Rubber Compounding in Banbury
Mixer
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1.2 Banbury Mixer2| ZctX (Roll Mill Mixer2te] H|a)

Banbury Mixer Roll Mill Mixer
-Specially-shaped Rotor -Cylindrical Roll
-Rotore} Wallr}o]oll 4] smearing mixing | -Bankel| 42} mixing 28
& 4 (2.E surfaceel| A mixingz}4-) -3Jubgre] 49lo] olg
-Rotor#} rotorA}e]el) 4] shearing mixing (21413 Q) cutting, overlapinge] ¥ Q)
-Chamber] % —internal mixer -Open system( ¥zt & 3}k —stiffnessfA])
- 3A -High Shear Developed
-2z} & s} 2. -Massive surface cooling
2z | -tk mixingell $-2 —Stiff compound
-8]32 & mixing cycleo] &c}.
-24]g 7ol 3R
-EHEEAS] WE -Mixing cyclee] Ar}.
-Chamber$} 4-A17}ko] Zr}, -3keizl g E&xyl A
& " | -z SR} A 1] B
g 2237} ol
-Batchzte] #4387} o2$

[ =217t &34 mixingl °l§&

| [2A mixing®ets 23, A3 gol 1%

1.3 Mixing Variables

B Baich Size

B Ram Pressure

B Rotor Speed

Mixingz7] . Rame] 3~4inch $34 A=
Dump3A : Ramo] 0.5inch $3d A&
(9% Banbury 71%)

B Ram Pressure

8 Charging Sequence
B Mixer Water Temperature

P
¢ -Power Inputo] 25& A
L Heatz wW# J

|

3 1{

olse) LE4A }

|-HE A} WA (£} Mixing) |

High Power Mixing 7% o2

Ram Pressure7} Az} A== A%
Ram¢} Over-Pressuretx Mixingel] &2}
(Rotor] E314 &% Aj)

B Rotor Speed

Variable
AAEE
34 - mixing time¥%, batch2EAMS

S & Rotor Body
—y L o
@ Batch Size h -
. Lateral
Batch Size }“/.‘J_'tﬁ gverlap
rea
Batch Size(Weight)=DXV xF Halix
D : Compound Density D
V : Mixer Volume
F : Fill Factor(¥A+ 0.7~0.8)
Z_“Zé Batch Size—ﬂ Q")‘] h Wing Length D Wing Length >
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Rubber Compounding in Banbury Mixer

Bl Rotor Body

ELEMENT
Helix Angles

AFFECT

Distributive Mixing
Material path through
mixing chamber
Control of Internal Flow
Dispersive Mixing
Transfer across mixing
chambers

Distributive Mixing

Wing Length

Lateral Overlap
Patterns(Distributive
Mixing)

Transfer from Rotor

to Rotor

Batch Size, Scale up

L/D

2. Mixing Process

2.1 Mixing Mechanism

~

M Rotor Cross Cection

ELEMENT
Tip Widtth

Tip Clearance
Leading Angle
Trailing Angle

Waist Diamster

Control of Internal Flow

AFFECT
Dispersion, Shear, Temperature
Dispersion, Shear, Temperature
Size of Bank, Entry
Effects over Tip
Relief after Tip, Direction for
Distributive Mixing
Strength, fill Factor, Flow

-~ Wiping(Rotor Tip-Chambe: > e N
/,/ Wall) fgotor-SideZ} %’-r/a-z}rol \\\ Rolla'rcg)k] cuiting/_ov- N
( @72 & (Roolt} E3hA) ) # %r_lagmg% 5 i ng
X Rotor Tipefl 4 2 913 34 J olp—] _thx-‘;’-:_(%mo

h N AN ./ Longitudinal =2 g )

