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Tém tit

Pin lithium-ion (LIB) thai tir cac thiét bi dién tir 1a ngudn tai nguyén thir cap quan trong chira cac kim loai ¢6 gi4 tri
nhu Li, Ni, Mn va Co. Trong nghién ctru nay, vat liéu dién cyc duong (cathode) thu hdi tir ba loai pin LIB thai g@)m pin
tor dén ndng lugng mat troi (SLB), pin tr may tinh xach tay (LB) va pin tu sac du phong (PB) da dugc dic trung nham
xac dinh thanh phén héa hoc va céu trac tinh thé cua chung. Céc pin thai dugc x4 dién trong dung dich NaCl 10% trong
24 gio, sau d6 dugc thao dd co hoc dé tach cac dién cuc. Bot vat lidu cathode sau khi thu hoi duoc phéan tich bang cac
phuong phap nhiéu xa tia X (XRD), kinh hién vi dién tir quét két hop phd tan xa niang lugng tia X (SEM-EDX), huynh
quang tia X (XRF) va khéi pho plasma cam (g cao tan (ICP-MS). Két qua XRD cho thay cac mau déu c6 ciu tric 16p
dic trung cua cac oxide kim loai chuyén tiép str dung lam cathode trong pin LIB. Phan tich SEM—EDX cho thiy hai mau
SLB va PB chira dong thoi cac kim loai Ni, Mn va Co, trong khi mau LB chii yéu chita Co. Két qua dinh lugng tir XRF
va ICP-MS cho théy ty 1&¢ mol Ni : Mn : Co clia cac mau SLB va PB lan lugt khoang 5,2 :24:2va53:24:2, tuong
g v6i vat lidu Li(Ni,Mn,Co)O: c6 thanh phan gan véi NMC532. Trong khi d6, miu LB ¢6 ham lugng Co chiém uu thé,
dic trung cho vat liéu LiCoO: (LCO). Két qua nghién ctru cung cip co s khoa hoc quan trong cho viéc phan loai vat liéu
cathode trong pin LIB thai va dinh hudng cic nghién ciru tai ché kim loai ¢ gia tri tir rac thai dién tir.

Tir khéa: pin lithium-ion thai, vat liéu cathode, dic trung hoa hoc, dic trung ciu trac, phan tich thanh phan nguyén t6

Abstract

Waste lithium-ion batteries (LIBs) from electronic devices represent an important secondary resource of valuable
metals such as Li, Ni, Mn, and Co. In this study, cathode materials recovered from three types of discarded LIBs, including
solar light batteries (SLB), laptop batteries (LB), and power bank batteries (PB), were systematically characterized to
identify their chemical composition and crystal structure. The spent batteries were first discharged in a 10% NaCl solution
for 24 h, followed by mechanical dismantling to separate the electrode materials. The obtained cathode powders were
analyzed using X-ray diffraction (XRD), scanning electron microscopy coupled with energy-dispersive X-ray
spectroscopy (SEM-EDX), X-ray fluorescence spectroscopy (XRF), and inductively coupled plasma mass spectrometry
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(ICP-MS). XRD patterns revealed that all samples possessed a layered crystal structure characteristic of transition metal
oxides used in LIB cathodes. SEM-EDX results indicated that the SLB and PB samples contained Ni, Mn, and Co
simultaneously, while Co was the dominant transition metal in the LB sample. Quantitative analysis by XRF and ICP-
MS confirmed that the SLB and PB samples exhibited Ni : Mn : Co molar ratios of approximately 5.2 : 2.4 : 2 and 5.3 :
2.4 : 2, respectively, corresponding to Li(Ni,Mn,Co)O: materials with compositions close to NMC532. In contrast, the
LB sample showed a dominant Co content, indicating a LiCoO. (LCO) cathode. These findings provide valuable insights
into the chemical characteristics of cathode materials in discarded LIBs and offer important information for developing
efficient recycling strategies for valuable metals from electronic waste.

