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Fig. 1 Molecular amorphous hybrid model
(a): 10%PTFE/PEEK; (b): 1%Gaphene/10%PEEK/PTFE

B £ 18 T 22880 € , K 2 4108 T R & 1 5k
SNz 5er , MR - ROBE AT SO0 A FH AL 28 ik ) A7F
FUA KB D o ARSI T4y 3l 77 % (Molecular
dynamics, MD) 15 {1l 77 7%, #5630 11 5 °F & SR H MS
(Material studio 2018) # 4, #H CHL B A5 2 {1 8
¥ Xeon 2244, 1TB INTEL A7 S Ab B 3% . [H] 7] A7 28070
I 78 PEEK/PTFE | £ it 2 , MAHOU R BE B 71 )68
g5 LT B A MR BRI 2, LLIRAS A AR 4G iR
FEXT S A AR P98 43 - AH B FH R ROBAE B E A
Bl o

1 SCIgEey
1.1 RBERSMHK

@57 10%PEEK/PTFE (14> 7o & e . i
Build # 3 i f) Homopolymer I 6 , # 10 4 55 8¢
(%) PTFE % 5 10 4~ # & 0 ) PEEK 84 & 2 — 4>
A3 nmx3 nmx3 nm ({57 5 kg N . HEEY)
Y 2 P 5 N 2.2 glem’, W fiE RN SIORS 2N
0.04184 J/mol, /7 B W SKOK: B2 1 B M 41.84 J/(mol -
nm), ¥4 % PTFE 5 PEEK ] B /R LE N 2601 /) 10%
PTFE/PEEK 431 & 52 JE 1R A 15 784, PEEK 43 1 B (1)
IINEE TSR P “BENLE 1T D5 2% A8 PEEK 47
T AE M R Ak T BE LAY E Sy A . I Fig.1(a) B
TRe BE—DIATEIRE LN 1% A 8808 B 3 7 kg
W, R 1% 4 884%/10%PEEK/PTFE 43 1 52 L 1R
AR Fig. 1(b) 7 -

BRI BRI 1) 7 T BEAE L7 g 2 N 23
HTER o A RS . BT SRR B R A, & fF
1B 7 T HEALE fn A% I HEA B — s .

H T SIS R 1) 7 T TR G AL R H

A B RE R, A AR Y B D I B SR L, B IR A
e/ L E , FEMBER AT, HTE
X 2 AR 43 3 3EAT AR 5] B TLART AR A AN 30 7 2= Ak
P17 . K H Forcite £ 1 [ Geometry optimization
B2 HEAT JLARI Ak, Sl Ja o A5 2 {6 ) g o T B v A
FLHEBE BEE AT AL , A AL E e T Re = A K

W JUAT AL TE B 2 AN BT 3R AT 2 IR 3 7 AR
b5 DAY B AR R Y A o B Forcite A5 B A )
Dynamics & 4 i 17 3 J1 = 4k, 71 35 ik 4%
COMPASS 7137, 25 1IR3 S M B IR E N
298 K, 15 15 1] 2% 1% £ Andersen 1H 15 2% , L5 K
91 fs, #E4T 0.5 ns B9 NVT IE W] R 224 T 5h 11 %F
1. 52 R Bh 1125 T 7E 298 K IR AT 101 kPa )
JEJ1F, B % ] 8% 1% $% Berendsen 18 & 5 , #4120
KN 1 fs, 3E47 0.5 ns I NVT 1E U R £ T30 J124°F
1 o

RS AU ) £ i AR A AN T PR o 5 IR B A AR B AR
b 5e B et 2 b, B 0.2 ns (I NVT 3 /)
Ak, RANVT IEN RE55 T80 15 P47 . OB
RUR 1R B, AR AR 43 7 A 25 °C (298 KO FHE 2=
340 °C, 350 °C, 360 °C , 370 °C, 380 °C , 390 °C Al
400 °C, 43 7 15 2 A [7) 3 FE 1) 10%PEEK/PTFE 43 ¥
ToE AR, DL K 1% 47 58 4%5/10%PEEK/PTFE 43 1
ToE TEAAY
1.2 EEER

PTFE# K : HA K& WM TR EDHRAF,
P35 RL 4% 40 pm; PEEK B oK « 75 AR 8 5 20 7 44 R
A A5 BR A 71, P EIRiAE 24 pm s A7 BRI H oK « TR B
FHBHREARAA, ZEABEMAR, FEZERZ



