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Acid copper electrodepositing process and
coating properties based on system of TEA and EDTA-2Na
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Abstract: The copper foils for the anode current collectors of lithium-ion battery were prepared by electrodeposition. In
order to obtain better electrodeposited copper foils, considering different electroplating technology parameters, the copper
electrodepositing process based on the system of TEA and EDTA-2Na was studied in CuSO4/H,SO, electrolytes. The
morphology and structure of coating were characterized by SEM and XRD, and the property of electrolyte was tested by
linear sweep voltammetry and cyclic voltammetry. The reproducibility of coating was also tested. The results show that a
good coating can be got in the better condition that is as follows: 0.1% phosphor bronze as the anode, mechanical stirring,
CuSO45H,0 (300 g/L), H,SO4(90 g/L), Cl (40—80 mg/L), TEA(3.5 g/L), EDTA-2Na (5 g/L), appropriate amount of
additive P, current density (490 mA/cm?), bath temperature(40-60 “C) and deposition time(5—10 min). The additives
remarkably decrease the cathode peak current of cyclic voltammetry and slow down the reduction rate of copper ions.
The additives can improve the crystallization refinement of the coating, reduce crystal particles and raise the compactness,
owing to its significantly leveling effect. The copper coating has an orientation along (111) crystal plane. The deposition
rate reaches up 19.4 mg/min, and the coating quality has good reproducibility.
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Table 1 Composition of bath for electrodeposition of copper
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1.5-14.5 1-7.5 Appropriate amount
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Fig.1 Cathode polarization curves of different concentrations

of main salt for electrolyte
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Table 2  Effect of stirring on deposition rate and bath voltage

. Bath ~ Deposition rate/  Coating
Stirring method I .

voltage/V ~ (mgmin ) quality

Without stirring 1.4 17.8 Worse

Mechanical stirring 1.0 19.2 Better
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& 3 AJAL EYERCA CuSO,5H0 300 g/l
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Table 3 Effect of anode on deposition rate and coating quality

Deposition rate/ Coating
An ,
ode (mg'min ") quality
Copper 19.4 General
0.1% phosphor bronze 19.6 Better
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Table 4 Better composition of bath

p(CuSO45H,0)/ p(H,SO,)/ p(Cl)/

(gL™) (gL™) (mg'L™)

300 90 40-80

p(TEA)/ p(EDTA-2Na)/ o
_ _ Additive P

(gL (gL

3.5 5 Appropriate amount

2.1.10 EEVESK

N T R PEAIE IR T2 A A A )
AATYE, R TR AL, XA =
SR TEE S, HARNK 5, REZE
MR EILTELF, PRI AT -

2,101 BT R b S

BEAE AL T 24 AR 18 T 45 20 1 % 2l
SR 25% NH3.H,0+ 3% HCI 1 3.5% NaCl %5
3 b BEATTR F bk SRS, I AN I ART S I ) 7 28] )k

FEREATXILE, LIRS 6 s, &b my el 5t

Ty omy NG TR, Am=m—m,.

5 EEMELBHE
Table S Experimental data of reproducibility

Sample No.  Coating quality ~Deposition rate/(mg-min”")
1 Better 19.4
2 Better 19.2
3 Good 19.1
4 Good 19.2
5 Better 19.3
6 Better 19.3

6 HRAEA A BRI b D ik s
Table 6 Testing results of coating corrosion resistance in

different media

Media Electrodefp.osmng /g ol Amlg
condition
Without additive 2.2089 22046 0.0043
25%
NH;.H,0  Better composition ) 1o 5 5117 (003 1
of bath
Without additive 2.2540 22535 0.0005
3%
HCL  Better composition , 115 55106 0.0007
of bath
s Withoutadditve 22889 22836 00003
. 0
NaCl  Better composition ) ¢ 5 5 5483 (0002
of bath
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XA o PH AR U R YL ARAER T A A V25 0 00 VB B 5 L T
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TIFRRRG B AR R TR, X e 8 1) 38 SR 1) B A
H, @@k lud 2 3 — e R AL, i P8 2 45
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Fig.4 Cyclic voltammetry curves of bath
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A Ry R A A FOR B 2 AT i P R o AR
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SEAAVE AR T i & 3R i FaB SNy, AN
AR PR, i W] LA SR AN W 4 i A 4 e Ji
T B 4 m R,
2.2.3 BE XRD 40 #r
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T T A2 1 XRD i, 2 7 Fia) s T 1& 6 4

Fig.5 SEM images of copper electrodeposits: (a) Without additive; (b) 3.5 g/L TEA; (c) 5 g/L EDTA-2Na; (d) Better composition

of bath
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JEEUR P BRI BT, R Cu B S R
R H AR RPN BRI, A ifooar
TS Cu SREN ) A=K, TR R 3 HE RN R 1T
HPPAT THAK, Cu B2 SEBLALL) & B R, 5% 2
SOPHE AR AR, TRRI R S R R T
R E THEAA, Cu PEZ2 S OLQ20) ML H M, #%
J2 45 B BURLAR R, AP TR IR Topao=
31.9%, T IFIIT, Tep0=22.8%, Tcan=39.5%;
(220) b TR, (11150 1 2 I R AR
T 330 B 055 A 20 s B8 T B 4508 )25 3 T 2 LU A
#, 5 SEM LI & AU

THh, ERREBAR PRI Cu JIRZMRHIE
PRI 7] /2 (220)R1(111), 1RAMZE R LB PRI )
TS 200 ST i DR R IR — RS W B e i
T, EAEANIR] AORL A (7] S 0 EA T IE PR E IR B, 10
il S R S 5 R i T BY . T #E S T TEA AN
EDTA-2Na X484 Z (R B0 A B e s Jon ) ) Bk
GAEHT, B TEEDRIIE S 2570 AR R
BRI VR, M2 Cu FLES SOHLEE, ST 6
F(111)s (200). (220)F1(311) 4 A AT S A A FE
FEFIHE

(111)

(2200  (311)

(b)
@ AA
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26/(°)

6 AFPIZEK XRD i
Fig.6 XRD patterns of different electrodeposits: (a) Titanium
matrix; (b) Without additive; (c) Better composition of bath

F7 ANTE 6 HIHEL XRD 45 R
Table 7 XRD results of Cu electrodeposits corresponding
to Fig.6

Parameter ~ Without additive Better composition of bath

hkl 111 200 220 311 111 200 220 311

Tegm/% 29.8 21.7 319 165 395 21.1 228 16.7

3 Zig

1) EFET P 0. 1% B4R A BHRR , R LA HE
PEWRTT R, #E CuSO4-5H,0 24 300 g/L. H,SO4 4 90
g/L. Cl }y 40~80 mg/L. TEA } 3.5 g/L. EDTA-2Na
H 5 gL, SIEERINF P PR, DA A
490 mA/cm®. PEIIEE A 40~60 C. Jti%% 5~10 min
RS 3 R AFPE 2. A5 Hn] ik 19.4 mg/min, PEHEMNDEZ
i 1) B AR A R A

2) WS INFRI S PR AR A AR 2 AR e, Cu?'
I Ji T PR

3) 2T TEA H1 EDTA-2Na X% 4514 A AR
SR VR FE RIS I e B 2 T & A A R P
A ARRIAS /N, BesvEde s, PSR L, P
YEFI B S, Cu 4% 2 L BLAL) S B .
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