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Abstract: Aiming at the problems of poor densification and mechanical properties of ultra—thin electrolytic copper foils, a
DC electrodeposition system was designed to study the influence of the inorganic additive of sodium tungstate on
the microstructure and properties of the electrolytic copper foils, and ultra—thin copper foils with a thickness of
7 pm were successfully prepared, whose structure and performance were characterized. The results show that the
introduction of the additive Na,WO, does not change the crystal structure type of the copper foil, which still be-
longs to the face—centered cubic crystal structure, with the degree of plane (111)-optimally oriented decreas-
ing, and the degree of plane (220)- and (200 )—optimally oriented increasing. When the mass concentration of
sodium tungstate additive is 10 mg/L, the tensile strength of the ultra—thin copper foil is increased from 267.9
MPa to 382.8 MPa, the grain size is reduced from 35.1 nm to 26.6 nm, and the surface roughness R, of the cop-
per foil is reduced from 1.25 pm to 1.11 pm. The present study will provide theoretical guidance for the prepara-
tion of ultra—thin electrolytic copper foil with high tensile strength.
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Fig.1 Diagram of experiment device
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Fig.2 Scanning electron microscope morphology of

(h) 100 mg/L

electrolytic copper foil with different Na,WO,

concentrations
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Fig.3 Grain size of electrolytic copper foil with different

Na,WO, concentrations
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Fig.4 XRD spectra of electrolytic copper foil with different

Na,WO, concentrations
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Fig.5 Texture factors of electrolytic copper foils with different

Na,WO, concentrations
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different Na,WO, concentrations
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Fig.6 Effect of Na,WO, concentrations on tensile properties of

copper foil
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B LA BEE XAEAE T 96 2R ol 750 7 2R 1 5 -
B, [l — 2 FIETER . 4 Na,WO, MR BT &
i, H o ) B B A, AR 22 B 5 | s, ) DL 72
O3 R AEIDICAE L, R 4 i A A s R e e, Sk
R SE R T A KR4 R A 2R | [R] R 25 7= A — s
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Fig.7 Effect of Na,WO, concentrations on surface

(f) 100 mg/L

roughness of copper foil
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Fig.8 Cyclic voltammetric tests with the addition of different

concentrations of Na,WQO,
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B, B 96 R Ry 7 o, 2 T HROIR 25 S UK A5 S 207N
s, RL R ST 35.1 nm /N 26.6 nm. IR
i 267.9 MPa #2725 2 382.8 MPa, 15 5|68 78 /25 0/ L A 4]
A, R BCEER

(2) WA0F Na, WO, (195 | A FEAS AR 4 7 1 b 1k
SERZAL ATHRE T O S RS . BEE Na,WO,
WeRE B T, (11D BROUHR I B2 B2 sk /), (220) F1(200)
i T PR A R ) R 4 5

(3) HHFRH Na,WO, BT R 10 mg/L A,
WA R TTHLRERE R, B 1.25 pm FRIEE 1.11 pm, 4k%ZE
HEK Na,WO, e 2 5 250 96 2 D RURE 3 1k, 2
R ) Na, WO, BERS (RS TH R mEH , (T A
Na,WO, 2 B0 75 R A A I G ™ 5, e s
AT

S 30Hk:

[1] WANGHK, LU X, LIL C, et al. Synthesis of SnO, versus Sn
crystals within N—doped porous carbon nanofibers via electro-
spinning towards high —performance lithium ion batteries|[J].
Nanoscale, 2016, 8(14). 7595-7603.

[2] SCROSATI B, HASSOUN J, SUN Y K. Lithium—ion batter-
ies: A look into the future[J]. Energy & Environmental Sci-
ence, 2011, 4(9). 3287.

[3] WOO TG, PARKIS, SEOL K W. The effect of additives and
current density on mechanical properties of cathode metal for
secondary battery[J]. Electronic Materials Letters, 2013, 9
(4): 535-539.

[4] HUNG CC, LEE W H, CHANG S C, et al. Suppression effect
of low—concentration bis—(3—sodiumsulfopropyl disulfide) on
copper electroplating[J]. Journal of the Electrochemical Soci-
ety, 2008, 155(2). 133.

[5] SASAKIT, UKYO Y, NOVAK P. Memory effect in a lithium-
ion battery[J]. Nature Materials, 2013, 12, 569-575.

