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Ni-Co-B nanocrystalline alloy electrodeposition for
substituting hard chromium
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Abstract: To solve the problem of serious environmental pollution from electroplating chromium process, electroplating
Ni-Co-B alloy coatings, which are environment-friendly and with good appearance, were prepared to substitute the hard
chromium coating. The effects of electrolyte solution composition and process conditions on the microhardness,
appearance, deposition rate of the coatings and current efficiency of the cathode were discussed by single factor
experiments. Relatively better compositions of the electrolyte and process conditions were gained. The effects of different
heat treatment temperatures on the microhardness of the coatings prepared under the optimized condition were measured.
The polarization of electrolyte was analyzed. The surface morphology, microstructure and corrosion resistance of the
coatings before and after heat treatment at 200 ‘C for 1 h were characterized. The results show that alloy coatings
prepared under the optimized condition are nanocrystalline structure, bright and uniform in macrography, smooth and
seamless in micrography. After heat treatment, the grain sizes of coatings slightly increase because of recrystallization,
the surfaces become more compact, and the microhardness can be up to 10.875 GPa, which is higher than that of hard
chromium coating. Also, the corrosion resistance of alloy coatings after heat treatment is roughly equivalent to that of
hard chromium coating. So, this electroplating process is expected to replace the hard chromium plating technology and
be widely applied.
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1.1 SEIE#HY
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13 MRTE
1) SR SRR AT VEA o YRR AR 1L
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R=1 BRSO bR

Table 1 Evaluation criterion of coatings appearance

Score Macrocosm Appearance
<50 Grey Peeling
50-59 Grey Pinholed
60—69 Grey Nonuniform
70-79 Grey Uniform
80—89 Half-bright Uniform
90—-100 Bright Uniform
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X107 Cs T, As ¢ yHERTE, ho

my, —m 4
v:jﬁ—xw ()
A v WUIBEE, umh: p NEEESE, p=89
glem’; SONBEJZTHFL, cm’s

4) FH 5 R BG4 0 BB (SEM) W %%
PEZIIOWTES, A2 54 Quanta 200FEG, HH3%
[ FEI 2 &) 42

5) I e AR X S AT A TR B
IRLERE o TG PR X S ERATE UM 524 D/max-rB,
HARB AR A S A WA LA Cu BEAERIRL, %
ZH IR LR 45 kV, FHIK 35 mA, F
MPE 0.02 (°)/min, HMTEH 26 K 20°~100°. HRAE
Scherrer 72220 LAVFEL H ks (1°F-34) )T o Scherrer 22
A MLQ3):

L=KJ}/(Bcos 0) 3)

AH: K4 Scherrer #4, —M#H 0.89; 4 MAHT X
WHERIEK, 1=0.154 nm; B AATHHIEI -6, rad;
0 N Bragg ffi, (°).
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Fig. 2 Influence of NiSO,4 concentration on performance of
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EA DN, ABHAR I fRR SR, SRR
ik 15 g/L i, Bmmﬁﬁiﬁigzﬁakz, wAEML, A
P PR P BRI RS, PR E MR B
BRIR B 5T 40 g/L I, BHARESARAR TR, F=/E ek
Wz, ST ZARE T = AR, N N RS,
AR R A B RN 25 M2 R, 4Eifk
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RIPIRGE B AIE . . i SRR IS IR
430 g/Lo
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DLGE BRI, BEJEAKIS s s i T 8 A/dm” I,
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T I O R O, R 2 WA R H A 2 B A D
59127, SEBEE LAY, IR, BT
B, JF HACINPEIRK o3 28 R ™, BRI 1 ot a4
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g/L. Sk 30 /L. WK 35 /L. HHIEEA I 5
mL/L. L E 3.5 A/dm® . {5 % 45 °C . 18] 30 min.
B 8 T4, 4 pHAEMCT 2.5 s+ 5.5 i, #E)2M
MR 2, TEPERAG. IX 2T pH BN, H5K
SRR, AT E, RO pH fHid
i, 2 B AU AR AR A B s PR Bl DL e T
R, RS IRE S AR, Gk, HAL
BRRThmE, PR . 2 pHAEAE 4.0 ZEA7 I, BE21
TR R RS A P AR 388 BV A, % Tk
BERhr. DRk, #fE ISR pH (E R 4.0 224,

2.3 HAIEREITEEEE R

T2 EARA I T2 4000 NREAT Fa A, B Sl
B LR I A Y, SRR DL E i B
(2575, SRJGLL 10 "C/min AEEE 2 HITHE S 200,
250 300, 350 1400 ‘C, fH{E 1 h 5, WA
BV, VRIS IR O, MR R, 25
B 2 o).

