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Pol ypropyl ene Wth Enhanced Reheat Characteristics
FIELD OF THE I NVENTION This invention relates to the

woanufasihyr e of bottles, containers and 5 ot Bef/us2o04/007759

articles from pol ypropyl ena pol yner conpositions, in
particular by injection stretch blow nol ding and

t her nof ormi ng techni ques. BACKGROUND OF THE | NVENTI ON
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igveraliptiodess The preform starts at amblent temperature and has to_be
heated fo above the glass transition temperature of the polyester (generally
to about 110°C) so that the preform becomes sufficiently flexible to permit
the stretch-blow step to work. [n general, polyester polymers have a poor
ability to absorb IR radiation. Hence, as well as exiending the overall
production time, the preform reheating siep also requires a significant
amount of energy. To address this problem, certain prior patents have

- faught that adding black materials and/or metal particles to PET

compositions-can reduce the time and energy required for reheating. Hence,
prior patents teach adding carbon black (U.S. patent 4,476,272}, iron oxide



(U.S. Patent 4,250,078), and antinony and ot her netal
particles (U S. patents 5,419,'936 and 5,529, 744) to
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continues t seek ways to improve the IR absorption properties of

polypropylene such that it can be used to make beverage bottles on the
same injection stretch blow molding equipment as PET and/or used to make
other thermoformed articles.



(a) formng a preformfroma pol ypropyl ene conposition
containing a reheating agent; (b) reheating the
preformto a desired tenperature, wherein the tine

for the preformto reach th&adesired tenperature is

| ess than the tinme for reheating to the desired
tenperature a control preform of equival ent

di mensions that is forned from t he pol ypropyl ene
conposi ti on v MMARY (F JT&if B THIMNt ;. and (c)

i njection stretch bl ow nol di ng the reheated preformto
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reheating agent. In a second aspect, there is provided
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mhere#cﬁﬁigﬂ%{]?%wgﬂ?merﬁﬂ%%l g énénst ed during such
Z‘% Jyve ext g‘wg{? c%;g‘ unding by in situ chemn cal
dpissfion stgtchdioy g rebeaisd prefoam todorn dhe
VVI t h Bottleduci ng agent, wherein the reheating agent so
generated is in the formof -particles having sizes in

wheréia thapglypnﬁpyléhwmrh Sifiéh BbAGANS aﬁ'@ﬁeéﬁi@a@éﬁtt\hrﬁéﬁft

ed t t
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a polypropyl ene bot
rehe%iﬁé g‘yl ene conposition nade according to the nethod

as defined above. 2b . In a sixth aspect, there is
provi ded a pol ypropyl ene mast erbat ch nmade accordi ng to

thﬁar%mda 8ot dRES v

%{1 reis prs%v? egbe?r%)t g%gfpoly B'fog}flg'% l?(gta po ypcrcgrrgliﬂg 3 the
methag) gs; defiped E‘Yﬁ'rprl sing: (a) fornming a sheet froma

pol ypr opyl ene conposition containing a reheating

a9k Alhirg aspect, there is provided a method for making a polypropylene composition
containing a reheating agent, comprising:

reactive extrusion compounding of the reheating agerit into the
polypropylene to form the polypropylene composition, wherein the reheating
agent is generated during such reactive extrusion compounding by in situ
chemical reduction of a metal compound {o the metallic state with a reducing
agent, wherein the reheating agent so generated is in the form of particles
having sizes in the range of 10 am to 100 microns, and such particles are
uniformly distnbuted throughout the polypropylene.

In a fourth aspect, there is provided a polypropylene composition made according to
the method as defined above.

In a fifth aspect, there is provided a polypropylene botlle formed from the
polypropylene composition made according to the method as defined above. -



(b) reheating the sheet to a desired tenperature,
wherein the time for the sheet to reach the desired
tenperature is | ess than thgztine for reheating a
control sheet of equival ent J?nensions that is forned
fromthe pol ypropyl ene conposition in the absence of
the reheating agent to the desired tenperature; and
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for reheating a control preform of equival ent
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‘ W I hout eheat i agent. The pol ymer granul es used
accord'P%{"H’B&'@etﬁ?}éasp‘?eiﬁf’%é]%or‘f%y have an L* value of at |east .
about 80% of an L* value of the pol yner granul es used

UR AR ashde 1H&BLIE Provited TOMWB dihiBRidal YN PeaSIcha it made
rdner col or test. For exanple,

nmeasur ed t he,
ac“”“%ﬁ@ﬁ@’?ﬁgo%ﬁ%WSB? BAYGpr opyl ene conpasition granul es
have an L* val ue of about 75, the granules used to
manuf acture the preformdi scl osed can have an L* val ue
oPisglpendtis 8 nedtod fertieation trrichdiieys @plding @ pokypspayigRe holtie fipm a
preforth Bat lrfayVdhipRse0h pbRSrosidHel @mpotitish ctamiig @ rdhieBitly &yeht Tae
Wi resenbl e the col or/aesthetics of a bottle nade
rehealiigom t he control pol ypropyl ene. Preferably, the
reheating agent is incorporated into the polypropyl ene
in the formof particles having particle sizes in the
range of about 10 nmanoneters (nm to about 100
m croneters, and nore preferably in the 20 range of 10
nmto 10 mcrons. Preferably, the reheating agent
particles are incorporated into the pol ypropylene in
an anount in the range of about 2 ppmto 1000. ppm
nore preferably from2 ppmto 350 ppm nost preferably
from2 ppmto 50 ppm The reheating agent particles
al so may be T
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i ncorporated into the pol ypropyl ene conposition in the
formof particles 25 having sizes in the range of 10

nmto 100 microns and in an anount in the range of 50
ppmto 25,000 ppmto form a pol ypropyl ene nasterbat ch.

