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SUMMARY

INVESTIGATION ON RECOVERY OF VALUABLE METALS IN LITHIUM-ION
BATTERIES

In this study, a mixture of trioctylmethyl ammonium oleate and tridecylmethyl ammonium oleate ionic
liquids was synthesized and structurally characterized by FT-IR, and MNR spectroscopy. The synthesized
ionic liquidr were used as a solvent for the extraction process to recover precious metal ions (Mn®*, Co**,
Ni%*, Li*) in spent batteries. The principle of the process is based on the ionic liquid's ability to adsorb metal
ions changes according to environmental conditions. Research results show that the yiled of metal ions
Mn2*, Co®*, Ni*", Li* recovery rearched 97.05%, 96.12%, 99.43%, 98.04%, respectively. Spents ionic liquid
can be recovered up to 80%, metal ions recovery efficiency of reused ionic liquid reaches >95% compared

to the first time.

Keywords: ionic liquid, precious metal recovery, lithium ion battery, extraction.

1. Giéi thi¢u

Hién nay, khi ngudn ning lwong hoa thach gy 6
nhiém moi truong ngay cang can kiét, viéc tim
kiém cac ngudn ning luong tai tao thay thé nhu:
dién mit troi, dién gio, thuy dién, dién thuy triéu...
dang duoc ca thé giéi quan tim. Song song v&i viée
dich chuyén tir str dung ning lugng hoa thach sang
nang luong dién tai tao 1a viéc ché tao cac dong co
chay bang dién ciing ra doi, kéo theo cong nghé san
xuét pin cling phat trién nhanh chéng do nhu cau sir
dung ning lugng ngay cang tiang. Sau khi sir dung
pin néu khong duoc tai ché s& thai ra méi trudng
gay 6 nhiém ning né dong thoi that thoat mot lwong
16n kim loai qui, dac biét 1a loai pin lithium ion. Vi
vdy, viéc nghién ctru tai ché luong pin thai dang
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ngdy cang ting thu hiit sy quan tim ctia nhiéu nha
khoa hoc trén toan thé gi¢i [1-6]. Vén dé chinh cin
giai quyét cua cong nghé tai ché pin thai chinh la
can phat trién dwoc qui trinh tach chon loc cac ion
kim loai, hiu sudt tich va hiéu qua kinh té ctia qua
trinh tach phai cao [7-9].

Hién nay, qua trinh tach kim loai trong pin dugc
chia thanh hai phuong phap chinh la qud trinh
nhiét va quéa trinh hoa tan - tach chiét bang dung
moi [10-13]. Phuong phidp mang lai higu qua vé
mit kinh té v mdi truong duoc ap dung nhiéu nhét
hién nay do 1a quy trinh tach - hoa tan [14]. Qué
trinh tai ché pin phd bién gdm hai budc chinh la
qué trinh vat 1y (nghién, tach, sang, loc...). va qua
trinh héa hoc (hoa tan cac kim loai trong dung dich



pin bang cac dung dich acid, tach chiung bang cac
dung méi phu hgp). Tuy nhién, cic qua trinh nay
thuong c6 hiéu suat thap [14], hodc chi tap trung
vao cac kim loai quy nhu lithium, cobalt hodc chi
tach ra hdn hop cac kim loai do céc tinh chat dong
két tiia ctia chung. Dé giai quyét van dé trén, thiét
ké duoge dung moi chon loc 1a yéu tb quyét dinh dén
qua trinh. M6t trong nhiing dung mé6i ¢6 kha nang
h?ip thu chon loc, ¢6 kha nang hép thu da dang nhét
chinh 1a chit long ion. Pi co rat nhidu nhiing
nghién ctru vé kha ning tach chiét cta chung [15-
21]. Gan day nhat, tac gia Enas A. Othman va cong
sy d chi ra sy phu hop ciia viéc ap dung chat long
ion P888g[Oleate] vao viéc tach chiét cac kim loai
quy ra khoi pin voi hiéu sudt qua trinh cao [22].
Nhung gbc cation tetraalkyl phosphonium cé gia
thanh va doc té twong ddi cao. P& giai quyét vin
dé trén, trong nghién ctru nay chung toi da tong hop
va sir dung hdn hop chéit long ion trioctylmethyl
ammonium  va  tridecylmethyl ~ ammonium
([Aliquat][Oleate]) duoc ché tao tir aliquat (13 hdn
hop cua trioctylmethyl ammonium chloride va
tridecylmethyl ammonium chloride) va acid béo
oleic. Cac chit 1ong ion nay c6 gia thanh ré hon, an
toan hon véi moéi trudng va hé sinh thai va cé cac
tinh chét trong ty. Nho tinh ki nudce cia cation nén
khién cho IL khong tao nhii twong véi nudc ma
tach pha hoan toan véi nude giup tang kha nang

Nghién ctru nay tap trung vao viéc tach bon ion
kim loai chinh c6 mat trong pin BP-4L la
lithium, cobalt, niken va mangan, danh gia kha
nang thu hdi va téi st dung cua chét 1ong ion.

