(=}
Jm:
mﬁ
N
=
1o

o
N
L Hr

]
o8 kI

ox |

[ | AN ==L T

2 oAax =8 Z23(1)

I} -

HHCHA] - H|EA - 2R - AZHE

LM 2

29 §49 Bolol Azsse éﬂl@ﬁli

tion)s}e] 7t}

L5 glolo] A4k 7lEdlA] ¥ EFe
W L(bale)d 159} H3}e(pelletized) A A ]
£3e ez g o) FRASE A4 1

W E Y 2 (marix ) EYHD GR Fare o]
¥ 240 308 4T Gk old 2Ho
AgslE £3 AvEE WAE EWI9 B 5
2 AFA AH5 Juz 39 rled A=
A% z5¥l0] g4 Ak T 954

iilOHUl:l

O AWRS BHE ot old FAY 7 )
&8 AFI FA4 A Eolol 4u71e 279
Al weh B we T A AsiAA A
£33 o 2HE oHINA: olu] 4 Fk Al
A% 53 2HoZM &3 QE7)(Mixtruder)
o 275k Aol EEA FohT 4 Eolo]
49 3o BRANE o) 4 B FHS
o WAE FF 52Y Rolw EE 71£H
2yl ug FHNMNE HAE Aol &

FY

1987 aTisti shebyeta) shal
1989  The Univ. of Detroit, Chemical
Engineering MS
1996  The Univ. of Akron, Polymer
Engineering Ph.D.
2003~  Georgia Institute of Technology
2004 (Visiting Scholar)
1996~ Fegsthata, aRAlgetae,
4 Fus

1980 AHUsh AR ety o
1983  7A¥gialn n¥AEsta Hap
1992 The Univ. of Akron, Polymer
Science  Ph.D.
1983 FEAf8leF) HYRTH
1997
1997~ gh 7| a S b
A E-8atetgaat g

AHgu
1985 Ajarehstal shetastat ala
1987 AJd¥ehstal shepygebat Hat
1995  The Univ. of Akron, Polymer
Engineering  Ph.D.

1995~ B 1 FY A

1997 Aglelp ¢l
1997~ defehar tAel A o

A Faug

e

1980 Qlsblati shebyeta e
1989  The Univ. of Akron, Polymer
Engineering MS
1993 The Univ. of Akron, Polymer
Engineering  Ph.D.
1980~ ghEElolol(d) FHATA
2003 AAT+g
2004~ 5y %‘ Faal® I AT S ST
A A

Rubber Technology vol. 7, No. 2, 2006

71



588 3R, ol EaE 2
2 A Shep 4897 2

—*n:i

s‘_h:}g ;4\0]1:}. EH—‘?—-E“’ 5 35E H?JXL l—ET
3] F3Al, 844 5L& A FEEeRA T
=) WE BY sk a8y P 293
7] JE e AL H}i aFolth O]U] deidl v

538 aL
A7) WEolth Mt nF-E A FE5FA &
T EE A FYE Axshe AL &
o A% 2L opth

olg]§t o] f2A YHHLE s F A B
HE AAEHE, A g 158 A8 e
& o] &3l S 4 Ytk = AV1E FA
2 YRR e EF A&V & 5 3
Al gt o]y Az 3L WY 15 AVE
Zo]7] M 25 & g3ojo} 317 Wil B
iz F1iol %7}&]5}‘:} At YAt Hef2A
7Vs3td A 7] e LS =¥k o
Al BA ¥EF ook 6}"4' e ojd AR Y
Iz} e AL dste FHE AAM B
2 FFAZRE AFEA FEL F A =A
£ 989y £7 a7/F8AY o Azl of 3
$E 15 e FAAL AR O T 2dsiA
WEgEo @A JhEEL Af-5EF P (free-
flowing form)2.2 FAEHe Foltk &3 15/
FAANY FdAe 5o FAHAAEE dF A