. Sheary} 4

¥ Milling <

e BN
“"Rotorg} & o] ~
G iR AL
Chamber or Side2
ey o gus

t}E RotorZo g

/
/

Latter] Over]ap

i

. "Ed: 3E /
\ 299 Roll Millejj~]e) /
\\"34}’—‘}"41} ey
2.2 The Nature of Rubber Mixing
Large lump, Aggregates SUBDIVISION
Powdered or liquid materials INCORPORATION
Reduction of the size of DISPERSION

agglomerates

Moving a particle from one point to
another

Intensive Mixing
(Shear Stress)
SIMPLE
MIXING

Extensive Mixing
(Shear Deformation)

Mechanochemical breakdown of the
polymer

VISCOSITY
REDUCTION

Kneading_ %

—

T T~
~ Millingell #]sf =8 ™\
¥ EAo| chamberd
F4 2B o]F, Relax
“F RotorA}o] o] 4

EFEY 47

conformationo] |4

S/

\
\

. Shear, Folding over,
“F7)A relaxing
. -

Smaller ones

(Suitable for incorporation into rub-
ber)

into Rubber to form coherent mass

to their ultimate size

(Primary particles formed)

without changing its physical shape
More easily deformable
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3. EPDM2| Sestx

2.3 Power Monitoring

| /—De;;f Dispersion
ﬁ

Batch temperature

: INCORPORATION #
#DISPERSION & SIMPLE MIXING

a4 TF5Y b gAY
d: Mixing &8 e . Dump

CREIZE a3 £, B

o s
F 24

,/"‘""‘_’- "'“‘\
/ ull Viscosity
Percemage:—nir{corporated powder
——
d e

¢ : Ram down

A2 (gER2)

2. 28A17) : 277 &4, gAY Incorporation( 4 EE7})
3 &AA27) L igAYSA, B4/ TR A (L)
4, 22AA37) ; jgA B, AeAsE fEA AdES

MZIn} Banbury

|

3y

3.1 LEXS fars A3

EECERELEES

Non-Newtonian Behavior
Viscoelastic Behavior

B G =G’ cosé(EtA modulus)
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G"=G" sind(e+4 modulus)

G"=G" tand(loss tangent)

etA)o] 242 tand(loss tangent) |

A2} €43} Non-Newtonian Behavior=
o] 4

%
G237}

TR

M Ar Ao
N,

>
g

vIScosity

Non-Newtonian Behavior

~
broad & branching

linear
narrow

newtonian

shear rate(em 1)




Rubber Compounding in Banbury Mixer

Viscoelastic Behavior

tand

\

linear narrow

broad & branch

shear rae(cm™")

3.2 Banbury 34

Banbury Torque vs. Mixing Time

—

Wetting

— Dispersion —

—

anbioj],

— TIME

X Shear | EPDME| &d

39 | Rae | gyyn | EPOMATE
Wett- Low Sh- | st v Hz)ak |
ing* ear Rate | Bh4lo] &2 | HAlobL ¥ | Narrow

%9 eg A= !
High Sh- ong | T |

Disper- | er Rate ?EJ} 217 [ 2xaey | Narrow
sion | 99 e EAE l
*Wetting : C/B incorporation process

3.3 A&l
Sample A| B C|D]|E F
ML1+4, 100C 52 | 57 | 52 | 63 | 60 | 44
E/P Ratio 57/43|55/45(58/42(52/48154/46/58/42
ENB% 0 0 |16[17] 0 0
DCPD% 0 0 0 0 |28](12
Mw( x 10%) 5.107.33 [ 5.57 | 5.67 | 4.43 | 4.43
Mn( x 10%) 1.47115211.85(1521.41]0.93
MWD 3.48 14.38 3.023.72 ] 3.15 | 4.75
7°135C(MPa, sec) |0.387] 2.45| 6.88 | 15.7 | 33.0 [ 23.5
Branching Indes* [-0.27{ 0.10|0.96 | 1.23 | 2.12 | 1.97
7°, 100rps, 90°C
Pa, sec 61295601 | 5208 | 5588 | 4497 [ 3629

*Branching index=log[ (° of sample)/(5° of linear

EMP)]

