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WO 2006/052572 PCT/US2005/039569 CARBON BLACK REHEAT
ADDITIVE FOR POLYESTER AND POLYPROPYLENE 5 FIELD OF THE
INVENTION The present invention relates to the manufacture of bottles,

wantaingss-and other articles from polyester and polypropyl&agyszeosszosse
compositions that exhibit faster heat-up rates as a result of the addition of

low, levels:0f carbenlagkie-the Relypsr Fastenisatdip-fates sreuce the

time and energy needed to manufacture containers made from 10

polyethylene terephthalate and polypropylene by injection stretch blow
molding. BACKGROJN%‘@@#?—@YI%\I{%FH@ lymer compositions,

suclrespelyetmenpicenbihakmtenRTcand opolypespyisniads R)doeher
well known packaging materials. For example, U.S. patent 15,4,340,721
oo RS SO e ar T SRt I s
as térert obtitamvkiisi¢hefdinafterlsafé rrebotobdas kiso ket pyisafsistiwsithing

ratépfﬂé@&c%%h§%ﬁl§m @9&%@{&&% sushasfor minsrlwates apg

carbonated beverages, are generally made by injection stretch-blow
polidioiaee trrishbelignd aelunayiene hydeirsHop otrsioradisgeform”
which is subsequently blow molded into the final bottle shape. This may
be carried out on separate injectio -blow machines or on
‘a single machineMﬁmsw&W%reforms usually
con®istyafea thngadednsneckhvithyal shioyleradrbpitiebedPEliapel 8 to 20 cm
long with terial thickn e a Ieplow
r e B e S
4,360 p b densribabo VE Trempestinnueston pemstirbrrerasiiigsand otber
coRfrlretrhied g Riowriin o ratdsof the dasitadosapesdinasneral, PET

resins have a poor ability to absorb infrared radiation. The preform
heating and stretch blow moulding stage therefore becomes a rate-limiting
factBot@simide oardtihatttd psdotciioma) rotessud-crtharmoreg vireges, ate
e B AeRIng aieR. R Ao R 8 R AN AMAN BLENERE dRction
gﬁr%a%ﬁo énsa?ﬁig?{ m eﬁ:yl grfrg fég of commercial ﬁ%Tebg%ﬁ%e%ng}ncorpér%e
moktnitivies Teréfoprovehiple ih selsepuratéy (Merenakied iate thedins! kit sdte-
Thi€RgRbe o ihc IR R hhe gt dnerasedhe MR ohRiandog: snd
thereby the overall productivity, as well as to reduce the ener%%/ I’eq%ll’ed
singde pugehipgghere the two steps afe combined. Preforms usually consist of a threaded
neck with a sbortened bottle body shape 8 to 20 cim long with a material thickness
between 3mm and 6mm. In order to blow the bottle, the preform is reheated by infrared
lamps 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.
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35 preform. 1 WO 2006/052572 PCT/US2005/039569 5 In practise, the
additives used to improve reheat in PET are finely dispersed inert black
materials that strongly absorb radiant energy at the wavelengths emitted

waythenntrared lamps (generally between 500 and 2000 nig-14885hisn39s69
stretch blow moulding machines. Examples of the materials used in PET

are carbon black, as described in U.S. 10 patent 4,408,004, graphite as

described in U.S. patents 5,925,710 and 6,034,167, black iron oxides as

des&nibegtifeuls 2paiérase BP 20w gisgsphitel amvifirely diseraesadnert
bladieatibeds i SoRate ptApplicaian Ryblicatipn200R/0043 R Al ANde
. _black spinet pigments as described in U.S. patent application publjcation
Inf32 A0 BSHE 0P8 e prdRfRls0358B) it Quiteit RewiTarfiBge
maciddddy % imgieslef theohiairidbasde siBET kiclextlonftabigat deprovaenent,3s

tween 5 and 100 ppm. roved in PET sp, been

Pats E%c?%;h&l %%9%? L %%31‘%n#r%&%}erﬁ%g%r?flc%egr’.%ﬁ’gégq apvﬂar |§2§ﬁaﬂ’ glsaﬂ%‘lly
ironjepidsitas deycaleidemid . et GO B drpthehaesptido myd proly mbeidation
destAiRlY S 8¢l Bated lﬁ%@ﬂ:ﬁ&ﬂ BiRESxAPREBOPSP! 5%‘3%@819'&121%&9{ Ing

. the melt polymerisation stage, as described in U.S. patents 5,419,936 and
PIEEETY AR SPRRSTHE AT RAPFERRI BRPIRSS BRSO Yty
patéliessiodd EThaadubaneensideiaiondand 9 imaid-e mketime @kthis

éhon is the |mgrov,ement fo%S ret;lese\tmllrglli’ 0reslns. PP is

inven
Iev?ggreras?ﬁ@?} EpIRBRG PET SR Doties formany beVRfhge applications due

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

strejgh Rlovs meldingsiaiRE aRBeé%Hhi:%chl?W BAG sty REGEOSHY, %Q&rl"‘te d

simultaneously both from the outside and inside. Nevertheless, unti
parfigksnthpRshasbdenasdaadifideneiscpbydudeigr reesdn Beleidy@hottles
ant IRy B Ry NS mMRtB SRS htc3P (RYYREARYIGABHASIBIONAT)
o B AL ek BB By RTBF R i the
3,52@ Mt limitations as PET in terms of its poor ability to absorb IR radiation.
In general,

‘Whilst the reheat improvement described above generally applies to PET, a
further consideration, and a main embodiment of this invention, is the improvement of
reheat in PP resins. PP is increasingly replacing PET for bottles for many beverage
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 nanoWer processing window. Secondly, po}yprop-ylene suffers from the

same limitations as PET in terms of its poor ability to absorb IR radiation. 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



polypropylene also has a greater opacity than PET, which detracts from its
aesthetic appearance. The industry therefore continues to seek ways to
improve the JR absorption 2 properties of polypropylene such that it can
be used to make beverage bottles on the same injection stretch
blow-molding equipment as PET. For PET and PP resin manufacturers

who do nqt wish or are unable to use.other, black body absorbers, a
R T T e e R B SRR R e some
wifetsothshzthvantages dfiingdnessydonnedst] and ease of dispersion in the
resin compared to other absorbing materials. Carbon black also exhibits a

high degree of ab%orpti,on at near-infrared wavelengths. It also has a hi%?
emissiVity Hnt Feride SHGPPBYBPUoN P e tACras erifrtamahbs AU gfher
bhelpbsticlgissasuingdrosnithissdbsnmpiie tnproradsteadstentben black. Carbon

koa ding POlymer, eTsho‘ﬁn‘é?i&Ye's%"’Yo'%"ce'%éOf ahon black need 10,08 n
Added 1o the polymerin comparisén to othier black matehars. In using
thewerad ditivbey, Hotibinganatattisrérarbimbieak akimiskilbite dighodegreent in

SRR MO S IIDIIRIA G IREIRAC PR INR-c 9l ANA BR%E AldhediBaign

bottle. By definition, the addition of a black material to the resin leads to

RFAPOsT Bt insieaie psreRitN te hBg e iskrdetivina i dhe ahgprption is

ealoiressanesuAopadiiquiril disadvaniags 16tdatbRbladioistinedred o be
Q&éedatn%ﬁellciw-brown color.stgn%it a%%%};[ot e resin containing even
ver(§/ small amounts of carbon biack. This pr%lo &M becomes increasingly
apparent as manufacturers aim for progressively faster reheat rates. Black

materigls;fhal mashaderitesarmbinationels eheal AIdieRIOhe improvement
*p%]re{régrmance continue to_be sou% MMARY OF THE INVENTION
1

ht. SU
AR YBHE RGP ABGitRReg %?%%P P apthiRge I SpglaRE e BY
pefiyétiby| eneastitiephibidaiedesinsnuitty inprave tbaehrat:plerformBaadest are
isSing; i A inf t ight b _
BT A M0 NC FERCIRI € (BRI Ml O mtace

pigerbaniladinstie dapbresiztkadhay divwnsolsainorinipariedde deatidnst
8&%@&«@&1&&&? ohaprhenhlagicalivwsiRstay efgnenigabresates in

PET and PP preforms at apy specific level of enhanced reheat.
increasingly apparent as manutacturers aim for progressively faster reheat rates. Black

materials that meet a desired combination of reheat and color performance continue to

be sought.

