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CARBON BLACK REHEAT ADDI TI VE FOR PCLYESTER AND
POLYPROPYLENE FI ELD OF THE | NVENTI ON The present

WO popefosison rel ates to the manuf acture of bott | BET/US2005/039569
contai ners and other articles fron1po|yester and

n u

R R S K L
carbon black to the polymer. Faster heat-up rates
reduce the tinme gpELOOFIYHEISAENTPONBNUf act ure
cont ai ners made from pol yet hyl ene terephthal ate and
polThp st émentign re;hqtgttq %ﬁ meppiaeiEre of Railefo PantHpers and other

T

as a feRt offhe a¥Bition léﬂR)WIdS)@E koA@hubgn BRICE o tleolyroer. Exaemticas-up
U patent 4, 340,721 describes a PET conposition used

ratestredupgrihe HEEEné clrsgE n%@db@map@@c@rﬂjccaﬁ%@rs S S s

o BB Rl POkt v

m gergl wat er and carbonat ed beverages, are generally
made t t h- bl | di [ [
Vol ves { he BAEGROUNSIOR ASISINSEREHON, o ' wni'ch i s
S u?él?/ﬂ“fé? @%}n}fos%&l\ﬁ' thqlg 3o R@H‘g/lén@ %ergf)lﬁﬁélatkéQPET?arﬁlh ape.

I s’may be*carried out parate injection nmold and
polypxtopyleﬂh (BP)aate walt khows packagimgamatengls.e Fomexaimpde, Wi matant e

434D L BB Orot EE R PRPAS BB PEEHB P BBLEN G DS iap isogng Btner
conta%QeI% ThdrORar¥ bfardd ’E@ﬁ@"ﬁcﬁﬂlest‘)m YR8 niRdine edetasn and

6mm I n order to blow the bottle the preformis
reheated by infrared Ianps to a specific tenperature

4 BB 09 B g B B o
gene?eﬁﬁy' thedk SRRRtiod Elréla’ﬂBIcﬂl' molRfidg. I 'Eisik B hhigue 1r&10|l)\@® the injection
lity to absorb infrared rad| atiagn. The pre

molcheapf nopraframe phighoin spbssauersiy pvgnaldediatq Wérf@ﬁb‘?%ﬂe shape.
becaones a.fate t Py I

T N

singletr4thedeSwhdre €iditive Steps %tegcfbrﬁbmahtPramDMB hsxmllye:n&ng)of aThareaded

address this, man rades of_ conperci al
neck with a shortened bottle b%d}g shape 8 to 20 cm long with a material thickness

between 3mm and 6mm. In order to blow the bottle, the preform is reheated by infrared
Jamps to a specific temperature above the glass transition point of the PET, such that it

can be stretched and blown into a mold of the desired shape.

In general, PET resins have a poor ability to absorb infrared radiation. The
preform heating and stretch blow moulding stage therefore becomes a rate-limiting factor
in the overall bottle production process. Furthermore, the preform heating step also
requires a significant amount of energy. To address this, many grades of commercial
PET bottle resin incorporate additives to improve the heat-up rate (hereinafter referred to
as “faster reheat”) of the preforms. The aim is to increase the rate of blowing, and
thereby the overall productivity, as well as to reduce the energy required to reheat the

preform.



10

15

20

25

30

PET bottle resin incorporate additives to inprove the
heat-up rate (hereinafter referred to as "faster
wo etveasisy2 of the preforns. The aimis to i ncr eBSEUSINE5/039569

rate of blow ng, and thereby the overall productivity,
as well as to reduce the energy required to reheat the
preformlIn practise, the additives used to inprove
r el?ﬁ?fachﬂa e haalifel LSl ¥ 1SbRRNE r&RE: inEET akliAel dispersed inert
materials that strongly absorb radi ant energy at the

blacmmrmigthhsamgbt ahgotbyradiant nafgyeat dlae Wami@lg@@@ﬁéﬁ@ﬂl by the

50 000 tIpt h
e R I L T
macRRED ORx &hledof B8 nthesfld ed in PEafe capbdiEblacld as“r@&cﬁﬁéd in U.S.
aphite as described in U S. patents 5,925,

Pategt ©303,90% graphie Rs ﬂ@&ﬁﬁbéd(mdé§ B%telété§c9r256/é8 anh 6@3é167 black

iron (%gc{gep 2 ggscpﬁécﬁzgl S, %ﬂl Cla ?r‘?ggo%ghgcf% a?lH r%h Qﬁlc‘?&se as

descZiB881:00183 qaaténtAAppﬁe@hd@J fbkicavn 803 /00y8EID A1 aﬁd bileslc spiheld
in US. patent gpl i cation publication_ 2002/0011694

pigmgngs a3, dssciiheddm U, poeeat sp@icatreepaldligation 002401694 and U.S.
V,

pateﬁt{F ?g%ﬁg(? File a?lo%l\l/tledrxrf;lﬁ?élg 6f thtageénagi?gfveg, Elé‘)?c\}\éggﬁb 159 tb@&@%red

levep@ﬂmehd:atrﬂmpmelmlsﬂhEagenbfallfj’ﬂi&’mreas Sand d 0D ppm. shovvn by the
use of antinony netal particles. These particles are
usual |y deposited by a chem cal reaction between the
ani RN R eXﬂE rP]_.ﬁIaﬁésq{‘sm%ﬁ‘ Eﬂ(ﬁ’pn 8 thedsk @ Hxﬁirﬁ’&lyaiﬂgﬁt
(for “exanpl e phosphorous acid) during the nel

partipleky Mhesesmtticdes &¢ agellyakposted by bahemmaw@ctlmﬁ!eéwt:@l the

419, 936 .and 9,744, il st th r eheat rovenent.
antigaE YRS SOD S GERL PR PR 5T BERAD PREFTHERS Aeic
durif ! A&t ﬁél&ﬁ@msaﬁ%ﬂ sPheBPdseSdHbRE i ers. fatentd!, 519,936 and

Imvention, “is the inprovement of reheat in PP resins.
5,52PF4#4s increasingly replacing PET for bottles for many
beverage applications due to its |ower material cost.
U S. Patent 6,258,313 teaches that injection stretch

bl Gyhide kigH 188 fmproPEmBiitelesdiBetl AboRSEdnetAlyiabplidi@o PET, a
preformis heated sinmultaneously both fromthe outside

furtl@n aomah@qr@t&n prd e malieerabedimgni of |this deventipy, if thepmpraysment of
ff . . i
el e bbb B P SO P TSP B s

applications due to its lower material cost. U.S. Patent 6,258,313 teaches that injection

stretch blow molding of a PP preform is possible if the preform is heated simultaneously
both from the outside and inside. Nevertheless, until recently it has been more difficult to
produce satisfactory beverage bottles from PP than PET by this method. Firstly,
polypropylene has a lower density and specific heat than PET and hence exhibits a
significantly narrower processing window. Secondly, polypropylene suffers from the
same limitations as PET in terms of its poor ability to absorb IR radigtion. In general,
polypropylene also has a greater opacity than PET, which detracts from its aesthetic

appearance. The industry therefore continues to seek ways to improve the IR absorption
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pol ypropyl ene has a | ower density and specific heat

than PET and hence exhibits a significantly narrower
w@eweessing w ndow. Secondly, pol ypropyl ene sub¢BDS2005/039569

fromthe sane limtations as PET in terns of its poor

ability to absorb IR radiatjon. In neral ,
PTORSHSFSH aaﬁyps}wf%e%cm that i cg Ef‘a‘esgfi {Q GLF 5 Verbegr o on the same
injeUrCtret Bty -trﬁ?lfif Bahiph AR Pefi ¢ appearance. The

I ndustry therefore continues to seek ways to inprove

the IR absorptionproperties of polypropyl ene such that

it . ca e d t.o nake beve e, bottl.es on the.sane
| i PR EFEHR R ErSITD detgit e o e peyS B other
blacRiebd§ABkofRr, %Sdoﬂv&ﬁ&%{raggti% ESrS MO AGeRat is WadnYlack! Carbon

unable to use other body absorbers, a convenient
blackdifers the adontagep pHinetinesshlewtcosts andedse ot disperkion da thgarsin

bl ack offers the adyanta of, .i ner.t ness.. | gw cast
comBpado SeEiRaidie RASRIS Sl biad A Snathel Bhne ot
absAPESH & ndgk-Blafd Whvelereisb oI kla HLE emeXRithiahé handei iigh

degree of absorption at near-infrared wavelengths., It
propgiriden efbe Hcriaghinelempsiaire f Bigdariciesacltingfiopribisabsqrpfion is

. B N ; .

by B SR e 0 R A Bl B B L0y ftack pecd tobe
addslorthelpeliingr madoppaiison tousthareilackl matetiglvel s of car bon

bl ack need to be added to the polymer in conparison to

ot her black materials. In using these additives,

bot . . . L :

' SRnE R RREUVEL Bolk MnefRbaTaR ¢ R A HRp i oment
in rehnat wizke mddintising thenalpabioin the colByr atef haze of tha finhhkottle. By

addition of a plack material to the resin |eads t
defigiippethe Buftipaels R HRleish st Fin adt PesetBotfet thatare
percBivel a6 bd K6 R85 RARAE NG CbIBHAERThe®NRDartRular disadvantage

particul ar di sadvantage of” carbon bl ack i's the dark
of carben hladk isgh¢ derkidhevend yellow-brovie colopme dapartedtth ghe wsinn

contai ni ng even, very snmal |, angunt s.,.0of carbon bl ack. ,
condiiing e PP HESEhe Ty T BRI Beedmes ioreasingly
appdFBitUls dgdntf8fuTerdialth ffer pr@%fé.%@}ﬁ fa4Rk YeHeabitaRk. B&l@ahaterials that

rates. Black materials that neet a desired conbi nati on

meebi desited gpmbindtion job rehgetrand caton perfemranca gentinge brbe sright..
SUMVARY OF THE | NVENTI ON This invention is a nethod
for inmproving the reheat characteristics of PET and PP

preforms by theSEMIMAROF THEINVENTION Wi th a

rimar article size in the range 200 to
P This i>r/1veeltion is a method for improving thegreheat characteristics of PET and PP

preforms by the addition of.carbon black with a primary particle size in the range 200 to
500 nm as an infrared absorber in the resin. This form of carbon black allows faster
preform heat-up rates in PET and PP preforms at any specific level of enhanced reheat.
Furthermore, the addition of carbon black with this particle size unexpectedly yields
superior resin color to that obtained by using the other types of carbon black described in
the prior art.

