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Effects of Technological Parameters on Ni-P-PTFE

Composite Copper Coating
He Kai-long, Chen Ying, Mo Song-ping, Feng Jing
(School of Materials and Energy , Guangdong University of Technology, Guangzhou 510006, China)

Abstract; Effects of technological parameters on copper by Ni-P- polytetrafluoroethylene (PTFE) coating
were investigated. Experimental results demonstrate that with the increase of surfactant concentration and
the decrease of the coating thickness, the PTFE content first ascends and then declines while Ni and P
content varies in a small range, and the C content declines. When the pH value increases, the coating
grows thicker, the PTFE content ascends while Ni and P content varies in a small scale and the C content
varies between 3.47% and 4.38% . As the PTFE concentration increases, the coating thickness de-
clines, the maximum PTFE content 3. 42% appears at the PTFE concentration 13 mL/L while the Ni and
P content in the coating decreases, the C content first drops and then increases. Moreover, the coating
thickness increases greatly under a higher bath temperature. The maximum value of PTFE content is
7.26% at 85 C. The Ni content decreases at a higher temperature and the P content varies between
9.82% and 10.95% . And the C content decreases with the increase of the temperature.

Key words: electroless composite plating; Ni-P-PTFE; technological parameter; coating thickness; com-
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Fig.1 Composite plating equipment
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Tab.1 Bath composition for electroless Ni-P-PTFE
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Tab.2 Technological parameters for electroless Ni-P-PTFE

e LT
TZ2% 1 2 3 4
CTAB Ftle/(¢+ L") 0.3-1.0 0.3 0.3 0.3
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PTFE ZLARkE/(mL - L) 10,0 200 20.0  3.0~25.0
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Fig.2 Effect of surfactant on the Ni-P-PTFE composite coating
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Fig.3 Effect of pH value on the Ni-P-PTFE composite coating

B pH B LT, S5 ry HT B b, i
AT Ni f1 P fERARFR LTI, R Ni-P &
I, % PTFE R 1% Ni-P & 440, K eeE)=
1 PTFE [Tt 434506 pH {6/ E g hn. g2 b
Ni Jfi 48t pH (F 3 K 7 83. 12% #il 84. 7% 2 [i]
Ak, [RIRE BE 2 PSR 4> Bkl pH 72 5 1 iR
JE AR, T C BT /3 BONTE 3. 47% T 4. 38% Z ]
Wesh.

Kl 4 Fr s 95 h PTFE (R B B X Ni-P-PTFE
oG A HE RS2, BE 4 9% W b PTRE ¥R 1) 3
K, Ni-P-PTFE ()52 B s ek /0. iy it 9% 2o 7 rp 75
BEREE MR I 853 b PTFE ¥ B2 /93 in, ¢
BT T 5 1 00 Y PTFE A e 25 B 5 18 SR iR 3
AT, o 4 0 3 T A 9 o TR B R R



104 | S | N SO O

530 &

41, B PTFE Y B2 (9 38 i, PTRE R 4308 2 Ni** il
H, PO B F I s, PTFE (B 2 Bk, 1
ST AU B . PTRE 77 10 26 1 45 P
I TR] o — A BRI 8] 5 A n] BE BT 4 731 5
PEASE)Z , & Jm KT DURIGHE 2%, PTFE {7 28 1 i+
) DU, 7 — 7 PO B P 1] A B T2 P sl 2 il )

W % PTFE K5~ HOTE B A e, PTFE
R 5 PR AL RE AL 23 I, 520 Ni-P A9 3L o0
TR LA™ Ni-P-PTFE A2 52 592 R AL i 151 4
LA B, SRR ) PTRE (R B BE T SR 84 i,
M T2 i) PTFE 58 I 21 BE R L B2 i
PTFE R 73 BO2 He k. Y8 PTFE ZLR AR
By 13 mL/L i, %2 P 9 PTFE Jii 70 B0k
B (E 3. 42% . SRTMT, PTFE KL (14 22 23080 2% Ni**
I H,PO, B 114 HUE B, BHAT Ni-P 5 4 93530
B, PTFE B Ni-P 5 (4R (4 I ] ) Bl 5 <. iy L >4
PTFE LA A FR v B k248 R, B = Hh PTFE J5
PR T R R . R, NiTR PR iR
P2 PTYE 71 A3 21 32 B, 9= Ni A P
TER YT BB PTFE LA B B 4 16 T s
/N TR C LR B BT 0 U Bl PTFE S A
TG 38 PR 8 A S B STG Bl N T S 1K

