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ABSTRACT

An important objective of the CARILON® Thermoplastic Packaging Program is to
demonstrate clear containers for applications such as carbonated beverages where clarity
is a requirement. Attractive clarity and gloss have been demonstrated in CARILON
thermoplastic cups produced with Shell's Solid Phase Pressure Forming process and we
believe the material deformation process to be very similar to that imposed in stretch blow
molding. An added benefit of both fabrication methods is that the resulting orientation
improves strength and toughness and some potential for enhancing barrier properties.
This report summarizes results of field runs on various stretch blow molding machines
with CARILON polymer and includes all available trip reports. Stretch blow molded
bottles of various sizes and shapes were produced using a Nissei machine and these do
have improved clarity. Although much development is still needed, our results indicate
good clarity is achievable with oriented CARILON polymer containers.
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Introduction

A long range goal of the CARILON® Thermoplastic Packaging Program is to achieve
clear bottles with a stretch blow molding process. It is expected that mechanical
properties and barriers can be enhanced as a consequence of the orientation imparted.
Thus, these would likely have applications for carbonated beverages and other non-
carbonated uses where clarity is a requirement and enhanced properties are desirable.
Since equipment does not exist in-house to carry out any stretch-blow-molding process,
all work has been done on outside equipment. We have investigated both re-heating
processes, where a premolded parison is carefully reheated in a machine prior to inflation,
and in-line processes, where the parison in molded, thermally conditioned to drawing
temperature and stretch blown in a series of stations in one machine. This report includes
an overview of results and the collection of trip reports documentmg work done in this
area by the author.

' Background

Attractive clarity and gloss have been demonstrated in CARILON® thermoplastic
containers produced with Shell's Solid Phase Pressure Forming process [SPPF]. In fact, a
wide range of tray/cup/bowl containers have been produced from CARILON sheet
extruded at WRC (see Appendix I). These have been produced using a range of machines,
including WRC and Rampart multicavity Illig formers and the types of containers
fabricated are summarized in Table L

A significant benefit of SPPF fabrication is the orientation imparted to the sidewalls of
containers. This is known to enhance strength, toughness and modulus of the polymer and
allow some down gauging. Additionally, orientation has been documented to somewhat

- improve barriers in some conventional polymers and presumably could have that effect
here with CARILON. Most importantly, the stretched and oriented sidewalls have been
found to present very attractive clarity. This is shown in Figure 1 for cups produced from
early batch resins.



It is important to keep the forming temperature below the melting point of the particular
resin. Containers formed above melting (i.e.: thermoformed) do not exhibit this clarity. It
is also know for CARILON that certain additives found in latter resins, such as 1330 and
calcium hydroxy apatite, impart a haze to SPPF containers presumably due segregation of
the phases.

We believe the deformation process in SPPF to be very similar to that imposed in stretch
blow molding [SBM]. Parison preforms of semicrystalline polymers like PE, PP and
nylons can be run in stretch blow molding equipment over a narrow temperature range
immediately below melting. This is exactly the same temperature region found for SPPF
with these polymers. Given our successes with CARILON in SPPF, it appears likely that
this polymer too can be stretch blow molded provided thermal conditions similar to that
required for SPPF can be achieved in a bottle preform.

SPPF makes use of a sheet preform and this is relatively easy to heat from both top and
bottom to the required forming temperature (see Appendix 1). SBM requires a thick
injection molded test-tube shaped parison, Figure 2, and this is not as easy to heat
uniformly through the cross section. SPPF equipment -has been developed with the
temperature control to handle a range of semicrystalline polymers. SBM equipment has
been developed specifically to run PET which, due to slow crystallization and low
crystallinity in the preform, has a relatnvely broad forming temperature range. Off the shelf
SBM equipment has been found to only margmally handle other polymers such as PP.

Thus we can expect that at best a narrow processing window for CARILON.

Since WRC has no SBM equipment, all run time had to purchased on outside equipment
and very little custom tuning and modification was possible. One advantage is that several
types of conventional SBM equipment could be investigated. This includes both re-
heating processes developed by Cincinnati Milacron, where a premolded parison is
carefully reheated in a machine prior to inflation. Our efforts also include in-line
processes, such as Formex, Nissei and VanDorn, where the parison in molded, thermally '
conditioned to drawmg temperature: and stretch blown in a series of stations all in one
machine;

This report summarizes work done by the author to demonstrate the fabrication of clear
sidewall SBM CARILON containers. It incorporates an overview of results, with-
conclusions and recommendations, and the collection of trip reports documenting work
done to date summarizing results achieved during field trials on various types of SBM
equipment at various locations. The most promising results were achieved on Nissei in-
~ line equipment at their machine techrucal sales location.

It must be noted that other Shell researchers, R.L. Danforth and R. N. Campbell have
“both independently tried various stretch blow molding machines, including one at Husky,
with CARILON polymers. Their materials were not available to include in this report but
in each case difficulties were experienced and no bottles were produced.



To further improve our chances of success, fundamental research was initiated at the
Polymer Institute at the University of Toledo under a joint industry-university R&D
program. This had partial government funding arranged through the University.

- Professors within the institute have experience at Owens Illinois during the years of PET
stretch blow molded bottle development. They are experts in stretch blow orientation and
were asked to study CARILON deformation as a function of drawing temperature and to
assist us in developing a stretch blow molding process for CARILON. The results of their
orientation study are covered in a separate TIR entitled "Orientation Studies of CARILON
Polymer. ‘ '

Summary of SBM Trial Results
Van Dom: (Appendix 2 )

Open time was first found available on a small VanDorn production machine. We had no
difficulty injection molding the parison preform. In the startup, polyethylene terephthalate
[PET] resin was already in the machine and had to be purged out with the CARILON
resin. During the purge, we inadvertently produced a range of blends of PET and
CARILON resins. We did not observe any negative interactions between the two resins,
and in fact noted reasonably good compatibility.

Bottle fabrication in the stretch station was not encouraging. Parisons could not be either
stretched with the mechanical rod or blown with air without tearing. A few small regions
of some parisons appeared to have drawn early in the stretch blow process but container
rupture did not allow a complete container to be produced. We noted that at times the
inner or the outer skin of parisons could be drawn by the stretch rod. This is shown in
Figure 2, top. The opposing skin usually was fractured through despite our best efforts to
adjust temperatures. We noted that between these two skins there was evidence that the
central core layer had not solidified but appeared to remain molten until after ejection from
~the stretch station. This effect was suspected in some latter runs with other equipment.

We attributed the poor draw behavior solely to inadequate temperature conditioning. A
different parison geometry was tested in a second trip but again, no real tangible success
was had. We additionally attempted to thermally condition molded parisons with a hot oil
bath and then rapidly manually transfer these to the stretch-blow station. - Again, parisons
failed to adequately draw and instead were ruptured either by the stretch rod or by the
blow air. ' -

Sewell: (Appendix 3 )

Parisons were readily molded on standard Cincinnati Milacron parison injection molding
-equipment. A number of different parison sizes and shapes were produced in the molding
‘step. These were then run in the standard Cincinnati reheating-blow equipment. The
radiant rod heaters were found to give a very uniform external parison temperature profile.



This was measured with a sophisticated Hughes video IR scanning camera system and
found to be within five degrees from end to end. Conditions inside the parison could not
be checked.

However, when SBM was attempted, parisons all ruptured, much like the case with the in-
line VanDorn machine, despite our most persistent efforts. Melt glazing the surface and
then allowing thermal re equilibrium time was tried but did not lead to any breakthrough in
~ reheat SBM. Interestingly, at longer oven residence times we found it possible to heat
parisons above melting and produce what amounted to a thin wall blow molded two liter
soda bottle, Figure 3. Despite the thin wall thickness, these have essentially no wall
orientation and consequently exhibit no enhancement of clarity. Water absorption is
generally not a serious problem with CARILON but in reheating experiments we did note
that parisons would develop surface bubbles if not kept dry. These bubbles appeared only
if the parison surface was heated to above melting and naturally rumed the surface of
whatever we were able to produce.

A Nissei inline SBM machine was also available in the Sewell lab. This was tried and
again most parisons were torn, principally by the blow rod. Some transparent drawing
was observed in the sidewalls but no fully formed containers could be produced. Partial
-sidewall orientation did occur but this often tore along a circumferential line producing a
what operators called a "bird beak" which they believed to indicate we were close to
proper forming conditions. Failure was attributed to inadequate heater power of the inner
parison heater plug at the conditioning station. v

Formex/Aoki:_ (Appendix 4)

Formex operators tried to process CARILON resins in Formex/Aoki machine. However,
they would not permit Shell personnel to see the machinery while in operation for fear of
"giving away operating secrets." They reported that they had severe degradation
difficulties while melt processing the resin and furthermore had no hint of success in
stretching or orienting parisons. Early day resins may not have been adequately stable but
it is more likely that improper handling in the molder caused degradation and gels.

This machine manufacturer had an example of a very thin and flat "watch-glass" shaped
parison from a mold produced for another customer. The shape appeared ideally suited

- for CARILON but the mold and forming tooling were not available for our use.
Furthermore it is a multicavity production set used to make a wide mouth, snap cap jar for
skin creams. Manufacture of our own single cavity version was considered but was
vetoed as too costly and unsupported by any evidence that the tooling would work.

Nissei Runs: (Appendix 5 )
Runs on Nissei were undertaken after The University of Toledo studied the deformation

behavior of CARILON polymer. They suggested that sequential activation of stretch rod
and blow air might lead to the best results. They also determined that there were



differences in deformation characteristics between CARILON resin batches. While these
were never explained, their study did indicate that one particular resin had stable drawing
characteristics at temperature and thus had a good likelihood of working in SBM. Both
Toledo and Nissei recommended a shallow tapered panson as favorable for dlfﬁcult resins.

At Nissei we were able to make s1gmﬁcant progress and actually run CARILON polymers
in SBM equlpment This employs an inline stretch blow molding technique. The:parison
in this case is molded, thermally conditioned and stretch blown into a bottle all on the
same machine. : - :

The process did seem to work best with a short, highly tapered parison as recommended
by Nissei. We further modified parison geometry by having new mold cores made to
produce a thinner parison. This was done on the theory that a thinner parison is easier to
uniformly thermally condition. Details of operating conditions are given in the trip
reports. Bottles were made with either an 8, 12 or a 16 oz capacity, depending on the
mold installed in the stretch station. These are shown in Figure 4 along with some
parisons. As can be seen in this figure, rectangular and ribbed containers were also
produced on the Nissei. All have enhanced transparency but this is best in the largest
container which has the greatest imparted orientation as well as thinnest wall thickness. A
SBM container and parison is shown in the front center of Figure 5 surrounded by
extrusion blow molded containers which are of courseopaque EP resins were the only
ones available at the time for this work but we believe E resins are also processable
prov1ded parlson temperature conditioning is rigorous.

