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(54) Name of Utility Model

LITHIUM-ION BATTERY POSITIVE ELECTRODE 

(57) Abstract

The present utility model belongs to the field of lithium-ion battery 

technology and relates particularly to a lithium-ion battery positive 

electrode comprising a positive electrode current collector with an 

edge treated by gas plasma etching, and a positive electrode film 

disposed on a surface of the positive electrode current collector, the 

width of the positive electrode current collector being less than the 

width of the positive electrode film, an oxide layer being disposed 

at an edge of the positive electrode current collector. In comparison 

with the prior art, the lithium-ion battery positive electrode of the 

present utility model forms a special positive electrode structure 

with an “indented” the current collector by means of gas plasma 

etching treatment; without affecting the overall shape of the 

positive electrode or the integrity of the positive electrode film 

coating, this solution can remove cutting burrs on the positive 

electrode current collector, and, this solution, due to the indented 

structure of the positive electrode current collector and the 

insulation of the oxide layer on the outside, can prevent the risk of 

unremoved burrs or rough surfaces resulting from the etching 

extending out and piercing through a separator, thereby effectively 

ensuring the safety of the lithium-ion battery. 
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1. A lithium-ion battery positive electrode, comprising a positive electrode current collector with an

edge treated by gas plasma etching, and a positive electrode film disposed on a surface of the positive 

electrode current collector, wherein the width of the positive electrode current collector is less than the 

width of the positive electrode film, and an oxide layer is disposed at an edge of the positive electrode 

current collector. 

2. The lithium-ion battery positive electrode of claim 1, wherein the oxide layer has a thickness of 1-

10 µm. 

3. The lithium-ion battery positive electrode of claim 2, wherein the oxide layer has a thickness of 1-

3 µm. 

4. The lithium-ion battery positive electrode of claim 3, wherein the oxide layer has a thickness of 2

µm. 

5. The lithium-ion battery positive electrode of claim 1, wherein in the widthwise direction, the

distance between the left edge of the positive electrode current collector and the left edge of the positive 

electrode film is 0-50 µm, the distance between the right edge of the positive electrode current collector 

and the right edge of the positive electrode film is 0-50 µm, and the left edge and the right edge of the 

positive electrode current collector are both located between the left edge and the right edge of the positive 

electrode film. 

6. The lithium-ion battery positive electrode of claim 5, wherein in the widthwise direction, the

distance between the left edge of the positive electrode current collector and the left edge of the positive 

electrode film is 10-45 µm, and the distance between the right edge of the positive electrode current 

collector and the right edge of the positive electrode film is 10-45 µm. 

7. The lithium-ion battery positive electrode of claim 6, wherein in the widthwise direction, the

distance between the left edge of the positive electrode current collector and the left edge of the positive 

electrode film is 30 µm, and the distance between the right edge of the positive electrode current collector 

and the right edge of the positive electrode film is 30 µm. 
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LITHIUM-ION BATTERY POSITIVE ELECTRODE 

TECHNICAL FIELD 

[0001] The present utility model belongs to the field of lithium-ion battery technology and particularly 

relates to a lithium-ion battery positive electrode. 

BACKGROUND 

[0002] As modern society develops, mobile devices, such as video cameras, laptop computers, portable 

DVD players, and digital cameras, have seen increasingly broad applications, and therefore the demand 

for high energy batteries is growing. Lithium-ion batteries offer many prominent advantages, including 

light weight, ample energy storage, high power, no pollution, long service life, low self-discharge 

coefficient, and broad temperature range; they have gained popularity and have become the best power 

sources for mobile devices, and they are also gradually replacing other conventional batteries in aviation, 

space, seafaring, automobiles, and medical devices, and other fields. 

