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Abstract — Carbon nanotubes (CNTs) are widely used in polymer composites as filler materials to enhance var-
ious characteristics of the composites because of their remarkable mechanical, electrical, and thermal properties.
In this study, we investigate the effects of MWCNTs on the electrical and wear characteristics of high-impact
polystyrene (HIPS) composites, and compare the results with the effects of carbon black (CB). The HIPS com-
posites are classified as Bare-HIPS, MWCNT-HIPS composites containing 2, 3, 4, and 5 wt% MWCNTs, and
CB-HIPS containing 17 wt% CB. Electrical characteristics are evaluated by measuring the surface resistance
using a 4-point probe. Wear characteristics are evaluated using the reciprocating wear test, and a chrome steel
ball with a curvature of 6.3 mm is used as the counterpart. The results show that the addition of MWCNTs or
CB can improve the electrical and wear characteristics of HIPS composites. In the case of MWCNT-HIPS com-
posites, surface resistance, friction coefficient, and specific wear rate decrease as the concentrations of MWCNTs
increase. Moreover, the addition of MWCNTs is more effective in improving the electrical and wear char-
acteristics of HIPS composites compared to the addition of CB. To fabricate the HIPS composite with appropriate
electrical and wear characteristics, more than 4 wt% MWCNTs is added to HIPS.

Keywords — friction coefficient (7} 2 7] 47), high impact polystyrene (HIPS, %7 Z 2] 2 E] 9l), multi-walled
carbon nanotube (MWCNT, t}58 Ay x=5FH) surface resistance (£ A 3}), wear (F}5)

Nomenclature x : Total sliding distance (m) & v|128712])
ks : Specific wear rate (mm’/Nm) (H|F[E&)
V : Wear volume (mm®) (F}=%)

L : Normal load (N) 73] &) .M E
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Table 1. Experimental conditions for wear test

Ball on flat, Reciprocating
wear test

Bare-HIPS, MWCNT-HIPS
composites, CB-HIPS

Contact geometry

Materials composite, Chrome steel
ball (dia. 6.3 mm)

Load [N] 10-70

Contact pressure [MPa] 60-120

Sliding speed [mm/s] 5

Stroke length [mm] 10

Total sliding distance [m] 4

Test duration [s] 800

Temp & RH 22+2°C, 45+5%

Stroke length

Wear track

HIPS Co

Fig. 1. Schematic diagram of wear test.
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Table 2. Surface resistances of HIPS composites

Concentration of HIPS-Bare
MWCNT[wt%]  [log(€/square)]
Bare-HIPS 0 Over than 13
2 3.09
MWCNT-HIPS 3 2.46
composites 4 2.16
5 1.83
CB-HIPS 17 (CB) 2.10
composite
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Fig. 2. Friction coefficient of HIPS composites containing
MWCNTs and CB with respect to the concentration of
MWCNTs.
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Fig. 3. Optical microscope images of wear track surfaces
on HIPS composites with respect of MWCNTs concen-
trations when the contact load was 30 N : (a) Bare-HIPS
(0 wt%), (b) MWCNT-HIPS composite (2 wt%), (c)
MWCNT-HIPS composite (3 wt%)%, (d) MWCNT-
HIPS composite (4 wt%), (¢) MWCNT-HIPS composite (5
wt%), (f) CB-HIPS composite (17 wt%).
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Fig. 4. Depth profiles of wear track with respect to the
contact load of (a) 10 N, (b) 30 N, (c) 50 N, (d) 70 N.
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Fig. 5. Specific wear rate of HIPS composites with
respect to the concentration of MWCNTs.
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N) of HIPS composites with respect to the concentration of
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Swi%e H7HE A 2318 4wt% H7Fe MWCNT-
HIPS E3Ajel Hls| ®nlEgo] F7istsict. HEdh
10N9] 35 ZZANAME o9t fAFsAl MWCNTse]
A7} o] 3 wi%s 7|1Eo 2 HlnlRgo] 7Asit)
7t BAl F7FskRe ] YElET olge A9E §
3 MWCNTsE 5wit% ©d A7 A9 2318 vl
nhgo] S71EO R HIPS Habde] wuked <
213t MWCNTsY] Hdl H7F g2 4 wi%d S
4 Atk E3, MWCNTsES 4wt H718 A
ulR ST ol H71d B4 SHoAME 7]

of Bgsle EW AE AURR §xo 43

© 1

T

-

EAS 7 e MWCNTSE 4 wi%
A7rele Ao] A9 zHolgly HAetE L
Fig. 6= Bare-HIPS$} MWCNT-HIPS £-3}4], CB-

