MRS S M 2022,16(4) :650-655

Materials Research and Application

http://mra. ijournals. cn

Email:clyjyyy@gdinm. com

DOI:10.20038/j.cnki.mra.2022.000419

ERHEERSICESERMNRINELRIR

Tk ! EARE L AR R, R
(1. BB R K7 S UE TR B ol Ko ShRE M BLWF ST e, 1 45 7 5106325 2. H [ i & T FH 2R B it 23 R sh LA BR 3 AF A 7

17 P BH 110043)

FEE - R SIC 54 5 J2 AR T 5 vl DA BICS5 PRk 1A TS S 1 A, T A 2850 e v 88 R T A Ok 1) 71 195 4 )
M. AR SICHEGRTTFHLERPE , BN b B 3 TR R 2558 T e B SRR B TR 1A B0k
SR IR . Guglielmi #5732, (H 220 2K 25 3 ra W BRI 3 ) 2 ) T, A7 7™
JRyBRYE . Celis fY 858 Y 51 Shy 52 H  (ELRE 7Y 8 7 (0 ek A b R T 08 2 IR PE RO B4R 25 AF . Valdes BERUAF1E 5
Guglielmi 5 7 4 L f) B sy , AR XEASCH A2 B 20 BT o 128 3l U3 A8 200 DU T Y PRI 5 7 o R 9K 4 b L B AT L4
R Jg B A, RS BORY B 2 T VL £y R R A XS T O v AR EE (E S PR R AT T B S SR A
5, S EON S DU BULEE By B A AR X A8, A B ROk OC T A G L TORR B ML A SR T DAL S B IR [R] 2 Y

114 T g o Bl 2% A ORI R R A SRR

KR AU SIC ZAH)E AU IR R IR LA

FESES:TQ153 XHktRERD: A

XEHS:1673-9981(2022)04-0650-06

51 seg Ok, 20U, EOKES 55 BB R SIC A B L TTARPLI SRR [T ], BRI SE 5 T, 2022, 16(4) : 650-655.
CAO Lin, L1 Shuangjian, WANG Yongzhe, et al. Electrodeposition Mechanisms of SiC Composite Coatings: A Review [J].

Materials Research and Application, 2022,16(4) :650-655.

T 5 e s v 0 B 2 ELA R RS A
588 I JEE 48 R BN A P AT B )3 1 R T LA A
Fem b, (B S A A S P B A R rp AR Y IR K 23 ) BR
Bi i ™ E s g, R A A DL L 2 AR
BT AR A Z B EAM . Metzger % V%1 T Wan-
kel & B HL, 3K SIC/Ni & A W )2 0 b F 5%
Tk Ay S i B SIC/NiE &2 A48k
ZeW G AR A UURRNTE B0 iR 2 BT IR B TR
20 Py B K LA M B AR BIAR KB & L O HLiR 2 5 5
R Z B 25 5 1 AT o 5 B 0ROk 4 U
288 B, ALO,. SiC | Cr,04, TiO,, TiN, AIN
MoS, #1 WC 45, 8 40 SiC/Ni 5H#L SiC/Ni & &% )2
ML, LA SO W A ST B A A AR Y, 2
SiC k. HAR KT 0.1 pm B}, 78 SiC % 1 2 i —

75 B 81 : 2022-01-25
BELWMB WA E SV LT (2018YFB2002000)

2 Si0,, Si0, 2 B Ik SiC 5 Ni Sk fy 45 4 11, 9F H
iR 2= A LB A A L, M2 T, 840 SiC 5
T O 58 4, I HL Gk -

HR 4 Zener J7 A8, [F) A 1) AR BRUIORL &5 &5, 40 5t
7 b A 2o BT 0 ) R AR R Y A KR B R RSUR
FUSF B /0 25 ik /0 36 BT R Uk 2 ok )
Maurin' "' {4 BIF 53 25 5 BH < 76 G TR B9 Wb, 2 SiC
B4Rk 0.1 pm B, SIC I 2 9 SiC it & 7 50 T
0. 7%, 353 F AW EDX 43 #1189 BIE ; 40424 0. 8
pm I, 3R 2 H SIC Bt i o0 B Rl gk 200 5 kAR ol 2. 85
pm B ¥R )2 SIC BT 2 BT ik 5% . T R
BILEE X VA J2 ) T o A0 1) 7 e DA R SRR T2 02
TArEEW A LTI