Wiheood/f@ige4er bat ch. then nmay be bl ended w th ot h&frs2o04/007759

pol ypropyl ene conpositions 3(possibly free of

reheati ng agents or containing different reheating
agents or different proportions of the sane reheating
agents) to forma pol ypropyl ene 30 conposition with
deagerd angyf b oneicsmiere roétal padistasmf angiomnys fitaninm, copper,

s, Rovyakeh n il oty st T
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Thalssorbihg dyes alr ofmminfuaded absarbiigamatariat. or nore of

antinmony, 35 titanium copper, nmanganese, iron and
tungsten, and the reduci nﬁ] agent can be one or nore

or gani 8¢ PROYBhiSrefipstedc heMopy healing 4dth 0B 19 MR Periigg famps, to a
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antinony triglycolate and SMEHE Tedud ng agent IS
wherephe spitl Gakpraeyiene cPRwosiliast granmes Payeyasy bpyalumel about 75, the
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t he pol ypropyl ene conpositjons w.th reheating agents .
ape P Bt e S A L ifoelt s B e Ay B bt v
sgseintle dse ¢olnrleetactichofedatiiempds ifromahe catrol polyepylsneeh as .

cups or serving trays or food containers, and two 10

di mensi onal articles, such as sheets. Dependi ng upon
the desired aesthetics of the final articles, the L*

val u teSPféﬂeréﬁtap, tp@'#.ﬁ%éhtmg' St 8 W%ﬁaté@ ilhfb ﬂﬁﬁﬁﬂ%rlﬁﬁylene
age used to.formthese other polypropyl ene articles
iy heats of prelicics BRvipa partcleiiran gLt Rdrnge dhgbout 167 -
coapasetars (ismi e dbowt Ty midoometers, andfraraprefesablpirethe
(AT I=Yoy oi riet | | .
R GO0 R Rty RILERY, e Moty adoht Paiceg are
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range of 50 ppm to 25,000 ppm to form a polypropylene masterbatch. The
masterbatch then may be blended with other polypropylene compositions
(possibly free of reheating agents or containing different reheating agents or
differént proportions of the same reheating agents) to form a polypropylene
composition with desired proportion(s) of reheating agent(s).

In addition, the rehe’ating agent may be generated within the
polypropylene.composition by in situ chemical reduction of a metal
compound with. a reducing agent.

Thus, the metal compound can contain one or more of antimony,
titanium, copper, manganeése, iron and tungsten, and the reducing agent can
be one or more organic phosphorous acids or inerganic phospharous acids,



determ ne the through heating tine of the polyner;

FIG 3 is a graph of plaque tenperature data over
reheating time for plaque surface reheat experinents
woPnadedsed Wi th plaques fornmed with 25 di fferﬁgf S2004/007759
pol ypropyl ene conpositions;;y FIG 4 is a grap oIP dar's
showing the variation in the tinme required to through
heat a pol ypropyl ene plaque to a target tenperature
(i.e., 80C) in relation to the anobunt of reheat agent
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particles are present in suffl ci ent am)unt to reduce

the reffbeamresentinvwenton wilkhe desartpedimthafolening dedajied: ed

t QisBiSitn iitiPredérenbe &f the faMdwWiRg eRdthiags: conposition to
the desired tenperature during injection stretch bl ow
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different polypropylene compositions;

FIG. 4 is a graph of data showing the variation in the time required to
- through heat a polypropylene plaque fo a target temperature (i.e., 80°C) in
relation to the amount of reheat agent in the polypropylene composition
forming the plaque; and

FIG. 5 is a graph of data comparing reheat time (seconds to 80°C)
versus the amount of reheat agent added to the polypropylene compositions
forming the plagues; and
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mast er batch of granules that are m xed with pol yner
granul es w thout reheat 25 agents. Mst commonly, each
pol ypropyl ene granule is from2.5 to 4.0 mm |ong and
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conposi tion or mxture of spol ypropyl ene granules is
heated to nmelt the conposition/granules to forma

fl owabl e polyner nelt that is introduced by injection
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‘The injection mold has a cavity and a mating ram to form the preform into
the desired contoured shape. The preform 10 is removed from the moid,
cooled and stored until it is ready to be formed into a bottle.

- Asshown in FIG. 1B, the preform 10 is then installed over a fixture 18
and held within & reheating or preheating cavity 20. Heating lamp 22, which
may be one or a series of lamps, emits infra-red radiation that heats the
outer surface of the preform 10 as the preform 10 is rotated on the fixture 18.
The reheating can be conducted from the outside of the preform as shown in
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EXAMPLES

Antimony as reheating agent preferably is formed by an in sifu
chemical reduction of an antimony compound with a reducing agent, such-as
hypophosphorous acid or other organic phosphorous acid or inorganic
phosphorous acid. Preferred antimony compounds include antimony
friglycolate (ATG), antimony triacetate (ATA) or antimony trioxide (ATO).

