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HYOSUNG POLYKETONE

POKETONE Summary




What makes PK special?

Safe & Non-Toxic

FDA-approved with

no toxic ingredient

Hydrolysis Stability

Less moisture absorption in agueous
environments compared with PA
Impact Strength

2-4 times stronger than other
engineering plastics

Resilience & Toughness

Resistant to deformation and
repetitive loads

Productivity
[Voice of customer] Cycle time reduction
s POM IS v= PET I 45~

o,

5

Chemical Resistance
Against oil. solvents and

most chemicals

Friction & Wear Resistance
Extended lifespan against
friction

Heat Resistance

Withstands short termn high
temperatures environment
Barrier Performance

ideal for pipes and packaging against
oxygen, solvents and fuels

NVH Performance

Minimizing noise, vibration,
and harshness

Beyond g 8 Challenging for moderate temp. use
Engineering Plastics High-Performance Plastics ond save your money
» PA » PPS » EVOH » PVDF
- Lower water absorption, - Higher impact strength - Less retort shock - PFAS Free
ensures dimensional stability
» POM > PPA > PA612 » H-POM
- Formaldehyde free - Lower water absorption - Cycle time reduction - Formaldehyde Free
» PBT » PPSU » PTFE » PEEK
- Better Hydrolysis resistance - Easier Processing - PFAS Free - Higher impact strengt
- Higher Impact Strength - No sintering needed - Elongation at yield

POKETONE

HYOSUNG POLYKETONE

Safe & Non-Toxic

« Acrylate, Melamine,
Bisphenol A, Formaldehyde,
Lead/Chrome, Phthalate,
PFAS Free

High Efficiency

« Shorter Cycle Time
with Quick Cooling

rvw

Environmentally
Friendly

- Low Global Warming
Potential : 3.1

Global Warming Potential

PA6
PA66
mPPE I
PBT
PC
POM
Pk EIIEE
BioPK EENINEN (kg COs eq)
Ml (g/10min)
Main Product
e W M130 Advanced Hight Flow
&0 t W M330 High Flow
B M530 Medium Flow, Medium Impact
20 m W Mb630 General Purpose, High Impact
14 i MS530 W M730 Low Flow
& | M&30 Special Product
B M&40 High Tm, High Impact at Low temp.
& B M410 Low T, Monofilament
W M710 Low Tm, Film
o 195 220 235 TmlC)

* Mivalue is measured at a temperature 20°C above its respective Tm

Dy
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HYOSUNG POLYKETONE

POKETONE Automotive

Automotive

POKETONE™
TOP APPLICATIONS

—

4 Ys “vH
Impact Safety Heat
Resistance Non-Toxic Resistance

vYc Yw PBD YR

Chemical = Water |'Barrier | Resilience
Resistance Resistance \Property’ Recovery



2 | Automotive : Key Values POKETONE

nCO + (n-m)CH:z = CH2 + mCH:z = CH (-CHz-CHz-g-),,,,,(-CH:-CIHz-g-)m
CH: O CH: O

Pow ™ @

[J Excellent Chemical Resistance for Fuel parts vs PA6, PA66, PBT

[1 Better NVH(Noise, Vibration, Harshness) Performance vs PA6, PA66, PBT
[J Low VOCs, Low Odor for Interior Parts vs ABS, POM

[] Excellent impact performance vs PA6, PA66, PBT, POM

[] Better wear resistance for Interior & Operating Parts vs ABS, POM

[ Better Dimensional Stability at various Environmental Conditions
vs PA6, PA66, POM

[] Superior Hydrocarbon Barrier for Fuel Tube vs PA12
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1. VDA 275 (Daimler Formaldehyde Method)

1) Specimen : 40 mm x 100 mm x 2 mm thickness
2) Method : The formaldehyde content of the absorbent solution is detected by photometry after the Acetylaceton method

 Automotive : Formaldehyde Analysis

POKETONE

HYOSUNG POLYKETONE

3) Results
Analysis EU A o™ P FOM
L= -
Method (2027'3) M330A M630V | Derlin 100P | F20-03 | F20-03 LOF | 2003
LOF Zj-f
VDA 275
(Spec < 5ppm) 50 ppb ND ND 83 ppm 44 ppm ND 6 ppm
2. MS 300-55 (Hyudai Motots Method)
1) Specimen : 40 mms x 90 mms x 2 mm thickness
2) Method : DNPH Cartridge
3) Results
Spec PK POM
ot == M330A Derlin 100P F20-03 F20-03 LOF F20-03 LOF Xjj/4
<210ppb <100ppb ND 23,600ppb 27,200ppb 2,310ppb 3,330ppb




2 | Automotive

Connector ]

POKETONE

HYOSUNG POLYKETONE

[ Fastener and Clip ]

* Summary

» Competing materials : PBT

* PK Grades : M330A (White, Gray, Black etc)
» Customers : H (Korea), B (China)

 Current Status : Commercialized

- Requirements and Values

* Better Impact Strength (especially at low temperature)
* Better Processibility -ability for Thin-wall

* Weight Reduction

* Dimensional Stability

Summary

« Competing materials : POM, PA66 (Impact)
* PK Grades : M330A, M630A

» Customers : H (Korea)

* Current Status : Commercialized

Requirements and Values

* Low VOC:s (Volatile Organic Compounds) & Odor
* No Formaldehyde

* Befter Impact Strength & Resilience

* Befter Processibility

» Cost Reduction (than PA66)

sy



y.

[ Battery Plug Boards for EV

Automotive

Summary

» Competing materials : PA6+GF+V0
* PK Grades : M330 + M130 + GF + VO
» Customers : V (Europe, China)
 Current Status : Commercialized

Summary

POKETONE

HYOSUNG POLYKETONE

I: Busbar Connector Housing for EV :l

Requirements and Values

» Competing materials : PA66 + VO

* PK Grades :

» Customers : H (Korea)

» Current Status : Under Development

» Better Impact Strength

* Flome retardant

* Electrical insulation

» Thermal shock resistance

» Dimensional stability under humidity

Requirements and Values

» Cost Reduction

* Supply Stability

» Dimensional stability under humidity
« Electrical Insulation

* Fire resistance performance




2 | Automotive

[ ECU Cover, VESS Housing ]

ECU: Engine Control Unit / VESS: Virtual Engine Sound System

* Summary

POKETONE

HYOSUNG POLYKETONE

» Competing materials : PBT+GF 30%

* PK Grades : [EC] M430+GF 30% [VESS] M330 BK
» Customers : H (Korea), China, USA

