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Abstract: Silica/SBR (styrene—butadiene rubber) compounds are the primary constituents of tire treads. Furthermore, the
excellent dynamic viscoelastic properties of silica lead to good fuel efficiencies. However, the silanol group on the surface
of silica does not mix well with non-polar rubber because of its polarity. This incompatibility causes aggregation due to the
occurrence of hydrogen bonding between the hydroxyl groups, thereby reducing the dispersibility of silica. Recently, the
wet master batch (WMB) process has been applied to overcome these disadvantages, and research on silica dispersants that
can be used in the WMB process has been increasing. In this study, we prepared silica/SBR compounds by using three types
of eco-friendly cellulose-based dispersants in the WMB process, namely: cellulose-, sodium carboxymethyl cellulose, and
nanocellulose-based dispersants. Subsequently, we compared the vulcanization characteristics, viscoelastic properties, and
mechanical properties of the compounds. The silica dispersibility in the rubber compounds was improved with the addition
of the nano-cellulose dispersant, resulting in the enhancement of the workability, hardness, tensile strength, and wear resis-

tance of the SBR compound.
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AEAe &84 o] kel wet Brojo] AlRde] S il
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Foz e o] TSt Eabgo] ozl H

T Azt B4 EAIE AT 4 e wet master
batch (WMB) 33 0] = E 1 1=, WMBEZAL 7|& &
< J7HeS & WOl 21204 4= dry master batch (DMB)
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depoojo] Ar 2 HEE Y ghon, DMB 34 2 &=
Elojole] 7ha A3t 71 A41H BAE NS A7 Baid Ht
QJUTh 8 B o Lo A= WMB ZA-L 0|43t SBR-A &7} 1)
FES AR37] Yot AE22A 4 35S BAA=E
Zgata, Yle AEZ A BAA| 7} silica-SBR v gHE2] 7
FEA, Fetd B4 L 7IAE B rIX = FFS v 2

A5kt
Experimental
1. Materials

A2]7}-SBR HIFHE 2= 9l8] E-SBR 1723 (KUMHO
PETROCHEMICAL, South Korea)S AF&-3}9 2™ 10 wt%2]
bis [3-(triethoxysilyl) propyl] tetrasulfide (TESPT)Z 7J& =
FHNA A7} NK153 (MIRAESI, South Korea)7} AR&-T]
QA SIAZE= 2 wi% CaCly7} AFREITH AEZ A
BAHA| 2= cellulose (Sigma Aldrich, United States), sodium
carboxymethyl cellulose (CMC, Sigma Aldrich, United States)

9 nano cellulose (NC, Borregaard, Norway)7} A% it}

zinc oxide (ZnO)$} stearic acid (S/Ax= 7 A 2 AHEE

S, N-(1,3-dimethyl-butyl)-N'-phenyl-p-phenylenediamine
(6PPD, Sigma Aldrich, United States)= AFSPI-X|A| 2 ALLE]
%itt. Sulfur (SAMCHUN, South Koreay= 7} A2 AL

S 7= R A 2 N-cyclohexyl-2-benzothiazole sulfonamide
(CBS, Tokyo Chemical Industry, Japan), diphenyl guanidine
(DPG, Sigma Aldrich, United States), TetraBenzyl Thiuram
Disulfide (TBzTD, Sigma Aldrich, United States)S A3} t}.

2. Preparation of the silica—SBR compounds

A12]7}-SBR v g-E-2 WMB, SMB (silica master batch), L
2]3 FMB (final master batch) 342 AX A|Z¥c}t (Figure
1). WMB ¥4 WA TESPT=Z #H/H4 | AZ7tE 5/
Zeof H7}sted 5B S0k 1000 pm 2.2 TEF 3 1300 rpm.2.

2 5EE9} WHlit). o]% E-SBRE H7F8ta 559 wul
L AT Fof ZRSe] =9 AERAA EARS AL
ek, SEEok Wb AA F E-SBRY $4L 913 CaCly

A7teke, g

= ‘ﬂ?} SBR Hi3HES SR-E AlFT
T 60T Al 24X7F 2t A

A
=
5ot AXE AWl TAL gRB

Distilled water ESBR ] {

Cellulose based
Dispersants

[
! |
Modified silica §> }>

Mixing
(70°C, 1000rpm)

Mixing
(70°C, 1300rpm)

SMB / FMB

[Zno, S/A, 6PPD H Sulfur, DPG, CBS, TBzTD ]

| l

>

Mixing
(70°C, 1300rpm)

Coagulation Washing &

Dry(60 °C, 24 h)