E R T A 1 B NG~ 5 i A eI D WS & 9 g

YEE A B WR(1993-) , 2, {1, FEZWFFE 7 1) o 3R B , Email : caol93@jnu. edu. en.,
WS IEE TR MG(1983-) 5B 1+, MIAF 5% 51, 255 J7 1M i T8 , Email: tzhangpeng@jnu. edu. cn;
FIAAR1977), 55 Wi WS 5L, EEWFSE 5 10 A R BT, Email: wangqiwei@jnu. edu. cn,



B 16% iAW

WOk AR R A SIC B B B TR AL B 45 A 651

5[] A 43 5 J0RE S 0 BB B A [ 8 — 1 iR A
Brandes 55" Ay, [ (A JFURE R AL A 8PN 40 1) B A58
S, JURL A2 B 45 K L 3 0 19 3[R A T AT S 5
BB F0hT o LA N TR e UK R T
o B B AR AT AR R AUURL (i) A 2 T A B Bl A
Bf o B2 AN [ AT 5 2 0 Hh LR AN TR) B WL A, B R
B> BB T 5 B i e — Se LR EUR R AR
Frim vk AN REMR R T A A A LR LS

1 MAEERPHITH

I [ il 28 F [ A AURE 935 o 81 B v 1 A R
FRREHE 5 FEL P BRI 7 9 1 45 PR AT 2 5 i 9 2 Y
Bt o [ R URLBCR IE B B SE B B R WA S
AR ST [ A SR T S R X 5 T ACROREL A4 1 B
AT AE AR OC , FL 45 SR MRk T ] A J00RE K% 23 T A 1Y
Wtk 22 5 o [ PR BURLAE AR T, T BE S BRI (A ABUAL
Oy B A R B AOIR DL o TR ORE 78 B 2R R RS
YRR T PR ] 4 A AR P BBORE i Ak 35 90 v ) L)
FIEAAR A7 2 55 D 3R, — Bk o TR 18] 4 A1 B AT
B35 01 TR g OBURR 2 R A T o AR A A
FH 3 A e i R J22 £ 225 ] 28007 45

3 [ FH 7 J2 JBORE A 9 8 PP B A T 3R ) 32 22
SN PS50 1  YA o (W 7 0 e R (S E P
SERB S J1 o AT TR R TR
JZ FT 5| RS 1), A B 9 R AL 3R TR S8 5 I M o
W F 1 2 L ey, A SRR PR ) 1 T R S L A
TIOR8 L 00 A% v ™ B A A R [ A UKL 2R T A X
R, 3 L A R v A TR S L BEOOU R ) ) D
P o ORI Th s Sl BB JZ b Y 5
JZ B HL iy BE 3 TORE — 21z 3l A, fRORE s o 85 7417 23 1
XUZ B E 0 ¥ far iz 3l o X T[] JBOBURE , XCHL )2 i
YR 1 2 B HE TR 1, A [) B4 J0URE 3% T fL (02 78 75 A
[F] {7, 0 2L 2 FL A S B R U R B IR 51 g W
FUACHEAE FH 0, 2 by T8 A PR % T B 30 3% 570 23 1
BT HES 5 R Y o ORE A R b 5 | 7 L
PRIy 25K AL AL, Bk D S A Ak o 25 R 3 T %
A TCHLEAT HLE S W, 585 1 W B 2 8% A 0K 42
SUREE Waate SRy LI WK (RS I 7 Ry 1 ¥ QA= 13 1)
J2 A2 [ T E AR 25 08, A R A 3 50 A6 i 1
JERBUIAR 38 A9 HEw 1, RO 2= HET 01, B xR
TR 122 3 S P 3R e Fof g A 21 T A S0 ] B A 3]
XUT5 W B 22 B f A ey 3

SRR B EIR B PR IA B 2 . B
R PR AR EL AR 5 TR A 2 160 2 5 R S 2 10 2 kAT

WUIR AR o LU OB WAL 5 e B B oY
i R I B8 S VR IR A 5 ORE 2 e A AR A
WUIHR AR o X T S B MORL I AT BE H B 231 T A
SHEFE T3, T R A O WS s L. R B
g IR 0 R S SR AR Ad - T A R
ARLAR A G, 5 URDRL B A9 — R 5 JIAE L o Bk BE
/0N, FCAE T i i/ o X FILH RO T
A4 TR 2R UL T 5, 45 o 3 T A R R T A R )
HJEA AT RER A T AR oAb, T AR
AbAEEE T3 G OB AR S ik 2 B E O A
JAE T g oxk [ A SUREL Y P 3R AT AR R S i L Xk
B8 Ry L R ) TURRE £91) T 22 R 0% S [ A R A B 9 )
B A BT AR o S BURLRL /N TR
G BERL RE A Bl /0N, F A T AR R, 2 T g
o A b KGR S BEAE A o