2 AREIFGEBLR R Ni-Co-B 4445 2 (g s

Table 2 Microhardness of coatings at different heat treatment

temperatures
Temperature/ ‘C 25 200 250
Microhardness/GPa 7.708 10.875 10.576
Temperature/ 'C 300 350 400
Microhardness/GPa 8.507 5.404 4.4632

2 2 ITAL, YK B EEACT 250 C, P52
WEFE R A 2 Hi A A AR, X AT R B TR
A H TR v R A SRR A R ST HH 4l NORL I 4
B, EE R s YRR S T
350 CIF, HEJEAEE SOMABUR AL BT ] W TR, X2
TR, e —2 = e b, B A R S
BAAG; AR BRI h 200 CINF, %20 e, N
10.875 GPa. 9% 2 g — M 6.512~10.170
GPa, AL, #ALBS Ni-Co-B 5482 Cis%8 T
AU B2 R R

2.4 ERWHURLR

Kl 9 From AR 24 T 3 201 Ni-Co-B A 485 2
28200 CHULFE 1 h {75 R IOWIESL . HIE 9 w]
UL, JBOK 10 J5f5Ja, FACERT B2 R 5
851, AAFAEATATFLBREE R, 45 kL2 41/ B
BRI EBEEE, BAEBERBEE T, A Bk
ERAT TSR ES G
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B9 REHMFIRL 200 CHALFEL 1 h J5 Ni-Co-B & 44
JA 31 SEM 1

Fig. 9 SEM images of coating surface before (a) and after (b)
heat treatment at 200 ‘C for 1 h

2.5 SEERBIRIALEH
HE—2D R XS -4 S A I % 2 B4 o R /N
FERIEm. 10 Fros e 44 15201 Ni-Co-B

(111)

S
N
Ni-Co-B after heat treatment <

B

MO-B before heat treatment

20 30 40 50 60 70 80 90 100
20/(°)
B 10 REHUFLEZ 200 CHALFE 1 h J5 Ni-Co-B &4
BE 2 XRD i
Fig. 10
treatment at 200 C for 1 h

XRD patterns of coatings before and after heat

EEEEZ 200 CHALFE 1 h BTEH) XRD %, HK
10 AT %0, B% 2 FEEHT D) ST AR, R HAAEE
B2 (RO AT S e~ 0 B K, S A RTRE K /N2 2 3.9 nm,
TR . 203 200 CHUAEEE 1 h 5, B2
TV F-(L10 ) T RO S 0 R o, HH B T (222) 1
XOF I (R S U, MNP PRSP 38) R /N K3 8.1
nme. X U6 FAKD BRI R b R AR T R AR () T 2 A
H, B At/ N Ja R R E XA RO HAH O
BN T B R SRR N A IS BB Sy, AR RS
SR, AL A R

2.6 EEAEGM R

I3 K PAL BT S ) Ni-Co-B 4 4 9% /2 R 4
JEAE TR BN 3.5 % NaCl ¥ Hhi2i0 10 min, £§
MR RGRE R T IR. B 11 sl 3 IR FE
Tafel fh£k; & 3 41 Tafel HIZETHSEALRIA 5
BRSSP T« AR TR 250 g/L BRI 2.50
g/L. W% 55 C. H%E 20 A/dm®. FA] 45 min.

