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SEER T 70 FH(Cu B 70%(T 7040, 2%
TN T 03%, RECh Zo)VE N EE SN,
Fbf RSFERS 2 20 mm X 30 mm X 1 mm, 155674 B4
SRS PENI-P 2, AR5 16249 Ni-P-PTFE & &85 )2
FE A FEAT L THAL 2% Ni-P. Ni-P-PTFE XU4RJZ (52
BT 2R FTEARE . Pt —>HoKk P Pk60~80 C)—
ARG EVE 10 min—>¥/KiEYE 1 min—1L2%
Bri 10 min— K P (60~80 C)— 4 3K AE A
50%(AF) K ER IR T E IR R VRIS A 5 min— K
(60~80 “C)— 1T AR E F1i € U B2 1Y) Ni-P
A (FEBONRE S, AR R DR/ 14k &
I iR — se i E , TIEUHRON Ni-P-PTFE 8% i ik
T e R, U FAUKIPZE 2 min, HEFLR
fFo B AR, AL B R (B 4E 2 min,
158 8 min), JFRPEHIHCHEERE, TREFHR A,
I HEAAVER RIS o RIS pH (EFI
F RSy, A pH HIGAORFFLE 4.8 2t I R4k 78
ARy, ORUEBEEIR o3 S AR B Ta T N

1.2 $ERMECH
Ni-P 4% 5 Ni-P-PTFE 4t 2448 Wi 1 BAREC 75 in 2%
1 fio.

F 1 Ni-P #5 Ni-P-PTFE b F# 0 I0 I T7
Table 1 Recipe of Ni-P and Ni-P-PTFE electroless plating

solution
Electroless
. i Pre-nickel . .
Composition and condition plating Ni-P-PTFE
plating bath )
solution
p(NiSO,-6H,0)/(g'L ™) 27 27
p(NaH,PO,-6H,0)/(g'L ") 25 25
p(Na3CgHs05-6H,0)/(g'L ™) 8 8
p(Lactic acid)/(g'L™") 17 17
p(Stabilizer)/(mg-L™") 2 2
p(Buffer)/(gL™") 10 10
pH 4.8 4.8
PTFE emulsion/mL - 10-70
Temperature/C 90 80

1.3 Ni-P-PTFE & 5 R FRAEFNK

Ni-P-PTFE & &% 2 )94 73 141 D8 Advance %Y
X P2 BT (HEE Bruker 2 w)) B4, K
Cu K, 3% (1=0.15406 nm), WEEE K 10°~70°; 3
B B LA RAE TR - )2 FEI A H] ¥ Quanta
FEG450 37 kS A EE 7 BB e E FEI &
) PR S 0 R ] NANO Indenter G200 %144
KHIRA(GERE Agilent 22 7]), KH Berkovich J&3k,
T I A A s e N IR FE R B far 1) AR 4K, 49 310 28—
B hek, F Oliver-Pharr ARIPIHET (4 e} f A i 0 st
PR, W RN DR EEZ) 0 400 nm, %R SBE/D
TR 1710 LAY bR Rt v S 155 (1) 5 1,
ANFEAIIE 16 AR, DU S REE 10% AN 28
S N S ARG {l ;. Ni-P-PTFE &2 1 FE
RO 2 /E HSR-2M 11 57 R R R GG L= M
FHIVERH IR A AR BT, Inddifry 40 N,
HEHRN 5 Hz, PEEEKFERN 8 mm. PEERIF KLY
d 3 mm [FHREIER .

2 GRS

2.1 A[EHY Ni-P EHTFRE B3 Ni-P-PTFE £ 548
=EEA)

-1 PTFE BRI N £3 330 Ni-P-PTFE 5 49%
JAE GO NI, RIS B A 55 Ni-P-PTFE &
HEHZEZ AEN—Z Ni-P J2E i I 2 AR TR 2
BRI S5 S0 . {E Ni-P-PTFE & -&4% 2 i IR0
Firp, ASEGORRI TR ) Ni-P i3 )2 %F Ni-P-PTFE B &
BRI IRAVE REA A L5, T2 IR TRA N [R]
KR B M J5 4 Ni-P-PTFE )2 IRUTRE, A4y
& 32 Ni-P-PTFE #8#( PTFE iR (AR50 N 4%,
TEEUAL A4 Ni-P iR Ni-P 2 (BRI 8] 205910 5.
10, 15, 20 A1 25 min, 6l HE AN PURR I R )
Ni-P &l )2 1) Ni-P-PTFE & &85 2, BFFUA [ ORI
5] "R ¥ Ni-P J22 5% Ni-P-PTFE & 445 J2% [ fil 5 A s R v
RESZI o

