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T

1. S8038

nle A2 A7AEA, FATEE, oA AGEA], 2R, EE, A7]Ad49
5 YA AZZAE A+ D535} (electrification), F43}F (cordless)7F
A o= o|ZPHA] (rechargeable battery, storage battery, secondary
cel)o oJsf] B2 AREo] FZlol= AHE lSstal Sl AA| (battery)E
A EFotd &84 AR, 3kehd HA| 18jal ol AR E FES o 9l
oh =894 AR|= "HFol Hol|A Y AR 52 FolHAE o|-&5to] A7
oﬂ]_:]Z]E'- Bakshs W49 Mo, 3}y HA= 549 Atslet sheRks
o]-&sto] et R|E A7]UHAE HEA7]= WIS ol&st= FA=
A AR (primary battery), O|AFAA] 183l AF7HA] (fuel cel)Z
w510 ik Hiol @ MA|= a4 52 AVE BAEAE ¢ e AdES B
12 =1 (biocatalysts)= ARgste] 3let-golM BdHE s A5S
&oto] QFEE FoHoEHN H7|UAE Aitst= W0l
shebd A= A7) AUAE 2t oyA]9] FejE A48 F3lv7t 2
8% o] A7|ANYAE ARESt=ESE Qb= AT Oéi]—?ﬁ_z]l_‘:. sleto v A&
AZo|A = Hgste WATo] 7Hedt d3lE- 2=y
LiMn¥} <71l (alkaline)AlS] AlMn S9] 01031 O|x} A= WHEZQI

©)

T

>~1
m[m
=)
ol
H
T

S HAS ol 7R SetoUAE A4S nesto] HidF o= A}
g 715St AR EA FHA AR (rechargeable battery)Z2x= A oJEH ). o]

A A= acid, alkaline 18|31 lithium A2 58S 4 421 acid A9
GSAA, g7kl A9 UAZtEE (Ni-Cd), YEotd (Ni-Zn), HETa
(Ni-MH) I3 9% Ax 2le+% (ithium metal, LMB), Z&°]&
(lithium ion, LIB), 8l&&2/M (lithium polymer, LIPB)7} tjEZo|H <



( I OIRKHA| M gt S FF SStEE H2YRNT)

24X F4aHA87 HFHHKISTEP, 2020).

O|ZFHA Y] WIARE KW 1859d ZgA9 A}t 7tAE EFH/7t
gt 4kE o]&ste] 29 ojAAA|R] EEHAIE WHsH HSAA]
= 383t o] RY AATIA] FAHE, A HiE Y 5 TSRt Aol &
HASHA AREE oy RHI ovA ARLErE @2 @l 7HAH
18999 /e YAZIEE AA= YA AGE=7E B3 71=E9] {5143
4 iz gy} (o] FEHA 2 HEolA ASHAl AR AE-EFo]

A FAlolH, 1990t L&A s
O YA UET}t Wi (May, 2018, 4
]‘47‘] A&7t 3] E11 7HE gl
AA7F = o] AMEEFol S35kl Slvt. 18y A71AEAE, AR 5ol
A E&ZL oA =871 FTItel Wt 7|EY AlER] FEAA], YA
ZIEEAA], gEol2AA = AUA ik, AFEAZE, B 59 FAA, &8
d 59 ARl UL o] ZARY] dAE FESIIA HEEYH T A
Ao Higt 71e7id F2= JIeHKISTEP, 2020).

T2 20199 HEol2HiE ol gt A EES WHSII T ARE
< 579 o|ZAHA] AFFFER, BAE T A E A AAdol TRt e
E3skal QO W(Ganlin Pu, 2021) v]=AAAAREAA (Occupational
Safety and Health Administration, OSHA)°A+= El& siE g9 A =
dF EAd 9 QPR A] AFRHOSHA, 2019) 8iZsto] o|zpdA]of tist 918
A 9 AR R Sofl tiek A EE AlEotal o By SHel A
2= 22 4 Qth 19959 NREL (National Renewable Energy
Laboratory)9] Vimmerstedt 5°| o|AFAA|9] s}t 9D AZAS] A
Ao g8 oJot7] stal Qe Y(Laura J. Vimmerstedt, 1995) o] Az °F
309 A AE= @A o|XHA] AFFAClA HFote detEdits AA|5HA|
%= F5o] AUth

FUE, =ES 5 A0tE 171719 &3 ol4A A4l 447 v o]
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4o AAARAQA F=A (cathode material), =4

