Engineering Properties and

Structure Division Newsletter

Dear EPSDIV Members,

| can’t believe ANTEC 2017 is only about
one month away! | am excited to see an
impressive EPSDIV technical program
that our TPCs Jason Lyons and Brian
Grady have outlined. Below is a list of
the 8 sessions our division is going to
offer at this year’s ANTEC:

M7 Engineering Properties and Structure
& Sustainability Join Session
(Monday morning)

M26 From Polymer Processing to
Polymer Nanocomposites (Monday
afternoon)

M25 Polymeric Modeling (Monday
afternoon)

T6 Olefin Based Polymers (Tuesday
morning)

T5 Symposium in Honor of Robert A
Weiss (Tuesday morning)

T21 Symposium in Honor of Robert A
Weiss (Tuesday afternoon)

W6 Polymer Characterization and
Processing (Wednesday morning)

WS5 Structure and Property of Polymers
(Wednesday morning)

April 2017

EPSDIV to Host 8 Sessions at ANTEC 2017

In addition to the technical sessions
above, we will host a board meeting, a
TPC luncheon, and an award reception at
ANTEC. You can find the times and
locations of these events in the
newsletter and we hope to see you
there. This year also marks the 75"
anniversary of SPE. Founded in 1942,
SPE is the largest, most well-known
plastics professional society in the world.
SPE takes action every day to help
companies in the plastics industry
succeed by spreading knowledge,
strengthening skills, and promoting
plastics. Employing these vital strategies,
SPE has helped the plastics industry
thrive for 75 years and counting. SPE has
become the recognized medium of
communication among scientists,
engineers, and technical personnel
engaged in the development, conversion,
and application of plastics. So let’s get
together in May and celebrate this big
milestone that SPE has achieved.

Besides the upcoming ANTEC, | am also
very happy to make a few
announcements. First, EPSDIV just
received the Gold Pinnacle Award and
the Special Recognition Level
Communications Excellence Award from
SPE. The Pinnacle Gold is awarded to a
division that, in addition to meeting
Pinnacle Silver criteria, demonstrates
superior performance in the Gold
achievement categories. Itis a very
prestigious award and such a great honor
for all of us. Second, our current board
member Brian Grady was recently
elected as SPE’s new President-Elect.
Brian has served on our board for a long
time and led the membership committee
in the past few years. We congratulate
Brian and wish him all the best on his

new post. Last but not least, I'm
delighted to announce the recipient of
last year’s best paper award - Yijian Lin
from The Dow Chemical Company, for his
paper titled HIGH PERFORMANCE HIGH
DENSITY POLYETHYLENE (HDPE) FOR HOT
FILL CLOSURE APPLICATIONS. We will
recognize his work at our reception on
Tuesday night.

| look forward to seeing all of you in
Anaheim, California very soon!

- - - Daniel Liu
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COUNCILOR’S REPORT

Look forward to another 75 years

The 2017 annual technical conference (ANTEC) of the Society of Plastics
Engineers (SPE) is almost upon us. In addition to individual and group
achievement recognitions, educational, technical and networking activities, a very '
special event, the 75" anniversary of SPE will be celebrated at ANTEC 2017. Make |

it a point to attend the activity packed ANTEC 2017 to be held May 8" to May 10" |

at Anaheim, California. J - l

The Engineering Properties and Structure Division (EPSDIV) will host eight technical sessions,
covering a wide range of topics, over the course of three days at ANTEC. EPSDIV is actively
looking for new members to join the division, especially those interested in helping to
advance the division over the coming years. In case you are one of these individuals but
are uncertain about how you can get engaged, stop by at any one of the following events to learn
more about EPSDIV:

o Board Meeting: Sunday, May 7”‘, 4:00-6:00 PM, Mezzanine 14

« Technical Program Committee Luncheon: Tuesday, May 9", 12:30-1:30 PM, Avila A

o Award Reception: Tuesday, May 9”‘, 5:00-7:00 PM, Avila B

To paraphrase, the purpose of EPSDIV is to educate and promote polymer science & engineering
with specific emphasis on

o The investigation and understanding of the engineering properties of polymers and their
relationships to composition, structure, and processing variables

« Technical activities on uniform testing and reporting of polymer properties and
« The proper application of property data

These core areas form the foundation of the polymer industry and academia. As such education
in, and promotion of these areas should be of universal value to individuals in different stages of
their career. Come join the discussion and help make a difference.

