Polymer(Korea), Vol. 39, No. 1, pp. 107-113
http://dx.doi.org/10.7317/pk.2015.39.1.107

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

d|7t-dEto] EREFE UTNF SEANS| VAN =4 S0 olxl= g

AP I

Fobelolol 26

P

0144 62 179 A5,

20143 79 219 4, 20143 79 26 AH)

Effects of Silica-Silane for CIIR Vibration Isolation Compound
upon Increased Mechanical Properties

Sung Min Kim and Kwang-Jea Kim'

Dong Ah Tire & Rubber Co., Ltd., Yangsan-si, Gyeongnam-do 626-110, Korea
(Received June 17, 2014; Revised July 21, 2014; Accepted July 26, 2014)

Z=5: F22RY(CIR) WRALF 53

o} Ae7h-dge] ArkE Ae, WRlaFe] dAEY F

iR 2 9] AT 2 Ax 52 vss 3k

Ag]7h-Agke] Hrtoll ofgt B3tiAl Ul delFlel FRERET 3R AETRe] A0
JNEAE 9 gt A5 e &3 HAUZS =2

BghaA) Welx Azjzh-deto] 7|A
shiel Qg
uth, ey BeRE Qe 9

=33 Aol miAe 9T el
= 13%, A AFEL 14%Y 22 STt
gt Mg Sk

& AoE A=t

ssick.

Abstract: The effects of silica-silane in CIIR vibration isolation compound were investigated regarding mechanical and
dynamic properties. Addition of silica-silane in the compound resulted in higher tear resistance strength and elongation
at break than the control, which was increased by 13% and 14%, respectively. Other values such as tensile strength and
hardness did not show significant changes. Viscoelastic property results supported that the improvement of tear resistance
strength and elongation at break resulted from the formation of 3-dimensional network structure between silica and CIIR.

The mechanism of the tear resistance strength and elongation at break improvement was discussed.

Keywords: vibration isolation, chlorobutyl rubber (CIIR), silica-silane, tear resistance, viscoelastic properties.
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BIIR, HNBR o] tiAIA2 AFEaL o 183 (tear
resistance), &5 Z-2-5(compression set) 52] o] 9o
olo tgk 7fAlo] oFHT)?

H AFFe] Y es B3] el Wrlasie] AMgs
= &A= JEe S ol A= o2 Ee] A
of g AFRIEANE S T N7 E% 5
= oL ot AsA o2 WA H9tax)e] 71414 =4
HAAS et 7MEEY 0] SHAZE AREE o] SIARE, HE
oA 7hset A2 B S3AIEe] AvlEaL glor A
SHo7 AFHI Ut o] F WM A7k 7REEY)
Hlgl] BE, Aol = IE, eteA 55k 7iad
He Aoz guA ot AggharFEgAA o] At A
£ o] BEokld BuEAEd o]F Ag A=A S vt
SRR YY), B ) e A AT (a0
S T2 EoJo] EF =] S FHE F WEECI
o RIS Ao dete] wdnE 8o 2= SIS
AR FHAAPM B ZA P F& L5 5350 &
HE AT BRI BdaA]e] EATHE S48 Ui
H AFA= FokE 7 gl

2 AFelM = WRIALT 2ol ARgske E2EFE(CIR,
chloro butyl rubber) 5324 Well Az]7h-A7hS ksl
71 BRI Bakaa) el vlaste] 71A1A B4, 53] g
A 9 g AgE] thete] Ael7b-Ade] miXs 93-S
Brrstar Ag7h-Awe] A8 wAUSS aFstaa) g

Al
=

ot

ME. BFHAR] F225492 Exxon Mobil(USA)]
YA =7} 38+5(ML 148, 125°C), HlZ©] 0.932] 1066 5+
S ARSI SR FHEEY S} AE7E o) 85kt

