA
% pem | ppm | ppm | ppm | ppm %
Control 1.887 74 A 1.51 22 73 216 75 64 67 (784 | 168 | 2453 | 2.29
GRAPHITE
Graphite-5 1.871 5.3 263 1.55 20 | 104 196 79 60 60 7911 1584 | 246 23
Graphite-7.5 | 1.893 6.9 25 1.59 23 | 112 197 78 62 69 |79.3| 1569 | 246.1 | 2.32
Graphite-10 1.887 | _ -5.8 24.8 1.68 22 73 214 76 68 70 1788 ] 166° | 2454 | 2.34
Graphite-15 1.892 -6 241 1.54 23 83 202 76 63 72 | 78.8 | 1626 | 245.7 | 2.31
Graphite-20 1.800 6.7 211 1.56 21 68 | 224 74 65 69 |[78.8 | 164.6_| 2451 241
Graphite-50 1.892 4.6 16.3 1.7 23 64 198 76 56 66 | 78.2| 1635 | 2451 | 2.36
10 B

Table 1 shows that the various graphite samples (except for
the 50 ppm sample) have substantially the same features and
properties as the control. The 50 ppm sample actually had
the best (lowest) acetaldehyde level, but brightness

15 properties were not satisfactory for making clear bottles.
Green or brown colored plastic bottles may be produced with a

50 ppm graphite polymer.

The blow molding windows and preform reheat properties

20 of the PET control & PET containing 5, 7.5, 10, 15 and 20 ppm



18 SEP 2002 -25 12. The plastic bottle of claim9, wherein said pol yester
pol ynmer contains at |east 85 nole o naphthalate. 13. A nethod of bl ow

nol ding a bottle preforminto a plastic 5 bottle, said nethod conpr1§ﬁ£81mz
heating said bottle preformusing IR radi-ation to a sufficient tenperature
that it can be bl ow nolded into an acceptable plastic bottle having no
pear | esceffey@dish e heate | et &rastRldszad | Dechreelod] @y npheli ng sai d
preforminto said plastic bottle, wherein said 10 bottle preform conprises

a pol ymer (géh houtorsr 60 1ad tisobyl 981 it e a5 BRI ten pardigd Bssmeram | lion
parts by weight of said polynmer, said polyner containing at |east about 800

by wei ghtpf}_g{!{y&sﬂ% RO IRE andh yher @i iy B 2l 0f ePhi den Al d | €4 850 B 8 Aot
readily visible to the naked eye. 15 14. The nethod of claim 13, wherein

sai d_graphj %dcﬁ’%ﬁ]l Gl SSe BL En &L &F 5 AN ChoUWm b AdEad A A&SIa M fEBNST on.

15. The met claim13, erein sald polyester contains 20 at |east 85

mol e %6t %@P%‘é%ﬂ%%e&ﬁfog% p"ﬁ%ﬁ& @ aldndrbh1 WIeL Sl N sl pol yester

f
cont al ns at nol e % na té% 25 17. A nethod of heating a

pol yest erscg;%E't '&a?r@r{éiﬂ ?%%%&g%g%@%ﬁ@}&&&&f%&éi@%;? 'fovPéFierj;]rHr‘icP

infrared radi ati on or a sufficient"tine to heat said

DreTOr ™ L6 LS Sl UL A S LEIPAIGILN oSS JOLYESISICR L
by 101 S 0ol NESL Bl AT AL AL L A ) S SRl TR Y
1 SO SRR S EhZCPRLS Aadel U APV GALITLE e
10 amount of pearlescence or haze. The preform temperature at
the oven outlet of the SBO machine was recorded using an
infrared éyrometer that reads the surface temperature of the
preform (the variability of the infrared pyrometer is about
1°C). The blow molding window of the resin was de?ined as
15 the tempggature range of the preforms that yielded a slightly
pearlescept to a slightly hazg bottle. Using the_EOntrol

polymer's optimized blow molding conditions, heat scans were

then performed on the other resins.

20 The control and the 5 ppm, 7.5 ppm, 10 ppm, 15 ppm and
20 ppm graphite polymer samples were injection molded into

bottle preforms and blown into plastic bottles.

