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Investigation of Electroplating Copper in
Pyrophosphate on Magnesium Alloy

YU Gang',LIU Yun-€¢',HU Bo-nan',LIU Zheng?, YE Li-yuan'
(1. College of Chemistry and Chemical Engineering, Hunan Univ, Changsha, Hunan 410082, China;

2. College of Material Science and Engineering, Shenyang Univ of Technology, Shenyang,Liaoning 110023, China)

Abstract: Before electroplating metals of corrosion resistance on magnesium alloy, a copper coating is usual-
ly electroplated as a transition coating in order to improve the uniforrp coverage ability and adhesion of the other
metals post-plated. Pyrophosphate electroplating copper is an environment-friendly process. The adhesion and
coverage of the copper coating on zinc transition coating after electroplating zinc are good. In the electroplating
zinc solution, zinc sulfate is used as the main salt, potassium pyrophosphate as the complexing agent; and am-
monium citrate as auxiliary complexing agent and conducting salt. The optimum current density rang of electro-
plating zinc is 2 to 3 A*dm ™2 and the eletroplating temperature is adjusted to 40 C . The current density range of
plating copper is 0.5 to 2 A+dm~ 2. The process of cyanide copper electroplating is replaced by the proposed pro-
cess of pyrophosphate electroplating copper on magnesium alloy.
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Tab.1 Chemical composition of magnesium alloy AZ91D

T Al Zn Mn Cu Fe Ni HE
ERA¥/%  8.5~9.5 0.45~0.9  0.17~0.4 <0.05 <0.025 <0.004 <0.001 <0.01
RIS A E].
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Tab.2 Solution formulas and operating conditions

g ITEER BN SR ERE

1 HAEREYE A8, EE,10 min

2 Wi NaOH 50 g-L™!, NasPO, 12H;0 10 g'L ™%, 605 T ,8~10 min

3 Mk CrO; 125 g- 7!, HNO3(68% V/V) 110 em®-L !, E i ,40~60 s

4 Ei HF(40% HIR480) 385 e’ LY, £18,15 min

s i ZnS0;+ 7H,0 30 g+L ™!, NayP,0r - 10H;0 120 g-L !, LiF 3 g-L "1,
Na,C03 5 g*L71, 80 T, 10 min, pH 10.2~10.4

6 o e ZnSOy*TH,0 30 g+ L1, K POy 3H,0150 gL ™!, KF 10 g'L™!, CeHyO:N; 25g-L™1, HBE0.2 gL, 2
%£0.05~0.1 g-L" !, HNSNH; 2 g+L~!

; o CuP;0, 60 g-L ™", KP,07-3H,0 300 g-L ™!, C;H,OgKNa+3H,040 g-L~!, K;HPO,*3H;0 40 gL !,

HER0.2g LY, B#XE0.05~0.1 gL, BF :50 CEH,20 min
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_m - m 4
h = % d x 10* pm (1)

my AERHEER, g m, HERREE,g; S ik
FEH, o BRETEPHENEENT. 148 am™,
HRBE N 8.93 g cm™3.

D)GEENIEE N

KRR LS & A (RIAKHN 1 mm BETE
W, ERBRAN, MEREERTRE, BEE N
AEtE, ABEE NG .

3) g E T R PERE

PR YRR R A 5% (B 440 NaCl B
BRI, g ER AR A 1 mol-dm P HREKRE
¥ 60 min fEMEEHIENR , i+ B LA ERT K E
RBORVFE B R BT
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Tab.3 The effect of current density on zinc coating corresion resistance

REE/

5% NaCl BRBESERERBMAT/ cm?

(A*dm™?) 2 h

10 h 4h 32h

0.5

0.15

L Y I N R N
& w o -

A

#

BM2h)E, £HERM
0 0 0
0 0 0
0 0.21
0.15 0.15 0.67
BX2h/G, LEEMH

B3 WA, REEE 1 A-dm LI TS
B, RKEBRHRTFIRELEKRE 2 h, HELER
AT R R R E 4 A-dm TR
PRt BRI 2 h B R, BB
B, AR EREIR HERR BN ERE
B, L RRAL ) o S B L R B R R R K
OTLA% S HBEAEIIR. TE 2~3 A-dm™?
B, B EFE R K R 30 h LU EERR B il
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FE2 A-dm ™2 BEVRIBRE N 40 CHIRHT AR
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Tab.4 The effect of time on zinc coating corrosion resistance

