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Fellow Medical Plastics Division Members:

Hope you and your family are safe. While we all hoped to get back to pre-pandemic
normal, it seems that we may have to wait a little longer because of the highly
transmissible COVID variant spreading across the United States.

| would like to start by thanking our past Board members Michael Wallick and Victoria Nawaby for their
exemplary service and contribution to the Medical Plastics Division. Mike was the chair of the awards
committee while Victoria spearheaded MPD’s webinar program. On behalf of the MPD Board of Directors, |
wish them success in their next roles.

While we spent most of 2021 virtually, Medical Plastics Division leaders successfully organized events, both
in-person as well as virtual. | would like to share some of our accomplishments:

a) MPD webinar series on topics relevant to medical device industry was a huge success.

b) The Virtual Technical Forum and Networking event series was organized to bring plastics professionals
virtually together once a month for a technical presentation by guest speaker followed by a
networking event.

c) Medical Plastics Division teamed up with Informa Markets to organize one-day MiniTec conference
“Medical Plastics to Help Save the World” on August 10, 2021 at Anaheim Convention Center in
Anaheim, California. The conference was held in conjunction with MD&M West with podium and
poster presentation and panel discussion on sustainability.
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SEASON’S GREETINGS FROM THE CHAIR

| would like to recognize Len Czuba and Ned LeMaster for their leadership in planning and organizing
MiniTec event; Ravi and Gregorio for driving membership activities; and Louis Somlai and the entire
communication team for the MPD newsletter and other outreach activities.

Finally, | would like to acknowledge all our sponsors including Celanese, Avient, Evonik and many more for

supporting Medical Plastics Division.

As we close out 2021, | would like to end by wishing everyone happy holidays. Stay safe and enjoy time
with your families. | look forward seeing everyone in the new year.

Cheers
Ali Ashter
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Vijay Kudchadkar
Vijay.Kudchadkar@westfall-technik.com
Selvaanish Selvam
Selvaanish.Selvam@avient.com
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SEASON’S GREETINGS FROM THE NEWSLETTER EDITOR

Greetings fellow Medical Plastics Division Members. ‘Tis the
season to be jolly and | would like to wish you and your family joy
and peace, this holiday season and always.

In this newsletter, we are featuring posters from the SPE MiniTec that was
organized in Anaheim, CA in August 2021. A number of interesting technical topics

were presented in these posters and we trust you will find them educational and
informative.

We have several events lined up in 2022. Please visit our website for more details.
https://www.4spe.org/i4a/pages/index.cfm?pagelD=3559

Merry Christmas and Happy Holidays! Have a magical holiday season!

Best wishes, Vijay Kudchadkar

Newsletter Suggestions? Interested in Sponsorship?

Please email:

Vijay Kudchadkar Vijay.Kudchadkar@westfall-technik.com
Selvaanish Selvam Selvaanish.Selvam@avient.com
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HEALTHCARE TECHNOLOGY ®

ACCELERATED o

. -
~ . Healthcare technology is growing and evolving, ‘l 9 ;
and we want to help you advance forward. Let’s work ’

together to solve your toughest medtech challenges,

and spark breakthroughs for tomorrow. -
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With a focus on specuallzed materials, colorants and T e
additives from the world s leading plastics suppllet;s*
you can lean on our dedicated design, technical and

\\.\‘

logistics teams to help you minimize risk, optlmlze desngn

and accelerate commercialization.

For more information,
« visit avientdistribution.com/healthcare
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Interested in Sponsorship?
Please email:

Vijay Kudchadkar Vijay.Kudchadkar@westfall-technik.com
Selvaanish Selvam Selvaanish.Selvam@avient.com
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GlennrBeall

e Emernitus VMemner

* Historian

> glennbeallplas@msn.com

IFen Czubea; CzUba ENtErprses
* Emeritus Member:

o AWards & Sociall Committee Chair:
* LCzuba@CzubaEnterprises.com
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PLASTICS Kathy Schacht, SPE

 SPE Liaison
.| * kschacht@4spe.org

Ali'Ashter, Advanced Plastics Enterprise

o Chair
» ashter2000@gmail.com

Maureen Reitman, Exponent

» Member — Technical Program Committee & Awards
Committee

* mreitman@exponent.com
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Pierre Moulinie, Covestro

» Secretary
* pierre.moulinie @covestro.com

Anil'Mahapatro, Wichita State University

» Technical Program, Awards Committee
« anil.mahapatro@wichita.edu

Y Bhavin Shah, Tepha

| * Treasurer, Finance Committee
. | * shah@tepha.com
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MEoC2: I MPD Board Members with Term Expiring in 2023

Louis Somlai, Elr Lilly:

* Vice-Chair, Communications Committee
» somlai_louis@lilly.com

Vipul Dave, Johnson & Johnson

» Past Division Chair/Finance Committee/TPC
» VVDavel@its.jnj.com

Ravishankar Ayyar, Elr Lilly

» Membership Chair & Awards Co-Chair
» Awards & Social Committee
» rayyar@lilly.com
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, Nathan Rader-Edkin, BD Corporation

* nathan.rader-edkin@bd.com

Ajay Padsalgikar, DSM

» MPD Technical Program Committee — Co-Chair
» Ajay.Padsalgikar@dsm.com

Gregorio Velez, Stryker Corporation
» Gregorio.Velez@stryker.com
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MEET YOUR SPE MPD BOARD OF DIRECTORS
MPD Board Members with Term Expiring in 2024

Margie Hanna, Czuba Enterprises 0

» Member - Finance Committee
* m_hanna@yahoo.com

Ned LeMaster, DuPont

» Councilor
* ned.e.lemaster@dupont.com

Vijay Kudchadkar, Westfall-Technik

¢ Communications Committee — Newsletter Editor
 Vijay.Kudchadkar@westfall-technik.com

Kyle Kulwicki, Kimball Electronics
» kyle.kulwicki@kimballelectronics.com
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R E R R (G EES)
» Kumin.Yang@Jbsci.com

Rob Klein, ArtiCure
* rklein@atricure.com

Selvaanish Selvam, Avient

» Communications Committee
» selvaanish.selvam@avient.com

YAmin Sedighiamiri, AstraZeneca
» am.sadighi@gmail.com
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MEDICAL PLASTICS DIVISION COMMITTEES

Vice Chair
Louis Somlai (‘23)

Division Chair

Past Chair
Vipul Davé (‘23)

Vice Chair / Communication Chair / Ali Ashter (‘21) B AR RN e COTER e
MPD Website Nominating Committee / Technical
Program Committee
Treasurer Secretary Councilor

Bhavin Shah (’22)

Pierre Mouline (’22)

Ned LeMaster (’24)

Education Committee
* co-Chair: Pierre Moulinié ('22)
» co-Chair: Victoria Nawaby (‘22)
* Webinars: Pierre Moulinié (‘22);
Victoria Nawaby (‘22)

Communications Committee

Chair: Louis Somlai (’23)
Newsletter: Vijay Kudchadkar (24)
Marketing & Outreach: Suneel Bandi,
Selvaanish Selvam (‘24)

Website: Louis Somlai (‘23) & Ned
LeMaster (‘21)

Historian: Len Czuba (Emeritus);
Glenn Beall (Emeritus)

Membership Committee
Chair: Ravi Ayyar (‘23)

Members:

Gregorio Velez (‘23)

Awards Committee
*  co-Chair: Michael Wallick ('22)
* co-Chair: Ravishankar Ayyar
(23)

Finance Committee

Chair: Ali Ashter (’21)
Treasurer Bhavin Shah (‘22)
Members: Vipul Davé ('23); Margie
Hanna (‘21)

Technical Programing

Committee
co-Chair: Ajay Padsalgikar ('23);
co-Chair: Amin Sedighiamiri (‘21)
Members: Vipul Dave (‘21), Maureen
Reitman (‘21); Anil Mahapatro (‘22);
Louis Somlai (‘23); Webinars &
MiniTec Lead: Ned LeMaster (‘21)




We would like to thank our generous sponsors for supporting our

MEDICA “Medical Plastics in Manufacturing: The Virtual Edition” virtual conference.
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https://www.celanese.com/
https://kydex.com/
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POSTERS DISPLAYED AT THE
SPE MiniTec

IN ANAHEIM, CA
AUGUST 10-12, 2021
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LUBRIZOL
LIFE SCIENCE

Medical Grade Material
Lubrizol’s Promise of Quality and Reliability

" Manufactured Under ISO Certified Facilities
v Change Notification Policy

v Quality Audit Program

v Regulatory Assistance

" Record Retention Procedures

v Biocompatibility Evaluation
Polyester urethanes
tested in bone grafts,
but found to degrade

hydrolytically. o™

The invention of ()

synthetic polymers. 1960

BFGoadrich invents
thermoplastic
polyurethane (TPU).