Particularly preferred carbon blacks have a primary particle size in the range of

200 to 500 nm and are formed by the carbon black Thermal Process.
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500 nmas an infrared absorber in the resin. This form

of carbon black allows faster preformheat-up rates in
woEmeasd7PP preforns at any specific | evel of PCESNEE039569

reheat. Furthernore, the addition of carbon black with

this particle size unexpectedly yields superior resin

color to that obtained by using the other types of

car bon bl aCﬁRﬂEﬁ“ﬁEﬁ@ﬂIPT‘IGN@IP'I‘HE DHAWIR@S i cul arly

preferred carbon blacks have a primary particle size

in The@rafsamgevmﬁloﬁa@llltbﬁ: dsp@ibedhimthe faHewingdetadled ylesaniption with

car bon_ bl rmal Process. BRI EF DESCRI PTI ON OF THE
refeﬁﬁﬁWN@%f(gf?émng?éWP gy N&@Fﬁl?'on will be described in

the follow ng detail ed description with reference to

the followng drawi ngs, wherein: FIG 1 is a schematic

r egfiEs bint agcdhemati¢ rttm@sepuaaqm@f the plaquie fesivios sipapwing wheydn

rut 7 ol SbulfE] R RRBRBN AR e enoat ver sus

L* col or conponent of the plaque for the carbon black
cont ai ni ng PET conpositions described in Exanp
FI @IG32 iss? gragh &p ﬁledflaqqqéefmahw@wrlema?r Wmnfa&f ﬂa%Plaﬂue for

the EAMERRN, o b g IR DR Rlorb O FRERATP R . 1,

FIG 4 is a graph of the plaque reheat versus b* coI or

compaonent of the plaque for the carbon bl ack
FHIGH 15758 PRI OF HiFA U iieat YRS HhelpT cRMBRAGRY f the plaque for

the Edrfon ﬁaé@c%{ﬁ?ﬁ%@ﬂc&ﬂﬁsﬁloﬁg WesckiBBe E)E’ﬁﬁp%' §;L* color

conponent gue for the carbon
cont ai ni ng PP conpositions described in Exanple 2;

F .is a graph of th | aqu eheat versus a* col or
C ST ErOH P10 BB T By VRS B G oBPaRLY of the Hadle for
the eﬁﬂéﬂlmw&m%nﬁlgm@msmmﬁlm Y6dckiped id Mxdmgaent e 2;
is a graph of the plaque reheat versus b* col or

conponent of the plaque for the carbon bl ack

F%g} 1s 2t gpkb?t;tglﬁ P R Iu%:r g%t V%Esspcs:\r},er g com%?ﬁ‘&ﬁlo? {He plg(ﬁ]g for

the §zﬁBM‘l§l§cH wntﬂﬁngqufp&ﬁhﬁdsﬁfdﬁ‘as a@s@haemimamﬁwn ace and
Thermal carbon bl ack reheat agent in a PP bottle

bl ow ng
FIG. 6 is a graph of the plaque reheat versus a* color component of the plaque for

the carbon black containing PP compositions described in Example 2;

FIG. 7 is a graph of the plaque reheat versus b* color component of the plaque for

the carbon black containing PP compositions described in Example 1; and

FIG. 8 is a graph of plaque L* versus cycle time savings for PP compositions
containing a Furnace and Thermal carbon black reheat agent in a PP bottle blowing

Process.
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process. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The use of carbon black to inprove reheat
wo®eN52sst described in U S patent 4,408, 400 POI/US2005/039569

Pengi |l ly, and subsequently in US patents 4,476,272 and

- SpER e DS R R on K PRI ED g hRflons
Cafrﬁaeﬁs@bp&ifbaﬂ lecl@toFlﬁ{ bivel Bt Hs Blfst a@s&ﬁeégpursnpataﬂtt

a preferred particle size range of
4 408hl@0 spBendilly, anylmabseqﬁemb;nbdfs pitemtk 4&@6@?2 Ia&@l 415ﬁ5t1ﬂ§ also to

exa es are forns referr
Pengi Raee-PASTLLOAR Eca s dopie 200Gh 554 1R ,S BRTFabon
black rvﬁth"bppﬁ'ﬁé‘igﬁlz%%f'lo té fp@o Rengid vith Rpfeltedl iktiABYizk Yilfge of 15 to
carb bl'ack ot her than Channel and Furnace bl acks.

30 nAy rThﬁeﬂmrﬁs typasef Penbgn blayk descsibed indibe nmmgltega@ fpﬁa& referred

ticle Sk S, on_ t coI
to aP Llayfet? o2 Firmares R Wi adENEe Rl A iR Yol ark B8 egagmples
in tHePeBgINQ WatRVST dnf@ypel dTR aftidhibialk i thdﬁf(ﬂiﬁnﬂél and Furnace
absorption characteristics resulting fromthe presence

blacky. Fusthesmpteathie Beaaillyipptentsdo neswiatohalanprticle siga fas any influence
on tHe cq)}l1 rof(liﬁ Fesgx Q %@e Qx%éhlf géh%at% ?ove%ﬁ? ifically,

ave s OWn t cles
unexpect edl y produce a superi or reS|n col or as
co ared to 10 to_ 100 nm_carbon bl ack partic|es at any

hate nowpshevethaighe aptlcalxw%miwdtaéswem Fharaeterigice s
resu!)t{ﬁ% i Eﬁér rden FQ &t (hEs! Blac itheg Qﬁomnt:i:ﬂig%%ltogg isltﬂﬁglﬂ?r

pro dUct formed from the resin
depemriﬁﬁamahxsqaaﬁnde greySfrcifecally, wohave showe thdt200 o 60@ s, particles

with 10 to 100 nm.car hbon bl ack tjcl
nexep PP OIGH 3 WORHTSFIR GET A cprBemse By ta1 107 s paeton Bk
partRR¥ aBSHY 31 i gﬁo\(r%h rédeat, BWRALO0 kd so(ﬁnﬁﬁ@ahld}'ékotﬁé 88188hf the

that for that f cl ear beverage bottles, a lighter
resimmod beregthafinadotter amntleeripsodiohfremed érbtrythp mﬁmnabghtelt )

darke an ear a ned
appdginc B e b1 TedBha: Bt Bnr T S8 shieh Btk
partféfe's ﬁﬁtl’@ﬁﬁﬁs yé1RSv-BERH LI RFbrabdy zﬂﬁﬁﬁbét%tia‘ﬂ% dafke a€hiBar

bottle are an L* as high as possible, an a* as cl ose

equizgledesl of eeheat. zero and a b* as cl ose as possible to
zero. In this case L* is a neasure of brightness and
can range fromO (absolute black) to 100 (absolute

Whilti€ved vnde@tdBaaBatf6r that for clear beverage bottles, a lighter and grey-
blue appearance is commercially preferable to a darker and yellow-brown appearance.
Thus as defined by, for example the 1976 CIE designation of color and brightness, the
preferred characteristics in a clear bottle are an L* as high as possible, an a* as close as
possible to zero and a b* as close as possible to zero. In this case L* is a measure of
brightness and can range from 0 (absolute black) to 100 (absolute white). a* is a measure
of the red-green color component where an increasingly negative value signifies
increasing green color tone and an increasingly positive value signifies increasing red
color tone. b* is a measure of the yellow-blue color component where an increasingly

negative value signifies increasing blue color tone and an increasingly positive value
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of the red-green col or conponent where an increasingly
negati ve val ue signifies increasing green color tone
wa@paeasesrncr easi ngly positive val ue signifies PCT/US2005/039569
increasing red color tone, b* is a neasure of the
_yel |l ow bl ue col or_ conponent mhgfe an increas'nqﬁ .
signigieg atqreﬂélr\g@remawgomt%eesWPH&traéa‘sI}eﬁ@t%ifea%ISdHF%Fa %ﬁé‘egaﬁve
* [ e
b, QP 3¢ bRt PR A Y R eS| 22 etlow
coloptogt e rdbllewnas hegaigenczalby be percdivadeasaipigordatiomer, inigirity in the

.preferable to bottle manufacturers than a posjtjyve by..
resitl IGERS oRUERISS Fiugh elhe Wéﬂ%% j'thﬁdg}ve@‘é‘ﬁgr‘%l{hiaé/mﬁ aition of
carb\%ﬁ féfr‘aglé ‘é\ﬁ f@erﬁae 526 abd R0 nh, TRetEtabYy ABbvERS0MES ldads to higher

ess” Is not. The main finding of this
resin Int;doweoresind*t duetsinviher regulat inepnyfarisen bocarbomblrcls with 2

particle si abo 200 .n referahly . .above .
partPf e efq Oy Gy EGpfe i Fegliafhad e R Gty oo
colof BSthB fiaal b€ proaacddSinjeetic@Etkah Blbacksulidgbrather products

particle size of 10 - 100 nm Hence, this form of
prodoegdbizomshetdgindenonst r at es superior color in the final

bottl e produced by injection stretch bl ow noul di ng or
ot her products produced fromthe resin. As the

CORGERE E@iceMpatidh of arreiRBhddidel i inteedssd, the resasgaerallpbecomes
resin generall¥ beconmes progressively darkerggrd | ess
progeseivplyatarkerrapd lashacqenishicder Hieananiacting of glear sl colqriess

bottl?%éfgeg%iv?l-r&%eljle@@llat n l{eezféﬁ%tveﬁ E‘f‘ﬁﬁcﬁl it e %gacggs

ion of carbon black is"therefore limte
therdfbee lirainet b thermeansfacankst capegietificati orofor ther findhdoftiendhe reheat

bottle. The reheat that c e obtained by the
that Gl B GS RY iy o op bl DGR ¥R PRTary B tcle gt of 00 to 500
nm, ?fé@eﬁﬂi‘y 23085 866 By is%%gstﬁﬁiﬁ@qaﬂé'ﬂf at ity 8&tR3ptaBR lidt b¥ resin color,

aster “at any acceptable Iimt of resin color, and
and hemve enore desichbé todloitle mandfattutess, than biyabe usecofsarhondtacky with
the use gé c&ggon bl acks with particle sizes of 10 to
partiglgizeol 18 1 [ WBe cl ear bottles, the carbon bl ack
particle size preferably should not exceed 500 nmin
di ameter, and is preferably between 200 and 500 nm
andormrsducprclfae beilesy tirecankemblagopastiele 330 preferaiphieshawld et

of rbon bl ack enpl oyed range.
el P20 S ARPhSHERY o RBSFRLT A RO A8
preférbld &Il ¢8nS0 A 300 anl. VIR arfdunt eheabor blackvepkytd tagtrange

is required by the manufacturer. If necessary, .. )
from 3 ppm to 50 ppm based upon the weight of the resin. The level used is determined
by the level of reheat improvement that is required by the manufacturer. If necessary,
master batches of the PET or PP containing quantities of the carbon black in higher
concentrations can be made for subsequent blending with the polymer to obtain the

desired levels of carbon black in the final bottle.