See you at ANTEC 2017!
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In less than a month we will be heading to ANTEC 2017. We have put together an interesting set of
8 sessions on a variety of topical areas that we think you will enjoy.

Travel safe and see you in Anaheim!
Jason Lyons (Arkema)
Brian Grady (Univ. of Oklahoma)
TPC Chairs

EPSDIV — ANTEC2017 Sessions

M7
M26
M25
T6
T5
T21
W6
W5

Engineering Properties and Structure & Sustainability Join Session (Monday morning)
From Polymer Processing to Polymer Nanocomposites (Monday afternoon)
Polymeric Modeling (Monday afternoon)

Olefin Based Polymers (Tuesday morning)

Symposium in Honor of Robert A Weiss (Tuesday morning)

Symposium in Honor of Robert A Weiss (Tuesday afternoon)

Polymer Characterization and Processing (Wednesday morning)

Structure and Property of Polymers (Wednesday morning)

IMPORTANT ANTEC MEETINGS

EPSDIV Board Meeting
Sunday, May 7th, 4pm to 6pm
Room: Mezzanine 14

EPSDIV TPC Luncheon
Tuesday, May 9th, 12:30pm to 1:30pm

Room: Avila A

EPSDIV Award Reception
Tuesday, May 9th, 5pm to 7pm,
Room: Avila B




Brian Grady is next President-Elect of the Society

Since 1994, Dr. Grady has been employed by

the University of Oklahoma as a faculty

member in the School of Chemical, Biological Congratulations Brian!
and Materials Engineering and
currently is the Conoco-

DuPont Professor of Chemical The Engineering

Engineering. He served on the p . d
Executive Committee of SPE roperties an

from 2008-2012 and served as Structure Division
Secretary of the Society in

2010-2011. He was elected as appreciates your

a Fellow of the Society in 2012. He received a many years of
B.S. from the University of Illinois in 1987, .
and a PhD from the University of Wisconsin volunteer service!
in 1994, both in Chemical

Engineering. Nominated by the Engineering

Properties and Structures Division.

F¥ponent

Examples of our services include:

Failure analysis and root cause analysis, product development support, materials selection
and characterization, formulation optimization, manufacturing and processing support,
technical due diligence, intellectual property support, regulatory filing support, and more.

650.656.EXPO | www.exponent.com | info@exponent.com
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TREASURER’S REPORT

FINANCIAL REPORT FROM
JULY 1, 2015 TO JULY 15, 2016

BALANCE as of July 1, 2015 36,195.96

(cash, checking, savings, investments)

INCOME ACTUAL
SPE Rebate 2230.14
ANTEC Sponsorships 1466.10
TOTAL INCOME $3,696.24

EXPENSES
Student Travel Fund 2,500.00
International Award 2,500.00 Aspen Research:
ANTEC Expenses 275.00 Your New Partner
ANTEC TPC 4,171.19 for Materials Testing,
Bank Fees 33.00 Development and

Production

TOTAL EXPENSES $9,479.19

Aspen Research Corporation specializes in custom materials
ENDING BALANCE as of July 15, 2016 30,413.01 development and small to medium compounding services.
Aspen also provides complete mechanical, physical and thermal
testing and other advanced analytical services in support of its
Submitted by Emmett Crawford, materials development.

EPSDIV Treasurer 2015-2016 ) ) .
Our unique Materials and Science Campus offers 100,000 square

feet of facilities space for Analytical and Materials Analysis,
Materials Development and Materials Production.

www.aspenresearch.com
651)842-6100
ASPEN

R ESEARUCH
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Quality products from

Technical
Expertise

OUR COMMITMENT
YOUR ADVANTAGE

‘ ‘ Helping customers with product development is
always fascinating - running trials, testing equipment
and offering market insights. We average one new
product solution every day, and that’s a lot of happy
brand owners and converters. , ,

Adrian, Sue, David, Min, Andre
Technical Excellence Team

Our Technical Excellence Team looks forward to every new challenge to drive
solutions for you and your customers. Whatever the request and wherever the
help is needed, count on us to make the nearly impossible happen.

