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E5: H2]7l2 $74¥ SBR(styrene butadiene rubber)/BR(butadiene rubber) $d2F S3taAol tis|A] 7Ha717]

of 727} Helot Fak PlRE

FS vletslr] sl FARIA dn 7 (SEM-scanning electron microscope)S ©|

g3lo] Hupe=e] RERXE AT} Internal mixer WolA] intermeshing rotore} tangential rotorol] 2]} H e
A= 5 v|we A3}, intermeshing rotorl] 2J3l 71FE RS A9 A7) YAE H Z2A A 9 REEHISS
#2319} Rotore] geometry 2Fololl 2lall intermeshing rotor”} tangential rotor2TF T & A& (shear)S 7 ¥
o ddst] A7t JRE EFoE 24 W EujAZ] Ao s AekE

Abstract: The effects of mixing geometry (intermeshing vs. tangential rotor) for the dispersion and distribution of silica
agglomerates in SBR/BR compound were investigated. Silica dispersion and distribution were found to be better with the
intermeshing rotor compared to the tangential rotor. It was concluded that the intermeshing rotor compared to the tan-
gential rotor delivered a higher shear stress due to interlocked rotor geometry to silica agglomerates leading to better dis-
persity and distribution of silica in the agglomerates.

Keywords: tangential rotor, intermeshing rotor, silica dispersion, SEM(scanning electron microscope), synthetic rubber

(SBR/BR).
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Zgn] BA=E 93} batch mixer?] Hancock®] masticator
(1820-1838)}' Chaffee?] two roll mill(1836)°]2 274l o]%
2, O 2hdiorlA] &l At o8] 72 mixing
machine®| 7= ATE 2E2) 2H 2] wda) gEo] Elo]
oo gk =87t Sl wet, 7 AlF G = A
BAE Elolo] Aol =28 7|83t 7] 2] mixing
o= two roll millo]®> ARE-E|1 Tt Kempterol® ]3] internal
mixer7} 7@ ©]F, Banbury= 3, ¥ (chamber), Y& F
Q] 2 Yzt A2 T915)0] tangential rotorF 2RE internal
mixer®] 35S FIAIHTE 1930d ] intermeshing rotors:
ARE-3R= internal mixer7} WHEIAL 2] mixer A3 SJA}
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o] =22 intermeshing rotors %]-§-¢t internal mixer®] ‘3]
sh2 oloj Tt ek E&4Q] mixingS 19 sk =
AL 27] 8l ZF mixer Al YA E-S tangential rotor}"”
intermeshing rotor2]" TIRR1-S A3k JAs Sttt 2 &
ol continuous mixer$] single-screw extruder, co-rotating
twin-screw extruder, tangential counter-rotating twin-screw
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extruder, modular intermeshing counter-rotating twin-screw
mixer, modular buss kokneter 5] 7}&= At} 2

Rotor geometryol] 71915147 tangential?} intermeshing rotor
E e 28 2o S YeRdth Tangential rotor & El 2]
internal mixer= YE FYH TFE HIpL=9] wjEo] W
2} Arbdo] 93 batchd H7HES] 24 e 7 Hol
25 ™ol golalA] Kgt ©do] St} ¥HH, intermeshing
rotor FERC] internal mixers Il A3 AT
< 7t st B4 ] AlEE 7IHE e,
T x4 st Hupese A3x WS oA
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single-pass mixing®ll 2-8-& = SIt}. 3FA|9h, tangential rotor
o] Bla} chamber WellA] 287} 2FAsh= F-3]7F A A4l
o7 Aido] o= TS HRITk P o] TS B
gkate] AYAAI-S BPFA|7) 3L E3], silanisation HHS-S] AE
£l 8°|gt singe pass mixing E}FJ2] tandem mixer’} 71
E]?}\-]E}_'lfl,ls

