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Momentive Creates One Of The Largest Global MOMENTIVE
Specialty Chemical And Materials Growth Platforms
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(in millions)

Momentive Performance Materials Holdings
Craig Morrison

Revenue: $7.7 bn &
EBITDA: $1.0bn @

Epoxy, Phenolic & Silicones & Forests Products
Coating Resins Division Quartz Division Resins Division
Jody Bevilaqua John Dandolph Dale Plante
Revenue: $3,372 mm Revenue: $2,570mm Revenue: $1,777 mm
EBITDA: $470 mm EBITDA: $340 mm EBITDA: $181 mm
Base Epoxy Resins Silicone Fluids Forest Products Resins
Specialty Epoxy Resins Silanes and Resins Formaldehyde
Versatic™ Acids & Derivatives Silicone Intermediates Formaldehyde Derivatives
BUBRIR B FLATAEYIERI] Silicone Elastomers Wax Additives
Specialty Phenolic Resins Silicone Engineered Materials
Oilfield Urethane Additives
Powder Coatings Consumer Sealants and Adhesives
Global Dispersions Fused Quartz and Ceramic Materials

Acrylic Monomers




Global L eader ship Positions Across A MOMENTIVE
Broad Range Of Technologies And Industries
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Specialty
Epoxy

Silicones
Global
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Phenlic Specialty Versatic Acids & Forest Product Resins Oilfield Proppant Resins

Resins Derivatives Global Global
Global Global

LEADING MARKET POSITIONS IN MORE THAN 80% OF ITS RE VENUE BASE
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MOMENTI\E’
The New Momentive — Forges An Industry Leader
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MOMENTIVE + HE:JION

performance materials Specialty Chemicals

The science behind the solutions.
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Pro forma Revenue $7.5 Billion
Pro forma Adjusted EBITDA $1.2 Billion
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Versatic Acid & Derivatives Business
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MOMENTI\E"

Versatic Acid & Derivatives Applications

AT EE Y D FH A8 A
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VeoVa

VINYL ESTER

Emulsions (paints & adhesives)
Powder additives (construction)
Fuel additives

& CARDURA

GLYCIDYL ESTER

Automotive coatings

Coil and Industrial coatings
Reactive diluents (Civ. Eng.)
Pigment Paste

Versatic Acid

NEOCARBOXYLIC ACID

Peroxides

Pharmaceuticals intermediates
Agrochemicals

PVC stabilizers

Paint dryers

Tire adhesives

Lube additives

Metal Working Fluids

SHOULDER

-~ SIDEWALL

—BELT

CARCASS




= iy . . MOMENTIVE
Versatic Acid & Derivatives Manufacturing Footprint In Asia
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Existing:
2 Acid plants
1 Cardura Glycidyl
Ester plant
2 VeoVa Vinyl Ester
plants

¢ Roughly doubling capacity
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VERSATIC DERIVATIVES

Unconventional Chemistry
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MOMENTI\E

Synthesis And Application Of Cardura ™ E10P
Based Water-borne APO And PUD

FLFCardura™ E10PK 14 F25E 75 4 B A4 Big F11 28 = g
BRI RCRT Y

J CARDURA

GLYCIDYHL ESTER

Scott Wang/ T3 J7
May 15-16, 2013
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Agenda X%

> Introduction 5| =

» Synthesis and application of Cardura E10P based water-

borne acrylic resin
T Cardura ELOP 7K1 A M A4 I 114 5 A . H

» Application and application of Cardura E10P based PUD
BT Cardura E10P 2R 2z 5 70 il i 1 & A v, H

» Conclusion %5i&
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Agenda FE

> Introduction 5| =
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, _ MOMENTI\E"
Why Cardura E10P (CE10P) For Waterborne Dispersions

M A8 R I T Cardura EI0P (CE10P) FI7K # 43 Bifk

» The need to reduce the emission of VOCs has led to the
development of waterborne binders;

I AT AR 2, KT IR IEAE O A

» Conventional WB dispersions have a solvent removal step which
requires high energy and causes side reactions;

HOR AT 0 BT N BRI B, 87 5 38 = BERE AN B S M o

» Waterborne resins can be prepared in a more convenient and simple
process using CE10P as reactive diluent for initial reactor charge.

