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Chemistry with a heart

TOKUYAMHA
Block Diagram of Hydrophobic REOLOSIL Production Process ™" ma chemicals (zhejiang) Co. Ltd

Rev. Mar., 2018
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TOKUYAMA G
Surface Structures of Hydrophobic REOLOSIL e M, 2018
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THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL. CONFIDENTIAL
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) TOKUYAMNA
Hydrophobic REOLOSIL Tokuyama Chemicals (Zhejiang) Co., Ltd.

Rev. Mar., 2018

ok SR .
Hydrophobic ReoLosi.  (KS Grade and HM Grade import from Japan)
E41 e MT-10 DM-10
DM-20S - DM-30S KS-20SC HM-30S -
Grade MT-10C  DM-10C QM50 Razzal
shm =Rk Ik ES
Appearance White |powder
2
BET [a il fg), 12020 1204£20 180420 230420 230+20 16020 20020 10020
BET surface area (m™/g)
FH-RMTREOm) 15 12 7 7 12 7 12
Primary paricle(nm)
ek (%)
Carbon content (%) 0.9 0.9 1.6 1.7 2.2 2.0 35 55
HEIRW I (g/L) 50 50
Bulk density(g/L) 100 100 " = = 40 B0 40
Ko (TIREETE %)
Moisture content(Dry up,) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
PH (4% iFim ) 8 45 4.5 5.1 6.6 5.2
pH(4% suspension)® 4.8 e * i : ; : '
Cl(ppm) <100 <100 <100 <100 <100
Felppm) <20 <20 <20 <20 <20 <20 <20 <20
Al(ppm) <20 <20 <20 <20 <20 <20 <20 <20
KEBRER (kg) MT-10:10  DM-10:10
Packaging(kg) MT-10C:15 DM-10C:15 W W M 18 L L
1) tHEEed
Wen leaving plant
2) kR AR, S ESIRINRMBERERE, Rk, Fokitit, H
M value indicales the litrime:ic amount of methanol when silica was completely dippd into melhanaolic aq. Made N Japan
3) TEREARSHPRIE,

In & mixture of waler and methano!
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TOKUYAMA

Tokuyama Chemicals (Zhejiang) Co., Ltd.

Primary particle size images of Hydrophobic REOLOSIL Rev. Mer. 2018
v" Particle size depend on hydrophilic silica before surface treated.
v" Specific surface area decrease by hydrophobication.

MT-10 DM-10 : g O PM-20
DM- DM-30S KS-20SC HM-20L  HM-30S
o MT-10C  DM-10C 3 PM-20L

BET tt ®mE#A (m3/g) 120+20 120220 23020 230+20 160+£20 1 5uﬁﬁ - 20020 100£20

\T f\ti —>

op| fo 102 CP-102 QS-30C  QS-40
i ' 11 K el
BET b #E#R (m2/g) 9020 1 4&2‘]‘ 200+20 200+20 22020 300£30 300430 38030
FH—XHFE=Z(hm) 22 12 7 7 7

200 m?/g 380 m
(QS-102) (QSs-4




Chemistry with a heart

TOKUYAMA

. . . Tokuyama Chemicals (Zhejiang) Co., Ltd.
Particle image of Reolosil Rev. Mar, 2018
Beginning stage in reaction Immediately after reaction Before final product

L)

Primary particle Bonding between primary
particles by melting zleryzfslujlf_);
ca. 25¢
: Co cting
The size relates Product
with S.S.A

Influence to handling
or dispersibility

(Bulk density 40~100g/L)

NOTE:

THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..

HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR
CONTROL.
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TOKUYAMA \C
Change in moisture content Of ReOIOSiI Tokuyama Chemicals (Zhejiang) Co., Ltd.

Rev. Mar., 2018
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Change in moisture content of Reolosil® under exposure to the following conditions
Air condition temp.: 35°C, R.H.: 80%
(under high temperature and high humidity)
NOTE: ~ Drying up method : weight loss 110°C for 12hr ~

THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR
CONTROL.

CONFIDENTIAL




Chemistry with a heart

Tokuyama Chemicals (Zhejiang) Co., Ltd.

REOLOSIL DM&MT-series Products (made in China) Rev. Mar, 2018

CETIETCTET

Primary particle size [nm]

Specific surface area [m?4/g] 12020 12020 18020 230%£20 230%20
Carbon content [%)] 0.9 0.9 1.6 1.7 2.2

Bulk density[g/L] 50 50 50 50 50

»  The data in this table represent typical values, NOT guaranteed.