The Nissei container_s do not exhibit the clarity which we believe is ultimately achievable
with CARILON resins. - In the Nissei machine it is apparent that the inner and outer
parison surfaces were conditioned to within the narrow temperature window necessary for
forming and these surfaces did fully draw and become transparent. However,
photomicrographs of wall cross sections show a thin layer within the core of the bottle
wall which did not become transparent, Figure 6. This central layer appears to have a
semicrystalline morphology which we believe can scatter light, unlike the oriented clear
skins. It is our interpretation that this core material never crystallized in the Nissei process
and came through in the molten state. Upon' further cooling this core layer eventually
crystallized but attained-a more normal unoriented opaque semicrystalline morphology.

As a consequence of this core layer, the bottles which were produced do not quite match
the clarity achieved by SPPF. Additionally, they often appear to have a swirled wood
grain frost pattern frozen within the sidewall. The swirls are probably caused simply by
melt temperature gradients generated by the molding screw and mold runner system. A
future objective must be to eliminate this core layer. :

It must also be surmised that the bottle wall properties are not as high as may ultimately be

attainable without this core material. Roughly half the wall thickness of these containers is

the normal more or less unoriented semicrystalline morphology which has little if any
“enhancement of properties. Our later determinations of pressure capability with such



bottles gives a sizable underestimate of capabilities which ultlmately might be achievable
with a fully oriented sidewall. .

Figure 6 shows present 1mperfect1y oriented CARILON SBM containers which have
been pressure tested up to 85 psi and 107 F. The results are promising but some
perimeter swell is apparent. The actual numbers are not presented here since we believe
only part of the container wall is oriented. We do not yet know the pressure resistance
which may be ultimately possible. Of course, with a fully oriented central layer swell is
expected to be considerably less. o

Geometric factors also play a significant role. A thicker container and one matching the
smaller diameter of present competing bottles and cans should perform even better. The
level of orientation is also important. A higher stretch ratio, which might be possible with
a smaller parison size should perform better. Since there are so many parameters here to
improve and optimize, it seems likely that a transparent SBM container could ultimately be
developed which would pass the carbonated beverage warehouse test for beer and even
soda.

A major problem noticed in this initial screen is the sidewall oxidative discoloration,
Figure 7, right. It is surprising that this is exhibited even at this low 107 F temperature.
After little over a month the containers become charcoal black. This does not seem to
effect mechanical properties or initiate pressure failure. But the discoloration is at odds
with our goal of clarity. Our hope is that this is just an artifact, perhaps something in the
burst tank water of the polybutylene pipe test facility. On the other hand it might be a
manifestation of intrinsically poor oven aging behavior for this resin. Keep in mind that
pellets have been noticed to gradually darken with storage at room temperature.
Improved thermo-oxidative: stabrhty might be required to eliminate these undesirable
discoloration-effects.

Recommendations:

In the course of this work, a wide variety of -parison shapes were injection molded and
these are depicted in Figure2. Molding never presented a problem, even for straight
walled test tube shaped parisons. CARILON has relatively high mold shrinkage but
surprisingly this did not cause parts to seize on the injection mold cores. The normal core
taper used for PET mold tooling appears adequate for CARILON. However neck finish
drmensrons are all undersrze Thus specxally cut tooling is requrred

In gene-ral fatter and sho‘rter parisons with a high taper appeared more promising than
those which were long and straight. One possible reason is that the sidewall thickness of
test tube shaped parisons tended to be thicker. These likely are more difficult to uniformly
" thermally condition. The stretch rod also seemed more likely to tear through these. Itis
possible that the stretch deformation forces need to be distributed over a larger area,
larger radius plunger tip to prevent rupture. If this is true this does pose limitations on the
range of container shapes and the levels of orientation which are possible with CARILON.



1In theory, if grades with better work hardening characteristics can be identified, this
tearing problem could be circumvented and any required panson geometry and any bottle
shape should be poss1ble

For immediate further progress, more attention must be focused on obtaining more
uniform thermal profile thorough the parison. Experiences with SPPF have taught us that
this is a critical issue with CARILON sheet. Three dimensional bottle parisons have
proven more difficult to reheat. Some experiments with oil bath and oven reheating have
been partially successful and justify more rigorous heating apparatus coupled to proper
stretch blow fixturing.

One parison reheating method which can be recommended for further investigation is
dielectric heating. This technique has been incorporated in some commercial PET
machines and at one time was available on a lab machine at Cincinnati Milacron,
Cincinnati Ohio. A related heating technique which is worthy of investigation is
microwave heating.

Both dielectric and microwave heating rely on interaction of main chain C=0 dipoles with
an externally applied electromagnetic field. In dielectric heating, the field is applied by
electrodes placed inside and outside the parison. With microwave heating the field is
radiated from the microwave generator into a cavity containing the parison. The former is
much more uniform and controllable. Parison rotation during heating is likely to be
necessary in either case. Frequencies and absorbencies for the two techniques are
somewhat different but both are likely to be better than IR heating which the University of
Toledo has demonstrated to heat mainly the outer surface (see TIR: "Orientation Studies
of CARILON Polymer").

The melting point distribution can be made more broad in CARILON either by changing
the propylene feed ratio in the course of polymerization or by blending batches with
somewhat different melting points. This has some possibility of widening the forming
window in both SPPF and SBM. Three layer structures are also possible. The center core
of sheet and parisons which are being reheated for forming tends to remain cooler than the
outer skins, it might help to coextrude a lower melting grade in the core. Unfortunately
we have never heard of these techniques being used with conventional
polymers/copolymers and thus have no precedents to guide us. Neither option should add
much cost.

An important consideration is the generation of gels and degradation defects within the
parison. We speculate that bubbles, black specks and large hard gels may likely nucleate
premature rupture and tearing. These may be contributing to unstable drawing, lack of
good work hardening and premature rupture of parisons in the stretch station. It is wise
to eliminate or at least reduce their formation since they also interfere with clarity and
appearance. Improved resin stability is likely to considerably reduce formation of such
suspect defects and lead to more stable drawing behavior in parisons, sheet and films.



Other factors are suspected of causing reduced impact and elongation in some CARILON
resin batches and these also need to be examined to determine if they have a bearing on'
work hardening and drawing in SBM. An understanding of the factors which result in
optimum drawing characteristics will potentially lead to improved SBM performance and
versatility of the resin in the wide range of equipment-in the field. ‘Once optimal containers
are produced, a full documentation of the enhanced ‘mechanical and barrier properties
attainable with SBM will be possible.  Only then- can the true potential of CARILON in
-soft drink, beer and other clear container apphcatlons be assessed L

John R Kastelic



Conclusions

I. Stretch blow molded bottles were produced from CARILON® polymer on a Nissei
ASB 50HT injection stretch blow molding machine over a very narrow operating window
using sequential activation of stretch rod and blow air. These do exhibit enhanced clarity
in the sidewalls but the unoriented neck and bottom are still opaque.

II. Crystallization rates of CARILON resins are too high to allow an amorphous
morphology to be attained in any realistic preform or parison for drawing or stretch blow
molding. As a consequence, stretch blow molded bottles have opaque necks threads
where orientation is not sufficient to impart clarity.

III. A central core layer of the container wall appears to have remained above melting
during stretching and did not solidify until after bottle ejection. Although the inner and
outer skins are transparent, this core material is not and overall container transparency, at
the present state of development, is not equal to that already achieved in SPPF, where
proper thermal conditioning has been achieved.

IV. Infra red heating of CARILON parisons results in heat absorption at the surface with
little penetration into the depth of the sample. Reheat stretch blow equipment designed
for PET is thus not likely to be useful for CARILON. This author recommends as an
alternative dielectric heating which has been used commercially with PET.

V. Other factors influence clarity in drawn CARILON resins. Additives such as 330,
1330, bayerite, Nucrel, and calcium hydroxy apatite cause a high haze very likely doto
formation of discrete phases capable of scattering light. Acrawax seems to improve gloss
and perceived clarity.

VI. There appear to be as yet unexplained differences in resin drawing characteristics
from batch to batch. Differences in molecular weight, weight distribution, gels content,
thermal stability, oligomer content etc. can be explored for a - more fundamental
understandmg Note that most resins whlch can be sheet extruded can also draw properly
in SPPF processing.

VIL. Even the imperfectly oriented SBM containers can withstand some carbonated
beverage pressure tests. Sufficient development effort focused on higher and more
complete orientation combined with proper bottle geometry might lead to a transparent
CARILON carbonated beverage bottle. Such a development does not appear to have any
significant advantages over PET except for highly oxygen sensitive foods such as beer.
Future lower resin cost or use of CARILON as a thin oxygen bamer layer with PET in
SBM may provide an improved economic incentive.






Figure 1. Transparent CARILON® thermoplastic cups and tray produced by Solid Phase
Pressure Forming. Orientation causes clarity to develop in regions of high stretch.
Unoriented rims remain translucent as is normal for most semicrystalline polymers.






‘Figure 2. Various stretch blow mold parison geometry's tried with CARILON polymer.
Top parison shows a parison which failed to draw properly during in-line SBM on a Van

Dorn. Inner skin was apparently properly conditioned to be drawn by stretch rod but
outer skin was not.






Figure 3. Facsimile of a two liter soda bottle produced by heating standard geometry

parison to temperatures above melting and then inflating in standard SBM mold. Since

these were produced above melting there is little sidewall orientation and no increase in
clarity. Clearly, much development is still needed.






Figure 4. CARILON® bottles produced on Nissei stretch blow molding equipment from
injection molded parisons shown in foreground. Water has been added to the largest
container to demonstrate clarity. '






Figure 5. Conventional extrusion blow molded CARILON® thermoplastic containers
surrounding a stretch blow molded container and parison (front center). Enhanced clarity
of stretch blow molding [SBM] over extrusion blow molding [EBM] is apparent. In

contrast to SBM, note the a wide range of containers which can be readily produced from
CARILON polymers with EBM..






