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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.

SUMMARY OF THE INVENTION

In a first aspect, the invention is a method for injection stretch biow
molding a polypropylene bottle from a preform that comprises a
polypropylene composition containing a reheating agent. The reheating
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anti nony, titanium copper,3 nanganese, iron and
tungsten, where antinony is nost preferred. The
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In addition, the reheating 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, manganese, iron and tungsten, and the reducing agent can
be one or more organic phosphorous acids or inorganic phosphorous acids,
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plague surface reheat experiments conducted with plaques formed with
different polypropylene compositions;

FIG. 4 is a graph of data showing the variation in the time required to
through heat a polypropylene plaque to 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 plaques; and
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form ng the plaques; and WO 2004/ 083294
PCT/ US2004/ 007759 5 FIG 6 is a graph of data

weorpasizag L* (for degree of color) versus thePCHIB2004/007759
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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 mold,
cooled and stored until it is ready to be formed into a bottle.

As shown in FIG. 1B, the preform 10 is then installed over a fixture 18
and held within a2 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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18. The reheating can be conducted fromthe outside

of the preformas shown in WO 2004/ 083294
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may be directly mixed with the polypropylene granules prior to introducing
the mixture to an injection mold to form the preform. As another more
preferred alternative, the reheat agenis can be directly mixed with the
polypropylene granules and passed through a twin screw compounding
extruder or similar piece of equipment to form a well dispersed and
distributed polypropylene compound before being introduced fo an injection
moulding machine. As an alternate more preferred alternative, the reheating
agents can be generated within the polypropylene composition by in situ
chemical reduction of a metal compound with a reducing agent. As a fourth
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machi ne. As an alternate note preferred alternative,
the reheating 35 agents can be generated within the
pol ypropyl ene conposition by in situ chem cal

reduction of a metal conmpound with a reducing agent.
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Antimony as reheating agent preferably is formed by an in situ
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
triglycolate (ATG), antimony friacetate (ATA) or antimony trioxide (ATO).
The hypophosphorous acid reduces antimony compounds {o antimony,
which is dispersed in the polypropylene composition. The antimony particles
appear to be more uniformly dispersed when introduced into the
polypropylene composition in this manner. In particular, we discovered that
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Preparing the polypropylene masterbatch 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 liquid paraffin (about 20 ml) 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 admixture 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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with liquid paraffin (about?20 ml) in a plastic bag.
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U IRST Fhistst ettt reiig8ts the amount of heat transferred through the
plaque from the heated side. The temperature was recorded as the mean of
five measurements on five different plaques from each test sample and from
a standard control plaque. 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.
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The measuring apparatus was calibrated by using control plaques
with a defined composition. These control plaques were tested repeatedly
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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 detract from its use as a reheating agent for polypropylene
compositions. The combination of antimony triglycolate and
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of the control. As shown in FIG. 6, the polypropylene composition with 10
ppm antimony (composition Sb1) had the aesthetic characteristics 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 control had color
aesthetics that were af least 80% of the L* value of the control.

Table 1 below summarizes the energy savings due to the reduction of
reheating time and the relative color aesthetics of these certain tested
polypropylene compositions.
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Blowing trial details.

The preforms for the blowing trial were made on a laboratory scale
combined injection moulding and blowing machine. The preforms were
injection moulded with typical polypropylene processing conditions — the melt
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 to 80 seconds.
Then, the preform was indexed through an air space fo allow the heated
preform to equilibrate for about 60 to 80 seconds. Nexi, the preform was
indexed through a second oven for about 60 to 80 seconds, and then, after a
further 10-second period indexing in air, it was delivered to the blowing
station.
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CQS%O(SEEI'KHDIG!\M J.hThus, the polypropylene compositions with reheating
agents shorten reheating time and still produce bottles with acceptable color
and visual aesthetics.