 Current Status : Commercialized

Summary

- Requirements and Values

» Competing materials : POM, PA66
* PK Grades : M330A

» Customers : Asia

» Current Status : Commercialized

* Better NVH Performance

* Better Impact Strength & Resilience

* Weight Reduction

» Good sound quality at low and high temperature

Requirements and Values

» Noise Reduction, Good sound quality
» Dimensional stability under humidity
* Better wear resistance




2 | Automotive POKETONE

[ Battery Pack Cover for EV ] I: Ball Bearing Parts (Retainer etc) :l

* Summary * Summary
» Competing materials : PPS+GF+V0, PA+GF+V0 « Competing materials : PA66+GF 30%, H-POM
* PK Grades : M130+GF+VO0 * PK Grades : M33AG6A-BKO
» Customers : H (Korea) » Customers : H (Korea)
» Current Status : Under Development * Current Status : Commercialized
- Requirements and Values * Requirements and Values
* Flame retardant & Fire resistance performance * Dimensional stability
* Electrical insulation * Low moisture absorption
» Thermal shock resistance » Good GWP (Global Warming Potential, kg CO2 eq)
* Dimensional stability under humidity PK 3.1, PA66 6.4, PA6 6.7)

sy



2 | Automotive POKETONE

| Fuel Pump Flange | [ Safety Belt Parts ]

* Summary * Summary
» Competing materials : POM, PPA » Competing materials : POM
* PK Grades : M630 * PK Grades : M330F, M630F
» Customers : E (China) » Customers : H (Korea)
 Current Status : Commercialized * Current Status : Commercialized
- Requirements and Values * Requirements and Values
* Betfter Fuel Resistance * Low VOC:s (Volatile Organic Compounds) & Odor
» Better Chemical Resistance * No Formaldehyde
« Dimensional stability under humidity * Better Impact Strength & Resilience
* Positioning between POM & PPA * Better tribological properties

sy



2 | Automotive

[ Airbag Mount Clip ]

* Summary

» Competing materials : LF-POM

* PK Grades : M630F

» Customers : B (China)

» Current Status : Commercialized

POKETONE

HYOSUNG POLYKETONE

Head rest rear cover :l

Summary

- Requirements and Values

» Competing materials : PA6

* PK Grades : M330F Black

» Customers : H (Korea)

» Current Status : Commercialized

* Low VOC:s (Volatile Organic Compounds) & Odor
* No Formaldehyde

* Better Impact Strength for Airbag Deployment

* Better wear resistance

Requirements and Values

* Low VOC:s (Volatile Organic Compounds) & Odor
* Dimensional stability

* Low moisture absorption

* Befter Processibility

* Befter Impact Strength & Resilience

sy



2 | Automotive

[ Car Mat Clip ]

* Summary

» Competing materials : LF-POM

» PK Grades : M630F

» Customers : China

» Current Status : Under Development

POKETONE

HYOSUNG POLYKETONE

HVAC Parts ]

HVAC: Heating, Ventilation and Air Conditioning

Summary

- Requirements and Values

« Competing materials : POM, PA

* PK Grades : M330A Black & Green
» Customers : H (Korea, Europe)

» Current Status : Commercialized

* Low VOC:s (Volatile Organic Compounds) & Odor
* No Formaldehyde

* Better Impact Strength for Airbag Deployment

* Better wear resistance

Requirements and Values

* Low VOC:s (Volatile Organic Compounds) & Odor
* No Formaldehyde

» Dimensional stability

* Low moisture absorption

* Better wear resistance

pry



2 | Automotive

POKETONE

HYOSUNG POLYKETONE

[ Shock-up cap (Autocycle Aftermarket) ] I: Truck Suspension (Aftermarket) :l

* Summary

» Competing materials : PA6+GF 15%
* PK Grades : M33AG3A

» Customers : India

» Current Status : Commercialized

- Requirements and Values

» Better toughness & ductility

» Dimensional Stability at moisture, water & ice melted
environment chemical

« Sustainability (Low CO2 emission)

* Resilience under repeated compression

Summary

« Competing materials : PA6+GF 30%
* PK Grades : M33AG7A

» Customers : USA

» Current Status : Commercialized

Requirements and Values

 Better toughness & ductility

» Dimensional Stability at moisture, water & ice melted
environment chemical

« Sustainability (Low CO2 emission)

* Resilience under repeated compression



[Bearing in Transmission Gear Shift] [

* Summary

2 | Automotive

» Competing materials : POM

* PK Grades : M330A

» Customers : China, Europe
 Current Status : Commercialized

POKETONE

HYOSUNG POLYKETONE

Damping Ring :l

» &P
i
» TPU

* PK M630A

Summary

- Requirements and Values

» Competing materials : POM

* PK Grades : M630A

» Customers : China, Europe

* Current Status : Commercialized

* Betfter Impact Strength
* Better Resilience
» Dimensional Stability

Requirements and Values

* Befter Toughness & Impact Strength
» Better Damping Effect
* Weight Reduction




POKETONE

HYOSUNG POLYKETONE

Food Contact R

Food
Contact

POKETONE™ POKETONE™
TOP APPLICATIONS ' A’

Chemical Water Barrier | Resilience |

safety Heat E-é-: 7 Od/ Ind ustr ial i ? i f\’ecovery;

/Resistance R Non-Toxic Resista W iFi
17 v G 7 - 'Conveyor Belt ‘\\Water Purifier

== Chemical = Water - Barrier -Resili = Fittin
e et D s )\ ‘module & g
p— e POKETONE

- . e HYOSUNG POLYKETONE y 7““"6 POLYKETONE
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1. Abrasion / Wear Resistance

' Food Contact : Key Values

POKETONE

M330A

M&30A

E
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=
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8 001
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i,

Co-POM

POKETONE

HYOSUNG POLYKETONE

Homo=-POM
5.0

JT

1.0

[ Higher wear resistance than POM

[ Reducing noise issues

0% Si1% PTFE10% 0% Si1% PTFE 10% D% Sil% Si3% 0% . - . . .
Additive contente [J Available in various wear applications
2. Chemical Resistance
Semi-Crystalline Amorphous
PK PAG6 PA12 POM PET PPS PVDF PFPO PSU PC

Hydrocarbons

Aliphatic © [©] © [©] © [©] @ ® L ] ®

Aromatic @ @ @ @ @ @ © [ ] [ J ®

Halogenated © (@) (@] (@] (@] [ ] [ ] o . . .
Ketones o | o|lo|o|o]|oe o | o | o [0 High resistance to most chemicals,
Esters/Ethers @ (@] © (] (=] (] © ® L ) ®
Aioenyios © | e | | o | o | o | o | e | e | e except for strong acids and bases
queous

Water @ [ ] @ @ [ ] @ (@] @ (@] @ .