Figure 6. Photomicrographs of section through wall of CARILON stretch blow molded
container showing two transparent oriented skins and central unoriented semicrystalline
core layer which interferes with container transparency. Polarizers crossed in top and
normal in bottom micrograph of 8-10 mil SBM container wall.







Figure 7. CARILON SBM bottles after 107F pressure creep testing at 85 psi. A little
swell is apparent compared to untested bottle to left. Severe discoloration after more than
a month temperature exposure is a more noticeable problem (container on right).






APPENDIX 1

SHEET EXTRUSION AND SOLID PHASE PRESSURE FORMING

OF

CARILON® THERMOPLASTIC
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in sach case a relatively tight 200 mesh scresen pack was
used to remove contaminating particles from the melt stream.
This did cause some back pressure and resuliing shear
heating. A melt thermocouple indicated that shezar heating
effects on this extruder were minimized if screw RFM was
kept below about BO-90. At higher speeds, shear heating
raised the melt to temperatuwres above 27070 where resin
degradation can become a problem. The use of a graded screen
pack, typically B80+120+200+40 mesh screens, presented no
difficulty with blinding. Over the cowse of a 10-15 kg run..
pressure was observed to climb only slightly from a typical
inttial valug of sbout 1800-2000 psi to a final value at the
end of the run of 2E00-2500 psi. The 200 mesh screen
successfully removed &1l visible contaminant particles from
the sheet and cups formed therefrom. No evidence of bubbles
or fisheves was found in the sheet, the former attributable
to thorough resin deying in & warm vacuum oOven.

Two different dies have been tried =g far: the standsrd 8
inch wide coathanger style made by Extrusion Dies, Inc. and
& & inch wide fan die adapted from the WRC 1Y% inch Brabender
extruder. The former resembles commercial designs and has a
generous sized flow distribution channel while the latter is
for lab use only and has a rather acute angle, thin fishtail

configuration. In our experience, the Brabender fan die has
given the best results. He speculate that the pesitive
flushing and minimum residence time glvern by the simple
HBrabender die and adapter doss result in beltter flow
distribution and less resin hang—up. But there are other
factors,

i’

moorder to i1l the wider cost hangsrs die at the miniosum
roll take-up speed allowed by the system, the E“LFU43F must
be run at higher RPFM and this does rest :
temperatures and consequently zoms obs
The sheet produced to dats with the lar
somewhat pebbled suwwfacse texlture as
loo pack or screw of
] rasult in betler ﬁEF%DfmmﬁLh with +hm larqmr
is has not velt been demonstrated. Modification fo
roll stack spsed should also help. Froduction of
shest needed for Rampart and bMavin evaluation may
ome difficulty with present eqguipment until the
driive svystem can be moditied.

I

ot 0
~t

Foll stack temperature does not appear te be & critical

factor. Roll tempsratures from 170° to as high as Z0O0°F were

successfully used with CARILON and a good melt bank could be
stablished in &ll cases when producing mominal 40 mil

thick sheet. These temperatures are well within reach of

most commercial lines which usually employ water circulation
heating. A melt bank should be more readily maintained at
thicker commercial thicknesses (55-110 mil). Line speed
ranged from 3 to 5 ft/min in all runs.



3 =l n
die to roll positioning the lowsr shest
z=0lidified before entering the first nip, dﬁmending 3771 rmll
temperature and line speed, and caused die lines to be
frozen and retained in the bottom surface. ,Beat
achieved with highesr roll temperstuwre and line speed
nip was btypically set at 40 mils while dle.g p WES
for production of 40 mil sheet as in standard shest
extrusion practice, bult the pressure rall was cohesesrved Lo
often "floast" to greater openingy particularly at stack
temperatuwres below 170%F. In all cases the sheel appesared
Fully seplidified before contact with the sscond nip,
indicating that considerably higher line speeds and/or
Migher roll tempesratures might be necessary for optimum

(8

sheest gqualitv.

HY

Attempts to produce cast film with the system wers
encouraging. By speeding the roll stack and wind-up svstem
thinner gaunge material was produced. However soms thickness
variation across the product widith was observed due to
inadequate flow comtrol with the large 459 mil die gap used.
Some improvement o in gaunge was achieved by reducing the roll
nip setting to match the film being produced but resin seems
to solidify too guickly at thin gauvge for the stack, with
only limited allowable contact force, to do much good. &
cast film line has earlier been used with better resulits.

CUF FORPMPIMG:

Full depth cups cowld readily be produced from the extruded
sheest. The Il1lig lab former at WRLO was used with the & oz
fAroamore, Dutfey-Mott cup cavity and parabolic shaped plug
funheated, stroke adiusted to cavity bottom, air on at sheet
contact). Cups were also produced with 2 and 4 oz cavity
ingaerts in place. In &ll cases a 30-460 second heating time
with uppsr and lowesr platen heaters at 760°% and 750%F
respectively were required to raise sheet temperature to
Just below melting. Heating to just sbove melting, as
evidenced by full transparesncy upon cycling out of the
heating chamber, resulted in torn side walls. This suggests
that higher molecular welghts which in conventional polvmers
usually have greater melt strength, may be required for true
thermoforming. Slower plug velocitises and much lower air
pressure will be tried in planned thermoforming evaluation

The "Solid Fhase Fressure Forming” performance of sheet was
nbserved to be greatly superior to that of injection molded
plagues previously investigated. The plagues could not be
formed to depths greater than about 607 of cup diamster
witho ut tea aring. Furthermore, cups produced from plagues
were found to exhibit non—uniform bottom corner radii dues to
mold i1l orientaticn. In contrast, exstruded sheet waz found
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held until well over half the water steamed away. No
discoloration, warpage or shrinkage was visually detected
during this testing. ‘It must be noted that in tests with
~ thicker CARILON plaques (S5Smil) and corresponding in trimmed
cups, flanges were observed to melt in under a minute. It is
believed that in thicker ‘sections internal temperatures can
rise to levels where microwave energy absorption becomes
significant. Internal melt-—-down then quickly occurs and
spreads even into thinner sections. No melting of any kind
was observed in trimmed cups or sheet 40 mils or less in
thickness. Commercial microwavable trays are generally about
20 mils or less thick, thus substitution with CARILON should

pose no problem.

Formed trays and cups were cycled in a laboratory forced air
oven at various temperatures to simulate conventional oven
use {(see Packaging, April 1987, pl02). Most tests were run
for 30 minutes in a fully preheated oven. No food or water
loading was piesent in any of the tests. Structural
performance of all parts was judged to be fully acceptable.
Negligible distortion and shrinkage were observed at all
temperatures up to 450°F. Discoloration was observed
particularly at temperatures above 400°F. This occurred only
"on the surface and did seem to depend on thermal history
during processing. Film and sheet specimens which had been
somewhat degraded during melt processing developed a blotchy
brown color while unprocessed resin pellets exposed to the
identical oven cycle exhibited a barely detectable
vellowing. There is reasonable hope that dark pigmentation
and lessened thermal history during melt processing can be
used to achieve acceptable color performance in conventional
oven applications. Structural performance appears fine up to
at least 450°F with no noticeable embrittlement or shape
change. The results agree well with previous observations

(WHKJFR) .

FUTURE:

Based on discussions with Rampart, cups and 55 mil sheet
will be produced in the near term for their evaluation from
both neat and EVAL containing blends. Value critically
depends on oxygen and water vapor transmission rates of
formed containers measured in simulated food contact
conditions. They are prepared to perform their standard
tests and will give an objective assessment by the end of
2087. Thick 80-120 mil sheet has also been requested by
Wavin and will be delivered by PSB during his upcoming trip.
Mechanical properties of sheet and cups are presently being
determined. A laboratory assessment of blown film and
coextrusion performance is planned 3(87.

JRE



TABLE 1.

- CARILON SHEET EXTRUSION CONDITIONS

: Zone-Temperaturés,

220

: S hopper toidie

Resin Tm LVN 1 2 S 4 S E-) RPM Pressure

. °,C> ,°F - . - - - °F pSi
867007 220 1.96 420 440 465 465 4635 460 80 2300
86/008- - 218 1.48 ‘ ‘
877001 215 1.42 425 450 450 450 450 450 107 18BOO
867005 212 1.7 423 445 465 465 465 470 30 1800
86/004 1.81 420 440 465,1465“465 460 B8O 2400

¢ 14" Killion 30:1 extruder; single stage, general purpose screw,
adapted to 6" wide Brabender "fishtail" die, 45-50 mil opening.

¢ Zone S and 6 are adapter and die teﬁperatures, respectively.

¢ Typical line speed ranged from I to s ft./min.

4 Roll temperature ranged from 170 to 200°F.

¢ Resin dried in vacuum oven at 50-55°C with a desiccated air
sweep for a minimum of 24 hr.

4 Screen pack: B8O, 120, 200, 40 mesh stack in all cases.

¢ Experienced very clear melt, no bubbles, off-gassing or surging.

4 Shear héating avoided by keeping RPM as low as possible.

¢ Sheet thickness: 40-41 mil typical, width: ca. S%".

APRILSUM. TXT
J.Kastelic
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SHELL DEVELOPMENT January 18, 1988

WESTHOLLOW RESEARCH CENTER

SUBJECT: ‘Injection Blow Molding at Van Dorn Plastic
‘ ... Container Company, Division of Van Dorn Co..

DATE: January 12-14, 1987.
LOCATION: West Columbia, South Carolina

PERSONNEL: Lary Garver, V.P. & Gen. Mngr., Van Dorn
. Gregory Kimbrough, Mfgq. Engr.,Van Dorn

R. L. Danforth, WRC
W. H. Korcz, WRC

J. R. Kastelic, WRC-
S ——————

Contact was initiated by HJF, with the assistance of
Rampart’s Mr. Fox, who has a long standing business
connection with Van Dorn. Lary Garver, of Van Dorn plastic
Container Company, West Columbia, South Carolina,
(B03-794-3916) was contacted early January, 1988, to discuss
and plan a CARILON resin trial on their Van Dorn CIB-B
injection blow molding Machine. Resin covering a reasonable
LVN range was shipped and the run made January 12-13, 1988.