HIPS E3A] Atole] ¥ A3} Hul=go| HElE
e gloH, ]2 F3] MWCNTs®} CBL 7t
7} HIPS E53A1e] 714 2 nfx B4 nxe 9
e THHeRE A stk 9 A
Table 2004 A=3t Az} E?J_é}ttl HnfR &2 35
Z710] 70N 799 nimpr &S ou|gitt. 1 A,
MWCNTs2] 37} &=fo] —ﬂﬂj& MWCNT-HIPS
Et‘ﬂ-xﬂg} ¥ Ao 7<-1;<]_X4_§ HAasRe o 5 9
2o, MWCNTs7l 4 wt% ©)’d 37 MWCNT-
HIPS E&7} CBe] 17 wt% 71 CB-HIPS &3]
o Blg] FARIAY Bt W 3W AFgS 2 e
& 2= I} vk EA4e] 739, 0N 8l Z7elA
Bare-HIPSE 33.5 x 10 mm’/Nme] H|r}E&-2 zH= ub
™, CBo] 71l CB-HIPS £-3Al|+= Bare-HIPS®] H]3]
8.1 x 107 mm’/Nm7+= 7+43F 254 x 10 mm’/Nme] H]

Vol. 31, No. 3, June, 2015



I ATk T3, MWCNTs2
A7t o] 2wi%ll A5-ol= Bare-HIPSO H]3]
187 x 107 mm’/Nm7+HE 7143 148 x 10 mm’/Nm<]
HlulEg-g Zhom, MWCNTs| A7} o] S71er
2 dupRgo] Yol 5wi%s]l 7-$-olE Bare-HIPSO
13 20.0 x 10 'mm/NmTHE 7H4gE 13.5 % 10 mm’/
Nme| H[RIEES Zh= As o F AT wahA
MWCNTsS] A7} gheo] Z7}a-E MWCNT-HIPS
B3R o] HutR o] FHadke AS o F IATH
o]y3 A#E E3] MWCNTset CBS 77} HIPS
A0 A7) A=A 9 WrEAS ATE S
glolg 4= 9loen, MWCNTs7} CBRET} &2 ko
2% HIPS E§Ae] 7] d=d 2 dlekrg el
o 2 3t e AE & F vk BT, 5F o) A
ge 548 AE 7 MWCNTHIPS 5337}
CB-HIPS EFAEL ARE Fo AT = d= 7
BFo] How, nir A7t TSl de vhie &
Al Fol H& AL & 4 AUtk wWEA MWONT-
HIPS E3HA17} CB-HIPS &3l Hlaf] vz A4
£ Ffratr e ke 4R §F 7FsAel o B
om, e A7t QA B A =E2E U
7Fedo] wol Yk SHoME o 943 A
o2 FoEg

)

4. &4

rh

B 7o x= Bare-HIPS, MWCNT-HIPS =gt
CB-HIPS H3HA1e] %1719 9 njw EAS AgHo=
H7}82, MWCNTs7F HIPS E¢hae] A712 2 n}
1 B0 mA= Gl tiate] AR, 1 4
& CB-HIPS E3FA|e} Hlwalgict. 1714
W AIEAE B3 Hrreden, o
MWCNTs¢} CBo] H7Mgo=Z 18| HIPS &3
FAAG ] ZaEe BRI & STk riE 54
upE Alpe) vuiRgS SO RN Hrieislon,
CBo] 7Fdo2 2l CB-HIPS E3Hl= Bare-HIPS
of ujg] wpEAGTY SUIEIG o HelRES w2
73Tt ¥ MWCNTs7} H7F8 MWCNT-HIPS
E3A= Bare-HIPSe| Hla)| vl Al¢e} HnfRgo]
IF ZASIYh A3F o2 MWCNTs 2 CBe| 3
7}2 &l HIPS E3Ae 17] A=A 2 yupzAdo]
FPFELS & S dden, HIPSY A4 2 npe &

