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1.1 REEHE

KH 45 WoRNHEAR, HRSF RN 7 mmX8 mmX30
mm. LA TR AR A : WU — 17 f fb 2 kil
(FEEE T, BEEIEN, T4 45 Wik, #HHlds
RN 1A, 3B E 25 s) -2 R IE (T AF
45 IR IER, DR, EHIRERIRA 1 A,
LI F) 30 s)—3"E AL F9 G AL 45 BB IEML, fi%
B, IR AN 1 A, T A 30 5).
T HEBF/KEAEFERE 5 mine. W50 HT IR T
PR 1 Fim.

PRI A S FH B9 452K BN(h) ki P 2R 8 50

F 1 BT R

Table 1 Composition of solution used in experiment

nm, K ALO; UKL T-IKIAE A 30 nm. IRKEH 43
) 4 R P 90 DK SR FRON T B 2 B8 KRB RS A B S
min, JFEEIE 24 h; RERERE PGP ERE
VYRR VR AT R P R 20 B 30 ming 5 K20 BRUR 44
KIFRLAR TN N L B 4 (1) Ni-Co-P FEAb B+, 15
#] Ni-Co-P-BN(h)-AL,O; PE¥, HEFFH . YT
BIREEW)Z T2 %048 BERIRE 60 C, JTM
IS 15) 90 min, FEFEEE 5 A/dm?, HEPEEE 300 r/min.
TR A N R AR J7vE,  WF T SR & —
YK A5 A4 LE 6 G oK A 05 )2 T TR 1 R i ok 1 5
M. AR R R, DURRURIR BE R —ugikE
FECHONFTHER R, FERAKF R 2 Fiok.

1.2 MR 7EE

K H Quanta FEG 250 14 L 5i 11 XFlashDetector
5030 HEIGAXT 9K A B2 1 AT 3R 0 21 1l
AT RAE, ¥ )2 M AHSS 8 Panalytical X’Pert
Powder B! X SFFERATHOCGEM, NHFLH Cu K, 5
2, K 0.02°, FHHEAE 10°~90°. FIH OLS4100 ¥
AL A AT 2 R TR R, A5
B 5 ARG [1)°F #5148 . F A Dataphysics OCA—-20 2%
iz oy W 2SO B R AR T R A R Ay KT AR AR
N3 L. K E N 1 pl/s. %A CS350 B H Ak 27
ARG, BN 5%(5E 580 NaCl i, 8
AN 1 em?s WFERE 30 min S5, LA 10 mV/s [
FAR P AR TR S AR A 2R

Solution

Composition

Electro-hydrostatic, 17
Activate fluid, 2*
Activate fluid, 3*

25 g/L NaOH+21.7 g/L Na,CO;3+50 g/L Na;PO4+2.4 g/L NaCl
25 g/L hydrochloric acid+140.1 g/L NaCl
141.2 g/L Na;C¢Hs0,-2H,0+94.3 g/L H;CsHsO,-H,0+3 g/L NiCl,-6H,0

200 g/L NiSO, 6H,0+20 g/L CoSO, 7H,0+30 g/L NiCl,-6H,0+30 g/L H;BO3+20 g/L H;PO;+60 g/L
C¢HgO7+80 mg/L sodium dodecylsulfate+2 mg/L sulfourea+BN(h) nanoparticles+Al,O; nanoparticles

Plating solution

%2 WIH % 5KF

Table 2 Experimental factor and horizonal

Factor and horizonal p(BN(h))/(g'L™h

p(ALO:)/(g'L™) p(BN(h)+ALOs)/(g'L™")

1 4
2 8
3 12
4 16

4 2+6
8 4+4
12 6+2
16 -
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ff) Ni-Co-P-BN(h) 5% 2] SEM 1% . M 1(a)T LLFE H,
Ni-Co-P-BN(h)## )72 111 76 B i AL RSB . 24

4B =i+
2 ERSWE BN(h)78 I M 4 g/L 89113 8 /L B, Ni-Co-P/BN(h)
B )2 T AR AR RS s 24 BN(h)InE 4682 M 8 g/L 38
21 —RAKREEEEETEIR F 16 g/L I}, Ni-Co-P/BN(h)8% /2 3 [ S 1fi 2245 FH X

L@FTR B IR EZSK BNARIf % 1, ki d FORIPAIRZ N AR . IXATHES BN(h)

