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Abstract — This paper presents an experimental investigation of the tribological characteristics of PTFE com-
posites filled with nano CuO particles under low sliding speed and load. All the specimens were prepared by sin-
tering. Before sintering, the mixture of PTFE powder and CuO particles were mixed by a high-speed mixer using
CuO volume fractions of 0.2 vol. % and 5 vol. %. Each mixture was sintered at 350 °C for 30 min on the steel
disk. We conducted ball-on-disk sliding test an hour using a steel ball against PTFE composites, including pure
PTFE. The load and sliding speed used was 2 N and 0.01 m/s, respectively. Adding nano CuO particles increases
the friction coefficient because of the abrasiveness of hard nano CuO particles. The highest coefficient of fric-
tions was obtained from 5 vol. % CuO. Conversely, the lowest wear of the composites was obtained from the
5 vol. % CuO nanocomposite. This study reveals that the addition of nano CuO particles can lower the wear of
PTFE, despite an increase in the coefficient of friction. However, the coefficient friction is still moderate com-
pared to other engineering polymers. In addition, the amount of CuO nano particles has to be optimized to reduce
friction and wear at the same time.

© Korean Tribology Society 2023. This is an open access article distributed under the
@ @ terms of the Creative Commons Attribution License(CC BY, https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction of the work
in any medium, provided the original authors and source are properly cited.

Keywords — PTFE(E] & &), Nanocomposite(L} == 4] &), Nano particles(t+= ¢ A}), Nano CuO filler(1}
= AskE] S2A), Sintering(42Z)

1. M B
"Corresponding author: Minhaeng Cho TEZ} 2 yEz B3 g o 38 W9} tiale]
Tel: +82-02-820-5277, Fax: +82-02-823-5333 _
’ SHN=E Bio) ol ZQ 22220 A -7 9) E
E-mail: mhcho87@cau.ac kr __'EH E}f':)‘: i ]E}oﬁ' ° Tv= ‘:'H‘:' =L /\—,\1:} -
https://orcid.org/0009-0007-5919-6254 3], 2% T 79 Awslel tie] dd 4 sl= =

111



112 Zm3 -

g AN ZA EAE B3] S84 o st
TFSE ] A A7 A FEE A o
710, Wlojds} -2 2 7|AI Q40 PA66 (poly-
amide 66), POM (polyoxymethylene), nylon, PEEK
(polyetheretherketone) 3 7ol =, A 52| 717
2 Bt opet 92 54 mEgk 973 Loy
SRR AGH 0 & AREE L Qi) SN 2ol &
Tefal 53] &3] JF 7lFelMe o A A
Ao R =& JF s AN x| 28 U=
o AEE AS  jle A9 Eubglolt), 2R o
o] A whelAE S Ve A FEe] SR
(filler) B= A2A (fiber)E A AME-Slo] Z3ws} 73
TE = BFAIE FuE AMEshe Zlo] gy ot
RS WE7) g 7P Rkl WHe AR
frob aejo|lE ARg-She Alolth. SRR #1744 A
I F2F I WA GolskA] X3 Ag- ol =
3171 918k WS 2 MoS,, graphite, PTFE(Polytetra-
fluoroethylene)o} 7+ TASEA7T thAAZA He] &
BHtt. o] 22 VAEEAlE FE Aol Y8 A
7F=le] BAZE 245 A e Aukd §4E Bekshs
715& F= gt o] o= PTFEE Wl 22 vi
SO Q3| o]F o83 ik 71Al 90| wpEkm}
B AF gk Z Y2 A7} o]Fox Yt
PTFES} 21 B9 E9] mliiy wimt w7AuSo] tigh
Z7] 1] °IF-PTFES} T304 < 58 HAl=
A= 7 B2 A7l ols R E AT Lankaster
212 53] APgRI7F 250 e Wieke gAkse] 5%
AE Wil sks& AAStaL 2 A3 PTFES] Wi
£ SEThe rhe mIAUSS ARt o] F vhe ¢
A} ©]-43} nano composites A7 ] S
om I F gEAHOE Li3] 5 e 4R Zn0Z
ol-&3F B EE ARbelal A3S % A &
FAFE] AT WA FAER 2w HHe S
A go] 15 wi%eeks 21 WAsTh. B3k, Sawyer
[4] & 38 nm H72JALOE FXAZE o] 87 vty
TAEE A, RS A A7 A3 20 wi%
oA oF 6008 HEe] miR 7HA BIE AT
BSITh PTFESRT €] Ale]= o] gk Aol
A miRE A AAlje] Hol= el FA] Zhagk vbd n}
22 et dat 7ol SHAR Ae® yepsiths).
o]9} Zro] mpo]ARE Yl 1= Alo]=8] TR FXIAY
A7t RgE A 2] e CuO YA PTFEC] ©
= 283 Ay e vt itk 8, Wie CuO 9]
A= YA 22 PPS (polyphenylene sulfide)oll %1

2

N
fr ot gt

J

Tribol. Lubr., 39(3) 2023

AR AREEY R &S IA B3E o= & 4EA
ATHe].

PTFE= #4 Al 27t uilg- F=2)e FEE 2L
o] w2 mpE 2405 vehdnh siAIRE o3 AupE
Ui i mheel] FHefe 4= /lor 53] PTFES] v}
Ao vny el 250 7 oEsRs JoR
= 4EA gk o]x¥ PTFEY] Athzoz 2 npe
& FAANE R Ao RN IA U= &
Atk o] ol FHAL] Qg PTFE Uil EAjshe o+
do] S WA +E A WS $IEles
sto] Ao wiRg Ws Aog dA Urh

& Aollxd= PTFES] Ankd 48 Hoieh f=lst
WA wiRE Fo)7] 918 el WRHoE i CuO 9}
28 SR ZE AMESIAL Y CuO YAt PTFES] #f
2kt mi Aol o Js mX=A] Golrsith &
3] 2 Aolxe w9 =1 mlaE] S5 0.01 misE -
A3t ol 2 g £ Qe npEd DA
9 g2 gk PTFE 2412 <38} (softening) T
#28} Fo=A e CuOUAE vhtat vl ofw
VI HAEA] Potry] 915 duke x710]7] W&

olc}.

