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FHEE Halgkel] WE FUHR(ML1+4,125C), nes L ¥3tek Xo} 2 542 vo 42 28890k & =y (1
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vl 24 JehlE AS AR, F2utrAldr] 3 BYavHE galslgl o, ddA 448 5 gle
3 Al Eol dE AYPAH AFLES Table 2 AAs]ch

Abstract—The Unique Cross Point technique, offering uniquely the optimum loading of carbon blacks a reinforcing
filler required in rubber compounds in tire industry, has been proposed. The strength of the technique lies in opti-
mizing the feasible loading by both Mooney viscometer and DSR(Dynamic Stress Relaxometer) simultaneously. In
this study, the Mooney viscosity(ML1+4,125C) nx as a function of its loading X and characteristic value y was
expressed as ny=mno y*(1+aX+2,X?). And also Sr’, the relative integral in two seconds of torque from DSR, was
a function of X as follow Sr'=bo+bX. After thermal cure the natural rubber compounds loaded with the quantity
designated by the cross section of the above two equations showed so feasible properties confirmed by tensile tester,
Pico abrasion tester and Flexometer that the experimental coefficients of the equations applicable to fields are listed

in Table 2.
Key words: Optimization, Carbon Black, Compounding, Natural Rubber, Dynamic Stress Relaxometer, Optimum
Loading
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DSR(DSR, Dynamic Stress Relaxometer, ©)3} DSR2 %7])&
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2-1. AE Mg W =M

Bl HE7} #d§ MadecAtd] SMRCVE A58 Hdx
gebolict FAREAG sty A, GAdA), 7 xA, 7t
& 25 A 1000 oSl gFdstate] 4Abstoled 10, Av|F
ek 6, U2 3hshale] % 4, EALE AL AbsheEA] A(2,24-
Trimethyl-1,2-Dihydro Quinoline %' N-(1,3-Dimethylbutyl), N'-
Phenyl-P-Phenylenediamine) 3, vl 3 4rALe] #-3F 4.7 % Z4bE A}
9] %214 (Benzothiazyl Sulfenamide) 0.88 A|#¢] A2 3
ok R (A F+AF) 9 % 3El DBP(Dibu-
tylphthalate) ol Whg+ F<F77} 71252 100 gol ol 3lo] 70-125 cc
Welolm wlEWA2] xEQ 29 wrlr) 35120 mg/gyl M)

AEZA, v ERAEE 371 (L.2.27} 120, 80 B 40) & = 3}o]
A FA Sl ME o E FHEEY T S dAE] B
E2EE 650 7B (YI7HEAL Table 1 33)& 35 A
100 el 154-€] 90712 15704 Zefsbe] 244w Adtd o,
vl Ho] Hof cizke] FhE B syt 7He3t FHEE(N326,
N550, N660) FF<l 790l 120747 gehste] 2| shedch.

2-2. uigtE 2t 429 &dH

AN 140x(0)3} AHE E7D o 40rpmoE 3 H 3= W&
Mol 1.5/9] W¥&3}7)(Farrel BR Banbury Mixer)el| #Hod %
600-800 g& gol £814)7]3, 20& 73} Fol 1L wWa{ &
£143 g, A 13 A Fol §37 REAAE A7
g2 H7HES A Y Al EfEte] 13 EHAALE 48

SEEs H34H M 1S 19964 28

rablel Carbon blacks indices
Carbon black

Iodine no. DBP absorp.

grade (mg/g) (cc/100 g) Tint
N220 120.8 113.7 117.2
N234 1184 125.0 120.1
N330 820 102.1 103.0
N326 82.0 71.2 112.1
N550 42.0 1219 58.0
N660 36.0 91.0 56.0