2 (electrolyte) AF¥<
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[28 m-1] S FX] e ER

2) S ZEol2AA AREFAHT #AFA FeAR)

20219 AR TARA =02 9HESE 20304 o]XFAA] AFY (K-
A o] M2 IT 71718 o|XA A= 201195E AA 1S % AlstaL

- 1

lom A7AREAE FHE ClAAlE 20214 Vel R 19E 9, 29
=l Ao "ESHITHE 11-1, 11 11-2).
(B 1I-1) 2IE0I2HX| MANE HRE, %
7= 20194 20204 20214 48
HREEMIIE (T) 46.79(12) 45.0(121) 44.5(19])
HM7|KHER} (EV) 22.1(39) 39.8(1¢)) 38.7(29))
O|LARIMHAIARIESS)  66.5(19) 70.5(1€1) 72.7(1¢))
2 34.3(1¢)) 44.1(19)) 43.6(12)

X | 5 WARN gSktE (2021)
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(o]

2016 2017 2018 2019 2020 2021(E)

=3 HE AAEH E=EA=02021)

[28 [O-2] HM7IXSAHE OIXPHX| AIBHRE, %

79 AU YAsE-E 5UZt 48] 08 SHEQIT # 0-2
2 P Byl 2L 201640 23.32E004 20204 48.89
= S 20164 4.091E°1A4 20209 16.3A9E= F7}5}0]
27 Y BF 59 A% SUISIA@ARA FEARE, 2021).

(B 11-2) 2IS0I2HX| & X Y&, W=

20164 20174 20184 20194 20204
g 2,328 3,518 4,388 4,678 4,879
& 395 671 1,225 1,249 1,633

S5 : YR WASH BSKR(20214)
3. &l&0I12HX| 7|=28ke
gl el IAle =A, &=, 2R 2E|aL dajde] A=SEAt 5= ©

&oto] HiE|e] Al (battery cell), Z& (battery module) 7121l HiE 2] H
(battery pack) A= XHsI] AAFOE A|RHT

1



( I OIRKHA| M gt S FF SStEE H2YRNT)

ZlEolAdA 9] dEle Al ¥EE ol &t =A%l LilC7F ARt
et gF ol2g ATokl A2 AeESS sh, Y=5AY Lin- xCoOz— i)
¢t FlEol2e Aedor A2 FdRkE-2
F=Al 2k FF ool M Z AA F52% oled & —i—%—?_’ﬁiﬂ
== A Atz AFEY, A Al S5A0 AdEol A" FlEolZo] HAl
=22 olsgo] mEt HA7t 2ssHA "k (ol5€, 2010, oA€, 2014).

AS(+) N =3()

[28 11-3] 2I§0I20[XIHX| 39 Latatd

0l0
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M. d+Z25

1. = O|XpHX] MY BF

) oA 49 75 34 9 UL AR FFHZE A9
Sgs) wElE Az 270 ALFI 3049 2 AL PR,

SR BUe QAo LS WY LAY (G, L3, B
o, AT WEY ARAAOE BRAT 2 Age] AR LxE ohe
2tk G wiEelo] 8kt 22S Agshe wiE e Barzte] oF 40%
§ A BY 242 9 88D, SAA. HANS Sl 93 o

F’?_E} A= o‘ﬂoﬂ/ﬂ A A BEHe FeoleS AR
]

= T =
Azt Aofdls F2 AR g P Alxe A 254 Sl
T 3 5}o] 71101/\@] A T AHS FAsto] A5t wiE Y AP HiE
o AHEE 77t 55 ke 4ot

2 AFoM = FW A d 9 ARG SHES JEsto] o|AH A
A4S & (lithium), ¥= ZEZ (cathode active material), = &=
2 (anode active material), 229} (separator), AslH (electrolyte), =
AA (conductor), ¥FQIH (binder), %¥-2= Bl (thin film) 9 HiE g A
%9 (battery manufacturing) 18|31 8jE]8] AAYY (battery recycling)
o7 AMlEslste] F 107) Ao E EFSIY (O9 1-1).
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( I OIRKHA| M gt S FF SStEE H2YRNT)