The hypophosphorous acid reduces antimony compounds to antimony,
which is dispersed in the polypropylene composition. The antimony particles
appear to be more uniformiy dispersed when infroduced into the
polypropylene composition in this manner. In particular, we discovered that
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Preparing the polypropylene masterbaich compositions.

Polypropylene polymer granules with a size of about 2.5 to 4.0mm in
length and 2.0 to 3.0mm in diameter were mixed with reheating agents
according to the following steps. First, about 5-7 kg polypropylene polymer
was mixed with liguid paraffin (about 20 mi) in a plastic bag. The polymer in
the bag was tumbled to coat the polymer granules with a thin film of oil.
Next, the reheating agents were added to the bag and the admixiure was
tumbled again.  Then, the coated polypropylene polymer granules were
compounded using an APV MP2030 twin screw extruder, followed by a
Boston Mathews single screw extruder fitted with a 4-section cavity transfer
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positioned on the 20 opposi¢te side of the plaque
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2% ama=R8 coRRBYplaque. We believe data from this plaque through-heat
method represents more realistically the heat transfer and distribution in an
article, such as a preform, which is processed by a typical injection streich
blow molding method, or for an article which is processed by a reheating
method followed by physical forming, such as thermoforming.

~ The measuring apparatus was calibrated by using control plaques
with a defined composition. . These confrol plaques were tested repeatedly
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amount, 25 20 ppm based om the wei ght of the
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equal parts by weight antimony triglycolate and hypophosphorous acid;
Sb2: 25 ppm antimony metal (milled); CB1: 40 nm carbon black; and CB2:
larger particle size 600nm - 2 microns carbon black. While both antimony
and carbon black can effectively reduce the reheating time (FIG. 5), the
carbon blacks at low levels can result in a significantly darker coloration (L*
significantly below 60 where the control L* was 75) (FIG. 6), which can-

- aesthetically defract from its use as a reheating agent for polypropylene
compositions. The combination of antimony triglycolate and |
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Gardner BYK Col or-View spgctrophotoneter Model

9000 is available from BYK Gardner, Inc. Col unbi a,
Maryl and USA. L* val ues for pol ypropyl ene pl aques made
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The L* measurements shown in FIG. 6 illustrate the relationship

between the coloration of polypropylene plagues and the amount of
reheating agents in the polypropylene compositions from which the plagues
were made. The control plague was polypropylene without adding reheating
agents. The control plaque had an L* value of about 75. The lesser
coloration a polypropylene composition has, the closer its L* value.is to that
of the control. As shown in FIG. 6, the polypropylene composition with 10
ppm antimony (composition Sb1) had the aesthetic characieristics that are
the closest to those of the polypropylene without any reheating agents
(control). In these examples, the samples having L* values of about 60 and
above as compared to L¥ of about 75 for the polypropylene contral had color
aesthetics that were at least 80% of the L* value of the control.

Table 1 below summarizes the energy savings due fo the reduction of
reheating {ime and the relative color aesthetics of these certain tested
polypropylene compositions.
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Control 0 O 73.94 Sbl 10 24 65.26 Sb2 10 24 63.79
CBl1 5 24 59.96 CBl1 10 31 47.74 Sbl: antinony (as
descri bed above); Sb2: antinony (as descri bed above)
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) nergy requifed to reheat the control bottle.’
s defNRr 9y savings are expressed as a '
pMM the cycle tinme saving experinment, both
2“ﬁSiﬁﬁs@r%%%Sw%&&o‘@ﬁ@"tf?%“mﬁﬁ%%ff 3 i 4

t hembinesrinjesten maulding Bad MQWIBQ Aaching H@eﬁr@f@rms were

S H‘ﬁéétﬁ:herﬂbtﬂﬂea Qi t&ﬁiﬁ’ai polypropylene processing conditions — the melt

15

20

temperature was 220°C, the mould temperature was 15°C, and the cycle
time was 27 seconds. We then used a separate laboratory blowing machine
which had been designed specifically for polypropylene. This blowing
machine had two heating ovens, each having 10,000 watts heating capacity
and each fitted with forced air ventilation. Several spinning preform holders
were used to index the preforms through two ovens separated by an air gap.
Each preform was indexed through the first oven in about 60 fo 80 seconds.
Then, the preform was indexed through an air space to allow the heated
preform to equilibrate for about 60 o 80 seconds. Next, the preform was
indexed through a second oven for about 60 fo 80 seconds, and then, after a
further 10-second period mdex:ng in air, it was delivered to the blowing
station.



t he opti mum bl owi ng of the bottle. The increased cycle
time of each sanple was cal cul ated agai nst the
control cycle tine and expressed as a percentage. 15
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Sb produced from antinonyifiriglycolate wth
hypophosphorous acid reduced the preform reheating
energy and cycle tinme to the same |evel as 5 ppm
carbon bl ack, but the color and visual aesthetics of
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Ep%%tl ng agent was preferred to carbon black in view
0 e aesthetics. W further found that adding

2e . phe PR Hyfﬁ%ﬁ%“élcﬂré%ﬁ bt Songafipane cofiol

t prefomyd prodiicep ensrgy sahingsdn e Eageiof lbsul 10% e -30%,
preferably 15 % to 20%, and cycle time savings in the range of about 25% to
35% (see Table 1). Thus, the polypropylene compositions with reheating
agents shorien reheating time and still produce bottles with acceptable color
and visual aesthetics.

