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TOM TAT

Vat liéu dién cuc duang cau tric spinel LiMnyO4 dugc xem la co thé thay thé cho LiCoO, do viing
thé hoat dong cao va dung lugng I6n nhung da cé nhugc diém la d6 bén phong sac kém do suhoa
tan cla kim loai mangan va tinh bat &n dinh ctia cau trdc. Mot trong cac gidi phap dugc dé xuat 1a
tim kiém cac thanh phan dung dich dién gii, phu gia hiéu qua dé lam giam su hda tan Mn3+ cling
nhu cac phan Ung phu gitia dién cuc va chat dién giai. Trong nghién ctu nay, anh hudng clia viéc
st dung céac phu gia nhu fluoroethylen carbonat (FEC), vinyl carbonat (VC), lithi bis(oxalato)borat
(LIBOB) cho hé dién gidi 1 M LiPFg/EC:DMC (1:1) va su thay d6i cadc mudi lithi nhu LiPFg, LiBF4, LiCIOq4
va LiTFSI trong hé dung méi ECDMC (1:1) dugce nghién clu dé cai thién tinh nang phéng sac va dé
bén chu ky clia dién cuc duong LiMn,O4 trong pin sac Li-ion. Két qua cho thay phu gia FEC véi ty
& 2% khéi lugng thém vao da khong anh hudng dén dung lugng ban dau nhung cai thién déng
ké d6 bén phong sac clia vat lieu, dung lugng phong git dugc 89,2% sau 50 chu ki. Tuy nhién,
khi tdng ham lugng FEC lai dan dén tang su phan cuc clia dudng cong phong sac, tang dién tré
tiép xtc dién cuc/dung dich lam gidm dd bén phong sac cla vat liéu. Trong khi dé, hé dién giai
EC:DMC (1:1) véi 1 M LiCIO4 va khéng cé phu gia gitip cho dung lugng pin tang thém ~20 mAh/g.
Hon nifa, két qud budc dau clia pin hoan chinh LMO||graphit dat dung lugng la 87,09 mAh/g (&
C/5) va 73,52 mAh/g (& C/2) (dat 66,99% so vai dung lugng phéng dau clia ban pin LMOJ|Li & téc

do C/5).

Tu khoa: chat dién giai, FEC, LiMn,O,, mudi lithi, phu gia, pin sac Li-ion

GIGI THIEU

LiMn,O4 (LMO) la vétliéu dién cuc duong tiém ning
cho pin sac Li-ion (LIB) vé6i ciu truc spinel, dung
lugng Iy thuyét dat 148 mAh/g (gia tri thuc t& do dugc
khoang 120 mAh/g) va ving thé hoat dong mé rong
dén 4,5 V!. LiMn,O4 c¢6 nhiéu vu diém nhu: bén vé
mét nhiét dong, than thién moi trudng va gia thanh
thép... Tuy nhién, dung lugng LMO cé xu huéng
gidm nhanh qua cac chu ki phdng sac la do sy hoa tan
Mn>* ma nguyén nhan chinh do tinh acid cia hé dién
gidi cuing vé6i hiéu ting Jahn-Teller dan dén sy bién
dang ctia cdu tric spinel>. D& gidi quyét vin dé nay,
¢6 mot s6 nghién ctiu da dé xudt cac phuong phap bao
vé bé mit dién cuc v6i 16p phtt mong nhim gidm sy
tiép xuc truc tiép gitia bé mat dién cuc va hé dién giai
nhung khéng hiéu qué vi1ép phti vAn bi én mon trong
qua trinh do va khong khic phuc dugc hiéu ting Jahn-
Teller & cdu triic>. Vi vy, cac nghién ciiu khac thyc
hién pha tap Al, Co, Ni..., d€1am bén c4u tric bét dién
[MnOg] va cho két quéa kha trién vong. Wen va cdc
cong sut da pha tap thanh cong hé Mg-F tao vat liéu
LiMgp 1Mnj 9O3 gFp » v6idunglugng phong dau dat