22 uipslgd o, o] Eud Fo 257} 16027} {3 ¢EE &

24715 dAssdc) sHEBde) ggko] 75 phr(parts per hun-
dred rubber) o] iz A| 8.2} 7 $-olli= 72 12 T3-S 99
7FEEH S 232 o] £4481E, 2 A7) 15-20% o]wWel] o]
FARAEE 5t 2, o] Aol A|7bel| s wdsliz vhE] A1 7HE 4ol A
F712 AFstc) o) R A EiE wiFgES ARelA 647 Hx
w3 sle] 204 E9A & AAlsidoh 29 B A
£50o 10022 dEdo] FAIEwEA ey £+ twin mill2 &4
oy 7)1 5 287 uba3t ofg, "opd 7] & 387 wkE-agir) o}
A2to 2 98% ol 4 40 rpmo 3™l 1zt E3HA] AbEsteidd
WHES7 2 2944 E3HEE &7 3 718HEA 419 g 387k
Eghslgdc) o] viFES A7 1.2 mmE A twin mille) B3
ol 71 & 2038 A w HhEAA, 1y o] A4 A He ukEo ODR,
DSR, FUHEA Fol AM&-3}lc)

2-3. AIEZ AlE RHIZ

#el o AlHE 24 HH F4 48mm, 1He] oF 30 mm7}
Y x5 Azhd ODRE2.Z 109 AJH-& AMsleds, FUHEA
402 270 A3l DSRE Al#HE F471 8-10mm A=
o]52 g wo] 100 mm<el APz o2 vhge] A8t 7had
-2 AL AHRE ZHe)7F 0.8 mme]x 1¥e] 150 mm<)
Az B ¢ AHE T3 EWHLEr) 14558 2A4H ¢
22 2 Aol 4] 14 Kg/em? 2 ghabaled 3087t 7k gk Hell 2 5 mm,
Ho] 60mmel o}y Hyto g AHchste] Fu|stgct Hulw 4|
He 7o)l 12mm, A 36 mmel UEY Eco 15-20g9 ¢ 4]
HE o], 9o dATY A FdRA2R 4587 7tk A
ZFu|slodch. Zd svel(Flexometer) o] Al8% FAbgdy e
47 178 mm, 7ol 25 mmal Zxollx el X#H A zA|e} F
A 2o g Fulsledct

2-4. FHx &4
o) 7} Al 5 3ol of gt A= (ML1+4)3 ASTM D1646°)
me} 12554 S eFdeh(F = E, IMU=0.735 Ibrin).

2-5. ODR &X

ASTM D2084¢] 2)A3}e] 1455 o)A TF-uh§Eo] 7tase] 7}
£ 3HelAM 7tnA e e} Yehis Hetd H3E 60131 &
st et

2-6. DSR &H

DSRel} 4 2-2o]2te] 232 1002 % 5 DSR9 2 €| (sta-
tor)o A|8E ¥ ZEHE Fsle] 187 4@ ohf, 5msec
o]Ufel 2°arcE H|EFo| ez §3ef ojgt AL V|55
2z7Fe] HB-7He Sig2el slgdch Fig 12 o] o Jepd $3ost
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Fig. 1. Time-dependent torque, a schematic diagram by DSR.
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Fig. 2. Spectrum of carbon black.

A1 A7kl whe} £ AEHE Aolck Tme 5 msectfell 4 ¢7H4
o2 vE o HugHE oulst, 2 Fellw SHol Al kel ute}
shetshs g bk oAl stebshe $H e FARE F<t
At oz A7 o) Foll 2 Wslrt Ao vlv|EhA] k.
b ZT(=Sig2) & t4(2%) A7k Fob A& ftolet o)7L o]
AlZke) oz o)A =T} tity7] Wl AT S}
22 & 7elci8, 9].

o JH

2-7. AEEx: &Y

7tn% n2eo BAAS, AARE, ARES AFAH 7 (Ins-
tornAbA) ol 4 ASTM D412¢] wel £ % 500 mm/min. & =43}
At

2-8. ofE &MY &
v} 2= BFGoodrichA} 3 Zu}R x| & 7](Pico abrasion tester) 2
Abg-stel ASTM D2228 o ZHalgich

‘ E NSSO F : N660

Fig. 3. TEM photos of each grade carbon black(x 60,000).
A :N220, B:N234, C:N330, D:N326, E:N550, D: N660