Lubrizol Medical Grade Portfolio

» Carbothane™ * Pellethane® » Tecobax™

- Aromatic polyethers - Aliphatic polyethers
and polyesters (nen-softening)

- Aromatic and
aliphatic polycarbonates
* Tecothane™ Soft

# Tecoflex™ * lsoplast”

- Rigid aramatics - Aromatie bio-based

hydrocarbon-esters

- Aliphatic polyethers

* Tecothane™ * Tecophilic™

- Aliphatie polyethers
{hydrophilic)

- Aromatic polyethers » Tecoplast

- Rigid arematics

5 | HEALTH

THE EVOLUTION OF THERMOPLASTIC
POLYURETHANES FOR MEDICAL DEVICES

Commercialization
of aromatic
hydrocarbon

ester TPU,
Tecothane™ Soft.

Tecoflex™ tested
in atomic heart.

Tecothane™ developed
as Pellethane” alternative.

Commercialization of
non-softening resilient
TPU, Tecobax™.

L »
2020 - FUTURE

Introduction of
GMP manufactured
TPUs for drug
eluting devices.

&
Pacing lead insulation
developed using

Pellethane® as
a silicone replacement.

W
1980

o

Polycarbonate
polyurethanes
commaercialized
for improved

Commercialization of
Tecophilic™ aliphatic
hydrophilic TPU for
molecular transport

Lubrizol acquires Dow and
Thermedics TPU products,
creates Life Science group.

Expansion of Lubrizol
medical TPU portiolio
with Pellethane® 5863,
5855 series and regional

1970 in vivo Stablllt)f
* Rigid TPU
commercialized

Polyether TPU
y as Isoplast”.

developed and
commercialized
as Pellethane®.

» Aliphatic polyether
TPU commercialized
as Tecoflex™.

Application Areas

&
A

For more information on Lubrizel Lif

applications. specific products.

L

Future Innovations

* Coating-Free Surface
Medification

= Sustainable Raw Materials & Manufacturing

= Antifouling Technalogy E

Tiua

# Self-Healing
Characteristics

* Antimicrobial Technology

il v s Bacanas
-

* Soft Atraumatic Technology |

Pubyather TP Palzarbenatn TP Bicatabin TPU
Dwidative resistance (5 wesks, in vitro assay) SEM surdface images
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’9 Celanese

The chemistry inside innovation”

Proven,
Versatile and
Environmentally
Sustainable

Functionally identical to
conventional POM, Celanese
Hostaform® MT® POM ECO-B
offers top-tier performance
with a significantly

lower CO, footprint.

Hostaform® MT® POM ECO-B

CO, content per kg of POM product

v

PAS

Source: https: fwww.plasticseurope.org/en/resources/eco-profiles

06O

MT® POM
ECO-B

PA6/6 POM* ABS PET LDPE HDPE PP ‘

CO, footprint per kilogram of polymer is less than half
that of conventional POM

Manufacturing processes are unchanged so no product
requalification or performance sacrifice

Contains up to 97% bio-content via a mass-balance
approach: fossil-based and bio-based feedstock are
mixed in the process but accounted for separately

ISCC+ certified approach and in compliance
with the EU Renewable Energy Directive

B skraviadys, 8 gacicn 10 upds &
- 8 conwel, p Lok ey
] - pewa

e of s horreacion.

Culanern®, mpmmared G- ball 8a0ge and all rihar oo demnacks Wenclind herns weh B, TN, 5, asimus =
Copyright © 1871 Cetavam 57 k3 2 kwas, A% rights masrved.
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Summary

* Tubing was produced on a %" extruder, varying pellet size
while holding all other parameters constant.

* Die pressure and twbing diameter were more stable when
using smaller pellets of Nylon-12 and HDPE.

Background

The standard thermoplastic pellet size of roughly 0.12" is
well-suited for most melt processing equipment. However, as
the medical industry continues to call for more minimally
invasive devices, micro-tubing extrusion technology continues
to answer by pushing limits of processing extremely thin-wall
and small-diameter products with tighter dimensional
tolerances. Producing such tubing requires smaller single
screw extruders, where smaller than standard pellet sizes can
improve process stability and dimensional tolerances by
reducing feed rate fluctuations.

Methods

Compounding Solutions preduced pellets with sizes of
0.12% 010% 006 and 006" using several common
thermoplastics: TPU, Nylon-12, and HDPE. Medical Extrusion
Technologies extruded tubing using a #" single screw
extruder. All compounding and extrusion parameters were
optimized for each materal and maintained constant
throughout various pellet sizes. Each pellet size was purged

Chris Moran, Ph.D.
c.moran@compoundingsolutions.net

Results

During extrusion, die pressure and tubing diameter exhibited
shorter umescale repetitive fluctuations and longerterm, more
random drift. We atributed drift to the system moving towards
equilibrium, and we therefore chose to focus on the short repetitive
fluctuations.

The phenomena known as "screw beat” was observed, where
cyclic die pressure and wbing diameter fluctuations correspond to
screw speed (/RPM as shown for Nylon-12). The magnitude of screw
beat fluctuations was found to depend on pellet size, with smaller
pellets allowing for less fluctuation. This improvement in stability is
quantified by the relative standard dewviation and range of all data
points within 3-minute windows. Stability improved with smaller
pellet sizes of Nylon-12 and HDOPE, but the correlation was not strong
for TPUL

We postulate that smaller pellet sizes reduce the magnitude of
cyclic screw beat fluctuations in smaller extruders because they fill
each screw channel with more pellets, allowing for more consistent
packing. As the screw turns and pellets are conveyed down the
barrel, the force of gravity arranges pellets naturally to fill the void of
the nest channel. Due to the discrete number of pellets, a whole
number of pellets must fill each channel. Stochastic packing fraction
fluctuations lead to a variable number of pellets filing each channel.
There is an inherent variation of +~ 1 pellet. As the pellet size
approaches the screw channel depth, variations in channel-to-
channel packing accounts for a much larger percentage of total
mass filling each channel. Mass flow rate variations in the feed zone
manifest into melt pressure fluctuations further downstream.

:’ Influence of Pellet Size on Medical Tubing Extrusion Process Stability

Conclusions

Cyclic fluctuations corresponding to screw rotation speed
were observed, confirming the “screw beat”" phenomenon
caused by void formation and packing fraction fluctuations in
the feed rone. Smaller than standard pellet sizes were proven
to improve die pressure and tubing diameter stability in Nylon-
12 and HDPE using a #" extruder. It i1s not clear why these
trends were observed for Nylon-12 and HDPE but not for TPLL
Investigating surface interactions such as fricion and adhesion
at the pellet-pellet, pellet-barrel, and pellet-screw interfaces
could provide additional insight.

Number of Pellets per Screw Channel

PelletSize | 34~ Extruder 1" Extruder 1 %" Extruder

0.0&* 485 1159 2263
0.08* 205 489 @35
0.10* 105 230 489
012 61 145 283

Screw Channel Cross-Section

for at least 5 minutes prior to monitoring drive motor load The overall mass flow rate, known as throughput, was calculated #" Extruder 114" Extruder
current, die pressure, and tubing diameter for at least 35 based on measured diameters and puller speed. There was a clear "
minutes of extrusion. trend in all materials with smaller pellets shghty reducng 0.06 -
throughput. Such a slight reduction could easily be compensated for Pellet
by increasing screw RPM when using smaller pellet sizes to maintain
"Screw Beat" Fluctuations Aligning With Serew RPM in Mylon-12 Extrusion manufacturing efficiency while improving dimensional tolerances.
012"
140
0.043 Fellet - ‘
100 Ay )
" | I||"\ i '\‘ \ |.| L’L ' =
= 1000 0.041 'E
-;‘- 980 = Die Pressure Standard Deviation Die Pressure Range Thraughput
L 03 4 150 300 12
B w0 E
z 240 a 2 10
A oa3 3 & 1%
S a0 | £ 150 & <P
0.035 b . T s
900 Q z
£ 100 a ]
880 0033 a & w0 1
o0:00 0100 02:00 2 oso 4 S TPU —— Mylon-12 —&— HOPE
Duration (min:sec) —8—TPU —8—Mylon-12 —&— HOPE —#—TPU —&— MNylon-1* —&— HDPE B My
000 . . a . . X 0 , ,
—— Pressure 0,12° Pallats Pressure 0,067 Pellets (1fx 19 (1fax} 0.09 011 013 0.0s ooy 0.0% 011 013 005 o007 oog 111 013

Pellet Size (inch) Pellet Size (inch) Pellet Size (inch)

—— Diameter 012" Pellets —Diamaeter 0,067 Pellats.




