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Abstract: To investigate the reinforcing effects of functional fillers in nitrile rubber (NBR) materials, high-structure carbon
black (HS45), coated calcium carbonate (C-CaCOs), silica (200MP), and multi-walled carbon nanotubes (MWCNTs) were
used as functional filler, and carbon black (SRF) as a common filler were used for oil-resistant rubber. The curing and
mechanical properties of HS45-, 200MP-, and MWCNT-filled NBR compounds were improved compared to those of the
SRF-filled NBR compound. The reinforcing effect also increased with a decrease in the particle size of the fillers. The C-
CaCOs;-filled NBR compound exhibited no reinforcing effect with increasing filler concentration because of their large pri-
mary particle size (2 pum). The reinforcing behavior based on 100% modulus of the functional filler based NBR compounds
was compared by using several predictive equation models. The reinforcing behavior of the C-CaCO;-filled NBR com-
pound was in accordance with the Smallwood—Einstein equation whereas the 200MP- and MWCNT-filled NBR compounds
fitted well with the modified Guth—Gold (m-Guth-Gold) equation. The SRF- and HS45-filled NBR compounds exhibited
reinforcing behavior in accordance with the Guth—-Gold and m-Guth-Gold equations, respectively, at a low filler content.
However, the values of reinforcement parameter (10014/100M,) of the SRF- and HS45-filled NBR compounds were higher
than those determined by the predictive equation model at a high filler content. Because the chains of SRF composed of
spherical filler particles are similarly changed to rod-like filler particles embedded in a rubber matrix and the reinforcement
parameter rapidly increased with a high content of HS45, the higher-structured filler. The reinforcing effectiveness of the
functional fillers was numerically evaluated on the basis of the effectiveness index (¢@szs/¢) determined by the ratio of the
volume fraction of the functional filler (¢) to that of the SRF filler (#ss) at three unit of reinforcing parameter (100M,/
100M,). On the basis of their effectiveness index, MWCNT-, 200MP-, and HS45-filled compounds showed higher rein-
forcing effectiveness of 420%, 70%, and 20% than that of SRF-filled compound, respectively whereas C-CaCO;-filled com-
pound exhibited lower reinforcing effectiveness of -50% than that of SRF-filled compound.

Keywords: NBR, functional fillers, smallwood-einstein equation, guth-gold equation, modified guth-gold equation

Introduction

NBR (Acrylonitrile-butadiene rubbery2 o3 HZUEHY
(Acrylonitrile)@} F-E}T] ¢l (Butadiene)S #-& F-3l5gHo =2
?’J“/\]ﬂ THE 1R 2 BAY YEZZ|(-C=N) o 54

= st=th B3 71A1F 0] Sskal @7 F A ™k A
‘§ Avtol 24 &2 Wi 172 AREE I et Lyt
oz 7}2E3(Carbon black) SHAE H7Fste] AREEH,
F2 28(O-ring), 244, Y& 4 59 FARZE 22t}
SR A A5A D 714 A W Re] AR BE

Corresponding author E-mail: cnah@jbnu.ac kr

o1 AH§2174e] chepstHe] mie 71 NBR HSHLEE 4

e AES HE, g, YWY A4 S22 A3l AlE ol

Bl Aol MUl PRI o2 WA of BAE
g 2RAeE s QA 71 2aek hEEs 7]

4 SAAE A8t {4 7 752 245 A
71t Aol 27E,

ZAA o] 3t 1] B} Fake 2AA Q] thorst EA
o oJa) Fke wren, 1 FolH FHA 13 U7} 27]
(Primary particle size), F-3(Structure), S-AFA4 (Dispersibility)
2 3}8ta FHEA] (Surface functionality)o] 27} A5S 2
Aot F agloltt ™ SHA Y] 13 Y& 2717k H 1 pm

olr




A Comparison Study on Reinforcement Behaviors of Functional Fillers in Nitrile Rubber Composites 307

oltd W) B7} &37} Ve 3 37|71 ol S5E 1)
a7k %ﬂ 8] F71RTE S ER AR 72 Ugo] 24
2 BHALE} =952 T8y vRe AW A Aee 3
+ 9,\% spehd 29 EA4E M E SAA1Y B av=
F7hehs

Z2AA Q) B7} = thoFsl nd A8 E3) o &g 4= 9
t}. EinsteinS A7} T3tE FEtlo] A2 of| 235} 4]
& A, ol S E A ol 73 1A} e
Ao o] X AIE 7FF ©estA BAG Ao/
Smallwoodi= o] Ajo] BEHAS Hg3te] 2R g
nE Amese BEUA WSS o3sH: Smalvood-
Einsteind]-& th-23} Zro] AAE+aTES