Z53A|

FHL 522 Birla Carbon Columbian(S. Korea)2] specific
surface area(BET)”7} 80~100 m?g, oil absorption value(DBP)
7F 122em’/100 g9l N339E, 4l2]7}= Shandong Link
Industry(China)2] specific surface area(BET)7} 170~190 m%/g,
oil absorption value(DBP)7} 200~350 cm?’/100 gQ1 LK955-1
< AREsIit A7l a-e] A S 1% AER
A= Evonik(Germany)oll Al A 42FeF N330 7H2E52 7} bis
(triethoxysilylpropyl)tetrasulfane(TESPT, #| & ; Si-69)2] &
] Eo] 5:591 X50-SE AREEIITE E4HA= Performance
Additives(Malaysia)2] ULTRA-LUBE 330, =3PA A= &
B29-5318K(S. Korea)] acetone diphenylamine(%13% ; BLE-
N), 7Fe-Z2A= 37 Z(S. Korea)?] polyethylene glycol
(AF; PEG 4000y ARSIt T8 HFH o= 7wz
AE AZRE S8l LA (S. Korea)?] zinc oxide(HF
o KS-23), 7] AAFAKS. Korea)2] sulfur(A] %% ; MIDAS
SP325), Qingdao Duote(China)2] tetramethylthiuram disulfide
(TMTD)S ARSI Table 19 7] AR5} TH-FA
9] wigHE a0kttt Ae7hAge] ke S225
g A 2AES T, Ag7k-dge] HrkeA] ke =
AAELE T2Z ¥7)5

HiEL 2 AFolA 2F2gE ARE 9130 tangential
rotor= 7/3% internal mixer(tip clearance; 0.2 mm, volume;
1.6 L, manufacturer; Bongshin Casting & Machinery Co.,
Ltd.)¢} two roll mill(SHF E°] &=4]; 1:1.2, & E9] 3|H
<*; 16 rpm, manufacturer; Mirae RPM Co., Ltd.)E A}-&3}
ATt AJAE oA vt 2ol Xegsiinh - @Al
712 master batch1(MB1)Z} master batch2(MB2)& A3
=4, 1A= fill factor; 0.6, rpm; 439] 72 AS 4835t
o] internal mixerg AMS-Ste] TS AFHh 2259 3
TE i 53 AEAA 7S Fogh & HRThAER

Table 1. Formulations Used in This Study (unit: phr)
Material . .Tl . . T2 . Product name Supplier Country
(with silica-silane) (without silica-silane)

Chlorobutyl rubber 100 100 1066 Exxon Mobil USA
Carbon black 14 24 N339 Birla Carbon Columbian S. Korea

Silica 10 - LK955-1 Shandong Link industry China
Coupling agent 3 - X50-5¢ Evonik Germany
PEG? 5(total) 5(total) PEG 4000 Kumhwan Chemical S. Korea
Lubricant ULTRA-LUBE 330 Performance Additives Malaysia
Antidegradant BLE-N¢ Kumho petrochemical S. Korea
Zn0* 5 5 KS-2 Hanil Chemical Ind. S. Korea
Sulfur 1 1 MIDAS SP325 Miwon Commercial S. Korea

Accelerator 1 1 TMTD® Qingdao Duote China

“N330:bis(triethoxysilylpropyl)tetrasulfane=5:5. *Polyethylene glycol. “Acetone diphenylamine. “Zinc oxide. “Tetramethylthiuram disulfide.
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Table 2. Mixing Procedure

Step 1:

Time
(min. sec.)

0. 00 Open ram; add chlorobutyl rubber
0. 10 Close ram

1. 00 Open ram; add silica, X50-S, and carbon black (half
of the total amount) + PEG 4000, ULTRA-LUBE
330, and BLE-N

1. 10 Close ram

3. 00 Open ram; add silica, X50-S, and carbon black (half
of the total amount)

3.10 Close ram

Action

7. 00 Dump
Step 2 :
Time Action
(min. sec.)

0. 00 Load MBI1; add zinc oxide, sulfur, and TMTD
4. 00 Dump

A FREEY EFE9] vl sigdEe 2t 718 J7H(PEG
4000, ULTRA-LUBE 330, BLE-N)Z wj&7]7] Y32 £
SIAATE 23 ¥ x| E5Fe] A ghAZEA RS &
FES YL 457 EHIHES st MBIE AlESISI
29HAIE= two roll mille- ©]-&3dte] MBI} 7hwA] 2 E214)
(zinc oxide, sulfur, TMTD)S &%AI#A MB2E A|Z31S
), ZgA] A dof| ogh 2312 TS W] 9
3 4% Yol E3He ¢4F 31T Table 200 zF vig THAIE
=1

oL QYEAIE: 1A E-& ASTM D624l 2] A3sle] th
w3 o] Aldstnt. JAEA T AFAF] Aol HA
H 93 9 4AEA, YEa e} nprial ohg} U
stoll A 7H=t~d AlEe] shdka) AEo] k. H¥ s 4
Ege] 7IBHES A=) gle AFd ] Aoz AlFs)
TH5 A1 ¢ 7] (universal testing machine, model; Instron
3365, manufacturer; Instron, USA)S ©]-&3fo] AF-2-0llA] 500
mm/min®] $E2 QG EE ZG3I3tt). oju 7t Huke=
F 7] AlgHe| tiste] AlES st em ALkE ZHzte
SRS TR A st JeRAAT