The ‘Van Dorn CIB-B is the smallest unit available at the
application development facility in West Columbia. The unit
has two molds each with four cavities and thus can mold
eight parisons per 10-15 second cycle. This is somewhat
large for CARILON resin in its present stage of development
but ‘we were informed that the unit could be, in effect,
converted to single cavity operation by setting temperatures
for one melt transfer pipe and three runners below melting
thereby freezing off seven of the cavities. When this is
done the barrel pumping capacity becomes somewhat oversized
-and degradation issues come into question but this has never
posed any significant difficulty with other polymers in
their experience. A more common problem with freezing off of
runners and nozzles etc. is the likely hang up and
intermittent release of degraded resin at each split in
flow. This can cause occasional defects in some of the
parisons which interfere with the stretch-blow step.

The CIB-8 has several different parison/blow mold cavity v
sets available. Due to the anticipated fast crystallization
rate the parison mold with the highest taper (37) was
selected to assure release from mold and core at the
fastest possible cycle time. This mold pair makes a 3202z,
narrow neck, screw cap, hot—fill juice bottle.



The unit was started up with polyester bottle grade resin
which is commonly used in their equipment to produce a range
of transparent stretch-blow molded containers. The lowest
run temperature for Polyester is 530-F and this is somewhat
high for CARILON resin, which normally should be run at
460-480F. Nonetheless start up at this higher temperature

- posed no problem but zones were quickly lowered to about
480F. Parison molding was easily accomplished and the
parisons themselves looked very good. Start up conditions
are listed in Table I. ~ o : :

Forming containers from the parisons did not prove
successful. In all cases the preform failed to stretch.
Typically, with low blow air pressure, no inflation of the
parison took place while rupture took place eventually as
the blow pressure was increased. In no case could even
partial blowing be accomplished. In some instances the
stretch-rod would puncture the bottom of the parison and
create a hole. Interestingly, the stretch rod remains in
place when blow air is activated thus plugging the hole and
does not prevent subsequent wall rupture (given sufficient -
~air pressure). Van Dorn interpreted failure to blow as due
to the material setting up into an excessively rigid
.condition prior. to reaching the blow station. A hotter
parison was viewed as necessary.

Various combinations of cycle timing and blow pressure
sequences were tried but no significant material movement
could be forced. The highest possible mold temperature was
tried along with higher and higher melt temperatures (see
Table 1) to the point of seriously decomposing the resin but
no way could be found to achieve even a partially. formed
container. , :

The next day, water was flushed from the mold cavity in an
attempt to allow yet higher mold temperatures to be
achieved. This did seem to have a positive effect in slowing
set-up as evidenced by the observation of incomplete parison
solidification. In the worst case this prevented stripping
off the mold core or release from the mold cavity.
Conditions were found where only the parison inner and outer
skin were solidified while the core was still melted. This
did allow the inside surface of the parison to stretch under
the force of the stretch-rod, but the inner melt and the
cooler and more brittle outer wall were both pierced. Even
in this condition wall rupture could not be avoided no
matter what the blow sequence and pressure settings..

Essentially the same results were had with the 1.14 and the
1.33 LVN batch. An attempt was made to slow down the
crystallization and set—up rate by shifting to higher
molecular weight. At the advice of WRC, higher LVN resin has
a somewhat slower crystallization rate and might run better
but also might degrade faster, particularly if run at the
highest temperatures. To counter this possibility 30% 1.33
LVN resin was blended with the 2.10 shipped up for the trial

53
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and run at 490-S10F. The parisons did seem somewhat more
transparent, possibly ‘an indication of less crystallinity,
but still ruptured rather than inflate at the blow station.
The samples generated clearly show evidence of melt

.~ persisting within the parison core fully into the blow
station. Yet the outer skin had set-up to the point of
tearing upon blow. Again, the interior skin showed evidence
of .stretching under the action of the stretch-rod but
pierced through the molten core and brittle outer skin.

The problem appears to be very uneven set-up and heat
distribution through the wall of the parison. Outer skin
temperature measured with an IR pyrometer was at the highest
360F, with 300-330F more common. Somewhat higher temperature
was maintained in the inner skin through the blow cycle as
evidenced by the ability of the inner skin to at times
properly draw on the stretch-rod. The pyrometer indicated up
‘to 380F after ejection from the blow station. But cycle and
molding condition adjustments failed to allow - the optimum
‘SPPF. draw temperature to be achieved ‘throughout the parison.
On the basis of sheet forming work we estimate that parison
_temperature should be uni formly 400-420 F.

‘An attempt was made to simulate a reheat blow mold
operation. Previously molded parisons were reheated in an
improvised o0il bath and loaded into the cycling machine at
the molding transfer shuttle. The oil bath did appear to
properly precondition the parison as evidenced by a
noticeable increase in transparency. For unknown reasons,
this too failed to yield blown containers. Again, parisons
ruptured, irrespective of the stretch-rod and blow air
settings.

The Van Dorn interpretation of the results is that our resin
crystallizes too fast and is far to brittle to form by the
time it reaches the blow station. There is agreement that
the outer skin is too cold when run in even the most
favorably optimized conditions. A suggested way to attain
higher outer wall temperatures is to use heating chambers at
both preconditioning stations along the parison transfer
pathway. This modification was estimated to cost $1500,
including temperature controllers, and take only a few
weeks. Higher mold temperatures may also be beneficial. This
would require a hot oil circulating heater which could be
shipped up from WRC in time for subsequent runs..

A more significant modification suggested by Van Dorn is a
change of the parison shape to a wide mouth, highly tapered
and flat bottom configuration. A thinner wall to allow
better temperature uniformity through the wall cross section
was also suggested. These can only be accomplished by
building new mold cavity insert, core and "thread-split”.
Cost would be about $5000 and take up to several months.



S5
(

Ultimately, some modification of our resin may prove
¢ necessary. Slower crystall;zat:on rate and lower

' crystallinity levels were repeatedly advised. This might be
achieved through resin blending. for example, combination of
‘a hxgh melting high LVN ‘and low melting low LVN should be
considered for future attempts. It is recommended ,however,
-that this and any alternate approaches be. discussed
thoroughly thh Exploratory przor to a second round of

“trials. ¢

Van Dorn is active in the development of hot fill containers
made on . their equipment from PET. The application appears to
be at the limit of PET’s capability when processed via
stretch blow moldxng whether it be of ‘the injection or
injection/extrusion-reheat process style. Retort is clearly
out of PET capability ‘at this time.: Van Dorn indicated that
-32—-64 oz screw cap bottles which:‘tolerate hot—-fill are worth
20-22 cents. each. These have a parison weight of 50-60 grams
(about 2 o0z) which leads to a selling price for the formed
container of about $1.60 per pound. At least contact clarity
is advisable for most of this market, with see-through
needed in some cases. Full sidewall labels must be now used
with PET to hide ribbing and contouring necessary to
accommodate fluid contraction experienced in ‘the hot fill
cycle,;, said to :be 1 oz. contraction per 32 oz contents.
Oxygen barrier of PET is marginally sufficient so enhanced
performance could command a slight marg1n over PET in some
particular applxcatlons.

‘R. L. Danforth
W. H. Korcz

J. R. Kastelic

cc.: R. BG. Hayter
B D."'S. Brath
H. J. Foster
N. Michaels
N. E. Peck
C. E. Wilson

VANDORN. TXT, 1100+
J.R.Kastelic



" RUN ___BARREL MOLD  CYCLE BEST RESULT
'PET purge 530 160  12-15sec = - -
- 87/011 480-50 190  10-12 no stretch, wéll
B87/011 510-40 200 10-12 stretch of inner
' h ' o h1gh T, blow air
- 87/011 490-500 no 10-1S stretch of inner
- coolant ' blow air rupture
877054 S500-510 " 10-18 >stretch of inner
' blow air rupture
70% 023 500 " - stretch of inner
30% 011 ’ blow air rupture
87/023 insufficient resin

rupture

skin at
rupture

skin

skin

_skin

All runs performed on a Van Dorn CIB-8 with seven of the
‘e1ght cavities intentionally frozen off by low temperature
settxngs. Flat temperature profile was run on barrel melt

transfer pipes and mold runners.

All resin was. vacuum oven

dried and coated with an addztzonal 0. SA MD1024 stabxlxzer
and 0.1% Kemamide E processing aid. :

VANDDRN;TXT, 1100+
J.R.Kastelic



TO: DSB, NM, RLD, WHK
FROM: JRK

SUBJECT: Second VanDorn Blow Molding Trial with Carilon
: Polyketone Resins =~

A stretch blow molding trial has been scheduled for June 16 - 17
at VanDorn Plastic Container Company, West Columbia, South
Carolina. Our consultant, Morris Salame, Polysultants, Inc.,
phone (203) 688-5311, has indicated that he will attend. VanDorn
has modified their equipment since the last trial by adding
reheat capability which should be able to keep at least the
outside surface of the parison at proper temperature for drawing.’
In addition, a new parison shape will be used: shallow tumbler vs
the test tube of the previous trial. VanDorn (and Formex) have.
made the claim that the tumblershape is much easier to run in the
case of ‘"difficult” resins such as PP. This will be blown into a
8-12 oz jar. S : :

The following resins have been supplied for the blow molding
trial:

Resin_ LVN Im Additives

87/010 1.07. 2i2 0.5% 1076 + 0.2% Ioenol

87/01%. 1.9 227 - "

877029 2.25 218 o + " + 0.1% Erucamide

- The above resins are representative of the range of resins used
~in the first trial. Resin 87/057 had been originally supplied but
was recalled since it contains Irganox 245. Some of this resin
may still be at VanDorn but it is suggested that it not be run
since their equipment 15 used 1nterm1ttent1y for actual food
container production.

1 recommend starting up with 87/029 since it probably has the
slowest recrystallization rate and thus best chance for stretch
blow molding. The high LVN is not expected to cause significant
injection molding difficulties. Resin 87/023 with LVN of 2.10 was
successfully molded in the previous attempt at VanDorn. A copy of
my trip report from the last trial is attached for. reference.

