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SUMMARY

STUDY ON AN EXTRACTION OF METAL FROM SPENT Li-ION BATTERY
USING CYANEX 272

In this article, a extraction method of metal in spent Li-ion batteries was investigated. The procedure
includes two steps: dissolvent the metal in electrode powder using sulfuric acid 8 M in 3 hours at 80°C;
extraction of the dissolved solution by Cyanex 272 0.4 M in kerosen at pH 6 and room temperature for 30
minutes. The experiment results show the metal (Ni, Co) extraction efficiency is at 90% - 96%. This
exhibition has opened a positive direction to recover the metals in spent Li-ion battery.
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nhitng hudng di cdp bach hién nay nham

1. PAT VAN DBE A Ly SO A
’ giam thiéu tac dong dén moi trudng, gidm

Hién nay, cac thiét bi di dong va thiét bi chi phi ché tao va tranh lang phi tai
thdng minh ngay cang duoc phat trién véi nguyén. Tuy nhién, do nhiéu 1y do ca vé
toc d6 nhanh nhu vii béo. Diéu nay da kéo cong nghé, chi phi va chinh sach nén viéc
theo sw phat trien cua cac loai pin va khai thac tai nguyén nay khong dé dang,
ngudn cap dién cho cac thi€t bi nay. dic biét 1a cong nghé chiét xuat thu hoi
Trong s0 céc loai pin dung cho cac thiét kim loai [3-6].

bi dién tr hién nay, pin Li-ion (LIB)
chiém thi phan 16n nhat v&i 73% [1,2].
Tuy nhién, diéu d6 ciing dan t6i mot
luong 16n LIB sau stir dung bi thai bo, gay
6 nhiém moi trudong. Mit khic, trong
thanh phan cua bot dién cuc LIB thai
chtra mt lugng 16n kim loai (dudi dang
oxit) nhu Ni, Co, Li, Cu,... Do vay, viéc
thu hoi kim loai tir LIB thai 1a mot trong

Trong cac phuong phap tach chiét kim
loai tir LIB thai, phuong phap hoa hoc té
ra la mot phuong phap hiéu qua véi céc
vu diém nhu nhu cau niang luong thip,
hiéu qua thu hdi cao [6-9]. Quy trinh thu
hoi kim loai tir LIB thai bang phuong
phap hoa hoc dién hinh thuong gém hai
giai doan [3,6]: hoa tach kim loai bang
acid vo co nhu HCI, H,SO4 va HNOg3;
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chiét tach ion kim loai tir dung dich sau
hoa tach bang tac nhan hiru co. Mot sb
chit hiru co co thé dugc ding trong
treong hop nay nhu citric acid, ascorbic
acid, maleic acid [6], hoac Cyanex 272
[10,11]. Cac két qua nghién ctru dd cong
b6, hiéu qua chiét tach Co va Ni bang
Cyanex 272 dat hi¢u qua rat cao, dat tir 98
dén 99% [10,11].

Trong nghién ctu nay, ching toi tién
hanh khao sat céc diéu kién chiét tich kim
loai nhu Li, Co, Ni, Cu va Mn tir LIB thai
bang phuong phap hoa hoc, sir dung chét
chiét Cyanex 272 dé luya chon cac diéu
kién t6i wu cho qua trinh chiét kim loai tir
pin LIB thai.

2. THU'C NGHIEM
2.1. Nguyén vit liéu va hoa chét

Nguyén li¢u chinh 1a LIB thai cua laptop,
dugc thao roi, tach 1ay dién cuc, sau d6
dugc dap v& vun va nghién nho. Cac hoé
chat dugc sir dung gdm kerosen do tinh
khiét 100%, H,SO, 98%, H,0, 30%,
NaOH 96%, Axit citric 99,5% dugc cung
cip boi Sigma Aldrich va bis (2,4,4-
trimethylpentyl) phosphinic acid (Cyanex
272) do tinh khiét 90% tir cong ty Lori
Industry.

2.2. Thuc nghiém

Pin laptop duogc thdo r& cac linh kién, git
lai phan 18i chta cac dién cuc. Phan 15i
dugc nghién w6t bang mdy nghién xé
MR2115-PHILIPS voi ti 18 1ong/rin =
4/1. Hon hop nay duoc loc qua sang kich
thude 16 20 mesh dé loai b cac manh
nhua va dién cuc déng nhém roi tiép tuc
loc qua sang 16 100 mesh. Loai bé phan
long chtra thanh phan graphit, thu hoi
phan ran trén sang 1a hdn hop chira kim
loai, 1am nguyén li¢u cho cdc qua trinh
thuc nghiém.