e HL TR R b R A B O ) 9 92 A7 A R R
BhBE  TEHE A 260 T Bobi 2 32 2038 18 1 WA [R] ik
PioRLIE Al RE 22 Z B K FI R . X SR I 22
R PR E T [ ABURLAE B P AT e . NE S
HPE T 2R v B I A URE e B b R 8 1
SOy ORI RS AE A AR o T O Y [ (ACORL , TT
DAAR R B2 b 9 42 18] M M0RE 72 3 W h i AT o . it
G, SR I 0 BRI R G 5 R 3 T A A= O A
AT, A AE BH L 154 0B A5 52 P i A 3R . s
b, TR VAR Aob 7 3 AR X 3 L T A AR 7 B A
HOER) e IS . NI, 525 F DU
TR SR B P T 2R b A OB 7 B
hETE

2 ESHINRNEARBER

AT S R UL AR BOR S Tl o Ak T Ik
K — b BRI A U P B4 /N RS T A SBURE 1 4 AUAE
56w B R AR LR f ORL ) B A TR B P
G B A AR LR RO R R o AR RO Y R
BOP BRALAE WA T I R AL 1 R T e U
& I B 4 J T HEI I — A Y Y T AR . TE
B R A [ ABORE S L O R AR AR AR A
L /) g [ A U Xk B PP R 28R 1 B AT AR
FI o A BORE 22 18] LA B 18] 4 L5 B 4 26 T 22 (1] o 77 7
HAEAEHT . MO, A IR 3t 2 X i DU A
Fay AN T R JBE 1 2 W

H 20 it 22 70 4R AR, AATTRtSEJm 42 T 2 A bl
LK 6 7R 24 i DU B P AR AL, B AR
RUERA LT = AL (1) W2 B BLPE - i B B Oy



652 Mook

2022

TORE HA TR B B % Az W B I SR TR A BE R L
R B TE BRI A 3% T IS 2 A K 1 4 s i Bl AR A
o (2) J1 2 MR ML BN R 0RE 25 Bl it 1 5 A 1Y
5B s T AL AR B ) R RN R TR R 4
AR UURER . B RN E g, 1Y
TR 55 A 8] A RIE 188 05 4% THORL B 43 )8 17 4R 1 )L
B SN iy NS B D Ol R (SR S
T 5% B8 7 R A 3R T b A O 00 88 P I, B E AT
Wb o (3) AL 2 HLBE i AL BN R W B v o 5 T
[i] 73 58 R AWK 2 TD BT AT R 1T R A G R B Y OC B
F,URLAE W D Y R UK R B e UKL 2F LI 3R
AT ) 43 HIC )25 1Y) 3 ORE 5 H B 3 T B A 5 v
B 5 2, LA B U 35 3 2 18 R A 3R T Y R )2 S IR
B 7 UL 25 T 4 K Ak 42 T8 B B ARG i, G S P R
B 23 ol UL 3R 1T 4 S UURR 4 Al IR Bk -
o X T UL B, AR MEIE i — 58— A
P X SR HREXT T 52k R L 4 45 T i
o WA o 2# WL AT DL AR REIOW 43 BRE 0 X 2 G
HL TCRR B 52 0, DA B2 AN T 28 2 0 f ey TR 19 2
A TR T H Ak 2 AL 3 A A 2 B 42 v ) I A5 TG R
FI1e FIHN R T RN R X E A BT, W
HREH T2 WL 40 B o X T pH (B R B 55 &%
XA A LT RR B 52 e, F T 2 AL P A B (S A7 AN 3, i
AN AT I BN RE . AL ANE SR
DORRAILEL A F 98 R v 3k S i A O & & H AR
P F A LT LR AL
Guglielmi &£
Guglielmi™® A hy , B 77 78 WA T i 3E S Ha J50kE
HEUSE S A B A e T A R AR, 32 o S i 2
Y WA S 25 R - SSORE 4T R B - S R A TE AR
1Y 5% % J2 A I g 5555 WA R 3 — W B SIZ BT Sy ) B
BhF L RT3, — 1 O T & AR 55 W R A ok 5 R T
PEW A OB AL TR S s R R R S R T
A2k 7T 5555 WA o 2R 28 1% OB BOE 2 3 Ti T 2 BA 1Y) S - RN
FIAL R 0RE i — 38 4 2 AN B % 2 N 5 R B
fi, 2 AN RT3 f) F Ak 2 IR ok — ok A Ay R T R
R R R R A SR B A Y B e BT AT U S
PR

