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(57) Abstract: The present invention relates to a lithium secondary battery. More specifically, the lithium secondary battery may, due
to an interaction between a Li-Mg alloy included in an anode and a furan-based solvent included in an electrolyte, inhibit growth of
lithium dendrites, and may inhibit a side reaction between lithium sulfide eluted from a cathode and a lithium anode, thereby improving
lifespan characteristics of the battery.
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] F5-8 o) A AH X & A £33 T} (DOL: 1,3-Dioxolane).

v i 2
&= 2 A Ao §u] A 2Me-F/DME (2:8 (v/v)) thAl DOL/DME (5:5 (v/v))<
ARESE Al S Al Qetar, Ao 13 sdg WHOE 2l w3 oA A &

A 238} T} (DOL: 1,3-Dioxolane).

Off

Bl o 3
O EM Li-Mg $H5 A Lig AR 218 Alejshar, A o 13 FA

ol
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[94]
[95]

[96]
[97]

[98]

[99]

& A Li-Al 3H3(AL 1 =3%)S AF&3 A
2 4 F-3 o|AAAE A 23R

H| 1 5
&= o 24 Li-Mg 3+ th4! Li-Zn

5(@n 5 TH%) S A
Aol 13 FAE EH O R T F

F-33 o] 41X & A 28l

Agd 1
AAlof] 1 D vl 1 W R] 594 Alz=d 39
th &l A, 25°CoN A 0.2C &2/0.3C ¥4 Ao &8

PCT/KR2022/002634

44 Fehe] el -3¢ o] Ao

CC(constant current) &. = 5

TEe WA SRS R S SAR e, 1 4= 12 &
2a ¥ X 2bol] Vel vle} T
[3E1]
= e A 18 (cycle <)
o= |8z 3}ak =Ry (FA &5 A
d=dda wt% | at% 80% 71%)
H e 1 | Li - - - |DOL/DME (5:5 (v/v)) 31
Hlale 2 |Li-Mg | Mg | 1 | 0.3 |DOL/DME (5:5 (v/v)) 39
e 3 | Li - - - |2Me-F/DME (2:8 (v/v)) 168
B3l 4 | Li-Al | Al 1 |0.26 |2Me-F/DME (2:8 (v/v)) 167
Hlale| 5 |Li-Zn | Zn | 5 |0.56 [2Me-F/DME (2:8 (v/v)) 158
AAlel 1 |Li-Mg | Mg | 1 | 0.3 [2Me-F/DME (2:8 (v/v)) 203
A7 31, 5 2a 2 5 2bo) VERE ulef o], A Ao 19] 1 A o] vl |
A 1] ate] 500 vlal & A3 8 A 02 e
Hlalo] 3, vl ulof] 4 W B] L] 53= 2 A]of 12] A&] 2 Gufe} &Lt
2Me-F/DME JQLUH*E‘ Y skeu, =0 2 A 27} bare Li, Li-Al &5 2 Li—Zn

&)

]Q]rﬂfi er%,/‘a]/\] ] o 12 Ller Mg7} 318 % ](sohd solutlon)% 3

*é gt
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e, A7 2 E = ol A Mg7h B9 o] & w4 3RS Ao &L
AR} oM g shA sk, O]g]rﬂo Mge| 3t Fazof utet gl &
FAG] WS HS e o Ay, gF5e A R
2] (plating/stripping) 7F w4 8FA| o] Fo] x| = Aol 71<1gk A o]t ‘i‘?ﬂ, H| al o]
4 D |l 59 Li-Al &5 2 Li-Zn &+ < LisAl,, LiZn¥d &
3}31& (intermetallic compound)E AL 2, 3o Y47 B A st
Y A (particle) 3 B = 2] F-9| 274 % Al(grain boundary) & =+% Q1 & ]
& Al (segregation) ¥ B2, 2] TAY A H 2 Fo A A 2L el
FIA ol A ek

[100] o|2H, &=l LiMgE ¥ &staL, A4 o] a2 FA &ufel
2-v| & 35 ¢H(2-Methylfuran, 2ME-F)-& ¥ ¢-3}= 23 8 v & E 35l 2| -3

