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Influence of Process Parameters on Microstructure and Composition of
Cu-Mn Alloy Coating
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ABSTRACT: The work aims to prepare a uniform, smooth, compact and adhesive alloy coating on the surface of substrate with
Mn atomicity fraction of over 20%, which had a good compatibility to the substrate. Cu-Mn alloy coating was prepared on
SUS430 stainless steel in electrodeposition method in chlorate system with EDTANa, as complexing agent. Morphology and
composition variation of the coating were studied with SEM and EDS. Effects of parameters including current density, pH val-
ue, deposition time and n(Cu):n(Mn) ratio in the electrolyte on microstructure and composition of the Cu-Mn layer were ana-
lyzed. the Mn content in the coating increased with current density, pH value or deposition time provided with current density of

200~700 mA/em?, pH value of 3~7, deposition time of 10~30 min and n(Cu):n(Mn) ratio of 1:20~1:10, and decreased with
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n(Cu):n(Mn) ratio. Optimal process parameters of Cu-Mn alloy electroplating are as follows: current density of 500 mA/cm?, pH

value of 5, deposition time of 20 min and n#(Cu):n(Mn) ratio of 1:10. A uniform, smooth, compact and adhesive alloy coating

with Mn content above 20% (atomic fraction) can be prepared. The excellent Cu-Mn alloy coating is of potential application

value in solid oxide fuel cell.

KEY WORDS: electroplating; Cu-Mn alloy layer; current density; pH value; microstructure

A SE AL DR L ( SOFC ) B HALSCR
(HEEEBOERTTLIE L 85% ). Wik . B 2Rk
FLfifE SO 255 ) 5 B L L BB 00 1 B 52 2% T L AT 5 4 S A 0
J& H TR AT 7T T A s 2z —U 2 (AR
AT AR BT T R, e B AR AR R
£ % R et ) SC B E L, IR H A R R AR
30%~70%, It LA R SRR FE AR AT, mmT KRR
I A S AL ot e b i AR DY ke, B 2 R 4R
£k Py K RL LM B iz 4T TR OB N 1000 °C R AT F)
600~800 C, X fifi B Ik R ARG A EHIAE 52
B e R e A 4 B AR R T REM . (AR R IR AN
TERE T RE T A ) Sk 7= 1 4 ol 2 o R BELYE G, -
HAEMPE) Cr ¥ LS AL, F8dit
APEREIRC O HAT, MY Y £ T iE A
NG R R w I T p R 20 Hod, AR
SETELE . R K R AGE P B AR R A A R
2, BRI R R A R B R R —,
- L INIESE N

MBS EE RS AIRE, M ER & HY
A1 BUE . 5REARYA R WA S A S 0
HAWE, RJE A E A B D7 R IR AR R A TR
JZ. GONG J % NUTL B, 7ef Pk RS,
2 pH {E K 2.6~2.8 Fl 6.4~6.8 I, RETEAEEAN i
Y% Cu-Mn A4, BIREERM (<100 mA/cm®) A},
YEIZ R ARIR ;. HUE AR 150~400 mA/cm® B, 5§
R B ERK (5400 mA/em?®) B, HE2
mFaEd . Hrh, ERGNEZS Cu &8
2%~14%( J7FE5 0 ). SRR A , Mn, 5Cu, 504
A ik R BOR L S R B R 2 Bk, B
DLVH SRS 2 h AL DR RO BN RR IR T 20%, &
ME LS A A R RE B R i B AR A i i 20 Bt
R & A P2 0% Wk, SR, Cu®/Cu i)
FRUERLA A 0.337 V (vs. SCE ), Mn*/Mn HIFR#EH
7 A-1.182V (vs. SCE), WEMHEMMERK, R
HMESTEL Cu-Mn & 4 B9 LT IR R4 &
() 26 45 TSR 7 3T et A & UL AT, A4S B 4
PEPRE S EET, BEREERMNL fERT
TAEMEAE [, ZHANG Hui-hui 2 AU B, 5@t
UN I EDTANay RE % (5 10 AR Hi 407 AH 25 58 K 1) il i 26 1)
YU, FARBE R S R SR P A L, S

W, BT AR, ERACRE SN AR SOk B AR
ERZR, Wi EDTANa, %457, RABITH
4 Cu-Mn &2, HOMR THRIREE . %
W pH {H . HAERT ] AR n(Cu):n(Mn) EEXT & 4
PERMOWLER . B, Pifk T Cu-Mn A 4B
ERBE T 228,

