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PULSE BLOW METHOD ~ APPARATUS FOR FORMING 
CONTAINER. WlTH EiVHANCJm '.l!Hl?RMAL S'?ABILIT!' 

Field of the Invention 
~he present inventio~ concerns a method of forming a 

container with enhanced thermal stability, such as a 
transparent polyes~er refill or hot-fill beverage container, 
and more particularly .. to a method which includes ·on-e or. more 
preliminary pulse blow inflations ~t. a .high-strain rate in 
order. to increase the cry&tallinity level in the body of the 
foaned container. 

Baakgrou,nd of the Invention 
There is a olass of "crystallizable'' polymet"s useful in 

the blow mold container art which includes polyesters, such 
as polyethylene terephthalat~ (PET), and polyamides, such as 
nylon-6 and nylon-66. I~ an a.morphous state, such as 
produced by rapid quenchi~g from the melt, these pol:pmers 
have ~elatively low levels of mechanical p~operties. 
However, when properly oriented and crysta.llized, these 
polymers eXhibit a very hiqh tensile modulus and impact 
resistance enablinq the production of a hiqh-strength 
container at a relatively low weiqht of material per 
container. 

PE'l' has been· .in use ~or over twenty years for carbonated 
beveraqe contain&rs, and mote recently has been ada,Pted for 
refillable carbonated beve~ase containers and hot-fill 
containers, each of whiah require a hiqh level of thermal . . 
stability. .A.hiqh therm•l stability contain~~ can resist 
distortion and shrinkage when subjected to an elevated 
temperature durinq use. A ~efillable container must 
withstand a hot oaustia ~ash for cleaning and sterilization, 
during each reuse cycle. A hot-fill containe~ must withstand 
an elevated product fill temperature required for 
sterili~ation, as is customary with juice and milk products. 
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Generally. increasing the percerit crystallinity of the 
container inc~eases the resistance to thermal deforma~ion and 
shrinkage. Howeve~, increasing the crystallinity also 
gene~ally reduces the transparency of ~he container. In 
lields such as the carbonated beverage industry where there 

/~ are strict requirements r~gardin9 the transparency of the 
containers, it is difficult to.achieve the required 
crystallinity levels without also produainq opacity or haze .. 
in the container. 

In the past, the prin~ipal mechanism of increasinq the 
crya~allinity of PE'l' containers has been by heat settinq. 
Heat settinq was performed after the container ~as expanded, 
the expanded container being held at an elevated temperature 
and pressure for • few.minutes to increase the crystallinity 
level and relieve :esidual stresses. However, tbe hea.t 
settinq process adds sign~fioantly to the cost of 
product: ion. 

Another method for increas1ng ~esistanae to distortion 
caused by hot filling and/a~ hiqh impacts, is to provide a 
sidewall having vacuum panels and ribs to reinforce the 
sidewall. such a containet is described in u.s. Patent Ne. 
5,178,289 to KrishnakUmar et al. entitled .. Panel De~ign For A 
Hot-Fillable ContaineJ:. 11 .which itSsued January 12, 1993. 

Another method of·i~c~easinq resistanoe to deformation 
caused by hot fillinq is:to add to the container,_~mmediately 
after filling, liquid nitrogen follO\led by immediate closing 
of the container, whe~ein the liquid ~itrogen becomes 

· nitrogen gas and inte~nally pressu~izes ~be container to 
prevent vacuum col~apse. Such a container is Gescribed 1n 
u.s. Patent No. 5,104,706 to Krishnakurnar et al. entitled 
"P:eform For Hot-Fill Pressure Container," which issued April 
14, 1992. 

Another method for in~reaein9 the the~mal stability of a 
container is to p~ovide a multi-layer construction including 
inner and outer layers 0£ PET and a central layer of a 
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plastic having a high glais transition temperature (T
9

). 

such a container is described in U.S. Patent No. 5,049,345 to 

Collette et al. entitled "Method Of Forming A Multi-Layer 

Preform," which issued Sept•mbez: 17, 1991. The high T
9 

polytRer may be a copolyester·wnidh is preferred due their 

melt solubility and resul~ing adhesion to PST. 
/,, Non-polyesters suoh as acn:ylonitz:ile styrene, aarylonitrile 

sty~ene copolymers, polyca~bonate, etc. could also be 
utilized. The hiqher T9 material may form a central core 
layer of a three-layer sidewall construction, or inner a.no. 
outer intermediate layers between inner. co~e and outer 
layers in a five-layer const~uotion. 

It is an object of this invention to provide a method 

and apparatus for blow molding a prefo~m into a container 

which provides an enhanaed level of crystallinity in the body 

of the container in orde~ to provide enhanaecl thermal 
stability. 'l'bis method uy be used alone or in aombinet::lon 

with prior art methods for allhana:i.ng thermal stability, e.q, 
heat setting~ multi-layer construction, vacuum panel design • . 
etc. 

summary of the Invention 
A method and appar•tus is provided for enhanc~nq the 

level of crystallinity in a ~low-molded container. Aacotdinq 
to the method1 a heated pref o~m is provided cf an orientable 
and crystallizable polymer at a temperature in the 

orientation temperature ranqe of the polymer. The preform is 

aW?stantially t~~~parent and amorphous. The preform 

includes an elongated body-forming portion and a base-fatminq 

portion. 
Aocordinq to the method, the prefo~m is subjected·to at 

least one .Pulse-blow step in a cavity of • blow mold to form 

a substantially transpai:ent and at least partially 
~i:ystalllne intermediate artiole. The· pulse-blow s~ep 

consists of expanding at least a portion of the body-forminq 

portion axially and radially at a first hiqh-strain rate of 
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inflation to maximize the crystal nucleation sites in the 
expanded body-forming portion. The expanded body-forminq 
portion is then held at ~ low pr&ssure to allow crystalline 
growth and ~elaxation of amorphous orientation, while the 
expanded portion is at less than the final container 
dimensions ana does not cantact the inne~ walls qf the mold 
cavity. The pres~ure is then released and the partially 

' expanded article at least partially deflated to allov further 
relaxation of the amorphous orientation. The pulse-blow step 
is performed one or mo~e'ti~es. 