T SEWFIUAN A Ni-P 2 DUAR IS T4 Ni-P-PTFE &4
BEEIERE R, s 2 AE 1 BT

H1# 2 FIE 2 0T, 4K Ni-P-PTFE B3R [A]
FEHI7E 30 min, B Ni-P 2 WPIFES T H 5 min 381
#) 25 min, Ni-P JZIJEREAEAKIAR K, 1M Ni-P-PTFE
JE IR JELRE SIS G K S5 98N Wi . Ni-P-PTFE JZ1)
DURRSLFE I n AR A (1 SR D2 = >4 Ni-P JZUTRA I ]
RS min)if, 3RTGIG Ni-P 2 LR HA A,
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HOPE, 2. Ni-P 2LJ¥Z ORI TE I PTFE WK JE X Ni-P-PTFE & &45 2 1 50 581

2 K[ Ni-P JZPCRE R 19 Ni-P J215 Ni-P-PTFE &4
PR 5 S8
Table 2 Thickness of Ni-P layer and Ni-P-PTFE layer by

different deposition time of Ni-P layer

Deposition time of Thickness of Thickness of
Ni-P layer/min Ni-P /um Ni-P-PTFE/pm
5 0.619 1.100
10 1.017 2.682
15 1.597 3.940
20 2.171 0.714
25 2.56 0.587

B 1 AE Ni-P BRI ] T 19 Ni-P-PTFE
S A8 ZM#0N SEM £
Fig. 1

Cross-sectional SEM images of
Ni-P-PTFE composite coatings by different
deposition time of Ni-P layer: (a) 5 min; (b) 10
min; (¢) 15 min; (d) 20 min; (e) 25 min

I AR Ni-P J2 1) b HEF A8 5, (H B TR
I A (R FE K (10~15 min), Ni-P 258G WL &0k 3 B
B IR AEDURI AL, 15 min, B Ni-P JE/EN
1.597 pm I, Ni-P 2 1)) A Bl ARAS, AU R
gibyom s, b Ni-P 25 0k 8
Ni-P-PTFE #&it T R AP PR 4AF, Al Ni-P-PTFE &
B RS AP L UAAE Ni-P 2 1, PTFE Bikii s
SYATAE Ni-P-PTFE E&4 )20, I E &P
JEL S AN 00 o AHL 2 R ORI 1) K (20~25 min) i
BB B e B T RE T R R, SSRGS 4L ZUROR
FLAE, Ni-P 2310 1SR REA B, S5
165 8% Ni-P-PTFE [T 414 %, fi Ni-P-PTFE )=



582 hEA SR R

2018 43 A

HMeLLEREE G, M IMTA# Ni-P-PTFE 5495 2 16 )5 5 T
YA NI, [R5 Ni-P-PTFE & &4 2 11 Sk
B GIRREL dREZ RN [A] BR AR AR b, X
WX Ni-P-PTFE 5485 )2 10 IR A% P Bt s AR 52
i o
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Fig. 2 Variation of fiction coefficient and hardness of