We further explored the reheating and aesthetic characteristics of
different types of antimony reagents. More specifically, we tested antimony
triglycolate, antimony trioxide and antimony triacetate at different
concentrations. We additionally explored the reheating and aesihetic
characteristics of other reheating agents. We also tested different methods
for mixing the reheating agents with the polypropylene, namely, by direct
application to the polypropylene granules, and by mixing polypropylene
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The preforns with reheating4agents as conpared to the
control 25 preforns produced energy savings in the
range of about 10%to 30% ©preferably 15 %to 20%
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lithese results. 5 W found that adding
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The results are reportecjO in Tables 2 and 3 below. For the compositions set
forth in Tables 2 and 3, the controls were plaques made from polypropylene
without reheating additives. All of the reheating agents tested improved the
plague surface reheating time as compared with the control polypropylene.
However, certain of the reheating agents when incorporated into
polypropylene granules (and plagues) had L* values much lower than the
target L* (80% of the conirol), and thus may not be as suitable for use in
injection stretch blow molding of bottles. These compositions still may have
utility when making other polypropylene articles with thermoforming
techniques.




Cycl ops 300AF from M nolta Land) (not shown in FIG 2)
was positioned on 20 the opposite side of the plaque
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of the plaque was nonitoredSand recorded during
reheati ng. The pl aques tested contai ned various
reheating agents, such as antinony (Sb), nanganese
(M), iron (Fe), titanium (Ti), tungsten (W, copper
(Cu), ﬁiaaa)furtserfacafehﬁeatm toges forceciaitbothsl pedypropylene
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Throdugh- NGO pPoCyner |L* Aeat [hé880in $0d8 o ST (dec) 72

ecs ( Gippalcbase cRB@ KV 2A6 78. $9.775.[175890 69 366 743

B
Controfl A C2blikt ex PRC KV 276 70.25175.11 458 69.2
Cond r o 1@\ppGRcobrbd eboPAC KW 276 748524 |752.84 4193%. 4 76.7
Control A Cdbikreali s PP REAP0MO 70.196 78.84 466 6?.3

Cong r o] 28ppbcobies @dbn S| PPARE420M0888.|737.39. 4 4831 72.11 767
Control B 1 Haokh Cu A66.11 75.28 439 67

6 10 ppm Elftex 254 CB B 46.85 53.73 325 71.2

7 2 ppm 20nm fine CB N B 61.51 73.11 443 69.1

8 5 ppm 20nm fine CB N B 53.96 61.32 442 69.2

9 10 ppm fine carbon B 45.82 53.93 336 764
black

10 25 ppm fine carbon B 39.10 31.95 336 76.7
black

11 50 ppm fine carbon B 26.32 15.53 292 80.4
black

12 infra-red dye-10 ppm B 63.54 75.07 407 716

Avecia pro-jet 830 NP

13 10 ppm Fe A 64.80 72.88 412 71

14 100 ppm 100nm Fe N A 47.48 49.49 341 75.4

15 200 ppmM Fe N A 70.21 78.94 498 66.9

16 10 ppm Fe(lll) oxide B 58.36 71.54 413 71.6

17 10 ppm graphite EP B 64.15 72.16 389 72.9
1020

18 10 ppm 1-2micron B 63.89 72.84 366 73.8

graphite
19 200 ppm M Mn N A 62.44 71.00 417 70.6
20 2.5 ppm Sb via A 67.22 76.15 436 70
ATG/HsPO2
21 5 ppm Sb via ATG/ A 50.84 67.64 418 704
HsPOs. 10 ppm Ti
22 5 ppm fine Sb B 68.00 75.65 405 71.6




2 50 mCu A 53.90 61.18 386 72 3 5 ppm coarse carbon

A 56.73 75.85 366 74.3 Dblack 4 10 ppm coarse carbon A
wWd3008/08R2964 334 76.7 black 5 20 ppm coarse caP@DOSA04/007759

37.83 37.30 331 76.7 blacké6 10 mElftex 254 CB B

46.85 53.73 325 77.2 7 2 m20nmfine CB N B 61.51

73.11 443 69.1 8 5 m20nm fine CB N B 53.96 61.32 442
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Fe2§| A 7 TJEU <§ 8%/4ds 68. 9 | 1620 ﬁ%o“l Il oXfde B 762