2. Thue nghiém
Héa chit

Aliquat 336 dugc mua cua cong ty Sigma-Aldrich,
Oleate acid 95% , HCI 36-38%, sodium hydroxide
(> 99%), hydrochloric acid (37%), ammonia solution
(30%), ammonium chloride 99% , ammonium
carbonate 99% , sodium chloride 99%, sodium
hydrogen carbonate 98% va sodium carbonate
98%, Pin BP-4L duoc mua ctia Trung Quéc.

2.1 Téng hop chit long ion

Cho 6,5142 g acid oleic vao binh cau c6 san 80 mL
nuéc hoa tan 1,7864 g KOH, khudy hdn hop &
45°C trong 3 gio. Thém 9,72 mL aliquat vao va
khudy tiép tuc trong 6 h & 75 °C. Cudi cing rira hdn
hop véi nude 4m & 45°C dé loai bo KCI va lugng
du KOH, ldp lai 3 lan. Sau d6 lam kho thu dwoc
mot chit long nhét mau hoi vang mat ong.

Phwong phdp dic trung: Chét long ion duogc do
FT-IR, NMR tai Vién hoa hoc, Vién Han 1am va
khoa hoc Viét nam, 18- Hoang Quéc Viét, Ha Noi.
Phép do AAS duoc thuc hién tai Cong ty TNHH
Moéi Truong SETECH - Long Bién, Ha Ngi.
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2.2 Thu héi kim loai tir pin
Qua trinh thu hdi kim loai tir pin gdm 2 buéc:

Xir Iy pin va hoa tan kim logi

Pin dugc xur 1y vat Iy bang cach boc tach cac 16p
nhu hinh 1. Sau d6 tién hanh nhing dién cuc
graphite vao dung dich HCI 8M (tham khao tur tai
liéu [22]) dé hoa tan cAc kim loai trong pin thanh
dang mudi chloride.

Qua trinh tach chiét cdc ion kim loai

Trong so d6 qué trinh tach c6 thé chia thanh 2 giai
doan chinh nhu Hinh 1.

Giai doan so cép: la giai doan hép thu c6 chon loc
dya vao tinh chat cua [Aliquat][Oleate] dé hip thu
mangan va cobalt ra khoi dung dich pin, sau d6 ta
thu dugce 2 pha riéng biét 1a pha IL chira mangan va
cobalt (E1) va pha nudc chia nickel va lithium
(E2).

Giai doan thi cép:

- E1 duogc xur Iy bang dung dich chtra hdn hop cia
1M NH;OH, 1,2M (NH4),CO; va 1M (NH,),SO4

c6 kha nang tao phac vai cobalt nén cobalt khéng
két tiia chi co mangan két tua voi (NH,),COs, nhu

BRUKER
1 /.\

vay c6 thé tach riéng cac ion Mn** va Co*. Sau do
IL duoc thu hoi bang phuwong phap tach céc cation
kim loai Co®* bang cach két tua véi Na,COs,

- Xir 1y dung dich E2: dung dung dich NaOH dé
dua pH vé 4+6, ldc nay IL hoan toan cé kha ning
tao phirc v6i ion Ni?*, vi vay c6 thé tach riéng cac
cation kim loai. Tach pha, thém Na,CO; vao pha
chat 1ong ion co chira ion nickel dé tach nickel &
dang mudi NiCO;. Tuong tu, thém Na,CO5 vao pha
nuée dé két tua Li,COz. Qué trinh trén duge thuc
hién véi 2 chét long ion khac nhau la Aliquat va
[Aliquat][Oleate].

3. Két qua va thao luan

3.1 Két qua téng hgp chat léng ion

Chat 1ong ion [Aliquat][Oleate] sau khi tong hop va
tinh ché 1a chat long nhdt mau vang, khdi luong
riéng 1a 0,93 g/mL. Hiéu sut tong hop dat 80-85%.
Chét long ion duwoc xac dinh dac trung cAu truc
bang phuong phap phd hong ngoai va phd cong
huong tur hat nhan.

