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Preparation and microstructure of
Ni-coated TiC composite powder by electroless plating

YU Peng-chao', YI Dan-qing" %, HU Bin', LIU Hui-qun'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Nonferrous Metal Materials, Ministry of Education, Central South University,
Changsha 410083, China)

Abstract: The Ni-coated TiC composite powder was prepared by electroless plating using hydrazine as the reductant, and
the process parameters were optimized. The surface morphology, nucleation growth mechanism and phase component of
the optimized TiC powders coated by pure nickel were studied using DSC, XRD, SEM and EDS. The results show that a
better and faster formed coating can be obtained when the TiC powder load is 10 g/L, the plating temperature is 70 C,
pH=10 and the hydrazine concentration is 100 mL/L. The mean reaction speed and plating per unit mass TiC are 0.013
g/min and 0.8 g, respectively, and the reaction time is about 60 min. The heterogeneous nucleation of nickel occurs in the
bench-shape area which forms in the surface pretreatment. The cellular Ni particles grow up and form uniform and
compact nickel coating finally. The temperature variation strongly affects the morphology of the coating. The coating
turns to loose porous spongiform structure from compact cellular when the plating temperature varies from 70 C to 95 C.
The obtained nickel coating turns out to be the association of crystalline and amorphous, and is crystallized completely
after heat preservation at 500 C for 1 h.
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TiC HATRE s A MELF . P, i ik
WRENEAR S B YR RE, R RR R R
F 4 JR LR SRR (H T TIC 54 e
PEARLE, GBSy, KIGEm T AR
SUERE, HIZFE TIC POk a2 A R R R, R
P (10 755 P A7 2880 5 AU 98 R 5 A P i v
Yo BT, AT E 2 ahfE ALOSM, wel,
Cr; G, ByClOL ZrO T, GR35k A
T&RAEZ, (HAWNE R TiC MR AHS5T
FHRGE . H TSR A AP R o th 1 B T8
SRR FRESUII ST, 8 B A% K
KU L B T2 B B0 SO 5 1 5 M RO RIE 5 IR AR 2>
ARSNGB Z R SR, FA2EBE) i TiC
AR 21 Ni 2154 48 B AL E S A,
I AR R NI 2R B B &
P2 e R v PR 20 T P B K B 2 P
EENZR Alp- AR

1 I8

SRS B TIC Ky ARMURLRSTAE 2~10 pm 5
P A2 B R ) 13 LA R I T 2 4n =R 1 il
A E T EENT TIC B R EAT TALBE . 75 2% TiC ¥
R4 A HRE B NaOH AN HCL 59Ul ok 10
min, JEDEIERE I I, A ROE BR AR TG G
M2 FAEUEG, I BH A R AR TR
20 min. AL RS 4 HF 50 mL/L. HNO; 80 mL/L.
NH.F 2 g/L. KeflAb 5 Bk R H 25 8 /K, Jea
7£% SnCl, 10 g/L. HCI 40 mL/L FIBULART & PACT,
0.5 g/L. HCl 10 mL/L 3 @i T B s A Ak 2

7% 20 min. BTG IR R H 25 B KIE U8 3 UG
DI ECE LS, FE 5 min 5, & TEIEK
BTN, SRAIHURREE HE LA ST A o . &
NSEES, S S min AAATHHDE, IR 2B TOKIE O,
EfETERAE T 50 CTHE 4 h, 193] Ni @4 TiC
LKL

KW 5258 7 AR HOAS [7] S5 . B[] 1) 5245
A K W B AR R K TR I E] 70 °C, &
I FFUR 5 FRAR VN, B . 23 3 75 s T i B AT
(et TR OKK A8 S AT Z4e 1, B 43
AR JE B RN TR K ER RN, FRIRT I,
BB I () J5 PRI R Aok, Wb R . BOE R
IR} 23990 8 54 104 204 30+ 40 1 60 min.

KH RADWAG B! T 732 — RV FRE &8 AR i
i, K D/Max 2500 4 X B A5 Ni A% TiC
AR R AR A BB AT 20 B, e AT S AR T Ol
20°~80°, FAFHHEE N 4 (°Ymin, #EH A CuK,. K
SIRION200 %4175 & S5 494 i+ WAl BE(SEM)BLEE TiC
K A Ni A7 2 R0 B30, 0] B8 R N T AR JTig -
BESPAOY 5 IR S A R AR R AR A TS . SR e
(EDS)Xf &4 R A T3 X B 43 4347 - SR HH 200 F3
Maia 72 BTl B HUL(DSC)X 5 A WA A BE R R
IR RATEARARA AT 408, FHRE RS 10 K/min.

