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Analysis of patent trends of electrolytic copper foil technology for
secondary batteries
- Focusing on additive technology of major applicants
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Abstract This study examined various patents on electrolytic copper foil technology for secondary
batteries. The development trend of the technology was confirmed through quantitative analysis based
on country, year, applicant, and process. In particular, the copper foils for secondary batteries and other
fields used for secondary batteries were investigated. Domestic and foreign patents (Korea, United States,
Japan, China, Burope, PCT, and Taiwan) for the electrolytic copper foil technology by July 2023 were
searched, and the patent trend was analyzed through technology classification. China and Japan filed the
most patents, and the number of patents for electrolytic copper foil technology for secondary batteries
has increased rapidly since 2010. As for the number of applications by applicant, most patents were
disclosed by the top six companies. An investigation and analysis of the current status of patent
applications suggested that additive technology in the dissolution process is essential. Accordingly, the
core patents disclosed by major companies regarding this technology were analyzed. As a result, each
company focuses on specific additives, and generally, more than one additive is used. In addition, the
optimal physical properties could be followed by adjusting the ratio of additives. Accordingly, the
optimal additives and mass ratio could be confirmed in the patent. Furthermore, each company
organizes the added additives by classifying them into A, B, and C according to their role.

Keywords : Additive Technology, Electrolytic Copper Foil, Negative Electrode Sheet, Patent Technology
Trends, Secondary Battery
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Fig. 1. Demand/supply scale of copper foil for
secondary battery(Reconfigured)[8]
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Table 1. A comparative Analysis of the two types of
copper foil[16,17]

Copper foil for . N
PP . Printed circuit board
secondary batteries
Electrolytic
Mostly copper sulfate Mostly copper sulfate
solution ¥ copp ¥ copp
. Cathode active
Laminated . . -
. material Insulator, microcircuit
material s
(carbon, silicon)
Thickness 6~10 gm 35 pm
i Electrical connection
Collecting and N
Purpose . between electrical
emitting electrons
components
. Heat resistance,
Tensile strength, X i N
Important N electrical insulation,
X elongation, and .
properties X S mechanical strength, and
illumination .
adhesion
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Table 2. Patent search formula

Patent search formula
form Characteristic form Production
method
ke copper® OR anode* OR| ADJ3 | foil* | AND
YWI cathode* OR “negative OR electrolytic
ord B .
electrode sheet
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Table 3. Phases to extract valid patent data

Contents

Remove patents concentrated on concentrator,
capacitor, microcircuit, etching, semiconductor,

Phase 1 electromagnetic shielding, antenna
Maintain patents which has a great physical
properties even if the patent is about PCB

Phase 2 Remove patents Wh‘iCh do‘not tell the process

in detail

Phase 3 Remove patents focused on the application of

cathode active material
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Table 4. Technical classification table[22]
Large Medium Small
A. Dissolving
B. Electroplating
Electrolytic copper m
Copper foil foil

S

D. Roll slitting

2.
9

E. Sheet cutting
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Table 5. Main physical properties of copper foil[27]

Properties Contents
High-intens| Prevention of deformation and breakage such as
ity strength| wrinkles, tears, and tears of copper foil
High heat | Prevention of deformation of copper foil during
resistance | high-temperature heat treatment
Ultra-extre | Increase area per unit volume, reduce weight
mely thin | through thin thickness of 6 gm or less
. . Requires uniform surface roughness and thickness
Uniformity )
for constant performance
Need smooth surfaces to reduce power loss and
Roughness
speed data transfer
Increase productivity by reducing roll
Broadness | replacement rate by pulling out copper foil wide
and long
Adhesive | Surface treatment technology is required to
strength | increase adhesive force

Rolled copper foil -
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Table 6. Number of patents by country

Country Patents number
Japan(JP) 269
China(CN) 266
Korea(KR) 196

United States(US) 150
Taiwan(TW) 148
PCT 68
Europe(EU) 34
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Table 7. Number of patents by top ten applicants

Country Applicant Number
KR SK NEXILIS 191
JP FURUKAWA ELECTRIC 145
™ CHANG CHUN PETROCHEMICAL 118
P JX NIPPON MINING & METALS 115
JP MITSUI MINING & SMELTING 87
KR LOTTE ENERGY MATERIALS 83
KR LG CHEM 34
CN GUANGDONG FINE YUAN 21

SCIENCE TECHNOLOGY
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Table 15. Phases to extract core patent data

Contents

Major companies with a high market share

Phase 1| Applicants that supplies copper foil for batteries

Among top six applicants

Patents focused on additive technology in the
melting process

Phase 2
Exclude patents focused on stacking copper foil

and copper foil manufacturing equipment

Phase 3 Patents with many family patent applications

Table 15 &3f, SK Y4229 1913 & I 5
Sj& 22700] A=A olo] olof A& 11874
67, FF7eke 1457014 74, | ovA mEZ|d
2= 837014 107o® FF. o=t WY S5E
= ARFElE Ugstad, 7+ 71do] ofd J7HAIE ofF
Al BEskaL A gskh

sitA)

dm

of

342 2 J|HE

Table 16. Key patents order of SK Nexilis

20169%E 2017d7k4] SK T2 dlo|l=
EAd AEZAHEC), 471 F3hE, §7] dshs, &
0|2 @ 4x(thiourea) Al 3RIEI 22 A7HAIE AHSR
o} ZF JEL A B, C 522 WrolA 2 A7HAIE &
g JEoE BRIt & E9, SPSE /IEAR AR
=1 PEGE AAIAE ALEEH, Kol g A IE
2 ge g ALEQIh 2018WEE 201997HA1= A
Y AToA D2 HlolEE 7]Hte R gt ARt HIHA
E(ql: SPS, PEG, PPG 5)= AH8-sAA FAlo A
P AHER] 4-HE23tEmEH(4-mercaptopyridine),
Pb2+ o]&, H|A(As), OMH|Eoluto]E(Acetamide) S
< AFHoF ZQisto] FHkY] B4 Alogich 2020

