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INJECTION MOLDING WPC 

DECEMBER 2007 VOL . 5 1 NO . 12 

FEATIJRES 
50 HOT-Fill PACKAGING: OPP & 'PANEl.-LESS' PET BO'T1U:S GRAB THE 

SPOnlGHT lmprovcd clarity and co t competitiveness ore reviv­
ing OPP's prospects in hot-fill bruTier containen;. Bul hot-fi ll 
PET containers are raising the bar with higher productivity 
and 'panel-less' designs. By Joseph A. Grande, Senior Editor. 

M INJEcnON MOLDING WOOD-PLASTIC COMPOSITES injection mold­
ers are just becoming acquainted with thi new class of molding 
materials. It pa.rs to learn some ba~ic proce sing guideline 
before jumping in. By Bill Hunnicutt, JER Envirotech Ltd. 

0 DISHWASHER SAFE: NEW CLEAR COPOLYESTER IS TOUGHER, MORE 
HEAT-RESISTANT, AND PROCESSES EASIER, TOO As new applica­
tions for clear plast ics call for durability, design flexibility, nnd 
ea y processing, exis ting plastics can fall short. A new amor­
phous thermoplastic is aimed at filling this gap. By D. . Porter 
and R.S. Beauers, Eastman Chemical Co. 

b4 POLYURETHANES: BIO.BASED MATERIALS CAPTURE ATTENTION The 
hot topic at this year's PUR conference was rigid and flexible 
foams with increased bio-based content. By Lilli Manolis her­
man, enior Editor. 

www.ptonllne.com D.:ctm~r 2007 

KEEPING UP WITH TECHNOLOGY 

1 1 Injection Molding LSR in two colors & hardnesses 
Plasticahng simulation software. Cool mold hot spots 

Extrusion 30 mapping of film gauge .. Extruder has mixer 
in t11e middle ... First 11-la~ blown film die 

1 9 Blow MoldinJr Automatic regulatNlll of bottle wall 
d1stnbutNlll . .Heat-shnn OPS labels ha,ie a~ti-torge,y feature 

1 Thermoforminir Plug-and-play former 1s compact, 
economttal Robotic router tnms faster than CNC 

Composites Mel\' bamer coat1n1 for composite boats . . 
Too11h urelhane hyt,rid for SMC and pultrus1011 

) Compounding Tw n-screw segments IOI' gentle melting & 
m i•n& !,h ,. VifC pr. .els w th less internal motsture 

27 Material■ H1gh-flo# fluoropolymer .. PP sealants for BOPP 
run faster c1earer ... Ru12ed resins for stereoltthography 

3 1 Additive■ Sh1mmenn11 colorant for containers 

32 A wdllarles Advanced melt 111dexer.. Faster laser marller ... 
Plasma treating w 1th CO2 .. Auto stack, destack, & convey 

3' ToollnJr Hot-runner nozzle heater 1s pn!CIse & uniform 

3 
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PLAFOAM 

CLOSE-UP ON TlCf' Ol.OGY 

39 EXlRUSION Foamed PLA show promise in bio­
degradable meal tray!:!. 

44 RECYCLING Bottle-to-bottle PET rt>cycling uses 
ilicone modifier. 

T UBLESHOOTER 
47 INJECTlON MOLDING Foiling flow imbalances in 

multi-cavity tools. 

YOUR BUSINESS 
72 IN BRIEF fore moves into biopolymers ... PolyOne buys 

GLS ... Bayer i;ells Hennecke... ew home, new name for 
Bosell ... I neo' completes two joint venturcR 

74 PRICING UPDATE Prices up aero, s the board. 
77 RECYCLE PRICING Recycle demand & price up. 
78 ECONOMIC OUTLOOK Wirt> & cable growth hits cyclical 

low. 
88 STRATEGIES On the cutting edge in 1:,lructural foam. 