Keywords: spent lithium-ion batteries, cathode materials, chemical characterization, structural characterization,

elemental composition analysis

1. Giéi thi¢u

Trong nhitg nim gan day, su phat trién manh
mé ctia cac thiét bj dién tir cAm tay nhu di¢n thoai
thong minh, may tinh x4ch tay, may tinh bang va
cac thiét bi luu trit nang luong di dong dd dan
dén nhu cau ngdy cang gia ting ddi véi pin
lithium-ion (LIB). Nho ¢6 nhiéu wu diém vuot
troi nhu mat do nang luong cao, tudi tho dai,
hiéu suit sac—xa tot va trong luong nhe, pin LIB
d3 tro thanh ngudn cung cip ning lwong chi yéu
cho cac thiét bi dién tir hién dai ciing nhu nhiéu
ung dung cong nghé khac [1,2].

Tuy nhién, cung vai su gia tang nhanh chdng
cua vi¢c sir dung pin LIB la su phat sinh ngay
cang 16n cta luong pin thai sau khi hét vong doi
st dung. Pin LIB thai chira nhiéu kim loai c6 gia
tri nhu lithi (Li), niken (Ni), coban (Co) va
mangan (Mn), dong thoi cling c¢6 thé chta céc
kim loai va hop chit c6 kha ning giy 6 nhiém
moi trudng néu khong duge xir Iy dung cach. Do
do, viéc nghién ctru thanh phﬁn héa hoc, ciu trac
vat liéu va dic diém cua céc loai cathode trong
pin LIB thai 1a budc quan trong nham dinh
huéng cho cac qua trinh tai ché va thu hoi kim
loai ¢6 gia tri [3].

Trong pin LIB, vat li¢u cathode dong vai tro
quyét dinh dén hiéu suét va dic tinh dién hoa cua
pin. Céc vat liéu cathode phd bién hién nay bao
gébm LiCoO: (LCO), Li(Ni,Mn,C0)O: (NMC)
v6i cac ty 1€ khac nhau cia Ni, Mn va Co, ciing
nhu mot s6 hé vat liéu khac. Mdi loai vat li¢u
cathode c6 thanh phan nguyén t6 va céu trac tinh
thé khac nhau, do d6 viéc x4c dinh chinh x4c loai

vét liéu cathode trong pin thai 1 rat can thiét cho
cac nghién ciru tai ché va xu 1y sau nay [4, 5].

D¢ dic trung hoa vat lidu cathode, nhiéu ky
thuat phan tich hién dai thuong dugc str dung
nhu nhidu xa tia X (XRD) dé xac dinh cu trac
tinh thé, huynh quang tia X (XRF) va pho tan xa
ning luong tia X (SEM—-EDX) dé xé4c dinh thanh
phan nguyén td, ciing nhu khéi phd plasma cam
g cao tan (ICP-MS) dé dinh luong chinh xac
ham luong cac kim loai trong mau [6]. Viéc két
hop cac phuong phap phan tich nay cho phép
danh gi4 toan dién vé thanh phan hoa hoc va céu
tric cua vat liéu cathode trong pin LIB thai.

Trong nghién ctru ndy, cac mau vat liéu
cathode duoc thu hoi tir pin LIB thai cua céc
thiét bi dién tir tiéu dung. Thanh phan nguyén t6
va cAu trac tinh thé ctia cac mau duge phan tich
bang cac phuong phap XRF, ICP-MS, SEM-
EDX va XRD. Muc tiéu cua nghién cuu la xéc
dinh loai vat liéu cathode, danh gia ty 1¢ mol cua
cac kim loai chuyén tiép Ni-Mn—Co, dong thoi
cung cap co s khoa hoc cho cac nghién ctru tiép
theo vé tai ché va thu hoi kim loai c6 gié tri tir
pin LIB thai.
2. Nguyén vat liéu va phuwong phap
2.1. Thu thip va chuén bi méu