SUMMARY OF THE INVENTION

This present invention provides a method for forming polypropylene or
_ polyethylene terephthalate resins with improved reheat performance, comprising:
adding to the resin from 2 to 50 ppm by weight of carbon black, based on the weight of
the resin composition including the carbon black, wherein the carbon black has a mean
particle diameter of at least 200 nm. 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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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

weefamaskcarbon blacks have a primary particle size in the ranggs@b268s60
to 500 nm and are formed by the carbon black Thermal Process. 3 WO

2006/052572 PCT/US2005/039569 5 BRIEF DESCRIPTION OF THE

DRAWINGS The present invention will be described in the following
detailed descrigtBHEFPERFRENGON e TB ARG WYy s, wherein: 10

FIG. drispa-sshematisdenessntationsf thapRaueiesidenBmeasifthn with
reheat in PET and PP used to obtain the data in Examples 1 and 2; FIG.

relrEngepAPR BH e T AL EE PEReRI-  us L* color component of the plaque

for the carbon black containing PET compositions described in Example

L 151G 3 Lssah%%h oL ihe Dlague reneat valss &, Golor camegnent of

the plaque 1or°fhe carbort biac contalmns ET compaositions ascribed in
PHAxamd e e iGoRdinahgrdph iofEhapleg dandFeat versus b* color

component of the plaque for 20 the carbon black containing PET

compositions described in Example 1; FIG. 5 is a graph of theﬁPIaque

reheSlGeritR §2Rlb RS oo RIpBHeb o tiEsBiddqUEeCtot CHRPERFBLTY Higakaque for
th€oniainivlgcR osompasitEns deseihad tedcrnbsdaleskazplE!G. 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 gipB biagepheefUibaphaat vérsugdrssald ceompormeneot o hp ey for

tndUarliif %ﬁ%@ﬁﬁ%g%@&g@@%&%@&ﬁwgﬁ desalifed.in Example 1;

and 30 FIG. 8 is a graph of plague L* versus cycle time savings for PP
compositions containing a Furnace and Thermal carbon black reheat

agentin & REP-hats Blowinfhe reheat versus b* color component of the plaque for

the carbon black containing PET compositions described in Example 1;

FIG. 5 is a graph of the plaque reheat versus L* color component of the plaque for

the carbon black containing PP compositions described in Example 2;

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. 4 WO 2006/052572 PCT/US2005/039569 5 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS The use of
carbon black to improve reheat was first described in U.S. patent

Wd e d40 Pengilly, and subsequently in US patents 4,476¢3fdsamdaz9560
4,535,118 also to Pengilly. These patents contain specific claims for the

et ; cle si am,
s ke D e e
typestbe segledpahasibbieképibaok iy ahichexamp sialesdohesindiebratan as

4 450 agn el pRh oy RARS N AR IR A BAHIEIRsSIZE 0575 4 FASTR L&A,

examples in the Pengilly patents of any type of carbon black other than
Pegilindibsrtneliiaceriaerecifo AErmiiebad Béemthl JaentBrp Aen
biatrtethatpaktinleisizer hascany mluenceion thecelopatihe sesintglalive o

o the degree. of reheat.improv nt. 15 We. have now shown. that th
it e S e e e
tooftl{gsmipifick dBditises hlalduwwodneeatiiatonseisiignly. dédpendemoeniniges

inRAERIG H12 6 RRRGHCAM NS PAYE NN k300 ErRl LR PRicles

unexpectedly produce a Superior resin color as compared to 10 to 100 nm
blagkh FPphserot: phrtaagii prgeds witisin s eraiskatianins 20015 soge
ol Radicle e SR 'RULRE thensarin-antbracadhe fisahottle or other

product formed from the resin, is lighter in appearance and grey-blue in
color tone. In contrast, with 10 to 100 nm carbon black particles the resin

is yeNdwkiovowmnnleotantbenidandisabstaintiedtyddakepadratharageisatent
[ tood. that f
R R g R S T B R

d@a?@éﬁﬁé%ﬂﬂsy@m@iwﬁw@@@hd@ Ivushewdihe0gp, Yo exdnpides
ulBg iy pledesiongien,at galesiand brabiness 10 RHRIRHYArbon black

characteristics in a_clear bottle are_an L* as high as possible, an at as
PRI 8BY B Sh PR VS T diata B SUde Uk iphRatH et B ralon fhibe

regiasantl hiad thedisul@afle or other product formed from the resin, is lighter in
appearance and grey-blue in color tone. In contrast, with 10 to 100 nm carbon black
particles the resin is yellow-brown in color tone and substantially darker at any

equivalent level of reheat.

It is well understood that for that for clear beverage bottles, a lighter and grey-
blue appearance is conunercially 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
colortone. 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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brightness and can range from 0 (absolute black) to 100 (absolute white).
at is a measure of the red-green color component where an increasingly
negative value signifies increasing green color tone and an increasingly

wosiiv@ssate signifies increasing red color tone. b* is a maasyie0630 69
yellow-blue color component where an increasingly 35 negative value

. signifies increasing blue color tone .and ap increasingly positive value

s i SR S N ki e S o
b* colbiuonelowhilstia it imehlcty otddspnafertisias theve gl 1y bbrdsiydlow
coleRRLLoN&s ds Rrgierahle, 0-hatle, MapU RGeS JaR3 RASIIYE Rt the

yellow color tone. "Yellowness" may ge,nerallx,be perceived as .
resbgReraRbrOHICRATSUAtROR thBe Fagm Hnfisecd hisiinskaden is et hendditian of
carfiogipE@f dhis inventieris et madditiprRief e besb kil calparticier

siiﬁ*afove 200 rLji;[p ﬂe’,;%{fb?/ aboye 250 nm, Ieag{dscgl_ glg e(r:klowriﬁ]sin L*,
C5iBwer YEEH 1537 & iR axn 1@ocr%rﬁgrlssoorl11 (S &aron Biacke with a
papiakticlecsif é ®f 100-Q0Fmed-dfyrthist fombroo biznlbdenbiagkates superior
coldPIIGRSHAPB RHPSIIAN SO IR SNAlROIE R Abiged Py BURG R ucts

stretch blow moulding or other products produced from the resin. 15 As
pradiced FoshthatieHbf a reheat additive is increased, the resin generally

becomes progressively darker and less acceptable for the manufacture of

clear and colorless bottles. The level of reheat that can he ad%ﬂgllr

€ eved by
the AHROFPBFRLIST Bi4ckIeAEPSISFASIRATER Sy e RsherARRiRePeeomes
propodesispcitidattanddssthedipaitbofte theheanalfeat r¢hdictzn bel obtalnsd. by
eu f carben.bl Wi rima i i f nm,
il HRLSEE AR N o8 SRRl AR AL,

thegefsire dsnoted AvdieptsiinbiecHe spisievtsi beatiemhaintifabnat & tith i jeheat
thatNGuUHBE S SRHAN Blacks WithHeatitleswas AfiHaAPphRRRMZdHPI00 WS S00

clear bottles, the carbon black particle size preferably s u[d not_25

N REIEH B P iA r CH et bteP e DY STElont s EnTaitn Ay e fotor
andiheh6Rasbrp RiSray Oeinie a3 b and300anrhy Thessuduatboh tdabicnvith

