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X 1. Potential Annual Effects from Switch to
“Green tires™

Reduction of

(Per year) Fuel savings carbon dioxide
us. (Liters) (kg)
Autos 6.600 Million L 16,100 Million kg
Trucks 1.500 Million L 4,000 Million kg
Total US. 8.1 Billion L 20.1 Million kg
World-wide estimate: 32 Billion L 81 Million kg

Green tire claims: Auto tires 3-5%
(RR-22% t0-24%) Truck tires 6-8%

PUsS. data: Padula-Tire Ind. Conf. '95
q2 10% 3= #AANAE o 142% A=Y 4
Mg A7 4 gz Bagdo’ oHg A
T Adte] ot g 4 Fo RFANN B
AEE 8% A= HRge duEde F=2
Aol v el FA Z Elojolo F3)
Aol &) TAFE & + UL, HHAE=
Y AgAA MY &4 AFe] F7] A7
AMEE TS & F Aok wEpA A
ARSEAE Ndstr] AsiME Eloloje] Fa)
AY 549 mele dFFolge e ¢ F
Ut

Bfojole] zt 727} Eloloje] FAF ] F
T TS AT Ao o, glojole] E
ge Fo7r FAAY 5460 60% FE
719 gthe AeF dEA Qo wEkA
dE 799 ArEHE dux] HdFyoz
Aske Aol Avl F4S JhdskeT w¢
23 Ak Ae ¢ F ok

devte 7HEERF tEo EAAE 1%
Aol de] AREEAL o A AEdk A
§71&0] LAsEA dejrte] @y nx-o
o g APEE Z2AAIE AZY(coupling)
Zlge] Ao AA AwELEY AAL=ES
AAE o) ZAA A" wet tractiono]d v}
24%E HYE A HAA 9rIME 2
s Aegtel W dATHAL AoEs
5 Zuna golojd Wi Hrt eI
ol dis) 71&starat gt

off mx M oy |

Rubber Technology Vol. 2, No. 2, 2001

X 2. Conventical (European) vs. “Green tire”

Tread’
Compound 1 Compound 2 Compound 3 Compound 4

E-SBR(1500) 100 100 - -
S-SBR, high vinyl - - 70 70
BR, 96%, 1.4-cis - - 30 30
N-234 Carbon black 80 - 80 -
Silica VN3 Gr - 80 - 80
X 50S (50% TESPT) - 128 - 128
Aromatic Oil 36 36 36 36
ZnO-stearic acid 3-2 3-2 3-2 3-2
Sulfur-CBS 15-15  15-15 1515  15-15
DPG - - - -
DIN Abrasion loss 70 82 100 97
tan § (0C) 0.39 0.38 0.46 0.43
tan & (60°7C) 0.28 0.18 0.27 0.14

S Ao 2xE 58 3 oA =
EldRElgd w82} (emulsion SBR)d| FHEE
o] ZHE HEFQA A= Al Ao
AZE et M2 2AAE AHEET Q)
AL & F g’ 58 ® 2& green tired
EfE 1§ 2A9 nEA, FHADY 2
o #gf&g Jehlsich Compound 12

L

BAGAA g 2ol Bolo) EAE Aot
29 HFAHA dE ved Zoln FHAZA
N-234 7tEEdo) »olx glort compound 4
AMe gAY A, Aegbr @4 AHs-H
A%9 24€ Bolm itk 059 Aol7t 4
ol wAl= dFe By deisldde] Hg
| 48" ALE wet
shaA BHAF TS 7N
AN £ deS ¢ 5 Ao 28y slEA
52 JHEEYo] HEH ALHT A i
Aed, dg7HE AHEE o 2AsE o
RECECE RIRUE 2 RN S
Ag7ts MEste A2t Hud
2 nlEAS S FEAI7IE dTh

o)
o

o

101



Passenger Tread tost results as a function of the N33%/silica ratio

Indax Passenger tire, SBR, road tes]
o4
1004 Wg traction |
readwear
% o
-
[YR S Rofling res
D
“(O 40 ;D 9
2% ‘@ [
( Si69 modified YN 3)

8. Wollf . Tire Saciety, Mar, 1984

(a)

Truck Tread tost results as # function of the N22W/silica ratic

118
wo ] ndex Truck tire, NR, road test
e Weitna
""—e-ﬁ__e\‘**v
=T Treadwoar p
e
“"p
wt Rolling resistance
wh
704 b .
o . - " N
N220 €0 © o ; 0 ¢
2 ® < %

VNI 0 10
{5169 moditisd VR 3} 5. Wolt? - Rubber Div., ACS, Apt, 1588

(b)
1% 1. Rolling resistance of passenger (a) and
truck (b) tires as a function of
carbon black/silica ratio.

