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FW TR ARRE LR, FEVLR 2 K.
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BRI AMEARE, EFEE NIL.Cu %2R
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YR TR A R R AR A 1 5 A I AR XY R AR T
B —AEE . B R R R A BB
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1.1 EEMES5EAEENH&

KR 2 10 pm 26 MBI BT 5 5
TRk P 4T CNTs/TiO, £ A ¥k il %, T
PSR TR 600 W, KR 4. 0 kPa,CH, ¥
W 2 scem(scem AR RS T ZF B4, T
), H, Ji&Hy 50 scem, 2 i 6] g 40 min. #Hil
BRI E B RBCH , A 50% B HNO, ¥ R
fEALEE 2 h, & U8 EME.TRE . BE TR
PP, BB A NiSO, « 6H,0(250 g/L),
NiClL, » 6H,0(35 g/L), H,BO, (35 g/ L), pH ¥
4.5,CNTs /TiO, B-& ¥ H40.2 g/L.

A A 30 mm X 10 mm X 3 mm Q236 £
AR5 AH R 9 RS B A4 B 47 150 B AR S X AR , 5 5
MEEES AR 10 mm. B RIEE N 35 C, B
FHEHR 6 A/dm®, PUER I [E] & 60 min.

1.2 SEERMERERI

a P RAE A H H 51 S-4800 AU Hif
FRMECEMMEE GEZHNRELN. FIH
XD-5A # X §F & AT FHX 53t 2 & 422 BRI &
RUGER , SCB 2600 B S L TR 40 KV VA B

ES&TB:EHFXARBEES (51072140 1 51272187) ; WAt A = 45 # K40 F A & 45 A BA T H (T201004) ; I 17 BH 8¢

TR (201212211723)
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200 mA.

b. 4% )2 B 5B BE 43 A . K DHV-1000 # %
4k FORE B N B R A R 0 R B, 2R AT 4. 9
N, n# et e 15 s. A RAEREALI 5 4~ &, BURE B
RN

c. J& il M BB SR AF . A A CHI660B Rl e fb 2% T
YEuk , il Tafel iy £ 3¢ 4 4% )2 2 IR T 0 il 8 1l
BB, R HME G0 i = s AR IR R, 5 Bl F AR g SR AR,
S H A% O 1 R H R HB Ak (SCED, 1 i # R h
0.01 V/s, M X ¥ WK 3. 5% (i & 4> %) NaCl
VUK.

2 HRWRESH

2.1 EEBEHARREENSH

B 1 ek 258 TIRAEF UK X 5
LA (XRD) . B AT LUE SRR 38 ™
Y& T CHLTIO, M Fe, C M. WBITE AR
ML R T SRR 7E B 5 B TIRIER T
YA O IR HF7E 8 BT 3R AR 19 Fe, C B HE AL AR
TR T B4R E.

1400

+ TiO2
x Fe3sC
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B 1 $K&&EFE~% XRD B
Fig.1 XRD pattern of reduction products of ilmenite

Bl 2 S BRERH I IR 7 41 4 e B (SEMD .
M AT L 38 5™ 8 o & A R B R iR 98 K
M LS, R TiO, Ml Fe, C #3 A Bk 4 45 12
B A R A8 14 22 THT B A L

3 FE 4 5350 Dok 77 ) 2 0F B O BR Ak Ak
5 XRD E#1 SEM & . AT LUR B, 79 1)
Fe,C HIF IR 2%, FIR BRI E A TiO,. %k ik
SRR AL IS , B 49 K 8 < B 28 S, AH L[] ™
SRR LU BR.
2.2 BEEEMELEHTH