3. dn 3 1H

3-1. FREE%e| YT HIEHE0| FUF T2t SO
Heg gl olxle I

Ao ARl FHRE S oty o mRAkqfelA Wol] A4
e FHEEEF A8skgl Ao Z 36-120 mg/gel 82T}t 70-
125 cc/100 g9) c] €z =80l E(DBP) F571% 7HA 9, ASTM
D3265 vl o2 7AA=E FAE(tint) 7} 50-1209) o) Z(Table 1 *
Z) 6%F9] sl g 5A4& obv] 44 Fig 20 cfx] #4
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HIEH A A E7} He= 2 2 E7h= /)R A7) (single parti-
cle size)oll Auldala, #4722 2R DBP F471 1 A4
23g FA ¥4 5 e Y, F 94 A5 (structuring
ability) & oi¥Hsln= Fig. 29)4= o] F 719 ®WFp(FYF29
dAzZ7DE FEE FEE 5 U=FE wjdsigc) o] 19
AHe 2= A7) E Aol widENe HEFoR = whA F
Aol & AEel ¥44 st 3R 24 E ‘H”liﬂ T44%0]
ofs A ¢JAt= #opAlch Fig 3ol ol) A%g AFshr] A
TJ, Az do] A(TEM) AHRES At tﬂiliii N3263} N

50-2 o] Abzlol A wlws] BH, £ere7lrt $7b $Fo0| DBP
-5--7‘7}7} we N3262 CP"J_"JZPJ 2717 7 &7l FARAE

F= A7 g2 wbde)l 2 e Tyl o} DBP F47h0)

N550° JARZ)7F A3 FAAE ol FE YRR BES ¢
ek

o|F FHEEY o] 1ol Ax A HriEd s AT
24 A Eo] dojuir 2213 ) FHEEHW FA AL Wil FAA)
271 A= e Fvlsta nPugEe] A ZA o
3= 10-12]. AR e g sHEEdo] el HA = of F7}
e HEE A4iete A2 Guth-Gold4 o2 X&E=cH 1] &

m="1o(1+2.5{x+ 14.1 {,>) 1

oitk. 7] 4 ned FhE g Hoh R TES HEels
289 0 7 afu g Pxeld, i MRS
ojc}. o] A& B FHelr Aatgle) A ekl
7ol 71EEd FFY 2= & 77 ok u}u:]o]] :L)?__L]_q}
AERAE AWAA HHZ XpF ALSE A2 Patel[T]e] A
dstedeh. o 42 Helsh,

Xn=10041—0.545¢— 0.088a (2)

2 "k 7N e Hob R EH Y] I 0|, o= A2EF
HEHHS ovgic) 2eivd 1 A4 Wle EkAer A
g A B Raleks Vo2 Agae]r] ool A4
753t 2 FEFo) Ao B ol A Alekgk UCP 7ol e
2%} Sre] Hrlekel g AFRA S-S ohew 7to] A e)sted
1 3kEe] ZolAle Hrleke HA slEE ) Aslak optimum car-
bon black loading. X))l skl &,

E]
rlo
)

ne=ne v (1+aX+aX?) (3)
Sr'=bg+b,X (4)

d7lell A X 510000 HEF 7hiE e —‘?—71]\3101_1. e 7He
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Fig. 4. Graph showing optimum loading by nonlinear regression.

Fhesesre X, 2 AAsc o9 A sle} AR ASEE Ta
ble 20 YelY o, 1 AFEE 95% o)A 2 whEd uigk
Fol ek,

3-2. Sircare| wWgol| ot x|=| ¥ 5t

Sircar(6]& SBRol| 7}8#-g #H7iste] ODR 2 Ao} v}
ehbs HA A Ee A9 Mgk St E T Zhrtof i,
steed v y7t e gl E At mFugEe] At

aE L, F
L=Nr—Mr=Tminy/Tmin,— Tmaxy/Tmax, (5)
2 383k Lee[5]9 Lits 71259 Hrlgdol o} 3o