Bt B HE S, v Guglielmi 455 Y 38 54 0k 7
A B 25 1o A TR

2.1

(170[\’)(;7': Wi, °e(‘473)”°[i+cz/]
a, nFp, v, K

Ho:a, ORI & &, C, 2 UKL TE B8 W rh VR 3 5
W0, n S Far il 30U 4 8 1 i+ it VB O
TROEPLB Wi N E AN S SR
DU A OG0 w45 Vo B2 5 0k R U0 B 6 i
B, K g T2 45 R A OG0 8 50, 2 B A 09 3k F Ao
IR R JE TR R AR A R A ) MR TR
AH Y UKL U 32 G AL b 235 5 o, A F Ak 2 S B Y A
JE SRR TR 5 4 Ja L UT AR 2R 4R R T JE AL
KE 5 4 T L TOR ) D WG BRI o [E] AR B iL
S W T H AR 5 S T R R S R L F AR A
WLV B | YRR B P R TV B R R A A F 6 A AL
Rk . BRRAY AP CW Z R E A BB R
JIEAIE S0 SR e a2 A R T 4 Y — 28 S i AT
FIRABWESE A 0] Be AR 6 2 A 828 B
KA R, X E AU B &R AR E
X AR, Guglielmi #5880 1 47 75 — 2E [n) 1, (1) {2
VAT AR, HH 2 b R A 5 84
FERY )2 R o B AT Ry 55 W BE — AR Ry i
BB A K & R i A & A L TR A v
THE VR Pl 2 2 BOA R bk 4 10 ] Y 5 0 B R
8 JBE 9%, LA K L DT AR R I ) RN R 1 RS 5 TR AR
Xof 5 AR A R L (2) SR DA 55 W B 3 S %
T E - EMRREIEM A K ESEEA X E
AR Kb > i W B R S AZ B4 T, % K T A ]
W25 W B BRI T RE R 1 . (3) N [RDRL AR B Sk 5 42
FLPURR T, RIS 0K 7 5 U v i) Ik JBE AR ], T AR
WA M KA 2250 . BT LA, X A B TG Bk 8 R A [H])
K A% B ROk 7E 2 A L UUR B A A B AR B IX 50

2.2 Celis(MTM) %3

J.P. Celis ®'% AFE Guglielmi #5559 ity Kl |, %F
WokE 5 4 a8 L VTR MUEE XL E AT T O IR AR AR
T Celis B8, AR MTM B8 . 75 3% — #5 7
rh, it R VR R B I v Y [ UK RE 6% Bk B AR T AR
4 R AT AR 1 LR 2%, B 6 A 110 R 2 1 b 1)
FH 25 7 e 95 76 B b 2 1 o B0 2%, A — 35 70 0k fig
FERAM A i . AR & A R OB R
AAB I RV SOR 2 1 AE 95 Y B ) Ok
i L R 4R F A2 2 B U s i A2 B0k
HCSE R 2 ORL A R R T R — s B I

(1)




B 16% iAW

WOk AR R A SIC B B B TR AL B 45 A 653

B SR L ) s DS OO A I R AR AR
P 1 o ok 2 TR A A B Bt

Electrode

Rt e

i deposit

,P 4 adsorptiontreduction

diffusion layer .

3 diffusion

hydrodynamic O
L ey P LT P T 1Y - potedtGliccs el cnctane =

boundary layer

1\ 2 convection

bulk of the solution /
1

®
B ok LR A A B

Five stages of particle co-desposion

formation of ionie cloud

Figure 1

TE Celis (MTM) #82 #1 v | Shy 1 58 J00R: 76 98 )2 b
B o W, S TR A
B W,N,P
AW, + W,N,P

K (2) T, W,k BAS UKL ) T f (kg) L i o4 BT AR
B2 N, E LR ¢ (s Tem 7)) R AR BT
[i] 1 2 10 AR TR T AR B Ak 2 3 T ORIk B
PRI i 256 — DR IR AW, 7
B B i (kgem “es ') T A B A [i) 1 1T AR UL
R & Ja AR 1 ot