IRk

J.R.Kastelic

VANDORNZ2. TXT
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TRIP REPORT
DATE: January 24 and 25, 1989 : ) E

PILACE: o - Sewell Plastics, Inc., Sﬁ£51d1ary of Constar.‘
45 Great Southwest Parkway - :
Atlanta, Georgia 30336
(404) 699-1511 -

INDIVIDUALS: Sewell: »
George Austin, Rrocess Engineer
Mark Huft, ‘Managé&r, Stretch Blow Moldlng Lab
Marc Roth, Project Engineer :
Cralg Harley, Engineer

Shell. )
N. Mlchaels, Shell Business Center
J. R. Kastelic, WRC

PURPOSE CONDUCT BLOW MOLDING TRIAL WITH POLYKETONE
SUMMARY

During this second trip to Sewell gontalner, Inc.,
attempts were made to fabricate CARILON thermoplastic
polymer containers on reheat stretch blow molding and
‘in-line stretch blow molding equipment (Cincinnati and
Nissei, respectively). These machines are designed for
production of PET containers. As with previous trials on
similar equipment (Van Dorn and Formex) injection molding of
parisons was relatively easy but but the forming step:
resulted in only sidewall blow through. The difficulty
appears to be rapid-development of crystallinity and a
narrow forming window for highly crystalline polyketone.
Better heating methods must be sought which can establish
uniform thermal conditioning' as has: been essentlal with
Solid Phase Pressure Formlng.

Also during this trip, two grades_of.polyketone were
run in a single head Bekum 401 S, extrusion blow molding
machine, successfully producing complex containers with well
formed flash trim necks. Approximately 200 "squat quart"
containers with integral handles and 100 oval lotion bottles .
were produced. This confirms our ablllty to produce
"handle-ware" and other extreme shapes via extrusion blow
molding. Melt strength and molding behavior exhibited by
both resins, grades 88/042 and 88/047 with LVN of 1.93 and
2.09 respectively, were assessed by Sewell as satisfactory
for the majority of blow molding applications.



DETAILS

INTRODUCTION

During our first trlal at Sewell two container types, a
large peanut butter jar and a narrow neck shampoo/oil
bottle, were successfully produced by extrusion blow molding
(EBM). Polyketone resin performed about as well as
polyethylene and polypropylene resins which are commonly
used with this fabrlcatlon method.

A subsequent tr1a1 was arranged in order to try stretch
blow orienting equipment (SBO) commonly used in the
production of PET bottles. Sewell’s development lab
.currently has open time available on both Cincinatti and
Nissei machines. Despite difficulties in previous trials
with SBO equipment of differing design at Van Dorn and
Formex, SBO is worth further effort. SBO is believed to be
one of the few potential methods for production of screw cap
containers with a high degree of clarity. Heinz has
consistently expressed most interest in containers with both
clarity and screw closure capability, particularly the P-T
cap, for the high barrier retort food appllcatlon presently
under consideration (baby food).

BACKGROUND

The physical deformation which the parison must undergo
in SBO is akin to that now routinely achieved in Solid Phase
Pressure Forming (SPPF). A significant increase in clarity
has been observed in SPPF containers but the SPPF process
has limited potential for production of containers with
screw thread necks. SBO also yields a high precision neck
. finish which is superlor to that produced by EBM and may be
‘beneficial in increasing closure reliability whlch 1s
another important Heinz objectlve.

Several variants of stretch~blow-molding are in routine
use for fabrication of PET containers. These may be divided
into two basic categories: 1) indirect or reheat stretch
~ blow (Reheat-SBO) and 2) direct, one-step or in-line
(Inline-SBO). Both methods normally utilize injection
molding to fabricate parisons. One manufacturer has o
developed equipment which produces parisons via melt
extrusion and shaping but: thlS has seen only llmlted use,

- primarily in Europe.

In the most common method, Reheat-SBO, parisons are
first injection molded and then at some later time fed into
another machine which reheats parisons using radiant panel
ovens and individually inflates them within the confines of
the final container mold. With Inline-SBO, the two steps
take place sequentially ("in-line") in a single, more
complex machine. The parison is injection molded and



immediately shuttled to the the stretch blow station. 1In
some machines brief thermal condltlonlng is p0551b1e at an
intermediate station. :

Both orientation methods were developed for PET, which
has very slow crystallization kinetics. the PET preform is
essentially amorphous and can be formed over a relatively
wide temperature window somewhat above the PET glass
transition temperature of 95C. Upon stretching at elevated
temperature some crystallinity is developed but crystallites
are small and the container remains transparent. 1In
practice, low level copolymers are utillized to further '
retard crystalllzatlohklnetlcs and allow fully :

Crystalllne resins such as polypropylene are more
difficult to fabricate with SBO techniques due to a much
narrower thermal forming window. But some polypropylene is
now being commecially fabricated with "in-line" or "direct"
injection stretch blow molding of the Formex/Aoki and Nissei
type. Benefits are enhanced clairity, higher strength and
impact and tigher tolerance on neck screw threads and seal
surface. The latter is of particular importance in the case
of wide mouth food containers. In the case of PP,
nucleation additives and copolymerization technology have
been instrumental in maximizing clairity to levels which are
necessary for commercial application. Polyketone is very
highly crystalline and may be expected to have SBO
characteristisc more akin to PP than PET. The ultimate
level”clairity attainable remains to be determined.

REHEAT-SBO PERFORMANCE

During this trip to Sewell, attempts were made with
both Reheat-SBO (Cincinnati) and Inline-SBO (Nissei)
equipment which are routinely used at Sewell for production
of their PET containers. The results were nearly identical
to previous attempts with the Formex and Van Dorn equipment:
injection molding of ‘parisons was easy but the forming step
resulted in only tearlng or 51dewall blow-through.

. The dlfflculty»appears to be caused by the rapid -
development of high levels of crystallinity combined with a
very narrow thermal forming window for this crystalline
material. Conventional PET equipment does not prov1de an
adequately uniform thermal profile to allow expan51on into a-
fully formed container.

A Hughes Infra-red scanner was used by Sewell to gauge
parison temperature during reheat. It appeared to give very
accurate temperature readings of all sections of the parison
and successfully made readings both while parisons were in
the oven and as they were: introduced into the blow cavity.
The instrument was said to give only the outermost skin



temperature and to be incapable of probing deeper to give
core temperature. Surface variations of over 20F were :
commonly seen and this was after very careful tuning of oven -
temperature zones. It is almost certain that core and
inside wall temperatures were considerably lower. :

It was found that with long (10 minute) heating time
parlsons could be fully melted. The melt strength of" the
resin was adequate to prevent any sag. In fact some:
contraction in length was actually observed which: 1ndlcates
the presence of molded in residual stresses.. 1Interestingly,
the melted parisons could be manually inflated to £ill out a
mold. The type of molding inadvertently simulated here is
called Injection Blow Molding (IBM). The resulting

containers were irregular and showed the definite opa01ty of -
semicrystalline melt formed material. No trace of a gain in ‘

transparency was observed when parisons were formed at
temperatures above melting. Temperatures below melting are
required in the case of SPPF sheet forming in our Illig‘in
order to achieve the significant enhancement of clarity
demonstrated in formed cups.. Operation of Illig equlpment
at temperature above melting does result ‘in opaque
containers. The observations suggest that IMB will be
possible in the future but that non-transparent containers
will llkely result. IBM is know to give some enhancement of
clarity in the case of polypropylene. : S

INLINE-SBO

An in-line stretch blow molder was made available by
Sewell (Nissei ASB-50) and trials were run. The equipment
was brought into cycle with no trouble but the stretch rod
always tore through the bottom of the parison. The machine
has intermediate station reheat capability and this feature:
was tried. The outer heater proved capable of melting the
parison but the inner core heater was of low power. and
inadequate length. Consequently, ideally uniform parison
temperatures could not be attained with this arrangement and:
well blown containers could not be produced. - Some
indications of improved stretching were observed so further
work to modify the intermediate reheat station may be
justified. A longer, more powerful core heater rod, more
uniform heater band spacing on the reheat chamber and
possibly hot o0il heating of the parison mold are
recommended. This would require ‘establishing a machine
development program at Sewell, complete with proper secrecy
agreements. In time, we will find if this is warranted.

PARISON HEATING CONSIDERATIONS

Considerably more uniform and more controlled heating
will be required, to mimic conditions routinely achieved in
the case of SPPF sheet forming. This may be more difficult
to achieve with a test-tube shaped parison than it is with



sheet. The main difference is that sheet is heated from
both sides and top and bottom ovens can be balanced. In-
this way forming temperatures are held within a very narrow
range. From experience we know that unbalanced heating of
the top and bottom heater panels will greatly impair
formability. 1In fact, startup the Illig 3710 former at WRC
required oven 1mprovements before polyketone could be
satisfactorily run.

The normal parison heaters apply heat only from the
outside so it is very conceivable that detrimental
temperature gradients did exist even with long (eight
minute) parison heat times. In addition, the parison- ,
holders all have a stretch rod opening through which cooler
drafts may enter during heating and transport to the blow
station. 1In all cases during the trials, the parison inside
surface could not be directly heated, but it might be
possible in the future to add this feature to existing
equipment. It seems plausible to insert a regulated plug
heater through the stretch rod opening. Sewell’s Nissei
equipment has this capability but it is normally used only
to heat the upper neck region of the parison to control
material distribution in the shoulder of the container.
Power is low and plug length very short. This heater was
energized at various power levels in our trlals but it
little appeared

A heating technique with more penetrating power may
ultimately be found necessary. It seems (to this author)
that optimization of IR wavelength will not do the trick,
although longer emission wavelengths are generally found to
exhibit greater penetrating depth in polymers. Instead, it
is recommended that dielectric or microwave heating, be
attempted. Some PET equipment utilizing this form of
heating was produced by Cincinnati Millacron. They will be
contacted in the near future to see if trials can be
arranged. :

In addition, lab experiments with oil bath heating
might be advantageous. O0il bath heat potentially can
provide the highest possible level of uniform heating. This
could answer questions of the ultimate forming potential of
molded parisons. There could possibly be something
different about the achieved morphology (cold molds, etc) or
the inflation dynamics of a tube which may hinder parison
inflation and expansion. For example, Injected molded
plaques do not form as well as extruded sheet. Quite a
large quantity of parisons of two different styles were
collected for such experiments. :

Thinner parison-wall thickness may also lessen heat
differential. We believe that these may be produced from
the existing parisons, which have wall thicknesses on the
order of 80 mils, by machining. Existing parison thickness



is approximately on par with with the thicker sheet used in:
SPPF forming of Rampart style containers and is not in

itself a problem. . But this thickness is likely aggravating
temperature differentials experlenced 1n heating a test tube
shaped parlson.. :

Sewell has a cast mold capability for blow and stretch
blow prototyping and even limited production. This is said -
to be considerably quicker and lower in cost than machined
molds. Transparent molds can also be cast in clear resin or
machined from lucite and these are often advantageous for
diagnosing molding difficulties such as in our case. In the
past, hlgh speed video recordings of the forming have proven
helpful in pinpointing causes of improper behavior. This
might be worth con51der1ng in the future if difficulties
persist. : ~ :

EXTRUSION BLOW MOLDING

In the previous EBM trial at Sewell (JRK trip report of
Nov 23, 88), simple narrow neck and wide mouth containers
were easily produced. A second set of runs was recommended
with more complex container shapes to test the extreme
limits of our resin. Handle-ware and highly ovoid cross
section containers were recommended by Sewell and suitable
molds were said to be available.