Z1. 61 17 10_-bhpmor aphite EP B 64, 15

72216 3?@37;3;%‘"3&@6 18 %0 ppmbtibnilc b B 63380 74, 04773
e 19 200 m MM NA 62 44_71_00 417
7028 ﬁeg’"@nﬂ% Via A 67] 2239, 1579%6 |70 47 68.8

via AT A 590184 67.164 418 70_4

Hé%m 1050PM S8 5 fi e Sb E0-6B. 007783 65 46% 71|6 668

D 9nr4/A'E§@J;°£/|d:P@1wonnamm7qq 16 23 10 ppm Sh_\ia

T&) A 505%ppmdioe Sy 383 7B 7 | 1dep® | 5162 | 3i5 788
31 100 ppm Sb/P A 58.39 68.8 390 72.2
32 50 ppm Sb via ATA/ A 56.30 65.67 394 722

HsPO2 N
33 50 ppm Sb via HsPOs N A 58.86 | 69.92 415 70.6
34 5 ppm coarse Sh A 66.39 75.85 391 72.7
35 10 ppm coarse Sh A 64.3 72.64 365 74.4
36 25 ppm coarse Sh A 57.31 64.25 329 772
37 100 ppm coarse Sb A 42.19 39.68 287 81.8
38 200 ppmM Sb N A 40.43 39.29 301 79.6
39 10 ppm Sb via Sbo0s/ B 66.3 76.81 417 71
HsPO; :

40 200ppmTi N A 29.35 20.87 352 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 triglycolate.
ATA: antimony triacetate. TNPP: trisnonylphenyl phosphite. HzPO3 =
phosphorous acid,

H.PO3; = Hypophosphorous acid



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 H3P02 26 30 ppm Sb via
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ATE A 64.48 71.17 327 77.37 H3PG3 N 28 50 ppm Sb vi a
A 73.62 78.27 457 68.8 ATG TNPP |ow N 29 50 ppm Sb
via A 70.19 77.89 457 68.8 ATGE TNPP/ H3PQ2 30 50 m

o BB Caspaicyt gyt Rehopbn Mwanleduagor e aen

7£0mpegians N 33 50 m Sb via H3PO3 N A 58.86 69.92 415
70.6 34 5 mcoarse Sb A 66.39 75.85 391 72.7 35 10 m
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0 ppm Sb via Sb2Q2/ B 64.3L76. 81faﬁRL7 715 HBPOR (36) pdef. sece
Ti N.A 29 35 20 87 352 174 5 41 M-100mm- WN-A (G

542 08 pep0 PN eSOy [8 By if: 1ﬁ§§ter1%§:ﬂch ATNE cated.

M_ml QB! ATG __antli 41a1alV2 trialvicol ATA

{ % ac et 200 80m OPB0) {1 i Snor yIEbBeny| phokid e. HiBes = 71

phosph @¥es acid H2 PR3 HLDOJ’Jﬂh.aS.p.hQLO.uS_—aﬂ‘i.CL\AD
2604/ 0pZEHoRm eeng (82008 04778% |17 Tab| 092 Confi#r i spon 708
f 1* hexdeReheat | ng Char dct eristics fbr Masterbatch

Déhpos| 120 8pAGEApl ¢ MBb TarPedt |[CABTo| 1% Mb tet -
Fi nal W@J@il&@ﬁNP(qyﬁ)'(lmh- No. Forlmil atibn Pol yner

AManul e10@91&ﬁﬁ‘ﬁ?r anulle Aeat| 230%heat -in | 1280041 030t ° 130@38

1 d&c) B0 me@ll) B 62.67 - 62.67 398 71.9
oxalate + HsPO»
48 250 ppm Fe(lll) B 66.5 - 66.5 415 70.5
oxalate + HsPO»
49 250 ppm Fe(ll + 1) B 52.15 - 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 47.47 - 47.47 -- -
52 250 ppm ATG + B 28.83 25.0:1 63.37 - -
HsPO;
53 250 ppm Aldrich B 65.92 - 65.92 374 73.5
fine szOs
54 250 ppm Aldrich B 37.25 25.0:1 66.3 - -
fine Sb203+ HsPOg
55 1000 ppm Sb/P A 32.97 - 32.97 421 70.4
56 266 ppm milled Sb B 34.19 25.0:1 63.79 - -
57 1000 ppm 100nm A 24.06 - 24.06 329 773
Ti
A 31.45 - 31.45 - -