Learn more from our team at averydennison.com/advantage

\ Safety
Yy / Focused
(futsiunding

Customer

Service

Sustainability

www.cpchem.com

AVERY DENNISON
& TECHNICAL
o) EXCELLENCE

TEAM

A AVERY Inspired Brands.
DENNISON | Intsligent Worid™

© 2017 Avery Dennison Corporation. All rights reserved. 03/17

label.averydennison.com
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2017 EPSDIV ANTEC Technical Program Sponsorships

Sponsorships Still Available for the 2017 ANTEC Program!

+ Your Company name on room entrance posters!
Sponsorship + Your Company name on podium posters!
program: Offer includes + Your Company logo on screen between talks!
$500 + 1/2 page ad space (single issue) in Newsletter -
a $300 value!!
Click here to reserve your spot today!
Funds from the program are used to
support the EPSDIV mission in two ke
Our 2017ANTEC Sponsors: PP y
areas:
ARKEMA INC. + Technical conference program quality
ASPEN RESEARCH Such as, sponsorship of awards for

CHEVRON PHILLIPS CHEMICAL EUtSta”q'”fg papers, eXperllseS and
COMPANY, LP onoraria for invited speakers, and

EXPONENT, INC. seed money for RETECs an.d other
EPSDIV sponsored symposia.
POLYONE

S.C. JOHNSON & SON. INC + Plastics education

Such as, sponsorship of awards for

...as of April 12th outstanding student papers, student
travel grants, scholarships and short
courses.

Please ask your company or organization to sponsor the

2017 ANTEC Technical Program—Thanks!



mailto:paul.hans@polyone.com?subject=2017%20EPSDIV%20Corporate%20Sponsorship%20Program
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Congratulations to Yijian Lin from the Dow Chemical Company,

selected as ANTEC 2016 Best Paper

HIGH PERFORMANCE HIGH DENSITY POLYETHYLENE (HDPE) FOR HOT
FILL CLOSUEE APPLICATIONS

Yijian Lin, Babli Kapur, John Sugden
The Dow Chemical Company

Abztract

Hieh performance bimodal high density polyethylene
(HDPE) was developed for the bot Gl closure
gpplications. Performance of the bimodal HDPE was
benchmarked versus moambent unimodal HOPE resins.
The bimodal HDPE resin delivered better emimonmental
siress racking resistance (ESCE) than a comventiomal
HOPE homopolymer while mamfaming a good beat
defleciion tenpemtme (HOT) and a pood Vical sofiening
point. The high performance HOPE also exhibiied preater
shear thirming behavior, indicative of good processability
under the high shear rates typically encountered in the
injection moldng process. In additon, the closures made
from the new HDPE resin are advantaged with respect to
the removal forgque.

Introduction

Traditionally beverage closure: are pede from
polyolefin: consisted of 2 pieces, with a shell Mmcated
fiom polypropylene (PP and a lnsr made from
plastomers. The onpoms wend foward: comversion from

J-piece PP closumes fo l-piece lier-less high demsity

polyethylene (HDPE) closures has a sigmificant vahe in
terms of mw material cost saving and supply cham
efficiencies [1]

Sustaimability and inoeasmE consumer  health
consciousness have had a sigpificamt impact om how
beverages are produced and packaged today. The
sustaimable packaging has resulied m reduction of material
used fo produce the packags, and furthermare, hizhlighted
the mopomance of mecycling.  The increased health
consciousness has shifted consomer preference towards
the healthy beverages such as milk, wced t=a, fait wices,
enerey drinks, and spornts drmks that are produced without
Presemvarives.

In order to maximize shelf lifs, these beverages az
well as ther packages e subjected to  various
sterilization processes such as asspix, hot £l and
Pasteurizaiwon. In the hot 61 poocesses, the bevemge is
typically beated up to 95°C for 20 to 30 seconds and then

filled imfo botfles at a temperature of around 250, Affer
applying the closures, the package is mverted fior about 15
to 15 saconds, allowing the closures to cootact with the
85 liquid for a tome period of sterlization. It is cremcal

for the closures to maintin their rigidity and functiomlity
at elevated femperatures to kesp the contents sealsd under
the heat and pressure throughout the entme process.