{5 I CELOPAE il ME MBI HT RS, ZK PR A o el i ol 46 L 2 S et
RN
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What Is Cardura E10P
Cardura E10P &f4

O

/

Reactive epoxy-group

& A

» Easy incorporation in polymers

due to highly reactive towards
amines, acids and alcohols

]S N Y A= N FNAL N

» S TRIANREYT;

* Ring opening generates an
hydroxyl group for curing
FERR AR, AT T [

 Enhanced metal adhesion

BEHEPIE

N
CHQ— CH—CH2—0 R2

CH,
Q |
C—C—R
4 |

O

of Versatic Acid 10
BIKR10

(R'+R?=7 Carbon atoms)

« Bulky structure KARFA 4y
* Reduce intermolecular
interaction 7/ 43 A 4F H 77
» Sterically protected ester
group v BH AR 4 i gt

« Aliphatic Structure iJljj jit
gk
« Hydrophobicity /K

MOMENTI\E’

Key Characteristic
FERE

* Superior appearance, DOI, film build,

etc.

QSR T L P S
» A simple polymerization process
faffb & L2
* Excellent acid and alkali resistance
AR L ) T 122 sl 71 e
« Water resistance fif /K
» Enhanced flow and leveling
GG T s AT

» Good pigment wetting and improve
inter-coat adhesion

U (R RS R A 5 5 )2 ) B
* High solid content low viscosity resin
)26 v [ RO 44 T
« Superior outdoor durability i fi%

13



The Advantages For CE10P Based Resins MORRENTIVE:

F-TCardura E10P # fIg 4t

» The steric influence and hydrophobicity of CE10P protect the cross-link
from hydrolysis and lead to improve chemical resistance;

CELOP {1 1) {3 L2 L VG K AR A B B A K B4 i 2

a5
Polymer ﬁ Lj
-_-_ (M)AA ’—-—-_ The u%z:rig?‘—eﬁeCt
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The Advantages For CE10P Based Resins MONRENTINE

F-T-Cardura E10P # Ig AL 2

» Offer a considerable processing advantage during the resin production

R AR KM N MG R B HE T AIL 1 5 4 -
R <
(M)AA ’
- A
HO -
Simultaneous reactions ! Esterification faft s by
&
720 S B Radical polymerization H &% &

ntator 8T e HEMA A
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The Advantages For CE10P Based Resins

F-TCardura E10P # fIg 4t

» Viscosity cutting power of Cardura E10P

Viscosity }i & [mPa-s]

Cardura E10P {1 [%k5 )

16000

14000

12000

10000 -

8000

6000

4000 +

2000+

0

Mw approx. 16000
Tg (Fox) =407C

Mw approx. 20000

Tg (Fox) =30C
\
=
~
~
=
hn“,approxm10000
Tg (Fox) =30C
g “"""“""""
................... Qrrrnnnnnrnnns@
; i 20 30
CE10P & fit [%E R F 4 L]

MOMENTI\E’

* Areasonably low content of
Cardura E10P in the polyol
structure contributes to strong
viscosity reduction

&2 ol & 4 ¥ Cardura
EL0P il §E 4 2L Hb IO, 52
e Cardura E10P produces lower

viscosity resins which can be
used for low VOC applications.

FLT-Cardura E10PH 45 MRS
AR AT LA SR VO CTR KL

Cardura E10P reduces the resin viscosity because its bulky structure also limits
the chain interactions limiting hydrogen bonding.

AT RFREG R, BT o0 IR D Cnasl i, 2858) , DIy FRARM ARG i
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The Advantages For CE10P Based Resins MOMENTIVE

F-T-Cardura E10P # Ig AL 2

» Cardura E10P based coatings show a better appearance

FF-Cardura ELOPIR AN & 1R I AT 5 i it 2

DOI - Spectrum

—&—CE 1,5 layers
F1 (64p)

—e— CE 1,5 layers
F2 (56p)

—4+—NONCE 1,5
layers F (55p)

—e— NONCE 15
layers T (47p)

du dullness Wa 0,1-0,3mm Wb 0,3-1,0mm Wc 1-3mm Wd 3-10mm We 10-30mm
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Agenda XF

» Synthesis and application of Cardura E10P based water-

borne acrylic resin
T Cardura ELOP 7K A M A i 1145 A . H

18



Synthesis Of Acrylic Polyols - free of CE10P MEOREERTINE:

ANECE10P A N R 22 TCRE &

N / Cooler & ¥tzs

Initial reactor charge
Skl
SOLVENTS
Va7

Heat to N Z|
130.... 180°C

Acrylic monomers
+ initiator

AR TR LA+ 53 A7)

® Pressure reactor needed
TR RN 3E

19



. e , MOMENTI\E’
High Polymerisation Temperature With Cardura Monome  rs

ff FfCardura AR AN E SRR EEE

Cardura E10P
(+ solvent %55

Heat to hN#HE]

Monomers HL.{A&
130.... 180°C

+ (meth)acrylic acid (F3&) KGR
+ Other monomers At B4k
+ initiator 5| & 7]

» Very high polymerisation temperatures are possible in conventional reactors!