Pm%ﬁck.em%lpxﬁgo range from 3 ppm to 50 ppm based upon the weight
0 he Tev

&85, eNised is determined by the level of reheat

improvement that is required by the manufacturer. If necessary,
To produce clear bottles, the carbon black particle size preferably should not

exceed 500 nm in diameter, and is preferably between 200 and 500 nm, and most
preferably between 250 and 300 nm. The amount of carbon black employed may range
from 3 ppm to 50 ppm based upon the weight of the resin. The level used is deternined
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 requircd, can be made. The method of manufacturing the PET or the PP may



10

15

20

25

30

master batches of the PET or PP containing quantities of the carbon black
in higher 30 concentrations can be made for subsequent blending with the
polymer to obtain the desired levels of carbon black in the final bottle.

woitalle1 and PP or compositions in the present inventigaiay, .36
resin from which bottles, other containers or thermoformed articles in

hich i t 35i heat i [ de. Th .
o 5 A AR A BF THE T Ry VLS DG 7
TIRCay8 20:0%/689 56 Inthoteceahty conpelptional procéss habpeamifsdioeng
pr@&gg' th%féﬁﬁo%%fﬁ% ip E?xgh 59&%&61%91'&{4}5&%}?9 %RJ%&!%JQ@&? tpx%s,

introduced to the polymer at any stage in the manufacturing process. The
decarpiDb IR TR did deesTinCinterabe wir s BiRs Prgetived therefore

iresampbasaitiiansiarmonaties trenrasincaudngathepangacturing
process and therefore imposes no limitations on the methods of

manufacture that may be used. 10 PET compositions and test samples
PED no et o pod tesha inphedboio temeeosifaisidoasgpresent invention for

the re glag o( PETLLe in13 Sam les were made in a 7?1 K in.a batc

o e B B P P s
wisgiends werdoiadeals ia fikeglvargsdaitiorncioith Thdselkide priofedt pS e

ref¥REam consentratinrRiafded carhonhlagkolhB £oMPAsHion Begdisn of
e

well understood to be a typical formulation from which PET beverag
SRR LB HRARB A edcarhenBiamkwhilesionacatsy st snvettional
unpieneess oftdiregipeataufitaiaonoh2a tereprhalis:aaisbwiihireonadihylene
mg}lggoh}ggcproduce a "monomer" to which catalyst, stabiliser, color toners

and the earbon black were added. The monomer was then polymerised

under vacuum to a target melt viscosity of 0.60 dug, at which point the

feSU'ﬂﬁ‘Qr@éﬁl%@ﬁrﬁé&éJ&?{ﬁ 406 UAAGIAY Sr e nGREI RN IR of

granules to give an amorphous "base" resin. 25 Kg batches of the base
terppbihafie asishuil) wRrasiindeer Sl tptRGISS Sy rmeReEE HandrishIpiabisk
staBilREE) ColbraotiviclRachtaaeton W R largetmrRI. ViseaniNoald B el to
pogf%%}?sé %rr1 e u\!r;ecgu%ﬂ rzrnlteafrgvei? g}% tit is%ggyltgi%? &gbtlt?l?g?aotu\!v itc)l(*l3 point the
resulting melt was cast from the autoclave, quenched and cut into granules to give an
amorphous “base” resin. 25 Kg batches of the base resin were finally crystallised and
further polymerised in the solid state at 210 C in a fluid-bed reactor to a target melt
viscosity of 0.82 dl/g to obtain the required polymer viscosity at which bottles could be

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 mum thick circular plagues 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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blown. To compare the relationship between resin color and reheat, the
solid-state 30 polymerised resins containing different types and levels of
carbon black were molded into 10 cm diameter x 4 mm thick circular

wRaeMes0Ran injection moulding machine. The color and rehgakafstiosse
resin was measured on these plaques as described below to produce the

data shown in Example 1. 7 WO 2006/052572 PCTIUS2005/039569 5 PP
compositions and test samples from these compositions To demonstrate
PPthempresinnivehtishsionphe febwdhefeRPingomiositions containing

diffefenidyReasofkGREINADIAGK AR RIERRRALY GOFPOYRAIGE GRboN

blacks into a control sample of PP resin usin%two extruders in series.

contpigipng differn s yof sotmrilekparmEnsd Biyprearyidine Grisp barks
intwhichelgasbpklesraan e Riogusedxrliber-calboreblatie was firstadded to

e ARG YL 08 S R SRR B S RO B0 P,

This material was then fed through a single screw extruder fitted with a

Caviy L2, Hanslek Mg aFHéfPe 38821&@1913‘ i@hﬁ%ﬁ&&éﬁ%kﬁd@&% unded

Transter mixer was specifically ] to create the optimum dispersion of
thriyaghi eupsite-waRitive s deihevsaahen Basisbupiowribesishas tlsekcarBsn

resRlaghif the:RR wEh e iinal AR-Sampesiipng WRreusast taniestion caowd

plagues in the same war¥ 20 and on the same_machine as, for the PET

TS DA HEPHPHEE SRS AL RIS e XYY dARerE RikENd as
spedsciitysddogiovs @ thgapgrtiven diteeshownt jraxalap lei@itiVévsngradocathe

b &I ir d %]ng [ Hl wa h%lﬁ,_obtained from compositions
© n%ge%]e %@eway. Wndggﬁ I5e§f1eat Test Methods The present
invention is based on the relationship between the color of the resin and

the pRdiglpisize. ohiReisaRR R RIALK Ut itischisvRithadesiraddenat Afay

reheat. The PET reheat measurements described herein are a based on
anchﬁng[p&iﬁ% PG g%or the PET compositions. The color and reheat of the

plaques were measured as described below, and gave the data shown in Example 2. The
preform blowing data shown in Example 3 was also obtained from compositions made in

this way.

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
minimuimn 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 texnperature of the preform, is
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defined, scale of values from the INVISTA standard preform reheat test
(INVISTA 30 Standard Test Method for Minimum Blowing Time Test No.
MST 116). This test compares the minimum blowing time required to

woogwesgseiear PET bottle. The minimum blowing time receidfgddabgozosse
preform made from the test polymer is compared with that for a preform

m a "zero seco eheat” standard polymer. Tr?1 fference is
e e N S S N R R S
bl(r‘eqm mﬁsramre@veﬁandbmnﬁmme %mé@wt givve felutalrisiswipsented

by%{}b@%@ﬂﬁ%%ﬁﬂﬁlpB%iﬁ%’thé%uﬁlé/éé%f?&@@ﬁ% A€ RedHRANARERR569

5 represented by a neg ve number, this being the number of seconds
fe‘iié}s%dtﬁ’éﬁhﬁw@%%% DREHHE fﬁﬁ‘éfﬂiﬁ?ﬁé%&?&@&ﬁﬁa@%ﬁf@ﬁ‘ﬁ‘%ﬁ&m

Similarly, slower reheat is represented by a positive number, this being

the number, of se onds more .overall plowing time ired for th test

Sami1E PIBIEHT IR 1 HEC IR0 G0 SR SUITIh
crybta8imaiimimaiien tdoveingpthm eh@niedrr’iﬁﬁ: asdhd phintas tvikdh thacleal eﬁtﬁie
heﬁxgﬁ%é?éa%ﬂef&% Q?&é'%&%%%%@%‘?@gp&&%‘é‘?%&t% G HMGIS 6.

total of the heating time reqguired to raise the preform to a témperature at

botfleias Bechipsralkasidhe fige Doty ean etsibln pptrsaniseihd e R End
heARtehiPonBREHDIE iEeHu tl&ﬁr@farﬁeubﬁaﬁea&amﬂ%@%@mﬂeeyerall

bl ti fl ed only by th d 15 ab t
SR WG BP0 Ao Eh i SRERSH SHERAP A Bl e
cotimeecorapbneritieanciedntine reedttbysbme axientipothemotubt resin (for
ex S{ﬁl@g%b%%ﬁ&tggn@g? e? ElQ;gr S%?&Fﬁ % comonomer content) and its