Trong nghién ctru nay, pin LIB thai dugc thu
thap tir ba ngudn thiét bi dién tir tiéu dung khac
nhau, bao gdm: pin dang hinh try 18650 tir dén
nang lugng mat troi (ky hi¢u SLB), pin tor may
tinh x4ch tay Dell (LB), va pin tir thiét bi sac du
phong (PB). Cac pin nay déu 1a pin da qua sir
dung va duogc thu hoi tir cac thiét bi thai bo.
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DPé dam bao an toan trong qué trinh thao dd,
cac pin dugc ngdm trong dung dich NaCl 10%
(W/v) trong 24 gid nham x4 hoan toan dién tich
con lai. Sau do, pin dugc léy ra, dé rdo ty nhién
va tién hanh thdo d& bang phuong phap co hoc
trong diéu kién an toan. Cac thanh phan bén

trong pin dugc tach ri€éng, trong d6 vat li€u
cathode va anode dugc thu hdi va lam sach. Cac
dién cuc sau khi tich dugc nghién nho thanh bot
vat liéu. Bot thu duoc sau d6 duoc siy kho &
60°C qua dém nham loai bé d6 4m trudce khi tién
hanh cac phan tich dac trung hoa hoc va cAu trac.

Pin LIB tir sac du phong

(O Phian tich )

< XRD
< 1(P-M§
< XRF
< SIM
< EDX

Hinh 1. Nguén pin LIB thai tir cac thiét bi dién tir khac nhau va cac phuong phap phan tich dac trung

2.2. Phén tich ddc trung vt liéu

Céu trac tinh thé cua cac mau vt lidu duoc
x4c dinh bang phuong phap nhifu xa tia X
(XRD) sir dung thiét bi Shimadzu XRD-6100
(Nhat Ban) véi bic xa Cu-Ka (A = 1,5406 A).
Pho nhiéu xa duoc ghi nhan trong khoang gboc 20
tir 10 dén 70° & nhiét d6 phong. Hinh thai bé mat
va thanh phan nguyén t6 cia mau duoc khéo sat
bang kinh hién vi dién tr quét (SEM) két hop véi
phd tan xa ning luong tia X (SEM—EDX) trén
hé thiét bi TESCAN VEGA3 (TESCAN, Cong
hoa Séc). Thanh phan nguyén t6 tong thé cia cac
mau vt liéu tir pin LIB thai duoc x4c dinh bang
phuong phap huynh quang tia X phan tdn nang
luong (XRF) st dung thiét bi Shimadzu EDX—
8000 (Nhat Ban), trang bi ngudn tia X anode Rh
hoat dong ¢ dién &p 50 kV trong moi truong khi

helium. Ham lugng cac kim loai trong mau dugc
x4c dinh bang phwong phap khéi phd plasma
cam tng cao tan (ICP-MS) sir dung thiét bi
Agilent 7700 Series (Hoa Ky). Trudc khi phan
tich, miu dugc pha hiy trong mdi trudng axit
bang phuong phap hd trg siéu am. Cu thé, 0,01
g bot mau duoc cho vao coe thuy tinh, sau do
thém 6 mL HNOs (69%), 2 mL HCI (37%) va 1
mL H20: (30%). Hon hop duoc siéu am trong 1
gio & nhiét d6 phong nham hoa tan hoan toan cac
thanh phan kim loai trong mau. Sau qua trinh
pha mau, dung dich dugc chuyén vao binh dinh
mirc 50 mL va dinh muc dén vach bang dung
dich HNOs 2% trudc khi tién hanh phan tich
ICP-MS. Quy trinh chuén bi mau va cac phuong
phap phan tich dac trung vat li¢u dugc minh hoa
trong Hinh 1.
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3. Két qua va thao luan
3.1. Phéan tich XRD
Phé nhidu xa tia X (XRD) ciia cac mau vt
liéu cathode thu hoi tir pin LIB thai SLB, LB va
PB duoc trinh bay trong Hinh 2. Cac mau déu
thé hién cac dinh nhiéu xa dic trung tai viing goc
20 khoang 18-70°, cho théy su tOn tai cua ciu
trc tinh thé co trat tu trong cac vat li€u nay.
Déi véi miu SLB, cic dinh nhidu xa xuét hi¢n
tai cac vi tri 20 = 19,1°, 26,9°, 37,0°, 38,7°,

44,8°, 48,9°, 55,0°, 58,9°, 64,6°, 65,3° va 68,5°.
Tuong tw, mau LB cho cac dinh tai 18,9°, 26,5°,
37,3°, 39,0°, 45,2°, 49,5°, 54,7°, 59,6°, 65,4°,
66,3° va 69,7°, trong khi mau PB thé hién cac
dinh tai 18,6°, 26,4°, 36,6°, 38,3°, 44,4°, 48,5°,
54,6°, 58,5°, 64,3°, 64,9° va 68,1°. Cac vi tri
dinh nhidu xa ctia ba mau c6 su trong ddng cao,
cho thay cac vat liéu cathode nay c6 cau trac tinh
thé twong ty nhau.