Risks for Devices that Interact With or Deliver Drugs

' Rigwed Tatu, Ph.D., Laura Beringer, Ph.D., Matt Heidecker, Ph.D., Tera Alabran, Michael Alabran
MEDICAL - 5 '

The Complexity of E&L Testing : Effectively Assessing Biological

HoN
ABS

= PSN is an iSO 9001:2015 certified engineering firm,
providing services in all areas of product
development. PSN has three main business units:

PLASTICS
Background Proof of Concept Work About PSN Labs
= The recent September 2020 updates to the Objective: Study the interaction and response of different materials to solvents of varying polarities.
publication of ‘Use of the International Standard ISO Approach: Common polymer material families utilized in a variety of medical devices were selected and
10993-1’ by the FDA has brought extractables/ exposed to solvents of varying polarities, as shown in the table below. Polymers were extracted at 50°C for 72
leachables (E/L) testing and chemical hours, per conditions referenced in 1ISO 10993-12:2021.

characterization to the forefront of medical device
biocompatibility evaluatllons. Material Famity Baseline Image Image after 72 Hours at 50°C
« While there are international standards that address

Water 20%Ethanol Toluene

E/L testing methods, it remains a challenge for the
medical device industry to interpret and assess
biological risk from these experiments to establish
compliance. This includes devices which interact with

drugs. Polyester and Ethyl

Vinyl Acetate
Problem Statement

= Choosing appropriate solvent systems per ISO
10993-18:2020 that mimic lipophilicity and
hydrophilicity of drugs, without degrading the
polymer utilized in medical devices is a challenge. Water 70% Ethanol Toluene Water 70%Ethanol Toluene

« The solvents should be capable of exaggerating the
analytes to encompass worst-case toxicological risk,
without degrading the polymers or artificially

Water 20% Ethanol Toluene

introducing analytes that are not clinically relevant. Silicone and
Polypropylene
Market and Opportunity Gap
« PSN is uniguely positioned to create custom drug
analyses for those devices that interact with or
deliver drugs - this includes polarity index (Pl) and
log P research.
« Solvent feasibility studies are conducted with Pl and
log P drug Fharanerlstlcs to determine which Polycarbonate
solvents with lower Pls (toluene, hexane, 100% IPA)
% Urethane and
are appropriate. Polyamide

Custom scientific justifications are written for the
medical device and specific drug profiles to
demoenstrate which solvents were chosen and why
they are appropriate. =

« SO 10993-18:2020 - Biological evaluaticn of medical Evaluation: Each extract was evaluated for condition and clarity.
devices — Part 18: Chemical characterization of Resuits: The non-polar solvent toluene, and some semi-polar solvents lead to visible changes, to include
medical device materials within a risk management discoloration, swelling, and a change in turbidity of extracts. Solvents which interact with the polymer in
process these ways, often indicate degradation and chemical changes being introduced, and can lead to an

= SO 10993-12:2021 - Biological evaluation of medical inaccurate E/L profile. To be in compliance with I1SO 10993-18:2020, it is critical that discoloration, swelling,
devices — Part 12: Sample preparation and reference and degradation does not occur - therefore solvent feasibility studies are necessary, even when the medical
materials device interacts with lipophilic drugs, in order to determine the most appropriate solvent.

« Engineering Design Center
= Materials Processing Lab
» Testing Lab (ISO/IEC 17025:2017 Accredited)

« Our teams of scientists, engineers, and SMEs work
cohesively to be your full-service development
partner.

Validation
Qustem Tesing &
Data geoeraton

“Our focus is providing world class engineering services
and innovative solutions with one goal in mind — our
clients’ success”

- Michael Alabran, President

= Services offered by PSN:

= Extractables and Leachables Testing
{ISO 10993-18)

= VOC and Particulate Testing
(1SO 18562-2, ISO 18562-3)

» Biocompatibility Evaluations and Toxicological Risk
Assessments

= Materizl Selection and Develepment

= Resin/material Equivalency Testing

« Design/Simulation Services

= Failure Analysis

= Regulatory Testing

= Expert Witness Services

« Training Seminars
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POLYMERS IN ULTRA-COLD ENVIRONMENTS IN PACKAGING AND DEVICES

CASE STUDY 1: EVALUATION OF CRYOGENIC CCS SEAL INTEGRITY USING AN
INCREMENTAL COMPUTATIONAL APPROACH

Can Seal Infegrity be mainfained at cryogenic sforage for 3 typical” plastic 2m/ Vial and
standard assembly fnes?

L ol VS 1P (b
s Dl (T8

Figure 1: Seal Contact Pressure through Temiperature Ramp

Seal imtegrity can be defined by the sealing contact pressures. Advance matenal
characteristics are necessary and must include more than the typical CTE and wvarying
madulus inputs, especially as temperatures approach and surpass T,

-35°C -180 °C

Material CTE + Stiffness Ch Cnl

o1~ Figure 2: Stopper Seal Contact Pressures vs Temperature | CTE and

el Stiffness only, vs additional temperature dependent compression set
MEDICAL
PLASTICS

SPE Medical Plastics Division MiniTec Conference 2021 at MD&M West

Dan Gorsky P.E. — Senior Associate
Jeremy Hemingway P.E. — Senior Associate
Rob States — Principal
Siress Engineening Services

= sTRESS
~a EE\JRC‘.I!EEEHME Booth #2097

ABSTRACT: DOTCAMIMNG VDT oF POLIMERS M PACKADING AND
PRODUCTS AT ULTRACOLD TEMPERATURES THROUGH ANALYTICAL
MODELING AND LAE TESTING

The role of palymers in the successful implementation of new pharmaceutical
drugs and medical devices/packaging is increasing as products become more
sensitive to environment. To manage stability and integrity. products are stored
and shipped at ultra-cold temperatures (<-40°F); a termperature range at which
many traditional polymers are mot well undersicod at an application level. This
paster highlights the lewel to which polymers can be characterized and analyzed
to understand from a fundamental physics perspective whether there is a
technical right for success of these applications. Through characterization
testing at ultracold temperatures (below), TMA and Analytical modeling (Left),
and instrumentation to identify necessary temperaturs constraints (rght).
packaging and products can be de-risked prior to shipping valuable product.

CASE STUDY 2: LAB CHARACTERIZATION AND DESIGN

CONSIDERATIONS
Ulira-Cold Polyethylene Mechanical Behavior

10,000
8.000

3
8

4.000
2,000

Engineenng Strass

{
o Engineering Strain

Figure 3: Polyethylene Ultracold Mechanical Characterization

PE mechanical properties
show some ductility and
elevated  strength  at
ultracold temperatures

not all  pharmaceutical
products  are

Ultracold. with Adhesive Joint after Vibration

SPE Poster

ideal for Figure 4: Adhesive Failure of Plastic Pallet

CASE STUDY 3: ULTRACOLD 15 A TRANSIENT ENVIRONMENT

It is important to understand the true temperature excursions expected during shipping
to ensure proper and efficient safety and =fficacy evaluations.

T3F
-50°F |

0°F!

Temparature (*F)

Figure 5: Thermocouple Instrumentation of Dry lce Package

A common assumpdion for dry ice packages is that the temperature of preducts inside
of the box cannot go below —108.3 *F. As shown in Figure 5, instrumentation of a dry
ice shipper, shows that the air temperature can drop below the temperature of dry ice.
Ta date, the lowest measured by SES has been -138 °F, but this is in a controlled lab
emimnment. Future evaluations of transit scenarios could show more temperature
range. The packaging approach can affect the temperature inside of the shipper, but
methods must balance regulatory stamdards for shipping dry ice.

G.;.-;unmnllnan Pizer vaccine
shipments in Califernia and Alabama
atcer wansit ‘anomaiy’ left vials 1se
cold

o m— tenm
Figure &: Vaccine Temperature Anomaly New Article

Covid vaccine: .S, guarantines Pfizer shipments in California, Alabama
after transit ‘anomaly’ (cnbe.com)

Figure 7: Dry lce Instrumented Package
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. High Costs of Cold Runner Scrap

In comentional micre moiding with ooid runmers, the weight of a coid naner syshem
£an be 2-50 tmes e weight of the part. =I5 an syresshe amount of wasee -
especialy when e 0ol FURnErs fannot be necyoied, and the nesn b expensive.
Even when regrind | permithed, e entre: mass of oold runner Scap produced will
nct be reused since the: part woiumes are 5o smal compared to the cold runner
wolumes. The vast amounts of coid runner material thart cannct be reused, must
then be disposed or S0id, oF I the WOrSE-CASE SOARAND &nds up IF and-als.