2. AEYH A U

ot

2-1. Al =
PTFE (Chemours-Mitsui Fluoroproducts Co. Ltd.,
Japan)y= TR FEIE AlFERCH YRe] )= oF
30 pm= 7Y F F7F FA4 glo] 2R el ARg-
3}ttt PTFES] W32 £/4-2 Table 13 2t}
e CuO YA (Alfa Aesar, MA, USA)YE 27 23-
37mmE 7HAE Y% 631 glem’, FE4 2F 1,200°C2)

e B FuE 2 Qv

2-2. A\'H M=

W CuOYAE 33+ PTFE 34412 #A4s)7]
A e CuO YAk A71eRs 27gsisint 4 vl
W7t BHog FRANF 2=A] &2 &4 PTFE, &
< 2] 0.2 vol. %, 2B F& B2l 5 vol. %= H
SIACt mlo]aZ2 YA; o] vie Yxte] AlF] tigk &
2] vIQl H|AA (specific area)o] 48] £7] Wi
of PTFE 71A] WollA] &2 2] e At Ao 2w
9 W2 AW P4 5 At ol oA AFH
Hie} o] #He] g oS aHFoR W
o] PIRE W £ 3 FA A BlE YRR =

1~ O



the CuOURKR $71E PTFE Wheighanle] A4 8 A5k 27lolie] EnjolBax) 540 ¢

s & ‘1]./\1?_ Hauschlld hlgh speed mixers ©]-&
o] PTFES} CuO Y= YAE Hjst gz o =z &3}

[¢)
o] = ni Z‘lo 30mm =0l 10mm°] 7}‘:]
7 AR 2 92 el YT Z v
€ o4 I T EFES HEES %7] flel g2 Al
7] A od 4IEZ degreasing Y A
o]% Zo] 50 mm 27 30 mm plungetoﬂ A e

71l ZE]E-S 43t

g 50°coﬂ*1 3087 &d HPE AX tA
3ol Hx AJES A9t} AFE Al HLS v MR
7F A 33 drlel AR 5 712 dxE X‘%‘Q mpzl &

=

vk AP ARSI U ARS] B9 2 ol
A 1 o <lo) 4% A SRl Sl
wo] 7leh g} T we Ewlo] AR Ad 9y

(waviness)°] HAEGIOm oleld ARE H) 5 AE
A NBE A2, A A,

2-3. 0|1 opE dE

Ball-on-disk ®2]¢] w119 AL Sl theE3
upz/ml A1 7] (MPW110, NEOPLUS, Korea)’} A}
Lo miny ZAL 7 sl 2 N, 1|11 &%
0.01 m/s, 233 7} A7 1A 7ke] HLE T

3% PTFES] W& 9= 342 7J% (Table HE I
3] 1 olide] 38 2K =T vwA A3kE 7
Ql 2 NS A-g3l4Tt. 2 Noll thgh Hertz 15 %‘938 =
S BAR] (DS o83t Aiket A3 A HEF: o
g P 14.26 MPaZ UERITH

3F 3FR\Y2 1 1—v,2 1-—0,2 )
0= 2na?’ T (E) E- & g
o714 F= 4 sk, ac % W, B9t v PTFESt

& 2ol WgAlet 2ok HIE v} A E
=207 GPa, v=033. o}&#] o]22Q % W a= %
7] °F 026 mmolw o] ghe wid A9 &
o] vhi Edo] F3} vl ZAFH I
Sl Al L £ PTFES] U=

ohge] 7
BYEE 27 PoliA) ghe AneA ol Bl Q1%
o olg 44 o] A oAe A Az B %

a3t A7 113

Table 1. Mechanical and physical properties of PTFE [7]

Material properties Value
Young’s modulus (MPa) 400
Poisson’s ratio 0.46

Compressive yield strength (MPa) < 28.6
Ultimate tensile strength (MPa) 460
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Fig. 1. Variation of friction coefficient as a function of
sliding time: (a) Pure PTFE, (b) PTFE + 5 vol. % CuO.
Sliding conditions: load 2N, speed 0.01m/s, duration 1 hr.
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Fig. 2. Variation of the coefficients of friction as a
function of nano CuO in the nanocomposites. The
average out of at least S measurements is reported.
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Fig. 3. Comparison of wear track width using an
optical microscope. 5 measurements at least were
made for each specimen.
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Fig. 4. Cross section profiles of the wear track of (a)

pure PTFE, (b) PTFE + 5 vol. % CuO.
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Table 2. Wear rates of the specimen

Specimen, CuO vol.% K [mm’/Nm]
Unfilled PTFE 8.867 x 10°
0.2 7.729 x 10°

5.0 3.007 x 10°
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Fig. 5. Pores and cracks formed along the wear track
of a nanocomposite specimen. The arrow indicates
sliding direction.
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Fig. 6. Wear track of unfilled pure PTFE taken at X
1,500. The arrow indicates sliding direction.

Fig. 7. Wear track of 0.2 vol. % filled PTFE taken at X
1,000. The arrow indicates sliding direction.

Tribol. Lubr,, 39(3) 2023

Fig. 8. Wear track of the 5 vol. % CuO filled PTFE
taken at X 1,000. The arrow indicates sliding direction.
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