Intensity (cps.)
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Hinh 2. Phé XRD cua cac miu SLB, LB va PB

Céac dinh nhiéu xa chinh tai khoang 18-19°,
37-39°, 44-45°, 48-49°, 54-55°, 58-60° va 64—
66° c6 thé duoc gan cho cic mit phang tinh thé
(003), (101), (104), (015), (105), (018) va (110)
dic trung cua cau tric 16p dang o-NaFeO: véi
nhém khéng gian R3m. Pay 1a cu trac tinh thé
dién hinh cta céc vt liéu cathode trong pin LIB
nhu LiCoO: (LCO) va Li(Ni,Mn,Co)O2 (NMC)
[7-9]. Ngoai ra, mot dinh nhiéu xa tai khoang 20
~ 26° dugc quan sat trong cd ba mau, tuong tng
v6i mat phang (002) cta carbon dang graphitic
[10, 11]. Binh niy c6 thé xuét phat tir carbon dan
dién hoac cac thanh phén carbon con soét lai trong
dién cyc cua pin LIB sau qua trinh thao do [12].

Su twong dong trong cac phd XRD cua ba
mau cho thiy cac vit liéu cathode thu hdi déu c6

cdu tric 16p dién hinh cua hé vat liéu oxide kim
loai chuyén tiép dung trong pin LIB. Tuy nhién,
do céu truc tinh thé cua cac vat liéu LCO va
NMC khé turong dong, viéc phan biét chinh xac
loai vat liéu cathode chi dua trén phé XRD la
kho khan. Do d6, cac phuong phap phan tich
thanh phan nguyén t6 nhu XRF, SEM-EDX va
ICP-MS dugc st dung bd sung dé xac dinh
chinh xac thanh phan kim loai va ty 1¢ mol Ni-
Mn—Co cua cac mau vat liéu.
3.2. Phan tich SEM-EDX

Hinh thai bé mit va thanh phan nguyén t6 cta
cac mau vat liéu cathode thu hoi tir pin LIB thai
duogc khao sat bang SEM két hop EDX, két qua
dugc trinh bay trong Hinh 3 va Bang 1. Anh
SEM ctia miu SLB (Hinh 3a) cho thiy vat liéu
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c6 dang cac hat gin cau véi kich thudc vai
micromet, bé mat hat tuong ddi nham va duoc
cdu thanh tir nhiéu tinh thé nho két tu lai véi
nhau. Hinh thai nay 1a dic trung thuong gip cia
cac vat liéu cathode dang 16p trong pin LIB, dac
biét 1a cac vat liéu thudéc hé Li(Ni,Mn,Co)O:
(NMC) [13-15]. Phd EDX tuong tmg (Hinh 3a’)
cho thay sy hién dién dong thoi ciia cac nguyén
t6 Ni, Mn va Co, ciing véi cac nguyén t6 phu nhu
0, P, S va Cu. Két qua dinh lugng trong Bang 1
cho thdy ham luong cac kim loai chuyén tiép lan
luot 1a Ni 33,49 wt.%, Mn 17,83 wt.% va Co
14,72 wt.%, tuong ung véi ty 1€ nguyén tor Ni
19,23 at.%, Mn 10,93 at.% va Co 8,41 at.%. Ty
16 mol Ni : Mn : Co xp xi 5 : 2,8 : 1, cho thiy

vt liéu cathode ctia mau SLB c6 thanh phan gan
v6i hé NMC532.