In this swdy, a high performance bmedal HDPE
resin was developed using The Dow Chemical Company
proprietary technolozy. Performance of the new resin was
benchmarked wversus the moumbent unimedal HDPE
mesins.  The envionmental siress cracking resistance
(E5CE). beat distorfion femperatore (HDT), Wicat
soffsming peint, removal torgque, as well as  the
processabiliy of the bimodal HDPE resin  were
imvestizated.

Materials and Experimental

Thres HOPE resins were used m this sndy. Meh
index (MI) and density of the resins are listed in Table 1
HOPE-1 wa: an ethylene homopolymer while HOPE-I
was in ethylens-bewens copolymer. HDPE-3 was a
bimodal copolymer resm confaiming two diferent
polvethylene components that were hlended imside the
Teacior af melecular level

Table 1. Properties of the HINFE resing

. . L: Cremsity
Resin | Modality | oqpon | imen)
HDPE-]1 | Unimodal B2 0.845
HDPE-2? | Unimodal 10 .85
HOPE-3 Bimo<dal 32 0854

MI was measured accordmg to ASTM Method
D1238 at 190 °C and 1.16 kg Density was determined by
liquid displacement (Archimedes Principle) using 2-
propanol as solvent in accordamce with ASTM D702
Method B

Malting behavior of the samples was obtained from
differential scanming calbommeoy (D50, A TA
Instruments (1000, equipped wih a refigerated cooling
system and an aufosampler was uwsed to perform this
mmalysis. Duming tesfing, a nEmgsn puge gas at a fow
rate of 50 ml'min was used Fisd, the sample was mpadly
heated to 180°C, and held isothermal for five mimmtes, m
order to remowve its thermal bistary. Wext, the sample was
coeoled to -40°C, ar a 10°C/mimute coolng e, and held
sothermal at -40°C for Gve mioutes. Then, the sampls
was heated to 130°C at a 10°C/'mimufe beating rate



Crystallimity (X} of the sampls was caloulated according
ta

Xe=AH, /AH, m

where AH, & the heat of fosion of the resin obtained from

the DSC 2™ heating curve AM, is the heat of fision of
100% polyethylene crystal with a vakoe of 200 TVg [2]

HDOT was tested accordmz to ASTM DE<2(A) at
0455MPa. Vicat sofiening point was measured according
to ASTM D325 at a load of 10 W and a heating rate of
1*Cimin

Closures wers fabricated wia injection molding
process, ESCE of the cloamres was measured as dbasirated
ion Figure 1. The closures were applied on polyethylene

terephthalate (PET) bodtle fintshes at a torque of 18 m-Ths.
The bottle finich part of the assembly was outfitted with

tobing to pressurize the afr inside the tube to & bars. The
closures were fully immersed im a 0% Igspal COG30
solotion.  The time it took for a cack to dewvelop was
recorded Testing femperafure was set af 20°C.

Freseurzed
&S

nepal
=1

A L

Figure 1. Schematic ESCE festing sefup

Eheological propertiss were measursd using a TA
Iostruments AFRES rtheometer. Frequency sweeps were
nin from 0.1 fo 100 rads in plate-plate mode af 190°C
a n¥rogen afmosphers. Diameter of the plates was 215
mm

Capillary wiscosity was measmed at 190°C om a
Faosand BH 2000 firted with a flar entrance (180 depgress)
die with a lenzth of 16 mm and a diameter of | mm at
apparent shear rates rapgmg fSom 10° o 2=10° 57
Fabinowitsch commection was applisd to account for the
chear thinming effect. The comacted shear rate and shear
viscosity were reported.

Eemoval torque of the injection molded closures was
measured with a Steinforth AFS 300 terque tester. Al
closures were applied on the bottles to the same rofation
anple and ensure a proper seal bafore the removal torgque
measurement took place.

