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SPECIFICATION 

Title of the Invention: Electrolyte for lithium secondary battery, and lithium secondary battery comprising the 

same 

 

TECHNICAL FIELD  

 

[1] The present subject matter is related, to electrolyte for lithium secondary battery, and lithium secondary battery 

comprising the same.  

 

BACKGROUND TECHNOLOGY 

 

[2] Lithium secondary batteries are receiving attention as power sources for various electronic devices due to their 

high discharge voltage and energy density.  

[3] As the cathode active material for lithium secondary batteries, oxides composed of lithium and transition 

metals, which have a structure capable of lithium-ion intercalation, such as LiCoO2, LiMn2O4, and LiNi1−xCoxO2 

(0<x<1), are mostly used. 

[4] For the anode active material, various carbon-based materials, including synthetic and natural graphite, and 

hard carbon, which are capable of lithium insertion/extraction, are primarily used. 

[5] An organic solvent in which a lithium salt is dissolved is utilized as the electrolyte for lithium secondary 

batteries.  

[6] Recently, there has been a demand for higher voltage and higher capacity in lithium secondary batteries. 

However, in such cases, gas generation within the battery can occur, leading to reduced battery reliability and 

performance. To suppress this gas generation, the application of propane sultone as an additive in the electrolyte 

has been studied. However, since propane sultone can cause cancer and is thus a regulated substance, its use is 

limited to less than 0.1 wt% of the total battery weight, which is insufficient to achieve a sufficient gas suppression 

effect. 

 

DETAILED DESCRIPTION OF THE INVENTION 

 

Technical Problem  

 

[7] One embodiment provides an electrolyte for lithium secondary batteries that is high-capacity, long-lasting, 

high-output, and harmless to the human body.  

[8] Another embodiment provides a lithium secondary battery that includes the aforementioned electrolyte. 

 

Solution to the Problem 

 

[9] According to one embodiment, an electrolyte for lithium secondary batteries is provided, which includes a 

non-aqueous organic solvent; a lithium salt; and a first additive that includes at least one compound represented 
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by Chemical Formulas 1 to 4. 

[10] [Chemical Formula 1] 

[11]  

     

[12] [Chemical Formula 2] 

[13]   

    

[14] [Chemical Formula 3] 

[15]   

    

[16] [Chemical Formula 4] 

[17] 

       

[18] (In Chemical Formulas 1 to 4, 
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[19] X is O, S, or CRaRb, where Ra and Rb are independent to each other and are hydrogen; or a substituted or 

unsubstituted alkyl group; 

[20] Y is O, S, or CRcRd, where Rc and Rd are independent to each other and are hydrogen; or a substituted or 

unsubstituted alkyl group; or a substituted or unsubstituted alkynyl group;  

[21] R10, R11, R12, R13, R14 and R15 are independent to each other and are hydrogen, or a substituted or unsubstituted 

alkyl group; or a substituted or unsubstituted alkynyl group;  

[22] and n1 and n2 are independent to each other and an integer from 1 to 3.) 

[23] The content of the first additive may be from 0.1 wt% to 10 wt% relative to the total weight of the electrolyte, 

and may be from 0.5 wt% to 3 wt%. 

[24] The first additive may be represented by Chemical Formula 1. 

[25] The electrolyte may further include a second additive represented by Chemical Formula 5. 

[26] [Chemical Formula 5] 

[27] 

      

[28] (In Chemical Formula 5 above,  

[29] X1 is CReRf, where Re and Rf are independent to each other and are hydrogen; or a substituted or unsubstituted 

alkyl group; 

[30] Z1 and Z2 are independent to each other and are hydrogen; or a substituted or unsubstituted alkyl group; or a 

vinyl group.   

[31] Z3 is hydrogen; or a substituted or unsubstituted alkyl group,  

[32] n3 is an integer from 1 to 3.) 

[33] The content of the second additive may be from 0.1 wt% to 10 wt% relative to the total weight of the 

electrolyte. 

[34] The weight ratio of the first additive to the second additive may be from 1:1 to 1:10. 

[35] The electrolyte may further comprise a third additive, such as fluoroethylene carbonate, vinylene carbonate, 

succinonitrile, hexame tricyanide, LiBF4 or a combination thereof. 

[36] In another embodiment, the present invention provides a lithium secondary battery comprising an anode 

comprising an anode active material; a cathode comprising a cathode active material; and a non-aqueous organic 

solvent, a lithium salt and the aforementioned electrolyte.    

[37] The specific features of other embodiments are included in the detailed description below. 

 

Effects of the Invention 

 

[38] According to one embodiment of the present invention, the electrolyte for lithium secondary batteries can 
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improve overcharge characteristics and raise the onset temperature of interface reactions for the cathode. 

 

Brief Description of the Drawings 

 

[39] Fig. 1 is a simplified diagram of a lithium secondary battery according to one embodiment of the present 

invention. 

[40] Fig. 2a is a graph showing the CV(cyclic voltammetry) results of a additive solution containing the first 

additive prepared in Preparation Example 3. 

[41] Fig. 2b is an enlarged view of Fig. 2a. 

[42] Fig. 3 is a graph showing the CV results of a reference solution comprising a combination of ethylene 

carbonate, ethyl methyl carbonate, and dimethyl carbonate with 1.5M LiPF6. 

[43] Fig. 4 is a graph showing the room temperature LSV(linear sweep voltammetry) results of a reference solution 

and the solution containing the additive. 

[44] Fig. 5 is a graph showing the measured resistance (A) before storing the batteries manufactured according to 

Embodiment 1, Comparative Examples 1 and 2 at a high temperature and (B) after storing the same at a high 

temperature.   

[45] Fig. 6 is a graph showing the thickness increase rate measured after high-temperature storage of batteries 

manufactured according to Embodiment 1, Comparative Examples 1 and 2. 

 

Best Mode for Carrying Out the Invention 

 

[46] Hereinafter, the embodiments of the present invention will be described in detail. However, these examples 

are presented for illustrative purposes only and should not be construed as limiting the present invention. The 

present invention will be defined by the scope of the appended claims. 

[47] In one embodiment, the present invention provides an electrolyte for lithium secondary batteries comprising 

a non-aqueous organic solvent, a lithium salt, and at least one first additive selected from the compounds 

represented by Chemical Formulas 1 to 4. 