We further explored the reheating and aesthetic characteristics of
different {ypes of antimony reagents. More specifically, we fested antimony
triglycolate, antimony trioxide and antimony iriacetate at different
concentrations. We additionally explored the reheating and aesthetic
characteristics of other reheating agents. We also tested different methods
for mixing the reheating agents with the polypropylene, namely, by direct
application {o the polypropylene granules, and by mixing polypropylene
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reheat i tipes for, certajn, of the pol Iene
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without reheahng addmves All of the reheating agents tested improved the
plaque surface reheating time as compared with the control polypropylene.
However, certain of the reheating agents when incorporated into
30 polypropylene granules (and plagues) had L* values much lower than the
target L™ (80% of the control), and thus may not be as suitable for use in
injection streich blow molding of botties. These compositions still may have
utility when making other polypropylene articles with thermoforming
techniques.
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Cl Eltex PPC KV 276 73.
El tex PPC NV 276 70. 25
El tex PPC KV 276 71. 24
wbas@Aakiss PP RE420MO 70.
Borealis PP RE420MD 68.
m Cu A 66.11 75.28 439
386 72 3 5 ppm coarse

75.11
75.71

67 2

99 75.

96 78.
73 149.

17 500

458 69.
419 70.

84 466
4 401

69.2 Control
2 Control
4 Control
67.3

72.1 Contro

A C2

A C3
A4

hooR0bPso
B15

50 mCu A 53.90 61.1 B

carbon A 56.73 75.85 366 74.3

bl ack 4 10 ppm coarse carbon A 48.5 72.64 334 76.7
bl ack RtDfdb siffagpreheatns tmea fdraseriAirdat tA8 pdiypaipyssie

7%0Tpo$|t‘§ﬁ§nﬂ'%6 %nQ;I

et

|ne

(&

o, Prdtr i oy cpierCy.

nszowmgramcaﬂwm B558. 96 61.32 442 69.2 10 ppmfine
carbon B 45.82 53.93 336 76.4 black 10 25 ppm fine
car bon BTable Gumparikeeofis. and Rehsasiting ﬁ@a%ﬁlﬁﬁtﬁﬁne

q: R ’)R g’) :I\_E E’J 20Q92 n A hi ’Jql/ 12 I[I” Bt Cu .
d % pRFBTERIBN 74, [0 1 CPrve Af’)ifgyﬁa e s%g;ggg‘go_
IHPA § 10 m EeAgvgz}ls_ h412 71 1 1oq055£ Q} m EEs ()
r8.94 49%“%% %L {@ 10 m Fe(]lBH\gg g‘g 58 3 71 b4 692
M3t i dl aplll td '_n_n 12 t6,389T 72 .9
1028 1B fﬁe"éﬁ{%ﬁ% T o 42 88579, Ga e 1% 652
C3 Eliex PPC KV 276 71.24 75.71 419 704
Control A
Cc4 Borealis PP RE420MO 70.96 78.84 466 67.3
Conirol B
Cs Borealis PP RE420M0 68.73 724 41 7241
Contro! B
1 5 ppm Cu A 66.11 75.28 439 67
2 50 ppm Cu A 53.90 61.18 386 72
3 5 ppm coarse carbon A 56.73 75.85 366 74.3
black
4 10 ppm coarse carbon A '48.5 72.64 334 76.7
hlack
5 20 ppm coarse carbon A 37.83 37.30 331 76.7
black
8 10 ppm Elftex 254 CB B 4685 | 53.73 325 772
7 2 ppm 20nm fine CB N B 61.51 73.11 -443 69.1
8 5 ppm 20nm fine CBN B 53.96 $1.32 442 69.2
9 10 ppm fine carbon B 45.82 5393 336 76.4
‘ black
10 25 ppm fine carbon B 39.10 31.95 336 76.7
black _
1 50 ppm fine carbon B 26.32 1553 292 80.4
biack
12 Infra-red dye-10 ppm B 63.54 7507 407 716
.| Avecia pro-jet 830 NP
13 10ppmFe A 64.80 72.88 412 N
14 " | 100 ppm 100nmFe N. A 47.48 4949 341 754
15 200 ppm M Fe N A 70.21 768.94 408 66.9
16 10 ppm Fe{lil) oxide B 58.36 71.54 413 716
17 | 10 ppm graphite EP B 64.15 72.16 389 729
1020 .
18 10 ppm 1-2micron B 6389 | 7294 - 366 738
graphite
19 200 ppm M Mn N A 62.44 71.00 47 70.6
20 2.5 ppm Sb via A 67.22 76.15 436 70
ATGHPO:
21 5 ppm Sb via ATG/ A 59.84 67.64 418 704
HsPOp. 10ppm Ti
22 5 ppm fine Sb B 68.00 75.65 405 716




graphite 19 200 mM M N A 62.44 71.00 417 70.6 20

2.5 ppm Sb via A 67.22 76.15 436 70 ATG H3P02 21 5

ppm Sb via ATGL A 59.84 67.64 418 70.4 H3PO2+ 10 m Ti
fine Sb B 68.00 75.65 405 71.6 WD 20