100 TR S AR 20244
Tab. 1 10% PEEK/PTFE mechanical properties GPa
Sintering temperature/°C Ex Ev E, B Br By By G Gy Gu
340 1.93 1.25 0.44 1.93 5.64 6.48 6.06 0.36 1.57 0.96
350 3.64 4.20 3.66 4.20 5.59 5.71 5.65 1.60 1.68 1.64
360 4.66 3.05 4.77 4.77 4.85 5.98 5.41 0.97 1.64 1.30
370 5.66 5.42 5.10 5.66 6.09 6.14 6.11 2.02 2.05 2.04
380 4.68 5.53 5.02 5.53 5.41 5.74 5.57 1.69 1.97 1.83
390 4.71 5.49 4.62 5.49 5.94 6.16 6.05 1.49 1.78 1.63
400 4.62 437 3.76 4.62 5.93 6.16 6.05 1.18 1.59 1.38
Tab. 2 1% Graphene/10% PEEK/PTFE mechanical properties GPa
Sintering temperature/°C Ex Eyv E; B Br By By Gr Gy Gy
340 3.69 1.80 222 3.69 2.84 2.96 2.90 091 1.05 0.98
350 3.20 2.50 2.69 3.20 2.83 2.89 2.86 0.96 1.06 1.01
360 1.63 3.40 7.08 7.08 19.80 2.03 10.91 3.08 1.17 2.49
370 4.26 4.16 1.75 4.26 2.73 3.02 2.87 0.85 1.08 0.96
380 4.03 3.06 2.61 4.03 2.63 2.75 2.69 1.22 1.26 1.24
390 3.20 2.26 3.21 3.21 2.71 2.78 2.74 1.03 1.09 1.06
400 3.83 2.63 2.19 3.83 2.42 2.62 2.52 1.00 1.05 1.03
25 um, P ZE5 )2 1.4 MiX5FRIE
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Fig. 2 Mechanical properties curves of the composite material changing with temperature
(a): 10%PEEK/PTFE; (b): 1%Graphene/10%PEEK/PTFE
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Fig. 3 Friction simulation model
(a): 10%PEEK/PTFE; (b): 1%Graphene/10%PEEK/PTFE

S FEEMm s M, O T EE AR B 5 Es , BT
PTFE # B} RER 45 14 , i FE 1 2038 23 5210 PTFE 1Y
gh T,

1% 47 22 4%5/10%PEEK/PTFE 5 3£ #4 (10%PEEK/
PTFE) AR Lt , 75 77 5 1% 68 U7 [ 1) 8 £ be 245 1 FE A B
MAF . 10%PEEK/PTFE 7722V e B A B 45 r HE R
7£370 °C, 1%47 8J7/10%PEEK/PTFE 7124 VE R fe il
(e 2t IR 360 °C. AR A BIGZ G, EE6M
R B i A | R RASE B RN B D) AR A R 4 UL P
IR T A ERE R AT

BRI E N 360 °CHY , 1% A 53 J7i/10%PEEK/
PTFE ) 38 P4 45 0k ) £ K AH 7.08 GPa, X LA H
KPR R T 20.06% , I KK ER T T
44% , BT B AR TF 7 18.07% Bl 1% 47 B2 45/10%
PEEK/PTFE £ 360 °C [ B 25 10 BEARE T, 3 10%
PEEK/PTFE 7] %1% RE s A (R e 45 0 B 370 °CIRAS
YU AR M B KR FE T, [F) I HE T AR R AR 10 F1 BY ) A%
TE R BE 77350 [ P2 P 1 o

22 EBRFMRESH

Tab. 3 10% PEEK/PTFE wear rate and average coefficient

of friction
tenf;‘;‘:;“ﬁ e Wearrate/% ~ Coefficient of friction
340 38.90 0.084
350 34.61 0.077
360 35.33 0.098
370 28.04 0.098
380 35.72 0.090
390 39.38 0.098
400 34.66 0.108
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Fig. 4 Model cut snapshots
(a): 370 °C 10%PEEK/PTFE; (b): 360 °C 1%Graphene/10%PEEK/PTFE
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Tab. 4 Wear rate and friction coefficient of 1% Graphene/
10%PEEK/PTFE
terr?]i)r;:l?tﬁi JoC Wear rate/% Coefficient of friction
340 38.53 0.169
350 33.82 0.091
360 27.21 0.174
370 38.44 0.167
380 41.01 0.114
390 41.89 0.168
400 4091 0.168
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Fig. 5 Coefficient of friction and wear rate
(a): coefficient of friction; (b): wear rate
Tab. 5 Radial distribution function RDF peak
Sintering temperature/°C 340 350 360 370 380 390 400
10%PEEK/PTFE 6.93 6.96 6.95 6.97 6.93 6.94 6.94
1%Graphene/10%PEEK/PTFE 7.46 7.48 7.51 7.48 7.50 7.46 7.48
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Fig. 6 Radial distribution function RDF
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Fig. 7 Binding energy tends to change with temperature
(a): 10%PEEK/PTFE; (b): 1%Graphene/10%PEEK/PTFE
Tab. 6 10%PEEK/PTFE binding energy J-mol’