Figure 1: Mamial worth 55 pans is scrapped every cycia.

Coid nanners reguire: handing which Incresses. the number of Steps in the procsss
and Increases production costs. Millons of pams must be detschad from millons of
ooid runmers. Labor and snengy IS reguined to regrind the cold runners, when
regrind is permied. Unused coid nunners must be disposed, which again,
consuTes [abor and energy.

Figure 2: Cokd runner di3meTers ofren need 1o be mereased o Ml
and pack micro pars which iNereases marenal consumpmion
and cycle mme.

Coid nunners Increase the cos$ of production by e cycle Bme. in
Injection moiding, the required cooling Sme (for piales) Is directly proportional o the:
sarond power of the thickness of the péastic. If the thickness of the coid runner |5 3
‘ez mone than the fickness of the part, e reguined coolng Sme for the cold
runner wouid be 3 times more that the cocing Bme of the part. In ofer words, ITthe
micro-sized part cooés I 0.5x, the moider wouid be waling an additional 4s for fe
cokd runner to cool down. If it ook 43 days i produce 1.5 million micro parts on a 4-
ity coid nunner o0, approamatey 26 days would be wasted waitng for the coid
rurner i cool down.

Comentional hot runmer lechnclogy ofen Tails iR micro molding appiications due- o
long residence Ime, mef compressibilty, and shod Size conral.

Vijay Kudchadkar

Director of Advanced Engineering, Westfall Technik Inc.
Vijay.Kudchadkar@Westfall-Technik.com

. Proprietary M3 ISOKOR Technology that Enables Direct Gating of Micro Parts

A new moiding machine (M3) and moiding process (IS0H0R) wene Invented fo overcome the challenges of conventional hot runners. The fundamental idea befind the: new
FaChing and process b5 i be “KIng” 1o the polymer undl & reaches the gate. In this DroCess, o iw-shear screw st gently mets fie polymer. The temperature of e matesl |s
gracualty ncreasad Insids 3 fETpERbrE-TORTOlad MANET that |5 Engnasred to prowde 3 Nigh ievel of temparatun conaol and Emparsane Lnfority The materal 5 only
Erought Up 1o its processing Empersture when @[S near e gates, which significanty reduces the Bee mes iz sxpossed 10 Righ processing bemperatures and shexr heat
minimizing met residence ime and maintaining the inéegrity of the resin. To inject the maferial info Be cavity, vave-gates are opened, and the material Is injecied direciy Inio e
canity using plungers. This process ks significaniy gender o e polymer wien compared with comventional Injection moiding. A proprietany molding fechnique ensures thatt Fe
aliowabie residence time of the meit s increased.

Plungar
",

el ganed
Funser noede

et i

Lowr shaar sorr

Figure 3: Proprie@ry ISOKOR Injecion UniT and process

Cyoe tmes am Ao sigrificanty reued by el mial id-rUrrErs. I the ES0ROR process, thi mokder must walt orly for the partto ool 10 fe martion tempemtre.
Miicro pars cool within 0.5 bo 2s. mmmrﬂmbﬂmmld-ﬂkh’he:ﬂd mbmmhmwnlﬁnummmmz
e moider does not Fave to wal for the coid ninner io il and pack during =ach cycle. This results In nearty S0-75% reduction In cycle time, which adds up o a signficant
reduction In production time. Clamp jonnage is drecly proportional io projected ares and = mett injection pressure. In cold nnner micro moiding, £ projecied area of the cold
Funrar ditates the sl of the mosding M3ChNE. INCTE3ZINg e 1000 NUTEEr of Cavibes resutts 1 Increass projected

FOider loses e abiRy 0o condnol fling of mico parts. In e |SOMOR prEss, the Cmp onnape i dictisd by e progecisd ares of e mion-Sized parts only therely
mEiEr b SoAE UD pROCUCTon AN S5 MantAn 3 Nigh Segres of COMID] DV fE MONnT YoCesE.

Touchien fericmriion
At Wi Sywem,

andl Cadtp Separation -

Tie-buar-beus B Sde '
A .4

Figurs 4: M3 Micro Molding Machine

e of the: coid runner. As mokding machines get bigger, the:
msking &

. Savings Realized by Eliminating Cold Runners

The cosis of cold runner soap can acd up guicey Consider an applobon whers
the producton goal 15 120 millon mico polycabonate parts per year In this
applicaton, the part weight b5 009550 and T materal mst b $90.5%. If you
Atempt io maks thesz Darts With & B-Caviy cokd rURRer mioid, the coild runner i part
‘weight ratio would be 4:1. This would mean Fat In sach cpole, & wsefiul parts would
be produced and mabedal worth 32 paris would be scapped. During the courz= of 2
year, 104,377 45ks of resin word §1,054,4583.22 would be wasied. On the offer
hand, Fyou make these pars win dinect gabng, 900 of Mese ooots woud b
avoided and S0.58 hons of nesin would be saved.

Poitysarbonate Part  27mg Blo Abcorbabis Part
VEAL T20MM) [EAL 2MM]

Figure 5: Annual sawings in palycarbonare and Woabsorbable
appiicanons, by elNTINATING CONd FUNNers.

In bioabsorbabie appiicabions, e runmer to part volume tends fo be higher b
reduce: the shear sinesses and shear rates the maberdal experiences. If the part
weight s Q0279 and the nnner to part weipht Ao s 51, 1,07 1.45bs of resin
woud be wasted while making 2 milkon parss. I the cost of the resin s 52,1500 per
K, the cost of the resin wasied would be $2.303,51206. These cosis can be
edminaied by dinect gating.

. Benefits of Direct Gating Micro Parts

* Higher quaiity, CIrsct gatEd pans WIthoUt washed ookl runmer matsnsl or
secondary processes
Cleaner gaie veslige
FReduction/eimination of SRk maks
High pmcess DonssERCy
Fasier cycie Bmes for small parts ranging from 0.001 - 04000
Extrematy Figh procuct on cutputs
Increassd alowabie medt residence Sme
High cawiation In 2 low bonnage machine — saler foolprint

¢
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Reverse Engineering a COVID-19 Testing Swab

Abstract

As the COVID-19 pandemic intensified in spring
2020, Teel Plastics was approached by a customer
with an urgent need to reproduce a test swab
known to work in detecting the virus. A limited
number of commercially purchased samples of the
swab were available, so it was necessary to identify
the material of the swab to back-up source the
swab.

Teel utilized 1SO 17025-accredited Teel Anaiytical
Laboratories to reverse engineer the swab fo
identify the material and confirm its functicnality for
COVID-19 testing. After conducting and comparing
tests for a variety of materials, Tee! identified key
characteristics and determinad the material was
most likely a Tritan copolyester.

Do

Sample of the reverse engineered swab.

Objective

Teel's objective was to identify the material used
in the swab stick by comparing it with other
materials exhibiting the characteristics that made
it particularly suitable for COVID-18 testing. These
included the material’s stiff but flexible quality,
smooth and high gloss surface, injection molding
compatibility, biocompatibility, medical device
compatibility, and its ability to be flocked and
broken at a fracture point.

Teel conducted four phases of testing and analysis.
The first included Fourier Transform Infrared
Spectroscopy (FTIR) and Differential Scanning
Calorimetry (DSC) analysis for initial material
identification and confirmation of families of
materials. The second phase included another
round of comparative FTIR and DSC tests based
on condlusions reached during initial testing to
further home in on the material. The third phase
included a flex modification to confirm material
functionality for stiffiness. A final step included a
data sheet review for medical uses and material
compatibility.

Results

Teel's initial FTIR samples determined the swab material was a close match to a PETG copolyester. However, peaks
in the data showed significant areas of deviation that indicated potentially additional aliphatic groups, a potential
aternate alkane chain in part of the structure, and a benzene ring structure. This suggested the material was
likely a polyester-based material. DSC data showed the material was amorphous with a glass transition around
102°C. Differing DSC melt data indicated the material potentially had a heat stabilizer or secondary poiymer,
possibly from a colorant.

b va e mem
Initial FTIR comparison showing areas of deviation from
PETG and PBT.

more pronounced melt at ~245°C. A second sample did
not show the initial melt at 130°C.