Vi r

osrty us, In order to e |m|nate ifferences in composition and
viscosity between test 20 samples and the standard, a secondary test

was R baRRd BRANGIRNRSRLIEE 1R QAhBIRRIPINALaH RIaaMes «a

this test, as illustrated in FIG. 1, test samples and standard samples of

sarppiGH AT BT SFRAdaHe A SERnFHOL IERL o itBSE6 Ravet ﬂrﬁ’é%é?lﬁpirﬁmﬁetﬁﬁ%fess

r_nJedrmalarqnlame&@&sTheﬂﬁspkaq ueslhOareiie #Esl iotes: ﬁx&@lﬁm@ﬁ@ﬁ}iam
con benea gs 175 |n ra e%ampc;h{LalZ]n After49 onds the

Sm{lgn@ls %ra ure Cﬂr ermla ue IS measure using gtﬁﬁrnol C OpgSS

cirg0gReed Wampéaeu@d@mw beeofohe Gopblnsurt s ofahis bragus a
PhilfpsTHB WIS St d 2vitke: JoUes AR thal SRRAS IR BXRASRIIRS: 101

measured using a Minolta Cyclops 300AF infrared pyrometer 14 focused on the upper
surface of the plague 10. The lamp 12 is fitied with a shutter 16 that opens to expose the
plaque 16 to the lamp 12 for 90 seconds, and then closes. The pyrometer 14
automatically measures the temperature 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 plague 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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plaque 10 to the lamp 12 for 90 seconds, and then closes. The pyrometer
14 automatically measures the temperature of the plaque 10 at the point
at which the shutter 16 closes. The plague 10 is supported on turntable
Wo thatissetatable by motor 20. The 30 plaque is rotated bergatiHi€os39s69
lamp 12 to ensure an even temperature distribution. The infrared lamp

pols%bi%%r@ﬁ%t%ro ‘lﬁ%@? g ltle?n\%lflerr%ttapl%rl[%eaégv%lt!nfl%een 19, the ﬁ%‘%‘ laque

ramewor (:not shown) to prevent relative movement between t

leppeRpBitents whilst the temperature data is being obtained. The test is
carried out in a fixed temperature environment, and on plagues that have

been stored in this environment, to remove any 9 WO 2006/052572
PCTRESZ00bIBRYSEY A0 by BIEaTe1ee GFrPELiEitg tnipatiutor

fréheneRvitonmemerfieknabplagup nier peratwe pReheatwaliss Gf€range
obtained by measuring the temperature rise of plaques made . from at

eI RPN AnrErae g Ta P b RSES BF BT DA To A T he e

stq:ahgé?m@ze reetozenin usike 6ecdmadsii-ti thenudia Disti nbfddﬂrdhéegr@sfam

thd VURRUQRHAE; fE RS AN I LG H AR MU J RIAGUES VAT ZEE QIS PR L IRIRUS

10 seconds. These standard plaques had the same composition and
1eRASCHERYP MetPla PSP RREHIY SPA MeRErd PRI IFdS OB premipiatienekte. I
oui(@k%@ﬁeﬂt@ M%@,mm;aﬁu@@lﬁﬁftﬁs@é%mﬁmﬁ t@gﬁéf@t@é'@i?ﬁ@iﬁﬂtﬂ@"

ine. In. our experience of this test, the relationship between plaque
R At E
rehdsicoditys analways piositioT love bp ramgeiof tehdaqueakesetstatwal/gdinear.

Thus, > ' I e e t o
e e e L e
ling anpraershirfimes prsut etraprsprinnanverst dt thagaes Hreastbe MET trlcghalies
quiiBendBa BERLeheattaibequaaiediharainmsehatadamihenlraipdesto

Since all the samples_produced were made to 20 the same polymer
the e RAYREAGTHLREGR A Sisemite haiRedhseirb ¥ Hi! B5ihg spme if

menwaslbehbyitferpredstm test. By the INVISTA preform and plaque tests,
the reheat of most grades of PET from which beverage bottles are

manufactured falls between minus 15 (-15) and plus 5 (+5) 25 seconds.
By the INVISTA preform and plaque tests, the reheat of most grades of PET from

which beverage bottles are manufactured falls between minus 15 (-15) and plus 5 (+5)

seconds.

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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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. 30 In

weeRRdiemng experiment data shown in Example 3, the rehgat9hosmozosso
compositions made with the different types of carbon black is also

m in terms of . the cycle time reduction observed during the
¥ %@6‘5?@@%&%@6&?@&572 PCTIUS2005/039569 5 PET and PP
Colot TestiMethad:Fhencotbsmidad indmentscdegodbachin thieprésening a
GARYRRYPRNES L MALE Hﬁ&gﬁpn&&@?&f N1 RB960G e same procedure was

spectrophotometer Model N0.9000. The same procedure was "used for

usgbign ek sHstdel des i e e ERTaRd BRCesppodrind Cu13riagsured
b@ﬁ@%@ﬁhlﬁﬁd@ff@&ﬁ&g@ﬁﬁ?s@dﬂaﬂﬁf twn.?mb @gneaﬁgﬂgw%t%ﬁi_@mw% gf
recordin e reflected color o the tile using the * a* and b*
R ety v AR Bt e R e
bakkif@ IO had O Sobmdr4itie3.565 9FHE, praquUE enddris.adiseful indication of the

preform color, being of comparable wall thickness, but simpler to
measure by conventional measurement techniques. Color 15

meadtifatanescilerds alserfbadisttitieop Big e fograeiis bringef eemgastble

wiatEllickABASYIR RIS WAKR ANAE & PRodiaRiRsl M haRmerPReRs§late Color
before being solid-state poll()é%nerised, and gn granules in the crystalline

MEASHERLP S50 R8I ERSAIRCT WHEPth 8 &Meiiel te same

méalatiansitpehetwde on ghaat-ana thelanapiplagses, naguecinalsierl weare
Jkenas e estislection of ihe rolor.of the.nrelomm.and nalballe. 20

POCArBOn BIACKS AFoUnd '9b% of afo al production o carbon brack is based

Whiksttieerashiced dbeistiee ©latinndlipy bebsesws thesicind kelorafepteqied plaque

vaReFLalN AP HENARS: CAIDARRIBEHR 2o1GrPRE Blasks Mrdsndhgse

processes have a primary particle diameter in the range 10 25 to 100 nm
depending on the individual process. In contrast, a more recent and less

Carbon blacks

Around 95% of global production of carbon black is based on the Fumnace and the
Channel processes (hereinafter referred to collectively as “Furnace carbon blacks”).
Carbon blacks made by these processes 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. Tt 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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widespread production method known as the Thermal process, produces
a larger primary particle with a diameter in the range 200 to 500 not
(hereinafter referred to as "Thermal carbon blacks"). The difference in

WHnRkopaHicle size between these two forms of carbon blggk s &s/030569
consequence of the different conditions in the respective manufacturing

30 processes. Preferably, the 200 - 500 nm particle size carbon blacks
migEaRd PUAREL SSif0R STRT IS AR ETRRANRGN Shere AN 4 YgRilicant
inflikex® ah progiegscal b@pprimaiipartialest helershdwa alaoidsars e influence

allest, irreducible particles.of material that constitute.the carbqn black.
o A R & Seta e e s
lowagreeststiangiedhiion BP thaddgmimeny phaticlesorpaeciutizelis pieyant to

its?agggéggg@;& %15%2%4939569 5 micron and micron scale. The
] :

egree of this aggregation is known to have a significant influence on its
physical properties. However, we have shown that this has little influence

Emoiiie DptieakanglehsRaripatheeprrties of carbon black when finely
dispeysed at ver concentrations in PET or PP, and hence only the
R R R T SR e v TSP e