Suitable PET and PP or compositions in the present invention may be any resin
from which bottles, other containers or thermoformed articles in which an improvement

in reheat is required, can be made. The method of manufacturing the PET or the PP may
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mast er batches of the PET or PP containing quantities

of the carbon black in higher concentrations can be
worame/052572 subsequent bl ending with the pol ynmerP€DUS2005/039569

obtain the desired |l evels of carbon black in the final

bottle. Suitable PET and PP qr. conpositions in the .
be apy eQEnLiPRA) @mqewﬁwﬂﬁgs awgiilé@w fhsaren wrckiodhs wsin
The Bhb8h bERRUAY Y iftr8iudel 88 tHRIPSINRY a8 hh} &hESin the WahEAcRA

ei npr ovemnent }in%rlréﬁe%t IS requi reo;ll, c%n %ilnna%e. Th% ne
processt e afbavetiarkais inert ang doeendETtemct with aRfp othey bédiaves,

conventiopal process that permits the addition of .the
deocEiSE RER BTeres SRR BPBEer R Py ¢ héfefore
impbdat he digiefioholt 1 RAhYIRIT ridnufhiddrs Had tnayetuded.

manuf acturi ng process. The carbon black’is inert and

does not interact wth any other additives, deconpose,

r ansf r.m or fect the.resin during.the manufacturing

PET e dhdhpndles GRS i BElEs S mPRIGUR One o ( he

metheftfer &f démdtidiraetihl Srebdh@ invBR¥orPRr UsL@hedlof PET resin, samples

conpositions and test sanples fromthese conpositions

werq magde et 7¢ Kededpitst baick avteelapy iweelnt. Taiohte the ofist affie
e 0 [N, I L a .

e o Tl BT IRAER L8 B foption o
the t§pd and cafceiithetion @i @ddedadetdnl blgkal Theonipositioa tuedibis watlr e

made to a fixed conFo,si tion, with the exception olf) t he
undargigad ihbe & bipishforapiasian sronawhich FEk boisragedokles ¢ppbe
QIResjtion used is well understood to be a typical
ornmul ation fromwhi ch PET beverage bottles can be
manuf actured. The resin was produced by a conventi onal

process of direct esterificatipn of terephthal.i.c aci
i TC SR eehprogee i Eeamvetisl Bites & At fiapadsy o
terepMih e defd M BonoSthffehd gﬁ@ﬁh toFRb@lice @*}ﬁ&%rfkﬁg ;}6 WRich catalyst,

car bon bl ack were adde The ‘'nonomer was
stabipiséry neloi tomersiand dire ceaslanurta¢lowere tadderbt Thrpnpnemerwasi then of

polyFiesfied Wbl aBiSL e oticany t o v o il it

resullingGnA0walBIsPesShe Badelavé, Béithed andButh Al Bful@fto ghe an
base resin were finally crystallised and further

amoyphioysrEbass étesing 25Heg bathes of filet tasairesim werg fially crystallised @ad
t I ' ' . I
B M PGB A1 STPEEE B B8 P,

viscésdtyl of 0082 dl/g to obtain the required polymer viscosity at which bottles could be

man?

blown.

To compare the relationship between resin color and reheat, the solid-state
polymerised resins containing different types and levels of carbon black were molded
into 10 cm diameter x 4 mm thick circular plaques on an injection moulding machine.
The color and reheat of the resin was measured on these plaques as described below to

produce the data shown in Example 1.
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bl own. To conpare the relationship between resin col or
and reheat, the solid-state polynerised resins
weowbasasing different types and | evel s of car bpaI/bbme039569
were nolded into 10 cmdianeter x 4 mmthick circul ar
pl aques on an injection noul di ng machi ne. The col or
and reheat of the resin was neasured on these plaques
shown in

PPC g@%ﬁ%ﬁiﬁ%@ﬂ%ghpo #?fgﬁgﬁgﬁgcéegogggﬁ%les fromthese

c o’ﬂp dsibnging the prsemiris tensive fartike prhesterfiPh, nvmmﬂi@tvnSf or

eat of PP ti ons containin ferent
contgip ST EGroR AV Rss o GrROR Rk &VeFt SREt) oy OB ffon blacks
into £85MRA shhgve I8 PPREGn AsiG0 6 Sk kRIS eAEs. pﬁld‘rﬁiﬁé PP Usédor
two extruders in seriesS. The base PP used for these
thesessxperiimentstisa fypical gsade o&PP groadehish ciear bpighes o kerprofhecgd.
bottl es can be produced. The carbon bl ack was first
added to the PP granules and the bl end conpounded
t hPRUIEhbéh bIMEINWES i RWa@add Y HRIPH Srapiiles HEE thabldndi doirounded
di spersion of the carbon black In the resin. This
throughtaetmwcmmxtrhéﬂ tp pepdulse eripitial dispsrpien efcdhegarbom Plealém the
te h Vit r
e, P TR RARL  LBEIRU 8ibCavi
Transieefiidr é@ptoductsidd final aﬁﬁ;aisﬁlohhe\ Gmltyﬁﬂmndﬁesnm(esmﬂ of
particul ate additives and hence he b sSi bl
PeCl&iC%)éP%ﬁdéﬁ crsate; the ORAIBBHIHICELD ¢ ?693 Bepfiesramaqengspthe
%gﬁg [ on nmoul d plaques in
bmn? e s%%%bﬁgéngﬁgﬁéﬁﬁgﬁéhggﬁghﬁg?hlne as for the PET
conpositions. The col or and reheat of the plaques wer e
neasur.e @ descrj bed bel ow, and . gave e dat a

i nlasHrad |k GPMPPSILIONS REHT 5P quw a ggoél Rlagpesin %heosvz\lmme way
and BERhGe ﬁia\@ﬁiﬁe ab ?di‘ tROPRTREMp I)ilﬁ’@flsc OFARQ dri 2B $eHEROST thé

'S way. and PP Reheat Test Met hods The present
plaqmerswmﬂ: nm:asured mmbﬂd ey, raptl gaiothshiap thewnde Exemple 2. The
col he resi.n_an artic e of t
pref i lofan hamplee? BSR4 §b Firbiost G Hhlle in

this WL reheat measur enments descri bed herein are a based
on an arbltrary, but clearly

PET and PP Reheat Test Methods

The present invention is based on the relationship between the color of the resin
and the particle size of the carbon black used to achieve the desired level of reheat. The
PET reheat measurements described herein are a based on an arbitrary, but clearly
defined, scale of values from the INVISTA standard preform reheat test INVISTA
Standard Test Method for Minimum Blowing Time Test No. MST 116). This test
compares the minimum blowing time required to produce a clear PET bottle. The
minimum blowing time required for a preform made from the test polymer is compared
with that for a preform made from a “zero seconds reheat” standard polymer. The
difference is quoted as the “reheat” of the test sample. Thus, faster reheat, which requires

a shorter overall blowing time as result of the faster rise in temperature of the preform, is
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defined, scale of values fromthe I NVISTA standard
preformreheat test (INVISTA Standard Test Method for
worLwssasTBl owi ng Tine Test No. MST 116). Thi s PEFUS2005/039569
conpares the m ni mum bl ow ng tine required to produce
a clear PET bottle. The m nijum b] ow
reprgsgpied by A ae gathergRbor 1 BinbEwE tﬁggrmla%ﬂ n#gﬁéﬁﬁga Fféf‘dovefaﬂ
blowth QUL RS Wi &l SERALR ted
% %gg%ﬁéng%ég 8&5§% rﬂﬁgﬁe di ?%%ce 'S quotem}ggSene
by atphertl've atabdr, thid bdlhgt}teemmbsanbdeeondshuere dvastldlowislgdinte

equi res_a shorter veraII bl owi,ng, ti S
regqupiad Gt PR B o S 2 SPAPH ehest Spgard preform.
preform isrepresented by a negative nunber, this
bei ng the nunber of seconds |ess than the overall
bl dhe nonitiume blosring Himeiedadined @s tebspaintag a»thithaetflgm‘mnd

sl ower, reheat re nt
crysURERST- bR 6 SR sl SBFTCER i PR Bt e
heatﬁlngMh@&qﬁlré@torrﬁﬂé' tHeStefofth t6 BeerhSThtuRALINIECIDA EfyStaMshiidi free
for the zero seconds reheat standard preform The

bottlgican he hiomnomuﬁ dhe fime to elow/eernrdrrsérdwés:h@ prefqse itrelfaThewpricterm-
a cl ear and AT al e
hearfhgfaentOr Bl DER OB it STEREL FuG D Ejntmed
absofgtalel ohgrat tefIBtids & Whe @Fint HoWéVé‘erhE ectfprebostehing and blowmg time
tenperature at which a crystallisation-free boétl e
compendnf eaRrbe ipfluenced &o samgextent Sy agttrlcompptition pkthe fesin (for

exaxﬁoélg%gﬁﬁlpﬁﬁrfr%%o%tgeny‘h%de{s Q/gsgg{mﬁ ating conponent of the

s In enced only by the
infrared absorptive characteristics of the resi n.
However, the preform stretching and, bl ow ng tine

cortpBndherdenp Clan P HHEAERES (T CBRRS AR BV S5 SiE petween test
t
Sam@on?@ntthg £ fitd @Eoﬂrflarg st \R/Qﬁ_\'ﬁé@d(bfa%d @Q@nf%&ﬁﬁfy}%?ﬂf

