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Abstract: Wet masterbatch (WMB) technology is studied to develop high-content and highly disperse silica-filled com-
pounds. This technology refers to the solidification of surface-modified silica with a rubber solution or latex. Until now,
researchs based on styrene butadiene rubber (SBR)/silica WMB has been mainly performed. However, the blending of SBR/
silica WMB and BR is not known and is currently under research and development. Therefore, in this study, the BR blend-
ing method suitable for emulsion (ESBR)/silica WMB is investigated by measuring their cure characteristics and the
mechanical and dynamic viscoelastic properties. As a result, it was confirmed that the blending of ESBR/silica WMB and
BR/silica dry masterbatch is most appropriate. However, it showed a disadvantage compared with the conventional mixing
method, which was due to the surfactant remained and the sulfuric acid used as the coagulant.
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N2 WMEAF)7) ofdeh weta Ha 2% oo mRE
blendings}o] A Z3}=4)|, tJE % © Z styrene-butadiene rubber
(SBR)¥} butadiene rubber (BR)7} AFEE| 1 Q1o 7|E dry
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SBRi} Ag]7}7} Zro] A st= WMBE} BRE] blendo]] T3]
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Experimental
1. M8 2= Y A2}

WMB Az ARFEH 17 el A= SBR-1712 (styrene
23.5 wt%, non-oil extend, KKPC) 7} A}&-Elom S A2
= | M =9 gH4ito] ARGE It E3F Bl Y ol
DMB HigrS 93l SBR-1723 (styrene 23.5 wt%, 37.5%
TDAE oil extend, KKPC) @ Nd-BR (NdBR 40, cis content
>97%, KKPC)o] AREE| Qi)

2 A4 WMB 9 DMB Hup2E=9| BAA 2 AME-E
Ag7hs BET: 175 m*/ge] 37k Aejztel Azt diy] 12
wt% 2] bis[3-(triethoxysilyl)propyl]tetrasulfide (TESPT) 7} #|
2lg #H7iE A2z} (NK153, | ol 2ofo] )7k ARE-H it

At A A= 71HEZ A2l zine oxide (ZnO), stearic
acid (St/A), N-(1,3-dimethyl-butyl)-N'-phenyl-p-phenylenedi-
amine (6PPD) 7} ZE X 02 XutE|9) on, upx|ul Hu}o
oA 2l final masterbatch (FMB) @A 9| A= 7}aA| 2 sulfur
7} AR5 21, N-cyclohexyl-2-benzothiazole sulfonamide
(CBS) ¥ diphenyl guanidine (DPG)7} 7t 2Z2AA 2 L 5]
ot

2. ESBR/silica Wet Masterbatch 2] x|=

Alg)7} gi8] 12 wi% TESPT 7} A4t FHAR Ag7l=
TRl FAst] 10 wived] EH/NE A7t 227}
TE 60°Co|A] 1587 wylstt) o3 60°CE 7}E = SBR-
1712 g2l s3tstal 3087 71 wuks AARE H
treated distillate aromatic extended (TDAE) oil o HAS E2
Sfo] 3027 271 Wikg AN o F FAHS ol gato]
WMB £ $3A]7]3L 13] A& & 60°Cof| A 24X]7F 52 A
22 AN

Table 2. Mixing Procedure

Table 1. 2nd MB & FMB Formulations for the Compounds T-1, T-
2 and T-3

DMB WMB

phr
T-1 T2 T-3

SBR-1723 68.75 - -
ESBR WMB T-2 - 135.95% -
ESBR WMB T-3 - - 92.9758
NdBR 40 50 50 -
BR DMB - - 92.975¢
12% TESPT modified silica 67.2 - -
ZnO
St/A
6PPD 1
Sulfur 1.5
CBS 1.5
DPG 1.5
2135.95 phr = SBR 50 phr, 12% TESPT modified silica 67.2 phr, TDAE
oil 18.75 phr
892,975 phr = SBR 50 phr, 12% TESPT modified silica 33.6 phr, TDAE
oil 9.375 phr

€92.975 phr = BR 50 phr, 12% TESPT modified silica 33.6 phr, TDAE
oil 9.375 phr

3. BR/silica DMB2| HM|=

BR DMB2] A ZZ ]3] NdBR40 50 phrofl 33.6 phre] ¥
742 A2z} 2 9375 phro] TDAE oilg $4J3te] @b
& AN AT S Table 1] LreksiT.