Sintering temperature/°C Uow Upree Upeex Usina
340 —8319171.6 —9406483.6 2327442.1 1240130.2
350 —8138301.8 —9282554.3 2390662.8 1246829.0
360 —7815918.3 —9016692.5 2443416.5 1242642.2
370 —7495628.0 —8710637.4 2463094.4 1248503.8
380 —7366674.6 —8621039.9 2486959.2 1232593.9
390 —6921617.8 —8264743.2 2550598.6 1207473.1
400 —6680458.1 —8032794.5 2561902.9 1209147.8

Tab. 7 1%Graphene/10%PEEK/PTFE binding energy J-mol’

Sintering temperature/°C Uow Uprre UbtexGraphene Usina
340 —9343681.6 —10509705.4 4557331.8 3391308.0
350 —8980686.0 —10190252.5 4596687.7 3387121.2
360 —8810283.3 —10040365.1 4669538.0 3439037.5
370 —8447287.7 —9765711.0 4739038.9 3420615.6
380 —8352666.0 —9679044.2 4731921.3 3405543.1
390 —7971667.2 —9354567.2 4777138.8 3394657.4
400 —7794565.6 —9190863.4 4778394.8 3382515.7
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BN R GE G —Wi5E K. 10%PEEK/PTFE & 1%

1 52 J%i/10%PEEK/PTFE & & #1 £} PEEK/PTFE 7£ %
FeEE IR R 45 A e N Fig. 7, %04 1 Tab.6 A1 Tab. 7.

tH Tab.6 & Fig.7(a) 73 #1 1I 45 , B A& i JE I =
10%PEEK/PTFE [1) 45 4 B3 #0386 i1, 75 370 °Cle
U BUE I B ok, N 1248.5038 kI/mol. IS A7 54
15, EA MR 456 R IR IS I, BAE ke iR BN
360 °Cik F| e KAH N 3439.0375 kI/mol , %} bt 344 45
HRERNMEIRTF T 63.7%. 2 &M EHRSE & BB
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Fig. 8 350 °C 10%PEEK/PTFE wear surface topography
(a): 100x%; (b): 300%

Tab. 8 10%PEEK/PTFE friction and wear test data

Maximum coefficient Average coefficient

3 1 O, 0,
Sintering temperature/°C of friction of friction Wear rate/%
350 0.128 0.085 0.023
370 0.070 0.036 0.006
390 0.104 0.071 0.019
Tab.9 1% Graphene/10% PEEK/PTFE friction and wear test data
Sintering temperature/°C Maxlmum. cgefﬁment Average (‘:oe.fﬁcwnt Wear rate/%
of friction of friction
360 0.071 0.039 0.004
370 0.083 0.052 0.006
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JE& 451 72 11 Tab.8 A1 Tab.9.
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PTFE V- $5) FBE 48 2 0 S S 3 22 35) S I b S o I
R EReSE IR B2 370 °CI , P35 BE 45 R4
5/, 28 0.036, B R i /N, N 0.006% o FH Tab.9 7]
H1,1% f7 524%5/10%PEEK/PTFE 75545 5 J& 74 360 °C
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Fig. 9 370 °C 10%PEEK/PTFE wear surface topography
(a): 100%; (b): 300%

100 um

Fig. 10 390 °C 10%PEEK/PTFE wear surface topography
(a): 100x%; (b): 300x

100 pm
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Fig. 11 360 °C 1%Graphene/10% PEEK/PTFE wear surface morphology
(a): 100%; (b): 300%
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Fig. 12 370 °C 1%Graphene/10% PEEK/PTFE wear surface morphology
(a): 100x; (b): 300x
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Effect of Sintering Temperature on the Friction and Wear Properties of
Polyetheretherketone/Polytetrafluoroethylene Filled with Graphene

Lin Liu', Henan Tang', Yan Wang', Jing Zhao'*
(1. School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Liaoning Wuhuan Special Materials and Intelligent Equipment Industry Technology Research Institute
Co., Ltd., Shenyang 113001, China)

ABSTRACT: In order to explore the influence on sintering temperature to the friction and wear performance of
graphene- filled polyetheretherketone/polytetrafluoroethylene(PEEK/PTFE) composite during preparation, the
models of 10% PEEK/PTFE and 1% Graphene/10% PEEK/PTFE were constructed based on molecular dynamics
simulation method. And then the parameters of the corresponding mechanical and tribological properties of
composite were obtained. Under different sintering temperatures, the samples of 10% PEEK/PTFE and 1%
Graphene/10%PEEK/PTFE were prepared, then the friction wear test and wear morphology analysis were carried
out. The results show that the friction and wear characteristics of the PEEK/PTFE composite material can be
effectively improved by graphene, and different sintering temperatures have varying degrees of influence on the
intermolecular forces, material mechanical properties, and friction characteristics of the composite materials. When
the sintering temperature is 360 °C, the intermolecular forces, material mechanical properties, and friction
characteristics of the composite materials all reach their peaks.

Keywords: sintering temperature; molecular dynamics simulation; polytetrafluoroethylene ; polyetheretherketone ;

graphene