I'ts viscosity in or
injeczionmaAdeel }_;daqrfeer ﬁnttmtestnasdﬁmmsed nndﬁGamdestissmpkis tapd standard
bet en test_sa and the st af(gard second

samplgs pl 0w REEfPrITERer afv TRoHdeckifino [ ey diarpotgi $fim tickness

c1rc1i1?r{ Igﬁr%deg’ 70 m?HJ:éé‘éﬁ éﬁle@qyﬁ& hehi‘r’:dtfbll & fik&Ptime 8890 seconds beneath a
rated in , test sanples and standard

Phllhm‘erSeW infrated damp pzeMuenQQ sdvonds the demprritdeschfithe nlaq'@e Hhis

t.er CI rcu a 10, T
meayir&iaice a ol huclpBRS R fafroRrEe b fagh e G Boper
surfRENE &l plauhiol |THé51a14a§52Wﬂftécﬁﬁlﬁﬁ alsBifer 1. thaAfopedis BQ@xpose the

seconds the tenperature of the plaque 10 is neasured

plaque L ¢p the Mmp L2 for@Pcieopnsis Jo0ARen elpsesr dde pyroseaierctd 14
automa%ceﬁFy mear%ures The R B‘le erature of the plaque 10 at the point at which the shutter
16 closes. The plaque 10 is supported on turntable 18 that is rotatable by motor 20. The
plaque is rotated beneath the lamp 12 to ensure an even temperature distribution. The
infrared lamp 12, pyrometer 14 and plaque turntable 18 are all fixed to the same
framework (not shown) to prevent relative movement between the components whilst the
temperature data is being obtained. The test is carried out in a fixed temperature

environment, and on plaques that have been stored in this environment, to remove any
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surface of the plaque 10. The lanp 12 is fitted with a
shutter 16 that opens to expose the plaque 10 to the
wo 209p/0337f or 90 seconds, and then cl oses. The PYT/USBDF039569
14 automatically measures the tenperature of the
pl.aq 10 at the point at which the shutter 16.close
possiple luggereotithe part g HBPTENTG AT e AT SHIEEDY 8 fe-fngl PTague
temﬁéé%ﬁtﬁ{e‘?b' e by notor 20. The plaque is rotated beneath
h anp 12 to ensure an even tenperature
di stribution. The infrared |lanp 12, pyrorreter 14 and

t nt abl 18 Il fi d t t
P sl 58 MBSHIEDE N PP DY Rlafies made

fron*P alvge ﬂ)réé"(ﬁff@f%'ﬁp @{f&‘rﬂltaﬁ’ W1y fibrs o ﬁn&&‘ﬂpﬁf(ﬁhpfeﬁeﬁain&hé fange

elng obtained. The test is carried out in a fixed
zerotte mpeusalmsreeomh;v iFoop theedata olztnme@m bl pepsens inveation sherebeas pf the

s SO AR s L SPRYS TR s

the i doRIpIEIRbn QAd K/ﬁ@os‘lﬂg%ﬁ lthePl 6l B on@ BRBHAE PlaguesRe@apreform
val ues are obtai ned nmeasuring the tenperature rise

rehegt vqjmtheglamnmmmrgpf thegasis nlme@éoawae‘ﬂéhbraﬁon line. In
ou S ARAEI 1 RO TR 1 IR UBNREF LY KNSR e

prefbﬂn tdeatﬂbﬁ%[ﬁles Witk el sametigosien aal covfipositien ivanal emge of
gagues was zero, nmnus 6 and mnus. 10 seconds. These

rehegt wmalmaaah@%arh ABUS By TACATRIIRS s PLIPF GRgRRfure of test

oo SRk PR e RGP B0 B0 KRR PhaEe Lyl Etittin

line IpSodub@i ﬁretd standgidvetaquel nmbslhedmﬂ tha'sarhé time. [The G reheat values

experience of this est rel ons
quotgl 5@!&@ %r@ ??fia{’thP%P ﬂgf‘eteah 1p¢feal E@*@ H% 3 BWZ‘H‘EC‘f yfre made to
the SrSdan ﬁnﬁlaﬁoﬁ' %{Jﬂgwé’do%ﬁ? Shé YerRRA aGRERRAId Ibé%l‘lg%&ﬁé ifa

eat va I's always linear. Thus
nwamuadbyﬂmgnﬂhenpmﬂque tenperature of test plaques, the
equi val ent preformreheat can be sinply read-off from
the linear calibration |ine produced from standard

FIUES INVESEL Eﬂzf@itm hktBplagieetebts 'Me rehieg dPfdost gfaaaé of PET from
values quot ed herein are based on the pl aque test

whigj bayerage bottles aisanpiuéastysed dallsche toeanamingsl b5 {45} s Rld (+5)
Sec(ﬁ’gl ymer formulation and viscosity, the reheat val ues
Ul d be the same if measured by the preformtest. By
the I NVI STA preform and pl ague tests, the reheat of
nost 8rades of PET from

For PP, the same test was used except that, in the absence of an existing PP
preform reheat standard by which the test could be calibrated, only the final plaque

temperature itself was used as shown in Example 2.
In the PP blowing experiment data shown in Example 3, the reheat of

compositions made with the different types of carbon black is also compared in terms of

the cycle time reduction observed during the experiment.
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whi ch beverage bottles are manufactured falls between
m nus 15 (-15) and plus 5 (+5) seconds. For PP, the
WG@E2006/052531 was used except that, in the absenceCDUSHNS/039569
existing PP preformreheat standard by which the test
ould be calibrated, only the final plaque tenperature

PETE‘%@IP#) Geler Fest:Mgthodhown i n Exanple 2. In the PP
bl Wer&glo‘f')ﬁ&%ﬁxgﬁgﬁts qeéc’ﬁb%ﬁ‘?#eh gﬁ’?sgﬁ‘@iﬂpélﬁloﬁ'wérg Erall€REAL a

conmpositions nmade wt ferent types of
Gardrmr BAK lodakViess spkamphotypmaatedVibdel N 9000 T hefsamcymcedure was

useiplon a8 MBI FRPHORIN o Kb RB P hoaui SR L lbtrs Hegured
by dleﬂ: ﬁgﬁ@a of g?a%ﬁe bedMEN A/ hSe *ﬁ?@ﬁxd%&&al thredesked BY6r of

w spect rophot onet er Mbdel No. 900 The sane
the p}.eolsnguh@m\’iaﬁsCL&Ie’ﬂ af* and jpf* aigsigsatiml f edlok aodbhghthessh dhe

e N s S

recording the reflected color of the tile using the
1976 CE L*, a* and b* designation of color and

br ﬂ@mp&wg colpris ayseful irdication o dlee mrﬁ@r@cﬂ%qr being ekcomparable
wallgti‘?il flcg?ss i I aﬁleﬂ@‘i’n&%yxﬁ b%/ C'On;&ﬁlopl!i &%lée:ﬁﬁaécg?laues. Color

use Ion orm CO

me26QBRRH\B twe@e Wb Imatibbs Mﬁﬁfﬁﬂymbﬂgraﬁmlmpl Iﬁrthé case@APHETe by
conventi onal measurenent techni ques. Col or

MeagyERIGRIE Ve Bragle pr ZENYISS ik Hie ABRPTPIUS SELS PRIPrechedg Jobid-state
polfbris0® %4 rﬁgénu?éﬂ HEARHERIE 6t MR SollRAGC O HhARM R

€ ‘anor phous st a ore being so
Whia khese shaeed], the sanor] gioashibe betiveert teheatrapdtcaldr iam plagteat plaque

after solid-state palyneri i 0 | st_thes
valuehwere{aken 25 (e Fue i tl%?ﬁ@smﬂ’éﬂg&@ AT 4P fmgﬁ’mﬁ?e
pl aques, plaque val ues were taken as the truest

reflection of the color of the preformand final
Carbon blacks Car bon bl acks Around 95% of gl obal production

i ANRBH 856 b e TrRAREI R £aibop e1GR R pespl om e Fumace and the

Chaﬁﬁ’él 1 pB béé@ (BerSifiafidrYERACE ¢ SIRRAVAN aeiBurhaceGArAMblacks”).
ks made by these processes have a prinmary particle

Carlamdﬂml@ made bytthese grapesse® have a primary particle diameter in the range 10

to 100 nm depending on the individual process. In contrast, a more recent and less
widespread production method known as the Thermal process, produces a larger primary
particle with a diameter in the range 200 to 500 nm (hereinafter referred to as “Thermal
carbon blacks™). The difference in primary particle size between these two forms of
carbon black is a consequence of the different conditions in the respective manufacturing
processes. Preferably, the 200 — 500 nm particle size carbon blacks used as reheat

additives in the present invention were made by the Thermal process.
The “primary particles” referred to above are the smallest, irreducible particles of

material that constitute the carbon black. It is well understood that different forms of

carbon black exhibit varying degrees of aggregation of these primary particles on the sub
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to 100 nm dependi ng on the individual process. In

contrast, a nore recent and | ess w despread production
woreiokosesknown as the Thermal process, producesP@Er/Usz0g&039569

primary particle with a dianmeter in the range 200 to

500 nm (hereinafter referred to as "Thermal carb

mictgp gad wyronﬁﬁ@e dT herd&ggi‘? thif aEHPRAIOY i KRR fLieSp S Enificant
inflRRLYGERs ﬁc 5 o O\Qéve? DR eRhawK that t&s has little influence

conseque erent’ conditions in the
on thieagpieat andeabsmptlf/capjtopermg opcabesklesk wheefieelalispersedhat very

200 - 500 n | e ze C n_ bl acks ed. as
low FRIEA ARSI PR ?Pﬁ’, ?@fﬁf’wsggﬁttg? ROBHE BTGP GV
lwa%ﬂﬁmagﬁﬁﬁth VRG8Stat. The "primary particles” referred