Ni-P-PTFE composite coating on deposition time of Ni-P layer

i 2 570, BEE Ni-P 2 BO0TRLIN a) R
Ni-P-PTFE &2 &4 )25 1) EE 45 DR B5ORist 152 52 B AR 1)
A

FRAE B 1 1] LLAMT Ni-P-PTFE & &40 2 1 R
AE% Ni-P RV ARG R G R . BG4
Ni-P JZ TR A A 5 min 3405 15 min, B Ni-P 2
JEIEM 0.619 pum B KF] 1.597 pum I, Ni-P JZ 055
BB — NS BCERPRA, Wi 1) (b)s ()T
N, HAFIT Ni-P-PTFE S6 8200, A PTFE fit
W] e 35 S b B A DR LG A T, 353 43 80T
Ni-P-PTFE &G4 )2 1 WRAR oA th B8 51 80% . PRl
2 Ni-P 2 WIS E ) 15 min I, 4852 06 5
13 E KAl 4.348 GPa, JEBRI K15 B /ME R
0.161, Ni-P-PTFE &9 )20 FHEH Rt . FiE
Ni-P JZ P (AR I 18] H 20 min 3950 %2 25 min, B 1.597
pm K F] 3310 pm B, WE 1(d)s ()P, HT
KRN 3, 3 Ni-P-PTFE 5 & 4% 2 10 PR 55
TS RKANA—F, Zikafie, 1§15 Ni-P-PTFE 54
BE AR 2 PR, AR E 3R T S WA Ak

2 A AR, AR S B0, R SR I R )
PTFE 7 BRI 8, ANBEI 5 Hh o A 45 42 i
I, FEEGRREMI A2, i1 Ni-P-PTFE &
FEIR N E T TR T R

2.2 A[E PTFE iR E % Ni-P-PTFE E &R0

2= (1) PTFE WK JEEXT Ni-P-PTFE B 698
TAR LA S s K P e BAG A58 o LR S A
A2 Ni-P 2N 1.597 pm MIHTIR R, AR 4
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AN[FI#) PTFE W% Ni-P-PTFE & &85 2 11 45 04 55 BE
PEPEREM S0 . 23 HIFEEL 104 304 50 A1 70 mL [¥] PTFE
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S22 (P R R DR Kt e 1) 4 B, i 4 B,
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155 R PR R 1 EL AR R

W% PTFE WREE(IG N, S&WERE 2L
PN EEEN, PRk S, AF PTFE WREEA 1%00,
LB 5K 4.908 GPa. [fi 5 G458 2 1R JRE 45 DR 5 ) 52 B 5
PN JE BRI, £F PTFE WA 5%IN, BEHE K3
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Fig. 3 Surface morphologies of Ni-P-PTFE composite coating deposited by different PTFE concentrations: (a) 1%; (b) 3%; (c) 5%;
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Ni-P-PTFE composite coating on PTFE concentration

Variation of fiction coefficient and hardness of
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2) FE Ni-P i3 2 PR a8 15 min, BEH
PTFE W EERI36 N, S E49E 2 MR 5 0056080 5 1
I, PR B T 520 2 %) PR R 5 A 5
WG R A%, £E PTFE WJE N 5%, Ni-P-PTFE
HEPE R ARE 4.548 GPa, PEEENEGE RN A
0.145,

3) Wik X} Ni-P. Ni-P-PTFE XUZ & &4 2 (k2
BT 2L, A 2EPE Ni-P k¥ 2 TR R 15
min, Ni-P-PTFE #§3*h PTFE K54 5%IH, @ilik
S F] Ni-P. Ni-P-PTFE XUZE &4 )2, HEZ
Ni-P-PTFE & &4 2 FE T PR Re ik B
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Effects of Ni-P deposition time and PTFE concentration on
Ni-P-PTFE composite coatings

DONG Shuai-feng, LI Wei, LIU Ping, ZHANG Ke, MA Feng-cang, LIU Xin-kuan, CHEN Xiao-hong, HE Dai-hua

(School of Materials Science and Engineering,

University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In order to study the influence of Ni-P deposition time and PTFE concentration on the hardness and friction
property of Ni-P-PTFE composite coating, by controlling the deposition time of Ni-P and the concentration of PTFE, the
hardness and friction property of Ni-P-PTFE composite coating were characterized by scanning electron microscopy
(SEM), X-ray diffraction (XRD), Nano Indenter and HSR-2M friction wear testing machine. The results show that when
the deposition time of Ni-P transition layer is 15 min and the PTFE concentration (volume fraction) is 5%, the Ni-P-PTFE
composite coating can achieve the smooth and uniform microstructure, and the strong bond force with substrate, together
with the highest hardness of 4.548 GPa and the lowest friction coefficient of 0.145. Both mechanical property of the
composite coating and lubrication property are the best.

Key words: Ni-P-PTFE composite coating; electroless; Ni-P deposition time; PTFE concentration; hardness; friction

property
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