IN EVERY ISSUE 
6 INDUSTRY DATEBOOK Calendar of cvent.'I. 
9 EDITORIAL ~Bio' was the buzz a t K.~ 

PROCESSORS' MARKET 
79 INFONET Web-page locator. 
81 INFOALE Advertised literature. 
83 RECRUrTMENT/Ct.ASSIFlm ADVERTlSIHG Equipment.,jobs, etc. 
87 ADVERTISERS' INDEX 

Nm MONTH K 2001 MACHINERY WRAP-UP 

Cower: PET bottles today can be filled fa.c;ter nod hotter than 
ever ... but polypropylene i looking more attractive, too. See 
what each is doing to get ahead on p. 50. (Photo: idel ) 
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Crystal clarity, toughness, and ability to 
withstand hundreds of home or commercial 
dishwasher cycles without crackJng or 
crazing are maior attractions of Easbnan's 
new Tritan copolyester. 

n consumer goods markets, 
there are countless applica­
tions for clear plastics such 
as copolycstcrs, acrylic, SAN, 
amorphous nylon, and poly­
carbonate. However, as new 
applications call for materials 
that can deliver durability, de­
sign flexibility. and easy pro­
cessing, existing plastics can 
fall short. Eastman Tritan co­
polyester is a new amorphous 
thennoplastic aimed at filling 
th is gap. It was launched by 
Eastman Chemical Co. at the 
recent K 2007 show in Dussel­
dorf: Germany. 

Up to now, copolyest.ers have oflcn 
been limited by their low heat resis­
tance. New Tri tan resin overcomes this 
hurdle with significantly increased 
heat resistance and toughness. Tritan 
ofJers exceptional clarity, low haze, 
high gloss, and consistent color, as well 
as the potential for faster molding with 
lower levels of residual stress. This 
unique balance of performance and 
processability is well suited to bridge 
the gap bet W<?cn previous copolyester 
families and other clear plastics such 
as polycarbonate. 

New Clear Copolyester Is Tougher, 
More Heat-Resistant, and Processes Easier, Too 
By David S. Porter and Randy S. Beavers, Eastman Chemical Co. 

60 December 2007 www.ptonllne.com 
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FIG. 1- BIREFRINGENCE VS. STRESS LEVEL 
3.5E-03 -.---------~----. 

overloaded dishwashers. Results dem­
onstrat.cd that Tritan's wlique balance 
of properties allowR molded it.ems to 
withstand hundreds of cycles in com­
mercial and consumer dishwashers 
with no visible crazing or cracking. a 
vast improvement over polycarbonate. 

3.0E-03 
Cl> u 2.5E-03 C 
Cl> 
-0.0 
C 2.0E-03 
-.: -~ 1.5E-03 
iii 1.0E-03 

5.0E-04 

0.0E+00 
0 10 20 30 40 

Trltan copolyester 
shows lower 

How It compares 

Stress, MPa 
stress at the same 
birefringence level as 
polycarbonate (PCJ. 

Although Tritan is a copolyest.er, 
it is sim.ilar to polycarbonate in many 
important respects . For example, poly­
carbonate has a reputation for high 
heat resistance and toughness. In 
notched lzod testing with 1/8-in. bars, 
polycarbonate can withstand impact 
of 14 ft-lb/in. with a partial break, as 
opposed to less than 5 fl-lb/in. for tra­
ditional copolyestcrs. In the same test, 
Tritan can resist an impact of 15.9 ft. 
l!Yin. without breakage. 

Designed with a higher glai-s-tran­
sit.ion temperature !Tg) than tradition­
al copolyesters, Trit.an delivers greater 
heat resistance without sacrificing the 
chemica.1 resistance and low internal 
stress found in copolycstcrs 

Products molded from Trit.an have 
le s residual stress than ones molded 
in other types of thermoplastics, such 
as polycarbonate. Combined \>,,1th it.s 
superior chemical rcsist.anc.-e, this lower 
residual stress level can significantly 
reduce the risk of product failure from 
environmental stress cracking (ESCJ. 
In molded polycarbonate products, 
ESC is often controlled through an an­
nealing process or significant design 
modifications-compromises that can 
be largely eliminated through the use 
ofTritan copolycstcr. 