NOTE:
THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL. CONFIDENTIAL




Chemistry with a heart

TOKUYAMA

. . . . . g . Tokuyama Chemicals (Zhejiang) Co., Ltd.
Viscosity properties of MT&DM-series in silicone oil. Rev. Mar, 2018
Viscosity Thixotropy Index
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The silicone oil viscosity of MT-10 is higher than that of DM-10.
DM-30 are little hydrophilic compared with DM-30S, therefore its viscosity is higher than
that of DM-30S.

Silicone oil: SH200 (TORAY 1,000mPa-s), Silica Content: 5.5PHR
Dispersing Time:2min Dispersing Speed: 3000rpm (tip speed 6.3m/s)
(PHR: parts per hundreds of resin)

BL-type viscosimeter, rotor: No.4 / DM-30, DM-30S were used No.5 / DM-30-10,000rpm was used No.6

Viscosity = measurement value at 60rpm / DM-30, DM-30S-10,000rpm at 20rpm (rpm: rotor speed)
NOTE:
THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL. CONFIDENTIAL
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TOKUYAMA

Tokuyama Chemicals (Zhejiang) Co., Ltd.

Viscosity properties of MT&DM-series in epoxy resin. Rev. Mar. 2016
Viscosity Thixotropy Index
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The silicone oil viscosity of DM-10 is higher than that of MT-10.
DM-20S and DM-30S are hydrophobic compared with DM-30, thereforeits viscosity is
higher than that of DM-20 and DM-30.

Epoxy resin: EPIKOTE815(HEXION, 700-900mPa-s) , Silica Content: 3PHR
Dispersing Time:2min Dispersing Speed: 3000rpm (tip speed 6.3m/s)
(PHR: parts per hundreds of resin)

BL-type viscosimeter, rotor: No.4

Viscosity = measurement value at 60rpm (rpm: rotor speed)
NOTE:
THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL. CONFIDENTIAL




Chemistry with a heart

TOKUYAMA

. . . . . e Tokuyama Chemicals (Zhejiang) Co., Ltd.
Viscosity properties of MT&DM-series in epoxy resin. R, Var. 2018
Viscosity Thixotropy Index
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The epoxy viscosity of Hydrophobic silica is bigger than that of Hydrophilic silica.

NOTE:

Epoxy resin: EPIKOTE815(HEXION 700-900mPa-s) , Silica Content: 3PHR

Dispersing Time:2min Dispersing Speed: 3000rpm
(PHR: parts per hundreds of resin)

BL-type viscosimeter, rotor: No.4
Viscosity = measurement value at 60rpm (rpm: rotor speed)

THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL.

CONFIDENTIAL
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TOKUYAMA

Tokuyama Chemicals (Zhejiang) Co., Ltd.

Viscosity properties of MT&DM-series for RTV. Rev. M., 2018
Viscosity Thixotropy Index
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The viscosity and T.I. of MT-10 is bigger than that of DM-10.
MT-10 and DM-10 are easily dispersed than QS-10 in silicone(RTV).
They can be used for High-end silicone sealant.

Silicone: 107silicone rubber(SHINETSU) , Silica Content: 7PHR

Additive: White oil(5#) : 35phr, Coupling agent : Methyl triacetoxysilane : 5phr

Dispersing Time:40min(vacume), Dispersing Speed: Rotation (100rpm), Revolution (50rpm)
(PHR: parts per hundreds of resin)

BL-type viscosimeter, rotor: No.7

Viscosity = measurement value at 20rpm (rpm: rotor speed)

NOTE:
THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL. CONFIDENTIAL




Chemistry with a heart

TOKUYAMHA

Tokuyama Chemicals (Zhejiang) Co., Ltd.

The dispersion factor of fumed silicain media ~
for rheology control

1. Dispersion Conditions
Silica: Specific surface area, Bulk density, Dosage of Silica
Method: Dispersing Machine, Mixing Time etc.

2. Affinity between the silica surface and resin molecules
Good affinity :silica is easily dispersed into resin.
ex. hydrophilic silica and polar solvent

Poor affinity: large dispersion force is required to disperse.
ex. hydrophilic silica and non-polar solvent

NOTE:
THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..

HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR
CONTROL.



Chemistry with a heart

. . - : TOKUYANNA
Affinity between the silia surface and resin molecules royamacrericais znsiang) co, Lt

Rev. Mar., 2018

1. in Non-polar Solvent 2. in Polar Solvent.
e.g., Silicone, UPR (Orth-, Iso- and Bis type ) e.g., Epoxy Resin, UPR (Vinyl ester type )
Hydrophilic REOLOSIL ; poor affinity Hydrophilic REOLOSIL ; good affinity
» High Viscosity, T.1. » Low Viscosity, T.1.
Solvation of Polar Molecules
Hydrogen Bonding O
i — QH- HO —Si I_OH OHO_SI
Si— OH HO — Si Sl—OHOOHO—Su
strong interaction weak interaction

Hydrophobic REOLOSIL ; good affinity Hydrophobic REOLOSIL; slightly poor affinity

» Low Viscosity, T.1. » Slightly High Viscosity, T 1.
i — Me Me — Si i — Me Me — Si
i = Me Me — Si i — Me Me — Si

weak interaction slight interaction

NOTE:
THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE.. HOWEVER, WE DO NOT GUARANTEE THAT
SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR CONTROL.
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Chemistry with a heart

TOKUYAMHA

Tokuyama Chemicals (Zhejiang) Co., Ltd.