Eezult: and DMzenssion

In order to withstand the hot Gl processes, the
closares peed fo have an excellemt hiph temperabors
resistance. Rizidity of the closurss peeds to be sufficient
at elevated tenperatires fo maintain its seal fanctiopaliy.
D5C was enployed to investizate the thermal behavior of
the HDPE resins. The 2™ heating curves of the resins are
shown m Figore 2. HOPE-1 (homopolymer) showsd a

me¥mg temperature peak at 133 5°C and a crystallingy of
8I%. For HDPE-1 (copolymer), the comomomer

interrupted the crystallization proecess of ethylene units
and resulted im  smaller and imperfect corystals.
Censequently, a lower melting femperature at 129.75C
md a bwer oaystallingy of 72% were observed for
HOPE-1. The bimodal HDPE-3 ako exhibited a higher
melking peak temperanme at 131.9°C amd a higher
crystallingy of 78% than HDPE-2. The meling
temperature and depree of crystallmity of these samples
agread wall with thelr measured damsity.
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Figure 2. DEC thermograms of the HDFE resins (2™
heafing curve)

Figare 3 and Figare 4 show the HDT and Vicat
softening point of the resins, respectively. The HDT and
Vicat soffenmz pomt reflect the rigidity of a materal at
glevated temperanaes. HDPE-I showed both the lowest
HOT amnd the kwest Vicar soffening point dus to s lower
crystallingty and mmperfact crystals as mdicated by the
050 remitz HDPE-1 homopobymer shewed a higher
HOT apd a higher Vicat softening point than HOPE-2.
For polyethrylens resms, the highest crystallmity opne can
achisve = with a hbomopolymer.  For the best high
temperature perfommance, homopolymer i offen uzed to
fabricate the articles. Compared to HDPE-1
homopolymer, HDPE-3 had shown a similar HOT and a
clighily higher Vicaf soffening point. This indicafes that
the thermal resistance of HDPE-3 is quite similar to the
HOPE-] bomopobymer.
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Abthough a bomopolymer kaz the best high
temperahare properties, if 5 usually very brttle doe fo is
lack of amerphous tie moleonles that bridge crystals. In
closure applications, a geod ESCE poperiy B also
desired. A pood ESCE pmoperty can prevent the crack
camze by over-tighten and ensure a long term reliable
performance. [ alse allows the chsauwre mamfachmers to
light weizht the closures for cost saving while mainfaining
the same closurs performance,
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Figurz 35 shows the ESCE performance of the
closurzs made fom the HDPE resins. Mot surprsingly,
the HOPE-] homopolymer showed the kowest ESCE at an
mverage fihure time of 3.4 hours Although the high
crystallmity of the homopolymer echanced its high
temperahare performance and stiffmess, it also cowsed the
sample to be too brittle and hence have a poor ESCE. In
contrast, the HOPE-2 copolymer showed a better ESCE
with an average faibure time of 52 hours. The greater
amount of amorphous phase faction of HDPE-2 provided
more tie molecules that mprowved the toughoess of this
Tesin.

Among all three samples, the bimadal HDPE-3 azam
exhibifed the best ESCE. property with an average Gihare
time of §.8 hours. One of the advanfages of a bimodal
resin is that it can be desipned in soch a way that cne
other component provides the ESCR property. By mixing
the two conponents at molecular level inside the reactor,

bath properties can be achisved simmbaneoashy.
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Figure 5. ESCE performance of the closores
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Arother critical property for closure resins is the
shear viscosity. A low shear wiscos@y is required for
BASY QIOCRLS.

Figure § shows the shear viscosity of the resins i the
shear rate ranze of 0.1 rad's to 100 rad's. As expected, the
viscosEy ranked m the reverse order of their MI wih a
higher MI bteing a lower wviscosity. All three samples
showed noo-Mewtonian flnid behaviors, ie. the shear
vizcosEy decreased as the shear rate increased. The rate
dependant wiscosity of polymers cormesponds to the
dizenfanrlement of molemnlar chain: over a given
erperimental time scale. In theory, the omset of shear
thinming &= determined by the time required for the longest
chain fo refax m the melt, and shifts to a bwer Tequency
The degree of shear thinming, which can be dafined as the
ratie of the viscosity at 0.1 md's to the viscosity ar 100
ad's, increases with the MWD also [3].