For its second phase of testing, Teel sought out more copolyesters for additional FTIR and DSC tests and
comparison with the swab sample. PETG was dismissed from this round of tests due to thermal results, but an
alternate material, a Tritan copolyester, was determined to be a substantial material and thermal property match.
It showed the additional aliphatic groups present in the sample, the altemate alkane chain in part of the structure,
and a potential benzene ring structure. DSC data also confirmed the material would be capable of flecking based
on glass transition.

e

FTIR comparison showing aliphatic groups and other
features present in sample were absent from PETG

——
DSC data showing Tritan cop first and second heat
at essentially the same results as sample.

During the flex mod Teel conducted for its third phase, the stress/strain curve for the sample part exhibited a
sufficient match to the Tritan coployester, demonstrating the material to be functiona for its end use.

The last step was to conduct a data sheet review of the Tritan copolyester. Teel found the material was suitable
for pharmaceutical and medical packaging, could withstand ETO sterilization, was amorphous with a glass
transition at 110° C, and had melt processes at 260-280°C. The material was also suitable for injection molding
with high flow rate and low mold shrink, all ciose matches to the sample and customer requirements.

e o

Swab sample stress/strain curve Tritan copolyester stress/strain curve

Teel Plastics | 1060 Teel Court | Baraboo, Wl 53913 | Phone (608) 355-3080 | www.teel.com

Conclusion

Teel concdluded the material used in the swab
sample was most likely a Tritan copolyester. The
FTIR match was high and DSC data confirmed the
grade selected was close. The stress/strain curve
confirmed the material should be functional in
end use. DSC data further confirmed the material
should stand up to flocking. The customer was
satisfied and began development of the swab for
COVID-19 and other disease-testing applications.

Contact

To schedule lab testing services from Teel Analytical
Laberatories, contact Lab Manager Dan Clark
608-355-4626. The lab offers a variety of testing
services in addition the FTIR and DSC, including
thermogravimetric analysis, melt flow rate testing,
High-Performance Liquid Chromategraphy (HPLC),
and much more.
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N s Wearable Device Skin Patches that Stay Put

PLASTICS
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Wearable medical devices are skyrocketing based on sensor developments
and remote monitoring by both consumers and medical professionals. FDA's
2020 emergency regulations assigned reimbursement codes for telemedicine
which provides an incentive for wearable device growth. Many new wearable
devices use skin adhesive patches. Direct contact via a skin adhesive provides
more accurate measurements of parameters such as heart rate, temperature,
bleod glucose, electrocardiogram, and oxygen saturation.

New wearables must consider adhesive selection early in the design phass.
Key factors for wearable device skin adhesives incude device design, skin
factors, biccompatibility, and design integration. Skin adhesive patches have
challenges, including sticking firmly to the human skin, removal without skin
irritation, and leaving no residus.

at is a wearable device?

‘What is a wearable device?

0 A wearable device is an electronic device that is womn close to skin or
on the skin to measure and collect real-time data. Multiple functions
may be built into a wearable device. Data may be wirelessly
transmitted to smart phones and the cloud. From factors include
bands/straps and wearable device patches attached to skin with
biocompatible adhesives_ Sticky, or pressure sengsitive adhesives
{PSAs), bond skin and dissimilar surfaces with the application of light
pressure.

0 Wearable devices are widespread in the lifestyle and fitness
markets. This poster will focus the medical applications. See Figures
1-4 for wearable device examples.

Figure 1. £45 Patrh (1]

Figure 3 Corrective Thempy Device (3] Figure 1. Continusous Glucose Muritm'ns

Contact

Joanne Moody

Zeta Scientific LLC
wiww.2etascientific.com
. entifi

Joanne Moody - Principal Consultant - Zeta Scientific LLC

Wearable Product Development Chec

71 Application requirements

7 Size and weight of the device
7 Skin area, age, and location
1 Flesibility

A Regulatory compliance

7 Test Criteria

7 Environment

A Mock-up devices

71 Wear duration 3 Manufacturing

71 Breathability 2 Sterilization and packaging
7 Backing/adhesive/liner 1 Costs

Mock-up Device for Adhesive Screening Testing

[ Create a mock-up device (Figure 5) for adhesive screening tests.

[ Obtain biccompatible adhesives tapes for evaluation.

7 Setup protocol with test criteria such as wear time, skin type, irritation,
and trauma.

1 Test en human skin or other low energy substrates.

[ Measure and rank adhesives.

Mock-up device
Tie layer tapa
PSA tape

Lirar

Figure 5 Mock-up Device

Wearable Adhesive Comparison

Tabie 1. Adhesives Benetits and Limitations
Adhesive Type Benefits Limnitations
Acrylic Low to high tack, breathable, long | Potential trauma

duration, repositionable, low
cost, long durability, low cost

Silicone & Gels Low trauma, good initial tack
repositionable

High cost, shorter wear
time, low breathability

Synthetic Rubber |High tack, long duration Potential trauma

Hydrogel High initial tack, stretchable, Week adhesion
repositionable properties

Hydrocolloid Adheres to wet skin, high tack, Low mechanical

repositionable, low tauma strength

Polyurethane & |Breathable, absorbent,
Gels repositionable, low tauma

References

i G Parmch vy vt
T Tag® Bt by s S Tachrokager

s — Aussciatin

e

Skin factors

0 Cell renewal

0 Sensitivity

0 Surface conditions
0 Texture

0 Surface energy

1 Flexibility

O Location

0 Skin patch adhesives directhy
attached to the skin and device
construction adhesives may
cause allergic reactions.

0 Manufacturers to produce designs
and processes fo
mitigate these issues.

Zeta Scientdfic LLC

Take Aways

7 Wearable medical devices with adhesive patches are skyrocketing and
achieve accurate measurements .

71 Skin adhesive patches have challenges, including sticking firmly to the
human skin and remeovalfremoving without skin irritation or leaving residus.

7 During the Covid-19 pandemic, wearable devices provided critical remote
monitering with added protection to patients and hospital saff

7 Reimbursements of devices will further increase device development and
demand.

7 Skin sensitivity from adhesives will remain a complex part of the design
and challenge that should be addressed early in product development.

Coraatcogy
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Delrin® Renewable Attributed: «DUPQONT»
Advancing Sustainability through Leading Environmental Impact Profile
Ned LeMaster, Application Development Consultant for Medical Markets, DuPont Mobility & Materials (+1-608-402-3268)

The Stiffest and Strongest
Unreinforced Engineering Polymer

Delrin® Renewable Attributed and

Delrin® acetal homopolymer generata
superior environmantal and financial
benefits while demonstrating sustainable
advantages. Delrin® a5 a maturally resilient
and salf-lubricated polymer enables:

- Low maintananca cost

- Longer service life

= Reducad lubricant and energy consumption

= Improved safety
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Tenska Srength, MPa

E:
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B
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@ & B B &
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Delrin® Renewable Attributed
Breakthrough of Sustainability

Renewable Attributed

Wind Energy

www.delrin.com

Delrin® Renewable Attributed:
The new portfolio of Delrin® with advanced sustainability

Basa palymer produced from Idenitical mechanical properties Bio-feadstock from waste, not
@ 100% bio-feadstock according ¢ and processing comparad to in competition with food chain,
G} to mass balance and 100% fossil base alternatives certified by ISCC
renewable enargy

Leading eco-profile Get more with less Enable circularity

.
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Delrin® Ranewable Attributed has Optimize design to produce parts Delrin® can go through multiple
one of the lowest GWP among all that are lightar, more durable and regrinding cycles, without impact
the angineering resins. require less energy during molding. on properties.

Reduce the GWP of your Products Taking Steps to Optimize
with Delrin® Renewable Attributed Performance, Precision and

POM Delrin® Availability of Prosthetic Knees

_ Fossil Renewable
basad Attributed 3 Recently company LIMBS
began the process of
dasigning a new knea
and adopting a new
manufacturing method
based on injection
malding rather than
machining, using Dalrin®
Renewable Attributed.
* Reduced production time

» ; = Part-to-part consistancy
Drop-in  Redesign  Regrind -_ PR, - Faster, easier assambly

Fndamign waight: mvsing W, Regd nd rate = Low CO, aemission
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Focus oN THE LATEST REGULATORY AND RISK MANAGEMENT REQUIREMENTS FOR

MEDICAL PLASTICS

SPE Poster

INTRODUCTION

After 3 one-year delay due to the global comnavirus pandemic, the European Union
Medical Device Regulation (EU MDR) 2017/745 went into =ffect on 26 May 2021. The
Eurcpean Union Invitre Diagnestics Regulation (EU IWVDR) 2017/748, goes into efect in
May 2022 These regulations were introduced io resolve and address a number of
deficiencies in the Medical Device Directives (MOD). The EU MDR 2017/745 and the
EU IWDR 2017748 are legally binding regulation across the EU member states. In
addition, 15014871:2019 was released in December 2018, The following table
provides a list of current reguilations, standards and guidance documents that specify
risk management requirements for medical devices and thus, plastics used in medical
device applications.