121,1 mAh/g, luu git 89,2% sau 400 chu ki (t6c do
dong 1 C) ¢ 55°C, dung lugng phéng dat 76,1 mAh/g
v6i t6c d6 dong 20 C. Bén canh d6, anh hudng cta
dién giai va phu gia 1én ca ban pin 1an pin hoan chinh
v6i dién cuc LMO ciing dugc khao sat>°. B. Li va cac
cong sy 7 da khao sat pin hoan chinh LMO/ graphit v6i
phu gia vinyl carbonat (VC) va prop-1-en-1,3-sulton
(PES) cho hé dién giai EC-EMC (1:2) va 1 M LiPFq
v6i dung lugng luu giti 1an lugt 1a 91% va 82% sau
150 chu ki ¢ nhiét d6 60°C trong khi d6 néu khong
stt dung phu gia, dung lugng chi con 68% véi cling
diéu kién khao sat. Nhom nghién ctiu X. Li va cic
cong su® cling nghién cdu hé dién giai EC: EMC (1:2),
1 M LiPFg véi phu gia 5% 1,3-propane sultone (PS)
tng dung cho pin tai LMO/graphit cho thdy phu gia
phdi tron gitp kha ning luu trii dung lugng ting tu
52% dén 71% sau 180 chu ki ¢ diéu kién do 60°C. Céc
két qua nay déu cho thdy rang viéc thém phu gia 1a
phuong phap don gidn va chi phi thdp d€ cai thién do
bén chu ky ctia vét liéu LMO.

Trong nghién ctiu nay, anh hudng ctia cic mudi
Li (LiPFg, LiClO4, LiBF4, LiTFSI) va cta cic phu
gia (VC, FEC, LiBOB) trong hé¢ dién gidi nén 1 M

Trich dan bai bao nay: Ngoc N T B, Tuyén T TT, Ni N TN, Hoang N V, Man TV, Phung L M L. Anh huéng
cGa phu gia va mugi lithi dén tinh nang cua vat liéu dién cuc duong spinel LiMn0,. Sci. Tech. Dev. J. -

Nat. Sci.; 5(4):1618-1626.
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LiPFg/EC:DMC (1:1) ddi vé6i vat liéu LMO da duogc
khdo sat. Bén canh do, pin hoan chinh s dung LMO
lam cathode va graphit lam anode buéc déu ciing
dugc nghién ctiu véi hé dién giai LiClO4/EC:DMC
(1:1) v6i cac téc d6 phong sac C/5 va C/2.

PHUONG PHAP THUC NGHIEM

Mang dién cuc duong cé thanh phin LiMnyO4 (MTI
Corp., My), carbon C65 (Imerys, Thuy Si), chat két
dinh 1a PVDF (Sigma Aldrich, My, M,, = 43000)
dugc pha v6i nong do la 10% trong dung mdi N-
methylpyrrolidone (NMP, Sigma Aldrich). Ty 1é khoi
lugng ctia cdc thanh phan 13 90:5:5. Hon hgp keo dién
cuc dugc phdi tron ki d€ dat déng nhét va sau d6 phu
1én 14 nhom (MTI Corp., My) bing ky thuit Doc-
tor Blade trén thiét bi MSK-AFA-III. Mang dién cuc
dugc sdy 6 80°C trong 10 it va cat thanh dia tron c6
duong kinh 12 mm. Khéi lugng vat liéu hoat dién pht
trén mdi dia tron trong khoang 5,30-6,20 mg/cm?.
Qui trinh tao mang dién cuc 4m (anode) dugc thuc
hién tuong ty. Graphit (MTI Corp, My), carbon C65,
CMC-SBR dugc pha trong nuéc véi nong do 1an lugt
1a 1 %wt va 2 %wt (CMC: carboxymethyl cellulose,
SBR: styrene-butadiene rubber, MTI Corp., My) theo
ty 1é khoi lugng 90:5:3:2 dugc pht 1én 14 dong d€ lam
dién cuc 4m anode cho pin hoan chinh, khoi lugng
vat liéu hoat dién dugc kiém soét trong khoang 2,6-
3,6 mg/ cm?.