T0B@splebbiciPalyaehyBrie chassphtidiaieBast: polyedorcRER, Sarfipieftehe

i ERARS AR Jh S ML AR IRY GBUON IR RIS O Aud R 8 S‘iﬂé@sﬁ@%‘

reactor. This consists of two separate stirred véssels, the first for the
Prefnsettbaianmnamen srtéie perprdidoadhs pathesrisEns HfiyeomemeseHigre:
va&i@lﬁﬁﬂk&eﬁfﬂ&@ﬂ&éﬁ&ﬁtm %Héoﬁggﬁﬁﬁhand Wﬁ}(ﬁh%@idéﬂ[cﬁh@f the {(:jarbon
ymerisation of the monomer under vacuum (herejnatfter referred to as
SR DGR SN PRI G EATBTACH EHERR Hitve,
foatiufla 8 garplesidar il Bxapplecwersditiets. with identical formulations and

under identical process conditions. 20 59.3 Kg of terephthalic acid, 1.2 Kg
isophthalic acid and 29.0 Kg of ethylene glycol were charged to the

estefiflcakigwl/ esaditbilis peithtbd Bedswithghe widandriHi L pek cdolme
glyBENRROVE.AIFIQS PRALiCRAIMSSIME W Aditesaceddvateronadaee Ao sRaS der

from the reaction mixture. The vessel was thgn restorgg to atmospheric
sqmggﬁpea%%\@ i;%sahé:pc pressure untii 9 liters of water had been removed from the

reaction mixture. The vessel was then restored to atmospheric pressure and 10.5 g of
phosphoric acid added and stirred info the monomer to act as the polymer stabiliser. The
contents of the esterification vessel were then pumped to the autoclave where 19.25 g
antimony trioxide (the polymerisation catalyst) was added in the form of a solution 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 cartbon 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 dl/g as
determined by the'torque loading indication on the autoclave agitator. Al this point, the

molten polymer was extruded, quenched in a cold water bath and cut into granules.

12
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phosphoric acid added and stirred into the monomer to act as the polymer

stabiliser. The 25 contents of the esterification vessel were then pumped

to the autoclave where 19.25 g antimony trioxide (the polymerisation

walabysk)sweas added in the form of a solution in ethylene glyselagah&liniesdo

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 desifechsontenraonbliiduhepetymerepaas addedoandistifted/into
sla%m%%%ﬁétgy@éh Rbgiaﬂsa%amp%%%fmﬁpghtt}%a@%%ﬁy& a period

pressure was slowly reduced to the best possible vacuum and the
of s Ygracmsrdsdons booasharardde the cafrpldue poircerueuation of sty
wiH QHeNEhtc)GRAMNSTisMIBRrearciion e s eI nate didt:ia; gl By
visg.?_sit\ééof 0,60 dllgé determined by the torque loading indication on the
PORYItOCAY Séeéquﬁ)?? %&Wﬂ'the 35 molten polymer was extruded,
guenched in a cold water bath and cut into granules. 12 WO 2006/052572

PCTA4$2000/03%9R. ?Irﬁ%rﬁﬂ?ﬁﬁsoeiée%%iﬁ%?&%ﬁﬁb&iﬁé&%&”& M Solid-state

prepared’in the form of 1 % w/w_ slurries in e glycol which were
at 3fEFBRPEEE Sl véPsornhighiishbed iefisier TreaetlriBawotiaireger wis sidliesent
to Pefere el 19%@%&5@@@@&%}5&&@@@%%&8&%%& IS RASTRVER

immediately weighed out and charged to the autoclave after stirring to
reashedeipLeny MY isseiine! Sr et disgietior aabrre sy satekradm
ih¢heactononph o sshasenesawerrevid Wireosetkinthessolid-state at a
temperature of 210 C in a fluid-bed reactor where the flow of nitrogen was
sufficient to fluidise the polymer granules. The process was terminated
whe# 1h&3981piereri Hapi132 (s bl stunr pebmeliseistobity o 082 fiigt heurs

at Ndicatad MR sRMRIes aken TP helaacinuandmaagiueshon a
Davenport Melt Viscometer at 295C. 5 Kg samples of the 0.82 dU?ﬁsolld
RS TR NSRRI IR B PATHIRS- dbesenias Hien-Thtided
frenntd shrfure WalanihOhamedibile i wiger alebloplaguetsan. sR2RKI apsolor
mSTeeg 'ﬁiﬁ%@”&%ﬁﬁ&% ouidin ﬁ?ﬁ%&%&%&% guas,were clean

and free o ce contaminants, an at upper an ToWer surfaces.
Reheat and color

All of the PET plaque reheat and color data for the samples made for the present

invention are shown in Table 1. In Table 1, the carbon blacks are grouped according to
manufacturing process (Furnace or Thermal) and the primary particle diameter claimed

by the manufacturer.

13
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measurements were made on these plaques using the methods described
above. All of the PET plaque reheat and color data for the samples made
for the present 25 invention are shown in Table 1. In Table 1, the carbon
wiacksasesgrouped according to manufacturing process (FEagS56/039569
Thermal) and the primary particle diameter claimed by the manufacturer.

13 Waﬂzggeqoséé% (g*T%U@Z% c%?qu Ral, @g‘ IEF)T plaque reheat

and color data (Exarh ar Iac Manu turgr Type Addition

Mean particle Plague Plaque Plaque Plague level' ppm diameter! nm
COREREAEF s L P an ot f Bheals

4.1 None---1.080.9-0.74.8 Pnntem%aa‘lfgaa,.@@gy@a Fuespace 1 20
Norel .0 80.2 -1.1 5.2 Printex-F alpha Degussa Furnace 2 2(24.2 76.431.0 -
Now,0 Prmtex F alpha Degussa Furnace 3 20 -6.1 72.9 -0.5-8.2 Printé% F "7
Pringeptffplp e %ﬁ?urnaeé‘@% -9.0.67.0 -0.3 827 Printex F*&Ipha Dé%ssam

P””lt-‘:g 5(2%7“8 64.0454%8.7 \Julcan 6 Cafjot Fumace L 24 -2.6,48.1 o
Cab%[lggclgnacesz 24 -1.7 4.6 -0.9 6.6 9\4ulcan 6¢¢aboty s

Pﬁnt

Pnrﬁumﬁ 5 ZAgquQ 4 63.5:n(d:3 7.8 sSpecial Blagk 4 Degussea Furnace. 25-0.1

vule@h ¥ 77.6 0.4t2 SpeciaBlack 41Degussa Rérnace 3 25%8.5 74.87816 4.8:5

Vulspécual Blag#a Degus%&@lﬂrnaeé 525 -7.5%7.3 0.4 6.7 "Elftex 252Péabo?9
D <

Sp‘“’%% 2 %5" %1 6 77.601:%7.8 Elftex 254 Gabot Furnadd:b 25 -9436.1

RERB60 Colijiifian Firnace 5 40,-2.8 71.6 041,8.9 Maggrch g¢ o

Spectal Black

gge;gQIQ@bot butrace 5 7hixd 68.8 -0.6 6,6 Raven 22D Cpljumbians7s o4
ebxizemace 5 83vet/.6 68.7H0dkb6.2 2 25 -1.6 776 -l4
Elftex 254 Cabot Furnace 5 25 -9.4 66.1 0.4
Raven 8GO Columbian Furnace 5 40 2.8 T1.6 0.0
Monarch 120 Cabot Furnace 3 15 -8.5 68.8 -0.6
Raven 22D Columbian Fumace 5 83 -1.6 63.7 a1
Raven 410 Columbian Furnace 3 100 -7.1 718 -0.8
Carbocolor Cancarb Thermal 5 250 2.7 793 -0.8
Carbocolor Cancarb Thermal 8 250 vl 74.2 -1.1
Carbocolor Cancarb Thermal 12 250 -12.2 69.7 -0.7
Carbocolor Cancarb Thermal 15 250 -15.0 68.7 -0.8
Thermax Stainless Cancarb Thermal 5 250 -3.4 79.5 -12
Thermax Stainless Cancarb Thermal 10 250 -9.5 73.6 -1.0
Thermax Stainless Cancarb Thermal 15 250 -12.8 69.8 -1.5
Sevacarb MT Sevalco Thermal 5 300 2.0 802 -1.0
Sevacarb MT Sevalco Thermal 8 300 -6.5 76.2 -1.0
Sevacarb MT Sevalco Thermal 15 300 -9.3 74.3 -1.2
Thermax Stainless Cancarh Thermal 3 250 0.7 82.2 -14
Thermax Stainless Cancarb Thermal 16 230 -9.1 72.3 -1.2
Thermax Stainless Cancarb Thermal 15 250 ~15.5 67.6 ~1.1
SCD530 Purebiack Columbian Thermal 5 250 -2.2 80.6 -0.9
SCD330 Pureblack Columbian Therimal 10 250 -4.4 774 -0.7
SCDS530 Pureblack  Columbian Thermal 15 250 -8.8 VEN] -1.2
Sevacarb MT - Sevalco Thermal 5 300 ~2.6 804 -1.2
Sevacarb MT Sevalco Thermal 10 300 -6.6 75.1 -1.8
Sevacarb MT Sevalco Thermal 15 300 -6.3 75.2 -1.0