0 above are the smallest, irreducible particles of

materi al that constitute the carbon black. It is well

ol b peepriRhe BEtBENB aor egat i on of these

Pr BB Yolpadel PEX 88mPRs w@erﬁmfm&ﬁﬁ@ﬁ@@a}t Rn@ha6on $erlBade on a
The degree of this aggregation is known to have a

70 Kegi sgalefhatchrmeadtert | Théheansists Qﬁtyoﬁﬁg@iﬁé afirrpdl yersels| the first for the
s R Fol R0 U At Lhabbhgne

prodat@gie “tidnier ngldthél sedoad $@1dhé1pol\yﬁfeﬁszitmﬁ ¢fahe pphomadr umlsr
in PET or PP, and hence onl){ the primary particle si
G

vacuuan theredwaftar refered o a&ﬁ}w I RGlBE k- of ithripe BXAsaLioRpidhg car on
blacgﬁ@ aeddﬂnve Fﬁ) % e%qg (hi§ E)ﬁﬁ%l@ et HaBO3 50 PRUER"

strate t present 1 nvention were

fonﬂﬁMiﬁm@ﬁndiuﬁdbrlﬁg:nscﬂlmoctmt cénditbast or . Thi s consi sts of

two separate stirred vessels, the first for the direct
esterification of terephthalic acid with ethyl ene

@.' K& BERYe r@ﬂﬁnc REQSS. %@g {sOpHhARULS] hufte20 RGBT BIhylene

the seco he polynerisation of the rononer
glycuhwieue charged o (theslenfla:ﬁttaarvetswﬂ end rdcted at25Q Gand at 40 pounds per

aut ave t.h the exc n of the carb bl a
squ SR AP AN erig |PFOSSHE @ﬁﬁ% S Phw it %acg?fgﬁg?%ﬂéﬁéom the
reactiB BriNtutd) TRERbdeE Mas t%%ﬁt&%ﬂ%‘&tnﬁﬁﬁhéﬁ&%&ssh@&fﬁﬂllofﬂ g of
process conditions. 59.3 Kg of terephthalic acid, 1.2
phospgons oqiftadded andasticngd amid tlZ@mOnMgerdb agt #5the pelygiey glapiliser. The

contg?ts Qgﬁneés%@cgt?ontﬂh?%i)eg Ehtﬁ:geg hfﬁlg %@%{aﬁ%}o t%s %e{?cﬁgg v)’hgx%clb% g
anﬂx?gﬁ?ggggﬁ:%dr (‘gl;nd%tf&%ﬁéﬁﬁtwﬂ ththly8t) M aﬂ@ecm‘n tieform dfadobﬁeﬂ in
ethylene glycol and stirred into the mixture. 0.14 g Clariant Blue-RBL dye and 0.07 g
Clariant Red-GFP pigment were then added as the polymer color toners and stirred into
the mixture. Finally the carbon black reheat additive, to give the desired concentration in
the polymer, was added and stirred into the mixture. After all the additives had been
charged, the autoclave pressure was slowly reduced to the best possible vacuum and the
temperature raised to 290 C in order to carry out polycondensation of the monomer. The
polymerisation reaction was terminated at a target melt viscosity of 0.60 di/g as

determined by the torque loading indication on the autoclave agitator. At this point, the

molten polymer was extruded, quenched in a cold water bath and cut into granules.
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reaction m xture. The vessel was then restored to
at nospheric pressure and 10.5 g of phosphoric acid
w@odwensamnd stirred into the nononmer to act as PEEUS2005/039569
pol ymer stabiliser. The contents of the esterification
vessel were then punped to the autoclave where 19.25 g
antinony trioxide (the polynerisation catalyst) was
ad ' i I
ot 1 LGk 1S i o bb bt RO e
slurrdesdn @thyTeng gGlcat waith WRerd st @i g 8Bntrsovehigh thean naxktddr apenod
t he pol msr col or toners and stirred into the m xture.
of at#?%af e bear Biing Faased BTkt u oA , CQGC it REslurry
was il rﬁf‘é%lf%?%ﬁ?% Gk Q4 52T YBPBAIE Eftnt
possiakty of lseftlgedor agglomaratoml. ave pressure was slowy
reduced to the best possible vacuum and the
tenperature raised to 290 Cin order to carry out
POLY K KiRARAbT B a@ﬁor%»mS HRSEEH -weld fo-pOlly MRS A theOblid-state
reaction was termnated at a target nelt viscosity of
ata @n@@raﬁmr,eg)f 340 ganerfhiigrdgd pacton @yhp@rtag dowor{aiitigen was sufficient

to ﬂ‘{“ﬁg’e :f[%el pgym n grggrte@é \L;goec}lérgveess ) {e%}élgréart]%cﬁ\gv nhl!hg gglgjng%’had

reaché@t zﬁfargw&ﬁéltmoﬁlw of MBY dig,an lﬂrlcﬁﬁatémby’rlbblyﬁﬁs ﬁﬁnﬂléketaken from
carbon black slurries were prepared in the formof 1 %

the rgpfpreandrpeagyred eney IAgiespet Meﬁl‘c\éﬂsc%?t%at\@lsg stirred on
a Silverson high shear m xer for a period of at |east
two hours before being charged to the autoclave. The
cob rl@sana;ﬂnmftth@t) 88 Idﬂ/grsyhdvstateipmlmnﬁrmbd lrgsilweblg hiegd dat 4 hours
othe aut clav rostirrin revent
ot 1K) a0 Befgror et infi s B e To Praiignios bide Gt DB oh e
Kru}?iﬁt[@ﬁsﬁéle SBewARICADR HRHuRBREMEARAE T8 plaques were clean and
e-polynmefised in the solid-state at a tenperature of
free ofl Qurface wortaminant; bedihade upperand lewerrserfateswReheat and color

nitrogen was uff to fluidise.t ol.yner
meafreETES e HERE Pl e E ot SRENE 18
had reached a target nelt viscosity of 0.82 dl/g, as
i ndi cated by pol ynmer sanples taken fromthe reactor
an Allrm’atleE"ﬁ plaque r@méarpicnodorldmatfomfm@mee mage fegepregent

es_ of .t 8 sql i e
invefyr AERATEn G TR 1o Fable 17 08 Sptobn BB o oIR8 idine o
manbft@rifig Proces (!E’lﬁrriﬁcé Or ThereHaBmRt elie Wikleryglaggdle &hﬂﬂtﬁ@ gladfed
a Krupps KR35 single screwinjection noul ding machi ne.

by theyaaifggteiglies were cl ean and
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free of surface contam nants, and had fl at upper and

| oner surfaces. Reheat and col or neasurenents were
woree/ 052371 hese pl aques usi ng t he net hods descrP@BEUS2005/039569

above. All of the PET plaque reheat and col or data for

the sanples nmade for the pre i hventi o re shown
i n Thable 11- PEL ptaguereheat and E‘g?’b@% ab(%éé e grouped

accordi ng to manufacturing process (Furnace or
Carbmcﬂal ARtk RypTRIAGaiRE t i hdaR paliidie et erpisduai Medidave Plaque Plaque

t he manuf act ur er. Tabl eledel FppRETdignetsgiamr ehehéatanid color a*

data (Exanple 1) Carbon bl ack (dvanutskctedrur(@eanBytpss)
None Addi ti on Mean parti-cle Plaque Plague Pl aqueo?Plaqgi 8.1  -1.1 41
None | evel / ppmdianmeter / nmreheat /- s L* a* bo 809  -07 4.8
Printe{ Faphblf adtegitser ) (rmeawe4 tests) Noned- - - 0.-2083.1 8221 -11 52
PrinteIF dphNON@egussa - 1.1@m&B. 9 -20.7 4.8 Brintex F -4kpha 764  -10 6.0
PrinteBphs Sa Tegiksaace I1Fudbee- 1. B 80.2 -12d 5.2 Pritex F 729 0.5 52
Printe@lF pfha Daggissa Furiwaee 2 20 -4.2 7604 -1.0 690 PrintéXx -03 6.7
PrintefF @phpha epgussa Fuwmaace F 20 -6.12072.9 -0.598. 2 640  -0.1 8.7
Vulcal$ | Nt ex dabodll pha Degessa Burnace 5220 -9.0 6760 -0. 381 -1.5 6.2
Vuleaf6 7 Pri ntiex F al phmad®egussa Furnage 5 20 -918 64.0766 09 66
Vulean @. 1 8. Tabdul can GFu@adot Furnace 1294 -2.6 784 -1.%35 03 78
SpecidbBlZkWul d®ens® Cabofumbgrnace 2 24 -337 7 -979 6.6776 04 4.2
Specid/Blksan @e@abot Fufumace 5 24 - 10. 42%3.5 337.8 748 06 4.8
SpecisGplatsital Biwsek 4 Dagessa Furnace 2225 - 7756 0.46432 04 67
Elfex@eci al @oack 4 Dégessa Purnace 3225 - 7468 0.674%8 14 78
Elftex@ffeci al @roack 4 Dégessa Furnace 5225 - 6743 0.4%l7 4 75
RavenfSPq t ex 2BMmbiahot Pfeace 2 25 -1.8077.6 -1.487.g 76 00 89
Monag) Ppex X8I Cabot PFfiace 5 25 -9.4°66.1 -0.4%7.5 péfbn 0 o