E=E,(1+2.54) o

ol i, Er= B HIEEY F& BEYS, B vEY
Ao ga mEAA, T2 gk H7HE FAAY 2
1 B-g-o|t}. Smallwood-Einstein A& 1= 4| 71+e] Al
Zguto] ZARTE 1gele] AEHE Aow, 1R3
Al 7+ AR ofy 2t S Xﬂ-zx* A 7t 529 4
e v Pohess] B ASS tehizlel ojzigol 9l
t}. Guth®} Gold= ©]& H&st7] s SHA-5AA 2t 4
2h4-8 183t Guth-Gold 21 t}-&3} Zro] A A5+’

E;=E,(1+2.5¢+14.1¢) ()
au A Qe 73 FAAR BE Husow 283
T Q= Aer F’J‘&E*ﬂ vy SAA7E A7 dues
o] REHA AFE d&317] ot o]of Guths FHA<
FHefet #AH QIRE 4] (2)°] 718k Modified Guth-Gold
(m-Guth-Gold) 4]& th&3} Zo] yepyct.”

E;=E,[1+0.67ag+1.62(ag)’] (3)
o] W, ax= A ] Shape factorz 5 A2} ol wzt 2

Bt

£ ATolAE 71E WA BE BEo AHSEE S
HA} A 2714 7154 FHASS Hgste] NBR HvheE
2 ARG 7, HREA, QHEA U A= B BH
e B9 04 ERol WE B AukE BAskoct B,
1 ATE Yold AT ThaFe B oIS md Ao 28
sho] 2t FAHA) B AFL SIS, B BLE vws

k.

Table 1. Primary Particle Size of Fillers
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Table 2. Formulations of NBR Compounds (unit: phr)
. Compounds
Ingredients
SRF/NBR HS45/NBR C-CaCOs/NBR 200MP/NBR MWCNT/NBR
Rubber
NBR 100 100 100 100 100
Fillers
SRF 20,40,60
HS45 20,40,60
C-CaCoO; 20,40,60
200MP 20,40,60
Si-69 2,4,6
MWCNT 5,10,15,20
Additives
ZnO 5 5 5 5 5
S/A 1.5 1.5 1.5 1.5 1.5
TP-95* 5 5 5
RD" 2 2 2
S 0.5 0.5 0.5 0.5 0.5
TMTD® 2 2 2 2 2
CBS! 2.5 2.5 2.5 2.5 2.5

*TP-95: Processing oil, °RD: Antioxidant, “TMTD and “CBS: Crosslinking accelerator.
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Table 3. Cure Characteristics of NBR Compounds

Cure characteristics

Filler phr M. My AM to too CRI
(dNm) (dNm) (dNm)? (m:ss) (m:ss) (min~")°
Unfilled 3.62 27.15 23.53 2:49 5:53 32.61
SRF
20 3.75 32.84 29.09 1:58 5:58 25.00
40 6.02 4124 3522 1:49 5:41 25.86
60 8.75 50.81 42.06 1:42 5:15 28.17
HS45
20 5.16 36.99 31.83 1:47 5:13 29.13
40 10.09 49.28 39.19 1:13 4:14 33.15
60 13.36 64.03 50.67 1:10 4:11 33.15
200MP
20 83 44.18 35.88 2:49 4:52 48.78
40 20.65 70.88 50.23 1:20 3:29 46.51
60 68.63 122.74 54.11 1:38 6:55 18.93
MWCNT
5 5.68 34.62 28.94 2:19 5:15 34.09
10 10.53 44.84 3431 2:08 6:11 24.69
15 20.8 6131 40.51 1:49 4:53 32.61
20 27.87 69.55 41.68 1:44 5:09 29.27
C-CaCO;
20 32 2591 2271 2:36 6:21 26.67
40 3.47 26.48 23.01 2:28 6:43 23.53
60 4.02 28.59 24.57 2:33 6:51 2326
Increase in torque (My-My), °CRI (Cure rate index)=100/(too-ts,).
AR 9 o] F7Heel w7t & =7t Hadts A B ERE @8 7HEEY SHAY SRF 27} ot Bt &
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< 20-
® |
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t}. o] 2AA Y AR 277 FH24E g o] 27181y
ZAA|Q 1T 7] B} anrt F71817) IIH%O]I;]-.W LIES
AA) PR} Z7]7F 2 HS45, 200MP, MWCNT B2} Zule-

Filler content (phr)

Figure 1. Tensile strength of NBR compounds as a function of

filler content.
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Table 4. Effectiveness Index of Various Fillers at Three Reinforcing Parameters Based on 100% Modulus

Volume fraction

Effectiveness index

Primary particle Primary Particle

Filler type @) (dswrl ) size (nm) shape
SRF 0.186 1.0 70-96 Globular
HS45 0.154 1.2 50-70 Globular
C-CaCO; 0.376 0.5 1,700-2,300 Globular
200MP 0.107 1.7 5-40 Globular

MWCNT 0.036 5.2 10-15 Fibril

*Outer diameter of single MWCNT strand.
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