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

TAEEE Wone o 53 T "o

aque

b*

4.1
4.8
5.2
6.0
52
6.7
8.7
6.2
6.6
7.8
4.2
4.8
6.7
7.8
1.5
8.9
6.6
6.2
6.8
4.1
4.9
4.6
43
3.9
4.4
5.1
35
3.6
4.5
51

- 51

2.6
4.2
4.2
47
4.3
4.5
3.9
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Raven 410 Columbian Furnace 5 100 -7.1 71.8 -0.8 6.8 Carburetor
Cancarb Thermal 5 250 -2.7 793 -0.8 4.1 Carbocolor Cancarb Thermal 8
250 -7.7 74.2 -1.1 4.9 Carbocolor Cancarb Thermal 12 250 -12.2 69.7

W Zdsmisesagbocolor Cancarb Thermal 15 250 -15.0 68.7 -01&-4:8s2005/039569
Thermax Stainless Cancarb Thermal 5 250 -3.4 79.5 -1.2 3.9 Thermax

Stainle ancarb Thermal 10 250.-9.5 73.6 -1.0 4.4,.The inless
R et A B A T S R
carppe fisak6(B0030i0 B0 210y, 5elyeynekibenit Sengites FheraiarBeanban

the BRrhBezabCh P RREYRCHP VB NalE: TREHPR! A% 30R405 Mg 4.5
Thermax Stainless Cancarb Thermal 5 250 0.7 82.2 -1.4 5.1 Thermax

seagpgh & P A A T RARHAF Y B5 1y e, the iffefenerdp o etiiffess
Thézangcana Finennadadbod 3 uckbid £6G 8ludi?, 6TRORGIAIRUrBBIadKCcks save
Calumpian Thermal.5 250 -2.2 80.6 -0.9 4.2 SCD530 Pureblack
S“Q‘?%ﬁf%b%eﬁf &M 05504 .4 77.4 -0.7 4.2 SCD530 Pureblack
Columbian Thermal 15 250 -8,8 73.7 -1.2 4.7 Sevacarb MT ' Sevalco
Theﬁ‘é%g’ 33&1%6%@1@ %ﬁleég' v%ré}ug’ agﬁa\@t?&{&m ¥0§$¥§L§’RO%E§%M%I%QO
-6.6 75.1 -1.84.5 Sevacarb MT Sevalco Thermal 15 300 -6.8 75.2-1.0
Incgeayingigngicss Shithsamie FRBEtTEpd Y PR IBTAERSHERESIEN ehe 95 P IBE BF

axigxamptent shthhestabieheatibeRescniad Witan HRGHRASIBENRAAHNE 1.5

valye along the x-axis. Increasing darkness of th mer is represented
ey L A S TS SRR Ay SRR Discs
wiCEi 32005039855 BIGUbhaoe aftet TbetwihcbeBtiarblalokes tane tighéy(line
40 iNg3kand quite distinct. The Thermal carbon blacks (line 30 in FIG. 2)

show lighter polymer at any given level of reheat than the Furnace carbon
blacks (line 32 in FIG. 2). For example, at a reheat of minus 10 seconds,

a typigalSH Ry RN RGiUrinGd SaulamaRkite dleranaes ol rxasiyeen

Increasing yellowness of the resin is represented by an increasing positive 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 Fumace 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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Thermal and Furnace carbon blacks is about 8 units. The Thermal carbon
blacks gave 10 superior L* performance in the resin. Figure 3 shows the
reheat versus a* relationship for the samples of Example 1. Increasing

wednassafthe resin is represented by an increasing positivecuaiisesosicisss
a* axis. All of the samples show a small variation in a* within the range of

. AIN ; njts, Hawever. Jingar ToJHI ising.a*
o et Ty o A e
levipigt af afded ronen erpHEein APRE BN BIREKS IFddn 48 el gol3meigure 4
shows the reheat versus b* relationship for the samples of Example 1. 20
Increasing yellowness of the resin js represented by an increasing positive
vl SO B DRAIR TG O SEo ARR PR (RO fon s
of axbondiackoattited hah dorist, rdivatbividcilwanls bighbidanthe Mardace
ina%@zgga%?e bigc{m %%%13@1?%{% 1l)en5etf]§at;[rr<€?1ﬁ%eénc£g ?r?ﬁgrreetetht?o}l_@eevre 4} c?_lrbon
carbon blacks gave superior color on the basis of the yellowness of the
bladgimtiEHmtinkeit re gressionchprsyfor shevwlosfeipiosivly an increasing
trend with 25 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 increasingl

LI Y
fastéPfetdafram Erampiatirsn PERR B oehBS n&'ﬂéﬂ%ditﬁ?%ﬂé‘?&%g&ﬁ?
mdntRaaegatis) bidcksdeas inan paaicrsinghytyeliditie kestvndBabl. Thus, in

con i%erm% ?i ures 3 and 4 it is well Lfmge{ tood that a* and h* of the PE.T
termms of the ag%?r% enerally understood o be the most im orantin gat%\rfv) Of resin
produced on a ba reactor IS ' more subject to variation than L*. an

colothdrwisé.fixed béolipasitionrioniblprinsrily anfunctiessiod tHeatypwranement
ovif YehRIRORR! AORPLIRSHy IBNEHRNLAT AR ReALginfluenced by reaction
temperatures and other factors during melt” polymerisation, solid state
processing and injection molding that can lead to degradation 15 WO
2006(RpL5/2B6nT HiaSid0RH 950 rRD i efd R d 65 ifotHBha YatiattloinA*
and b* will also be caused by small differences in .the levels ofgzgded
iR AR YA A B R & e TGRS A BBIGYREE T Bl 1
Exainpidhdsretdfidnshipsbhetween patiekt surdof etdeas 260 sidered. Plots of
carbon black addition level against reheat, which might be subject to

scatter due to
Example 2 - Pelypropyiene

PP compositions to demonstrate the present invention were prepared by
compounding diffetent types of carbon black into RE420MO polypropylene 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 tambled again to ensure an even adhesion of carbon black.
The coated granules were then cdmpounded through an APV MP2030.twin screw
extruder, where the extrodate 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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10

15

10 inaccuracies in carbon black addition level or differences in the
retention level of carbon black in the final bottle, are not necessary to
show this relationship. The data from Example | can be seen as two

wepaeiegraups distinguished by the manufacturing route, gnghensaibe.
mean particle diameter of the carbon black. Thus, in 15 terms of the two

fact enerall be the most important indi sofr
oo B T R e e KR A TR e
saineproy enviatribee fér il e Carnple blaRkbeait ar@/d@@emﬂasemmnts were
méﬁ%%‘?\’ eﬁ&qu& NAGS GarhemDiRcks ity 100.amparisle Size 4o 0hese

show superior color to 20 Furnace carbon blacks with 20 nut particle size.

