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T EifE AR A TR A H], 35 A800195.

8 20 = 04+ (kaolinite, 2.53 grem™), “F I RI{R 4
Sum, WF BiEFE AR AR A, 25
K812212. LAk (SiO,, 2.60 grem™), FEHRifEZ)
Sum, WF EiEFE AR AR A, 25
S817558. TVURLM, “FIIRIFELT 40 pm, JEF=T
FIRAF], K5 Teflon PTFE 7C, WA FR5ETZE
IR PR 2 5. KL, WE 99.5%, WAF
g AR TR 2 H], 525 E809056.

DL AL £H/88 VU . 2 K5 (AL O/PTFE) & & W1 L
e Al A EAE R AR IR R 5 2% . 5% .
10%H1 20% 5 8 g RIUM LM AR BN ZSHEpR
o, BEG & IIN 40 mL Jo/K 2%, fdH 500 W s
B4y B I R 3 15 min. BB FE 2 BUOFRY &
MRTRN B 25 FRER P LL-0.1 MPa HASRE, 55C
T 120, FEEANER 10mm, KB 30 mm A
Hp PL 100 MPa A9 7 E SRR S min.
RGN E Y rh, 7E-0.1 MPa ELZS )
HEEF, LL120 C-h' B THE SR IPE 380 C, {4
i 4h J5 ARBHEFIR. E TSR
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1.2 k5 EAE
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mmx6.2 mmx15 mm B PTFE & &k, TideEN
50.0 mmx30.0 mmx3.0 mm f¥ 304 AEEE, E 1
iR, SEIRTESEI =R Tk T MERIEE 25 C,
FHXHEEE 40%. FBEHESCER SR BEMNETI(FY)
1 250N, $EfhE R 6.5MPa, IEEIEE R 50
mm-s”, FEEBTRRNEN 25 mm. FEEEIRI T
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2 R AR Sy A 2 R VU G L ) T 2 P
B (~2.6x10" mm’ (N-m) ™) FI BE4% R %0 (~0.21). M
2@V LVEN, TEFRESECH 2%0F, =FhiEk}
PIAMER T RUBE A ERRL) 1| MR
BRI AR 10%, FALEEAEE HIET
ARG IR EIER R T 2.6%10 mm> (N-m)”!
F 1.4x107 mm’ (N-m)", mEAEEE AR
WREEIRAVELE 4.26x10 *mm’ (N-m) . 1255
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WABE—PREL. S —J7H, BRI S E O
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A3k

3 HR5ME
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— i ) B R T B R IR AE TSR DU SR S SRR Y
HORGEA FIZ DU RE, BLB R A ERTE A
hEEEERL. 1 ALOyYPTFE & AR kaolinite/
PTFE & AMEHOEESRZRIERT 5000 m [1)EEHE S
t, IE 13107 mm’ (N-m) RBIREAR, s
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14 o H TG Y B4 . X B Hh PR R Y
R, B APPEHYERUE XM BT R B E A
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b= ZH B TR ST

HIZIER) SEM EURLL KR FEDT R nE 4
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i, HERREAAERE R 2SR 1. B 40b)%
7 kaolinite/PTFE & SR FE RS I I B i i)
THEFEE. M2 T, SiOyPTFE EAMEHESR
BT _E IR A TE RS AZ SRS R, TR
S B R, SRR A E SRR B A
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FEURAE 4 SRR HE AR T S 3. AR
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T R BARERE) ALOS/PTFE . kaolinite/
PTFE & &P E= AR R A A AR R
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SERONSE FIs BIE XPS AL l/R: AR VUS 20T
R FER R T R EE D AMNBEARLE, 689.43 eV
UGN B SR DY L v o F R ) C-F g i =
FhiZ A APEHE SRS I B H B T30
H 685.88 eV [UERT R 4@ A4 ) 59,
[vi] Bsf = 0 A [ 2 B b I I B 7 1) 3B RS, X i
HH =PRI AS ) R B 1 5 TR VU S 2 & A T PR
= Iraa
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SR T RIS SRR 2 TP T e 50 2 DY G2 A
TE RS AR Ak S B, SR 3 iz PR B i
(DFT)#4T TR BN T CsFin #E ALO5(0001)
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@19V
6 FRESTF CsFi, 5 AL05(0001). kaolinite(001)Fn
SiO(100)RE K LT L5