[48] [Chemical Formula 1] 

[49] 

  

[50] [Chemical Formula 2] 
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[51] 

[52] [Chemical Formula 3]

[53] 

[54] [Chemical Formula 4]

[55] 

[56] In Chemical Formulas 1 to 4,

[57] X is O, S, or CRaRb, where Ra and Rb are independent to each other and are hydrogen; or a substituted or

unsubstituted alkyl group; 

[58] Y is O, S, or CRcRd, where Rc and Rd are independent to each other and are hydrogen; or a substituted or

unsubstituted alkyl group; or a substituted or unsubstituted alkynyl group; 

[59] R10, R11, R12, R13, R14 and R15 are independent to each other and are hydrogen, or a substituted or unsubstituted

alkyl group; 

[60] and n1 and n2 are independent to each other and an integer from 1 to 3.

[61] In one embodiment, the carbon number in the alkyl group or alkenyl group may be from C1 to C10, or may

be from C1 to C3. The aforementioned alkyl group may be linear or branched. In substituted alkyl groups and 

alkenyl groups, the substituent may be a halogen such as fluorine. 

[62] In one embodiment, the first additive may be represented by Chemical Formula 1.

Zhuhai CosMX Battery Co. - EX1047 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

IPR2025-00431 - Page 42 of 71



WO 2018/008743                                                        PCT/KR2017/012092 

6 

 

[63] The aforementioned first additive can effectively inhibit gas generation that may occur during charge and 

discharge of the battery or during high-temperature storage, and it can also effectively suppress the resulting 

increase in resistance. In particular, the first additive, as expressed by Chemical Formulas 1 to 4, contains a 

cyclopropane functional group. During charge and discharge or high-temperature storage, this cyclopropane 

functional group undergoes reduction and decomposition to form a vinyl group, and this vinyl group undergoes 

polymer reaction (polymerization) to form a robust film (SEI film) on the cathode surface. As the film forms on 

the cathode surface, it can suppress the collapse of the SEI (solid electrolyte interphase) film on the cathode, 

thereby inhibiting gas generation. 

[64] Furthermore, the first additive, as expressed by Chemical Formulas 1 to 4, comprises a SO2 or CO functional 

group, which enables the formation of a high-temperature resistant solid electrolyte interface (SEI) film during 

high-temperature storage, thereby suppressing the problem of increased resistance during high-temperature 

storage. 

[65] Moreover, since the first additive is a compound harmless to the human body, it can be appropriately used in 

the manufacture of actual batteries. 

[66] The content of the first additive may be from 0.1 wt% to 10 wt% relative to the total weight of the electrolyte, 

or may be from 0.5 wt% to 3 wt%. When the content of the first additive falls within this range, effective 

suppression of gas generation and resistance increase can be achieved. 

[67] In one embodiment, the electrolyte may further comprise the second additive represented by Chemical 

Formula 5. 

[68] [Chemical Formula 5] 

 

 

[69] 

       

[70] In the above Chemical Formula 5, 

[71] X1 is CReRf, where Re and Rf are independent to each other and are hydrogen; or a substituted or unsubstituted 

alkyl group; 

[72] Z1, Z2 and Z3 are independent to each other and are hydrogen; or a substituted or unsubstituted alkyl group;   

[73] and n1 is an integer from 1 to 3. 

[74] In one embodiment, the carbon number of the alkyl group or alkenyl group or vinyl group may be from C1 

to C10, or may be from C1 to C3. The aforementioned alkyl group may be linear or branched. In substituted alkyl 

groups and vinyl groups, the substituent may be a halogen such as fluorine. 

[75] The content of the second additive may be from 0.1 wt% to 5 wt% relative to the total weight of the 
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electrolyte, or may be from 1 wt% to 3 wt%. When the content of the second additive falls within this range, 

effective suppression of resistance increase within batteries can be achieved. 

[76] When the electrolyte further comprises the second additive, the weight ratio of the first additive to the second 

additive may be from 1:1 to 1:10, or may be from 1:1 to 1:3. When the mixing ratio of the first additive and the 

second additive falls within this range, the high-temperature lifecycle characteristics become more excellent, and 

the effect of reducing gas generation is also more superior. 

[77] The electrolyte may further comprise a third additive, such as fluoroethylene carbonate, vinylene carbonate, 

vinylethylene carbonate, succinonitrile, hexame tricyanide, LiBF4 or a combination thereof. When further 

comprising the third additive, the content of the third additive may be from 1 wt% to 3 wt% relative to the total  

weight of the electrolyte. Using the third additive in this range can more effectively suppress the increase in battery 

resistance. If the third additive is used in excess of this amount, the battery resistance may significantly increase, 

leading to a rapid decline in lifecycle characteristics, which is undesirable. 

[78] The non-aqueous organic solvent serves as a medium through which ions involved in the electrochemical 

reactions of the battery can move.  

[79] The non-aqueous organic solvent can include carbonate-based, ester-based, ether-based, ketone-based, 

alcohol-based, or aprotic solvents. 

[80] Examples of carbonate-based solvents include dimethyl carbonate (DMC), diethyl carbonate (DEC), dipropyl 

carbonate (DPC), methylpropyl carbonate (MPC), ethylpropyl carbonate (EPC), methylethyl carbonate (MEC), 

ethylene carbonate (EC), propylene carbonate (PC), and butylene carbonate (BC). The aforementioned ester-based 

solvents can include methyl acetate, ethyl acetate, n-propyl acetate, dimethyl acetate, methyl propionate, ethyl 

propionate, propyl propionate, γ-butyrolactone, decanolide (decanolide), valerolactone, mevalonolactone 

(mevalonolactone), and caprolactone (caprolactone). 

[81] Examples of ether-based solvents include dibutyl ether, tetraglyme, diglyme, dimethoxyethane, 2-

methyltetrahydrofuran, and tetrahydrofuran. Ketone-based solvents can include cyclohexanone.  

[82] Alcohol-based solvents can include ethyl alcohol and isopropyl alcohol. Aprotic solvents can include nitriles 

such as T-CN (where T is a hydrocarbon group with 2 to 20 carbon atoms in a linear, branched, or cyclic structure, 

which may include a double-bond cyclic or an ether bond), amides such as dimethylformamide, dioxolanes such 

as 1,3-dioxolane, and sulfolanes. 