sappige A thB AP IEVERIE At BthsThitmrEsdiiisTecich sl dem alstraternsrgure.
APRMIGSIZR.OM R leRlARf 'B!Hclé@éﬂﬂlﬁn?akﬁﬁﬁé@r&ﬁﬁtﬁ@ﬁlﬁﬁ are grouped

composm@ns to demonstrate the pr sen ventlon were |\&repared by 25
A THipB A G YR SN B B [RR
polypropylene made by Borealis. 5 ml of I|qU|d paraffin was added to 5 kg

of the P anul a ba t led to coat the
granule? \%@ﬁr}utﬁﬁﬂ Hn?% qb%ra%‘dgchge caf%%oar?ﬁl a‘%j added to the
coated granules in an amount to give the desired concentration in the
o RN Bag L
of carbon black. 30 The coated granulemﬁcﬁhwﬁ) camposreed through
Nogtn APV MP2030 twin screw extruder, where-the extrudate.was quercheeb.3
Nogend re-cut into granules. This intermediate material was €6mpound&d 91
f{“%i’galn through a Boston-Matthews'single screw extruder ffiéd Wlth'??:) 8";
Qf Sx‘?ﬁthan C%v@g Transfgr mlxer atlthe outlet. a‘he extrudagggwas agan o,

PrinieX

pmqge;rgggg ajggmg:yt into gg@@yles te provide thg final compgsition. 3316 g5
PidD 2006/0D2h#2 PCTIikuS2005/039569 5 Plaques werednoulded dsom 1.7

PrithreB@rbompBsitions on &urgpps KR35 extruder in the sarfi¢ way a$b-8 14
P“‘Eﬂ‘i—i‘éiﬁ‘i’ﬁ@d fd?“PEal' in E)F&ﬁ‘i’fﬂe 1. F?eheat and'¢olor measJFéments Were 12

2.4

h’:’}fﬁ gpﬁ)an th Zf)alaquesrﬁfg?ﬁeg the 51'gnethods dzﬁscrlbed abo,gg The (igﬁa -

ohase samfg .are spown in Takle 2, wherehe reheagis 3o
Vuﬂamted as thﬁ,ﬁmal plaqmﬁi@m perature. 24 67.6 64.6 09
Valcan 6 Cabot Furnace 10 24 71.4 53.1 1.5
Vulcan 6 Cabot Furpace 10 24 T1.4 532 2.6
Vulcan 6 Cabot Furnace 20 24 T1.0 373 3.3
Elftex 254 Cabot Furnace 10 25 720 537 2.5
Special black #4  Degussa Furnace 5 25 66.8 62.3 13
Special black #4  Degussa Furnace 10 25 69.8 54.5 1.9
Thermax Staintess Cancarb Thermal 5 250 64.8 71.7 0.4
Thermax Stainless Cancarb Theymal 10 250 613 68.4 0.4
Thermax Stainless Cancarb Thermal 25 250 726 39.5 0.3
Thermax Stainiess Cancarb Thermal 50 250 801 474 0.2
‘Sevacarb MT Sevalco Thermat 3 300 642 731 0.4
Sevacarb MT Sevaico "Thermal 10 300 661 70.8 0.4
Sevacarb MT Sevalco Thermal 25 300 703 64.6 0.5
Sevacarb MT Sevalco Thermal 50 300 T5.4 55.0 0.3

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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As in Table | for PET, the carbon blacks used to make these compositions
are grouped 10 according to the primary particle diameter claimed by the
manufacturer. Table 2 - PP plaque reheat and color data (Example 2)
v@arbmmddsak Manufacturer Type Addition Mean particle Plagugnas/o3osso
Plaque Plaque Plaque level / ppm diameter / nm temp. / C L* a* b*

manufacturer) (mean 3 te None - - - 62.1,78.8-0.35.3 N --61.8
o5 GG YT 5 BIES 2 2SS BT OBEIS (o B BaT 315 et
groRpintesokdalpharBagpe s dadrombiadk 2016200 MPRIGoh SiathFiiptex!Falsna

bla@%%ﬂ%%?g’é%gggr%% ga%oeiﬂ)%ggz:ﬁﬂlagé onér ﬁ’*i{i}ﬁ%(tﬁe%@%éé EQUSRBlacks at

urnace 1 Printex F alpha Degussa Furnace 10 20

any7given&eel of Sipaprirhesorl spharbbghs S rifiasener dod vieksepgrir

resiPeB1R R rRdRBA DS SYss th fpgnace 10 20 71.1 53.6 2.4 9.6 Printex F
alpha Degussa Furnace 15 20 74.3 45.6 2.8 10.2 Printex F alpha

Degussa Furnace 20 20 77.2 38.0 3.0 10.0 Vulcan 6 Cabot Furnace 5 24
Exbfipl63 S SBrdp Nedegr &dsabbloingace 10 24 71.4 53.1 1.5 10.7

Vulcan 6 Cabot nace 10 24 71.4 53 . : 6
F o e G s R A VBRSSPt
blosdiz pRige8peviattiasked usiDe giriears urakle b irmEE8 €205 1.3 10.1

cmg%m@n@ lAGkdh&REOHS IAFHNARELQ REHRSE fbBrlvPadilaba TR
ainless Cancarb Thermal 5 250 64.8 71.7.0.4 6.4 Thermax Stainl

cosifiag b NRERALATED BiPeh ATaoPy Bt e ek Atfatese e

by THaHTaleabbalsARbeRPelifcdonas JdammnSiainiaks €artanbthe prefbm

hea (31132 gr%g 86%S$Zé4w%i%t4liﬁajntaining satisfactory blowing of the bottles.

The experiment was carried out using 23g weight preforms from which 500mt
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 walls to give a

combined 17,800 watts output. The cycle time of the complete heating and blowing
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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
25300 70.3 64.6 0.5 6.0 Sevacarb MT Sevalco Thermal 50 300 75.4 55.0
W@2e20isrom the data in Table 2, Figures 5, 6 and 7 shaw the:finahseseo
plague temperature plotted against L*, at and b*, respectively. The same
relationships between the reheat temperature and individual color
St e A e Bl SRR
te1BPABI0G 25X DPCITHI SROGBI0885B9S tadevdraveh dventinl Bigueés® 3 and
ten1§£9m£¥@5@ﬁ'&&u{é%%m;b&%ﬁlgﬁ?e&@%ﬁvef&ig@m%ség&m BGALLING iR

the type of carbon black in the composition, with Thermal carbon blacks

in grobdingf Hig Mererm dpraensiercais inedaBwidr Brafoar flanelvRemeitpyblown
inflagksodlc amaaivende vekobraheal «[ddeisnaleathen Alasksthareiomor
unexpectedly yield superigr resin color.in PP in the same way as in PET.
g B R R BB By R L ERSH BIbUAY ¥ RSt i hee
prﬂmﬁ&moinuﬁm'g]mdmaﬁw Po:}abk_mme pracess, ral R prefbanmediowirgr the
coRtBEPP PN ‘ﬂ‘éasm%%rf%ﬁnéﬁ%‘ééﬁgﬂ%eégEYQ%imé? wldgd Jram g g the
compositions (fescrrlbeé above, one containing a Furnace carbon black
cogmpgsitenstraBepresiriAdeEcTR miaresnd e isia dlech (Braspsd kel
1308 eheahRAMaN a0 Fonig edntviTeSifisrerkiblagkathe SR erimaN 3

was set up to measure the reduction in the preform heat up time possible
an, BTN T e TGRS SIS 1 R BRRHLEEr T BB P AL A
nneagsiRdiedlusing 23g weight preforms from which 500ml 20 volume
bottles were blown. The preforms were injection moulded under typical PP
injection moulding conditions at a melt temperature of 220C and mould
tchabbr 3tuRPgirfeGudriardinggeckatiine irjdutdondetidinammiecs’) A
separate laboratory blowing machine made by SIPA and specifically
caflpsigaad fatheqredustien ofddifohottiasanyagiéhken cigedint® blowisgee L*
bottles. The blowing machind®edrrio fieied Heatfb e ®Separated