Ultrasoft, B, ¥~ 38 6 5 56 R R H T SR FE I A
GGA-PBE, @t 2R bRk HEa s ALO;.
kaolinite Fl SiO, INAHRZSEL. SRS P Akt
R BFGS Bk, B B I SIoRs B BEAN B T
1.0x10° eV, fERUShREANEENE T 1.0x107 eV,
JECF- A ELAE WS SibRifE R 0.3 eVenm!, Ay
JE SRR 0.05 GPa, JF T KA Shrife
7 1.0x10™ nm.

% A W PE ALO5(0001) . kaolinite(001) il
SiOx(100) R HIVE AR . BRRBEA 6 25
F, RF251.5nmx1.5 nm, 7ERHEEH 70 FEH
2.0 nm JEAY 5 2R F I AHSRER R, R 2 2R
T e DS SEbR R R, WE 6(a)~(c)FR.
W BRI PR B R F - S5 BFHYE (AL B Si JBF)
HRE ST 0.8 nm. A5BRH> FSE B U ER]
FHFATIUTHAL)S, BRAEZE LI F IR T 5%
JEF-(AL B Si J5)BYFEES 53514 0.24 nm (ALO3)
0.18 nm (kaolinite)Fll 0.24 nm (SiO,), &l 6(d)~(f)
PR, 4 C-F #5e2Mia (M), Bk
(AI-F ¢ Si-F){ESBRIR R R =4,
6(2)~()FT7R, X5 XPS B4 RAHAE.

I 2 B 7 PR AL S T LRI AR S 4 R
MEEE. 7R TR T CsF o 7E ALO3(0001)
kaolinite(001)F1 SiO,(100)FThi W A1 . WA
BRI GH RSB R . A T EE, K&
2H 2 N7 W K i B 25 AL BE B B VOB A FE M A
(0kJ-mol™). MKl 7 hitEZERATLIE H: ALO;
(0001) % B L F B W BT R 45 e &2 2 1418
(23.3kJ-mol™), T 78 it LR W7 22 Ji5 1k 2 i = KR
FEA(~178.4 kI mol™); kaolinite(001) %} 35> 1Y
Wz W 2R SERE SR AR (—46.2 kT mol ), TTEME SR
J¥7 2 ek B B ik — PR AR(=71.76 k) -mol ); T
Si0(100) % A= W B 3 53 1 W [ 0 R iR & T i
(52.55kI-mol™), TEMEAL I 5 REERE B =4
FHP BN (—48.9kI-mol ). WLIFEREIES
TR 53 W2 B 65 AR 58 RS2 7 1) 52 7 R A =
B AR . X 0T HERE B T E AL REAME 53 AP R
FEIH EULER | e 1) HATHH .00 % iRtk (Te 2
T HAE L DEZ B EF, Al &),
FECT EACEEAE BRI AL S 0 R DY SR M Ak
SR HEAS TN 5 A NIRRT
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52 e i Wkt e =V

Bl 7 WR&EDTF CsFpn 7 AlLO50001), kaolinite(001)FN
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3.4 HBEWYBRIE

ER BN R B CIEE AP, PTFE
B K BRAETOAE FL /R BiAH ELAE FH T 005 1) WO e %o 8
TN, PR R ) A BERE . i PTFE 5
& B B 25 A 07 T A FR bR R PO L
ARSI R OR, REERA) ALOy/PTFE. kaolinite/
PTFE 48 ERN) SiOo/PTFE FTE i FE AL BT
AFME A2 A B SR DX ). 2% B R R 1 A A
PURFER, RGBS E SR 1 A4k
FEAN UG TSRO Y 2 IR R TR P SR R B
AR 5E ) ek, A ALER AN IS - P AP SEE o] DL
JEE 52 S5 T ) SR DU SR 20 & A BH S R el P B N B
FEORIRER), XU TAVE IR E
BAPEHE 4 Jm X S ThD 1 vT DLz A B AR ) fh 2
Wff. st BRI Harris S5O BEAHENE, BIEESE
AP A B R TR IR I N T SR VY S 2 0 i 42 S %o A
2B R T, FRie s TR ERI . (HR
Harris 25X} T 28 VU S 2 B AFEW AL B SR 2 W UG &
BN A VB B /R B AR BAE H 8l F Uz 3h 5 80
TRWREE 2P H) C-C BRI, X
L e Suy s R5p b ST S N PRSI S S 7S
F, PRI S T