Bl Sa F1 5(b, o) il M AR Z MR EE &
WERSEM A NREEHRE _HELEEKX
A, AR T A BB 2 A K B B — i R

2 KW ER=Y SEM R i

Fig. 2 SEM image of reduction products of ilmenite
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3 WEFBRALAEFERY XRD B
Fig. 3 XRD pattern of reduction products of mill

and acid treatment

4 BULEEERESY SEMRA
Fig.4 SEM image of reduction products of acid treatment
T FER SR, T 55 — v U] 8 R 1 R A R (LT 5.
K6 Rt TEAEZMARMEER XRD K. 548
Ni 88 2 i) XRD 455 [, 7 LUk B CNTs/ TiO,
AR IR I A S SR )Z S50 R R k. 7
SRR JE NI Y (200) & T AT S 06 F) AR S 58 BT 48
L A A4 NI (111D 5 T AT 55 e 4 48 X
5 BE R ) I A28 )2 B B R A A S 0 L 4
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Fig. 5 SEM images of coatings

KT #—4 T M CNTs/TiO, &4 ¥ ikt 4%
SSRGS #4) ) 5 ma, K Scherrer 24303+ B 42
HAR B fRoRL R ST, I R T 40k R B R RAEA TR
PR SEMERERE. R 1 iR ,CNTs/TiO,
HA MR I B 13 N 2 0 R R T A
AT A4 00 B 1) T DA (200) & T 45 A8 S (111) &% T
CNTs/TiO, & & ¥ 7& XF d AL R ~F F0 s 1 5 48 B
M AT RER B LTS A EMERE . —F 1,
B E P H CNTs/TiO, &M ARG N, B R
T 7 4 3 £ 1 B CNTs/TiO, & &8k 5| 1 4
KA BB FEXEE RS ERERERIN, KE
AR A REE MG T SRR K, 38 A R Y 4

20/(° )

B 6 #%E# XRD EiE
Fig.6 XRD pattems of pure nickel coating

and composite coating
s —HmE, ERNTTEI RS, R 5E 58K
F) ST ) 75 B2 D — 8 Y SR TE A DT R Y R A BE
EETO W T D L R AR AR S RO
0.352 88 nm, KGR REAH Y T 410 A &
R QR Bk JR F () BE O 0. 142 nm, & #& %8R
0.125 9 nm, 4R 7E 44 K Bk B 3K 1 L (200) & T HK
] A B BR 5 Bk 1 R g R S RO 22 R M B
ZIEAVCHE. H i FAER KM Q1D & F, 4
ARAELIE FIRIBE K 0. 249 47 nm, 574 B GG 5 5L
L, H-EWEFHY E % —gm B35k
FHRSE A, DR T BRTE 98 K Bk A R T UL AR A 2 (111)
TH] 2R B ) AR
F 1 CNTs/TiO, E&MET RRLR ~F #1444 BY (= 59 &0

Table 1 Effect of CNTs/TiO, on the grain size and

texture coefficient of composite coatings

=g R R/ ERUE
[2]=}
nm TC(111) TC(200) TC(220)
a4 33. 80 0.18 0.81 0.01
BEHBEE 20.45 0.62 0.25 0.13

2.3 ERBEESH

R2ABTHRERZME AHEEN B ME
BE. 54 85 B A 1L, CNTs/TiO, B & ¥k 5
M ERBTEAEZHEE, KIT CNTs/
TiO, & A& Hr 1 3 58 AH 1 36 58 8% . CNTs/TiO,
Ak MR B R AH A R SR ALK A LT IJLAS .
a. 20 IR AL L. CNTs/TiO, 5 &8 f1 Ni2* 4t
VIR R R H, CNTs/TiO, B & ¥k i 77 7 —
EFREE AR TR AR A K, 1 R SR 4 1L
M B T4 20 BE 1 32 5 5 b, SR BORLHLE , 4
B CNTs/TiO, & & i 1A BHL 5458 &R0 P9 38 07 85
HIFS Bl » 18 AR S BLHE T R F7 A RE 7 3 35, DA T 42
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FHEEJZ M RERE e BT 1L, B A B R TR
e RSSO ST T R R AR, (11D Fa B
JRF % B i/ F (200) db T, PR (111D b T FY) 3R T
REAR T (200) f T, XHE & B R EVIR T,
MR THI R 55 114 & THD ) 3R TET BB Y TR, A
SHEFLBE A (111 F T A0 B Cn
1A, mAID BEMEREKE RN THER
R JE 4R e,
®2 BENEMEE