[0003] A lithium-ion battery typically comprises a number of sequentially stacked battery cells inside, 

and each battery cell comprises a positive electrode, a separator, and a negative electrode wound or 

stacked together; here, the separator is placed between adjacent positive and negative electrodes to block 

the flow of electrons, allow the passage of ions, and retain an electrolyte. The positive electrode 

comprises a positive electrode current collector made typically of aluminum foil, and a positive electrode 

film attached to the positive electrode current collector and containing a positive electrode active 

material; the negative electrode comprises an negative electrode current collector made typically of 

copper foil, and a negative electrode film attached to the negative electrode current collector and 

containing a negative electrode active material; the separator is a microporous film made from steps such 

as plasticization and extraction; a structure like this is conducive to the retention of lithium-salt-

containing organic solvent electrolyte by the separator. To manufacture a lithium-ion battery, one simply 

needs to make one or more of the aforementioned battery cells into a battery core, wrap a packaging film 

around the battery core on the outside, inject the electrolyte into the packaging, and performing 

vacuuming and sealing. At present, the electrolyte used in lithium-ion batteries is a flammable organic 

electrolyte; therefore, secondary lithium-ion batteries have very high safety requirements. 

[0004] The process for preparing lithium-ion battery electrodes typically comprises, steps such as slurry 

preparation, coating, drying, calendering, and cutting; although the manufacturing steps of different 

manufacturers or different batteries may vary, electrode cutting is an indispensable step. Most lithium-ion 

batteries use aluminum foil for their positive electrode current collectors, and aluminum, due to its own 

nature, is prone to have burrs at cut edges. As illustrated in FIG. 1, on a positive electrode 200, an aluminum 

foil 220 serving as a positive electrode current collector have edges that are level with or slightly protrude 

over edges of a positive electrode film 240 and have some burrs that resulted from cutting; therefore, when 

this positive electrode 200 is stacked with a separator and a negative electrode, the cutting burrs on the 

aluminum foil 220 can easily pierce through the separator and thereby come into contact with its adjacent 

negative electrode film and short-circuit. A short-circuited battery will rapidly increase in temperature, 

which leads to the flammable organic electrolyte catching fire or even causes the battery to explode. 

[0005] To remove burrs on edges of the positive electrode, a Chinese patent application with the 

application number of CN200910036707.7 discloses a method for removing burrs by soaking a positive 

electrode winding material with an alkaline liquid. Although this wet treatment method can remove burrs 

at cut edges of a positive electrode current collector, it has challenges such as capillary action and 
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difficult implementation steps. Moreover, after soaking by the alkaline liquid, edges of the winding 

material may produce some burrs; in other words, new burrs are formed at the same time when old burrs 

are removed; so safety hazards remain. 

[0006] Therefore, it is indeed necessary to provide a lithium-ion battery positive electrode whose positive 

electrode current collector has much fewer or even no burrs at its edges, so that the safety of a battery 

using the positive electrode is greatly improved. 

SUMMARY 

[0007] The purpose of the present utility model is as follows: in view of shortcomings in the prior art, the 

present utility model aims to provide a lithium-ion battery positive electrode whose positive electrode 

current collector has much fewer or even no burrs at its edges, so that the safety of a battery using the 

positive electrode is greatly improved. 

[0008] To achieve the above purpose, the present utility model provides the following technical solution: 

a lithium-ion battery positive electrode, comprising a positive electrode current collector with an edge 

treated by gas plasma etching, and a positive electrode film disposed on a surface of the positive electrode 

current collector, the width of the positive electrode current collector being less than the width of the 

positive electrode film, an oxide layer being disposed at an edge of the positive electrode current 

collector. 

[0009] In an improved lithium-ion battery positive electrode of the present utility model, the oxide layer 

has a thickness of 1-10 µm. 

[0010] In an improved lithium-ion battery positive electrode of the present utility model, the oxide layer 

has a thickness of 1-3 µm. 

[0011] In an improved lithium-ion battery positive electrode of the present utility model, the oxide layer 

has a thickness of 2 µm. 

[0012] In an improved lithium-ion battery positive electrode of the present utility model, in the widthwise 

direction, the distance between the left edge of the positive electrode current collector and the left edge of 

the positive electrode film is 0-50 µm, the distance between the right edge of the positive electrode 

current collector and the right edge of the positive electrode film is 0-50 µm, and the left edge and the 

right edge of the positive electrode current collector are both located between the left edge and the right 

edge of the positive electrode film. 

[0013] In an improved lithium-ion battery positive electrode of the present utility model, in the widthwise 

direction, the distance between the left edge of the positive electrode current collector and the left edge of 

the positive electrode film is 10-45 µm, and the distance between the right edge of the positive electrode 

current collector and the right edge of the positive electrode film is 10-45 µm. 