[e]

ol apA A o] =H EAdo] £ A& g1l

[101]

[102] 371 32 2+= A Al 1 Z Bl ale) 404 Az 992 A Fef o 2 F-33
o] kA A o] B}, 25°Cll A 0.2C 5 71/0.3C WA Alo] &S CCRER
T-E&A 1} 120 Abo] & 4230 81 T SOC(State of charge) 100, W4 &3 §-#] &
9 B o9 F2 o w A5, 11 A5 YER Aot}

[103]

[104] (1) HA &% FA&

[105] =71 &% ] 120 Atol & 73 & &3S W& =2 Aklstgitt

[106]

[107] () 2= 574

[108] 7 S VI(TESA, w-hite)E ©]-&3to] &= 57 & A4t

[109]

[110] ) += s

[111] &5 th33ta-2 8t7] 57812 19 o &) Alxlarsitt

[112] <582 1>

[113] == BEEE () =100x [1(7& F &5 HE)/75 A a5 4 5))

[114] 2371 3P 104, 7] &5 EEE &9 4 Wl FAS FA=2
o] ALkttt

[115]

[116] 4) B A A7 H Ao B}

[117] o)A A7 (KEYENCE VK-X100 Series)Z ©] &3] o 712 7] 2 o)
9atE S48l

[118]
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[119]

[120]

[121]

[122]

[123]
[124]

[125]

[126]

[3%2]
o= [ &% 5 e [ 97 | A9
g4=4 |8 22 | pm s | =y (SR A
FAEC | A [FA ) |F7H8%| T | ) G
%) y | @
Aol Li-Mg | 91 100 180 80 29 | 4 | 28
i
®l5o]| Li-Al | 82 100 | 219 119 | 38 | 19 | 81
s | ww

#47) 5 200 vhebdk ulksk ol el -5} ol A A 9 & F ) LiMgE &

SESEEHE A Ald 12, 120 Aol E 5 Foll i =2 WA &7 S
Ye Y, 92 57 71, w2 &5 tasts 2 e g ARV E
el = Ag Felsiddnt ol o} & v &= tharsh& ) #de 1 §-47)
A2 4 gk 919191 A& < 4 9l

W32 Ao 1 Y Blald] 19 &= ol thdt P8k AL 43D YA
Aot A7) AAlel 1 F bl ale] 19] &= A7) 120 Alel & 478 ¥ SOC 100
ERQT Flolt). A7) 38 AR 2 3D YA ARZE dlo] 4] dn] 7 (KEYENCE

VK-X100 Series)E ©|-&3}o] &3l 7l o]t}

3

= 30 e vie) ol ulaie] 49] Li-al §72 Eitel i &L el
dofo] Bahs 3 @Ak vl 2 Aoz vhehgeh whd A4 o 19] Li-Mg
e ESHE T AR WA ] 80% o ol B A F T2
FASD gor] A B3 vlol, &9 BelHel T2t g e HH S
FASHE AL B 5 Qo)

S da R 5 4bss A7 S AA e LR Hlael] 18] F=pel] ek v
SEM(scanning electron microscope) AF%! X EDS(Energy Dispersive X-ray
Spectroscopy) %41 234 & byl glolch 4] A A el 1 9 ] 5we] 19] &5
120 Aol & 43 ¥ SOC 100 ‘g Hf ©] t}. SEM-EDS(JEOL FESEM, JSM-7610F) &
o]-g3to] SEM ALzl =4 2 EDS ¥-4-2 A St 1 Aol A Ao 1 ¢

B 3Lof] 40| A B gl AE ¥ A Fdth

% 4a B % dboll vhebd kst ol A 1 19] Li-Mg 85 &3 120 Aol 2
TE Tl 3] HF v &= el 3
HEH | Bl alof] 49] Li-Al 3+ A

—'>~

i}
ool M= a Bt b 929 Bol L
o8 #(surfuno] T T A RatEo] WAd Ao el
Sl A=

o| 2, A Ald 19] Li-Mg 3 =
gAdske] n2A Fxs, AEa el rubes AA D = k= A
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B
fite]

—_—

wr

[127]
[128]

.