EREESH

—

rl

99 BsjolAl 299 A4S TP §71 AAM
2 Bl I4E U TY 54 ZE FUE Az
k.
Table 17. Key patents order of Chang Chun
Petrochemical
Year Application number
2013 TW2013100388
2018 TW(2018128309, 2018136757,
2018136757, 2018136757)
2020 TW2019133598
201340 H7HAIE ARSSHA] gkal IpASkEA

FHE Fol EvES Ediotr &
= 97] Sz A&7t ATt
5|7t EAjsted], &YYol 7P HE
Lo EXF Alofstr] s AL 2 371
o] Z7I= it 4719] Esjolxs BF A,
oL, 3-mERE-1-Tad HEA JEFMPS), ia]
ogdlZe}o]Z(PEG-2000), 18]1 ET WY Klo] QL
Hoprt YT=EA ARSEIQICE 202040l 84 &
Az ZFoEZop(PEA)] MEA E=YEe
201840l AMBE|QIE MPS®E $A| 23=|Qlct. E3F &

Year Application number i R _
KR(10-2016-0051890, 10-2016-0105579, 714 BAE JiAsH] e HEEAE] Sl
2016 10-2016-01072300, 10-2016-0106695,
10-2016-0122345, 10-2016-0131979,
10_2012_0151713) Table 18. Key patents order of Furukawa Electric
KR(10-2017-0001308, 10-2017-0001310, —
10-2017-0005857, 10-2017-0025581, Year Application number
2017 10-2017-0029852, 10-2017-0081571, 1966 JP1996-106743
10-2017-0089031, 10-2017-00966G4,
7 10_920317_0110105) 0 2011 JP2011-074792
2018 KR(10-2018-0012179, 10-2018-0013092) 2012 JP2013-522908
2019 KR(10-20191-8124§1791261153-521%9-01501191 2013 JP(2013-528164, 2013-541901)
5020 KR10-2020-0127234 2014 JP(2014-523525, 2014-524196)
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Table 20. Analysis of the additives about patents by
four company

7] :L)\Oj'_iyﬂ EJ ]“% %]—%‘8]—04 7]7:"24 7C]—E7]- = 10-2017- 10-2019- 10-2018-
__’Lﬂc{:}-'—i H]—O ;(ﬂ_]_o]-.“f. l:g-lgoﬂ I:H ﬂ__’Lﬂ- ‘gﬂﬂq Additive 0081571 0150119 0055848
(SK) (SK) (LOTTE)
Aceelerator SPS SPS MPS
Table 19. Key patents order of Lotte Energy
Materials Suppressor PEG PEG PEG
Leveler 2MBT TU DETU
Year Application number
KR(10-2016-0052526, 10-2016-0052528,
10-2016-0150350, 10-2016-0150358, 10-2020- 10-2018- 2019-
2016 10-2016-0150361. 10-2016-0150362. Additive 0023016 0140122 10151129
10-2016-0150349, 10-2018-0055848) (ccr) (ccp) (WASON)
2018 KR10-2018-0055848 Aceelerator MPS MPS SPS
2019 KR10-2019-0170663
Suppressor PEA PVA PEG
Leveler dMal@ DETU Collagen
201649l= 2 TeE B4 9 T4 Hrtol Bkt S
W-go] Zx=ct. WA 1w ol gt =904
£ TOC 558 3ppm olst AA81] 1om 443 5
B2 AT UAS AE qUR Mgt SRS 4. 2=
1000ppm ©Jst& f-x3te = Tiu g 599 &
22 P E=3E, 2 A7EAO] digt AtojAE of A Zr=ol A W71 At T 54 AdS &
A7 BE FE B4 AAS AMgSIol TOC ES  Aelte] #8799 AL Aom dyEE, A7 A%
22311 B9 TP Fes AR o139 B35 oA 7K Fa3% A= F3A BAE ok A
oMt TUE U S, E O A9ojs THE, F of  oltk oA APge] A SriEwA olHA Fa
Ade F& AR ARSIt 201699 v E5] FEQl SSRAAEED A B3 @A 485 Hol
AL FYE 9 HIAS F& A7HE TRk 2018 AR AoZ AgHct Ty ofF] Bk digt A7t
ol ohofet 2FS s 98 TOC =2 FET AXolth °l°ﬂ E =RoAE fER 7EY =
10ppm ©Jo® AAdy, §7] H7IAQL DETU, A3 41891 B4tk 9] S ol E5 243 A
MPS, ZPS, PEGE ARgslo] Bute] EAS /HAFh  Alskith
2019499 Sslos EaAe] F4S Fglor, U 3, oldAg [a) B B Sk Avjez

A AL Ao Frleto] FHte

3.43 Zt 71Y &5 &M H|w

Zt 7190] AMERL F7HAIE Hlwsh] s ESEE
Accelerator(7FA), Suppressor(Z<A)), Leveler(H
AR Al 712 8 BAoE ERSIA o] ERE
B8 & 4 AdAd AFFL Accelerator?] AL FE
SPSe} MPSE /\}—‘15}‘31 Suppressord 7¢- H]|o|24
84 IRAE FE EEoto] 7Y 7ol fARE EA

< Utk ol 2 AL TR3 E99<l PEGTF
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