Produced from a new, patent.eel 
monomer, Tritan copolycst.cr is the first 
of a new family of materials. Thus far, it 
has been shovm to be suitable for injec­
tion molding, iajcction-blow and stretch­
blow molding, sheet and flat. film extru­
sion, and thermoforming. It is available 
in commercial quantities and in several 
grades de.-<igned for different. markets. 
'rhe grades differ in Tg, melt flow rate, 
and incorporation of mold release. 

Putting It to the test 
Eastman's Trit.an offers many 

benefits for commercial and residen• 
tial kitchenware and small kitchen ap­
pliances, including reusable food con­
tainen,1, sports bottles, mugs, pitchers, 
and containers for food processors and 

www.ptonllne.com December 2007 

blenders. These products often require 
extremely versatile designs and shapes, 
exceptiona.1 clarity for vivid acsthetia-, 
and dishwasher durability--0ne of the 
biggest challenges to kitchenware de­
sign. 

Dishwashers in homes and profes­
sional kitchens expose kitchenware to 
a harsh combination of heat. hydrolytic 
and chemica.l attack, and applied stress. 
In some cases, kitchenware is exposed 
to the dishwasher dozens of times per 
week. Withstanding these environmen­
t.al conditions was a major design {.'OaJ 
in the development ofTrit.an. 

When developing this new mate­
rial, Ea.'ltman t.c:it.cd product.!l made 
with 'l'ritan in dozens of commercial 
and residential dishwashers. Samples 
ofTritan and other materials were sub­
jected to multiple washings simulati ng 

lnt.crestingly, increasing the sam­
ple specimen thickness to 1/4 in. pro­
vides significantly different notched 
lzod results. Bars molded from polycar­
bonat.c withstood only 2.2 ft-lMn. while 
'l'ritan displayed no break or partiaJ 
break at impacts of 15.9 fl.-l!Yin. Thick­
ncs,- senf\itivity with regard to impact 
toughness is a well known characteris­
tic of polycarbonate that docs not affect 
'I'ritan copolyester. 

Another indication of toughness is 
elongation at break. Polycarbonate has 
a break elongation of llW to 120',}, 
while Tritan has a break elongation of 
150"'r to 17W. 

Although Tritan equals or ex-

FIG. 2- HEAT RESISTANCE 

New Tritan has higher giass­
transition temperature rrg) 
than pre¥ious copolyesters. 

Impact Modified 
Acrylllc II 

Impact Modified 
Acrylllc I 

Polycarbonate 

Titan TX 1000 

0 50 100 150 200 
Tg, C 

61 
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I COPOLYESTER 

ceedti polycarbonate in impact le,-,ts. 
that doe not tt>ll the whole story. A 
tough mntt>rial doe not nccctisurily 
guarantee a durobl<' product. Prod­
ucts molded in polycnrbonntt> ore 
at great<'r risk of E C', particularly 
in more intricate shapes. Thi. is be­
cause polycarbonate parts may expe­
riencC' significantly higher level:,; of 
residual str<'ss than ports molded of 
Tritan. 

FIG. 4- CLARITY 

Figure I present.8 data gener­
at~d during experiments to measure 
the str<.':,. -optical coefficient in Tntan. 
The stre11s-optical coeflici<.'nt enables 
evaluntion of re<;idunl st res' levels in 
molded parts based on compnrii;oo 
of bir<.'fringcnce v. ithin the parts, n 
common tool for ru:se ·ing part qual­
ity. The strc. -optical coefficient for 
Tritnn i significantly higher than 
for polycarbonate (164 vs. 97.21. 
J-IO\\Cver, tht> coefficient is inversely 
related to re idunl . tre • level. Iv a 
re ult, parts molded from Tritan ha\'­
ing birefringence pattern., equivnl<'nt 
to tho--e een in polycarbonnt<' would 
po. e. s lower re idual stress, thereby 
improving the E performance of 
'I'rit.an. 

