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Figure 1 Flowchart sowing the preparation process of copper foils (color on line)
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Figure 2 LSV curves measured in the electrolyte containing
312.5 g-L! CuSO,-5H,0 and 100 g-L"' H,SO, with different

additives. (color on line)
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Figure 3 LSV curves measured with different concentrations
of HP being added into the combined additive system (color on

line)
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Figure 4 E-t curves at the current density of 100 mA -cm?
The additives injection was proceeded in different orders as in-

dicated. (color on line)
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Figure 5 EIS curves measured in the electrolyte containing
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Table 1 Impedance parameters of different additive systems

CPE

Additive R (Q-cm?) Ri(Q-cm?) Ry (Q2-cm?) W (Q'-cm?:s™)
Yo (10° Q'-cm?-s") n
a 69.17 186.1 76.83 5.269 1.00 0.055
b 72.45 196.4 74.62 4.701 1.00 0.051
c 69.73 190.5 47.90 8.849 0.97 0.132
d 68.21 217.8 78.77 7.562 1.00 0.070
e 68.47 212.7 126.61 8.750 0.80 0.045
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R 2 TEASUSIRARZ P A RRZ HP I = AE 3.5wt% NaCl i v i s AL i i 24
Table 2 Electrochemical corrosion parameters of the electroplating copper foils obtained by adding different concentrations of
HP in the combined additive system in 3.5wt% NaCl solution

HP/(mg-L") E/V Lo/ (LA - cm?) B./mV B./mV R/(kQ-cm?)
0 -0.2732 3.55 66.512 51.148 3.464 x 10°
3 -0.2695 3.63 78.197 78.197 4.639 x 10°
5 -0.2235 1.80 108.536 61.214 9.187 x 10°
8 -0.1925 0.96 54.057 51.3 1.181 x 10*
10 -0.2919 12.61 230.413 57.134 1.627 x 10°
15 -0.3177 18.65 147.628 122.758 1.562 x 10°

BRI AE R, SR AL B A AksigR
i HP MR BE, SRR AEAE R BRIR SR A 5, 3%
IR 22 AR T 8OR (1] 8 (B) FHIET 8(F)) o
FELL B UMV R RIS HP Ji5 X4 ok i
ARA B, E 9 iR, XRD j&E 3
W = A B WA, fHES Cu
(PDF#04-0836) bR F v iy e —— X1, NZEAEE
AR K (111),(200) ,(220) &4 T, AJH 444158
FI A i TR S AR (L 10 T R A B ) | %
EF RRLE AR )| FCC 5 h I IR 5 5
AL RS> — B R 4y ok 0y et

1SkV X1,900 18nm

RERVIR TS . TN HP J& , (200)F1(220) i T B 5
FERRAT — R G5, R ALREE (111) 5
I AR S, W 3 ATLIEE], HP A
AJ LA 58 5 (200) FHER (220) & 18 5 B9 2 K, HP
WRETE 3 ~ 10 mg L' B, Rl HP By A111)/
(200) F1(111)/(220) ZE AW/ , 3458 T 4 (200) i
TR (220) fhTETHC SRS, HP AN S8R 7E
(111), (200)F1(220)f fi e A4, 44k T Ak
st B AR A R

H34 Scherrer 222U H £ 414 F Y
anbLROT, AnfEl 10 B, 24 HP ¥R B2 R 3 mg-L!

PC-SEM

1SKU X1, 080 18nggn

B 8 1R IR R BIARIFEWREE HP A5 SEM 4]: (A) 0 mg-L"'; (B) 3 mg-L"';(C) 5mg-L"; (D) 8 mg-L"; (E) 10

mg-L*; (F) 15 mg-L!

Figure 8 SEM images of electroplating copper foils obtained by adding different concentrations of HP into the combined additive
system: (A) 0 mg-L"; (B) 3 mg-L"; (C) 5 mg-L"; (D) 8 mg-L"; (E) 10 mg-L"; (F) 15 mg-L"!
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15 mg:mL™ HP ( ”;IL) (200) A, (220)

10 mg-mL" HP JL N A4

8 mg-mL™" HP A N A,

5 mgmL" HP _A M A, ]

3 mg-mL™ HP A A A

0 mg-mL"' HP A A A, ]
30 40 50 60 70

20/°)

B 9 TR S BIFRIR R TP BN RIE EE HP 75 21 Y i i
Y XRD 3 & (ArAs 73 5% 78 HP 2 0,3,5,8,10,15
mg-LY),

Figure 9 XRD patterns of the electroplating copper foils ob-
tained by adding different concentrations of HP into the com-
bined additive system (A-As represent the HP concentrations
0f0, 3, 5,8,10,and 15 mg-L")

R 3 TEH B UK R DA A R EE HP il % 60
HiE XRD B9 111/200 F1 111/220 B LAl
Table 3 111/200 and 111/220 crystal planes of the
electroplating copper foils obtained by adding different

concentrations of HP into the combined additive system

HP/(mg:L)) Cu O 3 5 8 10 15
111/200

2.18 5.17 3.74 333 3.16 293 3.96

111/220 5.01 8.80 1096 9.69 845 8.14 6.98

B, ok R SF A 24.0 nm #EKF 30.8 nm, ¥ 054
RPMA HP J5 B b /E R, fe it T 25 S
K, B HP WRBEERIBGIN, Aok RO Rl 24
HP ¥k 5 ~ 15 mg- L' B, 8 A8 ks X< A 23.9
nm J#/NE20.2 nm, 7] LUE H HP ZEGINFIA R
HARNH BB ER , BE%E HP W1
WK, HP 5 DPS HYZa IR ig o, 4tk 1 aiki,
HP{E#E THI7E (200) ShmEELAK, HfEQ1L),
(200)F1(220)fh T TE A 1, ES T HAE(L11) ST
B, BEEBRMFRIAZR b HP WS, 5
o AL AR B B
3.3 HP S =x$EE MBS