Durinq a final e~an.sion stepr the intermediate article 
is fully blown to forM a final oontainer having a 
substantially t~anspa~ent and partially crystalline body with 
enhanced thermal stability. During the final expansion step, 
the body-forming portion is caused to fill the blow mold 
cavity at a second low-atrain rate of inflation (lower than 
the first high-strain rate) 1n o~de~ to m1nimi~e the 
amorphous orientation in the final container. 

'l"he inc:eased crystallinity level in the container body 
increases the thermal di,tortion temperature of the container . 
and thus increases the useful temperature range of the 
container. The minim12ation af the amorphous orientation· 
reqions in the oantainer reduces the thermal shrinkage and 
further improves the thermal stability of tbe container. 

One advantage of the present invention is the_abifity ~o 
form a container having ·a hi9h-orystallinity sidewall in a 
single mold, whereas prior processes require multiple molds 
for multiple blowing or beat-setting steps. In this 
in~ention, a sinqle mold is used and the mold is warm (e.g., 
200°F/93°C) as opposed ~o hot (300-400°F/l50-200°C). A hot 

mold is not desirable during the final expansi~n. because it 
produces greater ~ost-mold shrinkage and thermal di~tortion. 
Because the mold is wai:-il (not hot) during the pulse-blow 
step, the inte~mediate 
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article is kept away from the wall for most and preferably 
all of the time to prevent· the article from ooolinq, wh~ch 
would reduce the amount of crystallization. 

Another aspect of tb~.p~esent invention is a blow mold 
and fluid supply apparatus for practicing the method of this 
invention. The apparatus,. which incl._u9-es a metering' chamber 
and piston, alternatively supplies a high-strain ::ate an4 
then low-atrain rate of inflation to the blow mold. 

These and other.o~jects of the present invention will be 
more fully desct'ibed by the £ollow1ng drawin9s and 
description of specific embodiments of the invention. 

Bri§f Description of !he prawings 
F~g. l is a oross-seational view of a fluid sup~ly and 

blow-moldinq apparatus used in the pulse-blow method Of this 
invention for expanding ~preform 
into a container:, showing a fiz:st intermediate article: 

Fig. 2 is a cross-sectional view of the apparatus of 
• Fig. 1 showing a aeoond i~te~mediate article following . . 

deflation. and a third intermediate article following 
re-expansion; 

Fiq. 3 is a cross-sectional view of the apparatus of 
Fi~. l with the fin~l contai~er; 

Fig. 3A is a partial sectional view of the final 
container; and 

Fig. 4 is a qraph o~ inflation volume vs. time 
i~lust~ating ~he ~teas~ce and expansion rates during sev~n 
steps of a i:epresentative example of the method: of thia .. ~,, 
invention. 

pet~iled Description 
A specific embodiment of the invention wi11 be described 

with a seven-step p~oces; illustrated in Fi~. 4, and the blow 
mold and f~uid supply apparatus of Figs. 1-3. The resulting 
containe~ is shown in Fig. 3a. 
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In this embodiment, a mete~ing pot ~nd piston air supply 

appara~us 40 is used for Droviding a controlled pressure and 
expansion rate to the blow mold 10. The metering pot 44 
provides a predeeermined amount of air aJ1d a predetermined 
rate of air flow for infl•ting the preform in the blow mold; 
by cont~olling the volume.and rate of air s~pplied there is a 
oor~esponding control ove~ the pressu~e supplied to inf late 
the preform. 

A prefotm 60 of polyethylene terephthalate (PET) is· 
positioned in a blow mold appa~atus 10. The pretarm inoludes 
an open top end 62 having a neck finish 6' with exte~nal 
screw threads 66 and a retaining flanqe 68. Below the neck 
tinish.there is p:ovided .a body-formln9 porti~n 70~ includinq 
a tape~ed shoulder-fo:minq portion 72 of increasinq wall 
thickness movinq dOwn to a substantially constant wall 
thickness aylin4cical aidewall-eo~ming portion 14. Below 74 

is a ~ase-Eormin9 portion 76, includin; a closed 
hemispherical hot-tom end 78 and central gate ao. 'rhe 
specific p~efoz:m atrueture descri~ed herein is by way of 
example only and does not limit the olaimed invention. 

Preform 60 is injection-molded and is substantially 
transparent and i.iaorphous. It is heated to a predetermined 
temperature in the orientation teinperature ranqe ~f the 
polymer, which generally is about 20°-so 0 c above ~he glass 
tran.sttion temperatui:e (where TG fo:c an amorphou~ ~ 
prefo~m is about 76•80°C, and the upper end of the 
orientation· temperature range is preferred !or refill. O! 
hot-fill containers). 