“éé??“(@é’%m 007759 16 23 1{ ppm Sb via ATGE &%@923%3“%7759

69.20 388 72.7 H3P02 24 10 mfine Sb B 63.37 72.32

380 73.6 25 20 ppm Sb via ATG@ B 57.74 69.44 349 75
02 26 30 ppm Sb_Via ATG B 5427 65.01 337 76.2

H3PRY D710FomSpHadii/vila ATG [A ©m148 B207] 3238877, 3 727
HRPQR N 28 HBPPom Shlvia A 743.62 78.27 457 68.8
AT4TNPP_[1hpprNine®h 50 [ppnB Sb |vi 68.98 7/0.7282 7j7. 88857 [68.86
ATCESTNPP?O ppSbyie 8TH/50 mBi nd SW.78 4l6.688% 51. 6849815 | 78275
41 100/ m Sh/HPXx 53 39 68.8 390 72 32 90 ppm ShiVia
ATAE6 Al 58P PR SBYHa &TE/ 304 7B, 2 | HERZR N6BB! 50 mB¥b vila 762
PR N A 5db8% 60 92 415 7.6 34 |5 mcdarse Sh A
46.39 7550818m§ 1‘3&7@!7 357 10 im @dtr sie 76K A 6438 72164 773
365 741 4 m coarse ShlA 57 3164 25 329 77 .2 37
10078m 02,{5%30"%%’ 19 %89. 48 Bg2? 417827 43 26T m M StH8.8
FA_40 0"6“1 Yo 6 .39 10 ppm Sh vila Sh20al B .
66.%8 7 ? THBPCA 40 [208-Wh i 78E% |20, 43 20| 87 688
3527 100 W N_A.58 8 88 13 415.7018
T30 T > 50 ppm‘ﬁneSb i 46,58 51.69 3i5 78.8
3 100 ppm Sb/P A 58.39 68.8 390 720
3 50 ppm Sb via ATA/ A 56.30 | 65.67 394 722
HaPOo N
33 | 50 ppm Sb via HsPOs N A 58.86 | 69.02 415 70.6
34 5 ppm coarse Sb A 66.39 75.85 391 2.7
35 10 ppm coarse Sb A 643 72.64 365 744
36 25 ppm coarse Sb A 5731 | 64.5 329 77.2
37 100 ppm coarse Sh A 42.19 39.68 287 81.8
38 200 ppm M Sb N A 4043 | 3920 301 79.6
39 | 10ppm Sbvia Sb0y B 66.3 76.81 417 71
. HsPO: :
40 200 ppm Ti N A 2935 | 2087 352 74.5
41 100 ppm 100nm W N A 58.98 68.73 415 70.8

M/b: masterbatch. N: nucleated. M: milled. ATG: antimony friglycolate.
ATA: antimony triacetate. TNPP: frisnonyiphenyl phosphite. HsPO3 =
phosphorous acid,

H.PO3; = Hypophosphorous acid



Mb: masterbatch. N nucleated. M mlled. ATG

antinony triglycolate. ATA: antinony triacetate.

TNPP: trisnonyi phenyl phosphite. H3PO3 = phosphorous
[ PC38 = Hypophosphorous acid WO 2004/ 083294

wBPsEes 007755 17 Tab ,3: Conparison of Bpppgonorrss

Reheati ng Characteristics for Masterbatch

Conpositions Sanple Mrh Target Control Mb Mb |et

Fi nal Through- Through- No. Fornul ati on Pol yrer

grablg 8: Gompagsamof £* tedReheatiepChanactdristied fop Mast@baich

( Seohpddifiormecs C 42 250 ppm fine 20nm B 17.57 12.5:1

47.74 - - CB 43 250 ppm copper (1) B 61.21 - 61.21 412

71.1__oxide 44 250 ppm copper (11) B 60.32 - 60.32 427
7Gasple pxi db Trgell 25 | dppnfrolwyedia. B 80 lev [1Zing: 1| Brouglt | Through-
-|- Nopj et  BUBNEIop dy ¢ Polyser ] OUIeN| Fdown 23rgle-| Jeaidy BOatin
79.8 47 250 ppm Fe(11) B 6¥. 67 ~aios]. 6% 390°Eseg) | 300 secs
xalate + HsPOz 481250 pmm Fe(lill) Bi66.5 -- 66 5 4140

(0
710625 H29ppp fne 2 bop Bag 25tﬁTpﬁm1¢%'i(| | 4474 1(|) B 52| 15~
d- 52 188357 77 7 lovide!50 250 ppm AldricH 1- B 30 87
4430: 1| &8 Peocorps Uil cr Bn gr 81Ai e 51 106 ImM ¥R A | 711
747 LOXG7 47 52250 ppom ATG+ B 28 83 25 0:1
q#437 | 250 ppmespper | 258 ppnblardi ch B[6B9®2 |- 487 oo 3746
13:5— PE_Shoos 54 2§é\ pr-Al-deioh B37-28 26-0:4
1 ves 701 1261 ] 3. i -