1 RI

1.1 EKHfabiE

BB R R SUS430 AN, il ST 4 15 mmx
10 mmx2 mm, HAbLZ 0 (LUR&EEGT) M. Cr
17.86%, Mn 1.00%, Si1.00%, S 0.03%, C 0.12%,
P 0.04%, Fe Ax&. AT 2 0. Bl (28) —
MUK 400"—800" 7K J85 15 4% I8 s — Z8 488 /K 1 vk —
P9 AR 75 % 1= 06 20 min ( BRIMMEIE ) — 281K vk —
% IR T —30 g/L NaOH+20 g/L Na,COs IR &AW
IR (2580 C) Bl 5 min—ZE MK sk - Kk +—
BT IOK OB R, It m 2 SRR NS,
LG T SR R R T IR R R , 7E 25%HC1+5%HNO;5
RGP PIRIRYE 5 min ( ERRFHEB ) -7
7K 0 —20%H,S0, ¥ —IKFRYE 5 min ( TG
fb) —Z= K- RIE A .

1.2 Cu-MnEEHHI&

PEVG A AR . B 1000 mL BEFRAINA 200 mL 2
FIZEM K, fEEEK S (DF-101s, JLT T4
IR R THE A ) Him#E 80 'C— /il A EDTANa,
IFETE 2 5E W — A CuCly I FHHR S0k A £h 2
P pH=5—# 1% 30 min— /A MnCl, .
NH,Cl, NH,Br 3 2K MR pH=5—1
TR 1 h 55 .

FEL I ST I T FR AR 3R I e B R A T, TR AR
i SUS430 ANEEN, FH KA S5t , HIE A B Al
s i ( DPS31A, Jbati R AR A R A
Al ) BE A : CuCl, 0.05 mol/L, EDTANa, 0.05 mol/L,
MnCl, 0.5~1.0 mol/L, NH,CI130 g/L, NH,Br 20 g/L,
WA R Hral, dZEmKEH . B TSR0k
HL I 25 B2l 200~700 mA/ecm?, B¥W pH N 3~7, 1E
T HSE, BFER 10~30 min.



- 152 - * om ¥ R

2017 4F 4 A

1.3 FRIESWK

AR T 255 (SEM) WLZEHEJZ Y SOl
L, IR A i RESS X (EDS ) 2 B J= 1Y
I

2 H#HR59MHm

21 HRZTEEI Cu-Mn §£EEMMRAFER
B RS B0

1 & pH=5. =20 min. n(Cu):n(Mn)=1:10 A},

20 pm ]
5000 x

5000 'x

d J=500 mA/cm?

v
b J=300 mA/cm?

e J =600 mA/cm?

AN [v) B 300 288 B 1l 25 ) B 2 R TR A . i B 1 T,
BHZREYICRL, A la—b AL, 2%
oM 200~300 mA/cm” i, 8§ 2 HFm A4, B
SRR REUE, BRE IR RER , BEE SRR
3R 1~1.5 pm. BEZEENREL A, BER Cu Fr i
= (29 98.51%~99.08%, MR THo-4L, &3CH) 3
. Mn SREAR (29 0.92%~1.49% ) &A%, HE 1c
AL, YHE AR N 400 mA/em® I, B2 R
DR AR, (H AR SEA TORR 8, 52 Sk R ST 24
0.5 pm, PEBIEREEMG, 2 EDS Sl A,
ZEHE Mn Fit (29 15.59% ) A e .

#3200 pm

20 fum

e 7

20 pm 20 um

5000 x !

f J=700 mA/cm?

P A [ R O R T )2 A T OO A

Fig.1 SEMmicrographs of Mn-Cu alloy layers electrodeposited at different currentdensities
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Fig.2 Atomic composition of Mn-Cu alloy layers electrode-
posited from different current densities
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Fig.3 SEM micrographs of Mn-Cu alloy layers electrodeposited at different pH
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Fig.4 Atomic composition of Mn-Cu alloy layers electrode-
posited from different pH
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sited at different time
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Fig.6 Atomic composition of Mn-Cu alloy layers electrode-
posited from different time
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Fig.7 SEM micrographs of Mn-Cu alloy layers electrodepo-
sited at different n(Cu):n(Mn) proportion
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Fig.8 Atomic composition of Mn-Cu alloy layers electrode-
posited from different n(Cu):n(Mn) proportion
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