The preform 60 is held £rom the top end by a oolle~ 24 
havin~ a C$htral chamber 25 in sealed enqagement with the 
neck ~inish 64 of the preform. 
The collet 24 has an upper axial bo~e 26 throu9h which an 

axial stretch rod 30 i• movable and a side bore 28 connected 
to the air supply appa:atua 40 as described hereinafter. 
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The retaining flange 68 on the preform lies between the 
collet 2~ and a neck plate 22 which sits within an upper mold 
part 14 of the blow-moldin9 apparatus 10. Upper mold 1( and 
lower mold 18 togethec form an interior chamber 12 which 
defines the dimensions and contours of the final container. 

·0pper mold 14 includes an upper conical shoulder-defining 
wall 15, and cylindr;ical sidewall-defirling wall 16. The 

lower mold 18 includes an outer basewall-def ining wall 19 and 

central recessed dome-defining wall 20 (i.e., a 
champagne-type ba•e). 

Acoordinq to step 1 of J'ig. 4, the heated.preform is 
expa.nded axially and :adially_at a high-strain rate and low 
inflation presau~e to fo~m. a first intermediate article 8'a 
(liq. 1.). file prefai:m is rapidly stretched axially by 

st~etah rod 30 and radially expanded at a high inflation rate .. 
by a p~essurized fluid in order to enhance the number of 
nucleating sites. At a bigh-stc.ain rate 0£ eXljlansion, the 
rate al alignment (orientation) of the •olecular ahains is 
qreate~ than the rate of relaxation of chains to their random 
configuration, so there is a net residual orientation. The 
oriented areas provide nucleatinq sites for crystalline 
qrowth. The specific ~ate of expansion is deter~ined by th~ 

ma~e~ial, preform and oontainer dimensions, and temperature. 
By w&y of example, for a PET preform expanded into·a beverage 
container via a reheat atretch blow process, a hiqh-strain 
:ate would be no.less than about 5 sec-1 (for the · 
p1,1.lse-blow-.s·tep). and a low-st:ain rate (for the final 
expansion step) would be no gre1Lter than about l aea-1 . As 
ueed herein; 

strain r•te = strain/time 
- (change of length/oriqinal length}/time 

In regard to pressure, a conventional PET reheat stretch 
blow process may utilize a pressure of 34 atm to form a 
beveraqe oontainer with a footed base, while a champagne base 
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may be formed with 20-25 atm. By way of example only, the 
low pressure during the pulse-blow step may be on the·order 
of 6-10 atm while the high pressure for the final expansion 
is on the order of 20-40 atm. 

The axial elonqation ia performed by stretch rod 30 
i'F• whiab extendti down the axial centerline of the pz:oefot:m. 'l'he 

lower end of the stretch tod 30 enqages the qate at ~the 
bottom end of the preform~ pushinq it downwardly into contact 
with the center of a dome-defining portion 20 of lower mold 
18. This helps center the intermediate article 84a in the 
blov mold. whicb is important for even orientation and 
expaftsion around the enti~e circumference of the article. 

. . 
'l'he p~essurized fluid for radially expanding the preform is 
supplied by input air a»~aratus 40 oonnected. to side bore 28 

of the colle~ 24. A metering chambe~ 44 with internal 
metexing piston 42 provides a controlled volume of air in 
l~ne 48 to a riqht input po:t of fluid control valve 46, In 
step 1, the air from line 48 is connected via valve 46 ~o a 
lowermost port and line 50 Which is connected to side bore 28 
of the collet, and directly into the open upper end 62 of the 
pref o:m. 

Because the preform base 78 is relatively thiaker (e •. cr., 
l.lX} than the preform sidewall 7,, and because of its 
hemispherical shape (requiring a higher pressure to blow) and 
qenerally lower tempe~ature. the ~ase undergoes relatively 
little axial and ~ad1al egpansion durinq the pulse-blow 
steps. A thick and auJ:>stantially aiporphous base has been 
found to provide increased resistanae·to st~eas cracking and 

i.: ~' 
creep for refill and hot~till applications. ' 

Acoordinq to step 2 of Fi9. 4, the intermediate article 
84a is held inflated at a low p~essure for a short duration. 
This allows the or:ystalli~e nucleating sites fo~ed durinq 
step 1 to grow and thus increase the arystallinity level,, 
while relaxinq any amorphous orientation.which has ccou~~ed 
during the step l expansion. ~he dimensiotts of the 
inte~rnediate artiale 8Aa are smaller than the final shap~ and 
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size of the containe~ (defined by mold chamber 12) such that 

at least the expanded sidewall-fot:ming po~tion 87a does not 

contact the sidewall-defininq portion 16 of upper mold 14. 
Factors such as the preform ~esi9n. the p~eform temperature, 
the pressure of the fluid and the xatio of the axial and 
radial expansions cont:ol the shape and size of the 

intermediate article 84a. 
Accordinq to step 3 of riq. •, and as shown in Fig. 2, 

there is at least a pa~tial deflation of the first 
intermediate artiale 84a to form a contracted second 
intermediate article 84b. : This is aacomplished by adjust1nq 
control valve 46 ta exhaust the air from witbin the article 
out ·line• 50 and 52. Meanwhile, lines 54 and 48 are 
connected via control valve 46 to recharge the metering pot 
44 with a predetei-mined volume of air for a subsequent 
expansion step. A further relaxation of the amorphous 
orientation is effected ourin9 the exhaust an4 deflation. 