4. 2nd MB & FMB H|=

A Z¥ ESBR WMB$} BR/silica DMBZ 0|83} 2nd MB
4 FMBE A &35ttt Table 19 Yepd T-1 AoEE+s
DMB Hu}2Eo|1l, T-2, T-3 Ao E+= WMB 7|eS A&
3t Hup2 ot} T-1 Auk=+ SBRI} BRES HA blend gt

ESBR WMB
Types BR DMB I(DT_Mll? ESBR (‘T”fg/)IBJrBR +BR DMB
(T:3)
Step Time (min) Action
. Add Add Add
0:00 Add BR, ol SBR, BR ESBR WMB, BR ~ ESBR WMB, BR DMB
SMB 0:40 Add "2 modified silica Add "2 modified silica - -
mixing 1:40 Add > modified silica Add Y modified silica - -
5:40 Dump Add ZnO, St/A, 6PPD
12:00 - Dump
0:00 Add MB compound
rl;ll\)/fig 0:20 Add sulfur, cure accelerators (CBS, DPG)
2:00 Dump
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EUNE AY7tE FUT Huh =0, T2 FEE
H 7id AE7HE WMB o] 3 718kl BRE blend gt
shgEolnt vpxgte 2 T3 Hupe s #W /i vt
7} Aut 235 ESBR WMBS} U] Auto] mH /1A A
2712 Z35to] A|2E BR DMBE A 235}9] blending 5}
t}. ZpA|8E B8 Table 19 YEFHSH, BR DMB 9 T-1,
T-2, T-3 AI-2=9] mixing procedure= Table 2¢] WEFHTE

ot B o

5. a3

oz
rE

5.1 TGA analysis

ESBR WMB Y] Agj7} e85 BA517] ¢3) thermo-
gravimetric analyzer (TGA, TGA 550, TA Instruments, USA)
£ ©]-&sto] ESBR WMB A 25 900°C7HA] 7}Este] A7
HIEE SAsHh APd A S8 200°C ~360°C H 99
A] TDAE oil @ TESPT 4&o] & Haj B A& 8elsq
T 360°CHE SBR o] Rajsl= AL EHlaksich. maba 4]
()2 o]-g3to] WMB U] 27} FF(phne 3o A
Arshgieh,

Silica (phr)

SBR phr in compound
Total raw polymer phr in compound

- % % 100 x )
A : Ash % (pure silica weight %)
B : Weight loss % between 360°C ~ 900°C (SBR weight %)

52 7/2Ed Y 7wzl £

FMB Ao A two-roll-mill & ©]&3}e] A ESFE Ante
E+= moving die theometer (MDR, DMR 2000, TOYOSEIKI,
Japan)& ]85 3027 160°C, + 1° AEZF 2 Ao|A E3 3
% 9 AH7ARNE S5 7HRSHE ol Alxd
7} a8 0]23] tolueneo] swelling A & A ZA3}to] 2]
el digstel 7tad =g S33Hct.

1 In(I=V)+V 17

V = = V
‘ 2,0,» VO(V:B_?I)

@

v : crosslink density (mol/g)

M, : average molecular weight between crosslink points (g/
mol)

Vy @ the volume fraction of rubber in the swollen gel at
equilibrium

Vo : the molar volume of solvent (cm*/mol)

p, : the density of the rubber sample (g/cm?)

x: the polymer-solvent interaction parameter (0.34)

5.3. Bound rubber(Zgt 1F) & 54

Filler-rubber interaction 2] =S 47| ¥3] bound rubber
WL 24T ARRE Fel 2L 200 mesh Wl
o] 718 1B Hue-E 0.2+0.05 ¢& ¥, 83 =7} SBR I}
uldegh B4l 200 mL SOIY: vialo] 797 BB, o]
o 3¢ He gol EFAE ¢ ¥ wAgEL. I el
FaE AA] Y ot ELR mA|Ste] 2447 B B
T . 105°C QoA 24AI7F ARAA FAZ ZH5HA
g A= A )l st 2T & ALt
th. 3k bound rubber 2EE-E 0|83 FEF GC/MS

242 AAI3H] bound rubber?] 24E 243 AT

VVfg_ Wr[mf /(m/'+mr)] %
W, Tmy+m,)]

Ry(%) = 100 3)
Rp : bound rubber content (%)

