Polymer(Korea), Vol. 36, No. 5, pp. 637-642
http://dx.doi.org/10.7317/pk.2012.36.5.637

Intermeshing Rotore| =7} SBR/BR &M%

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

4|7 S0l D|Xl= Pgke| B

Axal - ZE

Solelo]o]
2012 49 209 4, 20129 4€¥ 27 AE)

2] 2=

(2012 3€ 13¥ HF,

=
THE)

Ca

Effects of Intermeshing Rotor for Dispersion of Silica Agglomerates
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E5: H2]7l2 $74% SBR(styrene butadiene rubber)/BR(butadiene rubber) $d2F S3taAol tis|A] 71a717]

of 727} Hel7t Fak Pl

FeFS vletslr] 18 FAFAAF dn|7d (SEM-scanning electron microscope)s ©|

L35l Hilere REZXE #ASI T Internal mixer WollA intermeshing rotor®} tangential rotor®l] 2]3 wljghel
A== v|wd A7} intermeshing rotordl] 2l 71EE IS A9 Ae)gt QA O a2A Bak 9 R¥ESS
#2319} Rotore] geometry 2o]oll 2]l intermeshing rotor”} tangential rotor®2Th B & A (shear)S 732
o] dgate] A7t YAE EFF R FAF E EujA] Ao dAvtE

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)0]2 2718 ©]3
2, O 2hdioklA &l At o8 F72] mixing
machine®| 7= ATE 252} 2H 2] Wz} fEo] Elo]
ofol] tigt a7t FoiE wel, T AF ALAdAE A
B2 EPolo] Akl =8-S 72t 27] tiFEe] mixing
o= two roll mille]® AFE-= 21T} Kempterdll® 2]3)] internal
mixer7} 71'&E ©]F, Banbury= #, ¥ (chamber), Y& F
Q] 2 Yz} AJ2ES T915)0] tangential rotor} 2RE internal
mixer®] 35S FIAIHTE 1930d ] intermeshing rotors
ARE-3R= internal mixer7} WHEIAL 2] mixer A3 SJA}

"To whom correspondence should be addressed.
E-mail: kkim@dongahtire.co.kr

637

o] =22 intermeshing rotors %]-§-¢t internal mixer®] 3]
stz o]oxlth” gk &2 mixingS 913 HHstd =
A& 27] 98l ZF mixer AlZ YA EL tangential rotor2}”
intermeshing rotor®] "' TIR}R1-E AL s SiTE. L vt
ol continuous mixerQ] single-screw extruder, co-rotating
twin-screw extruder, tangential counter-rotating twin-screw

M to

N

extruder, modular intermeshing counter-rotating twin-screw
mixer, modular buss kokneter 5] 7}&= At} 2

Rotor geometryol] 71215147 tangential?} intermeshing rotor
= T 22 ZpolH & Yebdth. Tangential rotor & B 2]
internal mixer= 95 FYH EFE HoL=9] wjFo] W
2} AAHdo] 9t batchd H7He2] 4t g7 DojA]
a1 2% Zo] golalA] Kk whdo] Qlct. WA, intermeshing
rotor FE] 9] internal mixer= 7 3-&-=0 A
< 7kt -3 B4 o] AlES 7S
zAd frelete] Hubgre] A5 Y-S At

oft
o

sy
a
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single-pass mixing®ll 2-8-& <= SIt}. 3FA|9h, tangential rotor
o] HI3] chamber WollX 287} 2|8k F-9]7F 74 Z3th
Zom Aol "ol TS AT o] BS W
2ste] MAEE A7)0 E3, silanisation HH-2] AE
£l 8|3t singe pass mixing E}FJ2] tandem mixer7} 712
Q(}A-]E}_.IKLIS