e FeputmE/ RERMER/
min em”2(5 % NaCl ¥ 2 h)
10 B WG, BHEE.2 NEEER

1

2 20 0
3 40 0
4 60 0

3 4 ATH, 6T (B]7E 10 min B, 7E 5% NaCl
PR 2 h KAELHEBEM, 3 FE R AT,
BEHERAIER . W BT [E]3A 20 min BF,5% NaCl H
BE2hE S RAEANEERAEIE LS. H
AT L, e g e [RTBRHG , Tt Pl RE AR AT, 1 PR 25 B
B BRI, FERERERT, AR U, LK E W E
2A-dm ™ 2HE A T T 20 min, BIATABIESR.
2.1.3 BENLESEFIRELEYH

FE2 A-dm PHLTRE E T, BF 5 R FE A g
20 min JEHHEEE T RMERE LK 5 Fis.
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Tab.5 The effect of temperature on zinc
coating corrosion resistance

o REBE R /e (5 % NCIBR 2 )
T RA 1 hle, WRTH.2 h 5 SR
2 30 0.29
3 40 0
4 50 B 1 hE BREE.2 h 5 2EEH

H % 5 A4, SRR 7E 20 C A1 50 TR e 8%,
BREESY NaClH B2 h 5, RBERXELERE
P, 7E 30 THFH B 0.29 cm 24N, 78 40 THE
BB, R BT SR E R fEK
L IREKE, 5B AL A R, IR Je it %
BEREtER K. LR B R Bk 50 CHy 482t 3L
BRI, HIRE SRR 5K, ol 2ER
it 60 CHIERMMAKMEE  FHEBARE. BE
I, ULBUE, B e M 2, 95 o 50 e 6 5, I8 B ERD
M. FHE, B EEHE 40 CHEEER Pt st
2.1.4 LATE.WRAFRESEEREYY A

TEEWIRE N 40 TTF,HEHE 20 min, i8R

FEERERREENE AR LE 1. ERRR
BER40 T, BMBEN2 A-dn 2HKMHT , HER
BERER E] BB MR WL 2 Brs . ZEsR A 2
A-dm 2 HI&MT , HESE 20 min, 2R EREIRE
AL LA 3 B
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Fig.1 The effect of current density on zinc coating thickness
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Fig.2 The effect of time on zinc coating thickness
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Fig.3 The effect of temperature on zinc coating thickness
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B 1.2 IR LZRBHITHSE. adH
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HAERIBEST , R R B ER X, IR ERE, N
T ZREERSE.

12

10+

Thickness/um

™ s -3 -]
T T

0 0:5 1.I0 1.15 2‘.0 2.‘5
Current density/(A-dm?)
M4 LAFELRENXEZ

Fig.4 Correlation between current density and thickness

2.2.2 ABESEN

B RERE, B 2 A-dm AT R
BEESHEIF. KT 2A-dm 2B, RN KB s
BR, HEEHN.
2.2.3 ABERRMRE

SBIREEN 50 T, Hi%K 20 min, XEHRRH
B HAgENR e LR 6.

M6 WM, MR BEEO0.5~2 A-dm *FTR
SRR BB 0.5 A-dm 2LATHE,

$6 BREFHEIARBEWHMEEOEE
Tab.6 The effect of current density
on copper coating resistant

" %ﬁmmm 1 mol-dm ™2 H,S0, 8% 60 min J§
/A+dm™? FEREE I /ond?
0.2 —BHEREERMR,2 W EEER

0.5 0
1.2 0
2 0
2.5 —HHAERRERE,2 h E2ERR

WL oW N

EREAWN, HEES SRRERRERRRN, F
BEEE AT B EEAE 2 A-dm UL LA, B
BHAmS, SURL R, SBEEHRL. HESFL
BR , M8 B GRAR AR 5 EaL g m .

3 4 it

EASHBHEERERARANFRREEE
o, R AR E AN TRETE
SR, £ 2~3 A-dm 2,40 T,20 min B
IE&GTagEn, FaIBESE T, BB
%R B R e A 1R N K | R R S
K BB RSN T I b0 . AL M EAE0.5~2 Ardm?
ZEERBIANEEBRELE SR EBRLRAR
HER L LSS SAEEEERBEABENR
B,TUBERFAEFANEEFLL.
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