> 4 " r

B 1 AFEGRBRIKE R — stk E A2 SEM 1R
Fig. 1 SEM images of unitary nanocomposite coatings surface at different nanoparticle concentrations: (a;) 4 g/L BN(h); (a,) 8 g/L
BN(h); (a3) 12 g/L BN(h); (as) 16 g/L BN(h); (b;) 4 g/L ALLO3; (by) 8 g/L AL,O3; (bs) 12 g/L ALO3; (by) 16 g/L ALL,O3



2324 T EA O8RS

2019410 A

FORLA & BA BIEEIEH, 252 RETEE )
B, G Ea k. B 1) NI INAS R EE
YK ALO; FORL 1] 45 ] Ni-Co-P-ALO; #% )2 1) SEM 14 .
ME 1(b)ATLAE H, 24 ALOs A INEM 4 g/L ¥ n#|
16 g/L i}, Ni-Co-P-ALO; 2 3R 10~V 1 dihi R~ e 1
KW/ HY ALO; IIn&E A~ 16 gL B,
Ni-Co-P-ALO; $¥ )2 # H £ H 5 Ni-Co-P-BN(h)#% )2
SEAANE P EAREE R, RGNS S — 8, Xn]
Aefe HT90K ALO; /2t FiRRL, FEEGIK ALO; Ml
LV R (38K, Ni-Co-P-AlL O, 88 J2 2 [T W b 1 s %5
%, N Ni JETH Co JR FHEAE M MiA% . ERKAFRRE
Bhf. miH, 40Kk ALO; FIIRIAEE 30 nm, X T
YK BN(h) P Ri42 /N

™ \
A )i ?
B, 8 M
VAN W) 2

[# 2 Ni-Co-P-BN(h)-AL,O; 4% 2 3R 1 KX M #L I 1) SEM 14

22 ZRAKRESEERANEEELE

Bl 2 Bl — Jea KB 44 Be B R 4 Ni-Co-
P-BN(h)-ALO; % =3 [ S A AT 1) SEM S W1 2(ay)
Hl(a) iz, %4544 2 ¢/L BN(h)+6 g/L 49Kk ALO; i,
PEERMm AL, HEEREENS—8. B 2(b)
HI(by) 7 45 4% 4 /L BN(h)+4 g/L 492K ALO, I 4% 2
(2R TH M RS 1) SEM A% . M 2(b)) Fll(by) T DL H
Ni-Co-P-BN(h)-ALO; )= FAAAEFLBR, S50 AR %
%, EFEEEE N 19.21 pm, FEERE 6.25%. W&
2(c)F(c)Fr, B2 6 g/L BN(h)+2 g/L 44K ALLO;,
iif, Ni-Co-P-BN(h)-ALO; %2R £ 8 “348” IR
BARGE ), HAEE B,

e

' BRTR

Fig. 2 SEM images of surface and cross section morphologies of Ni-Co-P-BN(h)-Al,O; coatings: (a;) Surface, 2 g/LBN(h)+6
g/LALO;; (ay) Cross section, 2 g/LBN(h)+6 g/LAlLO;; (b;) Surface, 4 g/LBN(h)+4 g/LALOs; (by) Cross section, 4 g/LBN(h)+4
g/LALO;; (cy) Surface, 6 g/LBN(h)+2 g/LAl,Os; (c;) Cross section, 6 g/LBN(h)+2 g/LAlL,O3
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23 K E AR EDS sEIG KRB

Kl 3 P Z e a KB 4 BL b T i £ (1) Ni-Co-P-
BN(h)-ALO; ¥4 21 EDS ifi. MWK 3 LAY, %2
KIM¥EH Niv Al O, Co. P. N. S&I0R, &7t
R0 B 3 ORI B JR 43 B A T A ORIURL A5 2 I B I AR
WA ARG, H 24459 4 ¢/L BN(h)y+4 g/L 4K ALLO;
B, HEERME Al M O JUE &S EE K 5R
25.60%AH1 10.39%. B4, BEEGIK BN(h)EINEMN 2
g/L ¥ 6 g/L, Ni-Co-P-BN(h)-ALO; #%)Z2 % 1H N
JCER TR 0.50%ME] 0.76%, BEIRK 7N
1.28% N3 2.43%, PEERMI P IoE i & 5 HOF BE