SHA, H AAdE 27 9Fg/do] aHAt o] Fa sk
e Au el uet gelojgAldM = ARlas Y
I} oiksleka wijE Zhae] 7]odske 1873 EloloE JHY
Sl I e TS FATIAL vk 2 B Az A 7]
=7 Aet AAEE ARt 3174 F(rolling resistance)
S Eo|7 A Z2 T YoM =HHAH (wet & snow
traction) 52 A7 =, A7 Aue=ot 7k
ANEZA T2 ARSI Q). o|of 72 Aol FE3le] A
7ol g B A+ dE7te] Bas derh-dee
WS ARk ] wkg-t Sx0A o] 7 Aelvtke]
ZBPy5o] MY AT A7t HLS hydroxyl’ | (-OH)E
o]0l o] FAT FAS vEhiH, Zel-du7t A
Zp-g-o] ZFslal A mjEgete] 4870 Dol uigt
HGoN FHAR A7 AR 739, ol9f 22 At
FHo slstr E4o= <l AgHo] Ak A
(agglomerate)g B/dste] A2 #A4 JHIE 7] JdETE 2
2 AFAEL 7H717] SRl dErte] A S &
ZBA717] Sl Aukese Zhek AdES 718 4 = inter-
meshing rotorg ©]-&3h= AFE WAt Intermeshing
rotors AFESIS A] Bl OIdR] tangential rotorel] HIE)] AE]
7} B 7HEEY ] EAte] R EAThE A3 White 5
o o3 I EU}* o]F A7+ SBR AILE oA
A7t SRA S FAhS AFSIIA R, AA] 828 Elo]
olell #-8-5= SBR/BR vkl tht de)7h S5A19] &
Aol #sl ARE A= FolRr] =ETL

2 d7elde ezt ks wEslr] f18ie] SBR/BR A
9}--= 0|4 intermeshing¥} tangential rotorS AME-sle] AlE]
7h2 Fd9 LT HALEE THEstal FAF 7t 7|
A& g3l Azt b SFAY] 2] F eEE dEs
3, 71 54 9 7IAIA B4 Wl kit

Al
=

ot

A8l X =. SBR(styrene butadiene rubber) Kumho
Petrochemical AFol|A4] A Z 3+ £ = (Mooney viscosity)”F
ML 1+4(100 °C)oll 4] 5291 SBR 1502 gradeS AM&-3}3ith.
BR(butadiene rubbery> Kumho Petrochemical A[lA #|Z3F
FHAZ=7F ML 1+4 (100 °C)oll A 45, cis-1, 4 E=Fo] 94%
©]/4<l KBR 01 gradeg AH&-3tth A0 A 7t=
Evonik(Germany)°llX] A2+ BET surface area’} 170 m%/g?l
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ULTRASIL® 7000 GR2 AF&3t3 7HEE¥2 C.CK
(Columbian Chemicals Korea Co., Ltd.)(Korea)ol| 4] #| Z 3t
BET surface area”} 82 m*/g?l HAF (N-330)= ARME-3Ft).
71Z A= Evonikoll A A %3+ TESPT(bis(3-triethoxy silyl
propyl) tetrasulfane, Si-69)& AH&-3taL, A= PJ
Chemtek(5)(Korea)| 4] #| 23t zinc oxide2} Suriachem
(Malaysia)AFol| A A 23t stearic acidE AFE-SIA T =8hUA]|
A= Qingdao DuoteAH(China)2] 6PPD(N-(1,3-dimethylbutyl)-
N'-phenyl-p-phenylenediamine), 92 <5315 )(Korea)]
of&ZnE 7] 21 KD A 30 A3l

ok b A 2 6] g AHF)(Korea) o] A+ 3H(MIDAS SP
325)2 AHE-3th E %A= Qingdao DuoteAl2] CBS(N-
cyclohexylbenzothiazyl-2-sulfenamide)©} Sumitomo Chemical
(Japan)2] SOXINOL DG(DPG, diphenyl guanidine)S A}-&
stk Ao AME-sH A3 A S+= Table 19 Lokt

Bigh ¥ 23 o= intermeshing rotor ¥ E2] internal
mixer(tip clearance: 0.2 mm, volume: 5L, manufacturer:
Bongshin Casting & Machinery Co., Ltd.)®} tangential rotor
Fe]9] internal mixer(tip clearance: 0.2 mm, volume: 1.6 L,
manufacturer: Bongshin Casting & Machinery Co., Ltd.)E
AHEEIATE F 738 B fill factor : 0.6, rpm : 439] 7HEE
A& A&3om, AJA A= v 2ol s
o} WA 1941E SBR, BRS T3l 13 5t AHAA
7hadE Fojsislen, o & depyhddsbE e/ e d 1/

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? gh(;rrlﬁ(c(;l(; lug:) t;i;g
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

N

)3} 7+3-Z A (zine oxide, stearic acid, 6PPD)E ¥ 3L, 2
HAE FAL YA ApAd LY/ 0 dS Fg
A8 2A510] master batchl(MB1)E A 231
. 287 MBI+ & B 7FS7141(CBS, DPG)E 12U
o viestod master batch2(MB2)E AlZsIATE. 7 Wi e
& 7Fs71712R A4S Z1=YSI3Att. Table 201 2} vl
3 HAE JERRATE B3 Table 1] Ao ARS-S 715}
S22 wigH|E vERT

DEZX| ZHEL FAF A2 # v 7 (SEM-scanning electron
microscope, S-3400N, Hitachi, Japan)2- AF&-3}o] A2 717}
FTHE LT REZAE AFIATE A A HA) A
2o JAAZ & A ZASL FAL AL dArj o R st
7] A ion sputter(E-1010, Hitachi, Japan)E ©]-&-3}o] 2=}
F(Pd)/F(Au) o= IFAZIH.