Table 2 The microhardness of coating

FHME/
Hv

G BEEE/Hy

g 103.1 122.2 112.0 106.1 125.3 113.7

BAME 241.1 231.2 247.2 242.8 236.3

2.4 SERETE MRS

B 7 R4 RTE 3. 5% NaCl ¥ W 19 4% 1k iy
& MR LB, SHaREREMEIL, B4
B 200 HE ol e L TE RS, SEEREZ Y B B il E=
—0.908 V, M % i=1.32 pA - cm ™, M
HAEEM G E e AL E=-0. 885 V, i ih B i %
JE i=0.329 pA « cm XA LU AAR BE R A0 A
MEALIER T 23 mV, B i e i % BE v T 0. 991
pA e em ?, R\E G E L RE ) B 0R T AR
YEJZ, T 65l AE I BR. X EE 2 W F CNTs/
TiO, & ¥k A R M g sk, B4 LLAE
PR AL R SR Z UL R T8
ZRIBCE M WA T R A R TR )2
PERYIR S, L 4h, CNTs/TiO, B & ¥k B A B 47
B M TER A B, B 5 B KR IE UK
ANk L R HE T R AL, A B TR B EE W
T Jo o LS

239.7

{a) Purel Nickel
234 (b) Composite coating

(b) (a)

: — :
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7 EEMRALE K

Fig. 7 The polarization curves of coatings

3 & i&

a. CNTs/TiO, & & ¥ A 76 8 k4 o ok il o
i, AT LR 2 AL UUAR & 952 1 B A 4L, O
METHRMBIIRERNERK T, EBERER
Ni 7 A 3 B (L1 & T Y B B . R R, 38 )2
I A AN NG ST A NP T A < BN RPN
#]20. 45 nm.

b. 525 B8 22 10 S USR8 1 T G ot X L Sl B
BRI R AGE. B AR R R R SR
JRH 2 £ EaRRER B e AL LSRR IERS T
23 mV, JE it e I BE YRR/ T 0. 991 pA « em 2,
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Preparation and properties of nickel matrix carbon
nanotubes/titanium dioxide composite coating

WANG Sheng-gao, DU Zu-rong , JIANG Zong-yan , PI Xiao-qiang ,
KONG Chui-xiong , WANG Chuan-xin , WANG Jian-hua
(Provincial Key Laboratory of Plasma Chemistry and Advanced Materials of Hubei Province,

Wuhan Institute of Technology, Wuhan 430074, China)

Abstract; To boost the surface properties of metal, carbon nanotubes (CNTs)/ titanium dioxide (TiO,)
composite powders were synthesized by microwave plasma chemical vapor deposition. Carbon
nanotubes/ titanium dioxide enhanced nickel matrix composite coating was grown on the stainless steel
by electrodeposition. The effects of the CNTs/TiO, composite powders on the properties of composite
coating were investigated with methods of scanning electron microscopy (SEM), X-ray diffractometry
(XRD), hardness testing and electrochemical testing. The results show that the addition of carbon
nanotubes/ titanium dioxide composite powders decreases the grain size of Ni crystal effectively, and
leads to nickel crystal growing preferentially along (111) crystal face orientation, which transforms
nickel electrodepisition strucrures to form resulting improved hardness and corrosion resistance coating;
comparing to pure nickel coating, the hardness of composite coating increases by 110%, corrosion
potential shifts 23 mV positively and corrosive current intensity decreases by 0.991 microamp per
square centimeter,

Key words: nano composite powder; electrodeposition; composite coating
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