Dung dich dién giai dugc stt dung d€ khéo sat vt liéu
LMO bao gom céc loai mudi lithi nhu: LiPF¢ (Sigma-
Aldrich, 99,9%), LiBF4 (Sigma-Aldrich, 99,9%),
LiTFSI  (lithi bis(trifluoromethansulfonyl imid)
(Sigma-Aldrich, 99,9%), LiClO4 (Sigma-Aldrich,
99,9%) va mot s6 phu gia FEC (fluoroethylen car-
bonat), LiBOB (lithi bis(oxalato)borat, Solvoionic,
99,9%), VC (vinyl carbonat) (Sigma-Aldrich,
99,9%) (Hinh 1) cho hé dung méi ethylen carbonat
(EC):dimethyl carbonat (DMC) véi ty 1¢ 1:1 theo ty
1é thé tich (Sigma-Aldrich, 99%). T4t ca cac hgp chit
dién gidi dugc chudn bi bing cach phdi tron 14n cac
thanh phan theo khdi lugng va khudy tit trong 12 gi
cho dam bdao tinh d6ng nhit. Thanh phan cta cac
chat dién giai va ky hiéu dugc thé hién trong Bang 1.
Pin m6 hinh Swagelok diung d€ dénh gid tinh chit
dién hod cua vat liéu LMO. Pin dugc 1ap rap gom
dién cyc duong la LMO, dién cuc 4m la lithi kim loai
dugc ngan cach bdi 2 mang ngan sgi thuy tinh What-
man (GF/C) tdm boi dung dich dién gidi. Pin hoan
chinh LMO||graphit dugc 1dp véi ty 1é dung lugng an-
ode/dung lugng cathode (ty1é N/P) trong khoang 1,1-
1,2. T4t ca quy trinh ldp pin déu dugc thyc hién trong
glovebox d6i Iuu khi Ar (ham lugng H,O va O, dudi
1 ppm).
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Tinh ning phéng sac ctia ban pin LMO||Li dugc khao
sat bing phuong phap phong sac dong ¢ dinh véi
t6éc do dong C/10 trong 50 chu ki & 25°C trong viing
thé tu 3,5-4,5 V. D6i v6i pin hoan chinh, pin dugc
hoat hoa 2 chu ki d4u v6i dong C/10 sau d6 phong sac
v6i dong C/5 va C/2 trong 100 chu ki tiép theo trong
vung thé khdo sat ti 3,00-4,29 V. B9 bén oxy héa-kht
ctia hé dién gidi va cac phu gia dugc khéo sit bing
phuong phdp quét thé tuyén tinh (LSV-Linear sweep
voltammetry) v6i dién cyc lam viéc 1a Al va dién cuc
d6i1a Li kim loai trong pin mé hinh Swagelok, t6¢ d6
quét 0,1 mV/s trong vung thé ti 2,5-6,5 V, c6 dinh
lugng dién gidi stt dung la 150 pL. Sy thay d6i caa
dién trd chuyén dién tich 6 lién dién pha rin long cta
ban pin dugc khao sat bing phuong phap phd tng
tr¢ dién hoa (EIS-electrochemical impedance spec-
troscopy) stt dung thé kich thich xoay chiéu véi bién
d6 10 mV trong tan s6 1 kHz-10 mHz trudc va sau khi
phong sac.

F ) 08 0 o O

Hinh 1: Céng thiic héa hoc clia cacloai phu gia: FEC,
LiBOB, VC.

KET QUA VA BIEN LUAN

Anh huéng chia phu gia trén hé dién giai 1
M LiPFs/EC-DMC (1:1)

Két qua quét thé tuyén tinh LSV khao sit d6 bén oxy
hoéa ctia cac hé dién giai (Hinh 2) cho thdy hé dién
giai nén 1 M LiPFg/EC-DMC (1:1) bén dén thé 6,5
V vs Lit/Li. Hé dién gidi LiPF¢/EC:DMC trong cic
nghién ctiu khac c6 d6 bén dat dén 7 V, tuy nhién do
bén oxy hoa cta hé dién gidi trong pin c6 thé giam
khi c6 su tiép xuc tryc tiép gitia dién cuc va chit dién
giai'. D6i véi cac hé dién gidi c6 phu gia, xudt hién
cac peak oxy hoa ctia VC, LiBOB, FEC & vung thé tu
4,0-45V (VC - 4,3V, LiBOB - 42V, FEC - 4,0 V)
(Hinh 2). Diéu nay chiing t6 khi phu gia dugc thém
vao, no sé bi oxy héa trudc hé dung moi chinh dé tao
ra 16p mang thu dong & lién dién tiép xuc dién cuc -
dién gidi va ngan can su oxy hda lién tiép ctia phu gia
ciing nhu dung moi & vung thé cao hon.