[0014] In an improved lithium-ion battery positive electrode of the present utility model, in the widthwise 

direction, the distance between the left edge of the positive electrode current collector and the left edge of 

the positive electrode film is 30 µm, and the distance between the right edge of the positive electrode 

current collector and the right edge of the positive electrode film is 30 µm. 

[0015] In comparison with the prior art, the lithium-ion battery positive electrode of the present utility 

model forms a special positive electrode structure with an “indented” current collector (i.e., the width of 

the positive electrode current collector is less than the width of the positive electrode film) by means of 
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gas plasma etching treatment; without affecting the overall shape of the positive electrode or the integrity 

of the positive electrode film coating, this solution can remove cutting burrs on the positive electrode 

current collector, and, this solution, due to the indented structure of the positive electrode current 

collector and the insulation of the oxide layer on the outside, can prevent the risk of unremoved burrs or 

rough surfaces resulting from the etching extending out and piercing through a separator, thereby 

effectively ensuring the safety of the lithium-ion battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] A detailed description is provided below, in conjunction with drawings and embodiments, on the 

present utility model and its beneficial technical effects. 

[0017] FIG. 1 is a structural diagram illustrating a positive electrode in the prior art. 

[0018] FIG. 2 is a top-view diagram illustrating the present utility model. 

[0019] FIG. 3 is a cross-section diagram illustrating the present utility model. 

[0020] FIG. 4 is a structural diagram illustrating an apparatus for removing burrs on a positive electrode 

current collector according to one embodiment of the present utility model. 

DETAILED DESCRIPTION 

[0021] As illustrated in FIGs. 2 and 3, the present utility model provides a lithium-ion battery positive 

electrode, comprising a positive electrode current collector 10 with an edge treated by gas plasma etching, 

and a positive electrode film 20 disposed on a surface of the positive electrode current collector 10; the 

width of the positive electrode current collector 10 is less than the width of the positive electrode film 20, 

and an oxide layer 30 is disposed at an edge of the positive electrode current collector 10. Having the oxide 

layer 30 disposed can prevent the risk of unremoved burrs or rough surfaces resulting from the etching 

extending out and piercing through a separator. 

[0022] Here, the oxide layer 30 has a thickness of 1-10 µm. If the oxide layer 30 is too thin, it will not be 

able to effectively prevent the risk of unremoved burrs or rough surfaces resulting from the etching 

extending out and piercing through the separator. However, if the oxide layer 30 is too thick, it will result 

in unnecessary waste of materials. 

[0023] A preferred range of the thickness of the oxide layer 30 is 1-3 µm. 

[0024] A more optimal thickness of the oxide layer 30 is 2 µm. The oxide layer 30 may be disposed at the 

edge of the positive electrode current collector 10 by means of by means such as sputtering, vacuum 

plating, or coating. 

[0025] In the widthwise direction, the distance between the left edge of the positive electrode current 

collector 10 and the left edge of the positive electrode film 20 is 0-50 µm (i.e. the etch depth); the distance 

between the right edge of the positive electrode current collector 10 and the right edge of the positive 

electrode film 20 is 0-50 µm; and the left edge and the right edge of the positive electrode current collector 

10 are both located between the left edge and the right edge of the positive electrode film 20. The etch depth 
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is in the range of 0-50 µm. The limitation on the etch depth is to ensure that the burrs are removed without 

causing damage to the positive electrode. The large the distance of indentation, the better the safety 

performance because burrs that may not have been removed and rough bumps that resulted from the gas 

etching are all covered by the film on the outside. However, if the distance is too large, the film will lack 

support on its edge by the current collector and fall off. Moreover, when the etch depth is too great, it will 

cause unnecessary damage to an area on the positive electrode current collector 10 that is not covered by a 

positive electrode active material, thereby affecting tab welding in a subsequent step. Therefore, a more 

optimal distance of indentation is 0-50 µm. 