Reveng@) Col (fietsmeife Furlfieree 5 40 -2.8 716 0.0 8. 9o 01 62
Raven 410 Columbian Furnace 5 -7.1 71.8 -0.8 6.8
Carbocolor Cancarb Thermal 5 250 2.7 79.3 -0.8 4.1
Carbocolor Cancarb Thermal 8 250 =17 74.2 -1.1 4.9
Carbocolor Cancarb Thermal 12 250 -12.2 69.7 -0.7 4.6
Carbocolor Cancarb Thermal 15 250 -15.0 68.7 -0.8 43
Thermax Stainless Cancarb Thermal 5 250 -3.4 79.5 -1.2 3.9
Thermax Stainless Cancarb Thermal 10 250 -9.5 73.6 -1.0 4.4
Thermax Stainless Cancarb Thermal 15 250 -12.8 69.8 -1.5 5.1
Sevacarb MT Sevalco Thermal 5 300 -2.0 80.9 -1.0 3.5
Sevacarb MT Sevalco Thermal 8 300 -6.5 76.2 -1.0 3.6
Sevacarb MT Sevalco Thermal 15 300 -9.3 74.3 -1.2 4.5
Thermax Stainless Cancarb Thermal 5 250 0.7 82.2 -1.4 5.1
Thermax Stainless Cancarb Thermal 10 250 -9.1 72.3 12 51
Thermax Stainless Cancarb Thermal 15 250 -15.5 67.6 -1.1 2.6
SCD530 Pureblack Columbian Thermal 5 250 22 80.6 -0.9 42
SCD530 Pureblack Columbian Thermal 10 250 4.4 774 -0.7 42
SCD530 Pureblack Columbian Thermal 15 250 -8.8 73.7 -1.2 4.7
Sevacarb MT - Sevalco Thermal 5 300 -2.6 80.4 -1.2 4.3
Sevacarb MT Sevalco Thermal 10 300 -6.6 75.1 -1.8 4.5
Sevacarb MT Sevalco Thermal 15 300 -6.8 752 -1.0 3.9

Figure 2 shows the reheat versus L* relationship for the samples of Example 1.
Faster reheat is represented by an increasing negative value along the x-axis. Increasing

darkness of the polymer is represented by a reducing L* value. The relationships for

14



10

15

20

25

30

Monarch 120 Cabot Furnace 5 75 -8.5 68.8 -0.6 6.6
Raven 22D Col unbi an Furnace 5 83 -7.6 68.7 0.1 6.2
woRaope052510 Col unbi an Furnace 5 100 -7.1 71. 8 -PCBUS2085/039569

Car bocol or Cancarb Thermal 5 250 -2.7 79.3 -0.8 4.1

Car bocol or Cancarb Thermsl d 250 -7.7.74.2 -1. 9
Furngeg Hiddiesmaleeatt Haskicrmhighkyinsapandignits disgingt. Té‘e?T hergal
carbgiﬁf)@angs)% g% gwgg&, kﬁ&-agﬁgvg F‘i%h &golﬁg&r at’laﬁlg%n% IZveI Q)f $e}ﬁ]:a§than
the Burfac haboablSka(linedsn GiGcdx Forkeample, 4.0 r@fﬁ(at ODmSIUESOG

4 Thermax Stai nless Cancarb, T

secon%sQagl ARl guLrgntgnanuiacEIng TEAYT W%%\E’E%reﬁﬁg i %8%“68
Them%ﬂ anﬁﬁuﬂacelcag)b&l BDlacke\asyuR 8 Mﬁl@eTﬁé TRrhABEAFBbn 81a3 ave

.6 Sevacarb MI Seval co Thernmal 15
supen@rB*@'ﬂf&mahpelmmEréFMrnax St ai nl ess Cancarb Therrml
250 0.7 82.2 -1.4 5.1 Thermax Stainless Cancarb
Thernal 10 250 -9.1 72.3 -1.2 5.1 Thernmax Stainl ess
F%fetB R 8E rebea2alsus b8 rélafdnsBip fbr theda mmample 1.
Pur ebl ack Col unbi an Thermal 5 250 -2.2 80. g 0.9 4.
Increaeing 3@iness efithe tdsinGs Ireprpieated tyemnasreaingmByitive, \@llw.)mthe a*

2 Pur -
ois” A TRER P SRl A TR TR MR RO 25 1.
units. 2HE&wSRr, dinedr égrbsSoDlMEGROE dMisifg walka thelanam catiibn3flacks
.. -6.6 75.1 -1.8 4.5 Sevacarb MI Seval co Ther 15,300 .

with fgster refpap (ling 43 i FIGF? byt Bt e TEAGH CPRIOB pLacks (ine
40h{p¥§§:onship for the sanples_of Exanple 1. Faster

re is represented by an increasing negative val ue

along the x-axis. Increasing darkness of the polyner

is repr ente by a redu Th
- SFESh S dahe YiRus by et o e 951 of Bl
IncréHsﬂllglyﬂlJ)\bH@s@ lof #adedHid RpRk&litd6Y an ffRading pBEtive value on the b* -

" axis. Again, although the relationships for the two forms are more scattered than for L*,

the b* is always higher for the Furnace carbon blacks over the whole reheat range.
Therefore, the Thermal carbon blacks gave superior color on the basis of the yellowness
of the resin. The linear regression lines for the two forms show an increasing trend with
the Furnace carbon blacks (line 52 in FIG. 4), but a flat trend with the Thermal carbon
blacks (line 40 in FIG. 4). Thus, at increasingly faster reheat, Thermal carbon blacks do
not impair the color, whereas the Furnace carbon blacks lead to an increasingly yellow

resin.

In considering Figures 3 and 4 it is well understood that a* and b* of the PET
produced on a batch reactor is more subject to variation than L*. At an otherwise fixed
composition, L* is primarily a function of the type and level of reheat agent used.
However, a* and b* are influenced by reaction temperatures and other factors during melt

polymerisation, solid state processing and injection molding that can lead to degradation
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carbon blacks (line 30 in FIG 2) show |lighter polyner

at any given | evel of reheat than the Furnace carbon
whbk@eks2s(iine 32 in FIG 2). For exanple, at aPCEHOSRD5/039569

of m nus 10 seconds, a typical current manufacturing

requi renent, the differ e .i.n L* bet n Th and .
of the i BB DBHA TR A _%%%htalﬂé’ RS0 DY G FECSS in the
levels¥F BQ&ECPI!oﬂ&kaﬁldQHéﬁﬁ cGBREARINs ktaiRBd A8 BREEpdIPmENE

resin. Figure 3 shows the reheat versus a*

relati onship for the sanples of Exanple 1. |ncreasing

redness of the resin.is represented by .an increas

ol ERomBlsah oity B e oS EBnE Sy Mg fRlcL R L PaRLA, o
of cAbSBlabk ¥@diliah 1e98] dindl rebdtWhich MEghtaRABbRLL B dedrtdridae fo
1.5 units. However, linear regression |ines show a
inaceurgdiesyinaarticor bladkeaddifiondeec] oa diitarensesinidhe vitentigndeyd of carbon

vlack R et b Gnirn s b oY ffs ool Grg 4"

shows the reheat versus b* relationship for the
sanpl es of Exanple 1. Increasing yell owness of the
r edhe dpta frasp Fxempleclcanbefen pcmensspagteseurs digtingyished by the
e b* axis.. Agaj ] [ [ f .
manffhebiff oy B QAP i B PR o ek 6 B BIRR, R Fhus, i
termis 9f HewawSabtogheneifatly uhtestbud rabethe ardsoimdreank sndagns of resin
t he whol e reheat range. erefore, the Therrmal carbon

\ T
COlObIt%R%L?j&Oébgu'ﬁtﬁmélrcaél?ﬂ“otﬂa‘éﬁ AW 2p yasxpegiedigigar improvement
' I ; ession |lines
Over%llﬁ}rrh %ﬁ"éﬁmﬁ%@(ﬁ? éﬁ’g\%v%ér?}r%ﬁlg lFlﬂela [ nvg h??%nd wWith the
Fur nace carbon blacks (line 52 in FIG 4), but a flat

t d with the T I bon .hl ack [ 40 i
L T IR 1 000 26450 bl Ao S fr o
Furfé@é Pﬁﬂoﬁbﬁegsswﬁg ?U (ﬁ&n HdFRAk Sizkh $1eaed BB impRRERREAL $Hd%n in
ur on acks d

nace car lead to an increasingly yellow

Examgki Inis only danwistteteil aga patjolesizedfankast 250 nng wel |
understood that a* and b* of the PET produced on a
batch reactor is nore subject to variation than L*. At

Exa Doy eti€d conposition, L* is primarily a
?{Ji)#g%l gﬁ“&%@?#g type and | evel of reheat agentyused.
HoRB\cempoaitioas tp demansigate it preseué thvegtiqnewereipsppared by

com%)glimd%gaéi%e?e%t yr%)%s 8% ga? onf l;?l%ct;l?fn% ﬁ%ﬁ&(ﬁﬁo@dl&propylene made by

Borealis. 5 ml of liquid paraffin was added to 5 kg of the PP granules in a bag blender

that was then tumbled to coat the granules with a thin film of paraffin. The carbon black
was added to the coated granules in an amount to give the desired concentration in the
final composition and the bag tumbled again to ensure an even adhesion of carbon black.
The coated granules were then cdmpounded through an APV MP2030.twin screw
extruder, where the extrudate was quenched and re-cut into granules. This intermediate
material was compounded again through a Boston-Matthews single screw extruder fitted
with a 4-section Cavity Transfer mixer at the outlet. The extrudate was again quenched

and cut into granules to provide the final composition;
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15

pol ymeri sation, solid state processing and injection

nol ding that can | ead to degradati onof the resin.
wo-oblsas7yari ation in a* and b* will al so be cetEEs2005039569

small differences in the |evels of added toner and

their concentrations retained in the fjnal gﬁ%g@;\ér In
ExEIfgres Wewsrnguldereirom| these SRERPHIRRS Me HIHRAT fifuder in the
¢ .

sam G0 UHBAPHEEA ERefib, P RERLPAN U Ake R vere
mads oAtlicse pﬁ!qaei wsing e enstiagis eISSGrfbed: alsdo@n "Jtﬂeataka cldaned ﬁon these

| evel or differences |nth retentlcﬁ ‘b\é Olf car
sampjenpte shawp pis Trbla 44 WB%rﬁﬂPf‘ere gtds ptechihe dmplp %“eéﬂawfat“fe
As if ITE? e 1502 PERNHRIcBrbon I%?acgéﬁ&dftB HREXRAP 'c@méoéil%hs%e $@8ped

WO separate groups distinguished by t

acconding tcathtemmuyy patitle, dianetehepiceedtbyshersanufranérc| e

di aneter of the carbon black. Thus, in terns of the

two factors generally understood to be the nost

| mpor e 2 nﬂpwq%%eﬁéatfa‘i‘ﬂ leh (EkAdpld B L* and

b*, Thermal carbon bl acks show an unexpected cl ear
i mprovenent over Furnace car bon bI acks at_any |evel of