(2) Element w/%  x/%
Ni 68.51 41.50
Al 229 3029
(¢} 9.75 21.66

Ni Co 6.83 4.12
¢ P 0.86  0.99
SN C 41 PS N 050 128 CoNi

S 0.15  0.17

0 2 4 6 8 10
E/keV

(b) Element  w/%  x/%
Ni 50.00 36.23
Al 25.60 34.78
(0] 10.39 23.81
Co 435 271

P 042 049
A s

N 0.67 1.76 Co Ni
S 0.18 0.21

0 2 4 6 8 10
E/keV

©) Element w/%  x/%

Ni 89.45 68.41

Al 776 12.92

(6] 4.02 11.29

Co 4.60 3.50
; P 056 082
6O0do a1 ps N 076 243 ooy

P{ S 046 0.64
Lh.‘ : A
2

4 6 8 10
E/keV

3 Ni-Co-P-BN(h)-ALO; e84k E &4 21 EDS it
Fig. 3 EDS of Ni-Co-P-BN(h)-Al,O; binary nanocomposite
coatings: (a) 2 g/L BN(h)+6 g/L Al,0O;; (b) 4 g/L BN(h)+4 g/L
Al,O3; (c) 6 g/L BN(h)+2 g/L Al,0;

IR B e IN G K, X R WR A TR S % T
Ni-Co-P-BN(h)-ALO; — t WK EEGWE. E T
Guglielmi FI#2W FEES, BHT402K ALO; BUkLE/),
DU 2 THT FL A 25 IR OK, WBHFIR N BS Tk %2, 7EHLIA )
EFR 2 T ERAIRR R T . 4450 In N BN(h) Al
ALO; BIFP AR FIRL 5, AN [F) g KSR B A BRIk
NTRIE, HYK ALO, IR RS EE BN(h) /),
BN (h) UKL ] e 23 [ I R 24~ ALOs BikL, & |
Ni-Co-P-BN(h)-ALOs 8% 2 H [ Uk % 12 o [K1E, BN(h)
F ALO; GKFTURL RS 1 -5 B SR 7 B AR 2 1T 114 55
Bt A B AT (RPIRAS AN R],  H B ER P A O A i
M — MR BARE, FEWEER Y3 AL SRR i
TR R R A T .

Kl 4 BT N Z e KB 28 L EE T 1) 4% 1) Ni-Co-P-
BN(h)-ALO; #5211 XRD #%. MKl 4 AT LUE H, Ni-Co-
P-BN(h)-ALO; ek &85 = E 2 /2 (1111
(200)TH A1(220) 1 _E Y Ni-Co &4 XAZAHT Ni J& T
Al Co JETHAMUKRS, HPEET Co SEMT
65%(BE /R 730, Ni J5-FH1 Co J&FIERL T H—1 a
MREEARTE . B Jegok & & PR EHO LT &
PRAI(111) (200)A11(220) 3 /4> 11 5 7] R ZE AR L B
BRI, BHUVAEKSEAI)AE. X2EFNE
J& Ni (45 SR HUAAMY S d AR T T A AR KR B A
K, R IE A2 4 A KA Se G s U0, gkt
#5544 2 g/L BN(h)+6 g/L 49K ALO; i, #5J2H R
HAK ALO; BRI RHENE; H 247 4 g/L BN(h)+
4 g/L 4K ALO; I, )2 i AR B S0 B 2 i 4ok
ALOs Uk FIHFEIE(20 A 25.564°. 35.096°. 52.562°
Fl 57.481°). HEZ A RIHHEMHK BN(h)H

I
v 4—Ni

v— Co

v — ALO, (25.564°)

a— ALLO; (35.096°)

+— ALO; (52.562°)

*— ALLO; (57.481°)

(290) (220)
(c) v v
® 7 Jj& : i
(a) v__ =2 * s
10 30 50 70 90
26/(°)

4 Ni-Co-P-BN(h)-AL,O; — e KE & 4521 XRD i
Fig. 4 XRD patterns of Ni-Co-P-BN(h)-AL,O; binary nano-
composite coatings: (a) 2 g/L BN(h)+6 g/L Al,05; (b) 4 g/L
BN(h)+4 g/L Al,O3; (c) 4 g/L BN(h)+2 g/L Al,04
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RLRIRFIE I, 455 B 3 P02 3R N 03 5T & 7> BN BE
IR AT RN, IX AT e e RO PR JE AR LT A 49K BN(h)
ROk B AR XD T L.