MI(Mixing Index, % )=100[ML1 +4)yin(mll +4)gmin ]/ (ML1 +4) gmin

MIXING INDEX %

150

140 4

130
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110
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40
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10
0

—9— Sample A
—8— Sample B
—#&— Sample C
—+— Sample D
—X— Sample E
—&— Sample F

30 40

TIME .SECONDS

Mixing timee] W& Mixing Index(MI) 2] 3}
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3. Carbon Black 24t T7}
3.1 C/B 2AtEEke st

oubd o 2 C/BL Particle size7} 2&4E, Structure 3AJo] FL4E Balo] L3t

= W+ K K
$+& 4] W+ — Scorch 4
PR Die Swell, Shrinkage #3} & — Hhﬂ L1
° 3 -

e R
AEE 42 o AEEH B

QA7=, AAE, JdI7tE A3}
7V HEA 249, Resilience, Wul2A), W34 =24 734
AR 22 A ‘_"4"4*3

32 C/BEuEd R0l

8

Mo
el

Mixing timeo] 232, Process oil2] F¢]A|7 o] A= Zg 751
Dump £%7} v¥ 744 @& 74¢

Rubber 2] Break downe] &3] 23 A<

(Friable or Crumb Type EPDM AR&-)

Fill factor(&x¢)7} UYF aA}) & AS

E3E2 B AR 21 Ay

Mixing Procedure

Ram ¢¥e¢] 337 23 2%
Z  w Rotore} Chamberz}e] Clearancez} & 7%
Mixer¢] Cooling&5}7} W2 & ¢

Gele] 3A4% Polymer® A% 2%

$2o] 49 Fillers AH2-& A%
275} Structurez} we C/BS AH23F A%
2383 Aals}z] o3& NRS AH§ AS

Hxzjol7t £ % PolymerE Blend¥d 7$-
Compound Design | &3] & Polymer——- A" A
Fillers} Oil-g s}=s}A A2 29

3.3 C/BRAT EHUY

=2 EX bl u} |

Ae

EAduigtol) 4] Mocney Hxr} $&-E C/BEAF 94
Compound HAxE Mooney HE7} $&242 Mixere] 427 Torquer} £718 o] Yo ud o|2 thAl ARE-
5 A Ve R

C/BEAR}o)7) w4 79 43}6}71] SRCh- AN

T-DieZ ¢4&% 29 DefectsZE Count
}& Defect &3 X500 &-2 Az E Defectiﬂ 1 32 Count —» £5 Reference 4 (ARIE-Z)

Defect7} Polymer, White Flller—.v;ﬂ'%%} o 2% Wiy

v)7}8 1% Green Strength &4 — C/BE4} 242 Green Elongatione] #3
7AH 24 &4 12T JA7tE, AFE £4 - C/BEAkd vlEl

Bilo] dgiE Jou A B

Rubber: A ads), C/B+ Semi-conductiveg-Ao]2 g F AT Compound oFZ9)
FAA|7)2 Electric fieldg Ao 7148 24 [AF=(Q-cm)p=R-A/L]
AZAE &A R=Resistance, A =Cross-sectional area, L=Length

C/BEAYe] ££5% A7A o] AY

AT ES 43}6}71] s
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Rubber Compounding in Banbury Mixer

A
Bl

B 3 7 3

Microscopy ©]4-

Rubber compound Microtom o 2 gkAl el #3de|A(x1008)&) o8 #F3le] &5
Reference?} vl (A}A1ZR)

Cabot Method®] ¥ Reference$} Sample2] 82 ¥ Monitorol|4] A2 vlTEH3}=
uy

{ ASTM(D2663)Method |

Method A : Visual inspection

G712e Zo} WrZE s el x10v&=2 Suisix Bm o]F ASTMeA AX|jt
35 Reference?} v]Z(ARAAZE)