Giai doan hoa tach: Liy 8,00g bot dién
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cuc di dugc sdy kho hoa tan trong 150
mL dung dich H,SO, va H,0, 2% thé
tich. Khudy déu trong 3 gio. Loc rira phan
chua hoa tan bang nuéc cit. Thu phan
dich loc sau hoa tach. Nhiét do hoa tach
dugc nghién ctru trong khoang 25 - 80°C.
Nong do dung dich acid dugc nghién ciru
trong khoang tir 1 M dén 8 M.

Giai doan chiét xuat ion kim loai: 1500
mL dich loc sau hoa tach duge diéu ché
theo diéu kién t6i wu cua qua trinh hoa
tdch bot dién cyc LIB thai. Dich loc nay
duogc goi 1a dung dich T. Lay 500ml dung
dich T khudy tron déu voi 500ml pha hitu
co chira Cyanex 272 trong dung moi
kerosen.

Thoi gian khudy dugc khao sat tir 5
dén 50 phut tai nhiét d6 phong (30 -
32°C). pH ctia qua trinh dugc khao sat tir
2,0 dén 7,0; diéu chinh bﬁng dung dich
NaOH 5 M va H,SO; 5 M. Nong do
Cyanex 272 trong pha hitu co dugc khao
sat tir 0,1 dén 0,5 M. Téch lay pha nuéc.

2.3. Cac phwong phap phan tich hoa ly

Ham luong kim loai trong dung dich duoc
xac dinh trén thiét bi ICP-OES
(NexIONTM 350D - Optima 8300,
PerkinElmer). pH trong quéa trinh chiét
xuat duge do bang may do pH LAQUA-
PH2000 cta TORIBA. Gidn d6 XRD cua
bot dién cuc duoc ghi trén thiét bi X-Ray
D8-ADVANCE, hang Bruker, Dtc.

3. KET QUA VA THAO LUAN
3.1. Nghién ciru hoa tach cac ion kim
loai trong bt dién cuwe LIB thai

3.1.1. Thanh phdan cdc kim loai trong bt
dién cuc LIB thai

Thanh phan cac kim loai trong bot dién
cuc LIB thai (theo XRF) va trong dich

long sau hoa tach (theo ICP) dugc trinh
bay trong bang 1

Bdng 1. Ham leong nguyén t6 kim loai trong bét



dién cuc LIB thadi

Nguyénté | Li [ Co | Mn | Ni | Cu
Trong bét dién cuc ban dau (theo XRF)
%% khoi 2230 19,84 | 23,14 | 55,62 | 1,40
luong
Trong dich 16ng sau hoa tach (theo ICP
% khoi
luong (qui | 2,27 | 19,64 | 22,90 | 55,06 | 1,38
vé chit ran)

® Ham luong Li duoc xac dinh qua cac phuong
phap tinh toan chéo theo cong thirc hoa hoc cua
cathode (LiNi1/3C01/3Mn1,302)

Gian dd XRF va XRD cua bot dién cuc
LIB thai duoc trinh bay ¢ hinh 1. Cac két
qua cho théy, bot dién cuc LIB thai chira
chu yéu cac kim loai nhu Li, Co, Mn
twong Ung voi cAu trac mang tinh thé
LiNil/gcol/gM N130,. Biéu néy dlIQC minh
chtng béi xut hién cta cac pic dic trung
tai cac goc quét 20 = 18° (mat 003), 37°
(mit 101), 44° (mit 104), .... ciia pha tinh
thé nay [12,13].
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Hinh 1. (@) Gidn d6 XRF va (b) XRD ciia bt dién cuc LIB thai

Bdng 2. Két qua khao sdt nong d¢ acid sulfuric va nhiét d trong qud trinh hoa tach bét dién cue LIB thai

(Ty 1é ran/long = 8/150 g/mL)
Nong d6 acid (M) 1 2 3 4 5 6 7 8
Xp, % 14,4 15,6 20,8 375 65,4 82,2 95,7 99,4
Nhiét d6 (°C) 20 30 40 50 60 70 80
Xp, % 25,8 37,5 51,3 64,2 81,6 99,0 99,9

3.1.2. Anh huéng cia cdc diéu kién cong
nghé trong quéa trinh hoa tach bgr dién
cuC LIB thai

Bot dién cu’c‘LIB thai dugc hoa tach bﬁng
dung dich gom H2804qvé H,0, (2% the
tich), phan ung c6 thé xay ra nhu sau
[14]:
6LiNiy3C01/3Mn130,
Hzoz(aq) -

+ 3Li2504(aq) + 1OH20(aq) + 202(9)

(Eq.1)

Céc yéu to dugc khao sat gdbm nong do

+ 9 H2804(aq) +
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acid (1 - 8 M) va nhiét d6 hoa tach (20 -
80°C).