Wy, : the weight of the filler and gel

W, : the weight of the sample before immersion

my : the weight fraction of the filler in the compound

m, : the weight fraction of rubber in the compound

5.4. Payne effecte] &H

Rubber process analyzer (RPA, RPA 2000, Alpha Technologies,
USA)E o]&3le] 48 4= Qlt}. Silica masterbatch (SMB)
JIEE 0]&3}9 60°C, 0.1 Hz 273} A 0.3% A 100%7}+
A straing HoZ Z7HAA AP} ol 27 G
(0.1% strain) grollA 2= G' (100% strain) gF2] 2}o]Ql AG'
<2 Payne effectz} St}

55. 7|74 24 Y of2 §4 =X (Mechanical & abrasion
properties)

AutL-T 9] 7)1 A1A E4J (modulus, tensile strength, elongation)
= 27435t7] $IsliAl ASTM D4l12¢] whe} o} & A|lHE A
A5ttt 9] EAS =4317] $J3H universal testing machine
(UTM, KSU-05M-C, KSU Co., Koreay2 o]-&3}ict nf2 &
/& ASTM D 5963¢] w2} DIN ntEA|H7| 2 A 4w

2 234t

5.6. SHMEIEM =F(Viscoelastic properties)

Avese godolewel FAHNVEAL dynamic
mechanical thermal analyzer (DMTA, EPLEXOR 500 N,
GABO, Germany)& ©]83}4] ASTM D 4065 27422 =4
ottt S E tan § o2 HE {2 0] 2% (glass transition
temperature, T,), tan & at 0°C (wet traction index) Zt 1|1
tan & at 60°C (rolling resistance index) FF= T3}t
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Results and Discussion
1. ESBR WMB LY Ala|7} &2 X Ziq}

TGA 24 A1}E Figure 1 & Table 30 YeMTH B4 2
3} ESBR WMB A= Ao £ A7} ggo] otd 45
I EAE B3 F78E= o] FRIESIH o] HE U &
I o A ESBRY 9 7HE AE717 ¥F gl = X (van
der waals) 3l 0= AZsHA ==t 2|7} o] ESBR 2
o Eold A9 nRel u G2 B4 Yo A ot

dE7heol AlA oA A yelhd datz ddEn

2. 4ut2ee| 7t

ol

E
=y

i
02

T-1, T2, T-3 Z} =9 713 §4 S 4 3E Figure
22} Table 49] YEith " A DMB #Hu-2=¢} ESBR WMB
7} A-EH o EE H|L A] ESBR WMB A& Hu2Es
o] T-1 A== tju] =3 cure rateS UYEFH A st
t}. o= WMB A £ oA FIAAZ AME-EE FAto] X7
3ol whek A-E7] kgl 3 |71/ £XAQ1 DPG o &
A £40] WA¥ste] YRt Aafolct Y 2r1H oz T2
(ESBR WMB+BR) AT}-2E9] #HL 712 £ WMB A+
7} S¢to 2 % 3k=x5]o] ESBR WMBS} BRo] At 2 mixing
o] EX] oo} A7} EAEHAA E3 AR =Gl

100

Rdans T
oy
’\\
80 - kY
E)
g 80 2\
5 Nl
(1]
= a0 s
20
— — —  ESBRWMB T-2 (60phr silica)
------------ ESBR WMB T-3 (30phr silica)
0 : - - -
0 200 400 600 800 1000
Temperature ('C)

Figure 1. TGA thermogram for the silica content in the WMBs.

Table 3. Results of Silica Content in ESBR/silica WMB by using
TGA

Test No. ESBR WMB T-2 ESBR WMB T-3
Ash (%) 46.1 329

SBR (%) 432 55.4

Silica content in ESBR

WMB (phr) 53.4 29.7

Loss (%) 8.9 1.0

3.0

Torque (N-m)

0.5 - T-1 (SBR+BR#silica)
&~ — — —  T-2 (ESBRWMB+BR)
------------ T-3 (ESBR WMB+BR DMB)
0.0 r ; . . :
0 5 10 15 20 25 30

Time (min})

Figure 2. Cure characteristics of T-1, T-2 and T-3 compounds.