71 RS AT HE R P (bale
rubber granulation)¥} Bl w3PH YA EZA Q] 1F
o} ZHAAE Az FHNME 44 S H A5

Ak Az 3RS AANEA A 7 EHARIH.
w2hA] B2 FHo] AAE + Aok & OE AH
& FRERA(matrix)W] o)n] AR} SAS7]
ol EFFAHANAM FHAY e ETYAIRIe] B
dgsitt. F7t2 AT A% 2% vk
o] &7 EE Ayl T AFANAE ol Az
Al gsfjA 1 e YFSAA des WE
£33 5 AJgch A A F AFHSH

A A AdFHo=z 7155, E-SBRisilica/

)

72

silane,'’ NR/carbon black,” E-SBR/carbon black,!
714 EPDM™ £& 7|Ro g dtE B 15 A
2o 3§ AHAE st A Fof Sle o]
9 AEe) AukAQ GHE Ao FEY 5
3} hekst 259 AT FHol ot Aol
A& B 49 AL Bastel AW 537

we a7} SYEgla =8 REsl A
2 59 elolo] AxIAT 50l T4 Yol @
224 33 29 TatHaAY o] ZeAES
Fate so s uge u Ay Az 49
AzE ERIEZL FORIAE BAE Aotk &
ZH)E AL 58 249 A e 9]

24 Eshu @A S 35 vlde Slee
7| %2 &t AEHE 828 Elolo] AL 7 ]
2 mazd washc

2. M2 ¥hH(Approach)

ZA 8L AEH figureS-L 200013 Paderborn
t)ate] Limper m4=of] 2184 Degussa AGS] =&
& Wwop WA ATIA ol Azolth
o] ¢3FE Hannoverd] 9313 DIK(Deutsches
Institut for Kautschuktechnologie)ol ] 9-& 42
=3 249 ¥d A7 Agoltk. Y2 1T A
e zgmel UA 2 GIH Af-28F
(free-flowing form) &% 7Fo] Melo|L} HQ 3k
WY 27 Eagle] wE W} 52 EIAFNA
23tk

o] A+ finished compound(7}ﬂ1ﬂ—§— iy
SEAEE DA 66,000 ton AR 5L 77
% £8218 olo] T3 o1H compound
e AR A ARElen AnHes
compound kgt T71E AT, Ea FA,
=3t oA HIGE EH s

=% %57]_‘;’ 25 sk compound E7el]
st T HlE&= A vaEct F 7HA
Ny & %} 715 o] &3} finished com-
pound At 58-S 4k 60,000 tono 2 7S}

T3 compound®] E7F AZAS A% £F F

e ok

A27ME H7H MBS, 2006



Ao A4 gt} o] o= finished compound7}
R 42718 A2 § A4 437 e g
(calender) & Al8-3le] WHAlF o2 A Z2HE 714
B}, old Axmle AaHos 1w Aol
7Fsst7] wEel B8 AEelle EIAT1A]

o] =&9 vHAY FEA = Bhojo] AFgelA
28 compoundZA] tread compound$} base com-
poundell thg vif 7h& g i) A4 el
A Hg Hlag 23k

3.8 528 i}R E[OjO] ZAlOJA] AHAH
2= (compound) HIE

I EFAL F 509 wjF EFY
7450 Atk 7+ Bl dAEE &
Hjolo] Mule} BAS ZQse= 34 4
Hl o} gedg E37) o] 5o Huj2 A FA L o
$2E &(downstream) AH|ZA] 4E7), 3+ 49
0 A 23 o Al(batch-off machine) o & A
4o Sl s7kel £947] 2l g A i
Non-productive compound(7}5+-A12  H7}381A]
& compound)E A Z3tar, LA 2709 @<l
7V5A1E EQ3% finished compoundE A %35
%3] Adg]7Ksilica) compoundE A7) 9
A& intermeshing D4 538)}7|2 ZAAE T 1}
w 2] 47]¢] £37)(GK255N)= tangentlal i B
EG12 FHBY FAAY HEE F 6709 A
ol Z(silo)7} 7}estar, 2 & 1709 silox silica
granulee] AZgolch. WY nRS 2% Avl
(chemical)& 23 HZ4dolr] HAZCE Fof
23 WA AB AzY AAE stk 4 &
& 9 olF the EF 2ElS 9 EFELS T
B ARz AZESL old HHo Nom
productive compound$} final compound #1747}
242}y Zkgolx gtk zh wiH|(batch)o] #H g
7382 (compound)©] W2} HEH(IE)S
Aslr g P17 ) £ 7)(Kneader mixer)
Al il @y F o AU dahs ¥k o
AP HolA 73t