[83] The non-aqueous solvent can be used alone or in combination with one or more other solvents. When using 

a combination of solvents, the mixing ratio can be appropriately adjusted according to the desired battery 

performance, which is well understood by those skilled in the art. 

[84] Furthermore, in the case of carbonate-based solvents, it is preferable to use a mixture of cyclic (cyclic) 

carbonates and chain (chain) carbonates. Mixing cyclic carbonates and chain carbonates in a volume ratio of 1:1 

to 1:9 can result in superior electrolyte performance. 

[85] The non-aqueous organic solvent may further comprise an aromatic hydrocarbon-based organic solvent in 

addition to the carbonate-based solvent. In this case, the carbonate-based solvent and the aromatic hydrocarbon-

based organic solvent may be mixed in a volume ratio of 1:1 to 30:1. 

[86] The aromatic hydrocarbon-based organic solvent can be an aromatic hydrocarbon compound represented by 

Chemical Formula 6. 

[87] [Chemical Formula 6] 
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[88]  

     

[89] (In the Chemical Formula 6 above, R1 to R6 are either identical or different and can be selected from a group 

comprising hydrogen, halogen, alkyl groups with the carbon number 1 to 10, haloalkyl groups, or combinations 

thereof.) 

[90] Specific examples of the aromatic hydrocarbon-based organic solvent include benzene, fluorobenzene, 1,2-

difluorobenzene, 1,3-difluorobenzene, 1,4-difluorobenzene, 1,2,3-trifluorobenzene, 1,2,4-trifluorobenzene, 

chlorobenzene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,2,3-trichlorobenzene, 1,2,4-

trichlorobenzene, iodobenzene, 1,2-diiodobenzene, 1,3-diiodobenzene, 1,4-diiodobenzene, 1,2,3-triiodobenzene, 

1,2,4-triiodobenzene, toluene, fluorotoluene, 2,3-difluorotoluene, 2,4-difluorotoluene, 2,5-difluorotoluene, 2,3,4-

trifluorotoluene, 2,3,5-trifluorotoluene, chlorotoluene, 2,3-dichlorotoluene, 2,4-dichlorotoluene, 2,5-

dichlorotoluene, 2,3,4-trichlorotoluene, 2,3,5-trichlorotoluene, iodotoluene, 2,3-diiodotoluene, 2,4-diiodotoluene, 

2,5-diiodotoluene, 2,3,4-triiodotoluene, 2,3,5-triiodotoluene, xylene, and combinations thereof and can be 

selected from a group comprising the same.  

[91] The electrolyte for the lithium secondary battery may further comprise an ethylene carbonate compound of 

Chemical Formula 7 to improve battery life. 

[92] [Chemical Formula 7] 

[93]  

     

 

[94] (In the Chemical Formula 7 above, R7 and R8 are each independently selected from the group comprising 

hydrogen, halogen group, cyano group (CN), nitro group (NO2), and a fluorinated alkyl group having a carbon 

number 1 to 5. At least one of R7 and R8 is selected from the group comprising halogen group, cyano group (CN), 

nitro group (NO2), and a fluorinated alkyl group having a carbon number 1 to 5. However, R7 and R8 are not both 

hydrogen.) 

[95] Representative examples of the ethylene carbonate compound include difluoroethylene carbonate, 
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chloroethylene carbonate, dichloroethylene carbonate, bromoethylene carbonate, dibromoethylene carbonate, 

nitroethylene carbonate, cyanoethylene carbonate, and fluoroethylene carbonate. When such life-extending 

additives are further used, the amount used can be appropriately adjusted. 

[96] The lithium salt is dissolved in the organic solvent, acting as a source of lithium ions within the battery, 

enabling the basic operation of the lithium secondary battery, and facilitating the movement of lithium ions 

between the cathode and anode. Representative examples of such lithium salts include LiPF6, LiSbF6, LiAsF6, 

LiN(SO2C2F5)2, Li(CF3SO2)2N, LiN(SO3C2F5)2, LiC4F9SO3, LiClO4, LiAlO2, LiAlCl4, LiN(CxF2x+1SO2) (CyF 

2y+1SO2) (here, x and y are natural numbers; for example, an integer from 1 to 20.), LiCl, LiI, LiB(C2O4)2 (lithium 

bis(oxalato) borate: LiBOB). One or two or more selected from the group comprising the same can be included 

in the supporting (supporting) electrolyte salt. The lithium salt concentration is preferably in the range of 0.1M to 

2.0M. When the concentration of the lithium salt falls within this range, the electrolyte exhibits appropriate 

conductivity and viscosity, leading to excellent electrolyte performance and effective lithium-ion movement. 

[97] Another embodiment provides a lithium secondary battery including the electrolyte, a cathode, and an anode. 

[98] The cathode includes a current collector and a cathode active material layer formed on the current collector, 

containing a cathode active material. 

[99] In the cathode active material layer, the cathode active material can be a compound capable of reversible 

intercalation and deintercalation of lithium (lithiated intercalation compound). Specifically, one or more of the 

composite oxides of lithium and a metal selected from cobalt, manganese, nickel, and combinations thereof can 

be used. More specific examples include compounds represented by any one of the following chemical formulas: 

LiaA1-bXb 

 

 

[100] In the above chemical formula, A is selected from the group comprising Ni, Co, Mn, and combinations 

thereof; X is selected from the group comprising Al, Ni, Co, Mn, Cr, Fe, Mg, Sr, V, rare-earth elements and 

combinations thereof; D is selected from the group comprising O, F, S, P, and combinations thereof; E is selected 

from the group consisting of Co, Mn, and combinations thereof; T is selected from the group comprising F, S, P, 

and combinations thereof; G is selected from the group comprising Al, Cr, Mn, Fe, Mg, La, Ce, Sr, V, and 
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combinations thereof; Q is selected from the group consisting of Ti, Mo, Mn, and combinations thereof; Z is 

selected from the group comprising Cr, V, Fe, Sc, Y, and combinations thereof; and J is selected from the group 

comprising V, Cr, Mn, Co, Ni, Cu, and combinations thereof. 

[101] Certainly, the material having a coating layer on the surface of this compound can be used, or one can use 

the compound with other compounds having a coating layer. This coating layer may include at least one coating 

element compound selected from the group comprising oxides of coating elements, hydroxides of coating 

elements, oxyhydroxides of coating elements, hydroxycarbonates of coating elements, and combinations thereof. 