90 30
85 |
70 | 428
75 F
70 | 4 26
o 62
= 27 24
(=9}
3) 12 - nE
g lor ey
g 14 20 o
= 12 f
Z
S 10k 18
5T 16
6 F
4r 14
2+
0 12

10 12 14 16 18 20
¢ (PTFEZLif)/(mL-L")
E 4 $E s PTFE iREXT Ni-P-PTFE (L 2 E 5 E N
Fig.4 Effect of PTFE concentration on Ni-P-PTFE

1 1
4 6 8

composite coating

JEBEIELE XS Ni-P-PTFE {b~2 52 555 2 (4 52 i 4
S Fron. i BRI S N T BN R, A E /Y
DU 5 2 S 8 (Y RE 1 A REREAT. YR
B HA 55 Cl AR PR (e B R i B, SR
HA T wm. 238 B2 E TR, iy 7550 P ARE T IR
TR, KT 5 SR E] B R AR 2
AFT Ni-P G e R IR LUK PTFE KL 7 7R 25K F

AR RS PRIk, B B TR B R AR R AR R T L
INGEIE B, DU B bk, Bir LA, Ni-P-PTFE {2242
B R R B TR Y B T I .

[S53

o
A\
A\

® (Ni,PTFE,C.P)/%
=

50 60 70 80 90 100
1R/ C

E 5 EEX Ni-P-PTFE L2 £ &5 R RS0

Fig.5 Effect of temperature on the Ni-P-PTFE

composite coating

WS AT LLE #, B 2 v PTFE J5i 5 43 5 b it
PERE BT R A . i TR T, TR
WOk T 1938 SN, 58 £ 1) PTFE kL7 UL ZE SE 1K
Fim b YTt IR B R 85 °C I, 4 )2 v PTFE Jifi &
SRR B R A 7. 26% . {H 5 1 B i — 4 Tt w i
PTFE [Fid /0500 /0. DR LR T B 1 ke
YERORLFULRRAb , B Y 32 Bhik 2 {8 PTFE ki F7¢
S E IR T I 2 AR O 5, A 2ok v 1 e
TRBE 2 (9% )2 0 PTFE i 7 B0 0. 92 Ni i i
ST ASEREE L TR R, L 85 °C Bk B e/ ME
78.5% ; M E = T 85 CHf, th T4EZh PTFE Jit
MRV TR, NI BT 9 5 B0 T LT O P
[ BT 43 EFE 9. 82% Fil 10. 95% 2 [8] 3 815 C (1 Jix
35 o it 1R T v

3 #Fig

1) Bfizs CTAB Jii 2 ¥k B 34 /i, Ni-P-PTFE fL2#
SEAAVEZE IR 8 /b CTAB Ttk 4 0.6 /L.
fif, PTFE Ji7 1 5345035 2 5 KAE 2. 67% ,Ni il P {45t
T4k CTAB J5t v B2 34 I mi 3 K, iy C iy T i

2) MEE pH (3G e, 9% 2 R B, PTFE
() 0T £ 4 H8G n, NI i g Sk 7E 83.12% ~
84. 7% Z 81724k, P (1) Ji7 2 53 B0AE /N B2 BB 5, C
() S HE B 3. 47% ~4. 38% 2 [a] A4k,

3) PTFE ZLUARFRME B2 3G AT, 98 22 )5 BE FAIG
PTFE ZLI AT B 4 13 mL/L B}, PTFE 1 & 243



1

e, % T ZS RO Ni-P-PTFE {02752 S B 720 105

BOKRIRKAE 3. 42% |6 PTFE FLIRARFUK B A HE R,
Ni H1 P IO M B0 K08/, C TR 1Y B 23 400
EeS R ANTVER: - DN:OF 52

4) B T Tr, P 5 R s A R R
85 Cmf, PTFE it /r BT+ 2= e KAH 7. 26% , i i
FEYRSE b THINy, PTFE 5 0 JC2UR) T . Ni ) o o
I ECBENR BE T T D, PR i e 9. 82% 5
10.95% Z [aJpz 5l , C B J5 i o3 K00 S i /b R 9

S 3Rk

[ 1] Muller-Steinhagen H, Zhao Q. Investigation of low fouling
surface alloys made by ion implantation technology [ J].
Chem Eng Sci,1997, 52(19) . 3321-3332.