[6] ZHANG X, JUZY, ZHU Y, et al. Multiscale understanding

and architecture design of high energy/power lithium—ion bat-
tery electrodes[J]. Advanced Energy Materials, 2021, 11(2).
2000808.

[7] LUL, SHEN Y F, CHEN X H, et al. Ultrahigh strength and
high electrical conductivity in copper[J]. Science, 2004, 304
(5669) : 422-426.

[8] XIAH, XIE Q F, TIANY H, et al. High—efficient CoPt/acti-
vated functional carbon catalyst for Li—0, batteries[J]. Nano
Energy, 2021, 84. 105877.

[9] AN W L, GAO B, MEI S X, et al. Scalable synthesis of ant—
nest-like bulk porous silicon for high—performance lithium-ion
battery anodes[J]. Nature Communications, 2019, 10. 1447.

[10] DONG W, ZHANG J, ZHENG J W, et al. Self—annealing of
electrodeposited copper thin film during room temperature
storage[J]. Materials Letters, 2008, 62(10/11); 1589-1591.

[11] CHENTR, LIR H, LIU J C, et al. Tin—based anode material
with good reversibility of conversion reaction for lithium ion
battery[J]. Journal of Electroanalytical Chemistry, 2021, 880:
114847.

[12] CHU H C, TUAN H Y. High—performance lithium—ion batter-
ies with 1.5 pm thin copper nanowire foil as a current collec-
tor[J]. Journal of Power Sources, 2017, 346 40-48.

[13] WU J B, ZHU Z W, ZHANG H W, et al. Improved electro-
chemical performance of the Silicon/Graphite —Tin composite
anode material by modifying the surface morphology of the Cu
current collector[J]. Electrochimica Acta, 2014, 146, 322-
327.

[14] LEE Y K, O’'KEEFE T ]J. Evaluating and monitoring nucle-
ation and growth in copper foil[J]. JOM, 2002, 54(4). 37-41.

[15] LIU B H, JIA Y K, YUAN C H, et al. Safety issues and
mechanisms of lithium—ion battery cell upon mechanical abu-
sive loading: A review|]]. Energy Storage Materials, 2020, 24.
85-112.

[16] ZHANG D, DAI A, FAN B F, et al. Three —dimensional or-
dered macro/mesoporous Cu/Zn as a lithiophilic current collec-
tor for dendrite—free lithium metal anode[J]. ACS Applied Ma-
terials & Interfaces, 2020, 12(28) . 31542-31551.

[17] WANG Q S, JIANG L H, YU Y, et al. Progress of enhancing
the safety of lithium ion battery from the electrolyte aspect[]J].
Nano Energy, 2019, 55.: 93-114.

[18] MYUNG ST, HITOSHI Y, SUN Y K. Electrochemical behav-
ior and passivation of current collectors in lithium—ion batter-
ies[J]. Journal of Materials Chemistry, 2011, 21(27): 9891-
9911.

[19] SHAO W B, ZANGARI G. Dendritic growth and morphology
selection in copper electrodeposition from acidic sulfate solu-

tions containing chlorides|J]. The Journal of Physical Chemistry
C, 2009, 113(23): 10097-10102.



5 6 1]

ZEURT, 45 < AR NS IR X S L A S 2 A S5 PR RE A R

—43 -

[20]

[21]

[22]

[23

—_

[24]

[26]

[29]

[30]

[31]

FANXY, KEFS, WEI G Z, et al. Sn—Co alloy anode using
porous Cu as current collector for lithium ion battery[J]. Journal
of Alloys and Compounds, 2009, 476(1/2) . 70-73.

SUNJ, MINGTY, QIAN H X, et al. Electrochemical behav-
iors and electrodeposition of single—phase Cu-Sn alloy coating
in[BMIM|CI[J]. Electrochimica Acta, 2019, 297 87-93.
LAIZ Q, WANG S X, WANG C, et al. A comparison of typi-
cal additives for copper electroplating based on theoretical
computation[]J]. Computational Materials Science, 2018, 147.
95-102.

DIAO F Y, XIAO X X, LUO B, et al. Two—step fabrication of
nanoporous copper films with tunable morphology for SERS
application[J]. Applied Surface Science, 2018, 427. 1271-
1279.