These coating layers include compounds that can be amorphous or crystalline. The coating elements included in 

the coating layer can be selected from Mg, Al, Co, K, Na, Ca, Si, Ti, V, Sn, Ge, Ga, B, As, Zr, or mixtures thereof. 

As long as the coating formation process does not adversely affect the physical properties of the cathode active 

materials by utilizing such elements to the aforementioned compounds (e.g., spray coating, dipping, etc.), any 

coating methods can be used, which are well understood by those skilled in the art, and detailed descriptions will 

be omitted as they are well known in the field. 

[102] In the cathode above, the content of the cathode active material may be 90 wt% to 98 wt% relative to the 

total weight of the cathode active material. 

[103] In one embodiment, the cathode active material layer may further comprise a binder and a conductive agent. 

In this case, the content of the binder and the conductive agent may each be 1 wt% to 5 wt% relative to the total 

weight of the cathode active material layer. 

[104] The binder adheres well to the particles of the cathode active material, and also takes the role to adhere the 

particles of the cathode active material to the current collector. Typical examples include but not limited to 

polymers such as polyvinyl alcohol, carboxymethyl cellulose, hydroxypropyl cellulose, diacetyl cellulose, 

polyvinyl chloride, carboxylated polyvinyl chloride, polyvinyl fluoride, ethylene oxide polymer, 

polyvinylpyrrolidone, polyurethane, polytetrafluoroethylene, polyvinylidene fluoride, polyethylene, 

polypropylene, styrene-butadiene rubber, acrylated styrene-butadiene rubber, epoxy resin, and nylon.  

[105] The conductive agent, used to impart conductivity to the electrode, can be any electron-conductive material 

that does not cause chemical changes in the assembled battery. Examples of conductive agents include: carbon-

based materials such as natural graphite, artificial graphite, carbon black, acetylene black, Ketjen black, and 

carbon fibers; metal-based materials such as metal powders or metal fibers of copper, nickel, aluminum, and silver; 

conductive polymers such as polyphenylene derivatives; or conductive materials comprising mixtures thereof. 

[106] The current collector can be an aluminum foil, nickel foil, or combinations thereof, but it is not limited to 

these. 

[107] The anode comprises a current collector and an anode active material layer formed on this current collector, 

which includes an anode active material. 

[108] The anode active material can be a material that can reversibly intercalate/deintercalate lithium ions, lithium 

metal, alloys of lithium metal, materials that can be doped and dedoped with lithium, or transition metal oxides. 

[109] Materials that can reversibly intercalate/deintercalate the aforementioned lithium ions include carbon 

materials, that is, commonly used as carbonaceous anode active materials in lithium secondary batteries. 

Representative examples of carbonaceous anode active materials include crystalline carbon, amorphous carbon, 

or a combination of both. Examples of the crystalline carbon include natural graphite or artificial graphite in forms 

such as amorphous, plate-like, flake, spherical, or fibrous. Examples of amorphous carbon include soft carbon 
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(soft carbon), hard carbon (hard carbon), mesophase pitch carbide, and calcined cokes. 

[110] Alloys of the aforementioned lithium metal that can be used include alloys of lithium with metals selected 

from the group comprising Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si, Sb, Pb, In, Zn, Ba, Ra, Ge, Al, and Sn. 

[111] Materials that can be doped and dedoped with the aforementioned lithium include Si, SiOx (0 < x < 2), Si-

Q alloys (where Q is an element selected from the group comprising alkali metals, alkaline earth metals, Group 

13 elements, Group 14 elements, Group 15 elements, Group 16 elements, transition metals, rare earth elements, 

and combinations thereof, excluding Si), Si-carbon composites, Sn, SnO2 (0 < x < 2), Sn-R (where R is an element 

selected from the group comprising alkali metals, alkaline earth metals, Group 13 elements, Group 14 elements, 

Group 15 elements, Group 16 elements, transition metals, rare earth elements, and combinations thereof, 

excluding Sn), Sn-carbon composites, and mixtures of at least one of these with SiO2. The elements Q and R can 

be selected from the group comprising Mg, Ca, Sr, Ba, Ra, Sc, Y, Ti, Zr, Hf, Rf, V, Nb, Ta, Db, Cr, Mo, W, Sg, Tc, 

Re, Bh, Fe, Pb, Ru, Os, Hs, Rh, Ir, Pd, Pt, Cu, Ag, Au, Zn, Cd, B, Al, Ga, Sn, In, Ge, P, As, Sb, Bi, S, Se, Te, Po, 

and combinations thereof. 

[112] The transition metal oxide can be a lithium titanium oxide. 

[113] The anode active material layer includes the anode active material and a binder, and optionally, further 

includes a conductive material. 

[114] The content of the anode active material in the anode active material layer can be 95 wt% to 99 wt% relative 

to the total weight of the anode active material layer. The content of the binder in the anode active material layer 

can be 1 wt% to 5 wt% relative to the total weight of the anode active material layer. Additionally, when a 

conductive material is further included, the anode active material can be 90 wt% to 98 wt%, the binder can be 1 

wt% to 5 wt%, and the conductive material can be 1 wt% to 5 wt%. 

[115] The binder serves to adhere the anode active material particles to each other and to adhere the anode active 

material to the current collector. The binder can be a non-aqueous binder, an aqueous binder, or a combination 

thereof. 

[116] The aforementioned non-aqueous binders can include polyvinyl chloride, carboxylated polyvinyl chloride, 

polyvinyl fluoride, polymers containing ethylene oxide, polyvinylpyrrolidone, polyurethane, 

polytetrafluoroethylene, polyvinylidene fluoride, polyethylene, polypropylene, polyamide-imide, polyimide, or 

combinations thereof. 

[117] The aforementioned aqueous binders can include styrene-butadiene rubber, acrylated styrene-butadiene 

rubber, polyvinyl alcohol, sodium polyacrylate, copolymers of propylene and olefins having carbon numbers from 

2 to 8, copolymers of (meth)acrylic acid and (meth)acrylic acid alkyl esters, or combinations thereof. 

[118] When using an aqueous binder as the anode binder, a cellulose-based compound can be further added as a 

thickener to impart viscosity. Examples of cellulose-based compounds include carboxymethyl cellulose, 

hydroxypropyl methyl cellulose, methyl cellulose, or mixtures of 1 or more alkali metal salts thereof. The alkali 

metals can include Na, K, or Li. The amount of thickener used can be 0.1 parts by weight to 3 parts by weight per 

100 parts by weight of the anode active material. 