Measurements

il }> it }> i }> e }> of Vulcanization }> Pressin
compounds (120°C, 12min) (50°C, 2min) (25°C, 12h) conditions E
Figure 1. Process for preparation of WMB, SMB and FMB with cellulose based dispersants.
Table 1. WMB, SMB, and FMB Compositions of Silica—SBR Compounds with Cellulose-Based Dispersants
WMB SMB FMB
Compounds — -
E-SBR/Silica (phr)  'TESPT (phr)  Dispersants (phr)  2ZnO/(S/A)*6PPD (phr) Sulfur"CBS/DPG/'TBZTD (phr)
WN 0

WC 2
100/100

WCMC 2

WNC 2

3/(2)1 1.5/1.5/0.1/0.2
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Az% Ae7}-SBR #igE2 ZnO, S/A 9 6PPDE UT7]
(kneader)ol] @31 120TC oA 1227 94T &, B2 (Two
Roll Millyg ©]-8-5}o] SMB &}gtE-& Al =3t FMB 3782
SMB 3}5H23} sulfur, CBS, DPG, 18] 3 TBZTD Yt 7]of ¥
I 50CoA 287 vk JYst, FETLE o5t
TH o8 AE71-SBR W= A =gt. A2)71-SBR @i
=9 FAE2 Table 19 YeH o™, phr E-SBRE| 33
< 100phr2 39kE wjo] 247+9) g vhehdict.

3. Measurement

3.1. Cure characteristics
Az7t ¢2E A2i7h-SBR WEEe] 1S

FEAAS XF 4
+1°, 2% 160C ZAL=Z moving die rheometer (MDR,
MDR2020, MYUNGJI TECH)Z 3027F 4= glom 4
B3 (Toin), AN EF G (Toan)s 22 AIZE (o) & F]

2 71 AR ()& S

3.2. Viscoelastic properties

Mel7hSBR WigtEe] feldoleEel Hud B4e
dynamic mechanical analysis (DMA, DMA Q800, TA)E o|-&
st ASTM D 4065 o wat S48ttt S4E Tan 6
60°Cof|l A &H] £4, 0°C, -30°Co|A Al 54 5= Blast
et

3.3. Mechanical properties

A12]7}-SBR HigHE<] 717414 ASTM D412 w2}
ZA=9ch 100 mm (Zo]) x 25 mm (HH]) x 2 mm (FA))

= 2] .0
EA2

9] Dog bone A|HZ A3t 3 universal testing machine
(H5KT-0635, Tinius Olsen)2 ©|-&3}o] HAE, AAHE 9
HEPA g S5 AEl71-SBR HiRHE Y] Wjwhe/d
2 ASTM D 5963¢] wat DIN mfE A3 7] (AT-2020-D,
MYUNGIJI TECH)E ARE-31o] 2243191, 7 =+ Durometer
Hardness (Shore type) & ©]-23}o] ASTM D2240 % o wh
o Bstsch RE AR 384 245to] BRghe Lehy
o},

Results and Discussion

1. Expected mechanism between silica and cellulose-
based dispersants

Figure 2= WMB 34014 9] Aej7tol BB 2024 Hab
Ao AF HAUZES Relzch. Aelzte] 9 Eele] sfo]
=247]7)79] $48F02 3] $Alo] Lofuh] B
A7t Baro] Wolxlch ABR 0 A A B3 EH
o Sl =27 E Hestn qly] Hie] st Ewiel o
O|ESA7|9t 2B 1A Bk AR oA BAAE A
o] A AFS DY hAIste] Yelsbe] S At
T EAS AL 4 k.

fL

s

2. Cure characteristics

AE2 07 FAAE 283 A2]71-SBR HIFHE9] cure
characteristice MDR X232 FA|5}9TH t,,2 A4 A5
| Brgle.z A7}-SBR g HA| HEdA e 10%7
A =G@g A7 Y BREAITES QJulgtt. 48] AlTte] 4

. . OH OH . B
(without dispersant) (with dispersant) o
OH OH
OH OH
OH OH
S \ _ ol OH OH oH
, \ -
OH OH ’
7 Sz R oH OH  Modified
s . \ \ or on oH on silica
OH OH e \ \
e \ 1 OH OH
/, \ !
1
OH OH \ \
1 1
: . OH
OH
oH oH Vi oH Cellulose
AN Y on o based
R N\ O OH dispersant
s \
R K OH
N ° oH O
\ ‘\ P ,
\
OH OH ., OH oo } L) o~ N | ------ Hydrogen
, - OH bond
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OH on’ ’ OH OH
-
. O
OH OH OH OH

Figure 2. lllustration

of expected mechanism between silica and cellulose-based dispersants in the WMB process.