Celis #5588 ELA7 UM 19 78 S, L[R2 5 T e 4A
Bl 125 PR AL L 3 R R S, OF BB A B4
SRR A RE Celis 158 A1 s A7 7F — 26 &l o5 4
B, (1) IZ A AL ) A 20 3R rh A ) B S50k 7 [
e 2 T R B 1 FH A S B 3 505 (2) 358 N L P, B
B F B Rl UL W B 1) S 532 3l R g R A
A5 [R) B ORE 5 88 - AE T IS AR 3 R A ] G 2
WA A R A R AR A IS AR 5 (3)
B AL B AR 2 T AR Bl 1 2 R R ) {H B Ak
Bt 0 o5 () FER AL A ST (R R TR 2B
il e 1) B A, R B Ak AP i S 5 P AR M
FERTE . T LI b S A R AT KK Y S
A
2.3 Valdes#& %!

Valdes™ 5l T 58 2 UT R "B, 28R e
TURE7E 21 15 W 3R T — o R B N A K& R A ]
WM PR AR, 7 e % (5 A5 R B b AR R D BRI BORE A
HEL R 9 P A T ST D P A SO0 7 JROR R Y ) X

W, (2)

TWURL AR e B2 0 28 2 1 T A B R At e O 4
AR, DL K S T BORL AR Y H A2 R SRR 5

—a/F
rp—/eOC‘\{exp< IST 7;)
l1—a)ZF
p((m)’?) 9

3 (3) Hr, C 2 W B A8 B0kE 3¢ 17 b e 36 R B T A
FE B R HR T C AR o H Ak 27 T 1 8 28 5 (2
TR E L), HAh S 505 oAb A W b 45 1 A
A2 2 I R R 2 5000 ) BE A SCAH TRD

SEPR L X — A A ST ) BE Al S Guglielmi £5 5
A A R, IR AF TE Guglielmi B 1 25 B ) g
vty , T L C 78 BEE 1A TR | AR M At o2 4017
2.4 BEHHHEE

iz of) A A AR ST Y R R P T R
AT P AR T 3l AR L B R E A L BT 37 45 Bl T AR
o X FAEAR B AUSORL AN 2 8 B i, i 1 d 5y
WORL 32 3l 5 B, A8 A] P LRI O R . 7R e i 1R
B b W BRI 43 T ik, A SR AR A N [R]
PRI Rl i 1) T4 R L A R A R . AR
P TR R R BAY A Rl A AR R e A A
T PR AR R B O 457 B G b R R /MR A
TEH 1 BRS B A o 2 He

12 Bl LI AR RN 40 M 25 5T A 3R TR SURL T 22
AR ) Ko R & B a2 F — 25 R Ak T X
FTE GBI AR . B2 3h Pl AR A7 7F
— BN Z Ak o (1) A AR GF Hb o3 A AT L 3 Y R
M o (2) 5 78 125 p8 T R fORE Bk 19 &R A R TR
T AR X /N B R AS BE 4 H B O AR L TG A R
H HLC o e R 2 T 1 A% 3o L (3) AN B SE T
2 v A TR ORI A% i B 9 o b, R T A
A HLUT BT 2038 W T T, SR A A% 5 R BT B
150 =
2.5 HftiHmREE

Hwang *' & T BB 7R | 322 455 0 2 5 B 38 0 ol
HE % 58T VRORA A5 S5 X s g AL ) S I DL R W A
WKL 3% T 1 22 B - 7 R B Dk 2B R P VR T L X
TE 2 A B TR dr IR 2 0L (5 H A A R —
AT 2 B AR T 1 I ORI B S 4 R S T Ak 2
MR 22 [B] 0% ), AR AR M A B T 2 A
DU X 42 WF 98 T S [R] FL 900 25 52 3 1 PN %) S04
TR B, 12 A5 8 R 44 G b fige B T AT H 5 L O
R M& T WA EEN LR Bk faHE



654 [ =

A3 2022

SURER NS SIE N

Yeh #5271 AR TR BIE 5T S 4 L DURR I 2 B, LR
AR S R G R AT — (. BT
NN /I RO I ORL 9 52 S LR S T PR
ARSI T A K FL 4 8 R AURE 95 A A A ) N (]
T B AW S 1T 2 B8 555 TR A e R A B BT A e e R A
) AN P I P i R R o R T S U 1] P AN ) A%
ARl TIURL B A B AR, BT DLBUE R R R
TE RS 30 B R 2= v 4 R B A T AL it R
FERY A B A AL Z AL

PL U T LB A BT 58 4R AN TR, e AT 45 A
MEE . PR, B8l B9 HURE X JE AR e it 2
WL TR R B E BTy Ik, i BA T RS
I T A A A AR R R IE DR, AR R
RO R A DA R L AR B 18 75 B8 — 2B TR AR
Z MBS .