24 ERFEAKEE
B 5 AT NI SR AN R EE 992K BN(h). A
IR FEGNK ALOs K — JC4NK Uk 45 24 e LL o 4% )2 3%

1.6
(@)
14r 1.285
1.224
é\é
s 1.2}
=
ctu
1.OF 0.873 0.884
0.8F
06 1 1 1 1
4 8 12 16
p(BN(h))/(g-L™")
1.6
(b)
14+
1.294 1243
o
1.2F
g
=
< 1.0t
0.742
0.8} i 0.705
[
0.6
4 8 12 16
p(ALO3)/(g-L™)
1.6
©
14+
L 1.121
g 1.2 {> 1.068
= ¢
R
1.0F
0.829
0.8F {>
0.6

24Ir6 44‘-4 6-;-2
PI(BN(h)HALO3)}/(g-L™
B 5 AFEGKRURLAR A 2% B b il % 60 5 2= 2 T A
Hit 1

Fig. 5 Surface roughness of coatings deposited at different

nanoparticle concentrations and doping proportionings

TR EE R, (RSN o FH P S(a)FI(b) T 01, SRR 1) 5
s 4 g/L #In#E| 16 g/L J5, Ni-Co-P-BN(h)5
Ni-Co-P-AlLO; #JZRMH RS R, ¥IRILH Jesli K
WNRAR G, B BRORIR ANy 8 g/L I,
Ni-Co-P-BN(h)Fl Ni-Co-P-Al,O+ 4% |2 2% [k 122 1 55t
K514 1.285 pum Al 1.294 pm. iX 7] G2 T BEE
TOURE VA DN B2 A3 K, B AR B T Ay 2% 81 9 AR B 30 St
W2, AR LRI, R TR R R .
WEAL, B AR TR P 3 B2 48 2 R T TR S 521
SEAE L AT, BRI INE M 8 o/L HENE] 16 g/L
i, Ni-Co-P-BN(h) 8% = & [ 48 3 # Xf J6 ¥,
Ni-Co-P-ALO; # )= K [ QAR G5 14 B Ny 5] — 8, 615
Y J2 2 THURELRS B2 A

5l 5(c) BT 7~ 28 9 F BR324 IiE B X Ni-Co-P-
BN(h)-ALO; )= 2 A KE FE R md . L S(c) T EUE
H, B BN(h) I InE M 2 o/L #8031 6 g/L(E1 ALO,
FI N M 6 g/L /b % 2 g/L), Ni-Co-P-Al,05-BN(h)
BEZ R MRS B R, SR Je i/ 5 4R AR 5y,
H4$2% 4 g/L BN(h)+4 g/L 99K ALO, N, 4% 2 K
FUREFE R, 5¢/N N 0.829 um. 454 P 3 Al %0, XM T
LR TN BN(h)AT ALO; PR Kk 5, AR
PEBR AR 8= AE A AR R, B BN(h)FRL AT
Ao [FITIBE Z2 A ALO; MikL; fin b BN(h)AI ALO;
PR A K RIURL PR VAR A0 5 B — JURE 75 [ B8 2 T P 55 Bt
AEFEE B EACRES AN G, (E7F4E = 2 0 9K ROk AL
SR RIS BT R R AR T ARk, AT 80 )2 R T
FERS P55 R AR A

25 ERIEEM

Bl 6 AT NI IR A R FE 42K BN(h)y A
R EEGK AL Os KI5 2R e LU 9% J2 3 T i s 4 fi
sz . I 6(a)nT LUE i, 585 H Y, Ni-Co-P-
BN (h) 4 J2 3 T #2454 ful A 52 300 HE e 388 K sl /s (1 A2
%, H2Y BN(h)EIIEA 8 g/L i), Ni-Co-P-BN(h)
Y R A A B K 122°. BT 6(b) T LA
BEEAK ALO; #INEM 4 g/L Bm#E 16 g/L i,
Ni-Co-P-Al, 05 #¥ J2 3 T # A H2 fi £ 02 56 18 K5 Ik
ANy B2 ALO; W INESN 8 g/L i, Ni-Co-P-AlO; %
JE RSB KN 121.8°, H 5 Ni-Co-P-BN(h)
PERMFESEMAMEASK. WE 6(c)nTLLEH,
ZICHK B A EL AT Ni-Co-P-BN(h)-ALO; 4% 2 1
Al A BRI, H 29954 4 ¢/L BN(h)+4 g/L ALO;
I, % 2 R B i KR B 1339, 55 Ni-Co-P-BN(h)
F Ni-Co-P-ALO; 4% Z A Et, Ni-Co-P-BN(h)-AlL,O; £%
JEFR A TE R
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150