=

[23 m-1] OIXRHX] &4 2F

1) 844

5L 18179 A9del Q3% ol AE of2uHld (Johan August
Arfwedson)oll 93l 22 EA4E =N or AT = 30]t} o]
=9o] ¥7]Y EHA BZHE (William Thomas Brande)?t iz o]y
(Sir Humphry Davy)7h AtstE]& (Li;0)9] A71238) e &3l &t &
B2 9t Ho AF3eH ol% YU FE3JAF Deutsche Metallgesell
-schaft (@4 GEA Group)”7t} 19239¥ f3telE (LiC)T k& (KC)Y
SRS A7 85 WO g9 AUE BAE AR AY, 2019, 9
78R3} 2022).

g5 O|AAA| A Aot &FZ AFsH] A AREET HEAAY H]
oFZQl WHOo=E Qs SHUZE HIES 57, dE 5 B2 HEolA AR
T SHEI AN Y, 2019). o|AAA] AtFollA = A E  (lithium
carbonate, Li;CO3)3 A8 E (lithium hydroxide, LiOH)S A A
S43= (nickel sulfate hexahydrate), FAFFRE (cobalt sulfate), At

U7t (manganese sulfate) 53 3ot = EEA (cathode active

16



material) ARl AMERITE EZ Afd Fo=E AREE= SEIRAEE
(lithium hexafluorophosphate, LiPFe)< BHAFE & &34 (hydrogen
fluoride, HF), 593}21 (phosphorus pentachloride, PCls)& HFSA|A A
zste 1 Qo thfst 2lE 9 (lithium salt)S A|ZR5te] ARl A7}
A2 ARG

&5 AXHHZ FAF d dooA dmE FFToF AXSHAY =i
AR ANA ]ttt @A i o|X - A] AHdoflA 2 ARREE HE2 &
ARt EY A EoE g7 E S5, S 5 Y sl oEsta e
o, L FHAAT} sfeolA HEE FTFol B AR ES A
Abst7] AJAFSERIAL AR AAolA = HiE Y ABE 3l 2EE Foto] A

&3kl ot

2) ¥ 2L A

I EEEL AAY FFoIA AFEES] Holsh= AR 2F ASET
HAFAD (precurson®] EFER LHH I= SELL 2420 w3
L= H=

AY dxd £42 HEILE AFE (LCO, LiCoOy), YA A=
(LNO, LiNiO)# &jE34 A8 (NCM, Li(NixCoyMn,)Oy)°] tHiEH

o A0dAE SEYTE AR (LMO, LiMn,Oy) 181 83 AE=
A (LFP, LiFePOy°] 4 EZolt}. THHOo R JaAl= 194 =%,
A LE4 123 APFEA (ortho rthombic) =4 = FEotaL 9lom 194
EEZL2 LCO, LNO, LMOZ} ¢lem 394= NCM, NCALi(NixCoyAL)Oy),
A A= LFP7F HEARQ] Edolthel g, 2014).

1) A7AF HFBAo| WEolA7] oA wAC] Y uiat,

17
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layered LiCoO2 spinel Liano4 olivine LiFePO4

[O8 m-2] ¥=5 =79 2Y7=

T = 4 A2 o2 I9 -33 £ A=, i APE 2
ot} AtdolA HEE IEhol A ARl SAUASSSE, AR
9rE . ZRAFGZE Q1A (Iron(ll) phosphate, FePOy), FAILZ0|&E
(aluminium sulfate, Al,(SO4)3) 5 A| X5} o] &35t NCM, NCA
59 AFAE Azt F=F E=4 A2 A4 ds, A4 € €24
Az THoE ERFT 4 oH Axd = S22 Wiy AXIA= &
T =AY daE AREEHI i ARGA oA EAY st HElE

AdS &3l oAl d2E TETe <8F2E olFaL Ut

18



2t weri | | M2
i 2§ b d RENE] 5
= SR (i 50,
 2A5121E (LIOH) U (nickel sulfate, NiSO4)
AT = SHAFYLE (cobalt sulfate, CoS0,)
= EHM2IE (Li;CO5)
= ZHHUZH(maganese sulfate, MnSO.) Y,

b L
( H

» LBTYEUTAMES (NCM H24|, Ni,Co,Mn,(OH))
= AILEAR0[Fs=LEHE (NCA H74, Ni,Co,AL(OH))
» IYESASHE (LCO H2H|, Co(OH),)

)

)

. noF
ST

J

]

HH o1 ===

E » B|ELATUEYTHIEE (NCM, Li(Ni.CoMn,)O,)
-I = 2|SHAILEUR0[FLEHE (NCA, Li(Ni,Co,AL)O,)