Aol AFE At AL E AFA E
© Etolo] EH =9 IAAY i AFJE A
| Etolo] FPAIE Ag 18 1o A
t}. 28 1eA YEhd npe} o] zF3AF Eo
ol Edre] A¢, Aol AFA At 7t
2B A Algew FAAL 7Asla,
wet tractione SXFHAM RS i &
g3le 735&% HoFEQrh EZE gelo] E
A% kA, wet traction %
9 Z74E Jeplidt 2
He FA4dx £, 4
g7t 1% é*é%sﬂ 5o Aadrt g2 &

2b

a2, v%MW lﬂi /é]alﬂ’/}%l% =4
Al Aol g Fe
of At glow £3 131?} 3

102

Rolling Resistance

o Silica

Carbon Black

Abrasion Resistance Wet Grip

% 2. Magic triangle of silica and carbon
black.

X 3. Passenger Tire Performance Requirements
in Europe and USA

Europe USA
Dry handling high > medium
Wet handling high > low
Hydroplaning high > low
High speed high > low
Rolling resistance high >, < high
Snow traction high > medium
Noise low pass-by >, < low interior
Ride comfort medium < high
Tread wear medium < high

2 AzQA Y etolofd tE 2 T744%
A1717]1 #1841 OE(original equipment)
Efolo] & ALHE 2k ElololdA
AA Vbt ot

FReE Ao gE 29 29 magic triangle
oA A7t AMgE AEIHATE Al&Ho|
Holg THEe] Asd4E 7Idsris =

A Elolojg EF = HuLToA FhE
S AgHA@e $HA Al2"og i)
Agse Axv AYEE A87MAH Uz
Aol we} zolrt Atk HFFH {FYPAHE o
2 EW X 3% #Zrh

B AAYAA, wet gripFt ZF5A Eﬂﬂ
LT85 UEE L2A Hdjgydae F
A A" tEo] HAEZ 1EAEY /‘P%R
ZA% sttt 2Este, 329 OEMe

2870 xyi2A ®2s, 2001



X 4. Market Penetration of Silica/Silane in
Car Tire Tread Compounds

Europe USA Japan

OEM Aggressive use  Slower silica Slower silica
of silica/silane, penetration in  penetration
penetration of  all products in all products
< 80%

Replacement In many cases Commodity low Low content of

summer  replacement and content of silica/silane
tires OE tires are the slica/silane

same
winter Winter tires Winter tires Winter tires

tires with high with increasing  with increasing
content of silica content of silica content of silica

A 80%7+A] 1 AHg-EFe] gutatgitt

E 4= €3 Elolo] EF=oA AsHA
o A9E AFHF dFs Yehln Qloh
Ag7HAZo] ARFHo2e IJAAFLE Zo
© #HZA9 A"}, EYE EloJojo] it
AHES PRGN AdtE tha AEHHo]
=3

828 Belo] Ed=E AL s 4e
FHAZ SAA7L JHEEA S dAlsks A=,
e OE AFdAAME =& FE714 FdEH

cH o= AdeghA%e FAA Ze &
A9l wet traction % ZAAZAo] 9-43}7)
HEolH RE AZAAE &hE Agolw A
23 E& golodXe F3FY HEEYe] o
m) oA HEHo R Fefoltt

#Hde OE Al&dA Azd Az dad
M-S AEEE Elojole EFE A= F
AANE g AXE AAT Yo Xzt
RE A= #std Aotk 84, §1, 9=
agn dEA HIHAZE FAA g
A JAAEe JY solvdxn Jou dA7A
= 8-S A3 AgdMe 7HEEHe] F2
AREE T Qlth 3, EEE Elo]o] AR A
T olgol Ze w& nEAT d# 15
&l 5828 ALHE Bo] 2olAE ¢n

At
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3. HEst HESY

3.1 ezt

Aggtdle Q4GS FE4E de
d, F A8c Ay 7I5HAA & Aozt
Jom, 1F AF 53], ol A
7W7F F2 AREEHI o ATy 78
2L Si0oly FAYolx, wWEHH] 25
mifg olidelx, B@YAAel 100 nm ©]3isl
w| A3 w Ay e} Bogtolt,