FEAL G B 52 BEA TR B8 6 1ol mT g

20



Incorporation Of Cardura E10P In acrylic polyols ARONAEERNTR

FE N IR 22 JURE A 5 |\ BU R 4 7K H 1l i

+ (M)AA ’ + <

i
U>l.. |

o
HO
. o \
Simultaneous reactions ! Radical polymerization H &%
X &
720 B Esterification Bgft x W

ator STy o —HEwA T wwA
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CE10P Based APO For Waterborne Clearcoats MOV ""E

T CE10PHI N MR 22 JolE A T /K B

Cardura E10P and/or star
polyester

(+solvent optionally
B 7 AT k)

Pump
K

Heat to JIN#E

Monomers FLiA 130.... 180°C

+ (meth)acrylic acid (FE) AR
+ Other monomers At #fk
+ initiator 5| & 5]

» No need to remove (strip) the excess solvents
TGt B 25 = R )

22



APO For Waterborne Clearcoats — free Of CE10PM°MENTNE‘

ANE CELOPH N MR 22 JuliE FH T /K MR

Removal of the solvents used during polymerization:

S A - XA S FBE |
B R AR Fe A A5 R 771 N\

= E\ If'

Solvents

\E/E ﬁll

|

Recycling to
next batch

ISR T T
—= Heal 1B fit vk

® Time and energy consuming yH #E s [r] A1 GE Y5
® Side reactions during solvent removal & 2% 71 1 81 5 W

23



. _ , MOMENTI\E"
Key Design Of CE10P Based Waterborne Acrylic Resin

L T-CE10P/K P A M BR AN g ) S Bt e v 22

» The distribution of the acid groups may be random, but better results are obtained by
introducing poly-acrylic acid blocks.

N KR AE ZE G b (0 0 A BV BEAILI ,  (E G R L8 I R A 5 5 v AL AT PR3
ROR 2 U

Cntor S s —fHEAL— AL — o — o
T

o]

- -o

OH

Polymer
REY

-
S

24



i . : MOMENTI\E’
Formulation Of CE10P Based Waterborne Acrylic Resin © "

- TCardura E10PH) 7K P4 A 4 BR A% A B 561 2%

Ingredients/process 2143/ 1.2, Weight, g &5,
Solvent-borne acrylic resin ¥ 71 284 P4 45 BR 34 i 496.7

Di-methy! ethanolamine — 1 & 2 i Ji# 19.5

First water addition &5 — X IN/K & 273.2

Second water addition 55 /XK & 74.5

Third water addition &% — /X 7K 12 136.1

Total &= 1000.0

25



! _ , MOMENTI\E"
Preparation Procedure For Aqueous Dispersions

A R R B A B K AL ) 26 T2

»Heat solvent-borne
acrylic resin to 70°C

TN 2R A A PR B A

270°C g @
» Add DMEA to the

resin solution at 70°C
to neutralise about
80% of the acid groups,
and stir well for 15
minutes.

FET0 °C, Wghn—H %
LT i vp R180% ) ¥R Ak
S, B /e
A5

26



. : : . MOMENTIVE
The Major Factors To Particle Size And Stability Of  WB Acrylic

KA PR 23 iU AR 2 T I I R R

» Average particle size, which is related primarily to the addition rate of water
to the neutralised resin. It is therefore recommended that sufficient time is
allowed for the dispersion process;

SRR AESC R KET, KB ARG B RN R R OB R, Tk
ATTHER A T A2 4% R IR TR) 2R T 70 1

low 1i%; Effect estimate 5% #7 High 1




: : . MOMENTIVE
Formulation Of Cardura E10P Waterborne Acrylic Coat  ing

FFCardura E10P /K1 A i BR YR £ B 1l 2%

Ingredients Z04 Weights, g =&, 77
Acrylic dispersion P 18 43 B 100

Melamine resin Z 2544 i (Cymel 303)* | 19.3

Acid catalyst (1%) FR {445 1.3
Additives 7] 1.0
D. |. Water 23 & 17K 7.0
Total &1t 128.6

* URE Db 2w R R

28



. MOMENTI\E

of about 40
microns.

> MR, B
K40 1 m;

OO0,
'JfffJVVVBJﬁﬁf‘n
C0000NR0ININNN NS

min at room
temperature.