3 #Hit

CAEINGESE Se kB R R A DRI A LY
JI Ry — b A W 2 R A 22 R A Y B A ELTTEAR
ARAS & TR 5T L R A AR 2 AR LR I e 5 TR T
BIRER R RV X SRR I H (A W X S 45
DU TR JZ 1 o A I RE AR T AR 2 B ik 5T, EUBORE 2
B BB S LA Bl 7 O 25 36 B SR 5 SO LB AR
A X Bl e AR AT 3R, T T R X S P ) A TA
WHATE A E2TERE . HAT, B2 LA E & TR
PUEL AT LA B R BRE . O 1 P $ i 52 45 L TIT
PR JZ KR, 2R PR S g T B, o = s Ui
PR A oo R AT L8 R 3, e itk 22 ) B 7 1 B AL
FERLI AT, I % b3 B R R AT A8 TE A58 3

Sk

[1] METZGER W, OFT R, LAUX G, et al
Electrodeposition  of  dispersed layers [J].
Galvanoteknik, 1970, 61(1): 998.

[2] GUGLIELMI N. Kinetics of the deposition of inert
particles from electrolytic baths [J]. Journal of the
Electrochemical Society, 1972, 119(8): 1009.

[3] VISWANATHAN M, GHOUSE M D. Occlusion
plating of nickel/graphite composites [J]. Metal
Finishing, 1979, 77(10) : 67-69.

[4] ZAHAVI J, KERBEL H. Properties of
electrodeposited composite coatings [J]. Plating and
Surface Finishing, 1982, 69(1): 76-82.

[5] GHOUSE M. Wear characteristics of sediment co-

deposited nickel-SiC composite coatings [J]. Metal
Finishing, 1984, 82(3): 33-37.

SUN Kening, HU Xinning, ZHANG Jihai, et al.
Electrodeposited CrAl,O, composite coating for wear
resistance [J]. Wear, 1996, 196(1-2): 295-297.
STANKOVIC V, GOJO M. Electrodeposited
composite coatings of copper with inert, semiconductive
and conductive particles [J]. Surface and Coatings
Technology, 1996, 81(2-3): 225-232.

CESUNIENE N A, TAICAS L. Nickel electrodeposits
with improved hot oxidation and corrosion resistance by
codeposition of submicron powders [J]. Plating and
Surface Finishing, 1993, 80(10): 73-76.

XIA Fafeng, JIA Wanchun, MA Chunyang, et al.
Synthesis of Ni-TiN composites through ultrasonic pulse
electrodeposition with excellent corrosion and wear
resistance [J]. Ceramics International, 2018, 44 (1) :
766-773.

[10] HE Hua, ZHANG Ting, MA Mingxing, et al.

Microstructure and wear resistance of laser cladding
particulate reinforced Fe-based composite coating on
railway steel [J]. Journal of Laser Applications, 2017,
29(2): 022503.

ANNA G, SKRZYPEK STANISEAW J. The
influence of alumina nanoparticles on lattice defects,
crystallographic  texture and residual stresses in
electrodeposited Ni/Al,O; composite coatings [J].
Applied Surface Science, 2018, 456: 147-155.

FAN Qiongqgiong, GAO Yan, ZHAO Yungang, et al.
Fabrication of diamond-structured composite materials
with Ni-P-diamond particles by electroless plating [J].
Materials Letters, 2018, 215: 242-245.

WANG Shengchang, WEI Wencheng J.
Characterization of electroplated Ni/SiC and Ni/Al,O,
composite coatings bearing nanoparticles [J]. Journal
of Materials Research, 2003, 18(7): 1566-1574.
MAURIN G, LAVANANT A. Electrodeposition of
nickel/silicon carbide composite coatings on a rotating
disc  electrode  [J].  Journal  of  Applied
Electrochemistry, 1995, 25(12): 1113-1121.
BRANDES E, GOLDTHORPE D. Electrodeposition
of cermets [J]. Metallurgia, 1967, 76(457): 195-198.
BAHADORMANESH B, DOLATI A. The kinetics
of Ni-Co/SiC composite coatings electrodeposition
[J]. Journal of Alloys and Compounds, 2010, 504
(2): 514-518.

