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Abstract : Demand for lithium-based secondary batteries is greatly increasing with the explosive growth of related industries,
such as mobile devices and electric vehicles. In Korea, there are several top-rated global lithium-ion battery manufacturers
accounting for 40% of the global secondary battery business. Most discarded lithium secondary batteries are recycled as scrap to
recover valuable metals, such as Nickel and Cobalt, but residual wastes are disposed of according to the residual lithium-ion
concentration. Furthermore, there has not been an attempt on the possibility of water discharge system contamination due to the
concentration of lithium ions, and the effluent water quality standards of public sewage treatment facilities are becoming stricter
year after year. In this study, the as-received waste water generated from the cathode electrode coating process in the
manufacturing of high-nickel-based NCM cathode material used for high-performance and long-term purposes was analyzed. We
suggested a facile recycling process chart for waste water treatment. We revealed a correlation between lithium-ion concentration
and pH effect according to the proposed waste water of each recycling process through analyzing standard water quality tests and
daphnia ecological toxicity. We proposed a realistic waste water treatment plan for lithium electrode manufacturing plants via
comparison with other industries’ ecotoxicology.

Keywords : Lithium, Waste water, Ecotoxicology, Secondary batteries

* To whom correspondence should be addressed.
E-mail: mdsimul@naver.com; Tel: +82-31-330-7458; Fax: +82-31-330-7116

doi: 10.7464/ksct.2021.27.1.33 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

33



LM E
T FoES =3 mHtd A, A7|AFEAKEke B =
=3, A7|AAA S it ghg @ 7EE doFel A
9] FLHRL ] wt 22 2lF ol WiEE s87t &
SOt Atk T WA AR AHEE Sl EE olAAl
© AYEATF A2EL QU ol 7leH]d THe R [l
Syt @A 2 olAHA AR Mt Stk dX

IYAA g o|HA AR AL, AAY B F= A
3 2§ AFA sta T A=o] ZFst7] Aol A4 3HE &
3 %] 2jE= Alofsh= 3ol M= F7H= it ol Ay
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ot A HEd W& 8 Ve &
7 BAY, ObAE, (WhHAY, SEHA
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= AlEssta A9 skl oA FFsteAEAE
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Table 1. Standards for the emission of water pollutants (2020.10.17.)

2.1. 2| M X2| L ZARH X

DA A T Al BN Bt UE WS 98
(asreceived 2 3o] HAz glol, 2F A o] 2 oleg
Eoe S AL v13 5 Y Fol2o] BHL 919
ICP (inductively coupled plasma, Agilent Tech 4200 MP-AES)
E4<& st

d1HE ZE WIS 2E RERE IE s Id ST
53712 £ 0 Lo Mol2 £9Is) Ao HekAIE 50 RPM
°2 BUN7IT 80 ColH AEL el ABHLE of
83l 10" torr Y2 o= oF 3AZF |AAA oF 25 LY 555
(condensed solution)E A| 251, ZdAE= AZE 0|88 -10 C
Z ARSI FEZ 02 6.5 LY -3-=53(vapor condensate)S
Az, 557 2E %71 15,000 ppm oF o= THAF
7S 52 o83l HE SRtE I S AAIskAL4.5], 31A
L 57| 2RE DT S5 ol2ng FAE E9f F
% 9% ®Z7F 1 ppm oJot= Aolstl, pHE 6~7 $FO
2451l ol2ue A AP EpA(resinlite RSMII,
Sejongtech) & AR&-SFIT o] 2w e 4] AL 3H S &
27]2 dojdl §5% MRS Eo Hgon], T S50 oy
S e ] 20 BV /b2 AAIS}Ih AL B o
o @47] 1 Q01247 =23 vol%E Higtelol itk olee
57 B AT U)LE Fo 2E ol FE, pl, UEE 58
24519, pH @ ALZ = Thermo Fisher Scientific (Orion
Star A215, USA)E £3] 243190t} 2202, 2|5 0]L9]
Sk Sl DA G s Ao elE PAY
Z=S=(lithium sulfate monohydrate, Li»SO,-H,0, Sigma-Aldrich,
USA)S S75ol 5= &SiAIA Axsto] 242} ICP 3782
59 F ol BES 275, Ads4S AgsA