Carbprobjagk: iMmlW&ﬁ%ntTVPq:ur lclfcks"!(%l“f’ aiOd’ 'T_%‘h’ P'aq“e P"‘l‘)ﬂ“e
particle size do not sif e??'B?f e %m p ce
__carbon blacks with 20 nm part j (P ?Teea" etsﬂg 03 53
"*i nprovement shown in Exanple 1 is onI y dem)r61 ;[rat e(iﬁt 0'1 3'3
None . .
a particle size of at least 250 nm Exanple 751 04 68
NonePoI ypropyl ene PP conpositions to denonstrat 92 he o o1 13
ent nventlon were pr pared by,conpound
P""tegt é‘r enE pes o %ar bon, bl ack |>r§go RE420 ¥ ;gf g:: Z:g
Printe S/prop%e es?ae mad QY Borgalis. 5, of ligyd 652 1.7 8.1
‘5}1 adde to 5 of the,PP granules,in aag 4 92
PnntegEa] ?% € Lﬁr
rrnte FGHder g al, was en t l ed to ggat the gragpul es 539 12 10.0
printeWVk 4D a t ég”s ilm JRar af]I bl N. The,garbon bl acKk was s34 24 96
Printe gg nsga coat gr anujses I n apyanount te4g| ve tibe 2.8 102
Printe Eﬁbﬂaed & centraglon in 2tohe final,gconposi tkgn andsghe sp 10.0
Vulcad 89 turrbE &agal NrlQcENSUEE an evep adhesi og;of carhgn oo 8.7
vaucaRback. Thg,coat edpgranul eg were then conpourded 531 15 107
Vulcah BT ough AR APV MPRH3Q twifg screw ext ruder, where thes 26 104
vuleaB ¥t rudat g;pas quepghed ang re-cut ahnto gr anui(es Thizs 33 109
Flfex 264 € Mediabe mat efdn@de Wasjpconpounded agai n g ough sa7 2.5 8.9
SpecidPORk @0~ I\/ngtlslghevvs Stdaglee sceew extruger fittedssm th a2s 1.3 10.1
Specifl bigR @41 OPeghsdVi ty HEansf eriom xer absthe outlets The 545 1.9 12.1
Thero@X §ihiblehalt €anW¥@S agatHm@uenched 250 64.8 717 0.4 6.4
Thermax Stainless Cancarb Thermal 10 250 67.3 68.4 0.4 6.2
Thermax Stainless Cancarb Thermal 25 250 72.6 59.5 0.3 5.6
Thermax Stainless Cancarb Thermal 50 250 80.1 47.4 0.2 4.4
Sevacarb MT Sevalco Thermal 5 300 64.2 73.1 .0'4 6.2
Sevacarb MT Sevalco Thermal 10 300 66.1 70.8 0.4 6.1
Sevacarb MT Sevalco Thermal 25 300 70.3 64.6 0.5 6.0
Sevacarb MT Sevalco Thermal 50 300 75.4 55.0 0.3 5.2

From the data in Table 2, Figures 5, 6 and 7 show the final plaque temperature
plotted against L*, a* and b¥, respectively. The same relationships between the reheat

temperature and individual color components are shown in Figures 5 to 7 for Example 2
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and cut into granules to provide the final
conposi tion. Pl aqgues were noul ded fromthese
W@ 09p0sisv: ons on a Krupps KR35 extruder in thePGHDB2005§39569
as described for PET in Exanple 1. Reheat and col or
measur enents were nade on _these plaques using the )
as wemetshows inlEigurasized aad dvieom Framplgtla Aerini the datashow frg distinct

sanpl es are.shown . n,Ta he r i
grouf ating ki hE SR Rpbg B LanbiaBhpotlon) G Ehabiy carpon
blacksXhoRig hibhe [caah@ bvdrae kad Wsed bt ehamethe Fuhese carbon blacks at
conpositions are grouped according.to the [

any giaen Jevpkofdphasbt Theralahfarben blyckstberafong pBERRGPEY el papesior

. - PP .plague rehe r data (Exanple 2) Carbon
remb‘_f%%ﬁﬁl@ﬂﬁ ecstameg‘%aﬁ{‘}ggc% dition Mean particle Plaque
final Plaque Plaque Plaqgi level / ppmdianmeter / nm

tenp. / CL* a* b* (manufacturer) (nean 3 tests) None
Example 3 —d’plyprppylgne prformdlaging . - - 61.8 79.4 o? 1 3.3

No - = d 5
Rt pfSeht BvéntBnSn Neyifical bottte Fdedds, ARIOp@fokm
7. g%g;efnr?Pse§ %— alppﬁsg [)leaussa Furna%ae 1 Ze 6(431.56172. 0.4

blowgn%)e)gfe@rim’:eaxwﬁs peltrﬁc:]rmeg:lgmgsmefﬁunmeld’@di@%M%OfﬁB@ 10.5
.3 . Pripte . E
e e B NS BEISRSES s

containldn&% PhdZhialE £¥or 1AL MR JPBEYS §Rartify BRCRhAA ad@antdge4onferred
53.9 1.2 10.0 Printex F al pha Degussa Furnace 10 20

by tigdiffefsdt Blagksah@expeFimant #xs Fet 4D th Eepeye sheareystion di thepreform
20 74.3 45.6 2 10..2. Print. F rnace
heat 3 tispe F%Gﬁ.sg’les‘é.g%g R i?bfef)é%ﬁrygﬁlgg@oﬁ%ﬁ? ﬁgtélg% 24
67.6 64.6 0.9 8.7 Vulcan 6 Cabot Furnace 10 24 71.4

53.1 1.5 10.7 Vulcan 6 Cabot Furnace 10 24 71.4 5%5%
2. Bhe @xperiment was carried out using 23g weight preforms from whic Oml

volume bottles were blown. The preforms were injection moulded under typical PP
injection moulding conditions at a melt temperature of 220C and mould temperature of
15C on a single cavity injection mould machine. A separate laboratory blowing machine
made by SIPA and specifically designed for the production of PP bottles, was then used
to blow the bottles.. The blowing machine had two infrared heating ovens separated by an
air gap to pre-heat the preforms to the temperature required for blowing. Each oven had
a maximum capacity of 10,000 watts consisting of 5 x 2000 watt infrared heaters
arranged vertically to heat the full length of the preform body. The preforms were spun
vertically on rotating holders throughout to ensure an even temperature distribution. In a
continuous procedure the preforms were passed through the first oven over a period of
about 60 to 80s, through the air gap for a further 60 to 80s to allow the temperature to
equilibrate, and then through the second oven for a further 60 to 80s. After another 10s

equilibration in air, the heated preforms were finally delivered to the blowing station.

To measure the cycle times, both ovens were fixed at 8900 watts to give a

combined 17,800 watts output. The cycle time of the complete heating and blowing
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Vul can 6 Cabot Furnace 20 24 77.0 37.3 3.3 10.9 Elftex
254 Cabot Furnace 10 25 72.0 53.7 2.5 8.9 Speci al
whb@eks24721 Degussa Furnace 5 25 66.8 62.5 1.3 ROI/1S2005/039569
Speci al black # 4 Degussa Furnace 10 25 69.8 54.5 1.9
12.1 Thermax Stainless Cancarb Thermal 5 250 64.8 71.7
processav . thermasgystedksoghal the E51 spiH drthe Miséenmslin iy 9/sps BaveR

68..4 6. 2. Ther . ' 50
remppiredit o8yl AR OBES o BRSAL O BForcfon ™
tempeiuRQo Actidveh® best bldlwibg partaiinbl isSesialmdersidwet tyathoSe skilled

300 64.2 73.1 0.4 6.2 Sevacarb MI Seval co TEer mal %%/
in thgeg- bthe préomn tprupegatyrede (prdaw bthpPrEeya cayoThe FoRPleity blown

. 0] i ) ! ; )
Gl 58 e b R A o
leadinig@u v @xdabi théckassh (Zf thdrbowtlé hfallf s phpthedimeregeired torleat
BTN TN T T
contgﬁ ?g‘é&%ﬁg& n%eﬁ'g&gﬁlaa@ HRRACTHE cHEIB (iRROWRirgh obdeBHEdgdr 5 T 0

as were shown”in Figures 2, 3 and 4
compositiviEcantinengl varkgailevelstdie MimaeshhontblaskdDsgusae Printex F

roups_according to t t of carbon black in t
2o RGTHTOR] o DISe et PEERET P A LB APhY i Gl 3
and %ﬁaghi@ﬂ@y OB’ TREe LAVEH bIRCKsIHARE nidAf phttictasRs @anband 250
cks "at any given |level of reheat. Thernmal carbon
nm fespecligely.her ef ore unexpectedly yield superior resin
color in PP in the sane way as in PET. Exanple 3 -
Pol ypropyl ene preform bl owing To denpnstrate the
PAKIE 8L PP Pl‘ﬁ'ﬁfmqnowmg’ﬂ'c)fcléﬁhﬁé rediitioncddth CEaBpled) PP
preform bl ow ng experi nent was performed using
c bprelforrrs noul derderomtV\_@ of thcra‘ go_nl'positileo_ns .
arbereRlied pdnuREYE” Thife cdfiion ni YRpn2 'ﬁﬁan%ﬁu éggpﬁp Bratet
trol/ Yo

vel / r/am

and the other containi n‘(’; 5P"1'flerrmf Gah c@ In
. manufactur
_order t Q qluant i f¥ t he reheat, ‘advan agé conferrgg, by
Pnntef( pla- é’% Sé?,] ur?(ace 5 . 0 . 65.2
P i ff t bl ACKS t he experinent was set up,;fp
rinte Ehhﬁr e FRE r edulFi6h in the prefor o 238
Printex glp a Degussa gumace % P m 20 444 32.0
Printex F alpha Degussa Furnace 50 20 48.2 15.5
Thermax Stainless Cancarb Thermal 5 250 16.6 71.7
Thermax Stainless Cancarb Thermal 10 250 26.7 68.4
Thermax Stainless Cancarb Thermal 25 250 36.8 59.5
Thermax Stainless Cancarb Thermal 50 250 44.1 47.4