Weak Acids @ [ ] [ ] ® [ ] (] © © © © Chemlcals

Weak Bases @ [ ] [ ] © [ ] © L ) © L ) © .

Strong Acids ° ° ° ° ° ° @ @ . @ |:| is the same to PPS

Strong Bases [ ] [ ] [ ] © [ ] o L ) o L ) o

@ : Resistant

@ : Not Resistant

sy



' Food Contact : Key Values PoKeTone

High-Performance
Engineering Plastics
For the Food conveyor belt

POKETONE (Aliphatic Polyketone)
v' Properties

POKETONE POKETONE POKETONE

Properties

M330F M630F M730F
Density - 1.24 1.24 1.24
Melt Index g/1r?mi 60 6 3
Tensile Strength MPa 60 58 58
Elongation at Break % > 240 > 240 > 240
Flexural Strength MPa 57 53 48
Flexural Modulus MPa 1,400 1,250 1,200
Impact Strength KJ/m? 8 17 19
Toughness - Best Excellent Excellent




3 | Food Contact : Key Values bl

Chemical Resistance Test

v Visual & properties change after
exposure NaOH 1.5% (Ph 13.7)
v Visual & properties change after exposure chloramines (ph3)

70°C, 2 weeks 70°C, 3 weeks

Natural i Blue

0 | 210
hr hrs

70°C, 1 week

+Actual exposure environment : Starting at 71°C
— Cooling down until finally 31°C for 210hrs

Tensile  Elongation
PK i Color [POKETONE] [POM] [POKETONE] [POM]
M630 Time  strength  at break AE
(MPa) (%)
0 hr 62 151 i} +Bowl cleaner 100g at water 6 liters, 70°C — appx. 1.63% concentrate
natural 210 hrs 58 245 0.3 +POKETONE initial weight is 10.6g per bar — final weight is 10.9g
0 hr 62 111 ) (103% retention rate)
white 210 hrs 57 195 01 +POM initial weight is 11.8g per bar — final weight is 2.25g
0h 62 214 : (19% retention rate)
r -

Blue
210 hrs 57 282 0.4 / I



3 | Food Contact POKETONE

[ Conveyer Belt Module for Food ] I: Conveyer Parts for Poultry Food :l

A A + 1 Bar{Grey)
* Modille(Btue) J A

- Summary o « Summary

» Competing materials : POM, H-POM « Competing materials : POM [Wear], PA6+GF
* PK Grades : Mé630F, M330F * PK Grades : M33R3A000, M33AGSHA
» Customers : USA, Europe, Asia » Customers : Asia
» Current Status : Commercialized  Current Status : Commercialized
- Requirements and Values * Requirements and Values

* Low Abrasion Loss

» Chemical Resistance (especially, to Cleanser)
* Better Impact Strength

» Longer Product Lifetime

» Low Noise in operation

* Low Abrasion Loss

* Chemical Resistance (especially, to Cleanser)
* Befter Impact Strength

» Longer Product Lifetime

https://www.safaribelting.com/ultra-tuff/

Yy


https://www.safaribelting.com/ultra-tuff/

3 | Food Contact POKETONE

[ Water Purifier Fittings ] I: Water Purifier Solenoid Valve :l
e
\f
-
¢
20 -
- Summary \ - Summary
» Competing materials : POM, m-PPO » Competing materials : POM
* PK Grades : M33F, Mé630F * PK Grades : M330F
» Customers : Co, Cu etc (Korea), China » Customers : C (Korea)
» Current Status : Commercialized * Current Status : Commercialized
* Requirements and Values * Requirements and Values

* No Formaldehyde
* Various Certifications
(FDA, NSF, KTW, WRAS, ACS, W270)
* High flowability
» Odor improvement for injection process

» Formaldehyde Free and No VOCs

» Water contact Certificates (KTW, WRAS)
» Low water absorption

* Better Hydrolysis resistance




3 | Food Contact : Water Purifier Details —

i Tube: Steel, PP

=imimimemimiqe=.=o= 4@ Fitting (POM, PK)
v . e
! P
! D e, @R
| A 30

Lo - @ Solenoid Valve (POM, PK)
& (&t n}.’l
S

Lomem - 4@ Flow Sensor (POM, PK)

1
i
i
i
i
i
i
150
i
i
i

€ Water(Cool)Tank (PK/RRSA|2)
i m @ Filter Guide (PK/##;*'&)




3 | Food Contact POKETONE

[ Drinking Water Pipe Fittings ] I: Water Meter :l

< Ao eu,
&

Sy

© Summary © Summary
« Competing materials : Brass, PA6/66+GF, PA12 GF « Competing materials : Brass, PA6/66+GF, POM
* PK Grades : M330F+GF * PK Grades : M33FG4A, M33FG6A, M33FG8A
» Customers : Europe, Asia » Customers : G (Koreaq)
 Current Status : Commercialized * Current Status : Commercialized
- Requirements and Values - Requirements and Values

* Dimensional Stability
» Toughness/Stiffness Balance
 Better Water Pressure

* No Harmful for Health, No VOC ’ gydrOIYSiSbﬁ.TSiSTOQC; . | stabilit
« Sustainability (Low CO2 emission) * Frocessability and Limensional stabiiity

» Formaldehyde Free
» Abrasion Resistance for accuracy




3 | Food Contact

* Summary

» Competing materials : POM, PA6, PA66
* PK Grades : M330F, Mé30F

» Customers : Europe

 Current Status : Commercialized

POKETONE

HYOSUNG POLYKETONE

Kitchen Flipper Blade

Ll

Summary

- Requirements and Values

» Competing materials : Melamine, PA66+GF
* PK Grades : M330F+GF 20%

» Customers : USA

» Current Status : Commercialized

* Better Chemical Resistance against Beer Ingredient
» Dimensional Stability

» Oxygen Barrier (maintaining beer taste longer)

* No Harmful for Health, No VOC

« Sustainability (Low CO2 emission)

Requirements and Values

* No Harmful for Health, No VOC

* Better Impact Strength

» Food Certification (FDA, LFGB, W270..)
« Sustainability (Low CO2 emission)




3 | Food Contact

Food Tray

* Summary

» Competing materials : Melamine, Stainless
* PK Grades : Mé630F, M330F, M330F+MF

» Customers : Korea

» Current Status : Commercialized

- Requirements and Values

* No Harmful for Health, No VOCs

* Better Impact Strength & Toughness (Not Broken)
» Food Certification (FDA, LFGB, W270..)

