Elium®
Liquid thermoplastics

<+ Room temperature cure
<+ Very high stiffness

Ductile composites
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An Exciting Future

* Liquid thermoplastic
composite resin

» Easy fo process with existing
infrastructure (at low T)

# Similar mechanical properties
versus epoxy with...
« Improved impact
« Easy welding
* Thermoforming

= JEC Innovation Award 2017

» JEC Asia Award 2017 ¢
* CAMX 2017 Combined Strength
finalist

* CAMX 2018 JEC Innovation 2018 -
Sustainability finalist

# Lightweight options

« Do more with less

* Recycling options

2
* Reprocessing @@
* Depolymerize + use again

* Next generation
« SMC resins
* Dual cure systems

Production in all 3 major regions




Thermoset vs. Thermoplastic ELIUM

3T ARKEMA

Thermoplastic

<+ Majority of the market <+ Room temp or heat cure <+ Melt processable
<+ TwoO or more component -+ Reprocessable <+ Traditionally solid/molten
reactive chemistry <+ Infusion <+ Impregnation of fibers difficult
+ Cross-linked product ~+ RIM <. | T3 Hnal'productcanbe Y
L oceving pestque dificult, \ ..e¥ # Pulirusion '/°*+  modified by physical and
.+ Liquid resin good for wetting &* + Casting - chemical methods .
:........0................... -55' HGnlemlnGTlon '..........................

Blends advantages of both

ARKEMA



Benefits of Elium® liquid thermoplastics ELIUM

3T ARKEMA

Strength, toughness

: : - Cure at room
& impact resistance :

y  temperature

Elium® liquid o
Styrene-free & thermoplastics Q E Recyclable

Easy processing
Low viscosity (100-500cps)

ﬁ Chemical resistance

ARKEMA



Continuous fiber vs. Non-continuous fiber for composites ELIiUM

3T ARKEMA

Composite resin market %+ Continuous fibers

« Stronger mechanical properties

«  More difficult to impregnate with resin
<+ Non-continuous fibers

<+ Weaker properties

<+ Easier to impregnate with resin

TP — Continuous
Fiber

TP — Non continuous
fioer

s

Thermoset

Elium®liquid thermoplastics enable easy impregnation at room
temperature for both non-continuous AND continuous fibers

+Ej+

Initiator
(ex. LUPEROX® AFR40) Fiber
ELIUM® resin Glass / Carbon
(100- 500 cPs) or other

ARKEMA



Award Winning Fast-Resin-Transfer-Molding (Fast-RTM)

Jec

GROUP

WINNER
02017

INNOVATION
AWARD

4 (Speed x8) - 00:00:00:00)
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FOLLER

ELIUM

3T ARKEMA

Glass fiber reinforced Elium® resin
demo part made on Fast-RTM pilot line

-+ Pilot line operates with thermoplastic (Elium® resin from Arkema) or Thermoset resins (Epoxy from Hexion)

<+ Targeting < 2 minutes part to part production cycle time

ARKEMA



Aesthetic parts — Class A finish out of the mold ELIUM

3T ARKEMA

**New RTM-TS (RTM-Thermoformed Sheet) in development

Thermoforming of a The PMMA-ARS sheet is Lay-up of reinforcement
PMMA-ABS Class A sheet laid up in the RTM mold (UD, fabric, NCF ...), and
= - inserts if ony
| ' B —— H
ey - N - —‘
Resin polymerization Counter mold is closed
" and resin injected at
low fo medium pressure
I ] No coating due to Class A
- PMMA-ABS finish -+ Aesthetic parts
Mold opening and | -+ Class A finish (PMMA-ABS sheets)
i High gloss Y : :
demolding of the part gh gl _@_ without post coating
No painfing /PN % 200 to 10k parts/yr

ARKEMA



Thermoplastic pultruded parts — Elium® 591 GF/CF

Elium® 591 GF Value Unit

Barcol Hardness 64 (£ 8)

Stiffness at 0° 43 (+1) GPa
Strength at 0° 1200 (* 60) MPa
Stiffness at 90° 8.7 (£0.3) GPa

Strength at 90° 52 (+ 3)

Elium® 591 CF

Fibers volume fraction

ILSS 82 MPa
Tensile modulus 155 GPa
Tensile strength 2300 MPa

ELIUM

3T ARKEMA

<+ Elium 591 for pultrusion with
glass or carbon fiber

<+ Resulting parts are:
« Easy tfo bond
« Thermoformable
« Weldable

ARKEMA



Properties of Elium® thermoplastic composites ELIUM

3T ARKEMA

Pure Elium® Elium®resin + Elium®resin +

2057 resin Carbon Fiber Glass Fiber Uil MO e
Tensile strength 76 1280 557
527
Tensile modulus 3,300 59,000 27,000 Flex
Function Modul Applications
Flexural strength 130 870 700 Shel A
MPa 14125 10-15  Marine, Transportation,

Flexural modulus 3,250 65,000 27,000 Aesthelic o0 Heavy Equipment, efc.,

20-45  Automotive, Aerospace,

Compressive strength 130 480 347 Structural GPa  Wind Blade, Sport, efc.