> P

NBCE 15534

XXX

5 minutes at 70
°C is applied.

> 70 °C R
FE (G ) 156
PARELE

30 minutes at
140°C.

> FEARAE140
°C MEIE304)
Bl

Application And Cure Conditions Of Water-borne Coat  ings
KRR . A A ] A 245
@® Spray it to
produce adry @ Panels are ® The panel @ Cured
film thickness  leftto dry 15 @ Aflash-off of IS baked for  systems are

tested after 1
day at 23 °C.
> HERE SR
BOBCE — KRG
/[ R

29



Poroperties Of The Film Of WB Acrylic Coating MOMENTIVE

TRV A BRI v IR L e

Test items X 10 H Unit 547 Results 45
Film thickness ik 5 um, K 30~40
Gloss % (20/60° ) % 01/94
Pendulum hardness $2 F1-filf Ji s, 203

Pencil hardness HY2E 1l J& 2H

BA resistance iy /i /% ] g OK
Xyleneresistance iy — FF A& OK

Petrol resistance it V1 OK

MEK resistance (Double rub >k[H]) Cycles f# >100
Fingernail scratch resistance i 5 H %1173 OK

30
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Agenda WF

» Application and application of Cardura E10P based PUD
KT Cardura E10P 2R 2z 5 70 il 1 & e b, H

31



The Synthesis Process Of PUD---(DMPA) ~ MOMENTIVE
PUDHI &L Z - (—“FHFERFNR)

(T')HQOH
oH + ocN-T_}Nco + CHy-C-COOH
l CH,OH

HO

ocN—_FNC

Ho oH __HO  CH o
ONNNNNOENT_FNCO-CH,-C-CH,-0 fN-[__I-Nco
COOH x

stabilization by incorporated anionic groups l + Acetone+TEA

HO oH Ho CHs OH
ocN—-__FNciooNNANANNOCN-T_FNCO-CH,-C-CH,-otCN—[_FNco
COO~ x

+ Water l + EDA

Polyurethane dispersion
R M o A

32



Principle Of The Stability Of PUD
PUD ) %c € 1 Ji B

- - o

Polymer
REY

S _-

Polymer

Ei’ AN #@

®Dispersed particles are surrounded by a stabilizing hydrophilic core
I U B S R T FR AR E 2R 7K 5E 78
®Hydrophilic core is composed of anionic groups in the polymer

Rk e AR G ) B I s 14k

MOMENTIVE

33



The Preparation Of The CE10P Based Diol MOMENTINE
3T CEL10P — JulE H il 4%

o, G
C—S:—R”

@C R’- ‘ + H2C CH CH; O R’ ) Rl-TiH-CHz-OOC-R’-COO-CH2-C|H-R1
1 mole 2 moles OH OH
Dicarboxylic acid Cardura E10P
7 AU R 4 7K H T e CE10P based Diol

L T-CE10P —Juf%
, +
R,-C-C-O0C-R’-COO-C-C-R;
| | < ——
1 I
|
CO-CR,- CR2 CO -CR;- CR2 n*2 moles

/ \ Anhydride /% %47

Diol polyester

H2C “cH- CH; 0
& Tl
L
n*2 moles : :
Cardura E10P n will depend on the desired Mw

NERR TR T FE 34



The Structure Of The Diol MOMENTIVE'

—JCRE H) S5
HOWONOWOT\/\/T\OQOT\/O\ZD\)@OH

Potential added values of CE10P based diol polyesters: fE% 3% o CH,
« Step process J i i fE
- narrow molecular weight distribution 7)1 &7 4fi
- polymer with low viscosity 2844k BEAI%
—> Ideal balance between viscosity and mechanical properties
XIHUBRE B8 57K B R 411

« Can modulate molecular weight via the n factor i@ i i nfi k#2610 T &

 Hydroxy function at both ends of the chain i3k

 Hydrophobicity 37K
- Improved chemical and water resistance MU 7K« ik
- Helps wetting of apolar substrates 7% BiiE i AE A% A4

35



Two Cases NOMENTIVE

(lx

Typical properties BRI g
HO- (CE - Adipic acid — CE - OH

OH (%) 5.4

Mn (g/mol) 643
HOCE- C”f <CE-OH Mw (g/mol) 666

Mw / Mn 1.04

Solids content (%)

[ 75 100

Viscosity (mPa-s)

i fZ 3000

HO-(CE-“succinic anhydride -' CE - Adipic acid - CE - succinic anhydride- CE),-OH

/.