Aecordinq to step 4, a second hiqh-1t:ain rate inflation 
is provided. to fu~ther maximize the crystalline nucleating 
sites and qrowth and form a ~hird intermediate article 840 as 
shown in Fi9. 2. The final pressui:e at step 4 is hic,;her than 
the final pressure at step l, because the partially 
crystalline article 84c ~equires a higher expansion pressure 
than the previously amorphous preform. ~he seaand 
intermediate article s·.tc .1naludes an expanded sho~lder ssc 
end cylindrical sidewall 87c~ again, tbe base sac has not 
heen substantially expan4ad. 'lhe expanded. shoulder 8Sc and 
aide"\fall 87e are smaller.than arld do not aontact the mold 
walls. Aecordtnq ~o step 5, the inteJ:mediate article 84C is 
held at the seaond expansion pressure to allow futther 
crystalline growth and relaxation of the amorphous 
·orientation. 

Aacordinq·to step 6, a final expansion step is performed 
at a low-strain inflation rate but bighes: pressw:e, 'ilhich 

causes the intermediate art·icle 84c to expand. t:o the full 

dimensions of the mold chamber while minimizinq the amorphous 
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orientation. Thus, the final expansion step occurs .over a 

relatively lonqer tim~ period (see step 6 in Fig. 4) and the 
pressure is increased to a higher level than either of the 
two previous pulse-blow steps. Tbe tate of inflation, d~ring 
the final expansion step, i• controlled by flow control valve 
56 in line 54 between the •ource of high p~essute air and the 
control valve 46. 

According to step 7, the final container 84 is held at a 
high pressure in the mold.to ai1ow further arystal:line growth 
and relaxation af amorphous orientation. The hi~her pressure 
is used to form the f~ner details of the container and to 
ensu~e complete expansion into the mold cavity. _The 
containe~ is allowed to oool under pressure while in contact 
with the mold. Then. the pressurized fluid is rapidly 
exhausted (as in Fig. 2) before the container is temoved from 
the mold. 

The resulting containe~ 84, as shown in Pig. 3A. 

includes an open- top end .with the same unexpanded and 
substantially emoi:phous ~eek finish 64, external screw 
threads 66 and retaining flange 68 as in the preform 60. The 
tapered shoulder 85 which increases radially in diamete~ 
qoin9 down toward the sidewall, has underqone siqnificftnt 
axial and radial expansion so as to provide significant 
strain-induced crystalli~ation, The shoulde~ 85 is separated 
from the cylindrical sidewall 87 by a recessed ring 86. The 
sidewall 87 is the la~9est diameter portion of the container 
and has undergone the moat axial and. radial expansion a:nd 
thus has the hiqhest level of strain-induced crystallinity. 
'?he champagne-type baae of the container as includes an outer 
base wall 88 reducinq in diameter towards a lowermost chime 
90 on whioh the·~ontainer rests. Radially inwardly of the 
ohime 90 is a central regessed dome 91 and central qate 
region 92. As s~own in Pig. 3A, th~ base 89, which unoerqoes 
siqnifiaantly less expansion than the sidewall and sh.oulder, 

is of inc~eaaed th1ckne$S in o~der to compensate for the 
lower crystallinity of the base. 
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~he following is a specific example utilizing the method 

of .the present inventicn for fo~min9 a refillable carbonated 

beverage container. 

Exgrple 
A single-layer pieform is provided of a polyethylene 

terephtbalate copolymer ~aving about 2' copolymer content, 
wbioh is sold under tbe trade name GY8D06 by ~he Goodyear 
Tire & Rubber co., Akron, Ob:Lo. '?he poll'tfter has an intrinsic 
viscosity of o.so.measured in 60/40 phenol-tetrachlo~ethane 

at 2s•c. ~he p~efo~m has a length of about 125 mm, an outer 
diameter of about 30 mm, and a wall thickness in the 

. . 
cylindrical aidewall-for~ing portion ot about 5.9 mm. The 
preform. is substantially transparent and amorphous. having a 
percent haze of less than about 20,. 

In step l, the aide~all-forming portion 1+ is rapidly 
axially elonqated about 2.4X and radially expanded at a 
high-strain 1:ate of aboui 10 sea-1; both the axial and 
radial expansion occur ove~ a time periad of about 0.2 
seconds (sec). '-'he first intermediate article 84a has a 
sidewall outer diameter af about 80 mm and a side~all 
thickness of about o.56 mm. ~uring step 2, the firs~. 
intermediate article is held at a pressure of about 7.5 
atmospheres (atm) for abbut 0.3 sea. 

During step 3, the first intermediate articl~ is rapidly 
deflated to a pressure of about l. o atm over a time pe·riod of 
about 0.2 sec. 

During step ,, the contracted seoond inte~mediate 
a~ticle S4b is pa~tially reinflated at a high-strain rate of 
about 10 sec-1 over a tiJne period of about 0.2 sec. The 

thi~d intermediate a:tiale 84c thus fo:med is hel~ at a 
pressure of about 7. s atm f or~··a time pes:iod of about o. 3 
sec. The th!~d inte~mediate article has a aylindrical 
sidewall portion with a.n outer diameter of about 85 ti\11\ and a 
wall thickness of about 0.53 mm. 

-
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In step 6, the ~hird intermediate article is expanded to 

a high -pressure at a low inflat-ion rate of abo\tt O .4 sec-1 

over a time period of about o.s sea to form the final 
container dimensions. Th& final aontainer is held in the 
mold at about 34 atm for about 2.0 sec, af~er whioh the 

.·. . 
•' pressure i'1! released. and the container removed from the 

1' ;1 
mold. 

In this specific example, the neck plate is cold. e.g., 
a surface temperatuce of a.bout 10°c. The uppe~ mold is warm 
and has a surface temperature of about ea•c, and the lower 
mold has a surface temperature of about io•c. Just prior to 
axial a~ radial expansion the body-forming portion of the 
preform and has an ave~aqe temperat\\re of about 117°C. 