21 (el <J3l] JIE7=(TRS)E AH&EsH)

H

TRS=[-; (1

TRS(tear resistance strength): 147 =(N/mm)
F: AW 198 N)

t: Alge] F7) (mm)

A0 1A B3 F71el vXE G 109

QIZIAIE: o17gAI-& ASTM D4129] At tf3a) 7+
o] AlFatATE AEFEH ] 71ES o} (dumbbel)EFE]
AlE ] YA, 5 mm, FFaEe] Zol; 20 mm, 38
T2 7, 2mm, == Abele] A2]; 20 mm)S.= A|Z}e}
3, Y5 A]E 7](universal testing machine, model; Instron
3365, manufacturer; Instron, USA)S ©|-&3}o] 20014 500
mm/min®] $EZ BEHS IR, o AFES 54
it olu ZF A= 4719 AFH giste] A|EE
stom ANk 7H7te] Sk TUCE AEste] e
Bifel=

21 (2), 3), @l &8l A7F-&H(M,), VFEE(Ty), ot
WS By 27t A3t

- ()

Ig=— (©)

-L
Ep= L_O x 100 4)

T ASTM D2240° ¢JA3}

Q% T PR e

HEtM EM: ARES G2 Rheometer(manufacturer; TA
Instruments, USA)S AME-31e] 72, WM& E(strain) 1%, T2}
~(frequency) 1~10 Hze] 7oA 7ta e I15-o] A
AAE}E 25 mm, A2 50 mm, T2 2.0(£0.5 mm))e] Heg
(viscoelastic properties) 542 =313, T3 1, 5, 10Hz
olxe] A edE, &4 BE, &4 Al #hS vtk

7 S| tigk Fojo} &el= 2] (5)F At

AT (tand)= SA BEES AT Y ES] HE He
3 ATS Hole EAlN /87 ' 999] HlE-S vERITH

Polymer(Korea), Vol. 39, No. 1, 2015



110 gl -
tand = % (5a)
G" storage modulus(Pa)=j-cosS (5b)

0
" _0p .
G": loss modulus(Pa)—g-smS (5¢)
0

1714, op= stress, g strain, &= phase angleS 27|}
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714N 24, HEj7t-ade] ke 2A(TH A7H=A
Ue 2A(T2)e F22HYE WRIE BgaAd e
Figure 12 Q1G7=, Figure 2 300% AFAIZES A1) ¢l
S, Figure 3 2147%, Figure 4= 3¢t A5 Figure
= AES 2z et T1 1200 vls) QAG7=E 13%,
sk AEL 14%H 217 S7khe 21 BRIk s,
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Tear resistance strength

| with silica-silane (T1) m withoutsilica-silane (T2)

35

34

33

N/mm

32

31
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Compounds

Figure 1. Tear resistance strength (TRS) of with silica-silane filled
and without silica-silane CIIR compounds.

Modulus at 300% elongation

W withsilica-silane (T1) m withoutsilica-silane (T2)

MPa
w

Compounds

Figure 2. Tensile modulus at 300% elongation of with silica-silane
filled and without silica-silane CIIR compounds.
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HE S4. T13} 200 thste] Figure 62 G'(A7dEH4
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Tensile strength

W withsilica-silane (T1)  ® without silica-silane (T2)

20
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Figure 3. Tensile strength of with silica-silane filled and without sil-
ica-silane CIIR compounds.
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Figure 4. Elongation % at break of with silica-silane filled and
without silica-silane CIIR compounds.
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Figure 5. Hardness of with silica-silane filled and without silica-
silane CIIR compounds.
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Figure 6. Storage modulus of with silica-silane filled and without
silica-silane CIIR compounds.
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Figure 7. Loss modulus of with silica-silane filled and without sil-
ica-silane CIIR compounds.
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Figure 8. Tan delta of with silica-silane filled and without silica-
silane CIIR compounds.
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Figure 9. (a) Condensation reaction intermediate of silica and hydrolyzed TESPT; (b) Formation of Silica-TESPT-CIIR 3-dimensional structure

after vulcanization [redraw from 21, 22].
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