Phé FT-IR chit léng ion

Pho FT-IR cua IL [Aliquat][Oleate] dwgc dua ra &
Hinh 2

HC=C
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T
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Hinh 2. Bdc trung cdu tric cia IL qua cdc phé FT-IR, *H-MNN, *C-MNR
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Phd FT-IR cua chat long ion Pliquat][Oleate] c6
cac dinh dic trung sau: Dinh tai 3400 cm™ dic
trung cho lién két N-H va lién két OH cua nudéc,
3006 cm™ 14 cua C sp2 trong =C-H ¢ géc acid béo
oleic, dao dong ¢ 2922 cm™ dac trung cua lién két
C- H trong CHj, dinh 2853 cm™ cua lién két C-H
trong CH,, dao dong & 1648 cm™ dic trung cho lién
két C=0, dinh & 1465 cm™ la cua lién két C-H
trong CH,, dao dong 1398 cm™ dic trung cho kién
két C-H trong CHj, 1560 cm™ la do sw c6 mit cua
lién két N-O, dinh 1175 cm™ dic trung cho lién két
C-N, dinh tai 1038 cm™ thé hién su c6 mat cua lién
két =C-H (dao dong bién dang ngoai mat phang),
dinh tai 721 cm™ 13 cua nhém CH,. C6 thé thiy
chat long ion d tong hop thanh cong lién két OH
cta nhom carboxylic ¢6 tin hiéu dac trung nhon,
manh d3 bién méat chi con tin hiéu cia nhém OH
trong H,O (dung méi). Ngoai ra xuét hién lién két
N-O dic trung chat long ion. Va tin higu nhém =C-
H van duoc giit nguyén.

Phé NMR ciia [Aliquat][Oleate]

Phé 'H NMR va ®C-NMR cua IL duge dua ra
trong Hinh 2.

IH NMR §&(ppm): [N8888][oleate]: 0.86-0.89 H
cua nhom CHjz;,  1.26-1.34 la H ctia nhém CH,,
2.00-2.01 ctia nhdm CH,-C(=0)O-, 3.1-3.6 cua
nhom N*-CH,, 5.33 ctia nhdm CH=CH. DPic trung
NMR cua IL cho thiy IL di tong hop thanh cong,
c4c dit liéu chuyén dich nhém chirc phu hop véi md
ta cua cac [N8888, N1888, N10101010][oleate] da
dugc cong bd trude day [N8gss[oleate]: d=0.86(m,
15.6H),1.26(m, 62.5H), 1.54 (m, 9.9H),2.00(m,

3.8H), 2.18(t, 2.1H), 5.33

ppm(m,2.0H) [23-24].

3.1(m, 8.0H),

Tir dit liéu MNR "€ ¢6 thé thiy do chuyén dich dic
trung cua cadc nhom chire: d=22.31-27.034 1a C
ctia nhom CH;, 29.26-29.89 1a C ctia nhom CH2,
38.131 1a C cua nhém CH,, 48.98 cua nhom CH,-
C(=0)0, 129.822-129.949 ctia nhdm CH=CH.

Tir céc két qua do phd IR, NMR c6 thé thiy chat
long ion da tong hop thanh cong.

3.2 Két qua tach kim loai

3.2.1 Két qua hoa tan ion kim logi bang dung
dich acid
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Dé danh gia hiéu suat hoa tan, chdng toi can 1
luong nho dién cuc, phd mau hoan toan rdi do dung
dich thu dugc v6i phuong phap AAS, tor d6 tinh
ham lugng mdi kim loai trong dién cuc. Can phan
dién cuc con lai va hoa tan cac kim loai v6i dung
dich HCI 8M, do ham lugng cac ion kim loai trong
dung dich bang phuong phap AAS. Két hop vai két
qua xac dinh ham luvgng kim loai trong dién cuc &
trén s& tinh duoc hiéu suit hoa tan mdi kim loai
(Bang 1).

Bdng 1. Két qua do AAS dung dich ion kim logi sau
khi hoa tan dién cuc pin

. Nong do
Hamluong | onKL | higy
lonKL 1 frongdung | g
Cation | tinhtheoly | gich hoa tach
kim loai thuyet tan (%)
(mg/L)
(mg/L)
Mn2* 578,21 532,51 92,10
Co2t 590,84 526,84 89,17
Ni2* 545,32 515,92 94,61
Li* 42,51 39,85 93,74

Két qua thu dugc cho thiy dung dich HCI 8 M phu
hop dé hoa tan, hiéu suét hoa tan cac ion kim loai
khoang 89-94%

3.2.2 Két qua chiét tach thu hai céc ion kim logi

Pé so sanh ching t6i st dung 2 chat long ion
[aliquat][oleate] va aliquat. Sau khi chiét dung dich
hoa tan pin v6i chit long ion thu dwoc dung dich
El Ia pha IL chira cac ion cobalt va mangan, E2 Ia
pha nudc chira cac ion nickel va lithium, ching toi
tién hanh tach thir cip dé thu hdi timg kim loai tir
hai pha trén. So dd tach thir cap cac ion kim loai tir
hai pha trén dugc chi ra trong hinh 1.