58 1000 ppm 100nm
W

Polypropylene compositions with reheating agents according to the
invention preferably resuit 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



C 42 250 ppmfine 20nmB 17.57 12.5:1 47.74 -- -- GB

43 250 ppm copper (1) B 61.21 -- 61.21 412 71.1 oxide
W@ 200256832ppm copper (I1) B 60.32 -- 60.32 427 7BCBUS2004/007759

oxi de 45 125 ppm Avecia B 38.7 12.5:1 63.54 -- -- - p

803NP (dye) 46 1000 mFe A 23.09 -- 23.09 301 79.8 47

250 ppm Fe(ll) B 62.67 -- 62.67 398 71.9 oxalate +

H3PO2 48 250 ppm Fe(l1l) B 66.5 -- 66.5 415 70.5

oxall be avithirHIRGEkKil 6f p&Boppakilted in the art. Yheresare] the invention

5 ' rd :
5t pR erfiréa Byt iils el R R W ARt oe amples
47r fie preferredgmbodimenfs. 250 ppm ATG + B 28.83 25.0: 1
63.37 -- -- H3P02 53 250 ppm Aldrich B 65.92 -- 65.92
374 73.5 fine Sb203 54 250 ppm Aldrich B 37.25 25.0:1
66.3 -- -- fine Sbh203+ H3PO2 55 1000 m Sb/P A 32.97 --
32.97 421 70.4 56 266 mmnmlled Sb B 34.19 25.0:1
63.79 -- -- 57 1000 ppm 100nm A 24.06 -- 24.06 329 773
Ti 58 1000 ppm 100nm A 31.45 -- 31.45 -- W

Pol ypr opyl ene conpositions with reheating agents
according to the 5 invention preferably result in at

| east a 10% reduction in reheating tine, nore
preferably at |east a 25% reduction in reheating tine,
and nost preferably at |east a 35%reduction in
reheating time, as conpared to the reheating time for
the control conposition. Thus, from Tables 2 and 3,

t he pol ypropyl ene
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advant ageous. The invention9has 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
skié klafrh: persons skilled in the art. Therefore, the
i nvention nust be nmeasured by the clains and not by

the degcri pii @atRid fob ﬁ\é@ti@mﬁtmw AloldifA g@blp?@ne botile,
embodi ments. WO 2004/ 083294 PCT/ US20047 0077

cFAMRISNY: A et hod for injection stretch mol ding a

pol ypropylene bottl e, co rising % formng a .

pr ef or [AITPEMNE B BISfRIMdEPM: @Ob’@ﬁ%?'ﬂ Gﬂm@é?ﬁlt'%r' [FORERIRING &
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the reheatjn e an L
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wher ei n tdoenpadiypr wildwibe celmgariiigtagantcendai ni ng a
reheating agent when it 1is in a granule formprior to

f or m n@)tihiectivre tiretohiew amoldihgvhe rehested prefeasittodormb yhe
t he Gard %rt 0l or test of at |east about 80% of an L*
val ue of ﬁl] pol ypr opyl ene conposition in granule
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0 erein the reheating agent conprises
c';erhgaahg]%gm}hgraphite or an infra-red dye. 4. The

met hod, of - chrgl i dinodtePEin 1t Whet&RGAL FO% ARG Ugdnt comprises
one or more metal particles, and wherein said metal particles are selected
from the group consisting of one or more of antimony, titanium, copper,
manganese, iron and tungsten.