SHA, H AP 27 Fg/do] aH|At o] Fa gk
e Au el uet gelojgAledM e Anlas
I} o] AbstErA v 7hAel] 7]l %183 EfololE At
sl 2 s TS AIZIAL Utk = B Alx A 7]
<3 st AEE ARt 314 (rolling resistance)
< F0]aL A =2 = flellM o] =HHAH (wet & snow
traction) 52 A7 J=dl, A7) Aot 7k
AEZA T2 ARE AL ot o]} 7h2 el Fiste] A
7ol g B AFErte] nas derh-dee
HhE2 ARk AL O) Rk XA o] FIEF ATk F
ZBBY5o] MY AT A7t HLE hydroxyl’| (-OH)E
o]Foix] glo] AT M-S Ve, Hej-de s
Zp-g-o] ZFslal A mjEgAete] 4820 Dol uigt
oM FHAZ He7le AR A, ©
FHe| 3slety E4do= Qs A9
(agglomerate)s FAdste] 2 B4 JHIE A7) 5T 2
R AFAEL 7H717] SN Aelgke] FAF S
IA717] el Hokese Zdek A 71 ¢ 9= inter-
meshing rotorg ©|-&3sh= AFE X183 Intermeshing
rotors AFESIS A] Bl OdR] tangential rotorel] HIE)] AE]
7} B 7HEEY ] EAto] R EAThE A3 White &
of o) B EYTESY o5 A= SBR A= UjolA
A 7L SFA S ARS AESIIAIRE, AA] 5828 Elol
ojo]] A&== SBR/BR Huh=oll thgh Aaj7t S5 +
2kl el HRE Ae Folry] =ET

2 drelxde ek 24ke 357 915k SBR/BR &
3}-2-=of|A] intermeshing} tangential rotorE ARE-3le] AT
7t2 249 PP AuEE Thetal FAE A dm
7S ol Agh dA FAe 7] 2 e E AEelsl
715 524 9 71A1A E4E vl HreRiTh
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A8l X Z. SBR(styrene butadiene rubber) Kumho
Petrochemical AFol|A4] A Z 3+ F5]74 = (Mooney viscosity)”F
ML 1+4(100 °C)ell 4] 5291 SBR 1502 gradeS AM&-3}3ith.
BR(butadiene rubbery> Kumho Petrochemical A4 #|Z3F
FYHA=7F ML 144 (100 °C)oll A 45, cis-1, 4 E=Fo] 94%
©]/4<l KBR 01 gradeg AH&-3tth A1 A& 7t=
Evonik(Germany)ll4] A3t BET surface area”} 170 m¥/g8l
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ULTRASIL® 7000 GR2 AH&3t3 7HEE¥92 C.CK
(Columbian Chemicals Korea Co., Ltd.)(Korea)ol| 4] #| Z 3t
BET surface area’} 82 m*/g?l HAF (N-330)2 A&ttt
71Z& Y A= Evonikol| 4] A 23+ TESPT(bis(3-triethoxy silyl
propyl) tetrasulfane, Si-69)& AH&-3taL, A= PJ
Chemtek(5)(Korea)ol| A1 A =3+ zinc oxide$} Suriachem
(Malaysia)AFol| A A Z3F stearic acidE AFE-SIA T =3PA]
A= Qingdao DuoteAH(China)2] 6PPD(N-(1,3-dimethylbutyl)-
N'-phenyl-p-phenylenediamine), LU= SF&-73HG)(Korea)2]
olZrlE A 22l KD A 30& AHE-3Iith.

3 AR v AFAHF)(Korea)o] frZ(MIDAS SP
325)2 AHE-3Hh %41 = Qingdao DuoteAl2] CBS(NV-
cyclohexylbenzothiazyl-2-sulfenamide) 2} Sumitomo Chemical
(Japan)2] SOXINOL DG(DPG, diphenyl guanidine)E A}-&
st A gol AM8-g A3 A8 Table 19 2.9k,

gl 2 A3 o= intermeshing rotor ¥ ENC] internal
mixer(tip clearance: 0.2 mm, volume: 5L, manufacturer:
Bongshin Casting & Machinery Co., Ltd.)2} tangential rotor
Fe]9] internal mixer(tip clearance: 0.2 mm, volume: 1.6 L,
manufacturer: Bongshin Casting & Machinery Co., Ltd.)E
AHEEIATE 738 5 fill factor : 0.6, rpm : 439] 7HEE
A8 A&om, AJAE A o 2ol I
o} WA 19AE SBR, BRS F3laL 132 5t AAA
7hde Folsidlen, o F deyhdd e/ oA/