The same equipment and procedures were used in this
second EBM trial, with the exception of the molds and the
diverging parison extrusion tooling required to run the
molds. The parison diameter was about 3 inches while the
- wall thickness was on the order of 50 or 60 mils.

Both molds produced~a flash trlmmed neck. As opposed
to the previous run with a fully confined parison, here the
larger diameter parison is partly flattened and then pinched
off at the handle, threaded neck and sidewall bounds where
it must fuse leaving no pin holes or weak seams. The flash
left outside the pinch-off bounds must be trimable without
in any way tearing into or weakening the adjacent seam.

Two molds were used in this second trial at Sewell.
One produced what is called at Sewell the "squat quart.™”
This is essentially a scaled down milk jug with integral
carrying handle. The container is a particularly good test
of pinch off seam strength at high blow-up ratio. The
second mold produced a highly oval lotion bottle. This
tests the resins ability to smoothly make the transition in
wall thickness from the low stretch to the high stretch far
corners of the container. both molds were manufactured from
aluminum and were given a vapor honed mold surface finish.



The two molds both ran well with polyketone.
Attractive containers were again easily produced and the
machine could be run at length on.auto cycle. : Furthermore,
two resins proved suitable. The original 88/047 with LVN of
2.09 ran the best and produced the whitest containers. A .
second resin with a slightly lower LVN of 1.93 also ran well

but the or1g1na1 pellets as well as the resultlng contalnersvbv

show a yellow tint. No indications of processing
degradation were seen with either resin at any time.

Several hundred containers of each type were: produced during
the duration of the trial. i

Good overall handling has consistently been observed in
our EBM trials at Sewell. Processing is so good that the
method has been proposed for fabrication of containers for
the next test pack. - Observed cycle: times have been somewhat
faster than most commodity resins. ' The mechanical strength
of the pinch-off and sidewall seams has been excellent and
the bottles continue to show very good drop impact strength
in the rather pragmatic tests dome at Sewell.: It is very
likely that, in addition to containers, complex blow molded
engineering parts are feasible.. RN

GENERAL COMMENTS

Sewell continue so show interest in our resin and seems
very willing to consider formal developmental programs both
in fabrication technology and in application screening.
They have mentioned that they would like to eventually
sample some of our containers into certain high value
applications. One involves substitution: for costly
fluorocarbon resin (Teflon PFA 350 at 20$/1b) in an acid-
resistant shipping container. This particular resin is
extremely difficult to blow mold. A melt temperature of
over 620F must be maintained and this is very close to
temperatures which release toxic gases (acids and
fluorocarbons, the latter causing polymer fume fever) and to
the spontaneous ignition point of 720F. They say they have
produced "fireballs" several times in attempted molding
runs. :

Another is in the agricultural chemical area where they
have made the decision to stay away from fluorination
surface treated containers both Airpack and post treatment
methods. Their present alternatives are said to be
fluorocarbon resins, as in acid bottles, and Barrex
polyacrylonitrile. Barrex apparently also has some
undesirable characteristics which keep them on the lookout
for substitutes. They believe these areas could provide
early limited volume markets for us and would certainly
command prices well over several dollars per pound.
Naturally they would like to step in as the U.S. fabricator
even in limited volume specialty container markets. They do
not do much business overseas.



Markets and potential business relations with Sewell,
as well as other issues (secrecy), should be taken up soon -
with Ben Livingston, Market Manager in the ‘extrusion blow
molding area. Any continued work with stretch blow molding
should be handled as a program at Sewell with an ‘assigned -
project engineer and this should be set up through Steve
Lynn, Dlrector, Stretch Blow Molding. : Sewell’s Vice =
President in Charge of Engineering and Development Mr.
Alberghlnl, also expressed much interest in polyketone and
- in further collaborative efforts with Shell.

FURTHER WORK

Compre551on moldlng experlence suggests that the rapld
quench cooling imposed by a chilled aluminum mold should
glve poor barrier performance. This is certainly of concern
in oxygen sensitive food packaging applications and might
even be a consideration in solvent storage or automotive
reservoir uses. The level of crystallinity and the barrier
developed in blow molded containers need to be evaluated.
Assessment of the ultimate attainable barrier must await
experlments with well heated molds where some degree of
improvement in crystallization can be expected. Mold
heating may also be beneficial in improving container gloss.

1. Consult Stewart and Bass for recommendations about
microwave and dielectric parison heating.

2. Conduct in-house reheating and forming experiments on
molded parisons using'hot oil and dielectric heating. '

3. Contact clnc1natt1 Millacron about commercial
dielectric reheat-SBO equlpment.

4. Consider meltlng p01nt and LVN blends as a posible
means to broaden'the-polyketone'forming window.

5. Evaluate barrier, crystalllnlty and retort shrinkage of
extrusion blow molded contalners.

CONCLUSIONS

1. Polyketone will not run in standard reheat-SBO and
inline SBO equlpment without further development. ~

2. Heater modifications appear necessary to uniformly
thermally precondition parisons for SBO forming.



3. Polyketone does run well in standard extrusion blow
molding equipment and can produce a wide range of container
types, including handle-ware. -

4. Process stability of later generation MDU resins is
adequate for SBO fabrication trials and does not appear to
limit forming behav1or.

cc: R. G. Hayter
D. S. Brath
W. Derrick
N. E. Peck
C. E. Wilson
D. G. Smith
Shell Participants

SEWELL2.TXT/Toshiba
J. Kastelic



. TABLE I.
EXTRUSION BLOW MOLDING with POLYKETONE

Machine: Bekum 401S, Single Head, Single Cavity
Extrusion Head: 60mm Barrel, 24:1 L/D '

Screw Used: 2.6:1 Compression, 1/3,1/3,1/3
Had Four Rows of Mixing Pins

RPM During Run: 15-30, 19-26 amps draw
Parison Cutter: Flying Hot Knife, with Recycle

Pin and Die: 0.720 & 0.785 inch diam., Converging,
Parison Programming Used in All Cases"



CONTAINER TYPES PRODUCED AT SEWELIL
- .(Two molding trials):

28 o0z Wide Mouth Peanut Butter
12 oz Narrow neck Shampoo/Edible 0il

16 oz "Squatt Quart" Jug w/Handle

8 oz Lotion Bottle, extreme oval

(All Molds of Machined Aluminum and Water Cooled)

The above all run successfully with 88/047 (2.09 LVN)

The last two Also run succeésfully_with 88/042 (1.9 LVN)



Extrusion Blow Molding runs at

ZONE:

start up:
good run:
low Temp:

low surge:

Temperature Conditions

375,

430,

365,

450,

450,
470,
445,

490,

500,
500,

475,

460,

475°F

475
450

450

-e I owe . -e

(1]

N1~

450,

450,

450,

450,

Sewell

N2 “PARISON
(IR)

450°F  487°F

450 492
450 485

450 490

Last settlngs in list worked well for all»containers
and both resins.



FACTORS in ACHIEVING CIARITY

Stretching just below or at melting
Nucleation - For PP, took many Years to develop
Additives Have an Influence:

330, Bayerite and Nucrel give High Haze
discrete scattering phase
particle size

Acrawvax Seems to Improve Gloss as in PB & PP






- APPENDIX 4

FORMEX STRETCH BLOW MOLDING TRIAL

WITH

CARILON® THERMOPLASTIC






TYPED 2/28/89 i TR _
MEMORANDUM OF DISCUSS]ON

DATE ~: February 24, 1989

COMPANY CONTACTED : Formex, Inc.
3401 Park Center Drive
P.0.Box 14677, Suite 260
Dayton, Ohio 45413-0677

INDIVIDUAL CONTACTED: Roger Tallman
: 513-898-4955
Fax: 513-898-4934

SHELL PERSONNEL -: John R. Kastelic - HRC, Polymer Systems

- e W T T e e A T e M e D G e R W e s R R e G e P e R A W T e e e

Formex was contacted by phone to set up a trial with CARILON™ thermoplastic
polymer on their AKH-80 stretch blow molding machine. The mold set
available produces a very flat, almost diaphragm shaped, par1son

Furthermore the parison is very th1n (about 40 mil1) and should give the
most uniform temperature profile possible. These two factors are believed
to give the highest possible chance of successful stretch-blow fabrication.
This mold was not availab]e to us in our single previous 1987 attempt at

Formex. '
A tentative run date was set for Apr11 4, ,1989. Any runs with this
equipment must be completed by June 15, 1989, since the machine is about to
be sold. The four cavity hot runner mold wi]] be-retained by Formex but a
suitable replacement machine will not be available for some time.

The unformed parisons themselves are believed useful for forming
experiments at WRC. Since they are close in shape to SPPF billets,
attempts can be made to form them on the I11ig 1ab former. But,

Roger Tallman expressed problems in providing numbers of extra unformed
parisons for reheat experiments. The company after all is in business to
promote integrated in-line forming. They do not wish to support any
possible activity which could lead to success with competitive reheat
systems. There may still be some way to finesse this and there is even
some chance that the forming step will succeed in their machine.

A second container style will be available by the end of March. This is a
wide mouth 63mm screw cap jar.  The mold again has four cavities but it
runs on a bigger machine, the SB3-250. A tumbler shaped parison is used
and I give this lower odds of running our resin. It might be worth
attempting if the run on the AKH-80 is successful. '

RECOMMENDATIONS:

1. Conduct a second fabrication trial at Formex with this optimum
parison design, even though the outcome is still uncertain.



2. Offer to pay for run time required to produce extra
 parisons on the condition that their machine will not
adequately form containers with our resin.