(a) CA: Left
I CA: Right
140 - -
' I
130 n l -
o —-— ' 122 1218 n I
E’ 120 7 117, n
oh 111.4
k=) 110.6
< 110 F 107.7 107.6
100 -
90
8 12
p(BN(h))/(g-L™)
150
(b) [TCA: Left
- 1 _
130 o ! !
%/ 120 + A . 179 M81 1473 45
o0
g
<110
100
90
12
p(ALO5)/(g-L™)
160
(©) = 1 [TCA: Left
150 + [T CA: Right
140 + == Ln
l 1334 1333 l
< 130t
2 0
5D
2 120 B 2 sl 1152 1153
110 -
100 -
90 |

2+6 4+4 6+2
pI(BN(h))+(ALO3)1/(g-L™")
Bl 6 AFYKBURIA B K& F A5 A8 B EL R i) % 6 5% 2 2R T
F A
Fig. 6 Static contact angle of coatings surface deposited at

different nanoparticle concentrations and doping proportionings

MR S A el 0, 6T — AN 35 &) i R AR [ 4
1, YOUNGR”, WHYMAN 2502810 o yjt 4529 o
$2H T O = A A IR P R B E L 7(a)), B
AR Hdr, 0 oot i EE AR [ A 2 i 2 ik A
P P 35 e A 1 B O S
5K F7. MEILSL ARG, AR T AN T B AR A 355

Jt . R, WENZEL Xt Young J5 A&7 T £ 1EP 2,
Pl T RIS (LK 7(0)F1K(2)), Hrr, Oy N
WE (AR R 22 THT () W Bl Ay, SR ] AR THT P AL
g, RIEAREELIR SR IR, EhiE
NHwE, Hr>1.

cosg = Tsa = 7s1) (1)
VLA
cos By, M =rcosd 2)
VLA

RS2 XS T AR5 50 HL 22 P Ak 2% 1 23 2H R ] 4422
[H, Wenzel HFERA . N T E &G FERH 2 AN
F200, 1944 4£, CASSIE A1 BAXTER 5| A\ T AH AR 7
HORHESPIOLE 7(c)) - TR 2B (2 fe AR5
R R — M) AR AR 5 S A i AR i E 2
oo i EARRTE B o MO FEAZH AR, 55 @ AR 44
R E HAE [H -V T B e AR AR 7505 51
NVisa~ Vist M [ BRI 2AKEG). B,
THAE AR T ERTE SO G A, T2 Cassie-Baxter
H K@), HH, HAWH AR E L Wenzel
Cassie-Baxter iX P K FEAF IS () IR _E 4712 1EPY,
P THREERRS LB 7(d)). 24 [ 7R TR RS 2
T R — 58 SRS, KA EIB N\ BIR T rH RS 25 1,
TR A R AE AR NI GTAL SR ) [ 442 T
AULE R — N EAE S R m, R4 RS
— R i o5 R AR TR 0 R £~ f
fi+ fo=1. BRI, Kl o 302 R (5)P.

Nhi+fatrfy=1 rsa =Zfi(7i,SA) ’

(a) Young

LA
Vsa

Cassie-Baxter

8. .

3 A N T M = 0
Fig. 7 Liquid droplet models on different surfaces: (a) Young

model; (b) Wenzel model; (c) Cassie-Baxter model; (d)

‘Wenzel-Cassie model

(b) Wenzel

Wenzel Cassie
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7sL = fiist) (3)

n n
cosOcp = Zfi(yi,SA —7isL)/ V1A = Zf, cos o,

(4)
cosOcp = ficos@— f, = ficosO@ -1+ f %)

