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Tribological behavior of carbon nanotubes composite
coatings at different frictional combination
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Abstract: After multr walled carbon nanotubes(M WNTs) were modified and dispersed uniformly in electrolyte, the
MWNTs nickel phosphorus based composite coatings of high hardness were prepared by chemical deposition tech-
nique. The results show that hydroxylic groups and carboxylic groups exist on the surface of carbon nanotubes after
acid treatment. The loading capacity and disperision ability of MWNTs within the composite coating can be im-
proved effectively by surface modification with surfactant. Due to the addition of MWNTs, the microhardness of
MWNTs composite coating is improved and the value of microhardness reaches HV 946. The NrP-MWNTs com-
posite coatings revealed a lower wear rate and friction coefficient compared with SiC composite coatings, especially,
their triboligical properties are more excellent at the combination of MWNTs composite coatings. Their friction coef-

ficient and wear rate are 0. 108 7 and 1.49 x 10" ® g/ m, respectively.
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1.1 BRGKE K& 5 g

SEI0 R AOK B AL A R &, B
e EBEIE I A R AL T, SHAE N IRIE, 700 CTF
AL R AE KR GIKE - IRGUKE B L d IR
HRR(V(BRE) - V(EER) = 3. 1)7E 100 CTFhn#
[l 0. 5h, #RJ5H 2 mol/ L HIERERLE 100 'C RN

Bl 2 h, HHEETKMUE LK pH E2T
P, wJa BT R AR RS FEREE 10 h o A
ST B4 (H 800, TEM) . £L4h % ( 300E
Jasco) F1$7 = H 1% ( Jobin Yvon, Labran = 010) 3R1E
TIRAKE G .

1.2 BRAPKEEAPEZ 6%

MR REFEI 45 588 (d= 34 mm, h= 10
mm) Fl 45 SN (dow= 32 mm, diw= 20 mm) . Jifi
PRI FT B | B BB L RUETEIL, REH &
BT KMPE TR - AER LSRR AL S
ATACEEILPTRAUR B . SR B R C 7 43 R
NiSOs * 6H,0 28 g/L, NaH:PO, * H,0 26 g/ L,
NaC>H30: 18 g/ L, Na3sCsHsO7 * 2H.0 15¢/ L, fi
JRVE N FEE R . F NHs « HoO i pH [HE 4.5 /&
i, HE(86X3) C. Mg KEEHR0.5¢/L, T2
PSRRI 78R . O TAELREL, fEAHRISAHE T
& T NrP fINrP-SiC EHH#E, HESENR
7.5g/L, KiEHN 0.8 Um .

1.3 SRR EE B2 R RS I

HA PR MR RAE MM ~ 6 X4 AH B
BT, Bl 0.25N, KA =MECPME. 86
PZEHA JE 200 BRI BT EE . BRER S SL IR AE
MPX ~ 2000 ZY49 % X R4 B5 40 se e Ml B b AT . R
Rk 45 ST E A E (MR d= 32 mm, W
B d= 20mm), ¥ A n= 384 v/ min, SEIAEHE
TNHEAT, AE RV IR K A AR 1 55 T i T I N VE
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KIEVE « TR OB BT BHEL
R R P A58 R R A 1 T AR AL R B . SRR AT S
IR FA 1604S BT RF(REN 0. 1 mg)
Frim . EEWZESH JE 200 B H BT g .
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Fig.1 TEM images of CNTs
(a) —Purified; (b) —After balkmilled
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Fig.2 Spectrum of MWNTs

(a) —Raman curve; (b) —Infrared curve
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Table 1 Microhardness of coatings

Coating Microhardness, HV
NrP-CNTS 870 ~ 946
NrP-SiC 600 ~ 672
NrP 580~ 612

YUKE WA AR YR UL AR & s B
PE, Y GUKRE BRI TR S8 E D L s —x
RN, AOKER R E A MER, B
PR RE S, e E T 26452 R 30s
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X PR IAFI AL 7 5 857 NP . N P-SiC Al
NrP-MWNTs 3 FiEAHE, FHWT 9 A [F B
PR A BERE A MERE L 22 2 B T IR A A IR IR

B3 EHMiEe®ERN SEM®&
Fig.3 SEM images of composite
coating before wearing
(a)—Ni-P; (b)—Ni-P-SiC;
(e)—Ni-P-MWNTs (crude) ;

(d)—Ni-P-MWNTS (after heat treatment for 2 h) ;

(e)—Ni-P-MWNT's (fracture at crude)

Z A FEAE . B 4 Prosh 300 N & T, AFE
JEVRAH G I BE R R BN BE 1R 6 . R A0 B 400 5 B
BT S AE N BB . K 4 AT LLE R, 4
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Table 2 Different friction combinations of

test rings and test plates

Test No. Test ring Test plate
1 NrP-MWNTs NrP-MWNTs
2 NrP-SiC NrP-MWNTs
3 NrP NrP-MWNTs
4 NrP-MWNTs Nt P-SiC
5 NrP-SiC Nt P-SiC
6 NrP NrP-SiC
7 NrP-MWNTs NrP
8 NrP-SiC NrP
9 NrP NrP
(a)
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Bl 4 BT 300 NI A [F) 416 1 B 458 28 ORI BE 51 %
Fig. 4 Friction coefficient (a) and wear rate (b) of

different combinations under load of 300 N
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Fig. 5 Variations of friction coefficient(a) and
wear rate(b) of different composite coatings

with load under lubricant conditions
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K16 100N #fiy 3 P /=48
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Fig. 6 SEM images of wear surface under

lubricant condition at load of 100 N
(a) =NiP; (b) —NiP-SiC; () —NFP-MWNTs
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