Figure 2 shows the percentage of overall power employed
25 Dby the infrared lamps necessary to heat the samples, namely:

the control having no graphite, and the 5 ppm, 7.5 ppm, 10



10 19. A polyester conposition according to claim1l which contains bF&%?gQNH
8 and 12 parts by weight graphite particles per mllion parts by wei ght'-of

t he pol yester. 15 20. A polyester conposition according to claim1 or 18
wherein the particle size of the graphi2Zle is in the range of 0.6-Bum 21. A
pol yester bottle preformaccording to claim5 wherein 20 the pol yester

CoNnposi t ighin COre ghpts red VIR Npdm agith 201 ardsmpide s\ei gt grejpiite diarddlol es
per mllion parts by weight of the polyester. 22. A polyester bottle

preform agrarditihd 0 &4 AigBwe Ori 22 Whereid the pagd i cle Sieesiafel he
graphite is in the range of 0.6-Bum 1 8 SEP 2002 -27 23. A clear

plastic bd |2 AGeOE K W) 1 Gl tN Ehes Binie ot N aMiEp O a AP

particles is between 5 and 20 parts by weight per mllion parts by wei ght

of the polyastar.c 3% K& qa1 @St bot td s d g 40 1 aldpd Hor 23

wherein the particle size of the graphite is in“the range of 0.6-Bum 25. A
the pal yret s R TSI Tl TR SR Nai ght graphi te
particles per mllion parts by weight of said polyner.
Figure 3 shows the blow molding window for the bottle
preforms (set forth in Figure 2) versus the preform
temperature (in °C). The blow molding window is the
10 temperature range where the preform can be blow molded into a
plastic bottle. If the temperature is too cool (generally
below apéroximately 100°C) blow molding will cause cold
stretching of the polymer, creating a whitish color in the
bottle referred to as pearlesence. Obviously stré£ching at
15 too cold gf a temperature is not desired as it affects the
physical properties, the ability of the bottle to-broperly
conform to the shape of the mold when being blown, and the
overall appearance of the bottle. On the other hand, if the
temperature is too hot the bottle develops haziness and is no

20 longer transparent. For nontransparent colored bottles, for

example, slight haziness would be masked by the pigment.

Thus it is apparent that there has been provided, in
accordance with the invention, a product and process that
25 fully satisfies the objects, aims, and advantages set forth

above. While the invention has been described in conjunction



26. A nethod according to claim25 wherein the polyner 15 contains bﬁ%@@ﬁpmz
5 and 20 parts by weight graphite particles per mllion parts by wei ght
said polymer. 27. A method according to claim 13 which conprises using |ess
energy to heat the bottle preformto sdkd sufficient 20 tenperature by
infrared radi ati on than woul d be required without the presence of the
graphi t e ypar i Sersi £ i28. enfodiniatt aatardid, tio: ol @i gv ildenhiwha d widrher
conprises bl ow nol ding the heated pol yester bottle preforminto a clear 25
bottle angd mhaifidde i yesdali el oMa cata tisohetween ke agdh&dt P 2002
_28_ and 20 parts by weight graphite particles per mllion parts by weight
of polyest®rehad iEldPd 6o Mg i#d Gl N8 mhered feddigmgol yester 5
preform contains between 8 and 12 parts by weight graphite particles per
mllion pards % W ghta &fo ROIHESE erit 3% Avmidod @i to claidp 27 or
28 which conpri'ses using |l ess energy to heat the bottle preformthan would
be 105required 1,a feat Aadtﬂégﬁoﬁﬁm ARIRAL AL & tNOW, 11he, fpnesence of

t he g?ap%ﬁfggghﬁ%ic es. .&IA 7. Ae. Al'y. A3Se. A (yJZA .Ae.Afy.A fﬁAy.A y. A

e.All . A%%é%lto\ I pAdy - pANID-AL -HRlended claims.
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largest dimension.

7. The polyester bottle preform of claim 5, wherein said

polyester contains at least 85 mole % terephthalate.

8. The polyester bottle preform of claim 5, wherein said

[+

polyester contains at least 85 mole % naphthalate.

9. A clear plastic bottle capable of absorbing IR
radiation, said bottle made from a polyester and at least 3

but less than 40 parts by weight graphite particles per

million parts by weights of said pelyester, wherein said

graphite particles are not readily visible to the naked eye.

10. The plastic bottle of claim 9, wherein said polyester

comprises contains at least 85 mole $ terethphalate.

11. The plastic bottle of claim 9, wherein said graphite
particles are greater than about 0.5um in the largest

dimension.
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polyester polymer and wherein said graphite particles are not
readily visible to the naked eye. —

15 ) -

14. The method of claim 13, wherein said graphite particles

are greater than 0.5pm in the largest dimension.

15. The method of claim 13, wherein said polyester contains

20 at least 85 mole % terephthalate.

16. The method of claim 13, wherein said polyester contains

at least 85 mole % naphthalate.

25 17. A method of heating a polyester bottle preform by:

exposing said polyester bottle preform to infrared radiation
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per million parts by weight of the polyester.

15 20. A polyester composition according to claim 1 or 18

wherein the particle size of the graphite is in the range of

0.6-8yum.

21. A polyester bottle preform according to claim 5 wherein
20 the polyester composition contains between 5 and 20 parts by
weight graphite particles per million parts by weight of the

polyester.

22. A polyester bottle preform according to claim 5 or 21
25 wherein the particle size of the graphite is in the range of

0.6-8um.
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