[0026] Preferably, in the widthwise direction, the distance between the left edge of the positive electrode 

current collector 10 and the left edge of the positive electrode film 20 is 10-45 µm; and the distance 

between the right edge of the positive electrode current collector 10 and the right edge of the positive 

electrode film 20 is 10-45 µm 

[0027] More preferably, in the widthwise direction, the distance between the left edge of the positive 

electrode current collector 10 and the left edge of the positive electrode film 20 is 30 µm; and the distance 

between the right edge of the positive electrode current collector 10 and the right edge of the positive 

electrode film 20 is 30 µm 

[0028] During specific operation, a plasma created from gas ionization bombards burrs on the positive 

electrode current collector 10 (the burrs being aluminum or aluminum oxide) at a high speed and reacts 

chemically with the burrs to remove the burrs at the cut edge of the positive electrode current collector 10 

and, at the same time, to produce an indented structure for the positive electrode current collector 10, and 

an oxide layer is disposed on its outside by means such as coating for insulation. An apparatus for 

removing burrs on the positive electrode current collector 10 is illustrated in FIG. 4; the apparatus 

comprises a vacuum chamber 1, a rotatable tray rack 3 for placement of a positive electrode 2, a gas 

distribution system 4, a ionization chamber 5, a plasma generator 6, a negative bias power supply 7, and a 

vacuum control system 8 for exhaust gas treatment; the rotatable tray rack 3 is disposed inside the 

vacuum chamber 1; the ionization chamber 5 is located between the plasma generator 6 and the vacuum 

chamber 1 and is connected to the gas distribution system 4; the negative bias power supply 7 is 

connected to the ionization chamber 5 and the rotatable tray rack 3, respectively; and the vacuum control 

system 8 is connected to the vacuum chamber 1. 

[0029] Here, the plasma generator 6 comprises a radio frequency power supply 61 and an electrode 62; 

the electrode 62 is connected to the ionization chamber 5, and the electrode 62 is electrically connected to 

the radio frequency power supply 61. 

[0030] In actual application, first, an edge of a positive electrode that had been die-cut was placed under a 

scanning electron microscope for observation; it was observed that the cut edge of the positive electrode 

current collector 10 had burrs, and the lengths of the burrs were in the range of 0-30 µm. 

[0031] Next, the positive electrode was wound and placed on the rotatable tray rack 3; the tray was placed 

into the sealed vacuum chamber 1; a gas mixture (Cl2, BCl3, Ar, and O2) flew from the gas distribution 

system 4 into the ionization chamber 5 at a volume ratio of (1-5):(1-5):(0.5-2):(5-15); and the electrode 62 

of the plasma generator 6 produced an adequately strong magnetic field at the action of the radio frequency 

power supply 61 and converted the gas mixture that had entered into the ionization chamber 5 into a plasma. 

[0032] The negative bias power supply 7 formed an electric field between the ionization chamber 5 and the 

positive electrode; the plasma in the ionization chamber 5, at the action of the electric field, entered into 

the vacuum chamber 1, bombarded the positive electrode at a high speed, and reacted with the burrs (which 

were aluminum or aluminum oxide) at the cut edge of the exposed positive electrode current collector 10 
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of the positive electrode with a reaction time of 20-60 minutes, so as to remove the burrs from the positive 

electrode. The equations for the chemical reactions between these gases and the burrs are, respectively: 

Al2O3+3BCl3→2AlCl3+3BOCl (1)；2Al+3Cl2→2AlCl3 (2)；2Al+3O2→2Al2O3 (3). 

[0033] Products of the reactions were drawn and discharged by the vacuum control system 8 and went 

through exhaust gas treatment. The aforementioned gases did not react with the positive electrode film 20 

or the positive electrode active material therein; therefore, the process of burr removal hardly had any 

negative impact on the positive electrode film 20. Finally, an oxide layer 30 for insulation was formed on 

the outside of the positive electrode current collector 10 by means such as coating. 

[0034] After the treatment, as illustrated in FIG. 3, the cut edge on the positive electrode current collector 

10 and the burrs thereon were all removed by the etching. The edge of the positive electrode after the 

plasma gas treatment was once again placed under a scanning electron microscope for observation; it was 

observed that there were no burrs at the cut edge of the positive electrode current collector 10, that the 

edge of the positive electrode current collector 10 was smooth, that there were some micro serrations 

(resulting from the gas etching), and that the distance of indentation of the positive electrode current 

collector 10 was 0-50 µm. 