The resultinq container has a cylindrical sidewall with 
a strain-induced average os:ystallinity of about 32\, The 
final containe~ is similar to that.shown in Fi9. 3A, having a 
height cf about 330 mm, an outer diameter of about 95 mm, and 
a cylindrical a14ewall thidkness of about 0.47 mm. 

The percent orystallinity.is determined acoordinq to 
ASTM 1505 as follows: 

% crystallinity K [(ds - da)/(da - da)l x 100 

where ds = sample dens.i ty in q/cm3 , da == dens1 ty of an 
amorphous film of zero percent arystallinity (for PET 
1.333 q/cm3 ), and de= dAJnsity of the crystal cal~ul~ted 
from unit cell paramete~a (for PET 1.455 q/pm3 ) •. By 
11 average•• crystallinity is meant an·~a.verage ta~en over 'the 
enti~e area of the resp~tive container part,· i.e., 
cylindrical sidewall portion, 

If desired, the crystallinity may be further enhanced by 
heat setting aaaording to known heat setting proaedu~es. Fot 
PET, a suitable heat setting temperature is about 200-2so•c 
for a time period of a.bout 10 sec. su9h heat setting is not 
required, but m~y be desirable in c&ttain applications. 

i; ,1 
I 
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As an alternative to the metering piston for supplying a 
controlled volunte of air- it is possible to blow the 
intermediate articles to a fixed pressure which expands the 
preform les~ than the full extent of the mold cavity. 

As a further elternative, one m&y blow the.intermediate 
art1ale(s) in a high-temperature mold, deflate, and then 

ti. transfer the intermediate article to a second lower 
. ~ . 

temperature mold for the f lnal expansion. ~ransfer to a 
second mold is not required, but may be beneficial in certain 
applications. 

The enhanced ~rystallinity containe~ of this invention 
is particula.rly useful as a refillable os.rbonated beverage 
containe~ able to withSt&l\d numerous ref ill cycles while 
maintaininq aesthetic and:f1Ulctional featu~es. A ~est 
procedure for simulating such a cyale without araot failure 
and vith a z 1.s, maximum volume ohanqe is as follows. 

Bach oontaine~ is subjected to a typical commercial 
aaustia wash solution p~e»ared with 3.5t sodium hfd.~oxlde gy 
weiqht and tap water. ~b.t wash aolution is maintained at the 
desired wash temperature, e.9., Go•c, 65°C, etc. The bottles 
are submerged uncapped in the wash fo~ 15 minutes to simulate 
the time/temperature conditions of a commercial r~ttle wash 
system. After removal from the wash solution, the bottles 
ate rinsed in tap water and then filled with a o~tbonated 
water solution at 4.0 ± 0.2 atmosphe~e~ (to simul~te the 
p~essure of a carbonate~ soft drink container), capped and 
placed in a 3a•c oe>nvection oven at 50\ relative humidity for 
2' hours. This elevate4 oven temperature is selecte~ to .. " 
eimulate lonqer_oommeroial sto~aqe pe~iod1 at lower ambient 
temperatures. Upon 1:emo'lal from the oven, the containet's are 
emptied and again subjected tc the SQm& ~efill cycle,· UDtil 
failure. 

A failure is defined as any crack propo9atin9 throuqh 
the bottle wall which ~esults in leakage and pressure loss. 
'rhe volume change is aetermined by comparing the volume of 
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liquid the container Yill hold at room temperatu~e, both 
before and after each refill cycle. 

~he containe~ can pre~erably withstand at least 10 
re~ill cycles, and preferably. 20 refill cyoles at a wash 
temperature of at least &o•c without failure, and with no 

/, more than about ± l. 5' volume change in total. 
For use as a refillable bottle, the bottle prefe~ably 

has a ~elatively thick champagne base made in accordance with 
the p:io~ a~t refill conta1ne~s desa~ibed in Continental PET 
Technologies, Inc.•s u.s. Patent Nos. 4,125,464 and 
5,066,528, which are hereby ineorpo~ated by ~efe~ence in 
"their entitety. The dome and chime form a thio~ened base 
portion having about 3-4 times the thickness of the 
cylindri9al sidewall, and havinq an average crystallinity of 
no greater than about 10\~ Radially.outwardly of the chime, 
there is a thinn.e~ oute~ ~ase po=~ion of about S0-70\ of the 
thiakness of the thickened base pos:tion and in.area.sing in 
ceysta111n1ty up to its :Junction with the sidewall. The 
thinner outer base wall provides improved impact resistance. 
The thickened dome and chime provi~e imp~oved resistance to 
caustic aracking. 

A preferted planar stretch ratio is a-12:~ fo:.a 
cylindrical sidewall of a polyester refill beverage bottle of 
about o.s to 2.0 liters/Volume, and mo~e p~efe~ably about 
9-11:1. The hoop stretch is p~eferably 3-3.6:1 and the axial 
stretch 2.4:-3:0. 

This produces a container sidewall with the desired 
abuse resistance, and a prefo~m sidewall with the desired 
visual transparenQy. ~he sidewall thickness and •tretch 
ratio selected depend on the dimensions of the speoif ic 
bottler the internal pressure (e.g., 2 atm fa~ beer, 4 atm 
for soft drinks) and the processing aha~acteristics of the 
particular matetial (as determined for example, by the 
inttinsic viscosity). 