LOW C, WILLS R, WALSH F. Electrodeposition of
composite coatings containing nanoparticles in a metal
deposit [J]. Surface and Coatings Technology, 2006,
201(1-2): 371-383.



ER T WOk AR R A SIC B B B TR AL B 45 A 655

[18] WALSH F, LARSON C. Towards improved Journal of Alloys and Compounds, 2020, 820: 153158.
electroplating of metal-particle composite coatings [J]. [23] CELISJ P, ROOS J, BUELENS C. A mathematical
Transactions of the IMF, 2020, 98(6): 288-299. model for the electrolytic codeposition of particles with

[19] WALSH FRANK C, WANG Shuncai, ZHOU Nan. a metallic matrix [J]. Journal of the Electrochemical
The electrodeposition  of composite  coatings: Society, 1987, 134(6): 1402.

Diversity, applications and challenges [J]. Current [24] JORGE LUIS V. Electrodeposition of colloidal
Opinion in Electrochemistry, 2020, 20: 8-19. particles [J]. Journal of the Electrochemical Society,

[20] LI Baosong, ZHANG Weiwei. Facile synthesis and 1987, 134(4): 223C.
electrochemical properties of a novel Ni-B/TiC [25] FRANSAER J, CELIS J P, ROOS J. Analysis of the
composite coating via ultrasonic-assisted electrolytic codeposition of non-brownian particles with
electrodeposition [J]. Ultrasonics sonochemistry, metals [J]. Journal of the Electrochemical Society,
2020, 61: 104837. 1992, 139(2) : 413-425.

[21] SHEN Lida, XU Mingyang, JIANG Wei, et al. A [26] HWANG Bingjoe, HWANG Chengsheng.
novel superhydrophobic Ni/Nip coating fabricated by Mechanism of codeposition of silicon carbide with
magnetic field induced selective scanning electrolytic cobalt [J]. Journal of the Electrochemical
electrodeposition [J]. Applied Surface Science, 2019, Society, 1993, 140(4): 979.

489: 25-33. [27] YEH S, WAN C. A study of SiC/Ni composite

[22] LI Baosong, ZHANG Weiwei. Synthesis of Ni-Co- plating in the Watts bath [J]. Plating and Surface
7ZrO, nanocomposites doped with ceria particles via Finishing, 1997, 84(3): 54-58.

electrodeposition as highly protective coating [J].

Electrodeposition Mechanisms of SiC Composite Coatings: A Review

CAO Lin', LI Shuangjian', WANG Yongzhe',LIN Lin*,ZHANG Peng', WANG Qiwei"
(1. Institute of Advanced Wear &. Corrosion Resistant and Functional Materials , Guangzhou 510632, China; 2. Aero
Engine Corporation of China Shenyang liming aero-engine Co. , Ltd. , Shenyang 110043, China)

Abstract: The SiC composite coating is an effective method to replace the hard chromium plating, which
could improve the wear resistance of materials and solve the problem of severe pollution caused by hard
chromium plating. Many researchers have put forward different views on the mechanisms of
electrodeposition of SiC composite coatings. The Guglielmi model is the most widely used, but this model
does not consider the aspects of electrosorption and electrodynamics and has severe limitations. Celis's model
is complete, but many restrictive preconditions are used in its construction. The Valdes model has similar
drawbacks to the Guglielmi model, and it is not easy to analyze quantitatively. The motion trajectory model
has a narrower scope of application. Each mechanism has its rationality and limitations. Although the
surface charge and electrolyte of particles are essential for composite electrodeposition, the development of
practical characterization means is very slow, which leads to a relatively slow understanding of the
mechanism of composite electrodeposition. The co-deposition mechanism of severe solid particles and metals
1s reviewed in this paper, which can explain some phenomena but has a one-sidedness that cannot explain all
the phenomena of composite deposition. It is hoped that future mechanistic developments on composite
electrodeposition can comprehensively consider different types of rate controls, flow conditions, particle
properties, and different operating variables.

Keywords: composite electrodeposition; SiC composite coating; replacement of chromium electroplating;

electrodeposition mechanism
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