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Dow Corning...

© A joint venture of The
Dow Chemical
Company and
Corning Incorporated

© Organized to explore
the potential of the
silicon atom in 1943
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Plastic and Composites

Fascinating Silicone™

Synthetic polymers

Silicon and oxygen
Carbon The missing link

Hydrogen Combining the characteristics of plastics and glass
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Plastic and Composites

Applications For Virtually Every Industry

FS

Almost endless applicability and more to come!
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Plastic and Composites

» More than 7,000 products and related
services

» Approximately 25,000 customers

» Over $5 billion in sales in 2008, globally
dispersed with more than 60% outside the US

» Approx. 10,000 employees worldwide

» A global leader in silicones and high purity
silicon

» Strong channels to market — distributors,
web, commercial organization

DOW CORNING
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Dow Corning — One Company, Many Big Opportunities

Plastic and Composites

DOW CORNING

Dow Corning Corporation

. ' DOW CORNING
o wl - - E
‘ HEMLOCK |‘ XIAMETER [! We help you
SEMICONDUCTOR : frow DOW CORNING _ invent the future.

Focus is on Polysilicon for Focus is on Products Focus is on Markets
Semiconductor and Solar Standard Silicone Products Specialty Products & Services

Industries Relentless pursuit of efficiency Relentless pursuit of innovation

We help yeuw invent the futwre™
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15-20% of our products and
services are < five years old

4-5% of sales spent on R&D
More than 4,000 active patents
Beyond products -> solutions

Approximately 50% of R&D
spent on sustainability-related
projects

We help you invent the

DOW CORNING

Innovation Is at the core of what we do
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Plastic and Composites
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Delivering Sustainability Benefits Through Product Innovation

Energy savings,
CO,reductions,
Water savings,
Natural resources
preservation,
Waste reduction...

A Agriculture: Water savings



s / - ‘& %

Plastic and Composites

Dow Corning Locations Worldwide

Moscow, Russia
Istanbul, Turkey ———
Wiesbaden, Germany — Seoul, Korea
:muh. m:um = :.u'um. Korea
oudeng, um r cheon, Korea
Seneffe, Belglum Guangzhou, Shanghal —— ~—— Osaka, Japan
Barry, Wales Uing Dwo, Shanghe! — —— Fukul, Japan
A Meriden, UK Pujiang, Shanghal Komatsu, Japan
Midiand, MI Midieton, lreland —& Beijing, China g:?::’):;::n
Hemiock, Ml St. Laurent Du Songjlang, China Sanky'u ko
; Pont, France Shenzen, China 3  wope
~ Lyon, France P Minhang, China N‘""m' Jepan
' 4T mnﬂnm g:“ “ Tokyo, .inpcn 3
Dalhi, India _‘_.D i Kyushu, Japan
Tarapur, India
Bhiwandi, India ﬁ - ;I";lp';l. Talwan

Mumbai, India

o @ Surface & Interface Solutions Center
g =4l (SISC)

Y Y e E-i' -]

"l —ad8 == -==] Lab development capabilities established in
=S| Seneffe, Belgium, for:
* Plastics & Composites Applications cell
* Rubbers Application cells
Global Team with worldwide networking

'\
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Plastic and Composites

“SI” In Plastics & Composﬂes

Coupling agent

Hydrophobating agent

\ Crosslinking

agent

Processing aids - .
5 Synergistic additives

Compatibilization /
copolymerization

DOW CORNING
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Case Stu d | es Plastic and Composites

Melt extrusion reaction of silane to polypropylene (PP)

1. Water Uptake in Wood-Flours-PP Composites

2. Heat Deflection Temperature in Glass-Fibers-PP
Composites

11
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Melt Extrusion Reactive Processing

Plastic and Composites

Polypropylene Monomer to graft, e.g., organosilane

@_ | Peroxide —radical initiator

Grafted
polypropylene

Grafting p-scission A\.- (-M
“Wish” reaction side reaction \Q\ A

The speed at which the polymer ‘unzips’ A Startlng material Grafted material :&rﬁ
typically occurs faster than any other e
desired reaction, leading to base :>
polypropylene performance degradation.
Molecular
weight High ow 12

_ We help you invent the future.



Melt Extrusion Reactive Processing &

Plastic and Composztes

Polypropylene

Monomer to graft, e.g., organosilane
Peroxide — radical initiator

Grafted

Grafting
“Wish” reaction

/

0

_N o~
— 0/\/\5:—0

.
O
Acryloxy-trimethoxysilane (ATM)

DOW CORNING

polypropylene

p-scission
side reaction

Y

Breakthrough discovery in favor to
grafting of ATM (W02010/000478-9)

against prior works with, e.qg,
vinyltrimethoxysilane.