.. 
'. ~· 

• 
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Th.e cylindrical sidewall portion of 'l~h~ container which 
is blown. to the qrea.tesi; extent h.a.s tbe highest average 
percent crystallinity, preferably about 25-35%. The ~apered 
shoulder, which is also expanded substantially more than the 
base, preferably has an aver~ge percent crys~allinity of 
20-30t. In contrast, the subatantially thickened and lesser 

/~ blown base has a orystallinity of about 0-10% in the dome a.."ld 
chime, and inoz:ease• in oJ:ystallinity in the outer base 
moving upwardly towards ~he sidewall. 

~he neck finish is not expanded and remains 
substantially amo~phaus at 0-2\ crystallinity. 

Vacicus levels o! c~ystallinity can be achieved by a 
oombina~ion of expansion (strain-induced) and heat-settinq 
(thermal-induced). 

As previously di•cu•sed. the base has a low 
crystallini~y because it is not stretched. Providing a 
thicker base and/or ooolin9 the lower mold 18 are methods of 
~educing the base st~etch and thus maintaininq a low base 
crystallinity. 

The preform and blown containers should be substantially 
transparent.. A measure of transpa.rency is the percent haze 
for transmi~ted liqht throu9h the wall (HT) ~hich is given 
by the following formula: 

where Yd is the diffuse light tr·ansmitted by the speciman. 
and Ys is ~he speculat ~ight transmitted by the speciman. 
The diffuse and apecula~ light transmission values a~e . . 
measured in acoo~danae with AS'rM method Dl003,. using any 
standard coloc difference metet such as model D25D3P 
manufactured by Hunterlab, Inc. The container of this 
invention should have a percent haze (th~ou9h the wall) of 
less than about 15%. preferably less than about 10\ ,• and more 
pceferably less than about 5\. 
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In an alternative em.booiment. the container may have a 

substantially thinner footed base (as compated to the th~cker 

champasne base). The footed base, which is integral with the 

sidewall. consists of ~ substan~ially hemispherical bottom 

wall with a plu~ality of downwardly extending legs and 

, lowermost supportin~ feet on which the container rests. 
/ :·~ 

Radiating ribs extend between the leqs and form par~ of the 
hemispherical bottom wall. A central dome portion of the 

hemispherical bottom wall. which does not include any leqs 
and is relatively thicker, forms a thickened central base 

po~tion. ·A thinner outer base portion includes the le<Js, 
feet1 and ribs. 

The.thicker aent~al base portion may have from 0-10\ 

ave~age.crystallinity, while the thinner outer base portion 
has an average crystallinity of 10-20\. 

several poly~ster polysners provide the desired clarity 
and· physical properties necessary to produce refillable 

p~~stic containers. ~hese polymers include polyethylene 
te~ephthalate (PE~), polyethylene naphthalate (PEN), 

acrylonitrile, polyacrylate, and polycarbonate. Of the 
polymers col\Ullercially available. at present PE'l' offers the 
best balance of properties and cost/performance rat~os~. PEN 
is produced by reactini di~ethyl 2~ 6-naphthalate with 
ethylene qlycol, and provices a higher TG and iinpr~ed 

barrier properties over PET. 
The thermoplastic polyester materials used in th~s 

invent:ion are preferably l>ased on polyalkylene, and in 

particular, polyethy~ene terephthalate (PE~). PE~ poll'fRers 

are prepared by polymexiz~n9 terephthalic acid or its ester 
forming derivative with ethylene. The polyzne~ comp~ises 
repeating units of ethylene terephtb.alate of the formula · o-©-' o · ·a Q u -o-cH2-<:H1-o-c: c:-

As used herein ''PE'r" means PET homopolymer and PE'r 

copolymers of the .. bot:tle grades" suitable for making 
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containers, which are well-known in the art. Thus, the PE~ 
aopolymetr;i may include a mi~or proportion·, for example up to 
about 10\ by wei9ht, of monpmer units which are compatible 
with the ethylene terephthalate units. For example. the 
glycol moiety may be replaaed by an aliphatic or alioylic 
glycol suah f.S eyclohexane.dimethanol (CHDM). The 
dicarboxylio acid moiety may be substituted by an aromatic 

I. • 
_;'}dica.rboxylic acid such as isophehalic: acid (IPA). 

'the int~insic viscosity (IV) affects the processability 
of the polyester resin. P.olyethylene te~ephthalate having an 
intrinsio visoosity of about o.a is widely used in the 
carbonatea soft drink industry. Resins for various 
&pplicati~ns may ranqe from about 0.55 to about 1.04, and 
more particularly from about 0.65 to about o.se. Intrinsic 
v1scosity measurements may be made acoordinq to ·the p~ocedure 
of ASTM D-2857, by eL\\ploy~ng o.ooso ± o.0002q/ml of the 
polyme~ 1n a solvent comprisinq o-chlorophenol (meltinq point 
o•c). :espectively, ao•c •. Intrinsic-viscosity is qiven by 
the following formula: 

IV .. Cln(v801n.1v801 _))/C 

where: 
VSoln. is the viscosity of the solution in any units; 
v801 • is the viscosity of the solvent in the.same 

un1tsJ and " 
c is the ooncent~ation in qrams of ik>lymer pe~ 100 mls 

of solution. 
'?he substantially .amotphouc preform should have a 

percent haze of no more than. about 2otp preferably no more 
than about 10%, an4 more preferably no more than about s,. 
The prefot'll\ ... may be ainqle layer Ot' multilayeJ: and made in 

~ .. ... . 
acoordanoe with the.wel~-known injection mold prooeases. such 
as described in u.s. Patent No. 4,710,118 qranted Deoember 1, 
1987 to Krisbnakumar et al., which is hereby incorporated by 
reference in its entirety. 
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For example, a nr~ltilayer preform may have one or more 

barrier layers for o2 and/or co2 re~ention, or include 
layers of recycled or post-consumer PET to reduce the cost. 