Ao we} F4(anhydrous)2 8718t <
shhydrated)dEl7tE2 UE 5 ded, Q&
FA4 93te AzHE AYIle LM E
o] gle Al AxRHER o) F44E7}
gtal &a1, F8dAo) A wet processell 2l&)A
AzHe de7te Fi4dE e o

FHHeE AMEHI e FHE FTAA
fumed A#71¢} electric arc A&7t 5& ¥4
At e, AAAd8) e 3kt
FEt. w3 HAY AdHEAEe % 15 %
o]&t9] bound waterg f3tn o, Fx}
o AZAHI= oF 5% FE2 bound waterE
T ok’ AreNE Eold F2 Al
He At sy AFEr= S

3.2 EZ4e|7tel M=Ehy

A73AY7H WS I8 304 R
Hheh o] a¢xe] Ed FEo e SO,
9} Na;COs7} &2 Eol 93l E-/aSi0; -
Na:O)Vdel2 =i, 2 &9 8 FHrisle
A-g7) g o3 Aejstst AP

Preparation of Silicate]

38i0,+ Na,CO; ——— 3 SI0, Na,0 + CO,

Preparation of Silica

(510, Nay0)yq + 2 H,50, —_— $i0, + Na,S0, + H,0

19 3. Silica chemistry.
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Precipitation of silica

SIHOM), + H* Palymerization 3
L, ¥

1 nucleation
.
'Y

- growth
-

L]
aggregation i

consolidation - <.

O’vr

1% 4. Postulated precipitation mechanism of
silica.

[ Liquifaction H Filtration I

|

Grinding

1% 5. Wet process of silica manufacture.

Zeid ¥ d71EE AA%
3 AxARS ARG HF AZAHN AFE
Ag F Aok Atz FEEHTF w27A
2 daarl 2 dAE7EY ¥ TRt 8
g, Aeglgt AT A-97) HeelM whe
ex 2 Fxd I3 F2 A8 5HE°) 24
Ho3c. RS 27t dAEC) A
' #4L a¥ 49 Yehiich =8 33 4
g7te] Ak AzFPL 29 59 Uehdoh

33 daiztel EHEY

durgoz shpydel 3
Tzo] uet Fohesel A BASl H¢
=] g} /\1317}“_—_ go

o
ofl
=y
jins
)
i
N
5
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Isolated silanol group

O/H -

Silica

particle S0~ Vicinal silanol group

Geminal silanol group

Siloxane linkage

1% 6. Types of surface hydroxyl group in
synthetic silicas.” ®

2t %’.ﬂﬂrv‘_’r‘: EA4E A Wgsle &4
%, A7t B9 EAste A
%71‘:94 %‘% g =7t Fadxs A8

A 7te] E4E AAAE F8 AR }%%
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FA "
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‘:}_7, 8
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o o] F7hgl weh el
A g u].U/vL‘:-o] DA E
H ole FE3 s34 élalﬂ
aee FHNUAG
Z-gol okl z 7] uﬂ%

3.4 &2|7tet Fta Sl b

AggEe] B
AL Hol=
E_Eﬂoﬂ g 1
- L L
iiﬂiit}s

i

Ag7tet FHREH Fa EAz0lE 19
79 ¥lwstgch 2¥ 7o) Yebd uiel 2ol

4. Az|7} EHOIAMS ASHES

41 NEA RSS2 SEEE

A7EEs 182, JREAA, FAA,
71k H7MA Atole] AzukE AR oA

Az, 7ln&sx, 7fas, 2%
JEZE Sol Wit
FE 5o Agtel ok A8 7FA {FU1EZR

GE=

ohe 4,

A}z RHAH YojdE F HAAE & X 5. Heats of Adsorption of Various Adsor-
Ag B4E Holm glout, Bwel SuH & bates on Silica’
A glojxEe & XolE Holx Ut} IFA Adsorbate (kJZ/]rPriol) Adsorbate (kallrl;llol)
548 73 Jde AEite &4 54E # n-Hexane® 31.8  Benzonitrile® 52.8
I 9= FEAETY FaLs QA7) ¢ n-Heptane® 365  Ethylbenzene® 394
- - -Octane® 406  Toluene® 478
s gwspdel gTHETh S, bis "
°}ﬁ = , Aol 2784 4% n-Decane® 478 Aniline® 103.5
(triethoxysillylpropyl) tetrasulfane (TESPT)<} Benzene® 453  Nitrobenzene® 62.4
2L oA E7A V5 de dEAEYA F Bromobenzene®  43.6  Methanol® 55.3
9] ©¢lo] "4 Ao}, Chlorobenzene®  35.6  Carbon tetrachioride®  30.2
*Nonspecific adsorption
"Specific adsorption
( 1 SILICA | C/B ]
4 Y Yo N\
Primary 3‘ 30 nm 20 nm (N220)
Structure (N,SA: 170 m?/g) (N,SA: 120 m2/g)
\_ AN A ' _J/
r "~ N L \( A g . )
R ar, . ;
I O{" 'y
Surfa<_:e Silanols: isolated Phenol, carboxyl
Chemistry Geminal, Vicinal ketone, quinone
Hydrophilic Hydrophobic
\ N A Y,
4 Y TN
Filler-Filler Strong Weak
Interaction (poor dispersion) ca
\, . Z
(Interaction M
{ with elastomer Weak Strong
A J