3. Conduct forming trials with ébove‘parisOnS'at WRC using
the I11ig 1ab former and modified forming tooling.

John R. Kastelic -
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'STRETCH BLOW MOLDING OF CARILON® THERMOPLASTIC AT NISSEI






SHELL DEVELOPMENT COMPANY Contidential
WESTHOLLOW RESEARCH CENTER 62182.01

TRIP REPORT

LDCATIDNi‘Niesei ASB Company ' - . Date: July 25-26, 1990-
‘ Atlanta, Georgia : ‘

Participants:
: .Jim Scholefield, Facility Manager, Nissei
John Moss, Marketing Manager, "
Mark Matthews, Machine operator, "

Nick Michaels, Shell
John Kastelic, Shell Development

Michael Chang, Staff Engineer, U. Toledo

STRETCH BLOW MOLDING POLYKETONE

Objective: Determine if CARILDNR thermoplastic polymer can be
stretch blow molded on Nissei equipment and if transparency is
consequently developed.

Overview: We have attained our first encouraging results toward a
clear stretch-blown polyketone bottle. Fully formed containers were
produced on a standard Nissei ASB stretch-blow molding machine
equipped with well controlled heated mold and parison reheating and
conditioning tooling. Enhanced transparency was observed in the
stretched sidewalls but this is presently limited by an unoriented
~ central layer of material which remains spherulitic and scatters
_light.' We believe this central layer does not fully solidify until
after the stretch-blow cycle. More experlments are needed to
identify conditions and tooling geometry which can extend the depth
of the oriented outer skins and eliminate the spherulitic core ’
layer. " Further efforts are warranted and subsequent trials are
scheduled.

Details:
BACKGROUND

Stretch blow molding has frequently been found to enhance
transparency of semi-crystalline polymers. The orientation 1mparted
by drawing and stretching below melting reduces the scattering
‘crystalline structural size below that which cap effectively scatter
light. This phenomena has been seen in CARILON thermoplastic
polymer, namely in solid phase pressure formed (SPPF) cups which do
have attractive transparency. This has given us encouragement that
stretch blow molding would do the same. We have always recognized
that there is a similarity in the deformation that an element of
material must go through in the two processes. If one process is
found to work so should the other. "Five thousand SPPF cups can"t
be wrong" '

The problem has been repeated failure of CARILDNR to draw at all in
all previous stretch blow molding attempts. Runs on several types
of machines, Van Dorn, Formex/Aoky, Cincinnati, Nissei and Husky and



at numerous experienced locations all resulted in fracture of the
parison by the stretch plunger or in side wall rupture by the blow
air. This has been the general outcome irrespective of the type of
machine (reheat or in-line) and irrespective:of the resin melting
point and LVN selected. We have always attributed the failures to
inadequate thermal conditioning of the parison, but careful oil bath
reheat experiments suggest that, in ‘addition, the parison geometry
has been unfavorable. st T '

A research program with The University of Toledo was initiated last
vear with the overall objective to define COnditiﬂns and equipment .
required to stretch blow mold transparent CARILON containers.
According to their recent biaxial orientation studies (recent report
attached) our resin should have a narrow processing window in this
fabrication process. They point out that it is likely advantageous
to stretch sequentially first in on direction then transverse to
that. This is usually the way stretch blow machines are operated.
The stretch rod extends the parison in the longitudinal direction
and then the blow air is energized to cause hoop direction
extension. ' e - '

The University of Toledo recommended another try at the new Nissei
USA development facility. Nissei has recently undertaken much work
with polymethyl pentene and had to construct special tooling for
operating at higher and more carefully controlled draw temperatures.
We reviewed previous difficulties directly with Jim Scholefield of
Nissei and this led to the selection of tooling with the largest
diameter and shortest parison run to date. Also, the mold and
conditioning station both were extremely well controlled with
circulating hot oil heaters in an effort to optimize chances of
attaining SPPF thermal conditions. The combination has given us our
most encouraging results to date. SRR



EQUIPMENT AND RESIN

This trial was run on a Nissei ASB 50 HT. This is a four station
rotary table machine with in~line molding, conditioning, stretch
~blow.and part eject stations all active., "With two injection units,
the machine is capable of producing one, two and three layer
containers, depending on mold manifolding selected. In our case,
only the main injection unit was run and and a monolayer runner and
gate were used. The machine was equipped with a 2.3 to 1

. compression ratio standard screw.: We typically ran with 5 bars of
back pressure and .about 150 RPM screw speed. No difficulties were
experienced with the injector throughout the trial and Nissei noted
nothing unusual about our material. :

- The parlson injection mold core and cavity were each controlled by
independent hot o0il circulating heaters (Mold Scan heaters by
Conair/Franklin). This is in stark contrast to all previous trials
where molds were cold water cooled. The best we were previously
able to do was to disconnect the water, drain the cooling
manl%oldzng and allow the mold to heat up on its own as we shot.

‘Also very 1mportant the condltlonlng station was tightly regulated.
The outer conditioning cavity fit the parison-well and was
controlled with another circulating oil heater. The inside of the
parison was conditioned by a radiant probe which was independently
electronically controlled. The probe was automatically quickly
inserted down the center of the parison at the conditioning station
on each machine cycle. '

- Resins chosen were the same as those supp11ed for study by U.Toledo:
B89/021 and 89/046 with respective Tm/LVN of: 230/1.97 and 222/1.5.

"3In addition P1000 and 89/045 were used which are similar to the

~ above and in -more plentiful supply. These were shipped pre-dried
"and sealed to Nissei for the trial.

- OPERATION

Barrel zone témperatures of 250, 260, 26ODC were found to give
consistent, smooth screw regeneration against modest back pressure.
We did note some gaseous bubbles in the melt. We varied
températures,;back pressure and screw speeds but the bubbles
persisted. All the resins gave about the same trace amount of
bubbles in the free ejected melt. This did not go away when we
're—drled the resin overnight in the Conair hopper dryer. We never
found out the origin of this trace volatile or trapped air (eg:

" water/methanol or if the screw compression ratio was not sufficient
to totally degas the melt). We now know that in a second trial on
the same equipment with similar operating conditions bubbles were

" totally absent leaving this anomalous bubble appearance unsolved.

‘A wide rangekof mold and parison conditioning cavity temperatures
were tried. These were changed by the machine operator until the
parison appeared soft enough by hand to engage the stretch-blow
cycle. Eventually, fully blown bottles were obtained! A



comparatively narrow operatingowindow was identified with the
injection mold and core at 200 F and the conditioning station at
400—-420F. The heated finger of the conditioning station was run at a
barely visible dull-red glow which tock about 150 volts on power
supply. Unlike the conditioning outer cavity, the interior heated
finger does not make contact with the parlson and instead heats via
IR radiation.

Deviations from these conditions gave sidewall tears initiating
systematically at either the interior or the exterior of the :
parison, depending on which surface deviated the most from optimum
stretching conditions.  Instead of running entirely through the
sidewall, the tears often stop in the interior of the wall. This
leads us to believe that the parison was not solidified through to
the interior but instead consisted of two sol1d1{1ed and cond1t1oned
.,skins over-a molten central 1ayer.

Cycle time was 15-16 seconds. With indexing taking up about 2
seconds the resultant time interval for conditioning and temperature
equilibrium was 13-14 seconds. This is much lower than the time we
normally give sheet to heat up in the SPPF process which can run to
120 seconds from room temperature condition. Here the parison is
still hot from molding as it reaches the conditioning station. We
now believe that the parison does not 5011d1fy ‘through to the center
in this brief interval.

TRANSPARENCY

Bottles produced have noticeably improved transparency. They do not
yet match the clarity of SPPF cups demonstrated in past years but
are none the less very encouraging. An object placed inside the
‘bottles can be seen through the sidewall and water fill level is
very easily seen. We believe the clarity is being limited by an
inner layer of unoriented material.

Wall cross sections of stretch blow molded bottles were examined in
polarized microscopy. The resulting micrographs, attached, show
that the inner and outer skins are highly oriented and transparent
but that the central region of the sidewall is still spherulitic and
consequently scatters light. Wall thickness proportions are roughly
one third outer skin, one third spherulitic core and one third
inside skin. This observation is consistent with our interpretation
that the middle one third section of the sidewall remains molten
until after the stretch cycle is completed. This material
'eventually crystallizes in the unoriented condltzon after the
solidified skins are stretched and thinned.

-Future effort will have to be focused on eliminating this central
core -which gains neither orientation nor transparency through the
stretch blow cycle. We recommend longer set-up times in the
injection mold together with longer conditioning times to get back
to ideal stretch forming conditions. We project that thinner
parison wall thickness may ultimately be required. A second trial
with Nissei has been scheduled to explore these possibilities.



Conclusions:

1. We have achieved the first‘encburaging results in stretch blow
- molding of CARILON.

2. Fully formed conta1ners were produced which do show notz:eably
zenhanced clarity.

3. Microscopy of wall..cross—-sections indicate a central layer of
unoriented spherulitic material which scatters light and presently
limits clarity. The outer 5k1ns are fully transparent. .

4., Further effort is needed to opt1m1ze the cycle to ellmlnate thls»
unoriented central layer and further raise the level of
transparency.

5. There is hope that standard Nissei ASB equipment with suitable -
tooling and careful temperature control will prove suitable for ‘
producing small, thin-wall containers from our resin.

John Kastelic

Distribution:

D. Medima

S. W. BGilks

N. Michaels

D. 8. Brath

F. W. Bratt

A. A. Broekhuis
J. 8. Birtwistle
F. E. Neumann
‘R. W. Rolke

‘M. A. Matovich
L. E. Gerlowski
J. W. Kelley

R. B. Kluttz

N. E. Peck

P. A. Kinneberg
C. A. Wilson
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NOVEMBER 8, 1990

RETORT -~ NISSEI INJECTI
' EVALUATION OF
EVALUATION OF

BOTTLES WERE RETORTED FO
ALL WEIGHTS IN GRAMS, A

Sx NUMBER

8442-162-2 18442-162-3 18442-162-4

BEFORE RETORTING o
23.54

23.64
~ 258.94

BOTTLE WEIGHT 23.53
EMPTY WEIGHT 23.61
FILLED WEIGHT '282.28 ¢«
INITIAL VOLUME 258.67

AFTER RETORTING L » S
BOTTLE WEIGHT 23.94 23.96 24.02 24.00
EMPTY WEIGHT 24.04 24.04 24.13 24.09

FILLED WEIGHT 262.94 273.29 263.00 260.10
FINAL VOLUME 238.90 249.25 238.87 236.01

% VOLUME CHANGE  =-7.64%  =4.3

% WEIGHT GAIN
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SOLID PHASE PRESSURE FORMING
VERY CLEAR CUPS PRODUCED
LAB CONTINUOUS FORMER RUN SUCCESSFULLY - E
ManY DIFFERENT CONTAINER TYPES PRODUCED

STRETCH BLOW MOLDING
Husky RUN, NEw SBO MACHINE FAILED.
Husky OVEN ALTERATION - DEFERRED.
VANDORN, FORMEX AND NISSEI ASB FAILED.
HoT OIL BATH REHEAT ATTEMPT FAILED.