* Look like Beautiful, Delicious Food on Plate

POKETONE

HYOSUNG POLYKETONE

Coffee Machine Parts :l

Summary

» Competing materials : PVDF

* PK Grades : PK

» Customers : Europe

* Current Status : Commercialized

Requirements and Values

* Mechanical and Chemical Property similar with
current material, but cost reduction

* No Harmful for Health : PFAS Free

» Food Certification (FDA, LFGB, W270..)



POKETONE

HYOSUNG POLYKETONE

&

Gear & Roller

Roller

TOP APPLICATIONS TOP APPLICATIONS

POKETONE™ #2 POKETONE™ / /

Ihd ustrlal
ofler Eas!)er \heel

-

vi s YH - f ; S H
Impact safety Heat - | _ Safety Heat
Resistance Non—Toxsc Resistance } Non-Toxic Resistance

A

vc 1 R YR " Tw @B W
Chemical | Water | Barrier | Resilience Chemu:al Water Resilience
ResistancefiResistance ¢ Pmpergy Recovery ‘ IResistance Resistance )

Gears

POKETOHE ) POKETONE

9 HYOSUNG POLYKETONE E HYOSUNG POLYKETONE



4 | Gear & Roller POKETONE

Swivel joint top and

[ Vacuum Cleaner Parts (Steam & Wet) ] bottom cover ( PK+GF)

Summary

» Competing materials : PA66, PA66+GF, POM

* PK Grades : M330F, M130F, PK+GF

» Customers : Tineco, Roborock, DEERMA, DREAME
» Current Status : Commercialized

- Requirements and Values -
Pile rolling brush (PK/Barrel body, end cover) Gear case(PK, PK+GF)

» Dimensional stability under humidity

* Mechanical Property retention with low moisture
absorption

* Better Wear Resistant

* Better Impact Strength




4 | Gear & Roller POKETONE

I: Industrial Conveyor belt :l I: Glove conveyer Parts :l
Z
=~ Holder (Dg !
\ Former
* Summary Summary
« Competing materials : POM, Rubber « Competing materials : PA66+GF, PPA+GF,
* PK Grades : Mé630F, M330F Steel, PA6+GF / Related to Line speed
» Customers : Europe, USA * PK Grades : PK / Customers : Asia
 Current Status : Commercialized * Current Status : Commercialized
- Requirements and Values * Requirements and Values

* Befter Impact Strength & Toughness (Not Broken) ) BeHer Chem|fco:rl Resﬂ\once & \k:Veor eI
« No Harmful for Health, No VOC * Better Impact Strength & Toughness

* Low Water Absorption
* Dimensional stability & Mechanical Property retention

under chemical humidity

(especially, in manufacturing)
» Better Wear Resistant & Low Noise in operation




4 | Gear & Roller

I: Door Closer for Refrigerator (4 Doors):l

* Summary

»
-
-

» Competing materials : POM (Wear resistant)
* PK Grades : M33R3A000

» Customers : S (Korea, Asia)

 Current Status : Commercialized

POKETONE

Industrial Gear :l

B
Summary

- Requirements and Values

« Competing materials : POM, H-POM, PA6/66

* PK Grades : M630F, M330F, PK+Si, PK+Teflon etc
» Customers : Korea, China, Europe, USA, Asia

* Current Status : Commercialized

* Better Wear Resistant

* Low Noise

* Better Impact Strength & Toughness (Not Broken)
« Soft Touch Feel, Smooth Handling

Requirements and Values

* Better Wear Resistant

* Low Noise & Low Density (than POM)

* Better Impact Strength & Toughness

* Befter Chemical Resistance against Grease etc
* Flowability - Cycle Time Reduction

sy



4 | Gear & Roller POKETONE

I: Drum Laundry Machine Parts :l I: Air-Cooler Bushing & Impeller :l

* Summary « Summary
» Competing materials : POM « Competing materials : POM,PA66
* PK Grades : M630A * PK Grades : M330F
» Customers : E (Thai, Europe) » Customers : India
 Current Status : Commercialized  Current Status : Commercialized
- Requirements and Values * Requirements and Values
* Noise reduction, Better NVH Performance * Better Wear Resistant
 Better Impact Strength & Toughness (Not Broken) » Noise reduction, Better NVH Performance
on periodical vibration from Drum Module  Dimensional stability under Humidity
* No Harmful for Health, No VOCs, Formaldehyde Free + Low moisture absorption
« Sustainability (Low CO2 emission) * Befter Impact Strength & Toughness




4 | Gear & Roller POKETONE

[ Roller Shaft (Carrier Spinner Fork) ]
for Travel Case

I: Motorcycle Helmet Ratchet :l

* Summary « Summary
« Competing materials : H-POM, POM+TPU » Competing materials : POM, ABS
* PK Grades : M640A * PK Grades : M630F, M330F
» Customers : Samsonite (China, India) » Customers : Koreaq, Asia
» Current Status : Commercialized  Current Status : Commercialized
- Requirements and Values - Requirements and Values

*» Better Low Temperature Impact Strength &
Resilience under repeated compression

* Better Wear Resistant

» Low moisture absorption

» Soft Touch Feel, Smooth Handling

* Low Noise & Low Odor (Formaldehyde Free)
» Better Wear Resistant

* Befter Impact Strength & Toughness

« Soft Touch Feel, Smooth Handling



4 | Gear & Roller

I: Industrial Caster, Wheel, Roller :l

Summary

» Competing materials : POM, H-POM, PA6/66, PA+GF
* PK Grades : Mé630F, M330F, PK+GF, M640A

» Customers : China, Asia, Australlia

» Current Status : Commercialized

- Requirements and Values

» Better Impact Strength & Toughness

* Better Wear Resistance

* Low Noise & Low Odor (Formaldehyde Free)

» Dimensional stability, Low moisture absorption
» Soft Touch Feel, Smooth Handling