919

3] %

E
=

of 7l Akt oflell 71412

mo
2

)

o

1

1

2 7 Aol 9

<
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[ 1]

[7d - 2]

[ 3]

[7d - 4]

[ 5]

[ 6]

(7478 7]

7] Li-Mg 532, Mg7F 0 53 % %3 2 90 5% o5t 2 L3¢
318 (solid solution)?!, ] F ©] X} A].
Aol glof A,
| Li-Mg $H5-2 S (foil) <1 A QL 2] & oAb A,
A1kl ol A,
=8 5752 0 pum 23, 200 m o] 8FS1, €4 o] A A

A7 FBA F 7] vl i= FF(furan), 2-V € F #(2-methylfuran),
3-1) & 35 @ (3-methylfuran), 2-°l] & 3% ©(2-ethylfuran),
zzi%%ﬂ@mmmMmz%%ﬁﬂ@mMMm)

2,3-t] W & 57 ¥(2,3-dimethylfuran), 2,4-T] ¥ € 37 ¥H(2,4-dimethylfuran),
2,5-U H & 3 2H(2,5-dimethylfuran), 3] #(pyran),

2-W| & 31] &H(2-methylpyran), 3-H| & 3] #H(3-methylpyran),

4-v) &l 1] & (4-methylpyran), ¥l 7= #F(benzofuran),

2-(2-Y E 28] )55 ¢H(2-(2-Nitrovinyl)furan, thiophene),

Al-o] @ 3 (thiophene), 2- 7] & 40| 2.3 (2-methylthiophene),

2-o| Mo @ 3l (2-ethylthiphene), 2-3 5 E A} o] @ 3l (2-propylthiophene),
2-F-Elx-o] @ 3 (2-butylthiophene),

2,3-t] v & Mlo] @ #(2,3-dimethylthiophene),

2,4-t] v €l Mlo] @ #(2,4-dimethylthiophene) 2

2,5-t] W €l sl o] @ #(2,5-dimethylthiophene) & & o] Fo] 2l 7 0 2 -]
AEE = 18 o] 8 E3sha= A8l & oAb A,

A 1ol oA,

471 2] F Q-2 LiFSI(lithium bis(fluorosulfonyl)imide), LiTFSI(lithium

bis(trifluoromethanesulfonyyl)imide), LiCl, LiBr, Lil, LiClO,, LiBF,, LiB,Cl,,
, LiPF¢, LiCF;SO;, LiCF,CO,, LiAsFs, LiSbF, LiAICl,, CH;SO;Li, CE;SO;LA,

U%NU&G%Q%KE%%MJ@M%MAﬁiiiﬂﬂﬁXﬁ‘
A FEE AL 2, 4-9d Sl B E R 2l ol B R o] Fol il
ol A e 1F o] & E9teheE A4, ‘j/]% o) X} A].

A 1ol oA,

A7 A 7 A = A 4] B (Li(NOs), lithium nitrate) 2 AHZF(KNO,),
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LA F(CsNOy), A4k 1H] (MgNO3y), A2 (BaNO;),
o AL ZHF(KNO,) B o} 2 A 47(CsNOy) & o] Fo1 31 ol A A el v =
1& o]/ AL, & ol 2 A,

[7d 73 8] A1ael] oA,

A7 F=E s FEAEA 5] 3 L Sn(nx1), HAE gt = 31 et =,
713 sh3ts 2§53 EP R o] Fol X oA AEE = 1
ol & Egtak= A, g ol A A
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@e oo

o 8 @

% % @ % *@ % % @. %.‘ﬁ

ssesseoc@s

cea@ovassan
seeesnses sl

& 6 88 e 08

& 8 B

e T

seseof@ereene

& 859 L

b
A
o
L

L2 B B B 8 NN

§ @eosssssse

. B B R e e e e e v g igel - e R s e

800 F = 8% sxi@ams

Rsmisitmanit .3 ;
100 150
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