Két qua khao sat anh hudng cua cac diéu
kién hoa tach gdm ndng do acid sulfuric
va nhiét d6 dén hiéu qua qua trinh hoa
tach, thong qua d¢ hoa tan, dugc trinh bay
trong bang 2. Trong d6 do hoa tan dugc
xac dinh theo cong thirc (1):

X M, 100%
— X

(1

M 13 khéi lugng bot dién cuc LIB di hoa

tan (9);
M, 1a khoi lugng bot dién cuc LIB ban

dau (g).



Két qua cho thiy, hiéu qua hoa tach bot
dién cuc tang khi néng do acid tang. Bot
dién cuc gan nhu tan hoan toan (99,4%)
khi ndng d6 acid 1a 8 M.

Két qua bang 2 ciing cho thiy, khi nhiét
do hoa tach tang, hiéu qua xu ly tang va
dd hoa tan gan nhu hoan toan khi nhiét do
dat 80°C.

Tir cac két qua thu duoc, diéu kién hoa
tach bot dién cuc LIB thai thich hop dugc
lua chon 1a: tdc nhan acid sulfgric 8 M,
nhiét d§ hoa tach 80°C, ty 1& ran/long la
8/150 g/mL, thoi gian phan g 1a 3 gio.
Ham luong kim loai trong dich long sau
hoa tach, xdc dinh bang ICP dugc trinh
bay trén bang 1 ciing cho thdy sau qua
trinh hoa tach, cic nguyén to kim loai
trong bot dién cuc LIB thai da di vao
hoan toan trong dung dich hoa tach.

3.2. Khao sat cac diéu kién anh hwéng
ctiia qua trinh chiét trén hé 16ng-l6ng
3.2.1. Anh huong cia dg pH va nong dg
Cyanex 272 trong qué trinh chiet xuat ion
kim logi

Anh huéng ctia pH d6i v6i qua trinh chiét
dugc gidi thich theo co ché trao doi ion
gitra ion kim loai (Co, Ni, Mn, Li, Cu)
trong pha nudc (aq) va tac nhan hitu co
(org) theo phuong trinh sau [11,15]:
Co™ (ag) +2(RH)z(org) <> Co-(RoH)2(0rg*
2H"aq) (EQ.2)

Ni**(eg) *+ 2(RH)2(0rg) <> Ni-(RoH)2(0rg*
2H" ) (EQ.3)

Mn* (ag) + 2(RH)2(0rg) <> Mn-(RoH)z(org)*
2H" ) (EQ.4)

CU” ey + 2(RH)2(0r9) = Cu-(RoH) 20090+
2H" ) (EQ.5)

Li'ag + (RH)0g <« Li-(ReH)egt
H")(EC.6)

Theo céc phuong trinh phéan mg Eq.2 dén
EQ.6 nhan thay nong d6 H* (d6 pH) c6 anh

huong truc tiép dén hiéu qua chiét xuat.
Anh huong cua do pH dén hiéu qua qua
trinh chiét xut thong qua ty 1é chiét E duoc
trinh bay trén hinh 2. Ty 1¢ chiét E duoc xac
dinh theo cong thirc (2) nhu sau [14]:

_ [M]OVO - [M]eVe
o [M]eV

Trong d6 [M]o va [M]e (mg/L) lan luot 1a
néng dd cua cac kim loai khac nhau trong
pha nudc trude va sau khi chiét; Vo va Ve
(mL) 1an luot 1a thé tich pha nudc trudce
va sau khi chiét. Do thé tich AV rat nho
(mdi lan diéu chinh pH khong qua 1 ml
<< 500 ml), vi vay, c6 thé c6 Ve = Vo va
bién d6i cong thuc (2) thanh:

_ Mo — M),
Ml

Nong do [M]o cua cac kim loai trong giai
doan chiét xuat ion kim loai 12 nong do
kim loai trong dung dich T. Nong do [M]o
cia Li, Co, Mn va Cu lan luot la:
1,21mg/ml;  10,47mg/ml; 12,21mg/ml;
29,37 mg/ml va 0,74mg/ml.

x100%  (2)

x100%  (3)

Véi mdi diém khao sat, 1dy 3ml dung dich
pha nudc sau khi chiét dé xac dinh cac
ham lugng kim loai theo ICP, ta dugc
[M]e cua tirng ion kim loai trong pha nudc
sau khi chiét.