Table 1. Formulation Used in This Study
(Unit; phr)

Materials T1 Product name Supplier

SBR* 75 SBR 1502 Kumho Petrochemical
BR’ 25 KBR 01 Kumho Petrochemical
Silica 80  Ultrasil 7000GR Evonik
Silane 7 Si-69° Evonik
Carbon black 1 HAF? ghgrrli(c(;l(; lulinot;ieas
ZnO 2.5 ZnO#S PJ Chemtek
Stearic Acid 1 Stearic Acid Suriachem
Anti-degradant 2 6PPD* Qingdao Duote
Oil 25 KD A 30/ Kukdong

Oil & Chemicals
Sulfur 14 MIDAS SP 325 Miwon Commercial
CBS* 1.7 CzZ Qingdao Duote
DPG" 2 SOXINOL DG Sumitomo Chemical

“Styrene butadiene rubber. Butadiene rubber. ‘TESPT(bis(3-triethoxy
silyl propyl) tetrasulfane). “N330 grade. °N-(1,3-dimethylbutyl)-N"-
phenyl-p-phenylenediamine. /Aromatic oil. *N-Cyclohexylbenzothiazyl-
2-sulfenamide. "Diphenyl guanidine.
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Table 2. Mixing Procedure

Step 1:

Time(min.sec.) Action

0.00 open ram; add rubber

0.10 close ram

1.00 open ram; add silica, silane, carbon black, and
0il(1/2) + additives

1.10 close ram

3.00 open ram; add silica, silane, carbon black, and
o0il(1/2)

3.10 close ram

5.00 open ram; sweep

6.00 close ram

7.00 Dump

Step 2:
Time(min.) Action

0.00 load compound; add sulfur and accelerator
(CBS, DPG)

1.00 Dump

2)3 7}aZA|(zine oxide, stearic acid, 6PPD)E Y7, 2
HAE T yHA] AggpAs e/ e dS Tt
457r EHFAS A3} master batchl(MB1)E A|Z31A
t}. 29Al= MB1# & 2 7F3EX1A(CBS, DPG)E 124
o] wiglste] master batch2(MB2)E A|Z3IATH 5 gt
B eE 7717129 29S8 WEsISTt. Table 200 7} vl

e

DERX| ZHEL FAF 2 A v] 7 (SEM-scanning electron
microscope, S-3400N, Hitachi, Japan)2- AF8-3lo] A2 717}
FTHE AT REZAE HFTE A HA] A
of] IAAZ F AN AL FAL A} dAnjA o2 Fgst
7] 7ol ion sputter(E-1010, Hitachi, Japan)& ©]-83}>] &2}
F (P (A2 FEAZTH

A7F JRpe] FAF E Fajjol] g JERAS A

A
2 BX317] 95t image analyzerS AM&-31ith AME-
o

Ao 2t 22 2155 A8t - ZE S (filter
ranges): 15~10000000, 7}%= H ¢](intensity range selection):
automatic bright objects, T]Z~&# ] A ¥](display options-
outline style): filled.

7148 4. 71k 3 29 2 2] E(pressurized
rotational rheometer, Daekyung Engineering Co., Ltd.,
model DRM-100)5 A3t 71945738 Z7431ith. ASTM
D 20845 3Harate] 160 °Collx] 204 5<t biconical ZH (X1
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5 9 1008])/min(1.66 Hz)E ©18-317 1o, t0, Tin Tonax
£ SAsIth 7 Huke=e] Qe RETs g &
Ak JFHEES A EFH ] HF 7RES oFF 3%
AlHe 2 Atslar, TRsAEAIE 7] (universal testing machine,
Instron 3365)9] 4=+ 500 mm/minE =743t}

