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Abstract >> Lithium secondary batteries have become an important power source
for portable electronic devices such as cellular phones, laptop computers.
Presently, commercialized lithium-ion batteries use a LiCoO, cathode. However,
due to the high cost and environmental problems resulting from cobalt, an in-
tensive search for new electrode materials is being actively conducted. Recently,
solid solution LiMn1-xNixO2 have become attractive because of high capacity and
enhanced safety at high voltages over 4.5 V. The Li1 sNio.35sMnos502 compounds
were conventionally prepared by a sol-gel method, which can produce the
layered Li-Ni-Mn-O compounds with a high homogeneity. And by adding a
graphene 2wt% the first charge-discharge voltage profiles was increased over
Li1 6Nio.3sMnoe502 compound. Also, the variation s of the discharge capacities
with cycling showed a higher capacity retention rater. In this study, material life-
cycle evaluation was performed to analyze the environmental impact character-
istics of Li1.6Nio.35Mno.e502 & graphene 2wt% half-cell manufacturing process.
The software of material life cycle assessment was Gabi. Through this, environ-
mental impact assessment was performed for each process. The environmental
loads induced by Li1sNio.3sMno.es02 & graphene 2wt% synthesis process were
quantified and analyzed, and the results showed that the amount of power had
the greatest impact on the environment.

Key words : Life cycle assessment(™ 1tX M 7}), Secondary batteries(2Xt M X|),
Lithium-ion batteries(2| &°| 2H{E{2|), Graphene(J &), Cathode
(F=7)

132

2020 The Korean Hydrogen and New Energy Society. All rights reserved.



FIALRIE A®sh= 78 oluA|9] Fei=
A8, A6, e7ias 048 sheRol Hele
W aestof ofsf Q= Fbstal QAT vt
FZ Aol ekl 9lom, = Qlste] W ¢
TAEC] A BAS AT Fofl dnt’. w3k 51419
R WO oo SAVIAS HiEelT o] ujE AL
S8 AA H&-2] 57k eEwAlel AHstal Sl
FHAlolct Aol A7 |9k(International Energy Agency,
IEA)Q] 2015 oY R]7]a Y (Energy Technology
Perspectives, ETP)o]| Wh2H 2|3 7]-& AF2 0|3}
2 f§A] fJeliAls olistea wiEwRS 20124
=] 60%E A=sfioF Shrkarl Farskar Qlok ol=gt
AR 17 A% A EAE Hdst] 1%t
223l ofvA] S shrt 2lEolxHiE 2ol
AR AIH o= Wol o §E 2Fol e el
LiCoO; A1 S A3t gty IUELE FHojd
W9 AAEAS AT Qon Azeis
g doks AAL 741 9ok ey FEtE= A
AlA UHX]'E“(‘)}: 7005+ E)o] Auk(eF 3405+ E)o
skl gaslck 820 444 ekt 2
A% 8 ol B ol R 5

o}n% ﬁ%@gi olphe

¢

r.it o

F$
M |o Ao ol

Li; ¢Nig3sMno 65025 ]-9-0]—011 MLCAE 5”‘8}°¢‘T:}
1714 Li1¢Nio3sMnoesO2E LNMO EZolekal 0}‘:‘1
LNMO &2-2 250 mAh/gd] &2 832 71AaL

o 45V o]4o] =& HYolAl o] &=7] of
woll A=A = A5t FSolok ey aL2oA o] &
A S IHES o] 83 A W A
ZNAEE7E ZALE oA o]
Qe AtelF B4 #a #A7E AUeE. Graphene -
2Heh 1008] o) A7|7F & Fohm, He|EEt
150w} o4} ko] o] FAdo] m=r. El dHE
do] ot Ao A9 MY dE e 4 ek wt

=g er

Vol. 31, No. 1, February 2020

hA] LNMO9]| gaphene& A715ho 2 4] Lo A7) =
TEol 97 EoyAS HekEt 42 9k MLCAt
of AFolut AulA A IR (FRAHF, AFEAL