Tc,-ting revealed that under a 1 l'l­
strnin, polycarbonate often breaks af­
t r t\\0 to thr('(' d1shwushmg cycles in 
n re 1d<'ntlal dishwashl'r using a com­
mon household d<.'tergent. Und<'r the 
. ame conditiom1, Tritan endures more 
than 250 cycle with no sign of craz­
ing or breakage. 

While products mold<.'d in trndi­
tional copolye tens tend to have lr.;1s 
rci-idual stress thon polycarbonate. 
they arc a lso lC>ss resistant to heal. 
The Tg of mo8t copolyesteN i.s a.round 

Transparent ABS 

Cycllc Olefin 

Impact Modified 
Acrylllc 

Polycarbonate 

Tltan TX 1000 

Trltan has higher llllt 
transmittance than PC and 
some other dear plastics. 

80 

80 C. as oppo:,ed to a Tg of 150 for 
polycorbonal . The- fh"Rt Tntan prod­
uct launched ha..'i a Tg of 108 <Fig. 21, 
ago.in significantly changmg the per­
formance profile of copolycisters. 

lligherTg offers scveml other ben­
efit.~. including reduced creep under 
load, reduced molding cycle time, and 
i:;lower phyt-ical aging (Fig. 31. 

Clarity (Fig. 4 ) i. measured b) 

light tra.ru mittance according to ASTM 
D1003. 'T'rit011, polycarbonate, cyclic 
ol<.'fin copolymer (('0 ), and PETO all 
<.'xhibit very high levels of light tran.'1-
mission. ClC>ar ABS and impact-modi­
fird acrylic display lower trUJl!lmittance 
due to their mulli-pbasic nnture. 

Tritan also exhibits i,erutcll ~is­
tnnce that is much bctt.er than AN 
and slightly better than polycarbonate. 
Togeth<'r with its toughne , and chemi­
cal resi:;tunce. this property suggests 
potentia.1 w in face mn.,.ks and other 
i:;ports or safety applicntioru,. 

FIG. 3- MOLD CYCLE TIME 
FOR TRITAN VS.PC 

62 

16-----------------u 
I 14 

1""-TXSOOO 
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10 20 30 40 50 60 70 80 
Mold Temperature, C 

90 100 
PC molded faster in this 
trial with a medical luer 
COl■N!Ctor. But Tritan can 
mold faster in ttlidl: sections 
without nisidual stress. 

85 90 95 100 
Transmittance, % 

Benefits for molders 
Triton is good news for OEMR, de­

signers, o..nd consumers, but the new 
copolyester also provides substan­
tinl benefits to molders. It con redue,-c 
CO.'it.g by eliminating production steps 
and lowering material u.<ie, shipping 
weighl.!!. and inventory voluml's. It can 
al~ deliver fast.er molding cycles than 
many other transparent plastic.<;. One 
customer experienC<'Cl a nearly 20~ 
improvement in cycle time with Tritan 
as compan.'Cl w;th polycarbonate paru 
produced in the same mold. Tritan'!I 
melt flow ill genernlly 11imilar to that of 
polycarbonate, and i~ !limilor hrink­
agl' allows it to be u;;ed in the same 
molds. It mold \\ell with hot runnl."1'$ 

and i<mall gnt.e . It also thermoforms 
w II with dt'<.·p drnws. 