13

We help you invent the future.™



Functionalized PP

Plastic and Composites
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Crosslinking PP

Plastic and Composites

Heat deflection temperature - 1ISO 75-1 Meth. A (1.8 MPa)

Polypropylene 30 wt% Talc filled Polypropylene
74.0 112.0 +8°C
70.0 108.0 ﬁ/J\rﬂ/
o —~ 104.0
860 ‘ ' +7°C O -
O ~ 100.0 .
62.0 %6
28.07 92.0 .
540 MNeat PP (MFI1=12) XL ATM-PP
MNeat PP (MFI=12) XL ATM-PP + Talc +Talc
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Melt Extrusion Reactive Processing &
In Presence of Fillers

Pre-grafting
N\ S5~
I\ N
AR e
\Q/—\. e QQJ/—‘
o °,

First stép: Functionalization

In-situ

J'Mr\ o .o
\_F\J _|_ g +.. >

All in One step: Functionalization & Compounding

_ We help you invent the future.
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Wood-Flours-PP

Neat PP (MFI=12)
+ Functionalized-PP
+AOx MB

250rpm Throughput = 2.5 to 3.5kg/hrs

30w% pine tries wood flours
~200-500um sizes

Floating

’ Strand

rpotie (o) (s, (568 [N [

Residence time ~ 2 = 2.5min

DOW CORNING
We help you invent the future.
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Wood-Flours-PP

Plastic and Composites

Tensile properties

50+ ISO 527 -2 — Type 1A ﬂ
— ~—« Increased Tensile
g 401 = MAgPP Modulus > 3000MPa
£ 10 I / * Increased Impact
1 — T~——
5 // comol Strength > 23kJ/m2
S 50l « Long-term aging stability
“ 1 / (underwater, heat)
290+
c 107
|_
0 : : : : : : : : :
0 2 4 6

Strain in %

Neat PPh resin: Emoq=1350 Mpa; Tensile Strength max.= 32 Mpa; Strain max. = 10%

DOW CORNING
We help you invent the future.

18



Wood-Flours-PP

o =Q >
S =Q>

o 2
e

« ATMgPP coupling provides long-term stability upon aging, e.g.,
> 1,000hrs underwater/90°C and air/150°C, without any sign of
deterioration.

19
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Wood-Flours-PP

Plastic and Composites

30% wood flours in PPH (MFI = 12)

j:g | —=control - Significantly reduced water
36 1 amAgPP /;ﬁ' uptake upon time vv_ith
3 - e ATMgPP coupling, I.e.,
X --ATMgPP 0
= = —a 2w% / 6 months only.
s e  Diffusion of water
o / o o
- A= significantly slowed down
S thanks to hydrophobicity of
silane coupling between
WEF and PP resin.

30 60 90 120 150 180 210
Timeunderwater @ RT (days)

20
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Wood-Flours-PP

Scanning Electron Micrographs
Control ~ MAgPP

No coupling Partial coupling
. _ _ Wood Fiber
Wood Fiber Partial coupling adhesion with
delaminating : PP resi
from PP resin deIaF:rl?'?\Z'ng e
Inati
: Homogeneous
Heterogeneous from PP resin gstructure

structure
21
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Plastic and Composites

Glass-Fibers-PP

30w% chopped strand
Neat PP (MFI=12)+

[ATM:coagent:Peroxide]
+AOx MB ' | Glass-Fibers

4mm length, 13um diameter

N ;
20 — L/D of 40
\ 0D / \1OD/ o 0 Floating

250rpm Throughput = 2.5 to 3.5kg/hrs Strand

et () 00 (200 [ [ [

Residence time ~ 2 = 2.5min

v
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Glass-Fibers-PP \ =" M

Tensile and Heat Deflection Temperature on ISO 527 -2 — Type 1A Plastic and Composites

o .
(A) 30Ww%GF PP Composites vs. PA66 (B) 30%GF-PPH (MFI 12) Composites

10000 155
150
9000 X 150
AN N
T 8000 g T PAGO : 145
% NG -e-ATM in-situ (1.5%)
% 7000 1= a -—MAgPP (0.1% MA) 5 10
0 AN . ] @)
= - X & 135 133
S 6000 e N =
9 S e— Q 130
= 5000 AN N - 126
2 \\\‘ 125
@ 4000 = —= 120
(¢)]
|_
3000 = 115
2000 — 110
20 70 T (°C) 120 Control MAgPP ATM in-situ

(0.1% MA) (1.5%)

Benefits against MAgPP coupling:
 High Temperature Tensile Modulus: +30% at 120°C
 HDT (internal method on Metravib® DMA50): +10 (BC) to +17°C (AC)

DOW CORNING
We help you invent the future.
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Glass-Fibers-PP
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MAgPP(0.1% MA) ATM in-situ (1.5%) PA-66

Intimate coupling with GF and crosslinking to PP resin shows enhanced
composites properties ... approaching GF-PAGG.
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Conclusions & Perspectives

Plastic and Composites

« Like Sioplas® process discovered forty years ago on
polyethylene resins, melt extrusion reaction of a,3-unsaturated
carboxylic functional-silanes in presence of free radical initiator
enables modification and crosslinking of PP resins and
composites;

« Broad perspectives for engineering up PP composites were
demonstrated, such as, e.g.,

— underwater aging resistance in WF-PP
— heat resistance in GF-PP;

 Dow Corning SISC is leading R&D projects

— helping partners in Automotive, Appliances and Construction
business

— exploiting the tremendous opportunities offered by “Si” chemistry.

25
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Plastic and Composites

Thank You !...

Discover more at www.dowcorning.com/plasticandcomposite

DOW CORNING
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