Scale >2,000m’ d” =2,000m’ d!
Categories BOD TOC SS BOD TOC SS
Region (mgL™") (mgL™") (mgL™) (mg L™ (mgL™") (mgL™")
Clean Area =30 =25 =30 =40 =30 =40
7} Area =60 =40 =60 =80 =350 =80
L} Area =80 =350 =80 =120 =75 <120
Special Case =30 =25 =30 =30 =25 =30




B gEsto] 28 B AY SO 80%E BT 5 Uk
el glol, BHBAY WgAol the ko, vk vy
HolA ok =] e felsich. 247170 AEEA A
32 Daphnia magna® ARSI E PR Ut E Ao
A AEHEA AEL £3 QAT HAHY|FE A49% EHES
o187 FHEA Aol F3lo] ABL AR, Az
H B5EE 6.25%, 12.5%, 25%, 50%, 12|31 100%ZE o]
91 IS8 207) £ SYAH S S0
o}, B3R Q1 Ad(hard water) ARE 98] 192 mg L
NaHCOs, 120 mg L™ CaSO4-2H20, 120 mg L" MgSO,, 8 mg
L' KCI9 BE2 AR5t oluf ZIL(degree of water
hardness)= 160 ~180 mg L', YZa == 110~ 120 ppm, pH
= 7.6~8.002 ZHEUY. EHEZ YHE #t o|sts)
2 gme] g ao] fat AY AT Avje] v=w Ye5y
W3+ BOD, COD, %34 59| Swot A} e ke
7-]0§ O]—E:]x:] O]O],]- A]-OJ}\]/HA _1_7(—]\:1]—1:]- u—lﬂ/\ HP}\H __
4& UEHH, WiEsd st @AY EEE dEC] Bot
A EA 0] “H—Or Qi Bah UoH3]

2.3. ‘YE=d 2k ALt

AEEA Fh(toxic unit, TU) AAES E8E 744 4+ 9 4]
FIASN A 5 do7l= AR SRR 55) ECso
100/EC5o 0.2 SHFSE Ftolth 100% AlZolA EHE2] 0~
10%0°] g3Fo] SICW TUE 02= 5111, 100% Al =04 &1
59] 10~49%0f FaFo] JJoH 0.02 X FF W2 HAER
TUE AR 50% o4 daFel 2™ ECsit 95% A1=|+
719 EAE 93| Trimmed Spearman-Karber MethodS: ©]-&-3f
A=A 2 Askth S48 0E #E 5457 A=
KyCr079] ECsp 3+ 0.9~2.1 mg L' HYR A Fr=
sh=dl, Be AH=d AN 2 =437 23 1.0~ 1.1
mg L'9] e d& 5 Uk

3.7 Y 1Y

3.1. 215 HUO| MEHS A
Lt Y EEET

41'.

A 27HA7F e, kA Ad

Table 2. Results of several cation concentration and ecotoxicology

2l& Agg A+ 35

H Yo A 9] 2| F 5= A=A 79
A A BEA 2 14 A0 B 54
Q- ZlF 0|2 X = 9F 5,000 ppmO

4 3%} A o] E3E HHo] He A
o} 109 o4} Bj4{Elo] 2E ol FEE

2E ol& 5k o 134 71% 43 HAF 2= Table 2
of Uetiltt. 344 2l HA B HF ol L7} 465
ppmO.Z2 EAEQlom, COD, SS, TN (total nitrogen, & A4
2F), TP (total phosphorous, & 213F) 7F2 £ Q. F wj&7|&0]
% Fh, I 1302 SAHGE IV L ol

FIA Az BHOIA 48t 25 5o] Bo] afElo] Hol
of EUH A2 252 % 9tk Table 20 A= Wolo] 4
Sh= A8 ATHE ek 500 ppm olale] 2 o]L B
of pH 1391 B¢ AelsA AT TU > 1622 SHE30
ol s Y u AR FES 625%7H) SHeE &
FAB A&l Aol AREE EBE ZHAlS thH] 100%E