Trit.an can be injc-ction molded fast­
er than polycru-bonnlt' in thirk .'1t'rliom1 
without concern for rc,idunl stre, • .. 
Tritrul' lower stre"" lc,vel eliminate 
the need for an addiliona.l annealing 
step after molding (rcqwring expen. iw 
annealing oven.sl, tht•reby n:ducing en­
ergy U8C and overall proce ;iing time, 
lowering coots, and increru ing produc­
tion rnte.-1. And with a 2!J lov. er deru ity 
than polycarbonate, Tritan nl~ yield!! 
more parts per pound of l"l.'sin, which 
can contribute to material savingi-,. 

For both l~dt'CI i-hret application.~ 
and moldoo productt-, Triton d ~ not l'C'­

quirr predrymg befol"C' th m10forming. 
Products can be thennofonncd fu.--wr and 
at lower t:Pmpemturcs than polycrubonat.C' 
sh<_'<'t. The n':3ult is suJ)('rior mnterin.l di.<1-
tribution and increa.<ied d~ fl •xibilit)­
when using dl'OOmtiw paints and m.kB. 

Dttt-mber 2007 www.ptonll-.com 
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I COPOLYESTER 

TRITAN COPOLYESTER 

Preliminary Data Sheeta 

Specific ;r,wrty 

Mold Shnnui• 

lllcUlllcal~ 

Tensile Strensth 

0 Y11ld 

0 Break 

Elontation 

O Y,eld 

O Break 

Flexural Yield Strentth 

Tensile Modulus 

Fluural Modulus 

lzod lmpilct Strensth 

Notched, 73 F 

--40 F 

Unnotchtd, 73 F 

--4tl F 

Tlllrlllll'rOllertits 

118 

6200 PSI 

7700 PSI 

6% 

210% 

9000 PSI 

225000 p$1 

225,000 PSI 

8 

2 4 lt-lh.lin 

NB 

NB 

--------------J 

HOT O 66psi 

0 264 psi 

Opllcal """'1in 

210 r 
185 F 

Total Transmittance 90'-

Hue <1% 

JJPicllPrlCfflillCOldlliols _ _,,.. ___ ____, 
Dryl111 Temperature 190 F 

Dry1111 nme 4•6 hi 

Melt Temperature 

Mold Temperature 100-150 F 

'llruess o!lll!rA•ll noltcl. all !nts l)lrl!l'med 1t 73 f aDd ~ R H 

NEED TO MOW MORE? 

For lurther r.' mat 1)11 about this company and 
11 s products V!SJI wwv. pt011ltne.com/suppliers 

Eastman Chemical Coq KlftlSPOrt. Tenn. 
(888) 321-1021 • www mlmao.com/tntan 

www.ptonllne.com D,:cemba 2007 

Dishwasher-safe 
Products exposed to dishwashers 

mtL<rt withstand heat, humidity, deter­
gent chemicals, food, in-mold stress, 
and abrasion from overpacking, along 
with hydrolytic attack. Commercial 
dishwashers reach peak temperatures 
of about 85 C and cycle for 1 to 2 min­
utes. Residentia l unjts reach peak tem­
peratures around 70 C and have cycles 
of up to 2 hours. Also, kitchC'nware uSC'd 
in restaurants and commercial kitchens 
can be washed several times a da)'. 

F'igure 5 shows the varying effects 
of dii;hwrumers on n blender carufe 
molded in different material . The poly­
carbonate contniner show cracks after 
10 wash cyclc..c,, but the'l'ritan container 
shows no crocks after 100 cyclcs.Aston­
i!>hingl), containers made with this new 
mnterinl have been te tcd in over 500 
wash cycles with no cracks or hazing. 