Table 4. Cure Characteristics Results

Unit T-1 T-2 T-3
tio min:sec 2:03 1:34 2:36
tog min:sec 4:27 4:26 5:05
Cure rate N-m/min 1.235 0.926 0.815
Toin N-m 0.385 0.680 0.395
Thnax N-m 2.500 2.516 2.030
Tnax-Tmin N-m 2.115 1.836 1.635

o, grko g A7t Z4ko] EEeE 2 g2 Ut
e T & BT AL 52 &2 UER ol ST 53
E‘-.28‘29

3. Bound rubber(Z& 12) £& U bound rubbere| =4

=]
2y

Bound rubber ¥5F ¥ A& £ ZIHE Table 59 YEFR
ot 24 23 T-2 (WMB+BR) Hu2E9] A9 A7t &4
ol A Ee]5ke] ¥ bound rubber 3k LEH ATt SEA| T
T-3 (WMB+BR/silica MB) ZH3-2-E 9] 72 bound rubber g+
Fo| DMB Htik A4 SAEHU o3 Az Ho}
WMB 7] A4 A] filler-rubber interaction?] 3FAto] 7H53H
Aoz 7|H ) E3F bound rubber] A BA ZAul T2
Aupe =9 A9 I xAlo] SBRE HFHo] glgo] elE
%t o= ESBR WMB A= 3pg oA SBR¥} 427} 7t
bound rubber7} YA E &L oum]dit}.

Table 5. Bound Rubber Content & Composition of Bound Rubber

Test No. T-1 T2 T-3
Bound rubber content (%) 394 27.0 44.7
Composition (SBR:BR) 31:69 97:3 31:69
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4. Payne effect ZHE S8t Ala|7} EAMT

3

HI
I

Payne effect 7% A3}E Figure 3 2 Table 69f YeEFATE
ESBR WMB Z-g Hu}-2=2] T-2 & T-3= WMB A|Z A] A}
|4 S2AY & WHo| DMB iLF (NaClH+H,S0,)¢t &
2} polymer network 7} @&} Ad|d o2 W& final G' 312
7HA e Aoz BgEch O T2 A& == Payne effect &3
Aol A Azt E4te] E23 25 yeEhith o]= SBR,
BR, silica®] affinity 2}o]o] 7] Q1%tc}.

AUEA © 2 high cis BR @ ESBR (styrene content 23.5%)
9 Z+7}+9] solubility parameter ZFo] 8.44 (cal/cm®)?3t 8.1
(cal/em®)'?L UERH, Ala)7}1] solubility parameter ZH-2
6.94 (cal/cm®)'"? 0|t} 31 ESBR WMB £ Al a]7}9] &&fo] =
22 A7t 717he- solubility parameter Zk-S YEFH A
olEg BR 9] affinity 7} W& Ao =2 o Hoh wabA T-
2 92 E+= ESBR WMBoj|A] SBR} A3gtE o] Sl= A
7}7} BR phaseZ transfer ¥ X] &£3}32 SBR phaseo] 352
o= Busjo] Aest BAYAA A BT ANE vt
W Ao g wgdE

5. 714 24 ¥ ol2Y £ 2t

71AH 24 53 2% 9 Wnted 54 23S Figure 4
2 Table 7o) YEbTh. ESBR WMB 7} 285 Aute=S
o] DMB tjr] @2 24& BA o|HT Ao Yjles
T2 Aok =9 A9 ESBR WMB2 BR| blend 0|22 o
A] Payne effect oA S50 H &3 A7} E4to] €l
olth. T-3 AL E L AR FAOE A3 @714 FHA

1600

1400 - ot

——— T-1 (SBR+BRH+silica)
— - —  T-2 (ESBR WMB+BR)
----- @eeees T-3 (ESBR WMB+ER DMB)

800 4

Storage modulus (G'; KPa)
2
o

8

200

0.1 1 10 100
Strain (%)

Figure 3. Payne effect of the T-1, T-2 and T-3 compounds.

Table 6. Payne Effect of the T-1, T-2 and T-3 Compounds

Test No. T-1 T2 T3

AG' (kPa) 510 1160 770

250

200

Stress (kgfiem?)
g

(=
o

50

s T-1(SBR+BR+silica)
= e — — —  T-2(ESBR WMB+BR)
G seessssenen T-3(ESBR WMB+BR DMB)
0 - : v - T
0 100 200 300 400 500 600

Strain (%)

Figure 4. Mechanical properties of T-1, T-2 and T-3 compounds.