RS B Bz R E ST R A B, AL
REIER, BAAH S i S R v e S R A =g+
TECRI T BR 3701 B W B A e L AT i ) S 7 4%
PE. X — RV AENUR AR AL RE R (2 T
FECT RV SRV RN, W 8 PR, mikE

PG 30 A ) AN TR AL BN 53 5 R B RS 7 A
AR B A FE(-00 - )P, TR AL A AR
TERT, 2RI — 2 SIRFUKEAK
B VA ORI B REM . Y EEARAL AR IR
Y RE AT H2 T 45 o i T B2 (g R AR IR A 4 SR DU 3
LW SRR E AL, BAdREE. X—
RINBEAR 7 RV e 2 S B T AR IR AC ) FE R
2%

EJ vy S

RAHO | &EFEM)
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VUG LM LU AR e B A2 AR e T el 44, %
WAL G RS H B R4y S % A RS 2,
fH T RS A b s 7 B A, 1R 5T
L E AN SRR E (I AL B 1 Ahis B s
BRSPS 0 VT R B8 1 (RE 2R IR TR b)Y
KWLM TEB G 2 ERBHEEN A h2E,
TS LA AL | AR T (it
TP,

4 i

(1)10% J5e 843 %) ALOs/PTFE Fl kaolinite/
PTFE 7E4JEXHMEE FIE T BRI 4L
JE, FFSEHIELAL PTFE i 4 M ERAEIBR (k~
107 mm’-(N-m)™). 1 [ 28 i & 43 404 SiO»/PTFE
B AMRE S JE S ETH S T AR R
FLHYEERSRSE, AP 4l PTFE A 3 M0
(=10 mm’- (N-m)™).

Q)FEZ RIS TFE LI, ALO(0001)
kaolinite(001) 7 T X8k 58 53 - B9 W AR G S84 )L
PAEPELL SiOx(100)F 1M 55, X T RER: H T4k
PRI 2 HT HL 25 B S0 % 2 IR 1 S 0.

Q)& A LRABRITEIZ R, BRI
SR} T JEE 35 S TH] B BR R 43 -1 T R R
AEIFREE MR BEVE H, X6 % A A R S w1k
SN T FE RN BRI ER AL AR M R H,
BN TR E Y E AR R L.
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Effect of filler surface functionality on polymer tribochemistry
using the density functional theory

YE Jiaxin, SUN Wei, LIU Xiaojun, LIU Kun
( Institute of Tribology, Hefei University of Technology, Hefei 230009, China )

Abstract: Alumina, kaolinite, and silica/polytetrafluoroethylene composites were prepared using the ultrasonic
dispersion method. The tribological properties of the three composites were investigated using a linear
reciprocating tribometer. The results showed that 10% mass fraction of alumina or kaolinite solely could reduce
the wear rate of PTFE by about 4 orders of magnitude, while silica could only reduce it by about 3 orders of
magnitude. Analysis of the morphology and chemical composition of the transfer films formed on the metal
counterfaces revealed that alumina/polytetrafluoroethylene and kaolinite/polytetrafluoroethylene could form
highly carboxylated transfer films. The adsorption of fluorocarbon molecules on the three filler surfaces were
further simulated using density functional theory, which showed that the Lewis acidic sites on the surfaces of
alumina and kaolinite promoted the defluorination of fluorocarbon molecules and the carboxylated chelation.
The results showed that the Lewis acidic sites on the surfaces of alumina and kaolinite promoted the
defluorination of fluorocarbon molecules and produced more intermediates for carboxylated transfer film
formation, while silica lacked Lewis acidic sites and therefore could not promote the formation of carboxylated
transfer films.
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