2% 7. Materials properties of silica and carbon black.
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29 49 g=s A8 3k’ ¥ 5 ‘Jr
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de] AbgFojgton Aertet ¢4 B 17
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E 6. Several Types of Silica Coupling Agents”

Types Chemical structure Chemical name
OEt OEt s s Avioro
TESPT  Et0-SHCH,rSdCH,s§i~0E1 Bis(triethoxysillylpro
OEt OEt pyD) tetrasulfane
OEt .
Thiocyanatopropyl-
TCPTS ~ EtO-SHCHorSCN ocyanatopropy
OEt triethoxy silane
OEt )
Mercaptoproyitrial-
Mercapto Eto- S:i‘('Cﬂz).rSH p p. y
silane OFt koxy silane
OFEt
CSPTES ~ EtO-Si{CHolrCI 3-chloropropyl
OEt triethoxy silane
OEt . i
VTES Et0-Si~CH=CH, Trialkoxyvinyl
6Et silane

FE3] o]FofR Fol| ojdste) FQlo] ulgz
& oldlEtE wigxrle) EsiMe gk
TALY, =PRAA T ZIE FHNAE
o] ALY wA= FFL IA &2 A
o= yehdd rslwd=(crosslink density)e
AZYA AHSF v F78tE A=
HEHR o JtuAe] HAF AHgEol aF
gt 184 ¥ow rtudxrt HAFES
dA Hol slmEel EAo]l wukbrittle)s| A
4 7 d§olth. &4, Elolo] EFEe nix
&7t ZtaA e AR EFRTE AZPAY A
&4 o gEdtE His gt

1Fe FAAR FEEAT JAAZ ol
EEUE Wl JtuFel S et A
T 4 9xel 44 (allylic hydrogens)
£ o]Z2Z3%double bonds)# w-$&te] s}t
§o] PR deEFpt AHSE Hx FY
WS ARE 7hgEgo] dojdnh &, dut

AFEZAAAN Ayt FHAZ AHSFH
AZHPAZ TESPTZI H&€ A9 713w
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g ol%e HAoE AR F Unt”
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)% nRA e whge) TS WA £ Y
E AAEEANE d8Y FE% FF I8n
dg)stel pHet FEFF T2 7E A £
F ok aga AFHRrIEEY veRd=s
A #2¥8 w-g2d(vertical reaction, A7t
Fua we-g 3 Aol o2 Ayl oA W
< e AP #38¥ ¥-3Zd(horizontal
reactiom® TE £ 4 Aed Sindorf?
o] A7 Aol o 3
E ghgol 4 ¢eg Hug uk glo], oY
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% 7. PGi-CP/MAS-Spectrum  of a Precipitated

Silica”
Silicon atom Approximate
No. of Structure” shift (ppm) Shape
OH group

None Si—R, -112 Broad

one HO—Si—Rg w0 U
HO-_

Two Si—R, -92 Broad
HO~

Ywhere, R =+ 0— S:ﬁ—

¥ 8. Relative Peak Intensities in the *Si-
CP/MAS-spectra of Silica and TESPT-
modified Silicas” with Different Silane
Concentrations”

TESPT ) HO-_
concentration Si—Ry HO—Si—R, Si—R,
) Ho~

0 20 70 10
5 25 66 9
8 25 66 9
12 27 65 8

Ywhere, R=+fo0— s:ﬁ—

%9 for coupling agent on 100 parts silica filler

olpwal Ast PHEL G- @ PC-CPIMAS-
NMR-SpectroscopyS ©)-4-3dth E 7o A&
AgsA & de7te] NMR 28 E-S A
st em, TESPTS w8 Fo Azt (&
matrix SiO.Z§)ol 2717t 3hE fle A
(no OH), 7R 73$-(one OH), 270 Y& A
(two OH)= FE3tT olg9 AU Bx&
o2 3to] 3E 89 A A