Chronclogy of Risk Management for Medical Devices and Medical Plastics
Yaar  Medical Devics stions and 5ta with Risk nt Requirsments
4957 | 21 CFR Part E20 Cuality System Regulation
150 34B5:2016 Medical devices — Quallly management systems — Requirements for
rEguIBDY pUIpOsEs
Reguiation (EU) 2017/745 of the EUNpean Pariament and of Tha Council of 5 Apal 2017
on medical devices, amending Directive 2001/33/EC, Reguiation (EC) No 178:2002 and
Reguiation (EC) Mo 122372008 and repealing Councll Directives SOV38S/EEC and
934IEEC - European Union Medical Device Reguiation (EU MOR)

Reguiation (EU) 2017/746 of the Eurcpean Paniament and of the Councll OF 5 Aprll 2017
on In vire dagnostic medical devices and rapealing Directive 98/T3/EC and Commission
Declslon 2010/227/EU - Ewopean Unlon Invitro Dlagnostic Regulation (EU IVDR)
ISOR 10993-22:2017 Blological evaluation of medical devices — Part 22- Guldance on
nanomateras

I5010993-1:2013  Bloiogical evaluation of medical devioss — Part 18: Chemical
characierzation of medical devize materals within a risk management process
I1S014971:2019 Medical 8evices — Application of nsk to medcal gevicas
FDA Guigance Document - Use of Intemational Standand ISC 10993-1, Bloiogical

evaluation of medical devicas - Part 1: Evaluation and festing within a risk management
process” Seplemoer 4, 2020

RISK MANAGEMENT REQUIREMENTS AND PROCESS

Risk Management for medical devices is focused on the use of the device and the nisks

associated with that device to the user andlor patient. Therefore, the hazards and risks

during normal use must be identified, evaluated, and removed or reduced fo

acceptable safety levels. Risk Management focuses on:

+ Normal wse conditions,

* The use envircnment, and

» Usars

This is important because the supplier of a plastic resin may be far remowved from the

production of a finished device, and may not know whether or not their product could

potentially contribute to a hazardous situation leading fo patient harm. The risk

management process includes the following steps:

» |dentification of hazards associated with the use of the device

* Determining the sequence of events that could lead to a hazardous situation (all
the way from design, raw materials. production, packaging. sterilization, storage,
distribution and use)

+ Evaluating the risk and harms to patient or user resulting from the hazard and
hazardous situation

* Removing, reducing, mitigating andior managing the risk via design, material,
production and other relevant risk control measures

* Determining that the residual risk is acceptable

+ Monitoring the effectiveness of the risk controls

DEe
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Vinny Sastri, Ph.D.
President
Winowia LLC

(WINOVIA

ABSTRACT

THE LAST FIVE YEARS HAVE BROUGHT ABOUT SIGNIFICANT CHANGES TO
GLOBAL REGULATORY AND RISK MANAGEMENT REQUIREMENTS FOR
MEDICAL DEVICES, INCLUDING STRINGENT CONSIDERATIONS FOR THE
PLASTICS USED IN THESE APPLICATIONS. THE REGUIREMENTS STEM FROM
THE EUROPEAN MEDICAL DEVICE AND IN-VITRO DEVICE REGULATIONS
(EU MDR AND EU IVDR), THE BIOCOMPATIBILITY STANDARD ISO
10993:2018 AND RISK MANAGEMENT FOR MEDICAL DEVICES ISO
14971:2019. THE GENERAL SAFETY AND PERFORMANCE REQUIREMENTS
IN THE EU MDR AND EU IVDR STIPULATE SEVERAL REQUISITES
{(INCLUDING RISK MANAGEMENT) WHEN CONSIDERING FLASTICS FOR
MEDICAL DEVICE APPLICATIONS. IN ADDITION, BIOCOMPATIBILITY MUST BE
LINKED TO THE RISK MAMAGEMENT PROCESS. THE FDA HAS ALSO
PUBLISHED A GUIDANCE DOCUMENT ON BIOCOMPATIBILITY AND RISK
MANAGEMENT REGUIREMENTS. THIS POSTER HIGHLIGHTS HOW USERS
AND PATIENTS CAM BE EXPOSED TO POTENTIAL HAZARDS AND RISKS
ACROSS THE SUPPLY CHAIN WITH PLASTICS USED IN MEDICAL DEVICES.

POTENTIAL HAZARDS ASSOCIATED WITH PLASTICS

Potential hazards with respect to plastic materals are related to the ability

or inability of the material to reduce or protect user and patient from:

Energy hazards like:

» Acoustic energy (infrasound, ultrasonic)

# Electic energy (electric fields, curent leakage, magnetic fields, static
discharge, voltage)

» Mechanical energy (heawyfalling objects, moving parts, vibrating parts)

# Potential / stored energy (bending. kinking, compression, cuting,
shearing, suspended mass, tension, torsion)

» Radiation energy (gamma, X-Ray, infrared, laser, microwawve, ultraviolet)

» Thermal energy (high temperatura, low temperature)

Biological and chemical hazards like:

» Biolegical agents (bacteria, fungi, parasites, prions. toxins, vinuses)

» Chemical agents (acidic, alkaline, ocddants, flammable, combustible,
solvents, cleaning agents, heavy metals, paricles)

+ Biocompatibility (toxicity, carcinogenicity, allergenic, immunasuppressive,
imitants, sensitizing)

Environmental hazards like:

* Particulates

» Temperature

» Humidity

Usability hazards like:

» Slips (using soft-touch, flexible materials)

# Use of wrong-sized device (by using color coding)

» Use of excessive force (by using material that hawve lubricity)

» Misguiding of devices during procedures (by using radicpague materials)

SEQUENCE OF EVENTS LEADING TO HAZARDS SITUATIONS DURING
DEVICE USE

Hazards and the sequence of events leading io hazardous situations can ocour
anywhers from the design, through production, packaging, sterilization, storage.
distribution and to use as shown in the figure below. This is also true of biclogical
hazards. Mo matter where the hazard originated, the user or patient is exposed to the
hazardous situation that could l=ad to ham including death or serous injury.

= Engamma
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- Waiding / wining
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As an example, particulates in a device that could lead to patient imjury or hidm during
the device's use could come from:

1. The raw materal resin itseif

2.During production

3. During packaging

4_During wse with the abrasion of material with another product

Depending upon where the source of the particulate came from, appropriate controls
need to be implemented. These controls could be on the material deanliness itself,
confrols in production processes or the production environment, controls in material
packaging or the packaging enviromment or the wuse of non-abrading devices or
procedures.

EFFECTIVE COMMUMICATION BETWEEN THE SUPPLY CHAIN

In order to design and manufacture safe and effectve devices, medical device OEMs
must communicate effectively across the entre plastics supply chain to emsure all

suppliers know and understand what they need to do to ensure that their products or
processes do not expose the user andlor patient to any hazardous situations.

USER / PATIENT

[UZEE THE DEVICE]
of tha madloal devios]

[

E 4 FINISHED DEVICE MANUFACTURER
H (PRODUCES | I3TRIBUTES THE FAINIZHED DEWVICE)

k PROCESSOR, CONVERTER
[PRODUCES PARTE, COMPONENTE,

RAW MATERIAL MANUFACTURER
{PRODUCES REEIN, COMPOUNDED RESIN)

SPE Medical Plastics Division MiniTec Conference 2021 at MD&M West
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THE CHALLENGE OF TRANSITION TO SINGLE-USE SYSTEMS
FOR BIO-PHARMACEUTICALS MANUFACTURING

Introduction

Traditional Systems
Largely based on glass and stainless steel

Single-Use Systems
Primarily made using plastics

Case One — Gel Residue in Graduated Cylinder
Bio-pharma manufacturing company found about 3 to 5 mi of gelatinous residue at the
bottom of one of its measwring/processing vessels. $25 million batch of product was
on HOLD pending chemical identification of gel & determining safety or risk to patient.
Chemical analysis found source was the polypropylens Graduated
Cylinder and that exiractable was an antistatic additwe, an
Ethoxylated Fatty Acid Amide.
Toxicologist was consulted and after investigation, rendersd opinion that
the risk to safety of patients was very low further analysis of patient
exposure was done. it was determined that any patient getting the
neurctoxin {a Botox anabog) would only be gettng about 25 ppm of
the antistat per total number of injections (10 injections) per treatment.
Ewen with 10 treatments per year (if done approx. monthly) total
exposure was deemed not a problem.
Recommendations
Company was cautioned that when steam sterilize is used, empty vessels such as
beakers, graduated cylinders and bottles should be pesitioned with opening down to
awoid similar problems in future. In addition select plastic equipment intended for
steam sterilization. In this case a graduated cylinder was used even though it clearly
indicated “Not for steam steriization™ An unfertunate decision which could have been
avoided.