S5, A A7)l B2 BHR Z BB 9
@X}%E,H gl ol 33 FFL 7Y
Slal B, AEe] HYA AR BES 44, B4

Fe B }oq AATE AN et et
& G el € 4tk £ 2479
AAe] et =A wE23} o7 FAEE IS0
14000 series?] 7|&4 7+ ]—‘:‘F Aol FAA S
2 FaAEE 7)ol & 4
LCA:= life-cycle assessment®] SRR} «Q o] 4|
FA7RAAY A AAHRE |77k 2E A
379) 87 Rale Sgake b ool A e
Holxwt AJF A 7ol gt dlolEE ¢
71 ) ol Aol et MLCAL: &
2 AEe 3AEY 24, Aazrt 2ol A= 9
e Brlele o AAAA AAATo] &
25 BTE AT B 4 olck B 7ol LMNOS
4 5 &9y 94 DAOIA gaphene
2k A7 SIS MLCAS 984 4

o

0.

B

[
L oH o

Ao = T}

7|2 Li1eNio3sMnoesO22} graphene 2wt% S 7}
o AT GEEE SRS FYela
S v, EAE =S 8 UlS st

F2 LiieNio3sMnoesO2 & graphene
= Lij¢Nig3sMnoesO2 & graphene
719} AAFe-S Holasc

O

&= A9 it
2wt%o] 3L, 7|5
2wt%2] Az, ¥

_Io

Transactions of the Korean Hydrogen and New Energy Society <<



134 24 2wi%E F7H8F Lir sNiosMnossOp Half-Cell2l 22 M 1P Hot
|

2.2.2. LiigNio.3sMnoesO2 & Graphene 2wt% M|X2}

s o}

Fig. 1> &AM 2 343 LMNOY| A=H-&
flow chart= UERH AT A2 oA zHzke] 24
A3t AFEE U A& 9kl MLCA

R} QRS sk

Fig. 2= LMNO cathode &%1¢] SEM o]n|x]o|t}.
2E QIR7} rock-shaped grain A4S HoFA QL
o] Qo] Bt 72 296 nmolek. sk A

Citric acid solutions
Lithium nitrate 1 6LiNO, -
. Nickel nitrate 0.35Ni(NO,),

of 37wt oRh A7) vgron WEle) s
W Bl 2 94 GAshn ook

Fig. 32 Ao & 3143 LMNO cathode &2
o XRD 4] Avlolt}. 7=0] $135 Falo] hex-
agonal a-NaFeO, T12¢1& 1&g 4= qlth. »3rt
oo ARER S Bole] ¥ 2YHE T 9

S HojFEh

2.2.3. NAH B

=2 A 3 B S wA A 3 F
Li; 6Nio3sMnoesO2 % Lip¢Nip3sMnoesO2 & graphene
2wt% 2] Aot &g 9 F7] GAE 7 9 AL
q BAz Aofstqitt. Fow AlAE AANA A
He FUE 9 HiEES 7] S 5(clementary)
tros s1ArkFig 4).

Citric acid solutions
Lithium nitrate 1 6LiNO, -
Nickel nitrate 0.35Ni(NO,),«

[ Manganese(Tl) nitrate 0.65Ma(NO,),- l—o

Mixture~

Stirring until gelling at 80°C-

Drying at 200°C for 3ho

Calcination at 950°C for 24h.

(Air atmosphere)

LI\ DNid 3 ‘Vm’.‘lxo."

l Manganese(ID) nitrate 0.65Mn(NO,), }—o

Misture
g

Stirring until gelling at 80°C-

Drying at 200°C for 3he

Calcination at 950°C for 24h.

(Air atmosphere)-

2 Graphene 2wt %

Li, Niy;; Mn, ;0.

Fig. 1. Flow charts of experimental procedure of Li1 gNio.3sMno 502 and Li1eNio.3sMnoes02 & graphene 2wt%

Fig. 2. SEM images of Li1sNio.3sMnoesO2 synthesized by
sol-gel method
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Fig. 3. X-ray diffraction patterns
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