Table 7. Mechanical Properties & DIN Abrasion of the T-1, T-2 and
T-3 Compounds

Test No. T-1 T-2 T3
Hardness Shore A 63 66 58
Migov kef/em? 26.8 327 21.7
Mig0v, kef/em? 98.1 - 85.8
Mi000/Mioov - 3.66 - 3.95
Elongation at break % 460 116.7 530
Tensile strength kgf/em? 203 37 223
DIN abrasion mg 71.7 192.5 89.4

DPG 9] &/ &4 o] dagto| whe} 7ha 7t F4sto] vet
b Aot} A 7HRE9 Ttad =S ST Ay T-12
1.2384 x 107 mol/g, T-3%= 1.0805 x 10~* mol/g-& Yo} T-
3 HTEEY Aol 7HEe At ddYe SR
th. DIN up2 Al F8 Wrtedd 4 234 = DMB
(T-1) ] E23 2345 Yebdl=tl, SBR 3 BRY phase
separation ©] Tt} 2|7} ZA4ko] Aste T2 Hupe=7}
A 223 295 Uelon, e 7tad =2 Q8 T3 3
BT E3 T-1 2ok B3 235 yehith

M

6.

omn

M FeSNol £ A}

Wtk A=Y T, 3 9 TelA9] tansgho]l fFARSHH
single peak Wefe] T2 mope ey T2 T3 ke
Z L= SBR3} BRE] phase separation®] %33t A& &215}%
o}, s}xjuk, T-2¢] AL o= SBR3} BRe] T} 2H2F et
= two peak?] 1 X FEE el o] phase separation &
Aol el 7Pt

Wet traction (tan 8 at 0°C) Hoj|4 WMB 7} 823t A1}
£ Yeth T-2 + phase separation®] 9J3)] T,7} 4202
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06
+  T-1(SBR+BRsilica)
3 + T-2(ESBR WMB+BR)
05 1 LA 2 v T-3(ESBR WMB+BR DMB)
e ey
d ()4
04{ o
- v
v

Tand

0.0 T T T T T T T

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

Figure 5. Tan d as a function of temperature.

Table 8. Viscoelastic Properties of T-1, T-2 and T-3 Compounds

T1 T2 T3
T, (°C) 543 372 54.0
Tan3 at T, 0.5508 03030 0.5484
Tan § at 0°C 0.131 0.1358 0.1487
E' at 0°C (MPa) 18.4 23.1 13.6
Tan § at 60°C 0.0868 0.0997 0.0892

shift Ejo] Uehd ZAafolul, T3 kEs} WojYo| uje}
storage modulus (E')7} ZtAaste] vpehd Axtolt} 3 ahx]gk
rolling resistance (tan 8 at 60°C) ZHol|A= WMB Z-& A] &
23 2712 Uehgtd), T2 45he =) 79 SBR 3} BRe)
phase separation @A4}o] ]3] SBR phase of] £A)|3}= A7}
7} BR phase 2 transfer %] £3f 2Aigt Aajz} BAF A5}
7b 2 ddolH, T3 Hup=9] ¢ 7]& DMB tiH] &
< 7 g =7 fRlo] Hof yehd Aol

Conclusions

ol

H JFo] A= ESBR WMBE} BR] blend B2 &5}
o] B71gko 23 ESBR WMBeof 2§t BR blend Wi
ol8t2} sheict.

WA, 1 7JA Ag7LE A X ESBR WMBo|| £¢5}4] A
%3}3 o]2 BRI} blenddt T2 AWE=o] AL, ESBR
WMB2} BRE] solubility parameter 2}o|7} A A, -2 A]
A12]7}7} BR phase o] BAME|R] Balo] Alg]zt BakAo] uf
& BelapAl Ye of el Aol A vhe Beleh AokE o
ehict

WA Alg7}E 1}=0] ESBR WMB2} BR DMB¢]| 7+
ZF A Z35}e] blend 3 T-3 AI2=9] 79+ BR phaseo]

= A7 £ = o] ESBR WMB$} solubility parameter X}

J {0

o|7} &0l ARt A7t #4HS UEtilen, T3 SBR
T} BRY] phase separation @A} E3F 7HASH AL 1T 4=
ATt wEkd ESBR WMB2F BRE| blend=  solubility
parameter A0 & H4:A]7]E blend Wi o] &&= ojof gt

shA|uk, 7|2 AHukey vhHo] 245 DMBY} v A] A
Hlz 0] o] Ea]3F AL 31T 4= QJQItt o] LuA=
A}E3EE gHato] Zh7stel G7]14 £XA|Q) DPGE} AH-¢ 7] vt
2o ol whel DPGE] B4 £4o] MASHA, o 2 213
b W7} 7hasko] ek Agfolch. meba] BARS ALE
She o4l 27} ol e ERehR U B4 GBS 83
Az Agdthd 7]E& DMB tiH| L% 245 Uetd A
22 i, @4 A5 S 9\11’4-
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