CLARITY IN SPPF SUGGESTS THIS CAN BE DONE:;}

WILL TAKE SPECIALIZED MACHINE.

INJECTION BLOW MOLDING
JOMAR RUN PARTLY SUCCESSFUL.
NEARLY FULL BLOWN BOTTLE,
NOo CLARITY IMPARTED TO RESIN.
PRECISION NECK FINISH AN ADVANTAGE




JOMAR INJECTION BLOW MOLDING

TRIED WITH CONSULTANT ASSISTANCE. (R. CAVALIER)
ONLY PARTIAL FORMED CONTAINER WAS OBTAINED.
LIKELY DEVELOPABLE WITH 6 MONTH EFFORT.
NOo EVIDENCE OF TRANSPARENCY SO FAR OBSERVED.
NEED TO REEVALUATE MOTIVATION.
- THICKER THREAD POSSIBLE, MAY HELP RETORTING.
- PRECISION NECK FINISH MAY HELP SEAL.

- HIGH SPEED PRODUCTION MAY LOWER COST.
= CLARITY IMPROVED WITH OTHER POLYMERS.



OIL BATH REHEAT EXPERIMENT

LaB EXPERIMENT WAS WITH NISSEI & VANDORN PARISONS.

SIMULATED SPPF CONDITIONS AS BEST AS POSSIBLE.
EXCEPTION: NO STRETCH ROD USED. -

PARISONS ALL BLEW OUT.

SIDE WALL BLOWOUT SIMILAR TO VANDORN, Nisser &
'FORMEX. |

CONCLUSION

o - TUBULAR PARISON IS DIFFICULT TO INFLATE IN SOLID

STATE.

STRONGLY RECOMMEND SHALLOW & WIDE PARISON GEOMETRY.
SIMILAR TO SPPF SHEET CONFIGURATION.

CONTINUE TO FOCUS ON EXTREMELY UNIFORM HEATING.



BARRIERS OF PET AND CARILON
LITERATURE VALUES:

oxygen oxygen water water

materdal 25 C  30C  25C/S0RH 100F/90RH
PETG 28,7 - - -

» B - 28" - 1.68
PET,fAmdéphous flOiO - - -

W 6.5 - - 4.0
PET, <10X crystalline  12.5 - 0.88 -

o 1000 - = -
PET, 10% crystalline 7.0 - 0.77 -
PET, 30% crystalline 6.2 - 0.5 -
PET, 45% crystalline 3.7 - 0.34 -
PET, 45X Cryst. & Biax 2.5 - - -
PET, 50% Cryst. bottle 4.8 - - 2.0

. e n : g u _ 5.0 - - -
PET, 50X Cryst. Biax. 3.0 - - -
PET, Biax Film 3-6 - - 1.0-1.5

'wRC Measurements, PAK/LEG:

CPET, Wavin éray - 80 104 - -

CPET, Inpromptu tray - "~ 10.6 | - -

(Kraft Main Meal Tray under test) ' v

MYLAR, NBS STANDARD 4.1 4.9 , - (1.3)

CARILON EP, Molded Bowl 0.8 .- 5.9 -

above, after retorting - - 7 ‘ Co-

CARILON EP, Comp. Mold 0.8 2.4 6.4  12-15
. " , Annealed 0.5 - - -

CARILON E, Comp. Molded 0.5 - . = -

| " *, Annealed 0.3 0.8 - - -
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EVAL-E
ANS
ANB
PVDC
EVAL-F
NYLON 6

‘PET

PVC

ABS

HDPE
POLYPROPYLENE

POLYCARBONATE

HIGH IMPACT
POLYSTYRENE

LDPE
IONOMER

THERMAL PROPERTIES

‘Heat Defledtion Temperature

Under Flexural Load, °F

,264;p.s.1.

150 - 300
200 %
164
130 - 150
150 - 300

155 - 185
Dry

100 - 106

Annealed
140 - 170

170 = 220~
Annealed

120 - 140
270

170 - 202

93 - 100

66 p.s.i.

172

365 - 375

Dry

135 - 180

170 - 235
Annealed

175 = 196

225 - 250

280

155 - 204
104 - 112
113 - 125



MECHANICAL PROPERTIES

' ' Flexural Izod Imp *
~ Tensile Strength , ZFlongation Strength  ft-1b/in, o

" at Break, ‘" at Break, Rupture notch (1/8-
S PeSed. UL % or Yield, in. thick
- e p.S.i. specimen)
EVAL-E | 7800 300
ANS 15000 2.4
ANB 9000 . 3.4 14000 1.5 - 4.8
PYDC . 3500 - 5000 | 160,; 240 4200 - 6200 0.4 - 1.0
EVAL-F 7800 . 300
NYLON 6 18000 Dry, = 30 -.100 Dry, 14000 Dry, 0.6=1.0 D
100000~ 300 5000 3.0
PET 8500 - 10500 50 - 300 14000-18000 0,25 - O,
PVC 6000 - 7500 ° 40 - 80  10000-16000 , 0.2 -
s 2500 - 8000 20 - 100 4000-14000 2.5 - 12.
HDPE 3200 - 4500 10 - 1200 - _ 0.4 - 4.C
POLYPROPYLENE 4500 - 6000 100 - 600  6000-8000 0.4 - 1.C
POIYCARBONATE 9500 410 13500 | 16 ‘
HIGH IMPACT -
POLYSTYRENE 5200 - 7500 1.2 - 2,5 10000-14600 0,35 - 0.4
LDPE ‘ 1200 - 4550 100 - 650 - No Break
TONOMER 12500 - 5400 300 - 500 - 7 - 12.6 NI

| CARILON Goop 1§40 -290 - 3.5-4,5

e i A o e
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MEMORANDUM OF DISCUSSION

5/29/89
T0: D. S. BRATH S
SUBJECT: STRETCH BLOW MOLDING

I spoke to Morris Salame, our consultant on stretch blow molding and
barrier properties. We discussed the trial he recently attended with
John Kastelic at Innopak, and he confirmed John's report that the new
high melting point CARILON™ Thermoplastic Polymer had significantly
better processing characteristics than our conventional grades of CARILON
that had been blown before. The melted paraison was crystal clear unlike
the lower temperature CARILON which was somewhat hazy. Salame feels that
that degree of clarity offers some hope that we will be able to make a '
clear CARILON part. Of significance, and new to me, is that in order to
make a clear part, if we start with a: clear parison we are 80% of the way
to the target. As you know, our previous information was that the trick
was in the reheating of the parison so that clarity would occur during
the stretching operation. This is the second step of the process,
parison injection molding being the first. This significantly changes
the focus of our attention. Therefore, it appears that the first goal-
should be to injection mold a clear parison. Johnson Controls has a lab
outside of Detroit, Michigan that is very well equipped and has molds
designed for rapid quenching. He suggested that first conventional
chilled water be tried (40°F). If that doesn't work, then chilled water
with ethylene glycol is used to get below the freezing point. If that
doesn't work, they are even equipped to run more extreme low temperature
conditions. The molds that they have are designed for rapid quenching.
Evidently, in the early days of PET (and Morris worked on this problem)
the initial bottles from PET were not clear because they were not able to
quench the material rapidly enough. The breakthrough in PET technology
occurred when they reached higher IV, and Morris thinks this may be an
analogy with our lower IV CARILON versus our current higher IV, high
melting point CARILON. When they finally reached the higher IV PET they
were able to quench and get clear parisons. From there it was rather

easy to make blown stretch bottles, and the PET soda bottle business was
born.

He also mentioned that trying to get a clear bottie by reheating a
crystalized preform is almost impossible with PET. He expects that the
same thing would be true with CARILON. One of the other tricks with this
chilled mold and core, is that the extrudate must be hot enough. With
PET the temperature is usually 550°F.

FB89150013 - 0001.0.0



On 6/1 I called Robin Arnott, Technology Manager for Husky. He has
signed our CDA. I mentioned the information above and he confirmed
that with PET, a clear preform was critical to making a clear bottle.

R. N. Campbe]] also pointed out this is true with fiber. Therefore, we
should look not only at the reheating step but also at making quenched,
clear preforms in our goal of producing clear bottles and jars.

I've asked Morris to contact the people at Johnson Controls to see if
they would be willing to rent us machine time and sign our confidential
disclosure agreement. If so, I recommend that we proceed with a plan-

of where we do this and with whom. It should be noted that Morris was at
Husky with our people, and his general 1mpress1on is, for this type of
operation, the equipment at Johnson Contro]s is better.

During the coextrusion tr1a1 at Innopak Morr1s a]so ment1oned that the
adhesion of the tielayers was not particularly good. He suggested that
different temperatures with the different layers could help this
extrusion but he felt that the more profitable path would be to use
different types of tlelayers He felt that we could evaluate different
types of tielayers in a coextruded sheet but the final evaluation had to
be done in a blow molding machine. -His experience was that the sheet
predicts whether you were in the ball park but it didn't necessarily
predict whether the blown bottle would remain as a single bonded system
or not. He also mentioned-that Innopak has a plexar grade designed to
stick nylon to polyethylene, and this particular tielayer might work with
our system. He felt that it was relatively easy to change tielayers using
* the Innopak equipment because of its part1cu1ar configuration.

Vet

NM/CKD
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DISTRIBUTION
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fa;l Company

sion oi Shell Onl Campany

One Shell Plaza
“P.0. Box 2463

oubject >Stfet__

Blow Moldlng

We ran polyketone 1n a trlal u51ng the lese

is orlented in” these plctures 50 we érc not that far awav
from the target. John plans a second trial in the near
future. : o ‘

We also noted during the trial that the bottles could be
blown under a wide varlety of condltlons whlch 1s very

Toledo‘was helpfululn our understandlng the condlﬁion;
The researcher from Toledo Joined us at the trlal

*Houston, Texas 77252,_"__'., g
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