;l r\o 8 o

'171 L le rlr

Rubber Technology voi. 7, No. 2, 2006

3.2 diptgknt M= AIZE

Table 12 F 7io] D2 EFF7]o] 93ir &
A 3h-2-1d Z¢l(compounding line)] AAF A
o BojZth BE 1% AGS AF ol
717+& 2217000 hrs/yr(GK255N)32F 7400 hrs/yr
(GK320E)°]r}. Table 2= Non-productive compound
9} final compounds] FF7] Tl PHHS
of Zt}, silica7} £¢H 792 =(compound)= &
A% EF Azte] oA 7] wj ol HIE Bl

[N
o

S

Table 1. Production time of the internal mixer

line.
GK 255N GK320E
Weeks/ Hours/  Hours/ Hours/
year  week year year
Full production 46 168 7728 7728
Red.production 5 156 7780 780
No production 1 0 0 0
Max.working time 8508 8508
Standstill, 8% 680 680
Normal work, time 7828 7828
Equipment preparat. 782 391
Production time 7046 7437

Table 2. Output of the mixing lines.

GK 255 GK 320 GK 255

unit N E* N**
Voulume L 255 320 255
Fill factor % 0.7 0.65 0.7
Volume used L 179 208 179
Density glerm’ 1.2 1.2 1.2
Batch weight kg 215 250 215
Feeding, discharge sec 80 80 60
Mixing time sec 100 175 100
Mean mix. Cycle sec 180 255 160
Batch / h 20 14 22
Output / line kg/h 4300 3500 4700
Number of lines 2 1 2
Total output / h keg/h 8600 3500 9400
Total output / a t/a 60500 26000 66000

* non-productive stage ** final stage
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Table 3. Investment costs for the non-productive compounding lines.

GK 255 N GK 320 E

Number Lifetime Costs Depreciation Costs Depreciation
CB silo 5 25 230,000 9,200
Si silo 1 25 46,000 1,800
Storeroom ("bales, chemicals) 25 570,000 22,800 285,000 11,400
Convey. weigh. feed. equip. 3 10 1,580,000 158,000 790,000 79,000
Weigh. minor chemicals 1 10 160,000 16,000 80,000 8,000
Feeding bales 3 10 140,000 14,000 70,000 7,000
GK 255 N 2 25 1,670,000 66,800
GK 320 E 1 25 1,045,000 41,800
Rotor pair, SPC 3 10 770,000 77,000 385,000 38,500
Extruder, roller die 3 25 1,660,000 64,000 800,000 80,000
Batch-off, SPC 3 10 940,000 94,000 470,000 47,000
Rheometer, density 3 10 255,000 25,500 128,000 12,800
Storeroom compounds 25 750,000 30,000 375,000 15,000
Internal transportation 10 70,000 7,000 70,000 7,000
Building 25 720,000 28,800 360,000 14,400
Ventilation 25 100,000 4,000 50,000 2,000
Elevator, crane 25 190,000 7,600 190,000 7,600
Power station 25 760,000 30,400 380,000 15,200
Maintenance equipment 10 20,000 2,000 10,000 1,000
Total costs 10,585,000 657,100 5,534,000 389,500
74 28ME HMTH M2E, 2006



Table 4. Investment costs for the final com-
pounding lines.