[119] The conductive agent, used to impart conductivity to the electrode, can be any electron-conductive material 

that does not cause chemical changes in the assembled battery. Examples of conductive agents include: carbon-

based materials such as natural graphite, artificial graphite, carbon black, acetylene black, Ketjen black, and 

carbon fibers; metal-based materials such as metal powders or metal fibers of copper, nickel, aluminum, and silver; 
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conductive polymers such as polyphenylene derivatives; or conductive materials comprising mixtures thereof. 

[120] The current collector can be selected from the group comprising copper foil, nickel foil, stainless steel foil, 

titanium foil, nickel foam (foam), copper foam, polymer substrates coated with conductive metal, and 

combinations thereof. 

[121] The cathode active material layer and the anode active material layer are formed by mixing the active 

material, binder, and optionally, conductive material in a solvent to prepare an active material composition, which 

is then applied to the current collector. The methods of forming such active material layers are well known in the 

art and are not described in detail herein. Solvents such as N-methylpyrrolidone can be used, but the invention is 

not limited to these. Additionally, when using an aqueous binder in the anode active material layer, water can be 

used as the solvent when preparing the anode active material composition. 

[122] Additionally, depending on the type of lithium secondary battery, a separator may be present between the 

anode and the cathode. Such separators can be made of polyethylene, polypropylene, polyvinylidene fluoride, or 

multilayer films of two or more layers thereof. Examples include a two-layer polyethylene/polypropylene 

separator, a three-layer polyethylene/polypropylene/polyethylene separator, a three-layer 

polypropylene/polyethylene/polypropylene separator, and other mixed multilayer films. 

[123] Figure 1 illustrates an exploded perspective view of a lithium secondary battery according to one 

embodiment of the present invention. While a prismatic type lithium secondary battery is described as an example 

in this embodiment, the present invention is not limited to this embodiment and can be applied to various shapes 

of batteries, such as cylindrical and pouch types. 

[124] Referring to Figure 1, a lithium secondary battery (100) according to one embodiment comprises an 

electrode assembly (40) wound with a separator (30) interposed between a cathode (10) and an anode (20), and a 

case (50) housing the electrode assembly (40). The cathode (10), anode (20), and separator (30) may be 

impregnated with an electrolyte (not shown). 

 

Mode for the Invention 

 

[125] Hereinafter, embodiments and comparative examples of the present invention will be described. The 

following embodiments are merely examples of the present invention and are not intended to limit the present 

invention to these examples. 

[126] (Preparation Example 1) 1-(2-chloroethyl)cyclopropane-1-ol 

(1-(2-chloroethyl)cyclopropane-1-ol) preparation  

[127] [Reaction Formula 1] 

[128] 
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[129] 

[130] The following experiments were all conducted under a nitrogen atmosphere. 

[131] Ethyl 3-chloropropionate (3-chloropropionate, 6.99g, 51.2 mmol) was dissolved in diethyl ether (35mL), 

and titanium isopropoxide (titanium (IV) isoproxide, 2.91g, 10.2 mmol, 20 mol%) was added to this solution. 

Ethylmagnesium bromide (EtMgBr, 2.5 eq, magnesium: 3.12g (128 mmol), ethyl bromide: 14.0g, 12.8 mmol, 

diethyl ether: 94mL) was then slowly added dropwise to the resulting mixture at 0°C. 

[132] The obtained reaction mixture was stirred at room temperature for 1 hour. Subsequently, to sufficiently 

acidify the stirred product, a 10% concentration sulfuric acid solution (approximately 50 mL) was added to 

dissolve the solid, thereby terminating the reaction. 

[133] After the reaction was terminated, the obtained solution was extracted three times with diethyl ether (100 

mL) to obtain an organic layer. The obtained organic layer was sequentially washed with water, saturated sodium 

bicarbonate solution, and saturated sodium chloride solution. Anhydrous sodium sulfate was added to the washed 

product to remove remaining water, followed by vacuum filtration to remove all solvents under the vacuum state. 

[134] From the solvent-free product, 1-(2-chloroethyl)cyclopropan-1-ol was obtained as a pale yellow liquid via 

column chromatography using silica gel (diffusion solvent: a mixture of hexane and ethyl acetate (6:1 v/v) with 

90% volume and 10% volume of methanol, purification method) (5.39 g, 44.7 mmol, yield: 87%, Rf (Retention 

factor) = 0.42 (diffusion solvent: a mixture of acid and ethyl acetate (6:1 v/v) with 90% volume and methanol 

10% volume). 

[135] Additionally, the 1H NMR of the prepared 1-(2-chloroethyl)cyclopropan-1-ol yielded the following results. 

In the experiment, the 1H-NMR was measured using a Varian NMR system (Varian, Inc., 400 MHz, CDCl3), and 

the 13C NMR was measured using a Varian NMR system (Varian, Inc., 100 MHz, CDCl3). 

[136]  

 

[137] (Preparation Example 2): Synthesis of 1-(2-chloroethyl)cyclopropyl methanesulfonate  

1-(2-chloroethyl)cyclopropyl methanesulfonate   

[138] [Reaction Formula 2] 

[139] 

  

[140] The following experiments were all conducted under a nitrogen atmosphere. 
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[141] The 1-(2-chloroethyl)cyclopropan-1-ol (5.31 g, 44.0 mmol) prepared in Example 1 above was dissolved in 

diethyl ether (150 mL). Triethylamine (Et₃N, 13.4 g, 132 mmol, 3 eq) was then added to this solution. 

Methanesulfonyl chloride (MsCl, 6.05 g, 52.8 mmol, 1.2 eq) was slowly added dropwise to the obtained solution 

at 0°C. 

[142] The resulting reaction mixture was stirred at room temperature for 2 hours. Subsequently, saturated 

ammonium chloride solution (approximately 30 mL) was added to the stirred product to terminate the reaction. 

The obtained solution was extracted three times with ethyl acetate (100 mL) to obtain the organic layer. The 

obtained organic layer was washed with saturated sodium chloride solution. Anhydrous sodium sulfate was added 

to the washed product to remove remaining water, followed by vacuum filtration to remove all solvents under a 

vacuum state. 