[0035] The positive electrode film 20 did not react with the treatment gases; therefore, at this time, the 

width of the positive electrode current collector 10 was less than that of the separator, and the edge of the 

positive electrode current collector 10 had receded below the separator. And, the burrs on the positive 

electrode current collector 10 had been completely removed, and the oxide layer 30 for insulation was 

formed by passivation on the outside of the positive electrode current collector 10; therefore, it would be 

impossible to have short-circuit safety incidents anymore caused by the positive electrode current 

collector 10 piercing through the separator and coming into contact with the negative electrode film of the 

negative electrode. Moreover, even if the separator were damaged by other causes, the positive electrode 

current collector 10 receded below the positive electrode film 20 would hardly come into contact with the 

negative electrode film; therefore, the positive electrode of the present utility model can effectively ensure 

the safety of the lithium-ion battery. 

[0036] Additionally, the aforementioned gases and other substances in the battery cell, such as the 

negative electrode current collector, the negative electrode film, the negative electrode active material, 

and the separator between the positive and negative electrodes, do not react with each other chemically or 

have very low levels of chemical reactivity. 

[0037] As described above, the present utility model, by employing the plasma etching treatment method, 

removes the cut edge and burrs of the positive electrode current collector 10 without affecting the shape 

of the edge of the positive electrode or the integrity of the positive electrode film 20 coating. After the 

treatment, the positive electrode current collector 10 is less wide than the positive electrode film 20 and 

cannot be exposed at the edge of the positive electrode; therefore, it will not be able to pierce through the 

separator and short-circuit on contact with the negative electrode film; even when the separator is 

damaged by other causes, the positive electrode current collector will not come into contact with the 

negative electrode film, thereby effectively improving the safety performance of the lithium-ion battery. 

[0038] It needs to be noted that although the description only offered the example of Cl2, BCl3, Ar, and O2 

for gases in the idea of the present utility model, persons of skill in the art may, based on the disclosure of 

the description, alternatively use other gases that affect neither the external shape of the edge of the positive 

electrode nor the integrity of the positive electrode film coating. Additionally, the description does not 

exclude the use of a similar dry treatment method to perform etching treatment on the negative electrode to 

remove burrs at an edge of the negative electrode after current collector cutting. 
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[0039] That persons of skill in the art to which the present utility model belongs may make suitable 

alterations and modifications to the aforementioned embodiments based on disclosures and instructions in 

the description above. Therefore, the present utility model is not limited to the embodiments disclosed and 

described above, and modifications and alterations of the present utility model shall also fall within the 

scope of protection of the claims of the present utility model. Moreover, although certain terminology is 

used in the description, such terminology simply facilitates the description and does not limit the present 

utility model in any way.  
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[oo18] A 2 AASFARAOSAae A
[0019] AS AAASMAWASeA.

Fa) EA
[0020] Pa] A ASS FG iyAA AS 11 AE BRIE BREaSE A BR BTOR AeG

ARSHF
[0021] WS] 2 FU Al 3 AN, ASErE ESTS EA, BLIR
ASSES FRAUD EEATEDSE PAR 10 FUEPIERSea AR 10 Ae TSETHRAY 20, TERR SE

Tits 10 AY GEREZ)FIERA IT 20 AY DERE. LA 10 Wie BAee 30. Fb
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30 WY WeAY oe ARRSSEa peeAARAeee HE AA rity id PS ET DX Se

[0022] FH, VW 30 WIRED 110um. AAU 30 WEREA», FoieA REARR

KK» MATEBA EEAPDB A YES BE

[0023] 30 WEA 1 3m,RENE.
[0024] 4M 30 WERE 2m,AREY MT EPE. SULIE 30 FYWidemA aS

S77 EEREA 10

[0025] ZEWREAHL, TERE 10 ARS ERRA 20 FYAi RB)AES
0°50 nm (BURA, IERSEA 10 EAR IR 20 FNRZ TA EB PB
0°50 nm, FfAEREEA 10 AYZe A I RY FEHY 20 PNFeRA

SBOP ASR LSE, EEPERE. (ASAK Se SSRHr IRa SaiABSHH
SMS. i ACK, St TERREYEA 10 TEPR PEW EAR AK
Dh, ee. 50 m ER ER
[0026] {LEAN ZEBRE TT L, TEARAEA 10 AAER SERRA 20WAI NAAB
A 10°45 um, 10 AYAIRS ERI 20 AYRZEB 10°452m.
[0027] HARMEN, ERAT In), IEDR SEAL PA 10 AAce SED 20 AYA ec Td AY

FRRA 30nm,EARS 10 Ae SEAR A 20 AYRZ TAES A 302m.
[0028] AL PARREND BL ao 1 fsF Pg E ER ee eo JF IE EALA 10 EE E

aL AS LOE BATARA 4 eeRL PCEER
2 AY eeFEARS 3.CAPARSE 4 HSIAO RAE SS 6. findASHD 7 AL

PARAS 6 ALAA 1 ze FA ASE 4 ER, TiS FEU 7 By
HSMA 5 Ala)eeICA 3 He, A 8 SAMA 1 ER.