= = 2EIYELSIE (LCO, LCoO,)
X :
S [ m— dHEd2) A
e
[O8 m-3] &5 S=H MY 1=

3) &3 222 Y

ggoleane & =N L 2y

g2 (Co)2t A <sl> - el B ARadon) QEsEE 4

2 LS WA BAL YRS AL YL LA AEUA 24T
(})}\

T Ue T8 ASct S8 'BEo] $okal B2 RRANE



( I OIRKHA| M gt S FF SStEE H2YRNT)

= 29| fFES AATIL . I3y o]&8%°] 372mAh/gC 2 il
F AR ol ARgSE7]oll= SHAIZE et olRt RS BHekstr] Qs AEE
247 HEE oY S oM A2 Fu9 ¥shrt 2Ask=
Aol Ak (O, 2014). &®2A & HAeEA Y AE S5 At

Mo X oo oo

o
rE
o o d
il
1T
B>
2
il
fol
t
ol
£
re
-
i
2
N
=
%0
=
rgl
)
H

)
1o
lo
1
ok
b
o+ ﬂp_’ll

p— =
AL g3} ARTAL oG ST BEY AL 4

EX : OIXH(2014)

(23 m-4] B9 Y22 33 AYTE
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( ESEEE )

A (Graphite, Cg)

i

(Artificial graphite, Cg)
= (Silicone, Si)

.
Jjop
re
o
[

—

S
MUk
m
In

[18 m-5] 2= =2

uA

S

4) 29 (Separation membrane) 4

sk e Rold FFu 239 2od 3%
15T 4 Uk 5 vtolan ulAs1Fe] Y BEA
(A4S, 201402 3 vfele] iolH By 7hs
Aot i L5 45 A JE0lL olFL Xus
= @} gEol Lol Ao AHEHE Bene 2 2
287 279 Seo]d (PE), EBejzzgd (PP) 59
2 g A4 FAw SAFUOE BEL Az
o Al

mlo
2
9
e N
Rl
o)

O

2

O

)
Mo jo
)

B
o
I ol

|
L
- p——]

£ 1z i
o M

e
o e
)
e

r ]

Moo o L
filo
r}oméjﬂo%mnﬁﬂ
o

HT ol B 2
2

=,
AL
=)
o
f
ol
—‘—4

a4 & =

Az (1 M-0). A4S 9 Z
q FPoz Qs 7B wEL ol £AFHE A=A HA)
A &A g, B 2Y9E st €52 AR T HIEE=EUE
(dichloromethane) §90] BEE B34 F28 BAHAE AAT 7]
3= AlXst= Yo R AAgH s} 2Fo &, 74, 715 27|19 +#
A SOl 51 1M-7).

)

¢
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( =H ORFEX| A i & 3

2 sfeiEd 22deK1)

Z2|0f|22I(PE)

I

E2z=1H (PP) ] [ M2 2k

ol

Y

( o= [x )
= A 3 7|HH ¢l k5o 32 HE
n ZA Y 20 (D 222MENE LA FE22 22 HE

\. .

~ >

S2)of M2}2] FE

—o

4 )

= &2|7} (Silica, Si0;)
s M3 YR0|E (Aluminium oxide, Al,Os)
= 0|4t3} E[EHE (Titanium dioxide, TiO,)

D -

~ L

Hf B 2] &|==

[28 II-7] M=ESJo M2 2219 e (a)AAZ22T (b)SAE

22

vl

(23 m-6] 22yt Mg 7



5) A3 (Electrolyte) ArY

AL 2gole e I 2 Alolg YO olFAYIE AR

dsid &, 8 283 H7HAZ 450 e Alzxd a2 v

AzYoR FFAHIY 11-8). AHY F2t AR g A5FL
SABEE I BAES YR So] BELas TR §U1S Bt

23t A g2 A7IRAHAETE & A& ARESHe] BlES & ESiAlYI=
Zo]l 935ty F&2 SEIRIAEEY (lithium hexafluoropho sphate,
LiPFer& ARERITE. &= 2l ol it &8 & H|A f718HE =
2 ARg3sl 18d 7FHYO]E (cyclic carbonate)ql oE#7IHYolE
(ethylene carbonate, EC), Z2™A7}HY|0|E (propylene carbonate,
PC)Q} A&d 7HHEUY|O|E (linear carbonate) YHE7IEY|O|E (dimethyl
carbonate, DMC), Hog7}EY|o]E (diethyl carbonate, DEC), °lgH|
272 Y|o|E (ethyl methyl carbonate, EMC)7} & AREEHTH H7HA|
(additive)= F=olu &= #H| B2 FAstH g9 Hs T
g oFAAS QJal AREET LiAsFs (lithium hexafluoroarsenate(V)), LiCIOq
(lithium perchlorate), LiBF4 (lithium tetrafluoroborate), LiTFSI (lithium
bis(trifluoromethanesulfonyl) -imide), LiBOB (lithium bis(oxalate)borate),
LiFSI (lithium bis (fluorosulfonyl)imide)s©°] A=l EAo wgt &
A&