218 Jung Soo Kim and Dong Hyun Kim / Elastomers and Composites Vol. 55, No. 3, pp. 215-221 (September 2020)

5% 74l ol RolA7] A WY BHS HFY 5 Yt A
7o) ZojAt}. 1ol A)7-SBR RS A7) e
90%7HA] EEEE ARG WA ulste Azl
AP0 R BRUTH 1,9 AL HLHT HA7HT
A17o] FobA 19| AZ2FH AZre] HotH| B 714l
STk Ty 32 A2)7}-SBR Mg E0) H4 B3 g8 ojujat
o T 2] R4S Hel7}-SBR HjEES) §540] Fof
A A= Fee oulsta ok Aelzbe) Hariol e
AL QUL T, G AEI71-SBR TR o) =2 3t
2 SJUIBHET, Ty g0l $258 A2l7h-SBR 32 4
%7h ok Hrl B2 gol RO /1AM B4l WM
GFL VA Ty Ty G AL7H-SBR T2 A1) =
2 golA B ES G2 W FOR, Tou Ty o] 245
7Hgol & ool H2S sk ol tuYES} Uiol
e

Figure 33} Table 20] Lehct Hhek o], WCe] 79 WNej
Hl3) ool o S0 HE 7okl ZEF 4 Gl Altel 2
otk tnS] A o 1% 713 gstol HA A0 B
obA 713A0] FAHUIL, T 2 A F 31% HE 7
a3to] RBA0] F7FHATE. To 2 A oF 27% A% 7

Table 2. Cure Characteristics Data of Silica—SBR Compounds
with Various Dispersants

Compounds WN WwC WCMC WNC

tio (min) 02:35 03:26 02:59 03:35

too (min) 15:04 16:03 18:24 18:27

Cure rate (N'm/min)  0.308 0.201 0.178 0.163

Tonin (N'm) 0.768 0.609 0.595 0.569

Tnay (N'm) 2.768 2.283 2.320 2.114

Tinax-Tmin (N'm) 2.000 1.674 1.725 1.545
3.0

25 F

15

Torque (N-m)

10

05 [

0.0 1 I 1 1 L
0 5 10 15 20 25 30

Time (min)

Figure 3. Changes in cure characteristics of silica—SBR
compounds with various dispersants.

SFATL, Tra-Toin AL OF 25% AT ZHA6te] 7lmd=s
SHE LS & 4 Ytk WCMCE WNo| B3] t,00] F 20
AT Z7Fst 7H8E 4= Qe AlTte] B7tskelTh. teo] %
oF 38 71 F7ste] HA71EAITe] F7ste] 7hgAdol
AFFGIL, Toin 2 F$ OF 23% A= sl G54 0]
7V, Tia 352 2F 17% % 22321, Toge-Tonin

2 OF 14% A& Faskth. WNCO| 9= WNej| H]3)
t10°] oF 1 A= F7ske] 7R = Sl Altol 71 =4
S7ketATt. 9] - oF 3% 7HF S71ete] XA 7H8AI 7]
S7ksto] 7hg-d 0] FASBEAL, Toin T2 OF 26% B= 25}

5480l F7IsHT #5489 7t A7k #4H4
Fgol TS nAE A2 25 Tow 3 F$ oF
24% A% ZFABEIL, Tonae-Toin a& EJF OF 23% T 7HA5}
o 7t Ee FaEASS Flstdnt

o B o B 2 b

3. Viscoelastic properties

Tand e &4 B BESA IS A BY BEYL G
o2 o] Yehths gho, glo] $24% A4 54 7}
B3 %245 By B4 7PEThE & 4 lek. Figure 42
2ol T2 Tan 3 ghe] WBHE Fotel 52 A SHL v
WG, T8 AFE] HYSHs Zhe Table 3of Lrehygict.
T, (°C) k2 Tand gho] 74 7 b 9] L2 WN
o] 7V B ghe eI, W7k b e ke ekl
ST} T, kol £245 Ael7}-SBR IR fAio] Hol
A= o] YIek. TN Tan 3he AWA O 2 Aels} £
AE7L Z7Fe w7 ek 4 Gl WNCTE B4
A g5 e WN thH] oF 40% 713 2 g vet
Rom], Ae$ AF S-S trehls 30°ColN S A &
Hew b RS o= 9550 vebith. 60°C oA 2]

Tan 0

80 60 40  -20 0 20 40 60 80
Temperature (C)

Figure 4. Tan & changes of the silica-SBR compounds according
to types of cellulose based dispersants.
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Table 3. Dynamic Viscoelastic Properties of the Silica-SBR
Compounds According to Types of Cellulose Based Dispersants