POKETONE

HYOSUNG POLYKETONE

Bearing for Dish Washer :l

Spray arm bearing Chimney filter plate

L. Chimney Filter Plate 2. Spray arm bearing
PK M330A GF PK M330A

3. Spray arm

Summary

« Competing materials : POM Modified
* PK Grades : M330A, M33AG4A

» Customers : Asia, New zealand

» Current Status : Commercialized

Requirements and Values

* Better Wear Resistant

* Dimensional stability, Low moisture absorption
* Chemical Resistance (especially, to Cleanser)
* Low Noise & Low Odor (Formaldehyde Free)

* Better Impact Strength & Toughness

sy



4 | Gear & Roller

I: Swimming Pool Cleaner

POKETONE

HYOSUNG POLYKETONE

Electric Fence Reel :l

* Summary

» Competing materials : POM wear (POM + PTFE/SI)
» PK Grades : M33AT2E-NPO

» Customers : S (Australia)

 Current Status : Commercialized

Summary

- Requirements and Values

« Competing materials : POM wear resistance
* PK Grades : M63AS1B

» Customers : New zealand

» Current Status : Commercialized

» Better Chemical (Chlorine) Resistance

* Better Wear Resistance

» Better Impact Strength & Toughness

* Low Noise & Low Odor (Formaldehyde Free)
» Soft Touch Feel, Smooth Handling

Requirements and Values

* Better Impact Strength & Compression & Resilience
» Befter Wear Resistance under heavy load

* Dimensional stability, Low moisture absorption

* Low Noise

Yy



POKETONE

HYOSUNG POLYKETONE

Cosmetic Packaging

POKETONE™ . e
TOP APPLICATIONS — - Cosmetic
fackaging & Pump

7 ; S H

Safety Heat
) Non-Toxic Resistance

Vw Y8 YR

Chemical § Water Barrier Resilience
Resistance Resistance \Property’ Recovery

;?I 1 4 -
E | POKETON



5 [ Cosmetic Packaging & Medical
POKETONE"

Safety and Regulations

POM'’s formaldehyde(FA) issue is well-known.
Many players in cosmetic industry are trying
to prohibit formaldehyde and formaldehyde
donors. Also Tetra-hydrofuran(THF) from PBT
is potential issue-maker in cosmetics. The
extractible study gives the result as below;

Chemical Extraction, ppm

200

=
o
o

o

FA

HPOM

THF

HPBT

Figure 1. Extractable
test at 95°C water for
2 months

The specimen has
exposed to 95°C
water for 2 months.
POM reached 211.3
ppm of FA, and PBT
reached 143.9 ppm of
THF.

The result of PK gives N.D (Non detectable)
for both chemicals.

Goes Green

Safe & Non-Toxic

« Acrylate, Melamine,
Bisphenol A, Formaldehyde,
Lead/Chrome, Phthalate,

PFAS Free
FPA GB = _
O «kw wras X
Lo ‘ACS

vw

High Efficiency
+ Shorter Cycle Time
with Quick Cooling

Environmentally

o Friendly
°/ « Low Global Warming
Potential : 3.1

Global Warming Potential

PA6
PAGb

mPPE
PBT

PC
POM
PK EXNEN
BioPK (kg CO: eq)

POKETONE

HYOSUNG POLYKETONE

Chemical Resistance

Thermo-plastics’(ETPs) chemical resistance in
general could be summarized as below table.
POKETONE exhibits resistance to a wide variety
of reagents. Especially noteworthy is the
resistance of POKETONE towards aqueous
environments - salts, acids, bases relative to
PA66 for example.

Chemicals PK |PA66|POM | PBT | PPS [PVDF
Hydrocarbons
Aliphatic oOo|lo|lo|lo|o]| o
Aromatic ©O|lo|O0|O0]| 0| O
Halogenated ©O| O | ©0 O | ©
Ketones OO0 |O| O] O
Esters/Ethers ©O|lo|O0|0O0]| O] O
Aldehydes ©O|le®|O0|0O0| 0| O
Aqueous
Water ©O| ®@| 0| @®@| O] O
Weak Acids Ol e | ®@| ® O | O
WeakBases | O | @ | O | @ | O | @
StrongAcids | @ | @ | @ | @ | @ | ©
Strong Bases | @ o @) () [ ) o
sy



5 | Cosmetic Packaging & Medical POKETORE

I: Cosmetic Packaging Components :l I:

* Summary

» Competing materials : POM, PBT, PP
* PK Grades : M330F, M330F-L, M630F
» Customers : L, C, A etc (Global)
 Current Status : Commercialized

- Requirements and Values

» Various Certifications (FDA, NSF, EU 10/2011, W270 etc)
* No Harmful for Health, No VOCs, Formaldehyde Free

» Better Chemical Resistance & Wear Resistance

* Better Impact Strength & Toughness

» Soft Touch Feel, Smooth Handling

Lip stick Part :l

=4 Elevator

1
= || | Inner Base

Summary

» Competing materials : POM, PBT

* PK Grades : M330F, M330F-L, M630F
* Customers : L, C, A etc (Global)

* Current Status : Commercialized

Requirements and Values

* Various Certifications (FDA, NSF, EU 10/2011, W270 etc)
* No Harmful for Health, No VOCs, Formaldehyde Free

* Befter Chemical Resistance

» Better Impact Strength & Toughness

« Soft Touch Feel, Smooth Handling

pry



5 | Cosmetic Packaging & Medical POKETORE

I: Eyebrow Pencil, Mascara :l I: Dispensing Pump Engine :l

N*1
CHANEL

* Summary « Summary
» Competing materials : POM, PBT « Competing materials : PA66, POM, PBT
* PK Grades : M330F, M330F-L, M630F * PK Grades : M330F, M330F-L, M33ASTA
» Customers : L, C, A etc (Global) * Customers : L, C, A etc (Global)
» Current Status : Commercialized  Current Status : Commercialized
* Requirements and Values * Requirements and Values
« Various Certifications (FDA, NSF, EU 10/2011, W270 etc) » Various Certifications (FDA, NSF, EU 10/2011, W270 etc)
* No Harmful for Health, No VOCs, Formaldehyde Free « No Harmful for Health, No VOCs, Formaldehyde Free
+ Better Chemical Resistance & Wear Resistance « Better Chemical Resistance & Wear Resistance
* Better Impact Strength & Toughness » Better Impact Strength & Toughness
* Soft Touch Feel, Smooth Handling * Dimensional stability, Low moisture absorption

pry



5 | Cosmetic Packaging & Medical POKETORE

* Summary

» Competing materials : PA6+GF 30%
* PK Grades : M33FG6A

» Customers : P (China)