451 FIlMee] 55

E3HE o435t sl mE At %
me AetEr|es EM% 4% FAWES U
EhE peakE9 Al A|l717F TESPTY &
=7t FgeE 44 dsEgs ¢ 4 stk
TESPT9}e] whgo] Azlsle] Heber|7th a

ey
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He B¥gos AP o] peakES Bl
3}H geminal e}<] di-silanole] mono-silanot
Rt} £ @ol ZANE ZoE ¥A “geminal
di-silanol® o] © & ¥EAE BTy &
T A

F712RY] AEEdy dE 2HEY
F48 dold £ A= A A whe
R 99 Ao 7)o “all reacted”
71389 AU Je AFA 2§
BT nkLd] 2Arsk ALE 9u|sio)

TESPTS] olSAEE whg7lo] gt de] 5%
o] mE WIS F5-CPIMAS-NMR-Spectroscopy S
ol g3t ZAMATE 2t frdE T2
& TESPTe A& FAAH=E HE
2HEHOZ 1A ZAAE ¥ 109 Yl
th A& sxateld &% 7t peakE <] HIE
€ nHHE AH AEYA TESPT F=EA

=]

M oae o

o]
—

3 9. Assignment of the Silane Peaks in a
#Si-CP/MAS-spectrum  of TESPT-muod-
ified Silica”

Signals of TESPT after reaction

Approxmate shift

Degree of Si atom (ppm)
reaction

All reacted” (-0)sSi(CHps-S- -67

2 (-0)(RO)SI(CHy)3-S- -58

1 (-OX3(RO);SI(CH2)3-S- -48

None (-RO)SSI(CH2)3-S- -44

YAll reacted means that a silicon atom where all of
the ethoxy groups of the silane have reacted to form
siloxane bonds.

X 10. Relative Peak Intensities of TESPT-mod-
ified Silicas Based on the Concentra-
tion of Silane”

TESPT Number of siloxane bonds
concentration” (%) 3 P) 1
5 11 52 37

8 13 61 26

12 14 57 29

" 9% for coupling agent on 100 parts silica filler

Rubber Technology vol, 2, No. 2. 2001

°]°ﬂ o5 FFo] A9 ¢SS ¢ 5 Uk

BC-CP/MAS-NMR-Spectroscopy & A}&-3}od
S F dolgls A 18T d5A 1§
T Mg 49, 23]8] TESPTY %7}
FVa4E R G dEAIFY U F
7Vetg e, ol TESPTY 3=s} Ags} u
SE7F HIHA o HAHY4Fo TESPTEH
=7t EAES TelEiE 1D

o3
<
=

=

szrEi

fﬂ!r-(mu

Ao WA AAE FAFANN BA)
J9e o, A%A a5 WsE FAT 5
ALed o 37 FAH F48 52 9
AN F7tz s wreo] Waw Aoz B

T Uk
45.2 Me|3te| pH7} 0|xl= Hat
Az7te] pHrh Adshurgol
gotR izt pH 5, 6, 99 M2 & A
AYIHEY WHeAe PC- 8 *Si-CPMAS-
NMR-Spectroscopy®  mdslgon %Si-Azs
¥ 120) A3t “C-Ao) sid A ¢

NAE 9%

X 11. Ratio of the Peak Intensities QCH:/
SCH: in the “C-CP/MAS-spectra”

TESPT concentration (%") OCH./SCH,
5 0.6
8 11
12 13

D 9% for coupling agent on 100 parts silica filler

X 12. Relative Peak Intensities in the >Si-
CP/MAS-spectra of TESPT-modified Silicas
Having Different pH Values”

Silicon atom signals of TESPT after reaction

Degree of reaction

Al reacted” 2 1
(-O)sSH(CHz)-S-  (-OMRO)SICH2,-S- (~<OHRO)SHCHD-S-

pH5.0 15 63 2

pH 6.2 13 61 26

pH9.0 66 3 -

DAl reacted means that a silicon atom where all of
the ethoxy groups of the silane have reacted to form
sitoxane bonds.
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W74 A7) TESPTS} w8 3o
FoEA g0 AASA FIEEH ol
geo] BAEE WEHE TN d7A4
Aol A9 sleRele] FATL FYS
12HY ol 2, Ady s X
3 INFTE B & ok A4