4653 projgggbéw%%g)QH P

46 1000 ppm Fe A 23.09 - 23.09 31 79.8
47| 250 ppm Fe(li) B | 6267 | - | 6267 | 398 719

oxalate + HsPQ:

48 250 ppm Fe(il) B 68.5 - 66.5 415 705
oxalate + HsPOs
49 250 ppm Fe(ll + M} B 52.15 o 52,15 327 77.7
oxide
50 250 ppm Aldrich 1- B 30.87 25.0:1 63.89 - —
2 micron graphite ‘
51 1000 ppm M Mn A ATAT | - 47.47 - -
52 250 ppm ATG + B 28,83 | 25.0:1 | 6337 - -
HsPO» .
53 250 ppm Aldrich B 65.92 - - Bh.92 374 735
fine pr_Oa
| 54 250 ppm Aldrich B 3725 | 2501 | 663 - -
fine Sb203+ Hsp 02 .
55 1000 ppm Sh/P A 32.97 - 52.97 421 70.4
56 266 ppm milled Sb B 3419 | 25.0:1 63.79 - -
57 1000 ppm 100nm A 24,05 - 24.06 329 - 773
Ti
A 31.45 - 31.45 - -

58 1000 ppm 100nm
W

Polypropylene compositions with reheating agents according fo the
invention preferably result in at least a 10% reduction in reheating time, more
preferably at least a 25% reduction in reheating time, and most preferably at
least a 35% reduction in reheating time, as compared to the reheating time
for the control composition. Thus, from Tables 2 and 3, the polypropylene
compositions with reheating agents that had reheat times to 80°C of 375
seconds and under, and particularly 300 seconds and under were most
advantageous.

The invention has been illustrated by detailed description and
examples of the preferred embodiment. Various changes in form and detail



55 1000 pm Sb/P A 32.97 -- 32.97 421 70.4 56 266 m
mlled Sb B 34.19 25.0:1 63.79 - - 57 1000 ppm | oon A
24.06 -- 24.06 329 773 Ti 58 1000 ppm I OOnm A 31. 45

wo 20808494~ - -~ W Pol ypropyl ene conposi tions Wikhsro04007759
reheati ng agents accordinggo the 5 invention
preferably result in at |east a 10% reduction in
reheating time, nore preferably at |east a 25%
reduction in reheating tinme, and nost preferably at
| ewititheaniiivthieeskit of parsbis slailedin the dri. "Pherafors GRR ahvestion

t ' j far I Qsi.t,i on.
TR e B hicthy 48 anpy 1t S5 ThE Rss g or e Sramples
c fthe prsfemed wmibedirepmtst i ng agents t hat had reheat
times to 80C of 375 10 seconds and under, and
particularly 300 seconds and under were nost

advant ageous. The invention has been illustrated by
detail ed description and exanples of the preferred
enbodi nent. Various changes in formand detail WO
2004/ 083294 PCT/ US2004/ 007759 18 will be within the
skill of persons skilled in the art. Therefore, the

i nvention nust be nmeasured by the clains and not by
the description of the exanples: or the preferred
enmbodi nents. WD 20041083294 PCT/ US2004/ 007759 19 W
claim 1. A nethod for injection stretch nolding a
pol ypropyl ene bottle, conprising: (a) formng a
preformfrom a pol ypropyl ene conposition containing a
5 reheating agent; (b) reheating the preformto a
desired tenperature, wherein the time for the preform
to reach the desired tenperature is |l ess than the
time for reheating to the desired tenperature a
control preformof equivalent dinensions that is
formed fromthe pol ypropyl ene 10 conposition w thout
the reheating agent; and (c) injection stretch bl ow
nol di ng the reheated preformto formthe bottle;
wherein the pol ypropyl ene conposition containing a
reheati ng agent when it



Is in a granule form priof to formng the preform has
an L* value as 15 neasured by the Gardner col or test
of at |east about 80% of an L* value of the

wBohYRis9RYy! ene conmposition in granule formi npg{]/%]szoo4/0077s9
0

absence of the reheating ggent. 2. The netho

claim1l, wherein the reheating agent conprises one or
nore netal particles, and wherein said netal particles
are selected 20 fromthe group consisting of one or
moye pimant i nony, titanium copper, manganese, iron
and tungsten. 3. The nethod of claiml1l, wherein the
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ofs i PaREIPRASAIRE S Rrificife o IR A PhARRRREE S

acl ds,“tanni ¢, dallic, a rogal’l "¢ acrds,

hinaasdreskby the Gardnes color tast ehialdgpstaband 8A%crf@n L value of

hyitl potypi@pyfene doenpositbadn gfartieidhnbin tHEabekrte dfehaet al

c %Bg [ 10 antinony triglycolate and the reducing

ag‘%%% Eﬁ%ﬁ'&phosphorous acid, 9. The nethod of claim

1, wherein e reheat| agent is jncoyporated into .