» Current Status : Commercialized

- Requirements and Values

» Various Certifications (FDA, NSF, EU 10/2011, W270 etc)
* No Harmful for Health, No VOCs, Formaldehyde Free

* Better Chemical Resistance

* Better Impact Strength & Toughness

* Productivity (Shorter Cycle Time)




POKETONE

HYOSUNG POLYKETONE

POKETONE™ #4

TOP APPLICATIONS TOY Parts
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POKETONE

HYOSUNG POLYKETONE

I: Toy for F company (kinder Joy) :l I: Toy for M (Happy Meal Set) :l

(Body) PP

(Arm) PAG
(Leg) PK (M330F-S)

* Summary « Summary
« Competing materials : PA6, PA66, POM, PBT etfc » Competing materials : PA6/66, POM, PBT, Paper, Wood
» PK Grades : M630F, M530F, M410F-S * PK Grades : M330F, M630F
» Customers : F (China) » Customers : M (Chinaq)
» Current Status : Commercialized » Current Status : Commercialized
- Requirements and Values * Requirements and Values

» Various Certifications (FDA, NSF, WRAS, EN-71 etc)

* No Harmful for Health, No VOCs, Formaldehyde Free
» Better Impact Strength & Toughness (not broken)

* Better Wear Resistance, Soft Touch Feel

* Better Hydrolysis Resistance, Dimensional stability

« Various Certifications (FDA, NSF, WRAS, EN-71 etc)

* No Harmful for Health, No VOCs, Formaldehyde Free
 Befter Impact Strength & Toughness (not broken)

* Better Wear Resistance, Soft Touch Feel

* Better Hydrolysis Resistance, Dimensional stability

sy



Slim Weapon :l

Summary

» Competing materials : PVC

* PK Grades : M330F, Mé30F

» Customers : China

» Current Status : Under Development

Requirements and Values

» Better Impact Strength & Toughness (not broken)

* Better Resilience

« Various Cerfifications (FDA, NSF, WRAS, EN-71 etc)

* No Harmful for Health, No VOCs, Formaldehyde Free

POKETONE

HYOSUNG POLYKETONE

Drone for Toy :l

Frame : ABS
Wing guard : Poketone

Propeller : PC/ABS

Summary

« Competing materials : PA6, PA66

* PK Grades : M330F, Mé630F

» Customers : China

» Current Status : Under Development

Requirements and Values

* No Harmful for Health, No VOCs, Formaldehyde Free
* Dimensional stability, Low moisture absorption

* Better Wear Resistance

* Better Impact Strength & Toughness

+ Soft Touch Feel, Smooth Handling

sy
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HYOSU

E&E

(Electrical & Electronic)




I: Fiber Optic Terminal, Inner Parts :l

* Summary

» Competing materials : PA6, PA66, POM, PBT etc
* PK Grades : M33AF2Y-WH

» Customers : L (Europe)

 Current Status : Commercialized

POKETONE

HYOSUNG POLYKETONE

MCB (Miniature Circuit Breaker) :l
[Din Clip, Latchet Switch, Switch Cover]

L .T.

Summary

- Requirements and Values

« Competing materials : PA66 FR, PA66+GF FR
* PK Grades : M330F+GF FR, M130F+GF+MF FR
» Customers : S (India)

» Current Status : Commercialized

* Better Electrical Insulation

* Better Snap-fit property

* Dimensional Stability under humidity
* Better Flome Retardant

* Better Impact Strength & Toughness

Requirements and Values

* Better Electrical Insulation

* Dimensional Stability under humidity
* Low moisture absorption

» Better Flame Retardant

» Better Impact Strength & Toughness

pry



Connector, Socket for :l
Home Appliances

‘gﬁ‘ = iaia 1=
3oy,

Summary

» Competing materials : PA66 FR, PBT+GF FR, PC FR
* PK Grades : M330 FR, M330+GF FR

» Customers : Korea, China, Europe, Asia

 Current Status : Commercialized

Requirements and Values

* Better Electrical Insulation & Flame Retardant

* Better Snap-fit property

» Dimensional Stability, Low moisture absorption

* Better Impact Strength & Toughness

« Better Productivity (Thin wall, not annealing), shorter C/T)

POKETONE

HYOSUNG POLYKETONE

E- Cigarette part :l

th'qu)mmMﬁ;ﬁb&n

Shad . (SSAW4) 3384

Summary

« Competing materials : POM, PA66 FR, PC, PCTG
* PK Grades : M330, M330+GF FR

» Customers : China, Asia

» Current Status : Commercialized

Requirements and Values

* Various Certifications (FDA, NSF, KTW, WRAS, W270 etc)
* No Harmful for Health, No VOCs, Formaldehyde Free

* Better Chemical Resistance

* Dimensional Stability, Low moisture absorption

» Better Impact Strength & Toughness

Yy



POKETONE

HYOSUNG POLYKETONE

Mining Application

[ [BUSBAR Insulator (Copper Refinery) ] [ Industrial Busbars ]
Torsion holder (Mining Conveyor)]

P

Torsion holder parts at mining conveyor assembly (M93FA7Y)

* Summary * Summary

» Competing materials : PES GF 20 FR(Copper Refinery)
PA66 GF FR(Conveyor Parts)

* PK Grades : M13FA7Y-NPO

» Customers : Australia, Chile, South Africa

» Current Status : Commercialized

« Competing materials : PA6 FR, PA66 FR
* PK Grades : M330 FR

» Customers : USA, Asia (Thailand)

» Current Status : Under Development

- Requirements and Values * Requirements and Values
* Properties (Mechanical, Chemical, Electrical Insulation, * Betfter Dimensional Stability
Dimensional Stability etc) are similar with current material * Befter Electrical Insulation
» Cost Reduction » Lower moisture absorption on High Voltage/Current

» Better Flame Retardant

Yy



Summary

» Competing materials : PC+GF FR

* PK Grades : M330A+GF FR

» Customers : Korea

» Current Status : Under Development

POKETONE

HYOSUNG POLYKETONE

Summary

Requirements and Values

« Competing materials : PA66 FR, PA66+GF FR
* PK Grades : M33AA2Y-BK

» Customers : China

» Current Status : Commercialized

* Better Flame Retardant & GWT 750 w/no Ignition
* Dimensional Stability under humidity