[143] From the solvent-free product, 1-(2-chloroethyl)cyclopropyl methanesulfonate was obtained as a pale 

yellow liquid via column chromatography using silica gel (diffusion solvent: a mixture of hexane and ethyl acetate 

(3:1 v/v) as the eluent) (7.60 g, 38.3 mmol, yield: 87%): Rf= 0.31 (diffusion solvent: a mixture of hexane and 

ethyl acetate (3:1 v/v)). 

[144] The following are the results of the 1H NMR measurement of the prepared 1-(2-chloroethyl)cyclopropyl 

methanesulfonate. In the experiment, the 1H-NMR was measured using a Varian NMR system (Varian, Inc., 400 

MHz, CDCl₃), and the 13C NMR was measured using a Varian NMR system (Varian, Inc., 100 MHz, CDCl₃). 

[145]         

 

[146] (Preparation Example 3): Synthesis of 4-Oxa-5-thiaspiro[2.5]octane 5,5-dioxide (4-oxa-5-

thiaspiro[2.5]octane 5,5-dioxide, 1-4). 

[147] [Reaction Formula 3] 

 

[149] 

[150] The following experiments were all conducted under a nitrogen atmosphere. 

[151] Potassium t-butoxide (t-BuOK, 8.59g, 76.5 mmol) was dissolved in dimethyl sulfoxide (DMSO, 40 mL) 

and benzene (360 mL). To this solution, the 1-(2-chloroethyl)cyclopropyl methanesulfonate (7.60 g, 38.3 mmol) 

synthesized in Preparation Example 2, dissolved in benzene (120 mL), was slowly added dropwise. 
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[152] The resulting reaction mixture was stirred at room temperature for 10 hours, and then all the benzene was 

removed under a vacuum state. Subsequently, water (20 mL) was added to the obtained product until all solids 

dissolved, and the resulting aqueous solution was extracted three times with ethyl acetate (100 mL) to obtain the 

organic layer. The obtained organic layer was washed twice with water (20 mL) and then with saturated sodium 

chloride solution sequentially. Anhydrous sodium sulfate was added to the washed product to remove any 

remaining water, followed by vacuum filtration to remove all solvents under a vacuum state. 

[153] From the solvent-free product, 4-oxa-5-thiaspiro[2.5]octane 5,5-dioxide (Chemical Formulae 1-4B) was 

obtained as a white solid via column chromatography using silica gel (diffusion solvent: a mixture of hexane and 

ethyl acetate (3:1 v/v)) (3.60 g, 22.2 mmol, yield: 61%): mp = 63°C to 66°C, Rf= 0.27 (diffusion solvent: a mixture 

of hexane and ethyl acetate (3:1 v/v)). 

[154] The following are the results of the 1H NMR measurement of the synthesized 4-oxa-5-thiaspiro[2.5]octane 

5,5-dioxide. In the experiment, the 1H-NMR was measured using a Varian NMR system (Varian, Inc., 400 MHz, 

CDCl₃), and the 13C NMR was measured using a Varian NMR system (Varian, Inc., 100 MHz, CDCl₃). 

[155] 1H NMR (400 MHz, CDCl₃): 3.17 (dd, J = 6.2, 6.2 Hz, 2H), 2.31 (m, 2H), 1.82 (dd, J = 6.0, 6.0 Hz, 2H), 

1.22 (t, J = 7.0 Hz, 2H), 0.68 (t, J = 7.0 Hz, 2H); 

[156] 13C NMR (100 MHz, CDCl₃): 8.0, 47.9, 30.0, 21.9, 11.6; 

[157] Analytical Calculation (Anal. Calcd for C6H10O3S: C, 44.43; H, 6.21; O, 29.59; S, 19.77.  

[158] Found (Found): C, 40.47; H, 6.18; S, 19.85. 

[159] * Cyclic Voltammetry (Cyclic Votammetry: CV) Characteristic Evaluation 

[160] A 1 wt% solution of the 4-oxa-5-thiaspiro[2.5]octane 4,4-dioxide synthesized in Preparation Example 3 was 

prepared by adding it to a mixed solvent of ethylene carbonate, ethyl methyl carbonate, and dimethyl carbonate 

(2:4:4 v/v) containing 1.5M LiPF₆. 

[161] The cyclic voltammetry (scan rate: 1 mV/sec) of the 3 electrodes using this additive solution, a graphite 

working electrode (graphite working electrode), and a lithium counter electrode (Li counter electrode) was 

measured and shown in Figure 2a. Also, an enlarged view of Figure 2a is shown in Figure 2b.  

[162] A reference solution was prepared by dissolving 1.5M LiPF₆ in a mixed solvent of ethylene carbonate, ethyl 

methyl carbonate, and dimethyl carbonate (2:4:4 v/v). 

[163] The cyclic voltammetry (scan rate: 1 mV/sec) of the 3 electrodes using the reference solution, a graphite 

working electrode (graphite working electrode), and a lithium counter electrode (Li counter electrode) was 

measured and shown in Figure 3.  

[164] The cycles in Figures 2a, 2b, and 3 represent the number X of cycles. As shown in Figures 2a, 2b, and 3, 

the additive solution containing the additive synthesized in Preparation Example 3 exhibited higher reactivity at 

high potentials, indicating increased reactivity towards the anode. Additionally, as shown in Figures 2a and 2b, 

the additive solution exhibits a decomposition peak, that is a reduction peak, at 1.5V. This indicates that the 

reaction occurs at a higher potential compared to ethylene carbonate, which typically shows a reduction peak at 

0.5V. This result implies that the additive is reduced before ethylene carbonate. Furthermore, as shown in Figure 

3, the electrolyte solvent does not exhibit any specific reduction peaks. 

[165] * Linear Sweep Voltammetry (Linear Sweep Voltammetry: LSV) 
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[166] A 1 wt% solution of the 4-oxa-5-thiaspiro[2.5]octane 4,4-dioxide synthesized in Preparation Example 3 was 

prepared by adding it to a mixed solvent of ethylene carbonate, ethyl methyl carbonate, and dimethyl carbonate 

(2:4:4 v/v) containing 1.5M LiPF₆. 

[167] A reference solution was prepared by dissolving 1.5M LiPF₆ in a mixed solvent of ethylene carbonate, ethyl 

methyl carbonate, and dimethyl carbonate (2:4:4 v/v). 