GK 255 N

Num- Life- Depreci-
. Costs f
ber  time ation

Weigh. minor chemicals 1 10 240,000 24,000

GK 255 N 2 25 1,670,000 66,800
Rotor pair, SPC 2 10 604,000 60,400
Mills 4 25 1,825,000 73,000
Batch-off, SPC 2 10 940,000 94,000
Rheometer, density 2 10 255,000 25,000
Storeroom final comp. 25 710,000 28,400
Internal transportation 10 70,000 7,000
Building 25 660,000 26,400
Ventilation 10 100,000 10,000
Lab 25 27,000 1,100
Lab equipment 10 770,000 77,000
Power station 25 760,000 30,400
Maintenance 10 20,000 2,000

Total costs 8,651,000 525,500

Table 5. Employees for the non-productive com-

pounding lines.

GK 255 N GK 320 E
Empl./ Empl- Empl./ Empli-

Shifts shift oyees shift oyees
Storage, raw materials 2 2 4 1 2
Weigh. chemicals 4 1 4 0.5 2
Bale handling 4 1 4 0.5 2
Int. mixer 4 2 8 | 4
Extruder 4 I 4 1 4
Batch-off 4 2 8 | 4
Transportation 4 2 8 ! 4
Maintenance* 1 2 2 2 2
Jumper 4 1 4 1 4
Relieve person 4 I 4 1 4
Shift manager* 4 1 4 1 4
Employees 54 36
Tot.Empl.9% more 59 39

*skilled workers

Rubber Technclogy vol. 7, No. 2, 2006

Table 6. Employees for the final compounding

lines.
GK 255 N
Shifts  Empl./shift Employees
Weigh. chemicals 4 1 4
Int. mixer 4 2 8
Mills 4 2 8
Batch-off 4 1 4
Int. transportation 4 2 8
Jumper 4 1 4
Relieve person 4 | 4
Maintenance* 1 2 2
Quality control* 4 1 4
Shift manager* 4 1 4
Employees 50
Tot.Empl.9% more 55

*skilled workers

Table 7. Energy costs.

Num- Capacity, Costs/kg,  Energy

Int. mixer ber t/a USD  costs, USD
GK 255 N* 2 60,500 0.0105 635,000
GK 320 E* 1 26,000 0.0105 273,000
GK 255 N*#* 2 66,000 0.0105 693,000

152,500 1,601,000

* non-productive compounding lines
** final compounding lines

B aaz sl 4d avE F AR FY9
F= E}i 7R, fokshd oF 152,000

tons/yr 2] rubber compound& AJ4Fs}7] 93l 66,000
ton/year®] finished compoundZS A 4+sl7] $js) &
o—cs} A(})l}\].;d Z-.(%j /‘~‘— ok 1534 _E 74]}‘\}5]9-)\1:]_

35 oll4x| v}=

Ayl HIES ALl el HIkRs
(compound) T¢] kgF ¥ 150 kI2] =] 2#H]7}
o ’dw L, 2+ E3 28)(step)ol] 2-8-A17]W finished
compound2] &9 kg F 48] AUA = Yo A
FY 5A4E 29 42 FHE dolac B9

o] % oA &nlE Aibd 7] 9hE=(compound)
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3 Bedo] i1, Ao =(compound) T kgF
0.010589] duix] g7t oF 1 ki(kW/hn)E 0.07
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£9) 4L FHAE F oA B1§-2 1,601,000

2o] AZ9}.

36 3 HuR= vIE

Table 82 A% o] BE HE, F FA),
A7, AUAH] F& FHestd] g RoE
t} o)AEERE ZHuFE=(compound)2] ©H kg
2 vl Ztate) Feoiel A4 Sea Al
of o] e &8 #<l(Non-productived T
23}, final g U8 &3], carbon black £,
silica e disliA ZA= AT} QAN silica
compound®] #u3-&= ¥U7}= carbon black com-
pound Tt B AlTto] 23 £ 59 Paz
dste =A Jebdth 22 Ao finished
compound”} Non-productive compoundo]] H]3}<
g vepdeh ol & & ATt oJaiA] o
gl(line)el = Al B Ee d d 2+ Non-
productive compounde]] Bl3tod © B2 o] An}
£ Z(compound)7} AAECTE UWHH S Z  rubber
compoundi= Elojo] AR AMFelAe oy TF
AEl(step) 0.2 AR T Y= 2 stepoll A 4 step
Aolol QI3 S AgolE o gk

Table 8. Total compounding costs of a car tire
plant.