14126
Compressive modulus - 54,000 28,000

Details: ELIUM® RT-300 resin, room temperature RTM process | Carbon —T700SC 12K NCF 53%vol. | Glass - Chomarat 600T
PW fabric 600GSM, 53%vol.

Basic mechanical properties similar to epoxy

with same reinforcement loadings

ARKEMA
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Glass-reinforced structural parts - sizing selection is important! ELIUM

3T ARKEMA

Interfacial stress (MPa)

- - -
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Tensile test at 90° on UDT Glass (GF from 3B)

Epoxy sizing

. Epoxy resin . Elium® resin

Epoxy sizing Multipurpose sizing Elium® compatible

Glass Fiber Sizing Type

sizing

Choose glass fiber
with a poly(vinyl)ester
compatible sizing

Cohesive failure
(good adhesion)

Interfacial failure
(poor adhesion)

ARKEMA
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Carbon-reinforced structural parts - sizing selection is important!

~
O
o.
=
Nt
n
n
()
i —
n
S
(S)
O
=
()
e
£

70

60

50

40

30

20

1

o

Tensile test at 90° on UDT (1700sc 12k from Toray)

Epoxy sizing

. Epoxy resin . Elium® resin

Epoxy sizing Multipurpose sizing Elium® compatible

Carbon Fiber Sizing Type

sizing

ELIUM

3T ARKEMA

ARKEMA
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High modulus & toughness ELIUM

3T ARKEMA

Elium® 180

UPR Epoxy Elium® resin
ISO 14125 flexural test
Max stress (MPO) 210 250 343 Vacuum infusion process
2 lies of GF BX45 1200GSM
Modulus (Gpa) 13 9 11 Sizing SE2020 for epoxy and
SE4740 for UPR and Elium® 180
Elongation at break (%) 2.7 4.8 > 20

EXCELLENT STIFFNESS SUPERIOR TOUGHNESS

ARKEMA



Impact and damage tolerance ELIUM

3T ARKEMA

Dart Drop Test

Elium® 190 Delamination Area (%)

DYNATUP 26J —4 m/s

21,5

11,5

55
Elium® 180 32 .
| L]

Elium® 190 Elium® 180 Epoxy Polyester

**Elium® resin can be thermoformed

to repair delaminated area**

ARKEMA



Thermoforming ELIUM

-+ When “cured” Elium® resin remains fully thermoplastic
« Allows for post-forming
« Excellent aesthetics; clarity and surface finish

Courtesy of Savoie Composite Solutions Courtesy of Savoie Composite Solutions

<+ Forming conditions
« ~200°C and 15 - 20 bar applied pressure (~250 PSI)

« Degree of draw and applied pressure are
dependent on thickness and reinforcement type
used in the part

3 RSN :
Complex bends 90° bends

12 ARKEMA



Welding solutions ELIUM

<+ Elium® resin composites can be welded together

“+ Blade demonstrator
« Show possibilities
-+ Welding
« Quick process

* Reduces waste
» Uniform materials - Easy recycling

S

Note: All surfaces A side

15 ARKEMA
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Recycling - compounding ELIUM

Commercial ABS + 40%

20 — 40% compound recycled
ABS-GF20 Elium® resin

End-of-life
composite part

Grinding /‘\ | , .
\ Compounding Q "fil“j;::;:‘_f;_-:",.} Injection Same conditions

(ABS, PLA, PMMA, efc.) Short fiber

or production waste )
compound Stiffness 4.9 GPa 6.9 GPa
Strength 69 MPa 76 MPa
Charpy 13 kJ/m? 22 kJ/m?
Impact
(]
[
[ ]
[
[ ]
[ ]
[ ]
[ ]
[ ]

Improvement of short fiber ABS

V Injection molding of compound when recycling
Elium® composites

NEW _ short fiber compound
Composite part

16



Recycling — depolymerization ELIUM

3T ARKEMA

é \
De-polymerization = ,, {
High Temperature
Under Nitrogen ' =

. Polymerization
Purity > 99% Hood (GRP, ABS-PMMA sheet)