Trttan In the real world 
One of the first commercial applica­

tion for Tritan copolyester comes from 
California-based amelBak. a provider 
of hydration S) terns for consumer, 
government, nnd indw trial applica­
tions. amelBak recently partnered 
with Eastman to develop the injection 
<1trctch-blow molded amelBnk Better 
Bottle product line using Tri tan. 

ince the CrunelBnk Bottle wns 
lin;t launched in polycarbonate, the 
company has received requests from 
con..'lumcrs for both improved dish­
washer durability and a product free 
of bisphenol-A (BPA), a chemical used 
to make polycarbonatc that hns bc<.>n 
linked to potenlial health concerns. 
These request.'! caused CamclBak to 
tum lo Ea.'ltman for altcmntive materi­
al ideas. Tritan was the answer, provid­
ing a BPA-frce material that also ha.'I 
greater durability to withstand rugged 
use and dishwa.,..her cleaning. The new 
CamelBak Better Bottle is scheduled to 
launch in early 200 in North America. 

Another early application come 
from the Vita-Mix Corporation, a pro­
ducer of high~nd kitcllen blenders for 
household and commercial use. Vitn­
Mi.x i cummtly manufacturing blcmd­
er containers for the newly developed 
Vita-Mix 5200 model u.•nng Eastman 
Tritan copolye.-;ter. Vita-Mix, who 
brand is lltrongly nssociated with 
healthy, pure living. !-Ought out n BPA­
free material for its new blender. The 

FIG. Sa 

Polycarbonate blender canm, labo¥eJ shows 
cractcs after 10 wash cydes while Tritan carafe 
(below! shows no cracks after 100 wash cydes. 

FIG. Sb 

CamelBalc ...... fnllll polycarbonate to 
Tritan c:opalyestm- for nmable waler bottles 
because Trltan Is BPA-free and has better 
dishwasher danbility. 

Continued on p. 76 ... 

63 
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COPOLYESTER 

Continued from p. 63 ... 

nC'w•generation copolyc ter abo deliv­
ers excellent toughness to stand up to 
the rigors of tht' blending process and 
wru hing, in nddition to l-UJ)(.'rior chemi­
cal l"('Sistancc nnd improved !lOund 
dampening that ameliorates blender 
noiS<'. The V1t.a-Mix 5200 is 1'chcdulcd 
to launch by the end oftJ1is year. 

76 

A third applicntion, which is due 
to lounch in 2008, is a thick-wall('(! 
i-oup bowl from Carlisle Food •rv1cc 
Products. Used in rcst.nurnnt.i., hotel.. 
and catc1ing, the bowls hnve prcvi­
o~ly been molded of polycarbonate. 
polycarbonou.vPET blend., and SAN. 
An important cntcrion is tht• abilit} 
to be washed tleveral tim J)(.'r day in 
commercial dishwashers. Tritnn molds Carlste's new resbuant 1011P bowl wa me 

Trlan because I mmds faster' it thidl sections 
than other resm, has lower~ ... ~ 
stands ~ lishwasher cycles per day. 

faster and has lower density than :-ome 
mot('rials Corli;;le has used in !-OUp 

boY-1.s. Triuin con nLo be used in the 
samC' molds as tho.i.;c, material.!!. 

Less environmental Impact 
Reducing ovemll impact on the 

enVJrOnmcnt i:. n goal up and down the 
supply chain. Tritnn has wme fcnturC';; 
that contribute po-qitivcly in this re­
gard. The new-generation copolyei,ter 
is lei-. deru thnn materials t;Uch as 
polycarbonate, thus using I s • mntcrial 
to make th(' same product.~. Addition­
ally, the material can eliminate 0tep 
in proceSoing such a:3 annealing, which 
cnn N'ducc overall energy usagt>. Iii 

V'rta-Mix switched from polycarbonate to BPA­
free Tritan copofyester for its new blender ca­
rafe, which can be molded In the same tools 
as polycarbonate. 

Damd . Porter, Ph.D., ts pr111cipal ap• 
plications deuc/opmcnt T'l!presentath •, 
and Randy '. Beat•rn; is bu.~iness dct·el· 
opn~nt manager, in the JX'C'ialt:y PJa.,; 
tics Orxaniwtion of Ea.~tman Chemu·al 
Co. in Kmgspart, 1l·nn. 
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