Method B . Agglomerate Count

Microtome$ AHg-3le] S e} Bstan|7 e Foj(x 10~ x100)3td Agglomer-
ate(>5um)E Count

BAasrze RAgabA 923 ¢ 9ot 2ot AnlE de 2w 53] ] Agde] wig
8

5. EPDMS| Mixing2gd 2} i No. ) ) PHR
1 S 505 80
2 S 606 40
Upside-down | Filler — Polymer High 3 Zn0O 5
mixing Loading 4 S/t acid 2
Incremental | & X|7}o| Filler Special 5 FEF black 80
mixing £.q] Purpose 6 et 40
Modified Fillerg £ %4 Low 7 FHE P-oil 45
mixing Viscosity Total
o 292
1st stage mixing A= - 117
2nd stage mixing Batchsize x4.0 1168g  1000cc
Mixerlﬂ o]] A‘]'O“] Scorch HC}X] x4.4 1285g 1100cc
X 4.8 1402¢g 1200cc

Rubber-Filler-Curative ] #4e] Et},
Mooney Viscosity9] controlo] &t}

(2) #4272
(a) Banbury mixer(BR type)

% Fillere] 2qlsl¢e 2445 #2
(Ram up$ 7}5dt AA)

Capa. . 1.7L

MixingZ74 : Ram¢}¥ =3kg/cm?
271¢5 . 70C
Rotar 324 : 68/75rpm

37} ;. Water cooling

(b) Roll27A (10" roll)

% High Ethylene Grade:
— Prewarm the Polymer

— Friable Bale

5.1 AEYY
(1) oy

2% . Water cooling
Roll gap : 5mm
Back rolle] #-ol% #$ 747 23] 2/3cutting
% Ribbon e cutting.
(3) F7ha=
(a) =97}
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58

®BE=

ez
45mm¢, L/D=16 ¢%7]
2% 20mm Ribbon die
2% : Die80C, Cylinderd0'C~70TC
Screw 3] A< © 40rpm

B8E2q)A] Carbon Black2] Wetting#]%}F

=+4& FEUE
-37}
o+ 3™ (Carbon black®4}H) : 0, X337}
i
Die swell

{b) MooneyA % : ML1+4, 100C

. Dump ]3] Dump wa | MLLI+4 | FE5% ) Swell
% = A .
No. Mixing & A BHAFA Dy | ex ¢ P2 100t | (g/min) | (g/em)
30 157 Dunm,
s | Ul zw ]l 20w j o 125 A 43.0 | 204 | 064
! 5 7 Cleaning
2 3 6 J\\
4
—-‘30” 30" Dump
5 1ew [lzow | o 125 | o | 410 | 210 | 062
1 5 7 Cleaning
2z 3 6
4
30" Dump
i roori| 2 oo 30 XX 109 X - - -
1 5 7 Cleaning
A 5
Up-Side Down3} &4 ( 4254/ ¥25)
. ¢]5]1 Dump ML1+4 | 94545 | Swell
& 4 I iy g 4
No. Mixing & Al A8 T4 049 | 25 © C/B 100C | (g/min) | (g/em)
107 Dump
1 m z_00 H 3 00 J o) 127 X 39.0 186 0.62
g 7 ; Cleaning
2 {Up-side down)
Dump
2 7 2 00 H 3 00 i o) 128 XX 40.5 190 0.64
157 Cleanin,
] * (e
4
5 : Carbon Black 6 : Filler 7 . Softner
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Rubber Compounding in Banbury Mixer