XoF 2H B A A 2R IS IS [ v B HP il &
) LA T BETEA T D BRI RERAE 45T HP VR XS
HFETERE R RZI WA 11 B, XY HP HREE R 3

mg- LA 96 e mOMURE FE R, BRI 1.58 wm, B
F HP W RBGn  HURE BV, 24 HP MR IRE] 8
mg- L HURE B AR = /M 1.12 um, HP [958
F MR ARAE X B )2 2 1 IV B X AT T T
g 2 TR RO RS B, ARk
B 9 3.32x10° Q-cm , 24 A HLFHZ N 1.85%10°
Q-cm, 5 4l A H , 22 0 A AR 9 LA Bt )
HLPERE 24 HP WJE A 5 ~ 8 mg- L i 4 it ik
SEA 23.9 nm B/ E 23.5 nm, AR AR E T
FASE R PThIEREE , Wi 12 Fias, 24 HP Wk %)
8 mg-L" A, Hi4H A Hr58 BE $2 ) & 399.5 MPa,

/T

0o 3 6 9 12 15
Concentration of HP/(mg-L'l)

Crain size/nm
W) [\ ) W w
a ~J o w

[\
s

B 10 TEZH A5 SN A Z A InA IRk 2 HP i ] 45 (9 vl
AR Fi0 R

Figure 10 Grain size of the electroplating copper foils ob-
tained by adding different concentrations of HP into the com-

bined additive system

\S] w N

—_—
T

Surface roughness/um

(=)

0 3 6 o 12 15
Concentration of HP/(mg-L")
B 11 FELLE B IGRR Z P B IRS [RIHREE HP B il 5 A
iR 77 4 TR i 2
Figure 11 Surface roughness of the electroplating copper foils
obtained by adding different concentrations of HP into the

combined additive system
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0o 3 6 9 12 15
Concentration of HP/(mg-L™)
B 12 {ESLA TR R IR Y H 7
iR 9 A BT 9 R
Figure 12 Tensile strength of the electroplating copper foils
obtained by adding different concentrations of HP into the
combined additive system
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Figure 13 Resistivity of the electroplating copper foils ob-

Resistivity/(10® ©-cm)

22
N

tained by adding different concentrations of HP into the com-

bined additive system
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Figure 14 Electrodeposition models of additives (HP, Cl, HVP and DPS)
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Effect of Sodium Alcohol Thiyl Propane Sulfonate on Electrolysis of
High Performance Copper Foil for Lithium Ion Batteries

Sen Yang', Wen-Chang Wang", Ran Zhang', Shui-Ping Qin?, Min-Xian Wu!,
Naotoshi Mitsuzaki’, Zhi-Dong Chen'

(1. School of Petrochemical Engineering, Changzhou University, Changzhou 213164, Jiangsu, China;
2. Quadltec Materials Technology (Changzhou) CO. LTD, Changzhou 213164, Jiangsu, China)

Abstract: Electrolytic copper foils have been widely used in printed circuit boards and lithium-ion batteries due to their simple
production process and high economic value. In the process of electrolysis foil making, additives can greatly improve the perfor-
mance of electrolytic copper foils. In this work, the copper foils were prepared in a self-designed plate electrodeposition device of
which the operating principles were in accordance with those of actual industrial production. A series of the Virgin Make-up Solu-
tion (VMS: 312.5 g-L' CuSO,-5H,0, 100 g-L"' H,SO,, 50 mg-L" CI) containing different additives was investigated to study the
electrochemical behaviors of the electrolytes and their effects on the surface morphology, structure, and properties of the electrolytic
copper foils. The results showed that HP had a strong depolarization effect in the combined additive system, which can accelerate
the growth of copper nuclei, and had the optimal growth orientation of the enhanced copper (200) crystal surface. HVP had adsorp-
tion effect on the cathode surface and formed a barrier layer on the cathode active site, which inhibits the electrical deposition of
copper. DPS had a strong depolarization effect at low concentration, with the high concentration, a polarization effect reduced the
grain size. When HP and DPS coexisted, there was a competitive adsorption, showing certain polarization effect. The synergistic ef-
fect of HP with DPS and HVP could further reduce the grain size of electrolytic copper foils, reduce the surface roughness, and im-
prove the mechanical properties and corrosion resistance of the coatings. The obtained electrolytic copper foils were uniformly
dense, with an average grain size of 29.2 nm, an average roughness of 1.12 um. and an average tensile strength of 399.5 MPa. The
electrolytic copper foils obtained exhibited the superior corrosion resistance, became the ideal materials for lithium-ion battery an-
ode fluid collection, and had high commercial value. Subsequently, the effects of DPS and HVP in the combined additive system on
the surface morphology and physical properties of copper foil will be investigated to further explore the action mechanism of the

combined additive and improve the electrodeposition model.

Key words: electrolytic copper foil; additives; electrochemical; tensile strength; corrosion resistant
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