» Better Impact Strength & Toughness

* Better Productivity (Flexibility, High Processibility)

Requirements and Values

* Dimensional Stability under humidity
» Low moisture absorption

» Better Impact Strength & Toughness
» Better Flame Retardant

* Better Electrical Insulation
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HYOSUNG POLYKETONE

Medical

#5
Cosmetic
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8 ‘ Medical POKETONE

v’ Certification v POKETONE properties after sterilization

P ._ : . Gamma E-Beam
ISO NAMSA Properties Initial o max  vDMAX  30KGY
NS4

15, 30kGY  25,50kGY
ISO 10993 USP Class VI

Te”S”fMi,t;]ength 61 62 62 61 65 62
B
|m|yA> = B M330F-M E"t’)"r‘gjlf"[’oz]at 239 235 253 252 107 247
European Commission
APPROVED Food Contact Flexural
Vot ea | 1692 | 1710 1725 1689 | 1461 1712
@ ¢ Tensiie paendth | s 60 60 60 67 60
RoHS :
s coumnr M630F-M | Fongsionat | 265 269 278 265 165 263
v Modeme b | 1529 | 1604 | 1504 | 1587 | 1550 | 1,607
PAHS

+Tested by Hyosung R&D lab, and 3" party test center in Korea
+Steam test is ISO 17665-1,2 at 121°C, 15min / EtOx test is ISO 11135-1,2, 50°C, Rh 50%, 5hr

[Gamma, 30kGY] [E-Beam, 30kGY] [Steam, 121°C] [EtOx gas]

en Certification

+ SO 10993 has been certified cytotoxicity,
sensitization and intracutaneous reactivity
for intact skin.

[ After exposure ]



8 | Medical

[ Medical Clip/Clamp ]

a

* Summary

» Competing materials : LOF-POM, PA
* PK Grades : M330F-M, M630F-M

» Customers : USA

» Current Status : Commercialized

* Requirements and Values

« Various Certifications (FDA, USP Class VI, ISO 10993)

* No Harmful for Health, No VOCs, Formaldehyde Free

» Better Chemical Resistance (against Various Medicine)
* Dimensional stability & Better Resilience

« Sustainability (Low CO2 emission)

POKETONE

HYOSUNG POLYKETONE

Ankle/Knee Padding :l

Summary

» Competing materials : PA6+GF
* PK Grades : M330F, M330F+GF

» Customers : Asia

» Current Status : Commercialized

Requirements and Values

* No Harmful for Health, No VOCs, Formaldehyde Free

* Better Impact Strength & Toughness

» Dimensional stability

» Cost Reduction, Hogh Productivity (one step Injection)

« Soft Touch Feel, Smooth Handling



8 | Medical

I: Nasal Spray Pumps, Insulin pen :l

* Summary

» Competing materials : LOF-POM, FDA-PBT, PA etc
* PK Grades : M330F-M, M630F-M

» Customers : USA, Europe

» Current Status : Under Development

- Requirements and Values

» Various Certifications (FDA, NSF, EU 10/2011, W270 etc)
* No Harmful for Health, No VOCs, Formaldehyde Free

» Better Chemical Resistance & Wear Resistance

* Better Impact Strength & Toughness

» Soft Touch Feel, Smooth Handling

METERING VALVE

POKETONE

HYOSUNG POLYKETONE

I: Metering Valve for Inhalers :l

| W

CANISTER

4 i |

PLASTIC MOUTHPIECE

- ¥y
f

Summary

» Competing materials : LOF-POM, FDA-PBT
* PK Grades : M330F-M, M630F-M

» Customers : USA, Europe

» Current Status : Under Development

Requirements and Values

« Various Certifications (FDA, USP Class VI, ISO 10993)

* No Harmful for Health, No VOCs, Formaldehyde Free

« Stable properties after exposure of sterilization
(Gamma, E-beam, Steam, EtOx)

* Befter Chemical Resistance & Wear Resistance

» Better Impact Strength & Toughness

Yy
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Extrusion

POKETONE™ #8
TOP APPLICATIONS ;
Oil & Gas

Pipes
Pumping Components

4 S WH Ji
Impact Safety Heat | ,-J
Resistance an-Tp;?%;}_qgi_s_ta_nc [

Yo Yw |

) = —_"<:
‘B YR
Chemical | Water [ ‘Barrier | Resilience —
Resistance Resistance \Property) Recovery POKETONE —— .
HYOSUNG POLYKETONE




trusion

I: Qil&Gas Drilling Pipe Inner Liner :l

Pumping unit <

Gearbox
olished

Stuffing box

Flowline

Tubing

Rod string

* Summary

» Competing materials : PPS, PA12, PE-RT, UHMWPE
PK Grades : M730R, M7 10F

Customers : USA, China

Current Status : Commercialized

Requirements and Values

Heat resistance(120 ) between PPS & PERT
Better Chemical resistance against Oil & Gas
» Better Wear resistance & Compression
Balance of Stiffness & Toughness

Better Impact Strength & Resilience

POKETONE

HYOSUNG POLYKETONE

Plastic sleeve
Steel pipe
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Heat resistance,
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09 | Extrusion POKETONE

I: Sucker Rod Guide for Pipe :l I: Continuous Sucker Rod Guide :l

Continuous rod Conventional
system sucker rod system

KeBond
Endless Rod ﬁ

Band/Tie Layer

W
L_ 1
a
>

* Summary ‘ * Summary

« Competing materials : PPA / PA66+GF, PPS » Competing materials : PPA, HDPE
» PK Grades : M630R, M730R, M63AS1B * PK Grades : M730R, M33AG6A-BKO
» Customers : China, USA, Australlia » Customers : L (USA, Canada)
 Current Status : Commercialized * Current Status : Commercialized
- Requirements and Values * Requirements and Values

» Better Wear resistance & Compression

* Better Chemical resistance against Oil & Gas
» Better Impact Strength & Toughness

» Cost reduction

* Better Corrosion Resistance

* Heat resistance(120 ) & High HDT

* Befter Chemical resistance against Oil & Gas
* Better Wear resistance & Compression