HLPE-3 exhibited a hizher degree of shear thirming
compared to the two unimodal HDPE resins (ses Fimme §)
as a result of the bimedal molecular weisht distrbution.
The oms=t of shear thinning of HDPE-3 also stamed at a
lower frequency than HDOPE-1 and HDPE-I dus to the
longer melaxation time of the high molecular weizht
component in the bimodal desizn. Avemage relamation
time of the three samples was also caloalated by fitting the
rheak gy curves nsing the Cross modsl [4]

n =n0+d-@)™) @)



where 5 15 the complex shear viscosity, v B the zaro
shear wiscosity, 4 is the average relawation tims, o is the
chear rate, and » & the relaxation exponsnt.

Table 2 summarizes the rheological parameters of
thres HDOPE resins. HDPE-3 showed the longest average
relazation time dus to ¥s hich molkonlar weizhi
copponent in the bimedal desism  The zero shear
viscosity provides a further tool to probe molscalar
stroctare because it & insensiive to the MWD and should
mEt sl depend on the weight average
malecalar weight [5]. Clearly, the HDPE-3 had a omch
higher zero shear viscosity than the HDPE-1 and HDPE-2
which was consistent with its kower melt indew and higher

HDPE-1 and HDOPE-1 in the shear rate mnge of greater

than 500 s This indicates that the HDPE-3 can be
processed simdlarly to the HDOPE-1 and HOPE-2 during
the injection moldng process.
1000
~~HIPE- 1
-a-HOPE-2
E - HDPE.3
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8100
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169 1000 100049
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Figure 7. Capillary shear viscosity of the HDPE resins

Figure & shows the remowal torgoe of the closuzss
after they were applisd on the bottles. Femoval torque &
the maximum forgoe to miEally rotafe the closure for
melzaze.  For the sake of =asy open, a lower remewval
torque is offen desired HDPE-] and HDOPE-3 showed
lower removal torque than the HOPE-Z.

4.0

15.0

]
=]

[
[
=

=1
=

-]
L=

weight averaze molecular weight
100
- HEE
;:: " T I
i *
] -
£ -
... 1&:.] i - "
* " & om ..._‘__‘_. n &
E b i | —— .
L T _".'I. i
h N
100 :
w1 1 L] ([ 1]
Frequency [redarys|
Figure . Complex viscosity of the HDPE resin: as a
fanction of shear rate
Tahble 1. Bheological parameters of the HDPE rezins
e A f
{Pa-5] (5]
HDPE-1 1130.5 001456 0.4435
HOPE-2 B45.4 000935 0.4184
HOPE-3 472 4 035277 04981

Charing the fast speed injection moldng process, the
polymer melt iz subjected to a very high shear mate
Therefore, a stronger shear thinning rhealegical behavior
is always desired

The capillary rheometer provides farther information
im0 the higher shear rate range which is more relevant o
the imjection molding process. Figore 7 shows the shear
viscosity of the HDPE resms i the shear rate anpe of 10¢
ot 2=10¢ ', Akbough the HDPE-3 had a bwer MI
and a higher shear viscosity m the low shear mie range,
doe to @ts sirong shear thmnping effect, the viscosity of
HOPE-1 was similar or even slighfly lower than the

Remuowal Torge (inchdh|

6.0 4
4.0 4
24 A
na

HOPL-1 HOFL-Z HOFL-3
Figure §. Eemoval torgue of the closures

Concluzions

Three HDPE resims were studisd in ferms of the
performance for the hot Gl closure applications. It was
found that the HDPE homopoelymser, dus to it higher
crystallingty, shewed better hish temperatore properties
mach as a higher HOT and a higher Vicat sofiening poiot
when compared to the HDPE copolymer. Howewver, the



ESCE. performance of the HDPE homopolymer was
conpromized The bimodal HOIPE resm developed for
the hot Gl closure applications delivered Tetter
envirpnmental stress cracking resistance (ESCE) than the
HOPE homopolymer while mamfaming the HDT and
Wicat soffening point. The bimedal HDOPE also exhibited
greater shear thimming behavior, mdicative of good
processability under the hizh shear mates typically
encountersd io the mjection moldmg process. In addition,
the clommes made from the pew HDPE resim are
advantaged with respect to the remeval torgue.
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