YUE Y, LIANG H. 3D current collectors for lithium—ion bat-
teries; A topical review[J]. Small Methods, 2018, 2(8):
1800056.

CHEN J C M, YANG J, CHENG M M C. Induced nanoscale
roughness of current collectors enhances lithium ion battery
performances|J]. Journal of Power Sources, 2019, 430. 169-
174.

ZHANG J L, CHEN H B, FAN B F, et al. Study on the rela-
tionship between crystal plane orientation and strength of elec-
trolytic copper foil[J]. Journal of Alloys and Compounds,
2021, 884: 161044.

KIM M, CHA H R, CHOI C, et al. Effects of gelatin additives
on the microstructures and corrosion properties of electrode-
posited Cu thin films[]J]. Korean Journal of Metals and Materi-
als, 2010, 48(8): 757-764.

MEUDRE C, RICQ L, HIHN J Y, et al. Adsorption of gelatin
during electrodeposition of copper and tin—copper alloys from
acid sulfate electrolyte[]J]. Surface and Coatings Technology,
2014, 252 93-101.

KOSL, LINJY, WANG Y Y, et al. Effect of the molecular
weight of polyethylene glycol as single additive in copper de-
position for interconnect metallization[]J]. Thin Solid Films,
2008, 516(15): 5046-5051.

KANG M S, KIM S K, KIM K, et al. The influence of thiourea
on copper electrodeposition: Adsorbate identification and ef-
fect on electrochemical nucleation[J]. Thin Solid Films, 2008,
516(12): 3761-3766.

ST, M LX) Cr( D) HLBE B Cu J2 Ni-P-SiC &2 &5
WAL Fit, 1996, 17(1):42-45.

ZHANG X. Effect of rare earth on Cr(III) plating, Cu plating

133

—_

[34

—

[35]

[36]

[37

—

[38]

and Ni-P-SiC composite plating[J]. Rare Earths, 1996, 17(1).
42-45 (in Chinese) .

DENG G F, HE G R, HUANG J Q, et al. Influence of rare
earth on the peeling properties of ultra—thin copper foil with
carrierJ]. Advanced Materials Research, 2013, 652/653/654 .
1755-1758.

W, 4B, F0p . TR AR rh i P ) 5 2R
FEAE(T]. BRALAG S (W BRI ME) , 2007, 43(8): 392-394.
HONG B, JIANG C H, WANG X J. Characteristic of internal
stress and texture in electroplated copper thin films[J]. Physical
Testing and Chemical Analysis (Part A Physical Testing),
2007, 43(8): 392-394 (in Chinese).

HISKEY J B, MAEDA Y. A study of copper deposition in the
presence of Group —15 elements by cyclic voltammetry and
Auger—electron spectroscopy[J]. Journal of Applied Electro-
chemistry, 2003, 33(5): 393-401.

CROUSIER J, BIMAGHRA 1. Electrodeposition of copper
from sulphate and chloride solutions[J]. Electrochimica Acta,
1989, 34(8): 1205-1211.

XU, Bhvkir, B/, 55 AR BN A USRI B L
AR S R AL FE T 2058 ()] R, 2020, 49(11):
168-176.

LIUY, LU B H, FAN X W, et al. Deeply coarsening surface
treatment of electrolytic copper foil with sodium tungstate com-
posite additive[J]. Surface Technology, 2020, 49(11). 168—
176 (in Chinese).

MENG Q, ZHUANG Y L, JIANG R H, et al. Atomistic obser-
vation of desodiation—induced phase transition in sodium tung-
sten bronze[J]. The Journal of Physical Chemistry Letters,
2021, 12(12): 3114-3119.

ZHANG J L, CHEN H B, FAN B F, et al. Study on the rela-
tionship between crystal plane orientation and strength of elec-
trolytic copper foil[J]. Journal of Alloys and Compounds,
2021, 884 161044.

AR5 &K

AT, PR, MR A PR BV IR A R
ZiH S PERERY RS IRI[T]. R Tl KA 441, 2024, 43(6)
36-43.

LIJ X, GAOZQ, HUANG G, et al. Effect of sodium tungstate
additives on structure and performance of ultra—thin electrolytic
copper foil[J]. Journal of Tiangong University, 2024, 43(6):
36-43(in Chinese).