R 1 EABHGRR D UL T Z 25
Table 1 Composition of electroless plating bath and operating

parameters of electroless plating

Parameter Value
NiSO46H,0 70 g/L
EDTA 25 g/L

Lactic acid 5% (volume fraction)

N,H4-H,O 5%—12% (volume fraction)
NaOH 30-55 g/L
Temperature 65-95C
pH value 8-11
Time 5—120 min
Powder load 5-25g/L

2 HERFMVE

2.1 ITZ&HEMMK
SEIG PLERZ (NLH) A B JR A, AE0 I R Has
JE NI, SRR
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N,H4+2Ni* +40H —> N, 1+4H,0+2Ni | (1)

59 NI, Ni BAA AREAER, 278 B s
EFE, PUBLHE AR S 5E o AHFST I A B ) Py B
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S BT TR R R B IR 7S BV R34 7 (M) S
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W pH B LU J5 AR 28 (NS HL R S 0] s I s 4 M7
e, S5 RWE 1 TR,
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Gz IXJE TR B AT AR R R EA T I
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RO T, DRI T~ 340 P4 e il TC SR8tk (¥ 348 o i ik
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Fig. 1 Plating rate and mass gain as function of processing parameters: (a) TiC content; (b) Temperature; (c¢) pH; (d) Hydrazine

concentration
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1(d) 7Rk TiC 28 10 g/L I W5
IR P IR (NG H)IR FE R R Rt e HIRER
KT 50 mL/L B, RVICIERT: MEREIRE ST 50
mL/L N, 5 3k S R 7 A e D 2 A 488 o v 18 5
{H9R S =T 120 mL/L B, NS5 A, BEH A H
LIRSS E DRI, DL BERR. DA, R
FIRIZ A 100 mL/L 4 H. .

Zr BRI, A LS E00 TiC $6iE 10 g/L,
MBS 70 °C, pH=10, BXZIKEA 100 mL/L. f&
MWK TZEZEE, P R VI E A v=0.013 g/min,
PR E YR M=0.8 g, IVIFZ4 60 min.

2.2 HHFIENI BE TiC EEMRRIEEM S BiHLEH

2 s R a6 TiC MR LA L 2250431
Ni €078 TiC ¥ A1 XRD #%. K 2 aJLLE R, 2
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Fig. 2 XRD patterns of powders before and after electroless plating: (a) TiC; (b) TiC coated by nickel
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Element w/% x/%

C 17.38 47.84
Ti 44.36 30.62
Ni 38.27 21.55

Ni
5 UL__A_/L
i - I
6 8

10
Energy/keV

2 4 6 8 10 12 14
Distance/um

3 Ni U TiC H)K SEM 1%, 4 XK EDS 15 LA 2k B FILA4 2k
Fig. 3 SEM images of Ni-coated TiC powder, EDS spectrum of area 4 in Fig.(b) and line scanning of line B in Fig.(e): (a), (b)

Surface morphology; (c) EDS of area 4; (d), (e) Cross section morphology; (f) Line scanning of line B in Fig.(e)

TiC IR [ A AN IR 1 N JBORL AR RSA PR 1 A%
L, BERPIIHEAT, AW TE BOHT 1 LR Ni F5ok,
B RN IS, RN, N SSORE R A ) PR RAY, o
4(h) ()ANG) s 2= o W g L, R0 B AT Ni
WRAZEW %, 2 60 min J5, KNI, HIAER
TESRUE 4 FT7R, TiC Foki chpl— @ SR 1) Ni 2
7, MR N R A AL WS AL, R RS A

224~327 nm Z [A], ~P¥IRSFZ00 265 nm. AI WL, AL
FHE OND R, NI ERKORRF A LA Ostwald
ripening(OR)HL Y, RIHURIA KL /INEUREAS W 4
KRBT