Z= 208 YEhgth 1 Hefl COoD, S,
O, TN, TP 59| 14 A3t +20%0l FHE SN th
ol FE9 pirt FelE Aol 2

& "9 48 74 dn ‘:H_:_—_rL(Table 3. reference)o]] H|

TDS, Ak 50| & Aol& HEdl= AS &

I & Aot AE=/go] FS vA= ARAL E R
)

yol, 3F&(F, ofd, B, e, 28 B) 52 HEHA ¥
ottt o]E Edf Y8 HAL pH FH f% ol HE7} 500

ppm olslol A EWEL olg3t MEHEA TUA 16 ol4os
AR EAo] H$- AP Hol7] vo] ALt o w7t 4
ey,

32. 2|5 M AR S 2|F
Fige 19] 215 #olo] M2 SHES EAsqct A
7 3A=E HFY 5ot +EAIE ZHE Table 40 YERR
ot pHE A&t 2lF o2 skof ot BH=E4d s v
s17] 3 2l% H N HAFY-S 2 (lithium reference solution 1,
2) Azt 42 5 $42 fI9) ICP S4T 23, 2F ©f
2 =& 8.7 ppmt 23.73 ppml = SHE AT HAY A2

IHY %2 S 0| MEHS A 2T}

Sample Li Na K COD SS CN TN TP pH TU
(epm) | (ppm) | (ppm) | (mgL") | (mgLh) | (mgL") | (mgL") | (mgL")
As-received 465 65.4 2.1 3.4 4.6 - 1.2 0.3 13 > 16
Table 3. Water quality inspection of as-received sample
Sample n DO Hardness Salinity TDS Conductivity | Residual chlorine Ammonia
Concentration| ¥ (mgL™) (mgL™) (%) (mgL™) (us cm™) (mgL™) (mgL™)
Reference 7.8 5.8 180 0 84.2 124.6 - -
6.25% 9.1 5.0 174 0.4 315 587 - -
100% 13.4 42 10 3.6 3440 6020 0.0 0.0
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Table 4. Results of water quality test of each treatment and ecotoxicology

.. Residual .
Li DO | Hardness | Salinity | TDS Conductivity . |Ammonia
Samples H TU | EC . _ _ R chlorine R
P (ppm) | P gL | (gl | () | (gl | sem™) | D (mg L)
As-received 465 13.4 16 - 4.2 10 3.6 3440 6020 0.0 0.0
Li reference solution 1 8.7 6.4 1.5 68.3 9.7 0.1 75.1 145.3 0.15
Li reference solution 2 | 23.7 6.6 3.1 31.8 9.5 0.2 183.6 352 0
Vapor condensate
(Rotary Evaporation) 0.5 6.4 14 | 70.7 8.9 8 0 5.4 11.1 0 0
lon exchange-treated | — 01| 75 | 14 | 707 | 90 0 0 0.3 1.5 0.04 0
solution
Commercial NA | 64 | 10 | - 8.9 0 0 0.4 0.9 0.01 0
D.I. water
2350
Industry reference 1 N.A. 6.5 5 N.A N.A. 196 - N.A. . N.A. N.A.
(mScm™)
1220
Industry reference 2 N.A. 7.2 0 N.A N.A. 228 - N.A. 1 N.A. N.A.
(mS cm™)

Rotary
Evaporation

|
Li : 15,000 ~ 20,000 ppm Conde[\sed
solution

|

Lithium recovery

Li»CO; or LiOH

|

Vapor condensate IEERM 1L

i+ 500 ~ 5,000 ppm Lithium Contained
pH: > 10 Wasted water

lon-exchange

J Li:<1ppm
Resin

Filtrated solution [uky

Industrial water reused

ol
Diluted and Discharge

Figure 1. Process chart for lithium contained wasted water.