: *MVC Plasticos
eeeeens » Separation Fibers / Metal

1 ARKEMA



Light-weighting methods & process development ELIUM

3T ARKEMA

Elium® composite

-

-

“+ Glass Bubbles - Rheology modifier for stable dispersion

<+ Expancel® microspheres = easily dispersed, stable in Elium® resin
« Dry expanded microspheres: one step; possible filtering
* Dry unexpanded microspheres: post-heat; lower viscosity

B 00 " 200 290 Jo® 10
Convection Oven Closed Mold or Press % . o ,
PEITS A, 2 0 ) |

A
« lower density * higher density ;
e uUneven surface «  Smooth surface

5 wi% glass bubbles

glass bubbles

5 wi% Expancel®

..\“ % TR

Jnexpcmded

. ARKEMA



Density reduction comparison ELIUM

3T ARKEMA

Expandable polymeric microspheres are more efficient in reducing composite density

Elium® composite

mmm Starting Density [g/mL] === Final Density [g/mL] -#- Density Reduction (%) 35
1,5 O
' R
oy ~ 14 30 S
5 wit% iM16K-MAS-1 —E' 5
5 13 25 %
oz
:g 1,2 20 >
5
(a] 1.1 (]
glass bubbles 15 8
5 wi% Expancel®031DU40 1 10
| ] 0,9 5
08 0
5 wi% iM16K-MAS-1 5 wi% Expancel® 031UD40 5 wi% Expancel® 031UD40
(expanded in press) (expanded in oven)

unexpanded

Additive used to lightweight Elium® composites

19 ARKEMA



Expandable microspheres in neat resin ELiuUM

3T ARKEMA

Cast acrylic

P g4
“IPMMA-16-0327 SE
T4 5
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€ i

000 40KV 8.0mm x3Q LMV 127222018 0751 """ "t.comm |
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=¥ LOW VISCOSITY at room temperature for excellent fiber impregnation

= THERMOFORMABLE at low temperature

~# LIGHT-WEIGHTING can be done efficiently with expandable microspheres
~# REACTIVITY adjustable with temperature to meet processing needs

~# EXISTING PROCESSES with short molding time

~# BETTER MODULUS than other thermoplastics

" GLOBAL SOURCING - production in 3 world regions by end of 2019

LIQUID THERMOPLASTIC RESIN

with outstanding performance

ELIUM

3T ARKEMA

ARKEMA



ARKEMA

INNOVATIVE CHEMISTRY

Arkema strictly prohibits the use of any polymers, including medical grades, in applications that are implanted in the body or in contact with bodily fluids or
tissues for greater than 30 days. Unless Arkema otherwise expressly agrees by written contract, the Arkema trademarks and the Arkema name shall not be used
in conjunction with customers’ medical devices, including without limitation, permanent or temporary implantable devices, and customers shall not represent to
anyone else, that Arkema allows, endorses or permits the use of Arkema products in such medical devices. Further, all implantable medical devices, whether
permanent or temporary, carry a risk of adverse consequences. With regard to implantable medical devices, you should not rely upon the judgment of Arkema.
Any decision regarding the appropriateness of a particular medical device in a particular medical application or for a specific clinical use should be based upon
the judgment of your physician, medical device supplier and the United States Food & Drug Administration and/or the European process of Medical Device
notification. Unless otherwise specifically stated by Arkema in writing, Arkema does not perform clinical medical studies on implantable medical devices. Arkema
cannot weigh the benefits against the risks of a device and does not offer a medical judgment on the safety or efficacy of use of any Arkema product in a
medical device.

The statements, technical information and recommendations contained herein are believed to be accurate as of the date hereof. Since the conditions and
methods of use of the product and of the information referred to herein are beyond our control, ARKEMA expressly disclaims any and all liability as to any results
obtained or arising from any use of the product or reliance on such information; NO WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE, WARRANTY OF
MERCHANTABILITY OR ANY OTHER WARRANTY, EXPRESSED OR IMPLIED, IS MADE CONCERNING THE GOODS DESCRIBED OR THE INFORMATION PROVIDED
HEREIN. The information provided herein relates only to the specific product designated and may not be applicable when such product is used in combination
with other materials or in any process. The user should thoroughly test any application before commercialization. Nothing contained herein constitutes a license
to practice under any patent and it should not be construed as an inducement to infringe any patent and the user is advised to take appropriate steps to be sure
that any proposed use of the product will not result in patent infringement.