#n o =8

7154, Figure 12 7F571710l M 7t Huke=9] 718t
573160 °ColA 208 74 2he vehdl -]t} Intermeshing
rotor(IM)2} tangential rotor(TM)Z HiFHE Ha}-=9] £,(F]
A EAGIA Mooney TH17}F 23R1E 9|2 SEi5hS o9
AIZH), too(EFA EAZENIA Hhel A EAzL 2Hol2] 90%
Aol =3t 739 oldll sgehs A7), Thaemn (ETHEF H
A EAgke] zbe], 7hrd el HlE e vhed 7o) vt

fo| TM (205) < IM (287) [F$]: sec]
foo | TM (686) < IM (705) [£<]: sec]
Tonemn | TM (3.39) < IM (3.77) [££9]: N - m]

ST 1,9 19 FES 1WA IMo] TMel| M8l B5F =
A LS BATE Thopemin T8 IMO] TMO] VIS 2 34S
BRI Thaemins AR 7Ed o] Hlg gt deA]
ATES o]= IM2] 7A1A A%kl TMETE $-F3lth= &
A o] Aol dAIAIA B4 T 2=x). vl
A M2 MOl HlElA] B & JddEs Hafse] s ®
2 Adge Aggt JAF SHAES 9 A B A 12

A 2] Z]edtial S5 Eek =) ke A
7he 2 B Al HE7ksA o] Sk, web A
SAge] S7kR Qs A= TR E (Tt S7F
shArtar vhekElct,

+sss2ss Intermeshing rotor

e Tangential rotor

Torque [Nm]
- £

¥

0 B 10 15 20
Time [min.]

Figure 1. Cure characteristics of the silica-filled natural rubbers vul-
canizates processed through an intermeshing rotor and a tangential
rotor.
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BEZX| & Figure 2(a), (b)= SEM2 ARE-slo] Zh7+
M3} TMol| o3 i 718 A master batch2(MB2)°l| 4]
A7t SHAAEL A& (70000)= F23+ A}xlo|t). Figure
20004 =S = A= A7t YA =717} Figure 2(a)
of Hlaj vt og o Ak S ERIE = ATt Figure
2c), (= 7HE HoLse] Ayt SHAES &
(200008)Z. ZH2HSH ARRlo|th. IME ARS8 7d-9-(Figure 2(d))
7} TME A3 73$-(Figure 2(c)pll 18l O 2k =719 A
g7t SHAES A HET F AU T IMS ARS-S
ZAgelXe 478 WA ol A7t Ak AT 1T 2
wo] glovt TME ARESF Aol A% BEER] 33 =

AU TS FEASINATE. o]9f e AAfo] A Ul
IM2] 7]ojg} 7ro] GrE]E geometryol] 28] A7t SHA)
o] Zhet dAetEo] Agx|o] Ay} Hate] g7 o= o]
o] Ao g Tk}, Table 39 Figure 2(c), (d)S image
analyzer softwareZ F243to] 4=} 7| (o], UH]|)e] B
216} FFUAE VERSITE

IME o83 735, TMS] 73-9-9F Bl g Aol vH|e] o
w3k, FEEAE A B 2R ke e IMe] 15

4.6mm x700 BSECOMP °

(c)

33A

Table 3. Measurement of Mean Particle Size (Length, Width)

Length Width
Intermeshing Tangential Intermeshing Tangential
Mean average 0.08 0.11 0.06 0.08
(pm)
Std. Dev. 0.030 0.038 0.018 0.032

ZF gro] T™el mlsl 2k ghe veplitks 212 A7t 4=t
7hHIsS A7) = Bate] 2 Hivke S gt

7IAIE BM. 300% REH2S} A EE et 2ol U
ERgT

300% modulus | TM (6.86) < IM (7.45) [F$]: MPa]
Tensile strength | TM (19.42) < IM (20.50) [&+$]: MPa]

300% EEe29) A= g BF IMe] TMe H]s|
2 S BYr) o|g} 7He FAFol Q1S v = BAakg
Agl7kel A, 5 vjEY X9
5 AR Aom FEE

eAgel 37t 7k

o

(d)

Figure 2. Dispersion state of silica: (a) tangential rotor (magnification at 700); (b) intermeshing rotor (magnification at 700); (c) tangential
rotor (magnification at 20000); (d) intermeshing rotor (magnification at 20000).
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Figure 3. Schematic presentation of profiles of (a) intermeshing
rotor; (b) tangential (non-intermeshing) rotor.