23



( =H ORFEX| e o & 3

| 2 SIEI2E TalUeKT)
K= HRIE

O2HIZHE 0| £ (EC)
D2 HAIIZYH0|E (PC)

» 24512 (LIOH '
. EWQETL? e )} * CiBIZi7}=E 40| E(DMC)
el » OHFHLHI0|E (EMC)
\_ Y, \_ = C|0j =712 0| E(DEC) )
L RY S 2 7t A k.
. 2[SH|A(BR 2 AT H)0|0[E(LiFS)
» B|EH|A(ECZEQ2HEFE T LN0|0|E(LITFSI)
« 2EH|A(2AH0|E) 0| E(LIBOB)
= SE3RIM2IEN (LiPF) * 2|EEEER 22 20| E(LIBF,)
» 2|ECIZEZ2 Q2 TANOIE(LIPO,F,)
= I EHEZY0|E(LICIO,)
X J " 2I53AIEZ 22012 HH0IE(LiASF,) P
L L N7
| EE, ]
[ HHES2] RIX ]

(22 m-8] HaHey Mgt X

6) =AA (conductive additive) Arg

TR = 580 3= EEE AoJoA HAY] o5
FAEZER JANE 7REEH (carbon black) © F2 AREEHIoW AA
FEYL5H (carbon nanotube, CNT)9 AR&Fo| Z7}ol= FA|o]t}.

= B4 B9 A4
=]

2 Rz AAEHIL CNTE o249 &34t 25 AR & SHA
=

o [
Y



dual-walled CNT (DWCNT) 18|31 multi-walled CNT (MWCNT)Z
wH W oJAFAA] AtGolA A= SWCNTF MWCNTE AlE &4
of @A ARgSHIL §lom SWCNT7F MWCNT Xt oF 208] o]4; $-=35F A
2 Edth FHiolAs MWCNTZF AIZRHAL /les SWCNT= 2{Alof]
A =4 AEREHIL It CNT+= 23, B3 2 &2 JH= Adit=n gda
of wat FHZ AR FHEEHLS EUFHE FAET F=A0 A
Y+ =AM = n-methylpyrrolidone (NMP)Of| £AMIY 2228 =A==
o EAFSto] ARSRITHLE 1-9).

5
& = = = Et3t4 A 2 U(liquid hydrocarbon)
= 22 Z0f(Fe, Co, Ni §) E
= OIZZA(C,H) = H[Z4 BU(SIO;, ALOs, 210, B)| | 1 ZE7KMnatural gas)
\ = 2Et2(coal tar)
» F=LI-EH(carbon nanotube, CNT) ] [ » 7H2S2(carbon balck)
2 4 | 2 4

B Ef 2] A2

(23 m-9] THA A 72X

HRIE = A=< S83 22 HYgfehs 92 et Rl = 4= 2 &
= =43 S5t F-HH FoA Blgol2ol Qs ey =AY
Ago| L&A= AL WAote FH 02 ARSIt HRIE = A2 AIA
vRRle|2 ERsotal Sloh. &AA Hjle= 87l NMPO| polyvinylidene

fluoride (PVDR)E H7}slo] A18stH, 474 vRQItl: B2 Sujz s}o]
styrene-butadiene rubber (SBR)2} carboxy methyl cellulose (CMC)E
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s3tote] ARgEtTE F=Al= 8AAIY PVDFE &=A4l= 41 SBR/CMC
F2 AREotH, SAIA vlt= s AfEstH fAls oA Batetal
Atk HIIE ARde 9 II-10% 2o seteds Edtstel Siee
Z HIRIEE AAste] wiE e AxdAel SE8taL A