~he barrier layer may be ethylene vinyl alcohol (EVOK) or 

polyethylene naphthalate ('EN). 
Another multilayer prefoem which may be used in this 

• invention for providing enhanced sidewall orystallinity is 
.. , . ~ 

described in copending and commonly owned u.s. se:ial No. 
01/909,961 filed July 7, 1992 by Collette et al. entitled 
11Multilayet Refillable Conta.inet', Preform and Method Of 
J?oz:rainq Same." and u.s. serial No. 08/082,171 filed June 30, 
1993 by Collette et al. entitled "Method of Forminq 
Multi-Layer Preform And Container With Low Crystallizing 
Interior ·Layer,•• which are hereby inoorpotated by refez:ence 
in their entirety. ·AS described ~herein, the preform haa a 
core layer of a first copolymer polyester and inner and oute: 
layers of a seoond polyeater, wherein ~he second »0l1ester 
has relatively less ocpol'1Uer and. a ~ate of crystallization 
at least about 2ot hiqher than the· first polyester. For 
example, the first polyester may have from about 4-6\ 
copolymer, and the secon.t;i polyester no more than about 2\ 
copolymer. The core layer results thermal induced haze 
during the injection molding process, .and the inner _and outer 
layers of the container provide an enha.~ced level of 
crystallinity. 

Other f aotors important to the manufacture of refillable 
polyester beve~age.botties are described in U.S. Patent Nos . . 
4,334,627 to Xrisbnakumar et a1·. qranted June 15, 1982. 

4,725,464 to Collette qranted Pebruaty 16, 1988, and 

5,066,528 to Krishnakumar et al. granted November 19, 1991, 

which are hereby inco~porated by reference in their 
entirety. 

~he materials, wall thicknesses, preform and oottle 
contours, may all be va~ied for a specific end produ~t while 
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still·incorporatin9 the substance of this invention. The 
container may be for pressurized or unpressurized beverages, 
includinq beer, juice and milk, or for non-beveraqe products. 

The improved thermal re~istance provided by this 
inventi.on makes it particularly suitable for hot-fill 
containers. Hot-fill containers typically must withstand 
elevated teraperatures on the order of 2so-1s5•F (the p~oduct 
filling temperature) and positive internal pressures on the 
order of 2-5psi (the filling line p~essure) without 
substantial deformation, i.e., a volume change of no ireate~ 
than about ± 1\. other faotora important in the manufacture 
of hot-fill containers a~e described in u.s. Patent Ho. 
~,863,0'& to Collette et. al. granted September 5, 1989, which 
is heteby incorporated by reference in its entirety. 

Although aeveral preferred embodiments of this invention 
have been speoifically illustrated and described herein, it 
is to be understood that variations may be made to the method 
of this invention without parting from the spirit and •cope 
of the invention as de£ined ip the appended claims. 

What is claimed is: 
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Claims 

THIS SHEET H~s ·BEEN 
REPLAceo 

l. A method of making ~ container having an enhanced 
thermal stability comprising the steps of: 

(a) providinq a heated preform of an orientable and 
• crystallizable pol-ymer at a tempe~ature in the ;"" ;, 

o~ientation temperatu~e ~ange of the polymer, the 
preform being substantially transparent and 
a.mo:phous. the preform havinq an elongated 
body-forming p~rtion and a base-forming portion; 

(b> pertorminq at least one pUlae-blow step in a cavity 
of a blow mold to form a substantially transparent 

· inteimediate article~ the pulse-blow step 
comprising: 
i) expendinq at least the body-formin9 portion 

axially and radially at a f lrst hiqh-strain 
expansion rate ta for:m crystal nucleation 
sites' in the expanded body-foz:min9 portion: 

ii) holdinq the expanded body-forming portion 
under pressure to allow crystalline growth and 
relaxation of amo~phous orientation~ ~he . 
expanded body-forming portion being smaller 
than and spaced f tom the cavity of the blow 
mold··· , . 

iii) reduo1nq the pressure and at least partially 
deflating the expanded body-forming portion to 
allow further relaxation of amorphoua 
orientat.ion; and 

(c) performing a final expansion step to form a final 
container having a substanti•lly transparent and 
partially crystalline body with enhanced thermal 
stability, the final expansion step comp~ising 
expanding the· at least partially deflated 
body-forminq portion to fill the blow mold cavity 
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THIS SHEET HAS BEEN 
REPLACED 

at a second low-strain expansion rate to minimi~e the 
amorphous orientation. 

2. The method cf claim 1, wherein the pulse-b~ow step 
is repea1:ed. 

3~· Tbe method of claim 2, wherein during the last 
pulse-blow step prior to the final expan~ion step, the 
pressure is not reduced pxior to the final expansion ste~. 

4. The method of claim 1, wherein during the 
pulse-blow step the amount of expanding the body-forming 
pottion is controlled bY aontrclling the amount and rate of . 
fluid admitted to the blow mold. 

s. The method of claim 1, wherein an axial rod pushes 
a closed bottom end of the base-forming po~tian into contact 
with a bottom of the blow mold, aftd the base-forming portion 
is not substantially expanded durinq the pulse-blow step. 

6. The method of claim 1, wherein the polymer is 
polyester. 

7. ~he method of claim 6, wherein the polyester is 
polyethylene tereph~halate (PET) homopolymer or copolymer. 

a. The method of claim 1. further comprisinq the step 
of heat setting at least a portion of the body to f1.lXther 
increase the crys~allinity. 