Figure 8 shows that both types of carbon black in the PP lead to significantly
reduced cycle times. However, from the different gradients of their respective plots
(lines 90 and 92 in FIG. 8), a similar cycle time reduction is achieved at a higher resin L*
by using the Thermal carbon black (line 90 in FIG. 8). These plots are therefore similar
in form to the L* versus plaque reheat relationships in both PP and PET. Hence this
Example 3 reinforces the observations made in Examples 1 and 2. Thermal carbon black

unexpectedly leads to superior resin color at any specific level of improved reheat
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heat up tinme possible whilst nmaintaining satisfactory
bl owi ng of the bottles. The experinent was carried out
wWa@ging3233y wei ght preforns from which 500m voPCIES2005/039569
bottl es were blown. The preforns were injection
nmoul ded under typical PP injection nmoul ding conditions
comparech tavgyrnaceegppindilagke anst thppdi€iersnge pavhehowima pdriftigalof
1eﬂ}5CbPQfa §'gg£§ cavity injection nmould machine. A
p srglpaPatnég 1'ahor 4t or y bl owi ng machi ne made by SI PA and
speaé inveatiby haasbgnradtried by lietapled desctipton afd &Rmples of the
bottles, was then used to blow the boft

] | es. The .
prefesreshgorkpdiraentsn ¥ ahens abapegsin fegband ek W{:}ie BWH‘gm the skill of
i i: -

persFRARIFHE ot RoRE B B B bl AR O T g and

not byeike destripapmof thy epdmples 00hevmtfesed emboditienty. of 5 X
2000 watt infrared heaters arranged vertically to heat
the full length of the preform body. The preforns were
spun vertically on rotating hol ders throughout to
ensure an even tenperature distribution. In a
conti nuous procedure the preforns were passed through
the first oven over a period of about 60 to 80s,
through the air gap for a further 60 to 80s to all ow
the tenperature to equilibrate, and then through the
second oven for a further 60 to 80s. After another 10s
equilibration in air, the heated preforns were finally
delivered to the blow ng station. To neasure the cycle
times, both ovens were fixed at 8900 watts to give a
conmbi ned 17,800 watts output. The cycle tinme of the
conpl ete heati ng and bl ow ngprocess was then adj usted
so that the tinme spent by the preforns in the ovens
gave a tenperature that permtted the optimum bottle
to be blown. Control of preformtenperature to achieve
t he best bl owi ng performance is well understood by
those skilled in the art. If the preformtenperature
is too low, the preformcannot be conpletely bl own
into the bottle nould. If the tenperature is too high,
the material distribution is poor |eading to variable
thi ckness of the bottle wall. In this way the tine
required to heat preforns containing the carbon bl acks
was neasured relative to that required for the contro
PP with no carbon bl ack added. The cycle tinme savings
observed for conpositions containing various |evels of
a Furnace carbon bl ack (Degussa Printex F
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al pha) and a Thermal carbon bl ack (Cancarb Ther max
Stainless) are shown in Table 3 and graphically in
wo-e@ans2s82 These carbon bl acks have nean part i PCBUS1008639569
of 20 and 250 nmrespectively. Table 3 - PP preform
bl ow ng cycle tinme reduction data (Exanmple 3) Carbon
bl ¥aclpmruf act urer Type Addition Mean particle Cycle
time Plaque L* |evel / ppmdianeter / nmreduction
from (manufacturer) control / % Printex F al pha
1. ApgussiFol tormagepddypdOp Aéndobol Zethyléntt texephthal apdh@sibe gtiths a
Furnace 10 20 31.0 53.6 Printex F al pha Degussa
imprqysd achest payformancez 00MPRFiNgt ex F al pha Degussa

Fu : . . '
skt cils Enirford 25D ol bR B pBaRoh@N SRR on the
Theeight oflhe 2&6h cuposdndindhdingahke Girleombleds wlaredmthe carbon
Ther ma{l 25 250 36.8 59.5 Ther max %@ai nl ess Cancarb
ThekeplaPasspmegppariicly digmeterqlq 1astg08mFhs t hat bot h
types of carbon black in the PP lead to significantly
reduced cycle tines. However, fromthe different

2. Tyeanktbod ef dbint hevhereinsipecarbureblptlotas a(theangsar@fe diached2 in the
in FI% 8% (? simlar cycle time reduction is achieved
rapgePE0g PO B | » by using the Thermal carbon bl ack
(l'ine 90 in FIG 8). These plots are therefore simlar

in formto the L* versus plague reheat relationships

3. Tihe rheshéd eirclaindl, PEEreipidinearbor blaghkaspl mead pagticlé draggter in the
t he g%g@rtvs{)(d ons made in Exanples 1 and 2. Ther mal
TEAt A ]ﬂm'e-xpect edly |l eads to superior resin
col or at any specific | evel of inproved reheatconpared
to Furnace carbon bl ack, and this difference can be

4. Tdrapathodoizclpimab twhesgin pheegashbon Plpekvis mpdsiby sathesmal pragess.
i nvention has been illustrated by detail ed description
and exanpl es of the preferred enbodi nents. Various

5. Kpeigesmade fromtherdindabaidedwylthe ethotoichirmle skill of

6. A bottle produced from the preform of claim 5.

7. The bottle of claim 6, wherein the bottle has an L* above about 45, an a* between

about -2 and +1, and a b* between about 0 and +7.

8. The bottle of claim 6, wherein the bottle has an L* above about 60, an a* between

about -2 and +1 and a b* between about +3 and +7.
9. The bottle of claim 6, wherein the bottle has an L* performance superior to an L*
performance for a bottle formed with carbon blacks having a mean particle size below

150 nm.

10. A thermoformed article made from the resin produced by the method of claim 1.
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persons skilled in the art. Therefore, the invention
must be nmeasured by the clains and not by the
waele®e5sr: on of the exanpl es or the preferred PCT/US2005/039569
enbodi nents. W claim 1. A nethod for formng
pol ypropyl ene or pol yethyl ene terephthal ate resins
with inproved reheat performance, conprising: adding
Sl . .
1. 4 ok iubh Sfeth Knp BB R HolBlGltne BrofiRAR gosim o o
pohgdroplylag redie, aifrisind| ack, wherein the carbon bl ack
has a nean particle dianeter of at |east 200 nm

2
ThE)REHBE2 S1SUE Fampesitionhal Bf A HEB £ 1B AR WRight of
1B . : B :
3. CRBRDIE VRl SITRE eIl I AR 9B ppbaabbpho ity Okl
a whareipte cabbe biickrims e mean pitieler dimpeteoin 6 Ganige 08 Om 200 to
nm, 4. The nethod of claim1, wherein the carbon bl ack
i's %B’é]’by a Thermal process. 5. A preform made from
th?o)rf&%hiﬁg Q%%Hﬁﬁ@ro%tﬂe%siﬁ@érﬁﬁ&it@én;%@! ml. 6. A
bott'l e produced fromthe preformof claim5. 7. The
bofd) ligjectfonctraichmblow e dissig rihet prefommtto [fernh a bottla ok torthimer
about 45, an a* between about -2 and +1, and a b*
bet ween about 0 and +7. 8. The bottle of claim 6,

12. THReh&hOd biBailP1 1, | veheh@is tidlcdBonatl Qkeh RROMEarBfArticA8 dRneter in the
bet ween about -2 and +1 and a b* between about +3 and
raijge of 209H@5@bemt e of claim 6, wherein the bottle has
an L* performance superior to an L* performance for a
bottle fornmed with carbon bl acks having a nean

13. herhéthb@oldlzen D& lvaverdin @he¢arbohbladk lidser medngrattivdel diameter in the
article made fromthe resin produced by the nmethod of
rangsi ¢52P04q 300Mmet hod for injection stretch bl ow
nmol di ng a pol yethyl ene terephthal ate resin or a
pol ypropyl ene resin, conprising: (a) formng a resin

14. Themethod ofordaiirh B2, whectin diescdisanrbl2ckt ie nh@lefyra Thermel grhtess.
of carbon bl ack, based on the weight of the resin
conposi tion plus carbon bl ack,

15. The method of claim 11, wherein the preform is reheated to a temperature for
injection stretch blow molding in less time in seconds or fraction thereof than a

preform of comparable resin composition that does not incorporate the carbon black.

16. The method of claim 15, wherein the less time in seconds is an improvement of at

least 2 seconds of reheat time.
17. A bottle produced by the method of claim 11.

18. The bottle of claim 17, wherein the bottle has an L* above about 45, an a* between

about -2 and +1, and a b* between about 0 and +8.
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wherei n the carbon black has a nean particle dianeter
in the range of from200 to 500 nm (b) formng a

wW@e@bo5257I rom t he resin conposition; and (c) iP{BEU$1005039569

stretch bl ow nol ding the preformto forma bottle or

t 12. The meth d f cl
o SR et RS0 e YT e

;ﬁ%uFQQmEQ45%?% bé§weﬁgﬁnﬂﬁgQ9g+gf claim 12, wherein

he car has a nmean particle dianmeter in the
range of 250 to 300 nm 14. The nethod of claim 12,
a. Ther nal

SEUCRRETEG S NCEENE N, S A W TR

ﬂe‘f'{bgﬁﬁrﬁ:@ fBlo Bot IR TRREG WiiEcdrBén blatiecldvaiy ShEat 14% Qe below

ng in ess time in seconds or fraction thereof
I30am.a preform of conparable resin conposition that
does not incorporate the carbon black. 16. The nethod
of claim 15, wherein the less tine in seconds is an
i nprovenent of at |east 2 seconds of reheat tine. 17.
A bottle produced by the nethod of claim1l. 18. The

-bottle of claim17, wherein the bottle has an L* above

about 45, an a* between about -2 and +1, and a b*

bet ween about 0 and +8.19. The bottle of claim 17,
wherein the bottle has an L* above about 60, an a*

bet ween about -2 and +1, and a b* between about +3 and
+7. 20. The bottle of claim 17, wherein the bottle has
an L* performance superior to an L* performance for a
bottle fornmed with carbon bl acks having a nean
particle size bel ow 150 nm
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