- SPEPoster

Y MEDICAL
PLASTICS

SPE Medical Plastics Divisicn MiniTec Conference 2021 at MD&M West

Len Czuba
Czuba Enterprises, Inc.

ABSTRACT:
Three Case Studies Show When the Wrong Materials are Used!

The medical device industry has Largely grown because of the avalability of
reliable and effective single use devices built with superior low-cost polymers
that provide safety and ease of use in sophisticated, low-cost medical devices.
The bic-pharmaceutical industry has radibonally refied on glass and stanless
steel reactors, containers and transfer piping as their materials of chaice for the
production of some of the world's mast impertant medicines, vaccines and
health treatrnents. But there is a growing trend to replace the durable glass and
stainkess steel equipment with polymeric single-use-systems as production
equipment.

However when the specialists in bioprocessing and microbiology are tasked
with the selection of matenials for their manufacturing operations, they
frequently choose the wrong materials. This poster shows three examples of
how the wrong material or component was used in one of the processes
mvolved. My presentation & shides explained the case studies and reviewsd
leszons leamed.

Case Two — Breakage of Batch-Protective Filters

Storage systems after manufacturing batch of bio-pharmaceutical were having
problem with filter flanges breaking when moving in freezer. Filters were
housings made of PP material that was fracturing at the flange (See photos
above. )

\essels needed to be vented during frozen {< 40°C)
storage but when moved filters broke at flange.

Optical microscopy and SEM was done on the broken
surfaces but showed no obvious cause.

Then by examining cross-section of filker in the flange area showed problem.
The PP plastic filtlers were made using the same flange and housing
design as used for the 55 fiters. The nner radius connecting the filter body
to the flange did not have the necessary radius to distrbute the stresses of
handling leading to it being a stress concentration area.

In addition, PP material is not well suited to use in frozen environments. lis
glass transition temperature is in the range of zero degree C. Thersfore at
-40°C the filters are glassy and very britthie. Mot surprising that they break!

Recommendaticns
Company was advised to contact filter supplier and ask for redesign.
Instead unfortunate decision which could have been avoided.

Case Three— Storage / Transfer Systems Breakage

0l0

Broken caps jeopardize quality / safety of product
Caps were breaking whie storage containers were in frozen storage waiting safety
release. Cause of breaks was not clear.
Examination of fractured caps showed no cbvious cause of breakage but several factors
gave indication that could have contributed to faiure.
Caps were made of PP and not designed to support weight
Accessories allowing flud flow into & out of jugs with filters
added stress to cap.
Drop tube sized to press against bottorn of jug to allow complete
fluid recovery
Storage done at or below -20°C again working with PP capsina
wery brite stats.
Recommendations
Suggested that a HDPE cap be used.
Avoid PP if storage system is radiation sterized before uss.
Uktimately a different system entirely would help eiminate these material & design
problems.

Conclusions/Recommendations

Choose Compatible Materials and

Get Help if You Don't Know Which Materials are Suitable & Best!

The medical device industry has grown in large part because of the remarkable and
extremely wide range of polymeric materials suitable for almost every possible application
that has found the need for a polymer. The Bio-Pharma ndustry can take advantage of
the experience leamed by the med device industry by relying on polymer experts in the
industry. Both supphers and med device enginsers will help define the requirements and
find a sutable material that can meet the requirements and awoid dangerous and costy
problems such as those described in this poster.

IJsers can also consult with suppliers, consultant specialists and resources such as BPSA
({Bio-Process Systems Alliance). the SUUR (Single-Use User Requirements ) Toolkt as
well as Checklist for consideration before making final selection of materials.

Selecting the right materials up front saves § & time later!

LCzubafczubsenterprises. com




Comparison of Silicone Adhesives in Skin Contact Applications:

How Material Properties Influence Adhesive Performance and Wear

Stephanie Steichen, Roger Gibas, Stacey Benemann, and Sweden Yocom
: D t LIVEO™ Healthcare Adhesives

MEDICAL
PLASTICS

Medical Silicones

Midland, MI, USA
dhesives Evaluation
Silicones have numerous unique and beneficial properties that have
enabled their widespread wse in medical applications ranging from
device attachment to catheters to tubing for biopharma processing to Textre
contact lenses to transdermal drug delivery patches!.
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Wear Studies

Adheslon Testing
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Conclusions

r

P

To gain a true insight into how an adhesive will perform in a particular application,
an understanding of skin adhesion fundamentals along with well-designed wear
studies is necessary. This enables the development and selection of the best
adhesive system for the complex and variable substrate that is human skin.

* SKin Is 3 comphax, highly variable, and chalanging substrate to fully recagitulats

* Its critical fo have UNGErstanding of what parameters aMect material peformancs to
better predict thelr behavior
It ks equally Important to have developmental toois that capture and quantiy the
parameters that afect material performancs
Increasing adheskon alone [3s measwred on pofycarbonabe) doss not result In increasad
wear ime {o the skin, particulany with weighted patches
A material's wear fime Is @ combination of Inltial adhesion to the skin and repostipnanlity
This wark was funded and completed by DuPont LIVEO™ Healthcare Adhesives
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Polymer Compounding
The enemy: time @ elevated temperatures!

Uniformiy mixed
particies

Ard. Gopan

TSEs are continuous mixers

Segmanted screws are assembled on shafts

ZSE-27 rate tests

PLA 20020, rate increased until boundary condition reached

SWTIVUL SRR SRR AES 25 B BNV LI VA SRR P Ve ]

ZREIY WP T mm serew da. 181 000

= LA AV ERBR LR RS LS A RS SRV AR MET Ui es

2627 MAXX TH3 o e worees 1441 0000
Tests used opon end dischange, less than 100 psi prossure

WestPack A ATX

WEST

Charlie Martin

cmartin@Ileistritz-extrusion.com

Leistritz Extrusion

Managing Melt Tomperature (and avold degradation) in a Twim Screw Extruder:

Plastic parts for medical devices require 8 high quality "
compound with minimal pelymer jon. Degradats due to elevated
mailt that far mixing and Ngh pressures durng
processing in & twin screw extruder.  Various factors are managed to mainlkan an
accaptable malt temperatura in a twin scrow compaunding system, including
operating conditions, screw design, and pressure generation.

Process Comparison- ZSE 27

Rate Comparison- HP vs MAXX

=

0 = - Lo = 1000 o )
Serew speed (100

PLA- NatureWorks 20020: whal's the residence lime?

Plastec

WEST

Managing melt temperature (to avoid degradation) in a Twin Screw Extruder

Leistritz

EXTRUSION TECHNOLOGY

Melt temperature study
ZSE-27 MAXX melt zone designs + 1 mixing element

© Aggressive melting :ons
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Higher melt temperature with aggressive design
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Temperature rise during pressure generation
AT(°C)=AP (bar)/ 2 (+/- 50%)
. 40 83(580 PSI) Pressure results in a 20°C melt temperature rise (40/2)

front-end designs may ady ly effect the prod
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Using water-based hydrophilic coatings to
create medical devices for the future

Lubricious

Water-based hydrophilic coatings, such as the biocompatible
Coatings2Go® products (see 8-3C lubricity data below), are gentle
enough for solvent sensitive plastics yet can retain durability and
super-lubricious qualities.

Consistent lubricity can mean decreased surgical duration and surgeon
fatigue, reduced tissue damage, shorter recovery times, increased
thromboresistance, and overall positive patient health outcomes.

FIGURE 1. FIGURE 2
Coatings2Go Patented Hydrophilic Competitive Analysis

o0 Lt

Throughout a third-party pinch test comparison trial (see Figures 1 and 2), the

Coatings2Go® Patented Hydrophilic 8-3C exhibited steady and consistent
lubricity, visibly representedby the tight range and linearity of the collected
tensile force data. Figures 3 and 4 show pinch test data collected from
two other industry hydrophilic coatings. Uncoated control showed an overall
average tensile force of 460.553g with a max tensile force of 575.084g.