9. A cont~iner produced acoordi~g to the method of 1. 

lO. A container produced according to the method of_ 
claim 9, wherein the polymer is polyethylene terephthalate 
(PET) homopolymer or copolymer, the body includes a 
sUbstantially cylindrical sidewall having an averaqe 
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crystallinity of at least •bout 25%, and the sidewall has a 
percent haze of no qreate~ than about 10%. 

ll. A container produce~ according to the method of 
claim lO, wherein the sidtwall has an average crystallinity 
of from about 25 to about 35\ • 

i2. A container produced according to the method of 
glaim 11, wherein t~e body further includes a shoulder 
between a neak finish and· sidewall, and wherein the shoulder 
increases in diameter towa~ds the sidewall and has an average 
percent crystallinity of at least about 20\ end an average 
percent-ha~e of no greater than about 10\ • 

. 
13. A gonta1ner praduoed according to the method of 

claim 12. wherein the bas~ is a ahampagne-
type base having a thickened base po~tion. including a 
central dome and chime, an.d a thinnex outer baae wall, '1'1d 
~he~ein the thickened ba•e portion has an averaqe 
crystallinity of n0 q~eater than about 10\ and the base has 
an averase percent haze ~f no qteater than about 10%. 

1'· A container produced accordinq to the method of 
claim 10, wherein the bady inoludes a shoulder and 
sUbstantially cylindrical sidewall, the shoulder ~ncreasing 
in diamete: from a neck finish to the sidewall, and. the 
shoulder, sidewall and oase having an averaqe percent haze of 
no greater than a.bout 10,, the.shoulder having an avera9e 
crystallinity of at least about 20\, the sidewall having an 
average crystallin1ty of at least about 2s~, and the ba$e is 
a ch8J\lpagne-type base ~ith a thickened portion, incluoinq a 
central dome and chime, IUld the thickened base portion has an 
average orystallinity of no greater than about 10\. 

is. A container p~oduced according to the method of 
claim 9, wherein the container is a p~essu~ized container. 
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16. A container produced according to the method of 
claim 9, wherein the container is a carbonated beverage 
container. 

17. A contain.er produced according ta the •ethod of 
claim 9, wherein the container is a hot-fill container. 

If. 
/fi 18. A conta.iner produced aocoi:ding to the method of 

claim 17, wherein th& hot-fill container is able to withstand 
a product filling temperature on the o~der of ieo•-1e,•F and 
a f illins line p~eaaure on the order of 2-s psi with a volume 
chanqe of no qreater than about ± 1,, 

1_9 • A container pz:oduced acoo:cding to Che method. of 
claim 9, wherein the container is a refillable oarbo~ated. 
beveraqe container. 

20. A co11tainer aacoz:din9 to the method af claim 19. 
wherein the containe~ aan withstand at least 10 refill cycles 
in a caustic wash at a temperature of &o•c without c~aak 
failure and with a maximum volume chan9e of about ± 1.st. 

21. A container produced aocording to the method of 

claim 20, wherein the container can withstand at least 20 
refill cycles in a caustic wash at a temperature.of &o•c 
without o~aak failure and with a maximum volume change of 
about ± l.S,. 

22. A aontainer p~oduoed acootding to the method of 
claim 19, wherein the body has a substantially oylind:iaal 
sidewall with an average wall thickness of about o.s to about 
o.amm. 
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23. A container produced according ~o the method of 
claim 19, wherein the body has a substantially cylindrical 
sidewall with an averaqe wall thickness of about o.s-o.ernm 
and a.n average orystallinity of about 25-35%, and the base 
has a thickened base portion with an averaqe wall thigkness 
of about 2&0-4.0mm and an average crystallinity of no greater 
tban ebout 10\. 

24. A container produced according to the metnod of 
claim 9, wherein the container is a free-standinq, 
pressurized PET container. 

25. A container produced. aoco~ding to the method of 
claim 9, wherein ~he container is formed with a faoted base 
havinq a substantially hemispherical bottom wall, the bottom 
wall including a central thickened base portion of at least 
thiee times the sidewall ~hiokness and havinq an average 
crystallinity of no qreater than about 10•. and a thinner 
outer base portion with :adial ribs and downwardly extending 
leqs which terminate in lowermost supporting feet. 

26. The container ~roduced according to the method of 
claim 25, wherein the thinne~ outer base portion has an 
ave~a9e crystallinity of from about 10-2oi. 

27. A container produced acco~ding ~o the method of 
claim 9, wherein the polymer is bottle 9rade PET. 

28. A container produced according to the method of 
claim 9, wherein the oontainet has a multilayer sidewall 
including at least one layer of a material selected from ehe 
group consisting of ba~rier, recycle PE~ and post-consumer 
PET. 
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29. A..~ apparatus fot making a blo~fuolded container 
comprisin9: 

a blow mold ha~ing a blowinq cavity which receives 
a preform and an apertur_e connected to the cavity for 
receiving a fluid to expand.the preform into oontact 
With the cavity to form a container; and 

a fluid supply' apparatus including a first source 
having a metering chamber and piston for supplying fluid 
to the blawinq cavity at a controlled amount and rate. 

30. The apparatua of claim 29, whe~ein the apparatus 
further includes: 

a second source for supplying fluid to the blowing 
cav.ity at a second controlled iate; and 

a valve fo~ alternatively connecting the first 
aou~oe and the second source to the aperture of the blow 
mold. 