Lhe pafypr obyT SIENCBALIR Torhen e TBBER s Cpeses

hawt pymare esetahpartieles cargwhdérelrOsaid meatal jdticles aresseded

[ i 0
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forma %)Gdylpro ene naste
bBYANEENGRRid #EgePo t he net hod of claim

3. The method of claim 1, wherein the reheating agent comprises
carbon black, graphite or an infra-red dye.

4. The method of claim 1, wherein the reheating agent is
incorporated into the polypropylene composition in the form of particles
having sizes in the range of 10nm to 100 microns and in an amount in the
range of 2 ppm to 1000 ppm.

5. .The method of claim 1, wherein the reheating agent is
incorporated into the polypropylene composition in the form of particles
having sizes in the range of 10 nm to 10 microns and in an amouni in the
range of 2 ppmi fo 50 ppm.
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“. Féactive extrusion conpéundiig of’ the reheating agent

nore mnet al artig .ang .
"~ ate 0%?'&?%&%%?%Bfagﬂm;&ea?{sv@ﬂ%ﬁ@sbf'm@@ddvnm

15 11. A nmethod for making a pol ypropyl ene
gosi tion contai ni ng & \i€bR#kENG agent, conprising: Luds

into the polypropylene to formthe pol ypropyl ene
conposition, wherein the reheating agent is generated
during such reactive %ﬁmmm@di ng-by in situ
20 chem cal reduction of a meggl conpound to the
netallic state with a reducing agent, wherein the

r eheat i ng. agenhe fetgpand crimd, Wheieih thb eeealing 8dent is
Par t g&lepsted QA SbIF5Sp) bR i G HMcti
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t hr o%n&i'gﬁgqu?{ﬁg‘%&dﬁ _Eﬂdé'ﬁ'gg 299 The met hod of claim
11, wherein t ?h%mgﬁtog ﬁ%irﬁ%e\%eéﬁr e ﬂ%‘cnéé ; ﬁ%p%@'ﬁ r?ognltains

es, wherern sal es

of aand the msducingtagentimselectsdiiom tegropressisting oforert more
t ungsFturganicd phospherol®hbigs! iAdrgamia phdsbhoratb @ERLakME, gatiic,
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pol ypr ene 1 n a e ran
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{fhe PR igRikls e setveRadRaL 5 pBReese R 2
D pae OP; oo e ey oAy 1, Wb Rnddiihefls. | ©! ©
2 o RTS8 g ST B ferm ShRevirgen o
of dRMINGSERS iIndherange of1& neire2R0 mirrengand in gn amount in the
i NC oamyEr aftSEchpmton2s, 00D froh Yeforp)d Npropyldneendstsroneh.

. particles having particle sizes in the range of 10nm

to 100 ni@r or’ peimeropylerebetiie mudeiagceriieg tathganethod 6Hciaim
25,Q@00 ppmto form a pol ypropyl ene nmasterbatch. 16.
The nethod of claim 11, wherein the netal conpound
1¢ont ai ns11.10 Aomettoxd foronaking a polypropeiene tormpokiion containing a

COppéHeatiig BgeReSEnprsingd and tungsten, and the
reduci ng agent is selected fromthe group consisting

of one omraniivecextrofion coapoUndiipefihe resmatirliy:a}gé%nt into the

i no : i ;

RS BIERA g oy Ry

and AT CKef oy ar ox e SUep reqeiye, e uden gimpaundipaby in situ

20in e FREMICElTRd YR of & AR emppynd tptha metalissfate with a reducing
t r i gysrdoMlaereindhel retieatingcalgarit sy gareatediisintiyo iupinas phakciess
aci gaving sizes in the range of 10 nm to 100 microns, and such particles are

uniformly distributed throughout the polypropyiene.

12.  The method of claim 11, wherein the reheating agent

25 comprises one or more metal partices, and wherein said metal particleé are

selected from the group consisting of one or more of antimony, titanium,
copper, manganese, iron and hungsten.

13.  The method of claim 11, wherein the reheating agent is
incorporated into the polypropylene in an amount in the range of 2 ppm to

30 1000 ppm.
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ZSFEgm t he pol ypropyl ene “Conpe
the method of claim 11 20 20. A pol ypropyl ene

18. A pol ypropyl ene conposition made according to the

ghod of claimi1l. 19 s opyl ene bottle forned

oSt on nmade according to

mast er bat ch made according to the nethod of claim15.
21. A nethod for form geprE.ENHREWEEENE article,
conprising: (a) formng a sheet froma pol ypropyl ene
conposition containing a reheating agent; 25 (b)
rﬁhea_t | Ng4t heThd prthddwf2iain I | wibrbathe Featedlif ayditiei n

t he ; : : .

t o poratéa inko g“ﬁﬁﬁﬁgfﬁn%ﬁ?ﬁﬁeﬁ?‘? A ¥Rl having paticte
contT4sF 1 Hie.Enge SEIR e AR migrne e Bran gt te RResior 2
f r ofPBARPPBY ypr opyl ene conposition in the absence of
the reheating_agent to the desired tenperature; and 30
(c) fornmify t ¥ methegaf glakp AL Whereip theeehsatingeam) isene
ar t ilegogporatest intflee pelyprogylene inlthe fordlof patticlesihaving @article