Tach ion cobalt va mangan

Cac phuong trinh xay ra trong giai doan xu ly pha
ElL:

Phan ing tao phuc cua cobalt:

[Co(H20),]% 34+ NH3 2 — [Co(NHa)e]** ag + H,0
(2.1)




Phan ung két tia ion magan tir phic Mn véi
[aliquat][oleate]:

[Aliquat] [Mn(Oleate)s] + 2[Aliquat] "Cl a1y +
(NH4)2C03 — MnCO; + NH4C| + [Aliquat]+O|eate
(2.2).

Phan tng két tia ion magan tir phirc Mn véi aliquat

[N-(Cg-10)s] TMN(Cl)s] + 2[N-(Cg.10)3] "Cl'phary +
(NH4)2CO3 — MHCO3 + NH4C| + [N'(C3.10)3] +C|_
2.3).

Phan tmg két tia ion Co:
[Co(NH3)s]*" ag + Na,CO3; — CoCO; + 6NH;

San pham la cac mudi két tua dugc loc, sdy kho va
can dé tinh hiéu suit. Két qua duoc trinh bay &
bang 2.

Qué trinh tach cho thdy IL aliquat ¢ hiéu sut tach
thip hon IL tong hop [aliquat][oleate]. Nhu vay
chit 16ng ion méi da c6 hidu sudt hap thu cao hon
chit 1ong ion aliquat ban dau. Didu ndy c6 thé giai
thich nho vao sy thay ddi anion Cl” bang RCOO™ da
lam ting chiéu dai va sy cong kénh cua mach
carbon nén tang kha nang hip thu céc kim loai nhém
chuyén tiép.

Téach ion NivaLi

Cac phuong trinh xay ra trong giai doan xu 1y pha
E2:

Khi pH ciia dung dich ting 1én t6i 4-6, ion Ni** s&
tao phirc voi chit 1ong ion

Ni** ha a) + 2C1 gha aey + 3IN-(Ca.10)s] [CIT (oha 11y
< [N-(Cg.10)s] [Ni(CI)s]" (pha 11y + 2[[N-(Cg-10)s]1"CI
(pha IL)-

Tién hanh tach Ni** bang cach tao két tua véi
Na,CO3; 1M theo phuong trinh
[Aliquat]'[Ni(Oleate)s]” + 2[Aliquat] 'Cl pna 1y +
Na,CO; — NiCO; (két tua) + NH,Cl +
[Aliquat336] Oleate (3).

Tach ion Li+ theo phuong trinh

LiCl + Na,CO;3 — Li,CO; (két tua) + NaCl

San phim 1a cac mudi két tua duogce loc, siy kho va
can dé tinh hiéu suat. Két qua duoc trinh bay &
bang 2. Tuong tu véi dung dich E1 dung dich E2
cho thiy hiéu suét cua chit long ion téng hop cao
hon Aliquat ban dau, didu nay khang dinh tinh chon
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loc cua IL tong hop [aliquat][oleate] c6 kha ning
chon loc cao hon tai diéu kién pH bang 1 va 7.
Bdng 2. Két qua tach thu héi cdc ion kim logi tir
dung dich E1 va E2 bang hai chdt Iong ion

Mau Hiéu sut (%)
Str dung IL Str dung IL
[Aliquat][Oleate] aliquat
Co® 97,99 82,00
Mn?* 99,5 72,00
Li* 98,34 98,29
Ni%* 99,43 17,37

3.3 Két qua thu hdi chét 16ng ion

Hiéu suat thu hdi chit 1ong ion dat khoang 80-85%
Véi SmL chat 1ong ion sau thi nghiém con lai 3,5-
4mL do IL ¢6 d6 nhét 16n, khdi lwong thi nghiém
nho (Bang 3).

Sau khi thu hdi chat 1ong ion dugc sir dung dé chiét
cac ion kim loai trong dung dich hoa tan dién cuc
pin. Két qua dugc so sach vai hiéu suét thu hoi ion
kim loai ding lan dau.

Bdng 3. Két qud thu hoi va tdi sir dung chdt long

1on
Thé tich thu Hiéu suét
Lin duoc Hiéu sudt | chiétion kim
[Aliquat] (%) loai TB so
[Oleate] vé6i lan 1
1 4,05 80 98
2 3,8 76 96
3 3,6 72 95

4. Két luan

Chét 16ng ion [Aliquat][Oleate] duoc thuc nghiém
tong hop thanh cong véi hiéu suit cao, danh gia
hiéu sudt quéa trinh tong hop, danh gia dic trung
vat liéu cua chit long ion bang phwong phap
MNR, IR. Qui trinh chiét, tach, thu hdi 4 ion kim
loai trong pin st dung chit long ion
[aliquat][oleate] tong hop dugc 1a phu hop dé tach
chon loc voi hiéu suét cao.
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