[168] To evaluate the anodic decomposition at 25°C of both the additive solution and the reference solution, linear 

sweep voltammetry was used to measure anodic polarization (anodic polarization). The results are shown in Figure 

4. During measurement, a Pt electrode was used as the working electrode (working electrode), and Li was used 

as both the counter electrode (counter electrode) and the reference electrode (reference electrode) in a three-

electrode electrochemical cell. Here, the scan was conducted from 3V to 7V at a rate of 1 mV/sec. 

[169] As shown in Figure 4, the additive solution containing the additive synthesized in Preparation Example 3 

shows a higher oxidative decomposition current compared to the reference solution. This indicates that the 

oxidative decomposition starts at a lower potential (4.2V) compared to the additive solution (starting point of 

oxidative decomposition: 4.3V). This result also suggests that the additive has excellent reactivity towards the 

anode. 

[170] Embodiment 1 

[171] 1.15M LiPF₆ lithium salt was added to a mixed non-aqueous organic solvent (EC/PC/EP/PP = 2/1/3/4 v/v) 

of ethylene carbonate (EC), propylene carbonate (PC), ethyl propionate (EP), and propyl propionate (PP). To this 

100 wt% mixture, 7 wt% fluoroethylene carbonate, 1 wt% vinylene carbonate, 0.2 wt% LiBF₄, 2 wt% 

succinonitrile, and 2 wt% hexane tricarbonitrile were added. Additionally, 1 wt% of the first additive represented 

by Chemical Formulae 1-4B, synthesized in Preparation Example 3, was added to prepare an electrolyte for a 

lithium secondary battery. 

[172] [Chemical Formulae 1-4B 

[173] 

       

[174] (Embodiment 2) 

[175] A lithium secondary battery electrolyte was prepared in the same manner as in Embodiment 1, except that 

a second additive of propane sultone was further added. 

[176] Specifically, the electrolyte for the lithium secondary battery in Embodiment 2 was prepared by adding 

1.15M LiPF₆ lithium salt to a mixed non-aqueous organic solvent of ethylene carbonate (EC), propylene carbonate 

(PC), ethyl propionate (EP), and propyl propionate (PP) (EC/PC/EP/PP = 2/1/3/4 v/v). To this 100 wt% mixture, 

7 wt% fluoroethylene carbonate, 1 wt% vinylene carbonate, 0.2 wt% LiBF₄, 2 wt% succinonitrile, and 2 wt% 

hexane tricarbonitrile were added, along with 1 wt% of the first additive represented by Chemical Formulae 1-4B 
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synthesized in Preparation Example 3, and 2 wt% of propane sultone to prepare the electrolyte for the lithium 

secondary battery. 

[177] (Comparative Example 1) 

[178] A lithium secondary battery electrolyte was prepared in the same manner as in Embodiment 1, except that 

the first additive represented by Chemical Formulae 1-4B synthesized in Preparation Example 3 was not used. 

[179] Specifically, the electrolyte of Comparative Example 1 was prepared by adding 1.15M LiPF₆ lithium salt to 

a mixed non-aqueous organic solvent of ethylene carbonate (EC), propylene carbonate (PC), ethyl propionate 

(EP), and propyl propionate (PP) (EC/PC/EP/PP = 2/1/3/4 v/v). To this 100 wt% mixture, 7 wt% fluoroethylene 

carbonate, 1 wt% vinylene carbonate, 0.2 wt% LiBF₄, 2 wt% succinonitrile, and 2 wt% hexane tricarbonitrile were 

added. 

[180] (Comparative Example 2) 

[181] A lithium secondary battery electrolyte was prepared in the same manner as in Embodiment 1, except that 

propane sultone was added instead of the first additive represented by Chemical Formulae 1-4B synthesized in 

Preparation Example 3. 

[182] Specifically, the electrolyte of Comparative Example 2 was prepared by adding 1.15M LiPF₆ lithium salt to 

a mixed non-aqueous organic solvent of ethylene carbonate (EC), propylene carbonate (PC), ethyl propionate 

(EP), and propyl propionate (PP) (EC/PC/EP/PP = 2/1/3/4 v/v). To this 100 wt% mixture, 7 wt% fluoroethylene 

carbonate, 1 wt% vinylene carbonate, 0.2 wt% LiBF₄, 2 wt% succinonitrile, and 2 wt% hexane tricarbonitrile were 

added, along with 1 wt% propane sultone. 

[183] * Battery Fabrication 

[184] To prepare the cathode active material slurry, 96 wt% of LiCoO₂ cathode active material, 2 wt% of Ketjen 

Black conductive additive, and 2 wt% polyvinylidene fluoride were mixed in an N-methyl-2-pyrrolidone solvent. 

This cathode active material slurry was then coated onto aluminum foil, dried, and rolled to produce the cathode. 

[185] To prepare the anode active material slurry, 96 wt% of graphite anode active material, 2 wt% of Ketjen 

Black conductive additive, and 2 wt% of polyvinylidene fluoride were mixed in an N-methyl-2-pyrrolidone 

solvent. This anode active material slurry was then coated onto copper foil, dried, and rolled to produce the anode. 

[186] Using the cathode, anode and the electrolytes prepared from Embodiment 1 and 2, Comparative Examples 

1 and 2, lithium secondary batteries were assembled by conventional methods. Here, the electrolyte injection 

amount used was 5.8g. 

[187] The resistance of lithium secondary batteries using the electrolytes from Embodiment 1, Comparative 

Example 1 and 2 was measured and the results are shown in Figure 5 (A). After storing these batteries at 60°C for 

21 days, the resistance was measured again, and the results are shown in Figure 5 (B). As depicted in Figures 5 

(A) and (B), the resistance increase of the battery using the electrolyte from Embodiment 1 is significantly smaller 

compared to those using the electrolytes from Comparative Examples 1 and 2 after high-temperature storage 

(60°C) for 21 days. These results indicate that the electrolyte containing the additive of Chemical Formula 7 above 

significantly suppresses the resistance increase during high-temperature storage, specifically, more effective than 

propane sultone. 

[188] Moreover, the OCV (Open Circuit Voltage, V) and IR (Internal Resistance: IR, mῼ) of lithium secondary 

batteries using the electrolytes from Embodiment 1 and Comparative Examples 1 and 2 were measured. After 

storing these batteries at 60°C for 21 days, OCV and internal resistance were measured again, respectively. The 
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rate of change (%) before and after storage is shown in Table 1 below. Additionally, the initial thickness (mm) of 

the batteries and the thickness (mm) after 7, 14, and 21 days of storage at 60°C were measured, and the thickness 

increase rate (%) was calculated. The results of the thickness rate (%) after 21 days are included in Table 1, and 

the results after 7, 14, and 21 days are shown in Figure 6. 