(manufacturer) contrel/%

nge}; ggpha Degussa Furnace 5 20 240 652
Printex F alpha Degussa Fumnace 10 20 31.0 53.6
Printex F alpha Degussa Furnace 25 20 444 Rno
Printex F alpha Degussa TFurnace 50 20 48.2 155
Thermax Stainless Cancarb Thermal 5 250 16.6 1.7
Thermax Stainless Cancarb Thermal 10 250 26.7 68.4
Theymax Stainless Cancarb Thermal 25 250 36.8 59.5
Thermax Stainless Cancarb Thermal 50 250 44.1 41.4

Figure 8 shows that both types of carbon black in the PP Jead 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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10

25 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
wbthedareform body. The preforms were spun vertically on {@takiRenns/039560
holders throughout to ensure an even temperature distribution. In a

continuo rocedure the preforms e passed through the first. oven
cog A e 55 Koo T uE SRTSIRe e A SRS el
pre80suibleliong tiwagomperature to equilibrate, and then through the second

over-fora b n 004, 8RR AEH 3 UNSI KB s SHHIRrAPB U Ales hahe

heated preforms were finally delivered to the blowinq station. To measure
prfeed erebpiasnbotl SlanshrereTitcmr Buberwaid!l by vehin 8 skl of

pefseRRingedl SR watieRERUELERSVENE!R g Bt thexaavuiotehgatingand
nd blowing 18 WO 2006/0?82572 PCT/US@O%(E%/,O 9569 5 process was
r

no&h@rﬁhg TRSTLRISD T A eSS B E B ERES D14 ovens gave a
temperature that permitted the optimum bottle to be blown. Control of
preform temperature to achieve the best blowing performance is well
understood by those skilled in the art. If the preform temperature is too
low, the preform cannot be completely blown into the bottle mould..If the
temperature is too high, the material distribution is poor 10 leading to
variable thickness of the bottle wall. In this way the time required to heat
preforms containing the carbon blacks was measured relative to that
required for the control PP with no carbon black added. The cycle time
savings observed for compositions containing various levels of a Furnace
carbon black (Degussa Printex F alpha) and a Thermal carbon black
(Cancarb Thermax Stainless) are shown in Table 3 15 and graphically in
Figure 8. These carbon blacks have mean particle sizes of 20 and 250
nm respectively. Table 3 - PP preform blowing cycle time reduction data
(Example 3) Carbon black Manufacturer Type Addition Mean particle
Cycle time Plaque L* level / ppm diameter/ nm reduction from
(manufacturer) control 1 % Printex F alpha Degussa Furnace 5 20 24.0
65.2
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Printex F alpha Degussa Furnace 10 20 31.0 53.6 Printex F alpha
Degussa Furnace 25 20 44.4 32.0 Printex F alpha Degussa Furnace 50
20 48.2 15.5 Thermax Stainless Cancarb Thermal 5 250 16.6 71.7
wheimasstainless Cancarb Thermal 10 250 26.7 68.4 Thepppxaiaiiesg.
Cancarb Thermal 25 250 36.8 59.5 Thermax Stainless Cancarb Thermal
50 250 44.1 47.4 20 Figure 8 shows that both types of carbon black in the
PP 185898 Tgnificantly reduced cycle times. However, from the different
gradients of their respective plots (lines 90 and 92 in FIG. 8), a similar

 SYdsHng 1&?%““‘%%@@%&%‘8?%%@%@%@%‘ Rl fin urseisr}?stgf?th

Thermal carbon ( ese plots are theretore similar
INFOERYeS ekt PpEsIRplacwEnfstiéat relationships in both PP and PET.

Hengediis ihxampie R e wtarse s iaeohag niations sBade I Bxaunies

and 2. Thermal carbon black  unexpectedly leads to superior resin color at

any S5Eteh thrsiesini RaprBRBH R i diaa e aes /pigel puherein the carbon

PCTHd82005(0220 69k leampaiee dbaFl1aserp aeasbon black, and this
difference can be shown in a practical preform blowing situation. The
invention has been illustrated by detailed description and examples of the

. pFéfemreidiwhob oiménsheveziricins ciibmyeledi armuarck detailaiipetevithithe

t%gg@f%(pggg@ﬁiﬁ}(illed in the art. Therefore, the invention must be
measured by the claims and 10 not by the description of the examples or
the preferred embodiments. 20 WO 2006/052572 PCT/US2005/039569 5

. WeeGhamod oActigthod fierdarming.mely preRHANE i RAYAtAKIEAR e ter in the

tere ht? late resins with improved reheat performance, comprising:
d Hgle i (??aéetoggérflf?om 2 to 50 ppm by weight of carbon black, based on

the

. The method of claim 1, wherein the carbon black is made by a Thermal process.

A preform made from the resin produced by the method of claim 1.
A bottle produced from the preform of claim 5.

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.

The hottle 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.

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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10 weight of the resin composition including the carbon black, wherein the
carbon black has a mean particle diameter of at least 200 am. 2. The
method of claim 1, wherein the carbon black has a mean particle diameter

Whgsiangs of 200 to 500 nm. 15 3. The method of claim 1 in_the
S B e

carbon black has a mean particle diameter in the range of
4. The method of claim 1, wherein the carbon black is made by a Thermal
process. 20 5. A preform made from the resin produced by the method of

1iclaifelnod 4 apidieRredusesl dmdbe Preferie el elaim B iBatxd Reibaltle

of claim 6, wherein the bottle has an L* above about 45, an a* between
aB O PRI TS B R Bl ween about 0 and +7. 8. The bottle of claim

6, wiieréimihe boitle haspanitisrahormdbort fofnanasbgiwesnyapoiss-2
and + * +3 and +7. 30 9. The bottle of claim 6

e TR B UL bR el et A e
for a'HsarnfbaRadnilskior blackadvading ammiea in partiol gesif &bl 600 to
150 rop-n3e; 10. A thermoformed article made from the resin produced by
the method of claim 1. 21 WO 2006/052572 PCT/US2005/039569 5 11.
A mENSFRIRSH QLSS TFRIRADG I heSIBRR H9Bo Rt hy lene terephthalate

resin@risjeidyprep ene esii 60 M Hng{ 8 fermNg.a1Ee%iBontainer.

composition that includes from 2 to 50 ppm by weight of carbon black,

based on the weight of the resin composition plus carbon black, 10
R2yhereipting daibion Blavkdieis thevedrmphtticicdiameter jarth dingetafin the

Maf 200760 838,

13. The method of claim 12, wherein the carbon black has a mean particle diameter in the

range of 250 to 300 nm.
14, The method of claim 12, wherein the carbon black is made by a Thermal process.
15. The method of claim 11, wherein the preform is reheated to a temi:;erature 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 reheai 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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(b) forming a preform from the resin composition; and (c) injection stretch
blow molding the preform to form a bottle or container. 15 12. The method
of claim 11, wherein the carbon black has a mean particle diameter in the
W996.0§209 to 500 nm. 13. The method of claim 12, wherej g
black has a mean particle diameter in the range of 250 to B%Htr)ﬁrﬁg%{ %%?69
The method of claim 12, wherein the carbon black is made by a Thermal

19hrbrccaeitiens claim hethBerdr dhaihtes hafvskdih thevprdRitR s ke bebtcts

a {ppaper ature: fomndnj estivmwaike tblowmolding in less time in seconds or
fraction thereof than a 25 preform of comparable resin composition that
does not incorporate the carbon black. 16. The method of claim 15,

20nheeeiniith eflclesntidie wheetodddtarhsnprdvepeeitoiat easti@ seenitis

0 ' f claj ,
AR B S Y S
béflddh about -2 and +1, and a b* between about 0 and +8. 22 WO
2006/052572 PCT/US2005/039569 5 19. The bottle of claim 17, wherein
the bottle has an L* above about 60, an a* between 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
formed with carbon blacks having a mean patrticle size below 10 150 nm.
23 .
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