* Betfter Corrosion Resistance

» Cost reduction



09 | Extrusion

* Summary

« Competing materials : PA, PPS, POM, PBT etfc
* PK Grades : M630A, M730A

» Customers : M (China), Europe, USA
 Current Status : Commercialized

- Requirements and Values

» Various Certifications (FDA, NSF, WRAS, EN-71 etc)

* Better Impact Strength & Resilience

» Dimensional stability &Low Moisture Absorbtion

* Better Chemical resistance & Wear resistance

* No Harmful for Health, No VOCs, Formaldehyde Free

POKETONE

HYOSUNG POLYKETONE

[ Film (Compound for EVOH Blend) ]

* Summary

* Competing materials : EVOH retortable

* PK Grades : PK compound for EVOH Blend
» Customers : -

» Current Status : Under Development

* Requirements and Values

» Cost Reduction

» Oxygen Barrier

* Need to develop mass production performance
(is available only Lab scale)

Yy
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HYOSUNG POLYKETONE
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Industrial




Summary

» Competing materials : PA6+GF, PA66, PA66+GF
* PK Grades : M630V

» Customers : Korail (Korea)

 Current Status : Commercialized

POKETONE

HYOSUNG POLYKETONE

Water Heater

Summary

Requirements and Values

« Competing materials : PA66+GF 30%
* PK Grades : M33FG6A-BKO

» Customers : S (Thailand)

» Current Status : Commercialized

» Better Impact Strength & Toughness

* Dimensional Stability, Low moisture absorption
» Mechanical Property retention under humidity
* Better Wear Resistant

* Better Electrical Insulation

Requirements and Values

« Various Certifications (FDA, NSF, WRAS, EN-71 etc)
* Heat resistance(120 ) & High HDT

* Befter Chemical Resistance

» Better Impact Strength & Toughness

* Dimensional stability & Low Water Absorption

pry



POKETONE

HYOSUNG POLYKETONE

I: Mixer coupler :l I: Textile Weaving Machine :l

mTﬂw\
L A

l 1 “) ) © M
3 o
Filling
) 2) Shedding Beat-up tixertion Take-up

(1) spool rack (2) warp yarn guide (3) heddle (4) harness
(5) beat-up reed (6) shuttle (7) take-up roller

Fig. 1. The basic function and component of a loom

- Summary « Summary
» Competing materials : PA66 » Competing materials : POM
* PK Grades : M630F * PK Grades : M130F
» Customers :India » Customers : China, India
» Current Status : Under Development  Current Status : Commercialized
- Requirements and Values * Requirements and Values
* Various Cerfifications (FDA, NSF, WRAS, KTW, LFGB etc)
« Heat resistance(120 ) & High HDT « Better Impact Strength & Toughness
* Better Impact Strength & Toughness * High Flowability (Injection Molding Formability)
» Dimensional Stability, Low moisture absorption * Better Resilience

» Better Wear Resistant

Yy



POKETONE

HYOSUNG POLYKETONE

I: Boiler Heat Exchanger :l I: Chair, Seat Cam :l

* Summary « Summary
» Competing materials : Stainless Steel + Competing materials : POM
* PK Grades : M33AGYA-BK * PK Grades : M330F BK, Gray
» Customers : Kiturami (Korea) » Customers : Sidiz (Korea)
» Current Status : Commercialized  Current Status : Commercialized
- Requirements and Values * Requirements and Values

* Heat resistance (120 ) & High HDT
* Better Chemical resistance .
« Cost, Weight Reduction PSRN el

+ Dimensional Stability, Low moisture absorption ) SNOfIfS? redﬁiho?'sBeﬁe;th_YH I;Trformonce
* Mechanical Property retention T >oftlouch reel, omooth Handiing

* Better Impact Strength & Toughness




1

* Summary

» Competing materials : POM, PA66
* PK Grades : M33F, Mé630F

» Customers : Europe

 Current Status : Commercialized

- Requirements and Values

* Better Impact Strength & Resilience
« Safe harvesting of fruit minimizing damage

(not too stiff for fruit safety, not too soft for performance)
* No Harmful for Health, No VOCs, Formaldehyde Free

POKETONE

HYOSUNG POLYKETONE

Folding/unfolding module
Sea Leisure Boat :l

Summary

» Competing materials : POM, PA66
* PK Grades : M640A

» Customers : New Zealand)

* Current Status : Commercialized

Requirements and Values

* Better Impact Strength & Compression & Resilience
* Befter Chemical resistance against sea water

* Low Temperature Impact Resistance(-5~0 )

* No Harmful for Health, No VOCs, Formaldehyde Free
« Sustainability (Low CO2 emission)



I: Industrial O-ring(Hydraulic O-ring) :l

o

/

« Summary -

» Competing materials : PA66, PTFE
* PK Grades : M33F, Mé630F

» Customers : Europe, Asia
 Current Status : Commercialized

- Requirements and Values

» Better Impact Strength & Resilience

» Dimensional Stability

* Better Hydrolysis Resistance, Low moisture absorption
* Better Chemical resistance

» Cost Reduction and High Productivity (than PTFE)

POKETONE

HYOSUNG POLYKETONE

Faucet Fitting, Toilet Parts :l

« Competing materials : POM, m-PPO
* PK Grades : M330F, Mé630F

» Customers : Korea, Europe, Asia

* Current Status : Commercialized

Requirements and Values

« Various Certifications (FDA, USP Class VI, ISO 10993)

* No Harmful for Health, No VOCs, Formaldehyde Free
* Befter Chemical resistance

* Dimensional Stability, Low moisture absorption

« Sustainability (Low CO2 emission)

sy



POKETONE

HYOSUNG POLYKETONE

I:Sports Helmet (Cycling, Ski, etc) :l I: Electric Strorage Water Heater :l

* Summary « Summary

« Competing materials : PC (Sheet), Impact PA66 » Competing materials : PA66

* PK Grades : M330F, M130F, PK Compound * PK Grades : M330F, M630F

» Customers : MIPS (China, Europe) » Customers : Europe

» Current Status : Under Development » Current Status : Under Development
* Requirements and Values * Requirements and Values

* Various Certifications (FDA, KTW, WRAS, W270 etc)

* No Harmful for Health, No VOCs, Formaldehyde Free
» Lower Odor

* Better Wear Resistant

* High Flowability (Easy Production)

« Various Certifications (FDA, KTW, WRAS, W270 etc)

* No Harmful for Health, No VOCs, Formaldehyde Free
* Befter Impact Strength & Resilience

* Dimensional Stability

sy
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