[189] [Table 1] 

 OCV IR Thickness Increase Rate 

Comparative Example 2 -2.2% 20.8% 3.0% 

Comparative Example 1 -2.5% 21.8% 3.3% 

Embodiment 1 -1,9% 18.4% 2.2% 

 

[190] As shown in Table 1 above, the battery using the electrolyte from Embodiment 1 exhibits a smaller OCV 

decrease rate and a smaller IR and thickness increase rate compared to those using the electrolytes from 

Comparative Examples 1 and 2. 

[191] Additionally, as shown in Figure 6, the battery using the electrolytes from Embodiment 1 exhibits a smaller 

thickness increase rate after a high-temperature storage compared to those in Comparative Example 1 and 2.  

[192] Furthermore, batteries using the electrolytes from Embodiments 1 and 2, and Comparative Example 1 were 

measured their OCV, internal resistance and the battery thickness respectively. These batteries were subjected to 

60°C storage for 35 days. After that, their OCV, internal resistance and the battery thickness were measured again.   

[193] The results before storage at 60°C for 21 days are shown in Table 2 below, and the increase rate (%) in these 

results after storage is calculated and shown in Table 2 below. 

[194]  

[Table 2] 

 Early Phase After 35 Days 

OCV (V) IR (mΩ) Battery 

Thickness (mm) 

OCV IR Increase Rate of 

Battery Thickness 

Comparative 

Example 1 

4.37 20.29 4.91 -3.1% 24.2% 23.8% 

Embodiment 

1 

4.34 20.73 4.89 -2.4% 21.1% 7.7% 

Embodiment 

2 

4.34 20.65 4.91 -2.3% 22.5% 2.4% 

 

[195] As shown in Table 2, the OCV reduction rate of the battery using the electrolytes from Embodiments 1 and 

2 is smaller than that of Comparative Example 1. The IR and thickness increase rate are also smaller compared to 

Comparative Example 1. Notably, the electrolyte from Embodiment 2, which includes both the first additive 

represented by Chemical Formula 7 and the second additive, propane sultone, shows the smallest OCV reduction 

rate and the significantly low thickness increase rate for the batteries. 
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[196] This invention is not limited to the above embodiments but can be manufactured in various other forms. It 

can be understood that this invention can be implemented in different specific forms without changing the 

technical concepts or essential features of the invention by those skilled in the technical field to which this 

invention belongs. Therefore, the above-described examples should be considered illustrative in all aspects and 

not restrictive. 
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CLAIMS 

[Claim 1]  

An electrolyte for a lithium secondary battery comprising: 

a non-aqueous organic solvent;  

a lithium salt;  

and a first additive comprising at least one compound  

represented by Chemical Formulae 1 to 4. 

[Chemical Formula 1] 

 

[Chemical Formula 2] 

 

[Chemical Formula 3] 

 

[Chemical Formula 4] 

 

(In Chemical Formulae 1 to 4 above,  

X is O, S, or CRaRb, where Ra and Rb are independent to each other and are hydrogen; or a substituted or 

unsubstituted alkyl group; 

Y is O, S, or CRcRd, where Rc and Rd are independent to each other and are hydrogen; or a substituted or 

unsubstituted alkyl group; or a substituted or unsubstituted alkynyl group;  

R10, R11, R12, R13, R14 and R15 are independent to each other and are hydrogen, or a substituted or unsubstituted 
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alkyl group; or a substituted or unsubstituted alkynyl group;  

and n1 and n2 are independent to each other and an integer from 1 to 3.) 

[Claim 2] The electrolyte for a lithium secondary battery according to claim 1,  

wherein the content of the first additive is 0.1 wt% to 10 wt% relative to the total weight of the electrolyte. 

[Claim 3] The electrolyte for a lithium secondary battery according to claim 1,  

wherein the content of the first additive is 0.5 wt% to 3 wt% relative to the total weight of the electrolyte. 

[Claim 4] The electrolyte for a lithium secondary battery according to claim 1,  

wherein the first additive is a compound represented by Chemical Formula 1. 

[Claim 5] The electrolyte for a lithium secondary battery according to claim 1, further comprising a second 

additive represented by Chemical Formula 5. 

[Chemical Formula 5] 

  

(In Chemical Formula 5 above, 

X1 is CReRf, where Re and Rf are independent to each other and are hydrogen; or a substituted or unsubstituted 

alkyl group; 

Z1 and Z2 are independent to each other and are hydrogen; or a substituted or unsubstituted alkyl group; or a 

substituted or unsubstituted vinyl group;  

Z3 is hydrogen; or a substituted or unsubstituted alkyl group;  

and n3 is an integer from 1 to 3.)   

[Claim 6] The electrolyte for a lithium secondary battery according to claim 5,  

wherein the content of the second additive is 0.1 wt% to 10 wt% relative to the total weight of the electrolyte. 

[Claim 7] The electrolyte for a lithium secondary battery according to claim 1,  

wherein the electrolyte further comprises the second additive represented by Chemical Formula 5 below,  

and the weight ratio of the first additive to the second additive is 1:1 to 1:10. 

[Chemical Formula 5] 

 

 

(In Chemical Formula 5 above, 

X1 is CReRf, where Re and Rf are independent to each other and are hydrogen; or a substituted or unsubstituted 

alkyl group; 

Z1 and Z2 are independent to each other and are hydrogen; or a substituted or unsubstituted alkyl group; or a 
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substituted or unsubstituted vinyl group;  

Z3 is hydrogen; or a substituted or unsubstituted alkyl group;  

and n3 is an integer from 1 to 3.)   

[Claim 8] The electrolyte for a lithium secondary battery according to claim 1,  

wherein the electrolyte further comprises a third additive which is a combination of fluoroethylene carbonate, 

vinylene carbonate, succinonitrile, hexanetrionitrile, LiBF₄, or combinations thereof. 

[Claim 9] A lithium secondary battery comprising: 

a cathode containing a cathode active material; 

an anode containing an anode active material; and 

the electrolyte according to any one of claims 1 to 8. 
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