In methanol (in polar solvent
Silica content: 7.0 PHR

) ReV. WVidr., A7I ¢]

Hydgophobic Silica _|
(HM-20L)

M S bRE
(HM-20L)

Hydrophilic Silic

%nk'@:_%ag LrE

0 2 4 6 8 10 12 14 16 18

Disper Homomixer
T > :

(3,000rpm) (10,000rpm)

Mechanical Dispersion Force

L Total dispersion time / min

Total dispersion time / min

14 16 18

Homomixer

(3,000rpm)
Mechanical Dispersion Force

Change in Viscosity of non-polar/polar solvent during dispersion of Reolosil

THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE.. HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE

OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR CONTROL.
| CONFIDENTIAL

AR
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TOKUYAMNA
Viscosity properties of Hydrophobic silica. e e

18 - 6
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1
/ k * ~— ——MT-10 —— MT-10
0 0
1000rpm  3000rpm  10000rpm 1000rpm  3000rpm  10000rpm
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Change in Viscosity of Epoxy Resin during dispersion of hydrophobic Reolosil -

Epoxy Resin: Epicoat 815 (YUKA Shell Corp., Epicoat 815, Resin Viscosity : 0.8Pa *s),
Silica Dosage: 3.0 PHR

Dispersion time : 2 minute

Thixotropy index=2rpm Viscosity /20rpm Viscosi
NOTE: py p y /20rp ty

THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..
HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR

CONTROL. CONFIDENTIAL
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TOKUYAMHA

Tokuyama Chemicals (Zhejiang) Co., Ltd.

Image of dispersion Rev. Mar, 2018

Hydrophobic
A

Easy to disperse

_ y Difficult to disperse
Low viscosity & T.I

High viscosity & T.I

EE AR X2 AEPRE KEME BEHE 0 K

Non polar < Silicone styrene UPR epoxy _ alcohol  Water polar
Difficult to disperse Easy to disperse
High viscosity& T.I | Low viscosity & T.I
\ 4
NOTE. Hydrophilic

THE DATA CONTAINED HEREIN ARE BASED ON STUDIES MADE IN TOKUYAMA CHMICALS (ZHEJIANG) Co., LTD. AND ARE BELIEVED TO BE RELIABLE..

HOWEVER, WE DO NOT GUARANTEE THAT SIMILAR RESULTS WILL BE OBTAINED BY OTHERS SINCE THE CONDITIONS OF USE ARE BEYOND OUR
CONTROL.



Application list of Reolosil

Chemistry with a heart

TOKUYAI'I'IA ®

Tokuyama Chemicals (Zhejiang) Co., Ltd.
Rev. Mar., 2018

Application

Reolosil Grade (mainly used)

Silicone Rubber (HTV,RTV)

CP-102, QS-102, QS-30, QS-40, DM-10, MT-10, HM-30S

Silicone Sealant

DM-10, MT-10, CP-102, QS-10, QS-10LS

Unsaturated Polyester Resin ~ Laminating | QS-102, QS-20, QS-20LS
Gel coats | QS-102, QS-20, QS-20LS HM-20L
Paint Polyester, Epoxy, Acrylic paints| QS—-102, QS-30, QS-40, DM-10, HM-20L, PM-20L
Powdercoaﬁng QS_102 MT_10, DM-10
Printing Inks Gravure, Screen printing QS-102, QS-20, QS-30, QS-40
Offset printing MT-10
i E dified Sili - - - - _ _
Adhesive poxy resin, modified Silicone, | $-102, QS-20, QS-30, DM-10, MT-10, PM-20L
Vinyl ester | PM—-20L, HM-20L
Urethane (Sealant) QS-10, QS-10LS, QS-102, QS-20, DM-20S, HM-20L, PM-20L
Polymer powder for — _
Bulk goods }Bisposa/ diapers CP-102, @5-20

Fire-extinguishing power

MT-10, QS-102, KS-20SC

Ink jet slurry

QS-20, QS-30

Toner

HM-30S, PM-05, PM-09L, PM-10LV, PM-20L, DM-10