A Wenzel VR0, MR EBKE, %
THTBRRELAS , /K MR 454 B S(a)F(b)n] LG H,
Ni-Co-P-BN(h)#1 Ni-Co-P-Al,O 4% 2 2% [ HUkE B 1 &
L e KR PR Rtk #a %, B2 BN(h)FI ALO;
WM& 8 g/L B, HEERITHKS RO, PEERT
R, BERREZ SR, EAEMTREEER
T HIER 7K A7 R, 24 BN(h)FT ALO; VRINEJ9 8 g/L
iF, Ni-Co-P-BN(h)F1 Ni-Co-P-Al,O5 8% )2 3 [ i s 1%
fitk 7 3518 B e K o BH L S(c) R 6(c) AT A, 24455k 4 /L
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Fig. 8 Static contact angle practicality picture of Ni-Co-P-
BN(h)-Al,O; coatings surface
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Fig. 9 Tafel curves of Ni-Co-P-BN(h) (a) and Ni-Co-P-Al,O5 (b) coatings

# 3  Ni-Co-P-BN(h)Fll Ni-Co-P-AlL,O5 #4 E MR AL i 28 0L 5 3R A5 (K1 155 1rh 2 %4
Table 3 Corrosion parameters obtained by Ni-Co-P-BN(h) and Ni-Co-P-Al,O; coatings polarization curves fitting

Concentration/ o/ V Jeor/(A-cm™?) Corrosion rate/(mm-a ")
(gL™h BN(h) AlLO; BN(h) AlLO; BN(h) AlLO;

4 —0.56291 —0.79255 5.8948X107° 2.0019%x 10 0.71347 2.42300

8 —0.54211 —0.55552 9.3488 X 10°° 1.8271X107 0.11315 0.22114

12 —0.57727 —0.53729 3.7917X10°° 3.1007X10°° 0.45893 0.37529

16 —0.58328 —0.56910 5.6505x107° 3.9169x107° 0.68392 0.47408
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w7 HEE R M S . 455K 7 o Wenzel-
Cassie fRAIAT AL, B2 1) 2 SN T oA B R0
PEER BT AN, BERTE R — B A KB
P2, FREMAR N CUMEL g, B
1 7 Ni-Co-P-BN(h)-Al,0, 4% /2 2 [ AR 8 il 1.

1072
1 0—3 L
107

107

1076

JI(A-cm™

1077

1078

2 g/L BN(h)+
6g/L ALO,

6 &/L BN(h)+
4g/LBN(h)+ 2g¢/L ALO,

4g/L ALO,
-0.50

10—9 L

10—10

-1.00 -0.25

-0.75

o/V
10 Ni-Co-P-ALO;-BN(h)%% 2 1] Tafel iz
Fig. 10 Tafel curves of Ni-Co-P-Al,03-BN(h) coatings
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Abstract: Ni-Co-P-BN(h), Ni-Co-P-Al,0; and Ni-Co-P-BN(h)-Al,O; nanocomposite coatings were fabricated on the 45
steels substrate by electrodeposition. The organization, composition and phase structure of the coating were characterized
and analyzed by SEM, EDS and XRD, respectively. And the surface roughness, wettability and corrosion resistance
properties of the coatings were studied by laser scanning confocal microscope, optical contact angle measuring
instrument and electrochemical workstation, respectively. The results show that the surface morphology, surface
roughness and thickness of the Ni-Co-P-BN(h)-AL,O5 coatings are affected by the doping proportioning of binary
nanoparticles. Compared with Ni-Co-P-BN(h) and Ni-Co-P-Al,O; coatings, the static contact angle of the
Ni-Co-P-BN(h)-AL,O3 coatings is 133° and the hydrophobic angle of the Ni-Co-P-BN(h)-Al,O; coatings is higher when
the droplet volume is 3 puL and the velocity is 1 pL/s. The electrochemical test results show that the corrosion current
density of the Ni-Co-P-BN(h)-Al,O; binary nanocomposite coatings is 1.0806X 10™® A/cm? and the corrosion rate is
0.01308 mm/a when immersed in 5% (mass fraction) NaCl solution, which indicates that the Ni-Co-P-BN(h)-Al,O3
coatings has better corrosion resistance. The nano particles BN (h) and Al,O; deposited in the coatings have fully utilized
advantages of binary nanoparticles. The hydrophobicity and corrosion resistance of the binary nanocomposite coatings
have been further improved.

Key words: clectrodeposition; Ni-Co-P-BN(h)-Al,O; binary nanocomposite coatings; surface roughness; wettability

properties; corrosion resistance
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