Ht 62 SiNAH 61 HERE.
[0030] SkinTEA. AOE24 ek BE PE SE Se EPL
BS KM DREA 10 EA,EIS EE 0°30 bom Zi].
[0031] FIERA DR IEA 3

LA. CRA WCCL. BCL. Ar #0.) FACRD ACASE 4 C15):

RIDA ASER) FEY a EBBE A I) HE, BODVIN TA] Ay 20°60min,Mi IE RR

lal, RE 0°50

ASTRA TERR AR 4a EPHBOK, BY RB ASRDA ISAB EAA ne

ER,
ee 10 Haase heALL Op ah AR

47FAME Ee$8hlASt 8,

[0029] SCH,AE 6 LAGI ALG 61 FIFHAR 62, HAR 62 SHA BSSA 5 ER,

RS A, #8 6 AY FLA 62 ZEDSFEYR 61

N Po AEAEae FER A EID,WIEAFPS fs r)

[0032] HIG, FLSA 5 PY SEEAE
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2A1C13 + 3BOC1 C1) ;2Al + 3C12 > 2AICI3) (2) ;2Al + 302. » 2A1203 (3).

ANGTEAR 20 AY TERTT PEW Ae PANESARUEEES EAN TER

30.
[0034] 7EADF, WO 3 Aran, TEARSEA 10 EI A EYEHABA th Jo

TA 10 CBA), EARSTAA 10 AIOE So)SCE ATRSS CA PBA

FEO, TEARS LO I A 0°50 bm.

Sev AS 10 ASMA BUTE ee TE 30, AG BEFACE IERSatHE 10

ACHE Y AB ATERH 20 AY ES TEEE AS 10 FRHEF He IY VEGASSF
[0036] 7 Hh EU fA Jo Sy FE APASPE I fA J TR RAEA RIT SRT

TESR Tid EDs Fe SEs AIANBeES BC BE ee EE BCI PETIER

ABCAFr Hil.» DATTASC tet BE FS FE HH 2 PEHE

MABINEA ABE RR ah,
TT TERT DAKAR BEATZA A SSPkPBR A ATEli HE

[0039] Att Le io YSA di asABT ANSAoA JeSU Be AN A ie HY Pm Es Se

SEEATRS ARAAC RIE, AS FS AS Jo BS ETEayaAHAS EO Ak8ST
BY AASSArdEA OK PRE EBL Yo

9PE eA Tr TEREARTRae 11 SRA TASS
JSEAA PR io

[0033] Aa 8 HHOHEM Ee eA. ER
Fr 2038MARei, BelaTEERSEA 10 AYAMI ae eR "6 Fy SUI BG Re EB AY

[0035] HFAFIERA 20 FfAG Ab FEATARDY, BP EG TE $eSE 8 LO AY EERF
fk, Five AB AN. ftAF FE8 SE 10 CATERER,

al) A Dy PS Fb rst SyTAR rE ARG JyReA ER SYtS ity FL, EW (ee By HE a Ii

[0037] SeEAre, ASS FR iyAaeS A Ah Ye, TEAS 52 MnTERRAIDR
Fe BeHe 20 REE TEREATL

ALIL
AK Sy FS Fb tty Sy iA AAEa, EL AEBHEi AGRATLR AAS



CN 202839841 U BH OBO S 1/2 61

40

Al 1

Fg] 2

20

20

90

10

ASS4 f £ & P #8

0

10 20

Fg] 3



CN 20283984Lu it AR OB By A 2/2 WA

Al 4

8


	Ex. 1013 - CN202839841U - Zhou
	CN202839841U-notch（30）_En_certified_EG
	Certificate of Accuracy_CN202839841U_EG

	CN202839841U