Két qua thyc nghiém cho thiy khi do pH
< 4, hiéu qua qua trinh chiét khong cao,
chi dat khoang 20 dén 25%. Tuy nhién
khi pH > 4, ty 1¢ chiét ting nhanh, dat bio
hoa ¢ khoang 90-92% khi pH = 6 -7. Nhu
vay, khoang pH thich hop la 6-7.

Mat khac, c6 thé thiy rang, hleu qua chlet
xuat co sy khac biét voi moi nguyén t6
kim loai khac nhau. Két qua cho thay, voi
tac nhan Cyanex 272, kha nang tach Ni va
Co t6t hon so véi Mn, Li. Diéu nay phu
hop véi xu hudng tai ché LIB thai hién
nay khi vu tién thu hoi Co va Ni [16,17].
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Hinh 2. Gidn d6 biéu dién anh huong ciia pH va
nong do Cyanex 272 den hi¢u qua qua trinh chiét
xuat ion kim loai (Thoi gian 30 phut)

Theo céc phuong trinh can bang Eq.2 dén
EQ.6, nhan théy, néng do Cyanex 272 la
mot trong nhimg yéu t& anh hudng truc
tiép dén chuyén dich can bang, tirc 1a tac
dong truc tiép dén ty s chiét E.

That vay, gian dd trén hinh 2 cho théy r0
su anh hudng nay. Khi nong d6 Cyanex
272 tang 1én tir 0,1 dén 0,4M, ty 1¢ chiét E
ting gan 1 va viéc ting thém tic nhédn
chiét (ndng d6 0,5 M) khong mang nhiéu
¥ nghia.

Hon nira, gian d6 hinh 2 ciing cho thiy
hiéu qua chiét xudt cua tac nhan Cyanex
272 @6i voi Co va Ni cao hon so véi cac
kim loai khac nhu Li, Mn va Cu.

Nhu vdy ndng d6 tac nhan chiét Cyanex
272 thich hop 12 0,4 M.

3.2.2. Két qua khdo sat thoi gian chiét

Vé mit li thuyét da sé cac qua trinh chiét
xuat dugc kiém soat boi qua trinh khuéch
tan va cac phan Ung xdy ra trén bé mat
tiép xuc gilra hai pha. Su van chuyén va
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khuéch tan cac phén tir tr pha nay sang
pha kia can thoi gian dé dat t6i can bang.

Gian do hinh 3 cho thay thoi gian chiét
thich hop 1a 30 phat, khi do, cac phan ung
trao d6i giita hai pha hitu co va pha nudc
dat trang thai cin bang voi ty 18 chiét Li
dat ~90%, Ni ~96%, Mn ~82%, Co ~94%
va Cu ~95%.
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Hinh 3. Gidn dé biéu dién anh hwéng cia thoi
gian chiét dén hiéu qua qud minh chiét xudt ion
kim logi
(Nong d¢ Cyanex 272 = 0,4M, pH = 6)

4. KETLUAN

Nhu viy, cac diéu kién cong nghé qua
trinh hoa tach, chiét kim loai trong LIB
thai da dugc khao sat thanh cong. Qua
trinh chiét dwoc thyuc hién theo hai giai
doan lién tiép gém: hoa tach bot dién cuc
LIB thai bang dung dich H,SO4; chiét
xudt bang tic nhan Cyanex 272 trong
kerosen. Nghién ctru nay da lgya chon
dugc diéu kién hoa tach bot dién cuc LIB
thai thich hop gom: tac nhan acid sulfuric
8 M, nhiét d6 hoa tich 80°C, ty I¢
ran/long 13 8/150 g/mL, thoi gian phan
Ung la 3 gio. Nghién ctru nay ctng dé luya
chon duogc céc dleu kién t6i wu cho qué
trinh chiét 1a: nong do Cyanex 272 = 0,4
M, pH = 6, thoi gian chiét 30 phut voi ty
1¢ chiét kim loai dat tir 90 - 96%. Phuong
phép nay co thé duoc phat trién, hoan
thién va co tinh kha thi cao khi ap dung
thyc té.

LOI CAM ON
Nhom tac gia xin gui 161 cam on dén
Chuong trinh phat trién khoa hoc co ban



trong linh vuc Hoéa hoc, Khoa hoc su
séng, Khoa hoc trai dt va Khoa hoc bién
giai doan 2017- 2025 da tai tro nghién
clru nay thong qua dé tai khoa hoc cong
nghé v6i ma s6 PTDLCN-67/22.

Cam két: Nhom tac gia xin cam doan
day la cong trinh cia chung t6i va chua
giri dang ndi dung nay & bt ky tap chi
nao khac.
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