AE[ ][ SELCO! ][ EJHMM] 2317 pH XX

L= L nS

SBR HIRIH (Z&HH)

igH

HIE 2] H|==

[22 mM-10] SBR HIQIG Ate X

8) " (thin film) 4H¢

gEoleAX e YAAE Weo F4A A AR o)F T2 Hi
wforo @ FBU3 S 2 vlelet SE LU AAA] oA 29
I VS AT 4Bk AU YT $3g0) F2ol 4
SHLY FF WAARE £ A JolA JEA] g AT STy
=2 A8 93 YANEE 939 AF APEIIA ALY 3ol
Qolupy] o TS F2 AT 1AL 9, 2014). T oAAX A
oA WAAZ AHSEE HERe I M-113 2L AYTER o|Folxlt,

=& EFUE 2 55 AFos dojil dRulE T st Az

=
1 93§ el uuhe HAM 52 A A7Es WEoz Azsh
AZE F 238 e e AzAAE FIAH
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9) g2 AZY (battery assembling)

HiE 2] A 2P 9 THAA AlxE d5E Sty £H5= 3H2
2 = =4, 5= =4, 29, Ao, =AY, Biely 9 didho] ¢
271 He= Aot & g AAAIEE ARESHH =412 Eol =Y
Aol HA o2 A QoA UL E FFEY. HEolAHAl= %"31
of gt ¥EF (cylindrical), I2& (p ouch) Z+e (prismatic) 2.2
= ¢ 5 oy FHof wet BA 38 AR &7 2T 95 F HH
gl dutdo g & 4 Qe UHA FHE Okll—l’ %:‘% £ JH= "ol

A A& Ao Adste] Azt HA717], A7|A A B AR AGEA] S
o ARG At AP S8/ So8 Aof FujE o920 Adst
of Azt 7HHIL TRt FHE Aol 7hsot 4F &3 IT 7171 2 A
7|AREA el ARgET A4Y HiEEE ERvlE ez H AlojLo] oY
Mol AdelEvo] Add Feiz & FHoll Bls) ko] &of A 7R

53} fEjel g0 Mg wol AHgET Utk

2 ¥ 23,

s Zure #e F Topd HET

o
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10) Wig g AA (battery recycling) At

] AL GEAA), YA-54, BE0l2AAE o 98s QJT
o= Abjo|th AR QA AFdo] 71 FEIF FU BRI =2 )
w0l 2R Fope] R7F AR = AdReltt (I AALIATAE, 2021). &
ol AP AN G ATgos TR & Ik AL 27] 4
o] of 70~80%Z A1g3 = GFo] w2 ME S o AP 2 Be
st otk A/AEA 5o Badg Fof Bsly] o] $A7} ufe-
golstn] Mol sjAlelo] Wasty ks Aol gout Am oot ¥
e REL YHOoR BIMsT ARolth. AEEL wE S B ¥ w5}
of Wigel Fa T4 9= A%, YA, Wt TLE 5 APsis WY

ofch. @A WAHOR H/H YFolLHAE APHNE AAEH7] o]
1888 1 A5l $Fe ARNNA WIE $FE EE 4
]

oJARA] A AT A2 HEH 3, o4 3 Ao AAE 34 dEmE

o
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ook

K
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2. OJXFHX] Mid 3Y ¥ #F &

D #lE A=z 33

B2 Soole 71e2 YUY (hard rock), 959F (brine), FEF (rich
clay) =2 &£ ¢ Ath FAAF2 FAoA HES 4ot oy 35
oF F=oA F=E AL glon dAX IUdME SF4 ARFH
(spodumene, LiAlSi;O¢) FHolA BES 2ot A E} ghike
= AZsta o A9 A2 A5 SH-550te] Hes IS5k

HOoE JUdA= A&SE AT A70E dAlO] At FEFS o4 4
ot Aol oty 24 S AYe UHA 382 BAFH FAH S
Aoz dFHEHFHAY &, 2019). A FHNA HE= 4btets TH
BUdBe= :’6‘ A HF SEZ o # M-1 ¥ I9 M-129F 2t =54}

F A A 3% BRI SEYS oo B
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2ol $o) AFOR ol$Ho] TRAF AT AYsA] gk

(E I-1) 2§ M= 38 35 22
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(2) A HMESH

AL Azxe AEY 40 A 24 d2EdS &9 &6Ax & &
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(3) 93 223 HEDH