24 WEFEEENEERMIRIEIT
5 Fnch 704 80+ 90+ 95 'C L4 S g W 45



444 o T € 2

201342 H

WIEEEMERIES. B S(c) b 5y 4 Xk
MBOR S . A S T LA, 3 5 119 A8 A b 1
BRI IES, 4l BN 70 CEWiT = ] 95 °C
B, 9% 2 B AR GRS 2 FL, Ni JOREL EH SRz ¥ A
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Fig. 4 Morphologies of powders formed
in different periods during electroless
plating: (a), (b) Raw TiC particle; (c), (d)
As-pretreated TiC particle; (e), (g), (h),
4 (D). (§), (k) Plating powder after 5 min(e),
10 min(g), 20 min(h), 30 min(i), 40
min(j), 60 min(k); (f) High magnification
image of Fig.(e)
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Ak, SRPEZEE, Ni PR ERR. ZHANG
SRR pH X Z LSS M I B AT 2B
R, EABFCR T2 TSR R —FF, #nT
T DAL T it 3 PR B0 AT O A TR 5 o X 25
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TR, BRI R 3RAS B0 A5 TiC Bk
i, ANy T, R R RIS AR th
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P2EBE NiJZEES TiC By AR 8, Al Ni 2
FEFHEIEFE R ABEA Y, S8 S8 25
i AE(DSC) 7 IR 4G TiC Bk, & AR
POPTEER, W 6(a)f(b)FT7r. HT Ni 8%)J27E 5%
T WA 5 TiC BURLR AT N, BT LR A8
A Zegak 25 TIC RIURE IR e st 15 21 Ni 9% 2 A0 il 52
DX B RIS AR AR (LS 6(c)). AR 6(c)rri]
DLW RAESE], Ni JZLE 200~500 °C 3 Bl A AT 3 W,
1E 423 CH AN, % 500 Cuhgi . Hit,
V98 Ja A ERAE Ar SORPER R4 500 CHuvk
BT he FAKEHFTEESKAR XRD %53 & 7(a)
RIGYFTT~o KF LGP F AT LUR I : FAAL BT 5 A58 4
NI AT IR B e, AMVBLAE NI FRIORBIAT T, B
5 — A2 Ni-P (158 4R Sl SO A AR [0,
MARUEI S, Ni SATHEARRI OB, HATH L B
WARK . 545 DSC Ml XRD 45 n] AHERT, il 7e
ehOR AR IR SN A TPl E A N ) s Ni AR
P2 I, R KT () N A% 24 i AR S TR
WA BT, RS Ni & #ITAA 45 I 0h
W, 423 CHF, 255l IE 2R KE, 4500 C,
gEREER. X GAO PR LB i FE RS

5 AFEMEZHRREE T NI a5
TiC E& BB

Fig.5 Morphologies of Ni-coated
TiC powders formed at different
temperatures: (a) 70 C; (b) 80 C;
(c) High magnification image of (b);
(d)90C;(e)95C

(a) 452°C

Heat flow/(W-g™")

(b) ' T 49 C

Heat flow/(W-g™)

4L © 423C

Heat flow/(W-g™!)

0 100 200 300 400 500
Temperature/‘C

BEl6 A AN DSC ik

Fig. 6 DSC curves of different powders: (a) TiC; (b)

Ni-coated TiC; (c) Ni coating

FIARE S Ni-P S f LR EEAZE AR, s WEN
SEUTIESRIG 584 1 A4 Ni IS5 RA— 3. [ 8 s
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= — TiC
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7 28500 C. 1 h BACFETE A RIARK XRD i

Fig. 7 XRD patterns of composite powders before and after
heat treatment at 500 ‘C for 1 h: (a) Before heat treatment; (b)
After heat treatment

8 £:500°C. 1h#ALF5E Ni W TiC BARIES
Fig. 8 Morphology of Ni-coated TiC powder after heat
treatment at 500 ‘C for 1 h

NI G E A RARITES. 5 HRAE 2 FIPR R Y
IO 4GO)VFHEE T LR B, H A H) Ni B g,
WO Ni Bk RosFAE 221~263 nm 2 Ji], “FEIE Y 240
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3 Zig

1) R A T2 DAIB 2 (N ) b 348 T 5] i) 4
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TiC 364 & 10 g/L. JEFEHE 70 'C. pH=10. BKZK
JEE24 100 mL/Lo LA I [R] A FRLAS 5T K5 A PR3
TP S N, LSS, 45 o LA R R AR R 1
TRV R, ERIL T ESEE, T
SOV K v=0.013 g/min, FHIEPEE M=0.8 g, X
IS TE]24 28 60 min.

2) TiALEERLFERILL TiC Wik i ZEL A BR, %
TG MBSO F B R NI ALsE e
X WP 5 min I, BIMEAR Ni A% S A 40~60 nm
Z 6], E%% 10 min J5, TiC PikigiseastE, [V
FEIR B K. BEAE RV IEAT, 2B, Mk
Ni BRI . 22 ) W 45 W Ni A% RS 224~327
nm 2 [f],

3) b2 I ) AR A ik B b e B 2 T B
Plo MAAPERIRE N 70~95 °C, BHIRFERI T, %
J2 INESC TR AR 5 A8 Sy ik 2SI 4R S5 . 88
IR B SRAT (0 42 ot s D0 T v 1l 88 3R A 1R )25
Ho

4) WS, AR N PN SRR
IR, 28500 CHRE 1 h )R, Ni 258848 0 1
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