—2.0L 1 —Ni-Co-B before heat treatment
2 —Ni-Co-B after heat treatment
-2.5r3—Cr

-3.0r
-3.5¢
-4.0t
-4.5¢
5.0
-5.5¢
-6.01
—OI.8 —0|.7 —OI.6 —015 —014 —OI.3 —0|.2 —Ol.l 0
¢(vs SCE)/V

B 11 REHKIEZ 200 CHALFL 1 h 5 Ni-Co-B A4
SRR 8 22 3.5% NaCl Vi Hh 11 Tafel 2

Fig. 11 Tafel curves of Ni-Co-B coatings before and after

lg[J/(A-dm™)]

heat treatment at 200 ‘C for 1 h and hard chromium plating in
3.5% NaCl solution

£33 REHUFEL 200 CHAEHEE 1 h 5 Ni-Co-B 44
J2 S REARAE A AE 3.5%NaCl SR 1 il 250

Table 3 Corrosion parameters of Ni-Co-B coatings before
and after heat treatment at 200 ‘C for 1 h and hard chromium

plating in 3.5% NaCl solution

Coating 0 condV Jeon/ (Ardm )

Ni-Co-B —0.526 8 2.085X 107

Ni-Co-B after heat treatment ~ —0.351 2 1.686x 107
Cr —0.567 7 1.360%x 107
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R 3 WA SR geon I, HZAHLL,
Ni-Co-B &2 geon BLIE, JFHZ 200 CHALEE
Lh G, ZEEHEEN oo A BNIEZRIER, U
POVEMPERE, WS SR A S R A, KB
JE I Ni-Co-B & 2 A Gy AL TRl R b it
(1) Ni-Co-B £ &9 ) 4 g e (i wf oy R A T —H 2
o HbAh, A= Joow PTHL BEERPEZ Joon B
/N, Ni-Co-B G Z 1) Joon BN, T AL BE S,
A BRI oo TR FRAK, B8R THEESHEZ 1 Jeoms
XULIA MBI )2 f R, REAR Y2 R 2B T Tl s o
HORIENE, Ni-Co-B £ 488 )2 A AL il ) S5 WV R 45
P, HE P FZ A SHEE R R A, O
RS2 A O R . 25 DL BHE T LR, 7
3.5% NaCl %, 22200 CHULEE 1 h J5 1) Ni-Co-B
B S 2 R ol g A B A ek B AR A 4

2.7 ERAIATRARIL

PR MBS S PR S AR AL S DIANSS, — i,
JURERE 2 88 9 [ RAR AL 1) 2RI 22, B EdR M= 1
MBRRL L JereFEARETE . B 12 izl Ni-Co 546
PR TE SIS SR Ni-Co-B & #1119
WAL Z . I 12 AT, FEAH R s T, 0
LI Ni-Co-B £ S BRI AL K T~ Ni-Co 15 B »
KRR DR R, S A S e iR i
B, P T RES LRI, A e B
JBOE, B NI EAR Y R R ) 1R S N T A LE
FTLLRME AN, DRI AL B AR AR A T, 45 AR A2 A,
PR P BT RS

10+
1—Ni-Co

gt 2—Ni-Co-B
S|
$
<
SR

5L 1

2
0

0 -02 04 06 -08 -10 -12
o(vs SCE)/V

12 Ni-Co && B L Sk &) 5L 11) Ni-Co-B &

SR B B A A i 2R

Fig. 12

electrolyte (without compounds containing boron) and

Cathode polarization curves of Ni-Co alloy

optimized Ni-Co-B alloy electrolyte

3 Zig

1) i TS BB Ni-Co-B
GV E PR e TE4E R BFRER 120
g/L. BiMREN 12 g/L. Wi 35 gL HALEL 30 g/L. &
Wt &4 3 /L AR ECA NG S mL/L. HLR A JE S
A/dm*. IR 55 C. pH1H 4.0.

2) EAUAL G B L2 S80S9 B 2 S
Redn N BEEEM EISphss, O B TEALRR,
TR 7.7~8.0 GPa, MIARHLGACER AN 95%~110%, UL
FUH L N 60~70 um/h.

3) PR NAPK ISR, 2 200 CHLEFE 1 h
Jo» WL N S, AT 4 10.875 GPa.

4) Ni-Co-B 1549 7 HAT 55 MU RR D% 2 AHIT
TEFRrrERE, Hbs T Emi. R, FEIUR
CER DR AN TE TN S Y ANAL:
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