Pbi véi mau LB, anh SEM (Hinh 3b) cho
thz?iy cac hat vat liéu c6 dang phién hodc manh
khong ddng déu, kich thudc micromet va cd xu
hudng két tu thanh cac khéi 16n hon. Phé EDX
(Hinh 3b”) cho thay Co 13 nguyén t kim loai
chuyén tiép chiém wu thé trong mau, trong khi
Ni va Mn khéng duoc phat hién hodc nam dudi
gioi han phat hién ctia phuong phap EDX. Két
qué dinh luong trong Bang 1 cho thiy ham luong
Co dat 18,16 wt.% (4,59 at.%), chung to6 vat licu
cathode ciia mau LB c6 kha ning thudc hé
LiCoO: (LCO), vén 12 vat liéu cathode phd bién
trong cac pin LIB sur dung cho may tinh xéch tay.

@
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Hinh 3. Anh SEM (a, b, ¢) va phé EDX (a’, b’, ¢’) cia mau SLB (a, a’), LB (b, b’) va PB (c, ¢*)
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Anh SEM cuia mau PB (Hinh 3c) cho thiy cac
hat vat li€u c6 hinh dang gr:?m cau trong tu mau
SLB, v6i bé mit cAu tric dang hat tha cép duoc
hinh thanh tir nhiéu hat tinh thé nhé. Phé EDX
(Hinh 3¢’) xac nhan sy hién dién ctia cadc nguyén
t6 Ni, Mn va Co, cung v&i mot sb nguyén td khac
nhu C, O va P. Két qua dinh luong cho thdy ham
luong cac kim loai chuyén tiép lan luot 1a Ni
7,73 wt.%, Mn 3,91 wt.% va Co 3,00 wt.%,
tuong ung voi Ni 1,93 at.%, Mn 1,04 at.% va Co
0,74 at.%. Ty 1& mol Ni : Mn : Co thu duogc xap
xi5:2,7:1,9,cho théy vat liéu cathode ctia mau
PB ciing thudc hé NMC, véi thanh phan gan voi
NMC532.

Két qua SEM—EDX cho thy cac mau vt liéu
cathode thu hoi tir pin LIB thai c6 hinh thai va
thanh phan kim loai chuyén tiép khac nhau tiy
theo ngudn thiét bi. Hai miu SLB va PB chira
ddng thoi cac nguyén td Ni, Mn va Co, dic trung
cho vat liéu cathode hé NMC, trong khi mau LB
chi1 yéu chira Co, phii hop véi vat liéu LiCoO:..
Tuy nhién, do phuong phap EDX chi cung cip
théng tin dinh lugng twong dbi tai ving phéan
tich, cac phuong phap phan tich dinh lugng
chinh xac cao nhu ICP-MS va XRF duoc su
dung tiép theo nhim xac dinh ham lugng kim
loai va ty 1€ mol cta cac vat li¢u cathode.

Bang 1. Ham lugng kim loai chuyén tiép xac dinh bang SEM—EDX (wWt.% va at.%)

Nguyén tb SLB LB PB

Ni (wt.%) 33,49 - 7,73
Mn (wt.%) 17,83 - 3,91
Co (Wt.%) 14,72 18,16 3,00
Ni (at.%) 19,23 - 1,93
Mn (at.%) 10,93 - 1,04
Co (at.%) 8,41 4,59 0,74

Ti I¢ mol Ni: Mn : Co 5:28:1 Co chiém uu thé 5:2,7:19
Dinh danh cathode NMC gan 532 LiCoO: (LCO) NMC gan 532

(—: khong phat hién hodc dudi gidgi han phat hién ctia EDX)

3.3. Phén tich XRF

Thanh phan nguyén t6 téng thé ciia cac vat
liéu cathode thu hdi tir pin LIB thai duoc xéac
dinh bang phuong phap huynh quang tia X
(XRF), két qua duoc trinh bay trong Bang 2. Két
qua phan tich cho thAy miu SLB chira céc
nguyén t6 kim loai chuyén tiép chinh bao gdm
Ni, Mn va Co, véi ham lugng 1an luot 1a 45,24
at.%, 23,92 at.% va 18,28 at.%. Ngoai ra, mau

con chira mot lugng dang ké Cu (10,27 at.%),
cling v6i cac nguyén té phu nhu P, S va Ca. Su
xuét hién cta Cu c6 thé lién quan dén su 1an tap
tir 16p 14 dan dién (current collector) ciia dién cuc
trong qua trinh thao d& pin. Dua trén ty I¢
nguyén tir ciia cc kim loai chuyén tiép, ty 1¢ mol
Ni : Mn : Co dugc udc tinh xép xXi5:2,6:2,cho
thiy vat liéu cathode ctia mau SLB c6 thanh
phan gan véi hé Li(Ni,Mn,Co)0: (NMC), dic
biét 1a dang NMC532.