AE7b Aol FA4F g Fulel] Ag J=tMs Ao
2 #A517] 918t image analyzers AHE-3H3ATE AME-SF
softwarei= Image-Pro Plus 6.0(MediaCybernetics)©|Th. 9%
Al thet 22 2SS A8t - ZE L (filter
ranges): 15~10000000, 7%= H 9](intensity range selection):
automatic bright objects, T]Z=&#©] A ¥](display options-
outline style): filled.

714X 4. 7iE 31 w2 e] 3 2w H(pressurized
rotational rheometer, Daekyung Engineering Co., Ltd.,
model DRM-100)5 A3l 71815438 279319t ASTM
D 20845 3Harate] 160 °Collx] 204 52t biconical ZH (X1

e

£
R
ot
e
ol

E3haAe] dejzth kel miAle de] Bl 639

3 1008] /min(1.66 Hz))E 01831 1, foo, Tins Tona
A5l 7 Hokese) AT REYx Y S
ST JIFHEE= AN EFH S HE 7HHES oFF 3%
AlHOoZ Atslar, s AIEAIE 7] (universal testing machine,
Instron 3365)9] 4=+ 500 mm/minE =73} T).

ox it ol

#n o =8

7HHEAM. Figure 15 71717190 W& 7z} 7Aule=o] 713}
573160 °ColA 208 74 7hye vehdl -]t} Intermeshing
rotor(IM)$} tangential rotor(TM)Z vi3He Ad}FL=9] 1,(F
A EZgrolA] Mooney ©H917}F 2¥C1E 92 SEzhS w9
AIZE), to(HA B Aok HA B 2kole] 90%
ARl =gk A9 ololl sigehs A7), Thaemn ETHSE 3
A EAgke] zte], 7] viE = vt o] vkt

fo| TM (205) < IM (287) [H$]: sec]
foo | TM (686) < IM (705) [©<]: sec]
Towenin | TM (3.39) < IM (3.77) [££9]: N« m]

S 1% 19 WSS WaLsPd IMo] TV wlsl] & =
e BT Toaemn £3F IMO] T™O W18 2 &
BRI, T HVH2E=0] 7hr o] Ml Rohar A
QATE o= IMO] 7IAIA E2d%ke] TMHEG $-8lthe
o] Azt JAJGCIAA 274 w2t =), sid=gel
A IME TR HlsiA o 2 S ohprd] 7ty
Z AdEe A7k A SRAES B A waA aE
A 28l Z]efgitial F5ET B3 2] 2k e
7he 2 B Adwse] HErksiAo] Sksha, uebM A
SAge] S7IR Qs A= TRl S (Thwenn)’t 571
stivka sehech

....... Intermeshing rotor

= Tangential rotor

Torque [N-m]

0 5 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)e SEM2 ARE-slo] Zh7t
M3} TMol| ol vl 718 % master batch2(MB2)°l| 4]
A 7F SHAES Aul&(7000))Z 2H2sE Aot} Figure
2(b)ellA B2 7 = A7 Yol =717} Figure 2(a)
of vls] AN oE O k= AL 21 Ut Figure
2(c), (d= 718HE Hopeseo) A7t SHAES 1&
(200008H)= A28k ApRlolTh, IMS AR Z-9-(Figure 2(d))
7} TMS ARE-3F 739-(Figure 2(c)ell 8] O & =F7]2] A
27t SHAES 4A #ZT = AUk E3 IMS A3
7ollrs g WA el Al YAk AT F B
Ho] o TMS AME-SH 9ol 5 HxER] 2

U S BN olef e o] WAIeh S
IM2] 7]oj9} o] BHEE]= geometryel]l 25 A7) S-FA
o 73t o] Mg o] A7} Ealo] gxHog o)
o]7 Ao g AGHET} Table 390 Figure 2(c), (d)Z image
analyzer softwareZ 243t 4=} A7](Ho], UH]|)e] B
29} FFAAE VER AT

IME ©]88F 73, TMO] 799} Bl g Ale] L] 3
3k, B A B 2R gk YeRlth IMe] 259

o mg H

[

$3400 15.0kV 4.6mm x700 BSECOMP * |

(©)

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

A gkol T™Ol vlsl 22 ghs vepdvhs 22 A7) it
7F HISRE 2712 Eato] 2 Hoite BHE rdit

TIAE M. 300% ZEH 29} Qe tedt 2o U
ERstTt.