A 3t MWCNTs7F CBETH O 2 938 x|

iin) o_g
il

fo o ¥ rlo

J

J. Korean Soc. Tribol. Lubr. Eng., 31(3) 2015

Zojo. . 7173%1 . o]‘ o . AUk . o]xﬁﬁjl

AR - oleF - A

Zg et T, &ol A3kgk HIPS H3A)
AZZE Yslde MWCONTSS 4wi% F71sks 7o)
2] 714 B wie 54 SHA 7P A geh,
MWCNT-HIPS 287} CB-HIPS E&Al sl =)
Fo] 7 A7 2 oA SHA o stk
3 FerE

e

Acknowledegements

B ATE AR 29E ey AR
(100347513 iedA] 3-8 Id5 FALAt 717t
TEA(SC1090)8] 4] 2ol eJal] 3= AFH T

References

[1] William, D. C, Jr., Composites. In: William, D. C, Jr.
(ed.) Materials Science and Engineering an Introduc-
tion, pp.577-620. John Wiley & Sons, Inc., New
York, 2007. (ISBN 0-471-73696-1)

[2] Choudhary, V., Gupta A., Polymer/Carbon Nanotube
Nanocomposites, In: Yellampalli S. (eds.) Carbon
Nanotubes — Polymer Nanocomposites, pp. 65-90. In
Tech, 2011. (ISBN 978-953-307-498-6)

[3] Breuer, O., Sundararaj, U., “Big Returns From Samll
Fibers: A Review of Polymer/Carbon Nanotube Compos-
ites”, Polymer composites, Vo. 25, No. 6, pp. 630-645,
2004.

[4] Dai, H., “Carbon Nanotubes: Synthesis, Integration, and
Properties”, Accounts of Chemical Research, Vol. 35,
No. 12, pp. 1035-1044, 2002.

[5] Zoo, Y. S., An, J. W,, Lim, D. P, Lim, D. S., “Effect of
Carbon Nanotube Addition on Tribological Behavior
of UHMWPE”, Tribology Letters, Vol. 16, No. 4, pp.
305-309, 2004.

[6] Xue, Y., Wu, W., Jacobs, O., Schidel, B., “Tribologi-
cal Behaviour of UHMWPE/HDPE Blends Reinforced
with multi-wall Carbon Nanotubes”, Polymer Testing,
Vol. 25, No. 2, pp. 221-229, 2006.

[7] Chen, W. X, Li, F.,, Han, G, Xia, J. B., Wang, L. Y.,
Tu, J. P, Xu, Z. D., “Tribological Behavior of Car-
bon-nanotube-filled PTFE Composites”, Tribology Let-
ters, Vol. 15, No. 3, pp. 275-278, 2003.

[8] Zois, H., Apekis, L., Omastova, M., “Electrical Properties
of Carbon Black-filled Polymer Composites”, Macromo-
lecular Symposia, Vol. 170, No. 1, pp.249-256,
2001.

[9] Huang, J. C., “Carbon Black Filled Conducting Poly-
mers and Polymer Blends”, Advances in Polymer
Technology, Vol. 21, No. 4, pp. 299-313, 2002.

[10]Popov, V. L., Rigorous Treatment of Contact Prob-



HIPS S3l9] 20714 2 vh S4of )Rt 03y ehaheRue] 9% 101

lem — Hertzian Contact. In: Popov, V. L. (ed.) Contact matweb.com/search/DataSheet.aspx?MatGUID=

Mechanics and Friction: Physical Principles and Applica- dOb0a51bff894778a97f5b72e7317d85.

tions, pp. 55-70. Springer Science & Business Media, [12]Make It From, Retrieved May 13, 2015, from http://

Heidelberg, 2010. (ISBN 978-3-642-10802-0) www.makeitfrom.com/material-properties/High-Impact-
[11]Matweb, Retrieved May 13, 2015, from http:/www. Polystyrene-HIPS/.

Vol. 31, No. 3, June, 2015