71989 £ 4 3

3L
L=

£ B o N
)
1

453 AM2|7tof| Exfsl= T2EH

Agshirg o] SEFFYET} H)HE
dold 12} £ES 25 wt.%, 5.5 wi.uz 2
st zZAMS AFAE ® 130 FPsqrt. 2
& AZHA Pl FEES 25 wt% 55
wt%2 GElste AlgE A7, 2L FESH
Axe A Aol A AN B9t =
SAHA G, FEFF] FdFHom L&

2 55%2 ZA%7t ¥gAel o =A Ug
wth &, 22 FEFFAAN d@s wgrrt
9 g4 SAEA.

454 Alz|7tet R7(MEel vtenH

o]4}e] solid state NMR ZAFE2RE AS
Y iegs ) A 299 Hdets 259 4

'O
HES

o] ethoxysilyl 2§ Abolo] & ukgo]
73$-(primary reaction)¢} 2) H27} EHo
At AAT A#ERY F71HA S
$o] Aoy 7-$(secondary)E AT 4 )
o, o9 7t e WEAEZE 1Y 8
o vehf itk

ol#§ coupling reactions] FFL vA F
U QAEEZME ¥ A 7lE8E do
F Ae Adggty R, ATy R
o Fi9gL & F Qe Zi’ﬁ"z} pHZH, 1
23 st fIAd AT 7= FE
£ 9k

dojr}

L

=
=

X 13. Relative Peak Intensities of TESPT-
modified Silicas with Different Mois-
ture Contents”

Silicon atom signals of TESPT after reaction

Mosture Degree of reaction
content m 2
(Wt % Al reacted 1 0
(-O)SiCHo-S- (-OMRONICH-S- (-OMROMSHCHI-S- (RODSHCHp)-S-
5.5 13 61 26 -
2.5 - H 46 20

Y55 is standard moisture content.

Primary Reaction Secondary Reaction
(I)Et (l)Et

—Sli—OH ?Et —sli-—o—sli—(cu,),—s,— —Si—0—Si—{CHg—S5—

¢ EtO—Sii—{CH;);—Sz— o OEt (o] OEt
—Sli—OH OEt —Si—OH —SIi—OH

| Further hydrolysis of

(I) OFEt . ? OE‘ TESPT already bound o ?Et

—si~0H Eto—sli—(cH:)s—S\s 1 Direct condensation —-slu—o——s-—(cnz),—s ity rvitvid —S|i—0-—Si—(CH2)_;—S\
- EtOH OEt
OEt _ - P ——

? * ?El é Il i Hydrolysls ? OEt Hl Condensalon reactions: JOEt 3
—Gi—i . 7 H,0 / -EtOH — Formation of siloxane —.Qj—

S'I OH EKO—SI—(CHH . C:n;ensaﬂon s|l O_SI—(CHQJ_S bonds between adjacent s|' O—ISI"(CHﬂr'S

0 | “H0 TESPT molecules Pe) 0

i OEt 1 - H,0 or EIOH | |

—Sii—OH ?Et —s;a—o—sc—(cnﬁ;—s,— ——sa—o—?i—(cr@,—s,—

0 Eto—sii—(cu,)g——sr o] OEt [ OEt
—Si—OH OEt —Si—OH —Si—O0OH
Silanol groups TESPT Silica - TESPT Silanized Silica
of Silica Intermediate

2% 8. Reaction mechanism of the silanization reaction.

110

ag

Mg m2A M2E, 2001



5. d2|7t Hu2d

5108 =

dut o g AEyte Y YAAVE 7
Fo2 P& W & FAAEY v 27 =
AEY =7 2A dvehdt At AdukE
=9 FAEE Y37 AilAMe HE F4F
o] 7hs3 BRSOl F2 AR HEH, X
Al BEAZE glycol TE glycol FEA F0)
2ATHE 14)%

A7kt AR EYY HE ol Wz
2 ¥ AegdA dehde, dAdgo] #AA
H Hx Aole Zolettn HuEHgch Der-
ringerol] ¢&4, SBR AL =oA] Hthgo]
100 s'o] oS W, A7t HS-2005) 7128
P N-3309] Axe A FE22 Yehie
A¢ wASFGL” 24, e AdgoINT 4
27t A=Y HErt AAREANE =4 Y
Ehe Zog HuEAn) oo Add
> FHFEEA iy, 1dDE FF
$E E= AAEAYY gFEd. hE, A 7
EFYAE degt 24EY FAEE F2AE
o8& o). a2y, CR(chloroprene rubber)
o] 7%, CR¥F ¥hgAdo] F& mercaptosilane
o] AFEHUS W HE7} A stk 2
g}, whgAdo] kgt AT AREA] AEFE 24
B9 Hze 7asA H2d 18F #57

rl
flo to

—

F 14, Viscosity Reduction with Glycols and
Glycol Derivatives”