300% modulus | TM (6.86) < IM (7.45) [&$]: MPa]

Tensile strength | TM (19.42) < IM (20.50) [&+$]: MPa]

300% EEE 20 QIGAE 2 BF IMo| T™Mel H]s)
2 A% ngth oo} e @4l AL T2 Barg
Ae7hoh A%, 1 el YEAE] F71) 7l
L5 R Aog F2HE

e

(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).

Zad, A364 A|53, 2012\



Intermeshing Rotor®] %7} SBR/BR T

Wide tip-width

\—

Major
Leading , diameter
surface

Trailing

Rotation surface

0

(a)

Narrow tip-width

Minor/

diameter

Major
diameter

Sy, Trailing

surface

Leading

surface Rotation

o

Minor
diameter

(b)

Figure 3. Schematic presentation of profiles of (a) intermeshing
rotor; (b) tangential (non-intermeshing) rotor.

E9|. IM3} TMS mixing 2] tigh M2 tf2 F9Hd
S v E ANEET” F 7R1719] Aol T 7P
A2 rotore] geometry©] T} Intermeshing mixer2] rotor
lobee 710] WA sl M =27} @EAT}. Mixing 2
22 3 rotor®] major diameter®} Y A] rotor®] minor
diameter AFe]e] FAAIH, H= F rotore] leading surface®}t
olof| wl5=3= T} rotor?] trailing surface AFo]ollA] Ay S
t}. o]el] Wkl tangential mixer2] rotor lobe= A E H-2]%[o]
o] 4] =t 1822 mixing 2H8-0] mixere] S A
Hol|A] WAYsIA] ¢h=t}. Figure 32 IMZ} TM2] 72, Figure
4= F 7R71719] Q] 25 2R YR

©] 5 rotor lobe= chamber®] W&ol tjsir] Z2] ¢ ok
2 7K & AdE S 7o 24 mixing HES Fagh
t}. Intermeshing mixer2] 73$- & rotor Afo]oM = At o]
STt 3 lobes ALEE T F AuoA T £
AR o] FA It

F 7717104 doju= mixing #A 2 fracturing,
stretching, distribution, dispersion 522 73 4 Uth?

IM2 rotor?} rotor AFOJOlA] mixing 80| 2 doju=
o] wksl TMol Al A2 Q] mixing 282 ZE2] € (tip)©]
Aol el slie] 2 Ale]o)] 9IX|ste Huptol Het
25 7teke Zlolth. TMe| A= e]=o] sdste 2 &
2 IM FUHH 9 fAkHAl MR stEe SAgte 24 by

Aol Ae)7) Bk njxE ke v 641

Rotational path
of rotor nog major diameter

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.

FE= Ao o e ddeg ddsith. IMolA
2717k 2 AeEs dehdol wigE Ave=s= TMOl 9
3l wighe AeRT £ a2 2y B A7 Ak b
3 ASEZ EFo] AAFOR o] R Aoz dHA
2At}? Koolhiranz} Whites F 71571715 B w3F o)A
IMo] T™el| Blaf A4 2 #ul 28] B 88420 2 B
AFYTHY 9] 7= SBR AN o 270 BAHA
A7t 7HEEY, 2=yl thalid A=At v, B2 A
] SBR/BR @k E/= WollA dej7h A2 &4t
of #ate] 7tk A - 5o AEE FAF AR} AMAS

P2t &

s A2 A3, Mol oJelf 7 Ag- 2 Aev 9

HAE2 7 T™ell vls) | H3lem d2j7h SHAE2
A717F Bt Qg 2] = A A B YL
= #Fsgi=t, ol 9 797 IMS ARgste] A2 A

<2
7k A AT FA AFS Bl Tk,

z E
Ag7l2 3% SBR/BR &4

JaL- HgaAel thelA 7t
371717} A7t Aol viRle 99

S Tjetel7] 914l internal
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mixer®] intermeshing rotore} tangential rotorell 2|3l Bl gHE
Anre] RERX], 7IAA B8-S Hrtste] v 22
AEE Aok FAF A dvd s well Huhese) BER
A& ##gk A3}, intermeshing rotorl] 23l v g -
tangential rotorl] H]3ll A&7} YA AE2A FAF L &
3 FSt} B3 intermeshing rotorol] 2J3 wiEE HupL=
o 7144 B4 RE, F 300% BEEZ, AARET 955
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