I 2 Hded AFHAE
LCO, LMO7} tE4]] EE4oltt. ATAl= F2 F=ollA £Ast A
ot @A dFT oA A4t &2 APAS 9l sFEHL AT DA
UARA7]o] w2t A (10~20um) 2974 (Gum)eZ EFEHL B
T SRE A0A ARSRT. BlE2 BEEEHY AT SRS
goto] ARgstH dAl 25, 5=, Zdl 5 AT d9 #dof oEsta Al
. IHlA= NCM8113 Higfg] AJite] 7 @2 Holw HiEZ] ¥&2
Fgol weh dF 340l AFEY = ot eAte 948 FYU3 27 A
] T8 WiolA s2dS ol £ F 342 e &9 A5 ol
g0} ZL2APL A AdshA] Yt O g Az 5 =

O 19 II-15 % # MI-4°F &t

© O da o

>~

(2 I-4) 43 $23 HX 29 32 22
Megs HESE 32 23
Z7H
- BRI
o3 g2 o3 22 SBRIE
- EHE (3H|Y)
- FYH (FYHIY

3) FEFAE ok 959 H&o] YA 80%, THE10%, F7H 0%.
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3) = =4 Azx3A

23 BEAL 32 AT} A2TAL AT glon T A

T 25 =20 tigk A77F o] FoA AL Ut HASAL FAt|A A= H
€ 22 Graphite, CJ% UR 51 WA 1Y o9 £90% And 43

04 24T & °¢ 3, OOO"C i’%oﬂ/ﬁ A 2lsto] AzsiH &
Q

OO0 oo oo oo oo oo oo ouooo.

= = = 4 x =
LUUER NE=E Ha =2
501
2 g=21 = g=1 o
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4) B2 (Separation membrane) A|ZZH
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5) A|A (Electrolyte) A=

U oJAAA] 4tdolA= AR Ao HHS = ARSI Q12
o AR Hsfd At o 183 HUHAIE Edsto] Alxste A4l
T4 35 4 A5 242 o= 19 M-18 ¥ & IM-73% &t

(B IM-7) sl M= 3 7z =2H
LUAHER HNXEE Ha 23
G =
« B2
ol Eg =otea
A5l
R EN
——" =R E
OI2 &7 0| E(EC)
« DT2LA7IEY|0|E(PC)
X aHoH - OEHE7IEH0|E(EMC)

C|0i| 2712 H|0|E(DEC)

I1||31|E'7FEL1IOIE(DI\/IC)

z2 gu)

I:l—||_

49



(1) S=sRIME|EH(LIPF) HZ3H

ol2MA 2] WY P F2 LiPES Agalnl Mol o AZEHL

BNy
98 FY & $E0] #UHA s duEo] #HFHIL . 2 AFolA
© HHEZAoR AEHE LiPFe2 Ax3dS HeEHATHIH 1I-18).




(2) ol HM=ESH

Al guf (70~80%), H3AAAH (10~20%) T2 HE7HA (0.1~0.2%)
o2 FAE AMETF] it AofHE 2 §uE IR LRSI M
HEZA 07 AEEE ASH P9l LiPFs= FUloflA AAtEo] $FEAY &
oA Fste] Agetl MR E FHEYCE AES ARSSIHIE 1T
-18). 1 9 vig 9] A5 Z FFAZE FFA7I7] Hal AEe EA wet




0 o 2 88 3 HE AR 2R

LiFSI (FAseH), LiPO,F, (PseH), LiDFOP (DAs<H), LiBOB (BX3{H)

=9 Hylsto] AlLslr|E St

o=

6) TAA (conductive additive) A|F

(1) =80 MZ=SH

Al F2 7REEEE AREIReH FHIdde A7 ARETE w2

=

CNT Z=AA 9 ARgo] F7lstal Aot CNT Z=-A A|lx= CNT AR}t
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m. ez |

CNT 24tez #8 =+ 3ok A sHolA= CNT Azt #4ts st
ULH, CNT 2A4te] AHH= CNTe W AZJANA sE3tAY S=
gAjoto A Tt =AM Az 2HSEE B e 222 I ]]1—19
2 # [M-8% &t

CNT Alz= g8y TEHE 3 dFujsd S-S ol8st Azt

ogde] gaet £45 AR & SHAE ol&ste] CNTE BEAIA A
Z3kaL ok CNTw A4tabgold & ARtz sty Alzage AX™
A CNT QA7F SAHAH, AEsh oA A24 FH2 E3 (pellet)olnt
S 939 EHEHR (tablenz AFXHH.
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7) vlH (Binder) AX-F