Glycol None DEG® OEA® MPD° TMPD® NPG®
PHR - 30 54 33 41 30
M5 at 100C 143 93 118 78 57 133
Ms at 135T

Minimum viscosity 64 36 46 31 20 35
Scorch, To, min 27 135 28 28 30 -

% Diethylene glycol

® Oxybis(2-ethyl acetate)

¢ 2-Methyl-2.4~-pentanediol

¢ 2,2,4-Trimethyl-1,3-pentanediol
¢ Neopentyl glycol

Rubber Technology vol. 2, No. 2. 2001

glo] AEsE #57|¢ /ML Qe ABEL
silica AB¢E9 HAEE FAhANIE Aew ¢
A qick Agel 15%E Ayt 159 5E%
HkgAo) gl 3 (lE &%, mercaptosilane®} CR
I o)) 1FE Herle A3 Y= P
o oy

FaEAE P

(o]

-

tlo
&

5.2 7tA|AHE

A7t FHE ¥ 24E9 FA scorch
time?® A% 7tag YA FHAG 949
Adde ui$ Fasith &4 5 /Mg d
2] AFEH3 Y= A 9] benzothizole sulfenamide
A=, N-tert-butyl-2-benzothiazole sulfenamide
(TBBS)$} Mcyclohexyl benzothiazole sulfenamide
(CBYE & 4 Utk ©lE& benzothiazole
sulfenamide#] 7}8 ZFAAe ofwl7IE ztx
A7) W AEigtel |A FEF€ch olF
Vg ZRA FFoz QA§ slu £EV =
HA3 7hu 2e wmd gAHg oy o
2 A7 WiFEdAE HEEY wgERY
6 B2 49 JIAE ALE3i dutygo =,
NR, SBR 2]i BR g7t ZA4SNA Ui}
2249l thiazole E¥ sulfenamided] ] AL
F 3 JtuAd @4 BR7l sk 23
#2142l guanidineAl ZZA S} glycolAl A
A E FA AMESte Zo] YubHoeln). &
JA FHFEE Z48A<  DEG(diethylene
glycoDE AME-3H ZA-9-9F 18X ge A%
g3t 7tmEA, & scorch € 7tmA 7ol st
Ay ® 150 QANERGY =F S48
FREE scroch time ¥ 7huAzbe] e
Qg ¥ 169 vzt %Y Ast W)
FE9 JtuAd @4 FE InClDe £
& FA7E AEstel HA wegogN gu
2 ZhgRgo]l dojubA] gkgo] e
Aoz A Ak¥ ZFAAQ  thiazole/
guanidine AR&HIELS SIFEFERZ  scorch
timeol "X E7t b2 A JelgA g, duk
Ao uREe 1Yol thiazole/guanidine
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¥ 15. Accelerator Comparison in Silica-SBR™

Thiazole/ MBTS/TM
Guaidine TM@3:1)

MBT MBTS CBs

Without glycol

Mooney scorch,

T, min a 130C

Optimum cure,

min at 150 40 40 18 16 25
With 2 PHR
diethylene glycol

Mooney scorch,

Ty, min at 130C 1 14 115 65 5.5

Optimum cure,
min at 150C 1621 13 ’ I

Y Formulation:  SBR-1707, 100; zinc oxide, 3; stearic
acid, 2; HS-200 silica, 40; clay, 80; coumarone resin,
4; process oil, 5 antioxidant, 1; sulfur, 2.5; accelerator,
3, glycol, as indicated.

17 13 7.5

X 16. Effect of Cure Activators in SBR Filled
with Silica or Aluminum Silicate”

Activator (1.5 PHR) None PEG HMT DEG TEA
With HS-100 silica (30

PHR)

Rheometer at 160°C

TS, min 95 5 44 46 3.2
T90, min 182 9 78 91 7.2
Mooney scorch, TS,

min at 130C 35 119 116 1.7 7.7

Y Formulaiton: SBR-1509, 100; filler, 30; stearic acid, 1;
zinc oxide, 3; sulfur, 2.5; MBTS, 1.5 DOTG, 0.6.