Table 2. Coefficients in the Eq. (3) and Eq. (4), and optimum carbon black loading

Carbon black Mooney viscosity(ML1+4,125C) Sr’ Optimum C/B
grade yX1.0e+3 aX10e+3 a;X10e+3 b b1 loading, phr
N220 180.7143 —1.0825 0.4660 1.0291 -0.0130 54.74
N234 184.7619 0.2899 0.4305 1.0235 ~0.0130 5326
N330 176.4286 —9.1499 0.4302 1.0273 —0.0088 64.27
N326 180.0000 04500 0.2278 1.0266 —0.0095 73.89
N550 169.2381 —1.2940 0.2824 1.0449 —0.0095 72.56
N660 168.7143 —0.5643 0.1843 1.0554 —0.0075 82.81

slets M34H H1S 19964 23
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Fig. 5. L value from ODR as a function of carbon black loading in
NR compounds.
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Fig. 6. Ratio of summation torque(Sig2) from DSR as a function of
carbon black loading in NR compounds.
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Fig. 7. Optimization of carbon black loading in NR compounds by
UCP technique from manual curve fitting.
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ZTe/c=o

olei, olah it C 722 Arleke phre EAIG gholch. o]
Srghe ol A7l BT gHEQl 2ol 1o] H3 FHR B o] Solutw
44 A %

1<Sr< o0,

o] Az o] A A7 =FE AA3 7= Lot i uFol o)
=t gk Srte) 948 st Sr'=1/Sr2 &4, 0<Sr<1z
WAt A} o] SHolst AR 5 SR EY Hr)
ol sl ZHAskY o] kA Awr) mrla nFejytEe] B3z
AE ddcks @ 5 glelA, 7te Ao A48 Jehle FUHE
(ML1+4)e} 371 43 o] Sr'e] 72 F4Ale] mashke A&
HFg ko) Hrlsle] FLEBEY MY HF HEo) MM
doju}r] Alzkshe §tgole} = 4 9ok Fig. 78 o] ZAaE &
A Ao v EHAC) Z R EH A A(Fig. 79 4H
v g yo] =g stRBAe thih A(Fig. 79 dhHog BE o]9
A& sisf Felste Yellch FuUAHE ] d9E 0004 200713
Wl 3 9l DSREFE & Sre 004 1717] 23 gleme
229 H9o| SAE wdsly A& FlEEY Jrleke
FE A5k th. Table 30l o] mabg o A}S-3} 7h2 2 ghek} L3t
WP & o] &-8lod 2|2 FAF gL, 2E) 3 Sre) T Ao o) A
%S wrlsle] wlmslgdel. o) Foll A N3263} N5504) i3t 2H8.&
vlwatw Fojgle AAlS wbAEE 4= gloh dubH o2 N3264 N
5508t} ol Hristed Algale o] Fx Wl A vigk3t Ao g

Sr (6)
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Table 3. Comparison of optimum loading for carbon black filled

NR
Carbon L. Value Sr UCP
black by Sircar present work present work
grade (phr) (phr) (phr)
N220 58.8 59.0 54.0
N234 57.2 58.2 53.2
N330 64.8 64.6 64.2
N326 74.8 75.2 73.8
N550 76.0 74.6 724
N660 842 85.4 82.8
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Fig. 8. Tensile strength and modulus of 100% extension of cured NR
compounds.
(cure condition : temp. 145C, time 30 min)
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Fig. 9. Elongation and modulus of 100% extension of cured NR com-
pounds.
(cure condition : temp. 145C, time 30 min)
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Fig. 10. Rising temperature of cured NR compounds after 25 min from
Flexometer.
(cure condition : temp. 145C, time 45 min)
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Fig. 11. Weight loss of cured NR compounds after 30 min from Pico
abrasion tester.
(cure condition : temp. 145C, time 45 min)