L 418 YELOHOE AZT 49 §oh A oHol s
pH} 12 002 ol E7] BAo|x, ol eSA
of Y AL 02 LA UTHT. UE FAYLLSO
O o] g5} 21F o) BAS A% 5HA §5) F 54 o]
250 4L ML A4} glon & olesel SAT
pH gtol Z4EIich whebd pHe| JFL viAELT 2F of
2 o o3t E|SA FFol Hat weko] Tkt 3]
A 3% 55 AN WY 3559 A9 Uz Ho]
7gkeo] Q% PF olLo] §E% ol oS, BlF ol
%7} ] 0.5~2 ppm OJSHE ZHHACH, % AHS 34

A

o
S5 e 9% ol %+ ¢ ppm ol F7Hd 8ut
ofis}, 559 &9 Hof ZlE ol 1LsHstr 8| A=
(precipitation)o] == ZS AT 4 YA 55U g
F °l2 5&F 10 ppm oJ5} Az FA5H7] A3 SLF
4 55FS LM FAsk= Aol "¢ Fastth

3|43 &40 HElEA TUZ} 148 A EQlow TU <
1 & | Eofof 5t= AlFAoA= 55 FHE WH7t &
7Fsotd, 855 Woll gF ol&Z XTI E-ES 0.1 ppm
o|stE A|Ast7] Yol o] 2w e A F o]-&5f FHF o2 &
As] AAsHA ol 3549 7] MEZ= 9F 11~100 ps
om' 2 Fguitt efzke] Zpol= WAISE) oY, o] e 4]
Evlol 2447} AEELE | ps em’ o|atE SR H It 18
L o] 2 g FAF o8l ol AARZNE E-5t
I TUE 142 S4ESleH, ol 2§ o9 s%& ICP &
A A3} 0.01 ppm O|5tE EAHEJYL, ALEE 1.46 us cm™' 2.
2 AESQ o ol2go] &5k AR wHE ] Al
T2 & o|2F o|2u e FHAT H S {5 &9
o F-ZolxS 23| E-EC] AAT] AojH Alokg & o]
255 HIFOE AH=S4E AlsItk(Table 4). & °]&
Z>(ThermoFisher Scientific, &4 2|t} 0.01 ppm ©]5}, A&7}
0.01 ppm ©|3HE= 0.87 ps em™ 9] AEEE 2= A E0Z A
g =4 AIY 23 TUZF 12 SAEUT AliEs & o]
AA] BEi=A 1 HRke R e Eofof Sh= AR OA= A
ARl =77t E7Fsokal, AldEs 9 o2 1 ppm ©]5}
o] FH|FY 2§ ol 9 E&Eo] TYEHW TUZt 1 o4
07 45T & 3lon, ole WR7t EVFsT AE=A ol
ok wEba] GAF o] A] AR FA A TS dE xF
HAol AT e EvE 29 #F ol 5EE 49} 5
=20] m¢ Fasit.

Table 49] At o2 1 (industry reference 1) LFu|&
Az SoNA ATt He=E o, 3 2 A4l AlE A 5
Ao g 1] 0.008 mg L, o} 0.004 mg L'E Y54 S
4R g97 8 ¢ ofd9] FETF Y& Ao E UEyith
ol FHjoll wet AeisAdnt o] lHH8]. 12y BOD
62.7 mg L', COD 36.1 mg L' 50| #|&3]& 7|&2& 273519
I, BRI QIAEE ISl TU #hol 52 &7 =3It Table 4



Figure 2. Correlation analysis of TU, Li ion concentration and pH

9] AFY o Z - 2 (industry reference 2)-2 H|QAE L FE A X
O‘iﬂi =& 9 71el gubA g o g BOD, CODE ESH} Hj
Z 58 7|20 gEWA HEE7F 1,220 mS cm’, FE7}
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0.005 mg L' AT @ EL&80] 2HEQ oL}, TUL 022
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SR AN A Fa5 9 H T AEsAd AHA
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7} oF 25 ppm © TUL: 3.1 (Table )& & HHPL A7
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