Bang 2. Ham lugng cac nguyén tb cia vat liéu cathode xac dinh bang XRF (at.%)

Nguyén tb SLB (at.%) LB (at.%) PB (at.%)
Ni 45,24 - 51,90
Mn 23,92 - 24,32
Co 18,28 96,30 20,26
Cu 10,27 - -
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P 1,61 2,81 2,64
S 0,63 0,67 0,78
Ca 0,06 - 0,11
Ti - 0,15 -
Fe - 0,07 -
Tilé mol Ni: Mn : Co 5:2,6:2 Co chiém uu thé 5:2,3: 2
Dinh danh cathode NMC gan 532 LiCoO: (LCO) NMC gan 532

Dbi voi mau LB, két qua XRF cho thay Co la
nguyén t kim loai chuyén tiép chiém wu thé tuyét
dbi voi ham luong 96,30 at.%, trong khi Ni va Mn
khong dugc phat hién. Ngoai ra, mot lugng nho
cac nguyén to P, S, Ti va Fe ciing dugc ghi nhan.
Thanh phan nguyén t6 nay phu hop véi vat lidu
cathode LiCoO. (LCO), vén 1a loai vat liéu
cathode phé bién trong pin LIB sir dung cho cac
thiét bi dién tr nhur may tinh xéch tay.

Trong khi d6, mau PB ciing cho thiy sy hién
dién dong thoi ctia ba kim loai chuyén tiép Ni,
Mn va Co v6i ham luong 1an luot 13 51,90 at.%,
24,32 at.% va 20,26 at.%. Ngoai ra, CAc nguyén
t6 phu nhu P, S va Ca ciing dugc phat hién voi
ham lugng nho. Ty 1¢ mol Ni : Mn : Co dugc xéc
dinh khoang 5:2,3 : 2, cho théy vat li€u cathode

clia mau PB ciing thuoc hé NMC va c6 thanh
phan gan véi NMC532.

Nhu vay, két qua XRF phu hop véi cac két
qua thu dugc tir phan tich SEM-EDX, trong do
hai mau SLB va PB chtra ddng thoi cac kim loai
chuyén tiép Ni, Mn va Co, dac trung cho vat liéu
cathode h¢ NMC, trong khi mau LB chu yéu
chtra Co, déc trung cho vat liéu LiCoO..

3.4. Phan tich ICP-MS

Ham luong cac kim loai trong vat li€u
cathode dugc xac dinh bang phuong phap khdi
phd plasma cam tmg cao tan (ICP-MS), két qua
duoc trinh bay trong Bang 3. Phuong phap nay
cho phép dinh lugng chinh xac cac nguyén t6
kim loai trong mau sau qua trinh pha mau axit.

Béang 3. Ham luong kim loai trong vat li€u cathode x4c dinh bﬁng ICP-MS

Nguyén t6 SLB (mg/g) LB (mg/g) PB (mg/g)
Li 32,05 27,28 28,42
Ni 135,15 0,53 114,26
Mn 59,76 0,21 48,49
Co 52,00 159,03 43,11
Fe 5,03 1,63 1,92
Al 6,33 6,18 7,63
Cu 22,05 0,43 0,23
Ti Ié mol Ni : Mn : Co 52:2,4:2 Co chiém uu thé 53:2,4:2
Dinh danh cathode NMC gan 532 LiCoO: (LCO) NMC gan 532

Két qua cho thdy mau SLB chira ham luong
dang ké cac kim loai chuyén tiép Ni, Mn va Co véi
nong d6 lan luot 13 135,15 mg/g, 59,76 mg/g va
52,00 mg/g. Ngoai ra, mau con chira cac nguyén
t6 khac nhu Li, Fe, Al va Cu voi ham luong thip
hon. Ttr cac gié tri ndy, ty 1¢ mol Ni : Mn : Co dugc
tinh toan xdp xi 5,2 : 2,4 : 2, cho thiy vt liéu

cathode ctia mau SLB thudc hé Li(Ni,Mn,Co)O:
voi thanh phan gan véi NMC532.