[2] Somerscales E F C, Knudsen J G. Fouling of Heat transfer.
Proeeedings of A Conference[ C]//New York: Hemisphere
Publishing Corporation, 1981.

(3] AT, i5dh BRI R posgm L], 24k,
1990,46(4) : 25-30.

Zhou Bang-ning. Effect of fouling factor on refrigerating ca-
pacity[ J]. Journal of Refrigeration,1990,46(4) : 25-30.

(4] pRERs , B/ VbR, XUTHEL. HL i 0 BERS AL AL R S 15

R SEBRRIT ST T 1. V82741 , 2007 ,28(6) : 47-50.

Qing De-fan, Duan Xiao-lin, Liu Yi-hong. Experiment

study on enhanced heat transfer and fouling characteristics

of twisted tube in condenser[ J]. Journal of Refrigeration,

2007,28(6) ; 47-50.

B, PORR, B2 R, G ER S )R

1T, 2009, 36(1) :57-58, 70.

Li Jie, Hou Lai-ling, Li Duo-min. Fouling and cleaning of

[5

[

heat exchanger[ J]. Guangdong Chemical Industry, 2009,
36(1): 57-58, 70.

(6] FRNLHT, MANE. SR B 5 R ORI [T]. A3
AT 3544, 2000, 29(4) .22-25.
Cheng Li-xin, Yang Jie-hui. Anti-fouling technology of heat

transfer equipment and its recent advances [ J]. Petro-

Chemical Equipment, 2000, 29(4) :22-25.

(7] M XS AR BRAE 5. W By BBl LR B AR i iF

FEIR S (1], Tolkk4b#8,2010,30(9) : 59.
He Jun, Zhao Zong-ze, Li Yue-hua, et al. Research sta-
tUS and progress in scale inhibition and removal by physical
technology[ J]. Industrial Water Treatment, 2010,30(9) .
59.

[8] Steinhagen R, Muller-Steinhagen H, Maani K. Problems
and costs due to heat exchanger fouling in new zealand in-
dustries[ J ]. Heat Transfer Engineering, 1992, 14(1) :19-
30.

[9] Zhao Q, Wang S, Muller-Steinhagen H. Tailored surface
free energy of membrane diffusers to minimize microbial ad-
hesion[ J]. Applied Surface Science, 2004, 230 (1-4) .
371-378.

[10] Hadley J S, Harland L. E. Electroless Nickel/PTFE com-

posite coatings[ J]. Metal Finishing, 1987,85 (12); 51-
53.

[11] Zhao Q, Liu Y. Muller-Steinhagen H, et al. Graded Ni-
P-PTFE coatings and their potential applications[ J]. Sur-
face and Coatings Technology, 2002, 155 (2-3) . 279-
284.

[12] Yu L. G,Zhang X S. The friction and wear properties of
electroless Ni-polytetrafluoroethylene composite coating
[J]. Thin Solid Films, 1994, 245(1-2) ;. 98-103.

[13] Ming Der Ger, Hou K H, Wang L. M. Bing Joe Hwang.
The friction and wear of Ni-P-PTFE composite deposits un-
der water lubrication[ J]. Materials Chemistry and Phys-
ics, 2003, 77(3) . 755-764.

[14] Zhao Q. Effect of surface free energy of graded Ni-P-PTFE
coatings on bacterial adhesion [ J]. Surface & Coatings
Technology, 2004, 185(2-3) : 199-204.

[15] Zhao Q, Liu Y. Modification of stainless steel surfaces by
electroless Ni-P and small amount of PTFE to minimize
bacterial adhesion [ J]. Journal of Food Engineering,

2006, 72(3) : 266-272.