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 amount in the
range of 2 ppm to 50 ppm.
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2 ppmto 1000 ppm 5. The nethod of claim 1, wherein
the reheating agent is incorporated into the

pol ypropyl ene conposition in the formof particles 30
having sizes in the range of 10 nmto 10 m crons and
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conposition 1A the Tormof Particles  having Sfzes in
t sorpargtedointa thempalypropplengicopmesitipndnithe ermabparticles
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pol ypropyl ene to formthe pol ypropyl ene conposition,
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12.  The method of claim 11, wherein the reheating agent
comprises one or more metal particles, and wherein said metal particles are
selected from the group consisting of one or more of antimony, titanium,
copper, manganese, iron and tungsten.

13.  The method of claim 11, wherein the reheating agent is
incorporated into the polypropylene in the form of particles having sizes in
the range of 10 nm to 100 microns, and in an amount in the range of 2 ppm
to 1000 ppm.

14.  The method of claim 11, wherein the reheating agent is
incorporated into the polypropylene in the form of particles having particle



i ncorporated into the pol ypropylene in the form of
particles having sizes in the range of 10 nmto 100

wor@rosR4 and in an anmount in the range of 2 ppoT/USIN04/007759

10

15

20

25

30

1000 ppm 25 14. The nethodlof claim 11, wherein the

reheating agent is incorporated into the

pol ypropylene in the formof particles having particle
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A pol ypropyl ene master ba?ch made according to the
met hod gf ﬂ;@dlﬂrﬁéyleﬁg cBpohitiRi hade @EoidRtigid ednethod of
pol ypropyl ene article, conprising:. (a) formng a
seledn s om a pol ypropyl ene conposition containing a
reheati ng agent; (b) reheating the sheet to a desired
t enper 49ur eA piiypropylena dottiefiormed frannéhe pelyprapylengach
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a control sheet o qui val ent di nensi ons
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the ab ng agent to t

telaperi® ure; and (c) forning the reheated sheet into
t he pol ypropyl ene article. 22. The nmethod of claim

21, whgiei nAtrethodferfarmingg @otypropylene article, comprising:

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

(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

(c) forming the reheated sheet info 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
selected from the group consisting of one or more of antimony, titanium,
copper, manganese, iron and tungsten.



30 conprises one or nore netal particles, and wherein
said netal particles are selected fromthe group
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copper, manganese, iron and2tungsten. WD 2004/ 083294
PCT/ US2004/ 007759 22 23. The method of claim 21,
wherein the reheating agent conprises carbon bl ack,
graphite or an infra-red dye. 24. The nethod of claim
21, wh2Bei nThaenetbtetaf Claim@Jemtherrsin theo:ce:lnepnﬁr@tmbritnt 0
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fﬁé%gfsjz%%% el %31 nrli’f‘a’:i'rg?}gw ngcb ?}?6 nHuErokw'%ear{@H%Znn%@o%ﬁi @”Ehe
pismoecizbppprie 1260 PR met hod of claim 21, wherein the

reheating agent is generated within the poI ypropyl ene
conpos2hi onThy methed dliclelne @ilc wihereid dioe refreatio ageméisal
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aRfhgbWigshei.to 5aNshrh.he reducing agent is selected from
t he group consisting of one or nore of organic
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agnsat withinghe poh/arwl%cwnemﬂon r'Bf?itH epical tgguction
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antinony triglycolate and the reducing agent is
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wherein the reheati nﬁ?mgent i's I ncorporated int
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tancbpyrdigaticsicidsa hygrazing, spiphites, tn tisalte amddbckeat bydixide.
to the nethod of claim21. 25 31. A two-di nensi onal

pol yprzgy| eTiee aiethad of craite 28cwhetbin the metdlecompriumalds of
Cén%{mr%gyltriglycolate and the reducing agent is hypophosphorous acid.

29. The method of claim 21, wherein the reheating agent is
incorporated into the polypropylene composition in the form of particles
having sizes in the range of 10 nm to 100 microns and in an amount in the
range of 50 ppm to 25,000 ppm to form a polypropylene masterbatch.

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

31. A two-dimensional polypropylene article made according to the
method of claim 21.