E9|. IM3} TMS mixing 2] tig M2 tf2 FeHd
S e IEAT? F 71719 Aol F 7P 2
A2 rotore] geometry©] Th. Intermeshing mixer2] rotor
lobee 710] WA A M 27} 2EAT}. Mixing 2
42 3 rotor®] major diameter®} Y A] rotor®] minor
diameter AFe]e] FAAIH, H= F rotore] leading surface@}t
olol] mEESh= TRE rotor?] trailing surface AFo]ollA] wHAYSE
t}. ool Wkl tangential mixer?] rotor lobe= A& H-2]%|o]
Eo] =X o=t} 23 EE mixing 2HE-0] mixer?] $41 A
el WA =Tt Figure 32 IM TMS] 718, Figure
4= 7 7F87171¢] ek ]l RS 2o E YERNRIH

o] % rotor lobeE= chambere] WHol thejr 22w & th
2 HA7HE & ddES 7O 24 mixing HES Fagh
t}. Intermeshing mixer®] 73-%- 5 rotor AFOJOM = ZTtE o]
A g B3 lobes ATEE & AN TE F
AW o] FAXIT,

F 7717194 doyE mixing 32 fracturing,
stretching, distribution, dispersion 522 73 4 Uth?

IM& rotor®} rotor AFo]olA] mixing ZH-go] F2 dojupe
o] "k TMol A #8291 mixing 2H-2 ZE2] H(tip)©]
A o] el gitje] 1 Atolol] fIA|she Hukzol At
gS 7kshe Zlolth. TMe| A2 #Eulo] Sdehe A3 &
] IM FHHH 9 fAkHAl MR stEe] SATe 2 bl

il

Eahg)e] )7l Bkl njxE e v 641

Rotational path
of rotor nog major diameter

(a)

Rotational path
of rotor wing major diameter

(b)

Figure 4. Schematic presentation of internal mixer with (a) inter-
meshing rotor; (b) tangential (non-intermeshing) rotor.

FEE AL ¢ e AdE S
A7|7F E AdES Aol vigtE AoEs T™MO ¢
g wigE AeHET 22 5F 9 HTHA| Ak )
G AEE T THFORE o|FofR= AoRE UHA
Ath? Koolhiran?} White= F 7571718 BlaLgh A4
IMe] TMell Hlaf &4F 3t Zulf 28l o B84 As B
FATY 9 A= SBR FaFef o8 TR/ BAHA
(A7}, 7REEY, @3l tisliA 1Ak v, 2 A

f
lo
)
\
1o,
i<}
T

o] SBR/BR $AILT ZRI= toli] del7h A9 2t
of Hele] 7} A Fo| AL FAL A% AV B
s 22 Az, Mol olaf kR A9 2 4erh 9 ¢
HAZE 57k TMO vlsh o Aom delsk SRAE)
=717} Bt S REH] = A FF % PHHO
2 B, ol 9 ALY IME AHgEt] A A

<2
7k A AT FA AFS Bl Fck,
A =2

[—

A7l =4% SBR/BR 4
371717} Ael7} Falel njxle o

27 BgeAel] gsiA 7}
-2 melsly] 914l internal
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mixer®] intermeshing rotor$} tangential rotorell 2|3l B3
Anre] BERX], 7IAA B8-S Hrtste] v 22
AES Aok FAE AR AvES B3l Anese RER
A& #zst A3 intermeshing rotorol] <3l wigHE 73
tangential rotor?l] H3| A7} YAt o Z2A EA4F 2
X FAt} B3 intermeshing rotorel] 2]3l widE HIpL=

[e}
T
i=]
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o 7IAE =4 s, 5 300% EEEs, st et
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