. Dump ]3] Dump ML1+4 | 4545 | Swell
. T A AYF A |, Ak .
No Mixing & A ER A | 25 ¢ /B 100°C | (g/min) | (g/cm)
307 Dump
3 | Ulew fl 5w | o | 127 | x | a6 | 184 | 064
; 27 Cleaning
H ©QO% YR
307 15”7 Dump
4 7w Z o 125 A 43.0 204 0.64
; g ':.; Cleaning
o ez | [
2-354]=F W7 4] Carbon Black Wetting 2|7}
. Dump9)5{ Dump ML1+4 [ &245 [ Swell
. T & A8z o At . .
No Mixing & 4] e HAA | 25 T /B 100C | (g/min) | (g/cm)
30" 307 Dump
s | L1 ew Jlew | o | 125 | o | 410 | 210 | 062
é ‘:51 ’é Cleaning
N
30" 307 Dump
7 z 00" z oo \!\g ) 124 o) 38.5 204 0.63
| 52374 52]1/4 Cleaning
2 3 791/2
4 [
791/2
30" Dump
8 v oo07| | 2 oo 30 o] 122 o] 41.0 204 0.63
1 593/4 591/4 Cleaning
2 3 7¢j1/2
4 6
79]1/2
30" Dump
o | LIyl zo J] w | o 120 N 415 | 206 | 0.62
1 593/4 591/4 Cleaning
z 3 78172
741/2
1,2 : Polymer 3.4 . ZnO, St/A 5 : Carbon Black 6 : Filler 7 . Softner
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ke 2

AR FR

7 HrkeAl WA

.. Dump$]%{ Dump ML1+4 | r84% | Swell
: & e Polemaa| .
No Mixing & A 3 g | ez o |Y 100°C | (g/min) | (g/cm)
30" 307 Dump
7 z o H z 0 ‘ 0 124 A 38.5 204 0.63
1 5213/4 5941/4 Cleaning
2 3 781/2
4 6
791/2
30" 30" Domp
10 —_LM z o H z 00" o) 122 A 40.0 204 0.63
1 5013/4 5901/4 Cleaning
2 3 781/2
;swz 6 (Astel e W) | S
FRRIA FoF WA
. Dump£]8; Dump ML1+4 | 484E | Swell
¢ = L1 v .
No. Mixing & 4 AHE T A AR | L% C/B 100C | (g/min) | (g/em)
30" 30" Dump
s | L zw  [] 2o o | 128 | o | 410 | 210 | 062
1 5 7 Cleaning A
2 3 6
4
30" 307 Dump,
7 |, Wb aﬂ' 2 o 124 | A& | 385 | 204 | 063
2 3 79]1/2 cuming
4 [}
721/2
30" 30 Dump.
11 2z 00" ﬂ z o e} 124 A 41.0 204 0.63
1 591/2 691/4 Cleaning
Z2 3 781/2
rage (C/B, oil 7MY \\
30" 30" Dump
12 v || ror | A~o | 127 o 400 | 200 | 0.62
1 541/2 591/4 Cleaning
2 3 6
¢ (C/B, oil BrkeH) A
1,2 : Polymer 3,4 :Zn0, St/A 5 : Carbon Black 6 : Filler 7 . Softner
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Rubber Compounding in Banbury Mixer

Polymers} 244 4% 34 $4

. Dump2]5| Dump w g | ML1+4 atzLnw | Swell
No. Mixing & 4 1934 A | L5 C /B 100C | (g/min) | (g/cm)
30" 30" Dump
7 U UL LA ” Ll [ f[ o 124 A 385 204 0.63
1 523/4 59)1/4 Cleaning
2 791/2
4 6
791/2
30" Dump
13 ror [| rar E o 125 N 39.0 204 0.65
1 5243/4 52]1/4 Cleaning
23 72
4 6
7911/2
EA2ke) 87
. Dump2}E Dump ML1+4 &4 % | Swell
2 A2 A A :
No. Mlxlng T A’] g2k a RERSL ax‘l/‘(}q] ‘3‘5 ac C/B 100°C (g/mln) (g/cm)
30" 30° 30" Dump
———1 1" 30"
14|, Gl L o 120 | & | 415 | 204 | 065
2 3 791/2
;e“/z 6 3% &) N
30" 30" Dump
15 2 o I oo A(\{\\ o 124 A 38.5 202 | 0.65
1 523/4 521/4 Cleaning
2 3 71/2
307 307 Dump
16 ror [ o o | 126 | a | 375 | 206 | 063
; 3343/4 gﬁn/“ Cleaning
S 78172 7% &)
30" 307 Dump
17| Ul ew (] 7o o 127 | A | 375 | 206 | 063
! gﬂs/a 521/4 Cleaning S
6
S TV (10 &)
1,2 : Polymer 3,4 . ZnO, St/A 5 : Carbon Black 6 : Filler 7 : Softner
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IVLER F=1% FUR