I ehesidels rYtHROGAGe oL TORM i0SE ABRNS and M 8n BRYoBht in the range of

Do B B AT B, 1S,

REEL{/‘\CE_!VW. | aﬂt:al—:rﬁe(%rgd @?gﬁg}i ﬁgﬁ{ef’&n‘g}]ﬁmﬁaﬁ gﬁﬁﬁnund contains
190 2hg of Bibre b Sindhy, RN, bofit ibhnste. WS afiuymasten,
of Endiha rePlcing apentis pelected famtie groygaensistingRfions @ more
car lsbergbhigphospirapis 2aidw incaganiaphosphardusi peids, Jadnic, galie,
et bad pAlogaiia bt Ihyddyiie slphike, 6711 2aitd ASH RN hydrdxide.

i ncorporated into the polypropyl ene composition in the
form of Part iTheasethbdof dignsi | aherdin theansangsngdund IHnm

150- a&%mﬁig@éoumémggbgm? W&ﬁ%&éa -%ppm

to 1000 ppm "25. The nethod 0 erein the

reheat i n®. ag@polyfiopyéhd csmpdRAibR nidel dEcBrdirdfio the method of
pol ¥RinPpy! ene conposition in the formof particles

having sizes in the range of 10 nmto 10 m crons and

[ 'nt an am%gunlt Aﬁblw%n&wﬁﬂ& Eg,yp,ggy,?g@. The
me %}ﬁqﬁ : gﬁ / [ agent 1s
generd e&o&wﬁ%} e_I F’%E%y en"z‘{a@ﬁp]}}gi tion by in
261 tU chei cal JofirEiyidiie masterbatch made according to the method of
claim 16.
21. A method for forming a polypropylene article, comprising:

(a) forming a sheet from a polypropylene composition contajining a
reheating agent;

25 (b) reheating the sheet to a desired temperature, wherein the time for
the sheet to reach the desired temperature is less than the time for
reheating a control sheet of equivalent dimensions that is formed
from the polypropylene composition in the absence of the
reheating agent to the desired temperature; and

30 (c) forming the reheated sheet into the polypropylene article.

22.  The method of claim 21, wherein the reheating agent
comprises one or more metal particles, and wherein said metal particles are
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“EotitYains one or nore o©

5.,0f a metal conpound with a reducing agent. 27. The
phod of claim 26, V\hef*;'f' SRS '*et al conpound
antroRy, titanium copper,

- manganese, iron and tungsten. and the reducing agent

is selected fromthe group consisting of one or nore
of organi c ‘phosphor ouk@giadsnmrrpesERET ¢ pPhosphorous
acids, tannic, gallic, 20 andypyrogallic acids,
hydrazi ne, sul phites, tin 11 salts and nickel

hy drseleictéd. fron2 the grbap omisixtily 6f oed 6H HbRGT AMIAGRHY, fitdnken,

et abpFéHTRRAHGShdsS, 'ﬁ&ﬁp%dp“ﬁgﬂ%ﬁé giglycolate and the

reduc:| ng agent I'S orous acid. 29. The nethod
of clai npRl, Wﬁhﬂhﬁd%@arﬁﬁ?ﬁ@ﬂe&gn 8@aehedtihg agent

i nc k onp03|t|on In the
for%&@ par%r%‘weg'aé‘g \?‘l’tﬁgFéﬁznggqgﬁ%ﬁe range of 10
BM t 0 108y mi emnﬁetﬁa@ éla.ﬂ{‘zﬁWFHmHérEH@abﬁg ar 20
ppm’&g 25 09 Org%‘lag %rgﬁéﬂgn

accBRang @izﬁ% in ﬂlﬁ@n@tqféan@fwd P8 migrons andin, arwamount in the
t wo ratigeafi i pprato 1000\gpropy | ene articl e nade accordi ng

to the nethod of claim21. 32. The nethod of claim
11, wherdfi.n Jhemnether of aaimdd, whsieimthe36heating agerliisg

10 akingopored info telpolypropilcnd cempbsitatlinife forky of§aHicl® -

- APERs R rahge of 10 nm to 10 microns and in an amount in the
range of 2 ppm to 50 ppm.

26.  The method of claim 21, wherein the reheating agent is
generated within the polypropylene composition by in situ chemical reduction

15 of a metal compound with a reducing agent.

27. The method of claim 26, wherein the metal compound contains
one or more of antimony, titanium, copper, manganese, iron and tungsten,
and the reducing agent is selected from the group consisting of one or more
of organic phosphorous acids, inorganic phosphorous acids, tannic, gallic,

20 and pyrogallic acids, hydrazine, sulphites, tin Il salts and nickel hydroxide.

28. The method of claim 26, wherein the mets! compound is
antirmony triglycolate and the reducing agent is hypophosphorous acid.

29. Themethod of claim 21, wherein the reheating agent is
incorporated into the polypropylene composition in the form of particles

25  having sizes in the range of 10 nm to 100 microns and in an amount in the

30

range of 50 ppm to 25,000 ppm io form a polypropyiene masterbatch.

30. A three-dimensional polypropylene article made according to -
the method of claim 21.

31, Atwo-dimensional polypropylene article rnade according to the
method of claim 21.

32. The method of claim 11, wherein such reaction extrusion
compounding takes place in a twin screw compounding extruder.
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