M o, 08, %:
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.

53 7lnge 24
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AES AVTAL FIAANEY A Fa
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DLEY Ao osiA BRute AEHA A
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5.3.3 LHEEN

AG71E ARRFgozHa Ugue FHFY
iz dx38 Aee $4EE E 7 A
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o] FHREYYH] $57 Ao o
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BYRAY, ol2gS % w49 A%s
408 4 % ABdA Agor 240

cutting & chipping Ad5& #X3HHEA vlEA
T B 2EEAY Ass: HAT & Aok
535 3|®ME H wet traction

A7t AHo R FhEbddin] w2 53X
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AR AZFAE ARk Aol A olnt
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5.4 Mixer type

Elojo]  AbQdelA  dubzo g  AREEFH ol
mixer type tangential internal mixero|t}. I
gy, &2 A7l Ages=rl 2dsEA
intermeshing mixer7} o] A}gx5 gl
Tangential® intermeshingS ®ladk F 179
UEehd Hle} ZHo] tangential typeol rotorAto]
o] F7ro] Fo7 <s)A filling/discharging”] %
o] 4% ukd intermeshing typed FHL
rotorzte] 7+Ze] Fo} filler o EAEHA} =
o, ¥4xdHe] AN nFuFEY] &5 F
Hol o $o)3 Aoz A AUokY Azt
A= WA A AZYA} At 54
Atotell #}sha] whgof osA FAATS A
st oF 140 ~ 160C Axe] 2&7t HHzx
A A, o] 2EHAE A HE AT AF
AW e ol =FAFANA  free
sulfur Fej2 Aozl 170C ol4Fe] oA
AFAbER Z7I7MLE o|Fo] ANHE 9E
Ae A7t a5 e EAHEE R

Ak 2o A nRAGA NPT
e AAY 2do BRo FE FY

A2zt AP FAd 9L mHEe 7}
8% 29%9 o}‘/}f’lﬁk(la‘ 9%=).
olgl FHwWoA, F& Azt FHAAEZ B

-

ol ro o ki
S

AN
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X 17. Tangential/Intermeshing Internal Mixer
Comparison”’

Batch Batch

temperature temperaure

control  uniformity

Machine  Energy
type  efficiency

Mixing  Intake  Discharge
efficiency  behaviour  behaviour

Tangential . . . N
0], o "

Infermeshing

CD + Ht +H H + +

+++ = very good, ++ = good, '+’ = satisfactory, -’ =
not satisfactory

ANE 4 93, WgEY 2ExHo] ¢ §ol3
intermeshing type mixer’} A7t 1T g
of Bo] AME-E3 itk

tan 659 AF E’iﬂ% Payne effecta}ﬂ 3}

[¢]
=1, °lv FAA-%3A) networke] 24 =
B AR 3 duA Wsle] 7o ®
£3], 1 ~ 10%9 92 A& glolojg A
A EAE AT 4 e dgolr) JRE
o o ;‘% WP AN F& tan 63

el H, ¥ degjits o d9eA A
Ao g v tan ¢ & UERT dE7e 7
LYoy FHA-FAA Adgo] Fapo] pE
He FHAFC s GA ARA FA
FHEEYe] A9 o %—hﬂ—%{ﬂl Ao
A7} iyl okste] gEEE ] o {4A #
AhE] o] onﬁxl% 1 '8}1 o} tan § HE=
ZsdtA "ok dEgh FE ey v
JAAEE Yele olf®E 97lel 7zt
E o a8y, ¥ E0] 718 =
AA-F2A Fzi-grogs FAA-ZH
sRhgo] F8 7|72 AE3HA o dEvt
FREEBHLE tan & AFO] oA F

EoXe A wdEE S Jepdo?
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Complete
coupling reaction
TimeT and Temperature T

y

Avoid pre-crosslinking
Timed and Temperature

A A

Optimum silanization
and short mixing time

A

Release of ethanol
TimeT and Temperature T

Good silica dispersion
ViscosityT at Time {

Fast transportation
processes
Viscosityd at TimeT

Best rotor and
mixing chamber
geometry

% 9. Mixing conditions for optimum silanization.
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AEZA Y dsixe dA7RA= TESPTZF F
2 AMEHT glon, & uigexdre =
717vatel] &8k A AL mEE TESPD(disulfide)
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BRANBAE +2FE 4 Ak olEd HA
A AsA AAZA ] 22F, A
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Az, Fe 2& FAA A e 58
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