Unit  GK 255N* GK 320 E* GK 255 N**

Number 2 1 2
Employees 59 39 55
Investment UsD 10,585,000 5,534,000 8,651,000
Salary USD 2,177,000 1,439,000 2,008,000
Depreciation  USD 657,000 389,000 525,500
Energy USD 635,000 273,000 693,000
Costs/a USD/a 3,469,000 2,101,000 3,226,500

Capacity kg 60,500,000 26,000,000 66,000,000
Costs USD/kg 0.057 0.081 0.049

* non-productive compounding lines
** final compounding lines
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Table 9. Production time and throughput of a
mixing extruder.

Unit  TSE 130 TSE S0

Throughput th 2-2.5 1.0
Number 4 8
Standstill Y 8 8
Equipment Preparation % 10 10
Production time h/a 7,044 7,044

Approx. capacity to/a 60,000 60,000

A8 H7E 25, 2006
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Table 10. Investment costs for a continuously

working compounding line
(with storage step).

TSE 130(4 lines)

Yoo e caton
PR silos 12 25 550,000 22,000
Storeroom raw 25 300,000 15,600
Convey. weigh. feed. 4 10 1,583,000 158,300
Weigh. small chemicals | 10 240,000 24,000
Dosage systems 12 10 1,533,000 15,300
TSE 130, SPC 4 10 4,670,000 467,000
Batch-off, SPC 4 10 1,870,000 187,000
Rheometer, density 2 10 255,000 25,500
fﬁ?ﬂiffiés final 25 710,000 28,400
Int. transportation 10 70,000 7,000
Building 25 480,000 19,200
Ventilation 25 100,000 4,000
Elevator, crane 25 190,000 7,600
Lab 25 18,000 700
Lab equipment 10 770,000 77,000
Power station 25 510,000 20,400
Maintenance 10 50,000 5,000

Total costs

13,989,000 1,084,000
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71 4749} & 2Rl 5709 AelA EF 7]l A

= Ak 152,000 ton®) compound®] & A4 5
I 2t} o]E finished compoundi/\iL L’d'
66,000 ton©. 24 4719 & gl 4 =
T3 A% veivh TG ¢E7) VH ARk
8 zole Mot 39 WP
25do)A|ut & 71¢ ALE F2E ukskA £
10dez oo

2433 Mol & Flolegta o

—4

Ir

p

O

C

AN AFE RE JHe zHsw
14,000,000-2} FA}FA 2} vid oF 1,000,000E 9]
27] ZUpdzieige] Wk FAME TSE 130
lines)@} compound®] A3 ] AAZ A& 4 AU
t}.(Table 10)

4.4 MAE| SARD} ofl4X]| BI
Table 112 A2 e E/E Yehha
Aok WAy EUid Aok A SHF

Table 11. Employees for the continuous compoun-
ding pocess.

TSE 130(4 lines)
Shifts ~ Empl/shift  Employees

Storage, raw materials 4 1 4
Weigh. chemicals 4 1 4
TSE 130* 4 2 8
Batch off 4 2 8
Int. transportation 4 1 4
jumper 4 1 4
Relieve person 4 1 4
Maintenance* 4 1 4
Quality control* 4 1 4
Shift manager* 4 1 4
Employees 48
Tot. empl. 9% more 52

*skilled workers
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Table 12. Costs using continuous compounding

processes. (with one storage step)

Unit TSE 130 TSE 90

Number ) 4 8
Employees 52 72
Investment USD 13,989,000 17,385,000
Salary USD 1,976,000 2,805,000
Depreciation USD 1,084,000 1,566,000
Energy USD 1,140,000 1,140,000
Cost/a USD/a 4,200,000 5,511,000
Capacity kg/a 60,000,000 60,000,000
Cost’kg USD/kg 0.07 0.092
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Table 13. Costs using continuous compounding

processes. (without storage step)
Unit TSE 130 TSE 90

Number 4 8
Employees 40 52
Investment usD 11,402,000 15,089,000
Salary USD 1,546,400 2,089,000
Depreciation USD 861,600 1,348,000
Energy UsSbD 1,140,000 1,140,000
Cost/a USD/a 3,548,000 4,577,000
Capacity kg/a 60,000,000 60,000,000
Costkg USD/kg 0.059 0.076

