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Modification of surface tribology characteristic of PTFE

GAO Wei-li

(School of Materials Science and Engineering, Harbin University of Science and Technology, Harbin 150040, China)

Abstract: Using ion implantation system PSII and MEVVA80-10 ion implantation machine, Ag, Al,Os;, PTFE,
AlLO;/PTFE nanometer laminated films were prepared by RF magnetron sputtering and plasma beams into sedimentary.
Using XRD, AFM/FFM and nanometer probe test method, the PTFE surface tribology characteristic of five kinds of
modified films were studied. The results show that under the same test condition, Al,O;/PTFE nanometer laminated
film’s damage depth made by the ion implantation technology is shallower than those of other samples, while the wear
resistance increases at least 4 times. The chemical composition of aluminum ion implantation Al,O3/PTFE nanometer
compound films is mainly Al, F, C, O and N. AlF;, Al,O; and AIN peaks exist as well as C,F, peak, and Al,Oj; is y-phase
with body-centered cubic structure. The hardness of the film achieves 0.15, 0.19 and 0.65 GPa. The elastic modulus is 0.9,
1.5 and 2.2 GPa.
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HFIEN ALO;. PTEE. #il#§ ALO:/PTFE Z 240K E &
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EMP TUFFE il FH G RV LB A 2wl B0k o 3 23
A. B W4, A4 4R, B 413 MARE. BsExh
FEHEAT 000 2595 A0 20 FVRSEVR S , RO\ A TR
(03 75 T O BT VYRS BT RE SR T4
P, THERIREE 100 °C, fHME 1.5 he PURRERIES
A, NTBE TR, JEAGER 1X10"7 /em®, EA
REs N 50 keV.

1.2 SESMBEIE TS 4§l S 4K AR

WAL F S EMP BUFE SN B FIEAN RS
PSIT i Jf 4 BHARAE, 435ILL Ag. AlLO; A1 PTFE 4
B, BEATMLAE DRSS, 13 3 2K Ag/PTFE .
ALOs/PTFE. PTFE/PTFE I ALO+/PTFE £ 241K K
GIRRE, T23H00E 1.

F1 KRTZSH

Table 1 Technological parameters of experiments

1.3 BFEAEA#HE ALO/PTFE £ EHRESIE

BETFENEAFSK ALOS/PTFE £ 290K E &
5, J&7E MEVVAS0-10 BB ANLE B LT EN
SERLe B IEANUIE LR KIA 40 kV, ST hE
RIEH 20 keV, 3 FPETHGRES AN 1X 107, 5%
107 F1 1X10"° fem?, 48 TR LA 10 pAlem?,
AP TIENALE 2X 107 Pa KL FERG TAEE S
3% 107 Pa. 235 LL PTFE £ ALO; J BHARAE, A5#F
TS, 0 A A NI DIk B4 R 2 JE B ()3 A%
TESHNE 1.

2 HREUE

2.1 EPER X STEETTET O

Kl 1 PRk 5 R XRD 3.

F 1) i s Ag i) XRD 3. ¢ )
A1, PTFE K 2 4K, Riftl 50 nm, XRD %
HIRTEAE AgF I, IX 2 XRD 43 B 5 4 i it Ji )
Kl 1(b). (c)FI(d)IT7rs B k¥ Ik 5T PTFE. ALO; il
ALO/PTFE ¥ XRD i¥%. HE W %0, AlLOs/PTFE i
H PTFE Fl ALO; WKL, ALO; TS Mk 35°. Hkx
HERE ST EE AT S, %I 0-ALO; 450, JEEBALLR.
PTFE [WATH M0 257, JRHEAN TR . B 1Rk
B FEEAZE PTFE /) XRD i & 1)+ (g)F(h) s
AR TIEAFIE R 1X10 L 5X 10" f1 1X10'
fem® IR XRD . tHE 1A, e BRAr Uk
NTTEZA PTFE [WRHEWESE, EBAF{E ALOs. AlF;
FIAIN W, Ui BB GRAH ALOS P74 AIN W HIAEAE &
AT UERER N TS AIN SR>, X PTFE fif