HO-(CE-“ 3% ¥ ® ®# - CE- C._® -(CE-3 I ™ & -CE),-OH

36



MOMENTIVE

The Viscosity Comparison Of Prepolymer For PUD
T PUD K TRES WA BE LL AT

Ingredients 24> No.1 No.2 No.3
PBA 2000 ¥ 1R | BEfg 1 22.04 14.51 -
CEP10 based Diol 626 - 8.1 -
CE10P based Diol 2000 - - 22.04
DMPA ¥ FIEL A B¢ 1.50 1.50 1.50
IPDI/HDI 9.35 9.35 9.35
Catalyst(1% in Acetone) fi{L51] 0.3 0.3 0.3
Co-solvent JL:#%55 4.26 4.26 4.26
Glycol £ % 0.60 0.03 0.60
React them to the calculated value or about 3~4 hours NCO Jiz . 42 FRAR{H Y 52 IV K 21 3-44> 7 IN)
Acetone [ fifi 4.18 4.18 4.18
Results %

Viscosity, #fi% mPa-s 85000 53600 9000

37



MOMENTI\E"

Viscosity Cutting Power Of The CE10P For Prepolymer

CE10PX} T Z& 4 i) Bk )

90
80
70
60
50
40
30
20
10

0

FhEE, Pas

18
CE10P & &, %

Viscosity cutting power allows for prepolymer with lower VOC or bigger molecular weight

SRk g mT BA £ BEAIRVOCEE K 7 & I TR W)

Max. 89%

e

45
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A Standard Polymer Structure MOMENTIVE
HE AR SIS

Chain interactions &&AH H.4% H
(e.g. Hydrogen bonds #i4&#)
| h
Shear BI{J]

* The polymer chains are more prone to interactions, i.e. hydrogen bonds,
resulting in building up with an impact to the final resin viscosity

REWHEEWUN T FAEARH], s, Mo T S0 S K Rk
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A Cardura E10P Based Polymer Structure MOMENTIVE'
3T Cardura E10P MRS W45

» With Cardura E10P bulky group there is more space between polymer chains hence the
hydrogen bonding is reduced;

JH-}Carudra ELIOPH K AFAS Ky, 73 T4 R/ FH g sk, e
» As a positive effect, less solvent is needed to reach the good spraying viscosity (lower VOC).

H I SR PR 2 Ak gl A2 - Iﬁlﬁéﬂjﬁ:%?*rﬁ&i EQ"E‘J%%U?@?O

Shear ng
Aliphatic bulky

i
JE R R K AR

The low viscosity property allows for prepolymers with higher solids

(R PR P A B v [l 55 O SRR )
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The Properties Comparison Of The PUDs MOMENTIVE’
SRR 4 U I N FH P e LY

No.1 No.2 No.3 Benchmark
PBA 2000 | PBA 2000 | Diol 2000 53
+ Diol 626 Z
Specular gloss 20° 30.5 81.0 81.5 81.0
i 60° 65.9 87.0 86.8 87.0
Transparency i#Eid % 88 90 90 90
Haze %5 16.3 0.8 0.4 0.7
Clarityys i & 98.4 99.3 99.6 99.0
Pendulum hardness, s
’ 40 38 - 40
TRATHERE, P
Tensile strength, MPa
‘ ’ 40.0 32.5 - 25.3
AL
Elongation at break, %
’ 345 440 - 214
e s

41



MOMENTI\E"
The Effect Of CE10P Content To Transmittance Haze O f The PUDs

CE10P& EX R AL IR AES KW

Haze &3¢

18 -

16 -

14 -

12 -

10 -

8 —

6 _

4 —

2 —

0 - | ] | —

0 18 45 o

CE10P content %
CE10P &, %
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» Conclusion %5i&
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. MOMENTIVE
Conclusions "
258

v' CE10P can be conveniently synthesized to water-borne resins with

excellent performance by introducing preparation conditions and
Process;

TEAA AT KR G I et R 46 1.2, CELOPAEWS 55 N A i F /K
mﬂﬂ‘é AR, BPEREAL R

v' CE10P based polymer has lower viscosity, which is helpful to convert
the phase of the solution and reduce VOC,;

JLTCELOPHIZR S W AT EARAIKL S, AT A THAH, FRVOC;

v' Water-borne coatings based on CE10P gives the film with a good
gloss level, low haze, etc.

;@Q?CElopEﬁm PEERARL 2 TR IR AE T A AR RE, W eREs K

ek Re
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MOMENTIVE

Thanks For Your Attention