A vAFo R AzxEe Z-folth o HA
7] 9}-2-=(compound) H]g-o] oA EH] o= Hl
2] Q.3 wAl(Batch-off machine)9} &7+ A& Ao

AL dRlo] ok o] S *Pshe A
A BE2 FoErh o]d HdHoA= 7]digu}
e He 839 hEv|Roe F57) 2 &Y
F AMSESE A9 E(compound) HE-E wo}

Atk

5. SlRA(RHANT AxA =5 B
H 7o) I Hlm
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Table 14. Conventionel versus continuous mixing
of a car tire plant with a storage step.

Unit Int.mixer TSE 130 TSE 90

Lines 5 4 8
Capacity final o 66000 60,000 60,000
compound

Employees 153 52 72
Investment USD 24,770,000 13,989,000 17,385,000
Salary USD 5,624,000 1,976,000 2,805,000
Depreciation usD 1,571,500 1,084,000 1,566,000
Energy UsD 1,601,000 1,140,000 1,140,000
Costs/a USD 8,796,000 4,200,006 5,511,000
Average mis. 23 | 1
stages

Costs / kg final gy g,133 007 0092
compound

150,000 tonZ =2] compound7} AALET 13y
A& ?:?%” 2R oJsphd XE compoundts T
stage® AjAETh welr] QFF finished com-
pound2] ALHS #1314 S34F 2F 66,000 tonol] af
QuE G52 B SEE W) AR uds
AR BEE FE Ao gttt F JpA] sby W
HE vashd €A S84 38 dg A F
AP = " FHEI v 22 F BX 0SS
25k 2ok o8] WASE Holo]
AE HAete] R ] e AYakE(150,000
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29 0 297
of vlgl 3 4Ev19 "F%‘O] FE58 A #
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B9 oA Hlge sl BAe Ml o
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7164 242 FE7|= Aol MEE IS 0 &
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130 4718 AHEE wE 45% AE FAdn
TSE 90b&71E AHS-8HH 30% J= AHsnt.

52 27 A0} B 9l= ol 38 X [ I
T 28t stageE HZE Ak S HIS

Table 150141 7]Ze] Aj2b whalzh 41 AR u)
Al A E3F FA | HAEE compound.J Al
A Blgo] HWE HAFET) o] BAdAE %
A o|%o| compounde] W7ty 237+ BHgo] ¢l
= 2ot} o] A#g F7} H7to] HAStS 2}
A 2 F2pR(A Q3 X 2Bl(Batch-off system)
%} finished compound®] AA-2HE Aokt wla}
A 5~10%e] F7} Hzbo] o]Fo|Zt).

Table 15. Conventionel versus continuous mixing
of a car tire plant without storage step.

Unit Intmixer TSE 130  TSE 90

Lines 5 4 8
Capacity final = g6000 60,000 60,000
compound
Employees 153 40 52
Investment USD 24,770,000 11,402,000 15,089,000
Salary USD 5,624,000 1,546,400 2,809,000
Depreciation UsD 1,571,500 861,600 1,348,000
Energy UsSD 1,601,600 1,140,000 1,140,000
Costs/a USD 8,796,000 3,548,000 4,577,000
Average mis. 23 1 1
stages
Costs / kg final oy, 0.133 0.059 0.076
compound
1]
@ {ocenvy 2uf
2 e Zreme et
;) woem: 40t
TITSE 130

.
P-C P-si €3

Figure 1. Mixing costs of different tread com-
pounds(today and continuously mixed
with storage)
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Figure 2. Mixing costs of different hase com-
pounds(today and continuously mixed
without storage)
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