Compounds WN WwC WCMC WNC

T, (°C) -35.38 —41.85 -39.37 -39.10

Tand at T, 0.768 0.935 0.867 1.070

E’ at -30°C (MPa) 116.4 54.85 91.04 40.89

E” at 0°C (MPa) 6.739 3.156 5.400 1.462

Tand at 60°C 0.078 0.058 0.076 0.051
Tan 5 G &5 QMSAC] S5HekD 8 4 g, o

E5F WNC 7h /b 48 gh2 Urehi ek, that, 0°Cell A
o] 22 BHA S 7o o2 2 oaE Mo ol B 4
qltl, BAAS 8% BE HEo] WNETH | teht
£ Ans FIsg.

4. Mechanical properties

MEE Q1A BAAE H 8T Ae7L-SBR TR /1A

A E4E S35 Moo, Mgy, = ZH2F 100%, 300% Al
[ TMigo%
60 | I M 3000,
P 9
£
S
D
2
w
o
5
8 20}
] (
0
WN WC  WCMC WNC
Compounds

Figure 5. Tensile modulus of silica—SBR compounds according
to types of cellulose based dispersants.
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Figure 6. Tensile properties of silica—SBR compounds according
to types of cellulose based dispersants.
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Figure 7. Hardness and wear resistance of silica—SBR compounds
according to types of cellulose based dispersants.

oA BEgHAE Uehdth(Figure 5).

A #go] ohEl WNa} ¥ Zake] WCSH WCMCE Al
A2 100%, 300% Y] 2= REFH AT} Z4st= AdFo) 1,]—
Ebtom, WNCS] 79 A& 100% & o] RE2e
Rfg & ST, 300% U e £F Arohs A
elslsich, REHLE Holo] SHE Al 494el

PE AL B8 il N3E B Ut 2
$E4 B2 BEeAY YAE AuOLt 94 4
0 o9 A ekl Ao 1o} 2 422 3
g7} #Ato] REHA B4 932 vzl Ao g woHth
412]7}-SBR HijghEo] wEE w7t
S %2 Ul X2, 7t U =9} v gshs 4
e 7tz HHste Al Ut
(Figure 6). o]of wz}, Cellulose £A4HA|¢F CMC £AHAE &
&3 A2|71-SBR HiRES 7FFEA O UEhd 7t H =0
wteh QU EL gy AR S7bke Hael et
O}, Nano celluloseE 283t WNCQ| A o= A2
W} AR ol A)e A EE S7ksHe Al g
ok BEHAQ mRVIAZ Yl 27|19 dEre e A
7}-SBR HjRHE WollA A7t #ARE SHidtste], 54 %
7H A 71AA 4 el 71o8te A= o 43ttt o] w
2} Figure 79 YEFH Hardness®} Wear resistance 4350 &= 1t
7 2 A £ AE Foll= 7HE %2 %49 Hardness
£ YeY 3, Wear resistance 2 WNI} B ste] oF 10%
W grasts Ane elsrt

o.& ﬂlr:l

Elongation at break=-
o] XA

ol ‘RlJ-

Conclusions

£ ATNAE WMB 33& ol §3tel thpit S579) 4E
2o B BAAE 487 A7LSBR MRS A%

3}t Cellulose, sodium carboxymethyl cellulose, nano
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cellulose & 3F72o AEZ o AHA BAAI7} AMESTS
BAIE 485 e Ael7-SBR et vlwstel 1
AnE BAsl oS Fal 2 Ae7h-SBR R 713
=4, 7434, 291 7144 B4S BsgY, 355
A2 027 RS 14T Ael7-SBR RS B
£ A 317 ghe Aei7}-SBR vigHEol Hs) 45 40] Fo}
A3 7HgAel FAHAT. B9, BASRo AT 489
WNCE FeHd 24 2318 9 Aelvte] arao] 71 ¢
S ACR Uepton] o2 sl Axe AE 54 A
H] B4o] 9431 vebdE SHlshgich. 4T Aelst B
o] §540lE FHH G IHA, cellulosesh
sodium carboxymethyl celluloser= Y5 713+ ®Hsfjsle] 71
= At 9 71AA 24 AsHE UEhl ik ¥HEel nano
cellulose= Y= Yx}o] EAMAIZ) 954 S7HET oy et 4
27t BArE B o2 Hgstel A= L A, Wmtmy
Y 7143 BT ¢ daE Yeh it ol24
UrAEZ e A= WMB 34S St AlzEe A7t
SBR HlgHE W o] A2j7t BAMIS A7 A EA &
Al Aoz FAEi
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