Base Sputtering  Pressure  Pressure for . Thin Sputtering
Sample . . Time/  Temp./ .
N Technology Material — pressure/ energy/ of argon/  deposition/ min © thickness/  current/
mPa keV mPa mPa nm mA
A-1  Sputtering Ag 1.5 2.8 1.2-1.8 5,10, 15 40 770 100
A-2  Sputtering  ALO; 1.5 32 1.4-1.8 95 35 750 110
A-3  Sputtering  PTFE 1.5 1.5 1.4-1.8 50 35 750 35
. ALO,/
A-4  Sputtering PTFE 1.5 32,15 10,5 35 35 770 110, 35
B-1 on ALOY 2.0 20 10,5 <150 <150 770 10

implantation PTFE
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Fig.1 XRD patterns of five kinds of thin films: (a) Ag film; (b) PTFE; (c¢) ALOs; (d) AL,Os/PTFE; (e) Pure PTFE with ion
implantation; (f) PTFE with  1X 10" /em? Al implantation; (g) PTFE with 5X 10'*/em® Al implantation; (h) PTFE with 1X10'

/em?® Al implantation
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BE R B A R W, ALOs IR AT S M AE
72.22°~72.58°f], J& p-ALOs &5H, TR, SikER
FE, ISEI R AMK & FEANAE, ALO; WSS,
AR DT IRAF AT ALO; I, K 1(g)Hh ALO; IR
59, B 1(h)T i ALOs TS s, BEWIEAFIE N
1X10" fem® AR E A BB 5 AL R AE. 9-ALO;
s P pT i A RE, PUBRiRE I koR. L ALO;
A A PTFE.,

22 E5HEER ESCA &

28 WG W S A B S FE S ESCA &I, A
PHI-5300ESCA #4t 58, C1S W23 4ifE CF,
R, BEERN(292.1£0.1) eV, [AINHEA RS
C—C #trp, AR 4(285.1+£0.2) eV M C—H f#, At
H(284.210.2) eV. MAEFIENLHEFEN ESCA
W, ORI CIS WEEEAATE CF; B, RefEh
293.1~294 eV, LAKAE CF 8, fEfEN 292.2~292.5
eV, 7£ CF B HIRERE N 289.4~290.4 eV, f£ C=0
B R BE Rl 288.1~288.9 eV, C=0 #EM LR N T
PTFE KA INRE Sy, AR T2 EMP K
5, SRALIEIEROR . 7E C—O BErPRE RN 285.9~286.6
eV, f& C=C i HEE N 284.6~284.8 eV,

BB YR 148 PTFE #EWiZY, CF,; il CF,
P BGR T 8 B A sk, PRk, C=0 1 C—O
BEMTE ST R N s BTSRRI %, —
HR N E R, Al ERN, H
BE B TG, C=0 #5284, EMP £f
i TR 2H B L2 2 g

Fz 2 AFFEE EAEN T T RS R AR
Table 2 Content changes of intramolecular bond in EMP

samples by different additions of Al ion

Molar fraction/%

Bond 0 1X10"/ecm®> 5%X10" /em?* 10X10" /cm?
CF; 1.36 1.84 2.74
CF, 95 84.85 75.84 77.59
CF 2.62 3.92 4.58
c=0 1.11 6.89 3.43
c—0 1.20 2.85 1.43
c—C 5 8.86 9.29 10.23
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PR AR AL PTFE (¥ 6 5 /0 AN [F) R JE 1A P 3%
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Fig.2 Hardnesses of PTFE before and after modification: 1—
Ag; 2—PTFE (Before modification); 3—PTFE (After modifi-
cation); 4—Al,0;; 5—PTFE/ Al,O5; 6—1X 10" /cm? Al ion;
7—5 X 10" /em?® Al ion; 8—1X 10 /em? Al ion
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Fig.3 Elastic modulus of PTFE before and after Al ion implantation: (a) 1X 10" /em?; (b) 5X 10'° /em?; (¢) 1 X 10'¢ /em?; (d) Pure
PTFE
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Fig.4 Relationship between load and worn depth for PTFE and PTFE/Al,O; membrane before and after modification: (a)

Sputtering; (b) lon implantation
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0.057. 0.162 1 0.108. Vil PTFE [ EEHE
0.03~0.05. 4% 47>70 N i}, PTFE Fl AlL,O;/PTFE Ji&
RIMFFU HIERIL S, 1 ALO, I [ JC BN %
HIL, ALOs/PTFE & & BRI B IR VR K4 N PTFE (1)
1/10, # e Ewr PTFE (Wi B8 6 e sl % .

FETC B IRES R AT ] CIS111A ERFY BESHLIN 2
PEJGRE R IR BRI . BRI B GCrl5, il AR
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