SBR HFQlf = HErHA (butadiene)® AEH (styrene)? S¢HHSO =2
Azt 472te] Yue FAoA 2lE S5l ol&=™ SBR HIIHY 574
35 9 e 242 19 M-20 € #F [M-9¢F £t} HRele AlxdS A
5740l ZRICE oJojA om UrkAQ] 2+ A4 A7t dELt Al
Foll =52 7Ie4do] B2 Atioltt.
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mM-9) HiID HxE IH

TId =
Mejms HESE 3z 2=
« ST
o AE[H
Hfolcy SBR HioIG :

SEHAIH (SHIZ)
o
=]

SHA (FYHIE)

=
* pH ZFEH (FYHID)




8) W Ax3

FFE AFuE Ul dRulE AAES A @ 71E5he] RS IFn|
' HoE e ¥ ddS ¥HEStY oF 10~25 um FAE Azt sE
2] A7 &2t Eao] Yo ¥ IR rE 572 &4 dliE] A
A0 2 A 23t dFrE B2 FEE FUolA SFET dF FEEN S
oA ]It
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9) WiE ] A2FTH

HiE2lE A|Zoh=s 342 =54 (electrode process), ZH54 (assembly
process) 12|11 354 (formation process)O.& EHF3itt FH3-A 2
FF =9 ATwHE o= 3oy o= 9 5= &4y 2AA, H

< dFu|gw vy O9d =2 Y g 295
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10) "ig 2] A (battery recycling) oA

gl ASF2 HeiEEE At 5<% e 25t AR
7Fsdt FHi= Axste 40l Huige dAle 2 sAEol ¢
= g oA AlojAet RE Y @A 55 EEsto] wiE e Ao FH=
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Abstract

Research on chemicals and industrial status
in secondary battery industries in Republic

of Korea

Objectives: The amount of use of secondary battery has been
rapidly increasing around the world due to international carbon emission
regulations. In Republic of Korea, government and companies are offering
full support to develop secondary battery industry as a major industry.
However, in terms of industrial health, information on chemicals used
and manufacturing processes are very insufficient. Therefore, it is necessary
to perform research on chemicals used and industrial process in

secondary battery industry.

Method: This is the first study out of three-year research to
investigate and prepare the management of chemicals and process in
lithium—ion secondary battery industry. This year, we have visited 32

companies in Korea and identified the process and chemicals used.

Results: The secondary battery industry is generally classified into
four categories of materials industries: cathode, anode, electrolyte and
separator, and one of assembling. However, in this study, it was classified

into 10 categories in consideration of chemicals handled. These
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categories are: lithium production, cathode active material, anode active
material, electrolyte, separator, conductive material, binder, thin film,
recycling and assembling.

Cathode material is coated on an aluminum thin film with a mixture
of lithium, a cathode active material, a conductive material and a binder.
Lithium powder and metal-sulfate salts are used as a main raw material.
Sulfuric acid, sodium carbonate, carbon dioxide and basic solutions are
used in lithium and cathode active material process. As a conductive
material CNT or carbon black with NMP are used. As a binder, agueous
binder is usually used.

Anode material is using a mixture of an anode material, a conductive
material, and a binder on a copper thin film. Graphite, pitch, and silicon
are main raw materials of the anode. As a conductive material for anode,
CNT or carbon black with water are used. As a binder, an aqueous
binder is used.

To prepare the electrolyte, lithium salts and additives are dissolved
in a solvent. Lithium hexafluorophosphate is usually used as a lithium
salt. Carbonates are used as a solvent. Above this, various acidic solutions
and solvents are used in the lithium salts process.

Separator is manufactured by ceramic coating a film. Polyolefins and
oil are raw materials and dichloromethane is used in the process. Inorganic
oxide particles are also used as a coating solution.

In the battery manufacturing process, the cathode material and the
anode material are respectively coated on the separator and; inserted
into the case. The electrolyte is then injected.

Battery recycling is an industry that recovers used valuable metals
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and waste metal powder. Acidic and basic solutions are used.

Conclusion : Main mineral raw materials of lithium—ion battery are
lithium, cobalt, nickel, manganese, graphite, and so on. They are mainly
used in a powder form. Acids, bases, and various solvents such as
dichloromethane and carbonate solvents are additionally used in the
process.

Most processes of the secondary battery industry are automated.
Workers can be exposed to chemicals in-processes of raw materials
input and product packaging.

Based on this study, exposure evaluation of metal and graphite
particles, acid base solution. Volatile organic solvents used in the secondary

battery industry will be conducted in the next study.

Key words: Secondary battery, Lithium ion battery
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