N550, N660& iz 2 2 eho} whwdlo] A7) 8o}
Ed=4 B7HAlel N220, N234, N330& vlx&Alzko] of g £
Su) g vk et el 4 AR ZADEEE Zasiolo} &)
uf o N234s} N330& srlmabgs]ges o 25 44 gepol 4
0.030]8t2 &7 FFo|u} N2202 0032%:08 o33 54
phrich chi Be o3& Hrbdlol & Aoz duEd,

293 Lgksh UCP714 o2 249 H43e $43 29
29 7144 443 45E FYsho] Table 4ol vhehiich of7]4
UCPz AR Aol Latdl &% Axch AL g dehin
9es & AW AR YAz 45E wmshu UCP/Y oz
A4Y HAgFE FE DPNYEe] Ed=gT A 7Y
glo] Mot RHEY W £EYE o 4 3ok

P

4 £

(1) AQusughel d7bd 5 e 3A sheedeks g
RAA 7 8 FAdY HoZ AFE F glen, o] 7]yl
A &3 FFo] MdiFel 4 rhag A A%, Al
5, A A 3 v Aol RIS wgk ARE

Table 4. Summary of physical properties of the NR compounds filled with optimized carbon black level decided by L value and UCP

Type of carbon Test method Tensile strength, Modulus at 100% ext., Elongation Heat- Abrasion
black (phr) Kg/cm? Kg/cm? at break, % build-up, C loss, g
N220 L value(58.8) 244 70.25 299 23.1 0.0282

UCP(54.0) 241 56.75 332 222 0.0315
N234 L value(57.2) 236 70.25 294 25.0 0.0258
UCP(53.2) 239 56.25 318 239 0.0261
N330 L value(64.8) 221 70.0 298 216 0.0284
UCP(64.2) 222 68.5 308 215 0.0288
N326 L value(74.8) 221 83.0 298 186 0.0351
UCP(73.8) 220 81.25 303 18.6 0.0352
N550 L value(76.0) 180 95.5 250 18.6 0.0316
UCP(72.4) 184 85.0 272 183 0.0320
N660 L value(84.2) 182 83.75 275 16.7 0.0311
UCP(82.8) 183 80.5 287 16.7 0.0317
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a,, a, : coefficients in an equation of Mooney viscosity

by, by : coefficients in an equation of inverse relative summation
torque, ratio of summation torque of compounds unfilled
to filled with carbon blacks

C : filled concentration of carbon blacks

fx : volume fraction of carbon blacks

L : L value

Nr  :ratio of minimum torque of carbon black filled compounds

to unfilled compounds from Oscillating Disk Rheometer
Mr :ratio of maximum torque of carbon black filled compounds
to unfilled compounds from Oscillating Disk Rheometer
Sig2, ZT : summation torque of stress relaxation from Dynamic
Stress Relaxometer [Ibf/in?]

Sr  :ratio of summation torque of carbon black filled com-
pounds tc unfilled compounds, relative summation tor-
que

Sr’  :inverse relative summation torque, 1/Sr

T,. :time of integral [sec]

Tm :maximum torque after 5 msec torsion from Dynamic St-
ress Relaxometer [1bf/in?]

Tmax,: maximum torque of carbon black unfilled compound
(Ibf/in?]

Tmaxy : maximum torque of carbon black filled compounds [Ibf/
in?]

Tmin,: minimum torque of carbon black unfilled compound
(Ibf/in?]

Tminy: minimum torque of carbon black filled compounds [Ibf/

Bpapalst K34 M1 199644 23

- s

in?]
X :carbon black parts per hundred rubber [phr]
X4 :optimum carbon black parts per hundred rubber [phr]

Jz2|0|A X}
Nx  : Mooney viscosity of carbon black filled compounds [Moo-

ney unit]

Mo : Mooney viscosity of carbon black unfilled compound [Mo-
oney unit]

Y : constant of characteristics of carbon blacks

a : specific surface area of carbon blacks with N, gas

€ :void volume of carbon blacks

o4}

ODR : Oscillating Disk Rheometer
DSR :Dynamic Stress Relaxometer
phr :parts per hundred rubber
rpm :revolution per minute

MU : Mooney unit

DBP : Dibutylphthalate

UCP :Unique Cross Point
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