FIGURE 3: FIGURE 4.
Industry Coating A Industry Coating B

g

500g Pinch Test Results (n=20)

Lo

Tensie Forcmg)

Thromboresistant

Medical-grade Pebax® tubing was primed with Coatings2Go® Primer
5-017 and patented crosslinked hydrophilics.

FIGURE 1.

o
Sample 11-125Ais
the hydrophilic
coating alone, which »
shows thromboresistant 9"
results (Figure 1). E

= .
-‘ g — p——
NMEErrrrrre Ty
It was noted that these tubes showed less heparin activity in the heparinized
blood, post testing. We surmise this is due to aqueous phased heparin
absorption into the coating as it hydrates/swells. The 11-125 B (Figure 2)
and 11-125 C (Figure 3) are hydrophilic heparin coated. This heparin coating
was prepared such that a large part of the heparin would be covalently
bound to the carrier resin. The 11-125 B sample may contain more loosely
bound heparin since it showed elevation of the post test heparin level.

FIGURE 2: FIGURE 3:
v..».‘::x’: 130 Tstuln:“::l-usc
Seghcne 0 Reghae A

e e e
amamn

B S R P L R W;HFWW?* I S |

Positive Control:

Negative Control:
R e

S
b g e Spomay

Q\h“//‘
SRR IR T P T
Summary: Coatings2Go® Patented Hydrophilic Coatings with no
antithrombogenic additives showed thromboresistance in this study. This is
not a definitive statement for all coated devices, or that the coatings are anti-
thrombogenic. Each product must be evaluated for its application.
All test results available upon request.

Surface Solutions :O-Q Laboratories™

Antimicrobial

Testing on Coatings2Go® Patented Hydrophilic
Antimicrobial 8-63 shows broad spectrum activity against
many organisms. Tubes were tested per ASTM E2149-13a

Under Dynamic Contact (also called Monovalence test).

1.00E+08
1.00E+05
100E+04
1.00E403
1.00E+02
1.00E401
1.00E400

Coatingz2Go® Patented
e = AR

8-63 Bacterial adzomption-Sificone
Foley Catheterz

- Tast Sy Bacin
i Comeweisl IC friscion Cooed Foky
4o 350

2020 Customer Test Data Per ASTM E2149-13a

Test Result
e X)

Bacteria

£ collATCC 25922

5. ourews ATCC 6538 §9.9%

K pneumoniae ATCC 4352 59.9%

Central venous catheters (CVC's) are implanted for long
term access and delivery to the vasculature. Infection is
complicated by absorbed blood. Proteins and complexes
mask and activate the surface. Commercial products from
Biointeractions and Arrow are claiming efficacy against
one common bacterium, S. aureus. CVC's were coated,
cured, sterilized and tested by microchem for effective log
reductions in test media. Arrow and several of the C2G
formulations showed good slip and bacterial reductions.

Amrow equivafent CVC catheter d tested by
Microchem In S Aureus

Sample Slip Log reduction
87a- C2G Hydroph#ic | Excellent 0.16
87D-C2G Silver Good 3
B87EC2G Quat Good
BIF-C2G Mix Good 339
87G-C2G Mix Good 3.87
87H-C2G Mix Good 31
87J)-C2G Mix Good 281
Blolnteractions | Avert Poor 0.21
Arow Control Good 5.58

Coatings2Go®, LLC,, a Surface Solutions affiliate, provides affordable, biocompatible, best-in-class hydrophilic medical device coatings.
You can purchase domestically or internationally through quick and secure online ordering, with no license fees or royalty costs.
Coatings2Go® maintains a Master File with the FDA (1335) and an ISO 13485:2016 certified Quality Management System.

www.coatings2go.com
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“Saving the World through Medical Plastics and Sustainable Solutions”

Conference Co-Chairs & Moderators: Ned LeMaster; DuPont &
Len Czuba; Czuba Enterprises, Inc.

Kaynote Speaker
Vicki Carr-Brendel = GVP Cochlear Implants of
Sonova and President of Advanced Bionics

I. IMPLANTABLES AND WEARABLES

Polyurethanes used as Exciplents to control
the release of Active Pharmaceutical
Ingredients (APIs)

Anthony Walder = Lubrizol, Inc.

The Influence of Polyurethane Chemistry
and Microstructure on Surface Phenomena
and Their Role in Implantable Applications
Ajay Padsalgikar - D'5SM Biomedical

Wearable Device Skin Patches that Stay Put
Joanne Moody = Zeta Scientific LLC

il. SUSTAINABILITY

Medical Packaging and the Circular
Economy
Andrew Green — Eastman Chemical Company

Hostaform& MTE POM ECO-B Co-Polymer -
Proven, Versatile and Environmentally
Sustainable

Rob Haley = Celanese

Embracing Sustainability in the Healthcare
Sector
Michelle Irvine = Trinseo, LLC

IN. SUSTAINABILITY PANEL

Allison Lin = VP Procurement & Sustainability,
Westfall Technik, Inc.

Peylina Chu = Executive Director, Healthcare
Plastics Recycling Council & VP Antea Group
Koen Janssen = VP Innovation, R&D and
Sustainability - DSM Biomedica

V. NEW PROCESSING TECHNOLOGY

Managing Melt Temperature (and
Avolding Degradation) in a Twin Screw
Extrudar

Charlie Martin — Leistritz Extrugion

Freeform Injection Molding — the
Ultimate Medtech Development Platform
Carzsten Jarfelt - AddiFab ApS

Manufacturing of Micro Medical Parts
without Cold Runners
Vijay Kudchadkar — Westfall-Technik, Inc.

V. REGULATORY AFFAIRS [DURING A
GLOBAL PANDEMIC)

Reverse Engineering of a COVID-19
Tasting Swab
Christian Herrild — Teel Plastics

Focus on the Latest Regulatory and Risk

Management Requiremants for Medical
Plastics

Vinny Sastri — Winovia LLC

The Transition to Single-Use-Systems
for Bio-Pharmaceuticals Manufacturing
Len Czuba = Czuba Enterprizes, Inc.

ol5' MiniTec 2021

Anaheim, CA+ August 10, 2021

Presented by SPE Medical Plostics Division
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“Saving the World through Medical Plastics and Sustainable Solutions’

{ @ . Len (moderator) presenting Thank-You Ertificate to
MEDICAL keynote speaker,
PLASTICS L Dr. Vicki Carr-Brendel, President of Advanced Bionics

Len presenting certificates of appreciation to speakers
Tony Walder & Nick DeFranco from Lubrizol

iPIRING
ASTICS
OFESSIONALS

Len presenting certificate to speaker b Len presenting certificate to speaker
Ajay Padsalgikar from DSM Biomedical Joanne Moody of Zeta Scientific




“Saving the World through Medical Plastics and Sustainable Solutions”
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Len presenting certificate to speaker Len presenting certificate to speaker ol
Michelle Irvine from Trinseo Rob Haley from Celanese

Ned (moderator) presenting certificate to speaker Ned presenting certificate to speaker
Carsten Jarfelt from AddiFab Vijay Kudchadkar from Westfall-Technik
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“Saving the World through Medical Plastics and Sustainable Solutions’

Ned presenting certificate to speaker & panelist Ned presenting certificate to speaker & panelist

MEDICAL Andrew Green from Eastman Allison Lin from Westfall-Technik
PLASTICS

T

Ned presenting certificate to speaker & panelist Ned presenting certificate to speaker
Michelle Ortiz from DSM Biomedical Charlie Martin from Leistritz




“Saving the World through Medical Plastics and Sustainable Solutions”

| B . Ned presenting certificate to speaker Ned presenting certificate to speaker Len Czuba from CEI
MEDICAL Vinny Sastri from Winovia
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VESTAKEEP® Implant
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MEDICAL 3D PRINTING GRADE

VESTAKEEP* i4 3DF Is perfectly sultable for additve
manufacturing of permanent Implants using fused
filament fabrication (FFF) technology.

VESTRKEEP®

. Py PEEK filament for 3D printing

VESTAKEEP" i4 3DF-T fllament for FFF technology Is
additonally offered asa cost-efficlent testing grade for
resaarch and process development purposas.

WORLD’S
FIRST!

EVONIK

Leading Beyond Chemistry

Interested in Sponsorship?

Please email:

Vijay Kudchadkar
Vijay.Kudchadkar@westfall-technik.com
Selvaanish Selvam
Selvaanish.Selvam@avient.com