Fill Factor®7

. Dump9)§{ Dump ML1+4 | 245 | Swel
. M & X AP T A [, A . . ,
No. ixing & A = A | e% T C/BEA 100C | (g/min) | (g/em)
30" 30”7 Dump
18 _Lﬂ_ﬂ z o ﬂ z 00" e} 117 A 38.5 208 0.64
; 3213/4 2941/4 Cleaning
S 7el1/2 (Batch size : X4.0)
30" 307 Dump
2 00" 7 00"
7 j?ﬂﬁﬂ“ 7 c}ﬂing f o 124 A | 385 | 204 | 063
2 3 791/2
;2“/2 6 (Batch size ; X4.4) j\k
30" 30'“ ﬂ Dump
2 00" 2’ 00"
19 ]g_e&(gqln Cleaning o} 130 A 42.0 190 0.64
’ ;2“/2 7e1/2 (Batch size : X4.8)
Ram ¢]¥¢] WA
. Dump ]3] Dump ML1+4 | ¢t&&% | Swell
. & A AET A [ Ak . !
No Mixing & A Aand | ex ¢ | P 100 | (g/min) | (gfem)
307 307 Dump
7 w z 00 H z o [ o 124 A 38.5 204 0.63
5213/4 521/4 Cleaning
2 3 7¢11/2
;2“/2 6 (Ram 39 : 3kg/om?)
30" 307 Dump
20 ——l_ﬂ_ﬂ 2 00" H Z oo ' o 123 A 41.0 206 0.64
; 33‘3/4 23‘“/4 Cleaning
;sn/z 74172 (Ram ¥ : 2kg/em?)
30" 30” Dumlp
21 M vor [] ror | o 123 | o | 410 | 200 | 063
: 343/4 g-ll/t Cleaning
;241/2 741/2 (Ram 9 : 4kg/cm?)
1,2 : Polymer 3,4 . ZnO, St/A 5 . Carbon Black 6 . Filler 7 . Softner
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Rubber Compounding in Banbury Mixer

5.2 AR AR BN AR A9 fAle] HA
o} o
1) No5¢ mixing&47} carbon black®Ate) 714 e
P ZaNo. [£@A1ZH ML1+4, | Swell | Carbon
0 93 B X (& 100°C (g/cm) | B4
?olmerﬂL Carb-on bla‘tc‘lfwl- 24%_8] AL Wet o S N oo A
tinge] o}Fe}21F o) Oil& #7Hch. Polymerd) 15 4 385 065 | &
Carbon black 9] £Ato] U A|A A= e Oil 7 5 38.5 0.63 N
Yy o . 16 7 375 0.63 A
A7}k314 Rotord slippage7} WA= (No.6) 17 10 375 063 N

(2) Up side down, EFEFHAE dBF

2 Carbon blackd] BAHEES do7)7] 4¢. 6) &% (Batch size)

Batch size X 4.0~ x4.8(1000~1200cc)A}e]el]

(No.1, 2, 3)
(3) 2 q) 4] Carbon blacke] #AHE 2 Aol ¢ls.
)L 22 Az
Carbon black, 058 B A% £YA7] Mooney g Balch size7} 255 72
o) wz} Carbon black&AHA o] o]z} ¥.(No.7, Z2No. | E#X|7H ML1+4, Swell | Carbon
59,10, 1, 12 TR TR G B R
x4, . .
4) Polymer®| Z# 7 x4.4 385 0.63 A
Polymer—J iﬁ— Carbon black HAb7fefe)] 2k 19 x4.8 42.0 0.64 A
G Mixi“g"’u’ 2~tkg/om?e) W HE 2 Aol7} 98-
Mixing A7+ 27158 Mooney A%, swello] A (No7, 20, 21)

852 43S o]E4 A5 Carbon black 9]
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