Pbi v6i mau LB, ham lwong Co duoc xéac
dinh ¢ muec rat cao (159,03 mg/g), trong khi ham
lwong Ni va Mn chi ¢ mic vét (0,53 mg/g va
0,21 mg/g). Thanh phan nay cho thay Co 1a kim
loai chuyén tiép chiém wu thé trong vat liéu
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cathode ciia mau LB. Két qua nay phu hop véi
vat liéu LiCoO:, von 1a loai cathode phd bién
trong pin LIB str dung cho mdy tinh xach tay.

Trong khi d6, mau PB ciing cho thdy su hién
dién cua ba kim loai chuyén tiép Ni, Mn va Co
v6i ham luong lan luot 114,26 mg/g, 48,49 mg/g
va43,11 mg/g. Ty 1¢ mol Ni : Mn : Co dugc tinh
toan khoang 5,3 : 2.4 : 2, cho théy vat liéu
cathode ctia mau PB ciing thuoc hé NMC va cé
thanh phan gan voi NMC532.

Nhin chung, két qua ICP-MS phu hop voéi cac
két qua thu duoc tir cac phuong phap phan tich
SEM-EDX va XRF, trong d6 hai mau SLB va
PB chira ddng thoi cac kim loai chuyén tiép Ni,
Mn va Co, dac trung cho vat liéu cathode hé
NMC, trong khi mau LB cha yéu chira Co, dic
trung cho vat li¢u LiCoO2. Mic du ty 1¢ mol Ni—
Mn—-Co xac dinh b?mg SEM-EDX c6 su sai khac
nhét dinh so véi cac gia tri thu dugc tir XRF va
ICP-MS, xu huéng thanh phéan clia cac mau van
nhat quan gitra cac phuong phap phan tich. Su
sai khac nay chu yéu xuét phat tir ban chat ban
dinh luong cua phuong phiap SEM-EDX, vén
chi phan 4nh thanh phan nguyén t6 tai ving bé
mat dugc khao sat, trong khi XRF va dac biét 1a
ICP-MS cung cép thong tin dinh lugng dai di¢n
hon cho toan bo mau. Do d6 chinh xac dinh
luong cao cua phuong phap ICP-MS, cac ty 1¢
mol Ni-Mn-Co thu dugc tir phép do nay dugc
st dung lam co s& chinh dé dinh danh loai vat
lidu cathode trong caAc mau pin LIB thai.

4. Két luan

Trong nghién ctru nay, vat liéu cathode tir ba
ngudn pin LIB thai gdm pin tir dén ning luong
mat troi, pin tr may tinh xach tay va pin tur sac
du phong di duogc thu hoi va dic trung bang cac
phuong phap XRD, SEM-EDX, XRF va ICP-
MS. Két qua XRD cho thdy ca ba mau déu cé
Cau trc tinh thé dang 16p ddc trung cua céc
oxide kim loai chuyén tiép sir dung 1am cathode
trong pin LIB. Phan tich SEM-EDX cho thay
cac mau SLB va PB chira dong thoi cac kim loai

chuyén tiép Ni, Mn va Co, trong khi mau LB chu
yéu chira Co. Két qua XRF va ICP-MS tiép tuc
x4c nhan su khac biét vé thanh phﬁn kim loai
gifta cac mau. Ty 1é mol Ni : Mn : Co cua céc
mau SLB va PB duoc xac dinh va cho thiy cac
vat liéu nay thudc hé Li(Ni,Mn,Co)O: véi thanh
phan gan v6i NMC532. Trong khi d6, mau LB
c6 ham luong Co chiém wu thé, dic trung cho
vat liéu LiCoO: (LCO). Cac két qua thu duoc
cung cép co s& khoa hoc quan trong cho vi¢e
phan loai va dinh huéng cac qua trinh tai ché kim
loai c6 gid tri tu pin LIB thai trong cac nghién
ctru tiép theo.

Loi cdm on: Nghién ctru nay dugc tai tro boi
Quy Phat trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong nhiém vu ma sé NCUD.05-
2025.34.
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