Két qua do trong nghién ctiu nay cho thdy VC cho hiéu
sut duy tri dung lugng sau cac chu ki t6t hon FEC
cung ham lugng (1% theo khdi lugng). Bang 2 cho
thdy, hiéu sudt duy tri dung lugng ctia VC la 84,7%,
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Bang 1: Ky hiéu va thanh phan ciia cac hé dién giai dugc khao sat.

Hé dién giai nén

1 M LiPFg,/EC-DMC (1:1)

1 M LiTFSI/EC-DMC (1:1)
1 M LiClO4/EC-DMC (1:1)

1 M LiBF4/EC-DMC (1:1)

Phu gia Ki hiéu
- LiPFg

1 %wt VC VC1%
1 %wt LiBOB LiBOB1%
1 %wt FEC FEC1%
2 %wt FEC FEC2%
3 %wt FEC FEC3%
4 %wt FEC FEC4%
- LiTFSI
- LiClO4
. LiBE4

Bang 2: Hiéu nang ctia ban pin LMO||Li trong hé dién giai nén 1 M LiPFs/EC-DMC (1:1) véi 1 %wt phu gia khac

nhau.
Hé dién giai Dung lugng phéng chuky1  Hiéu sudt Coulomb chu ki ~ Hiéu sudt duy tri dung
(mAh/g) 1 (%) luong (%)
LiPFg 113,5 96,7 86,3
VC1% 94,2 79,8 84,7
LiBOB1% 116,4 92,4 74,4
FEC1% 116,7 92,3 76,9
. mang thu dong tai lién dién lam ting dién trd ctia qua
o trinh chuyén dién tich cing nhu khuéch tan va gay
nén sy chénh léch 16n gita dung lugng sac ddu tién
Ll 1 va céc chu ki sau.
<09 ] Hinh 4a thé hién dudng cong phdng sac cua ban pin
£ - LMO||Li trong hé dién giai khong phu gia va hé dién
=Ll
= —Vcam | giai VC1%. Két qua cho thdy cho thdy dusong cong
——FEC1%
el ] phong sac khong cé su phan cuc chiing to su hinh
thanh 16p thu dong khong tang dién trd gay qua thé
= . . : ‘ 1 cho pin.
20 3.0 4.0 5.0 6.0 7.0

Ewe vs Li'ILi (V)

Hinh 2: Budng cong LSV clia hé dién giai 1 M
LiPF¢/EC-DMC (1:1) c6 thém céac phu gia véi ham
lugng 1 %wt. Bién cuc lam viéc la Al.

trong khi FEC va LiBOB lan lugt la 74,4% va 76,9%.
Kha nang cai thién dung lugng phong dau ctia LiBOB
va FEC cao nhit, dat gia tri 116 mAh/g (Hinh 3a). Tuy
nhién, khi st dung phu gia, hiéu sudt Coulomb thép
hon so v6i hé dién gii nén (Hinh 3b). Diéu nay dugc
giai thich la do trong qud trinh sac, ¢6 xuét hién phan
ung gitia phu gia va bé mit dién cyc d€ hinh thanh 16p

Phé t6ng tré dién hoa ctia ban pin LMOJ|Li trudc va
sau khi phéng sac 6 dong C/5 dugc biéu dién véi dang
d6 thi Nyquist (Hinh 4b,¢), trong d6 ban cung & viing
tdn s6 trung binh bao gdm quad trinh chuyén dién tich
trén lién dién pha gitia dién cuc va dién gidi. C6 thé
thdy sau khi phong sac 1 chu ki, kich thudc ctia ban
cung tang 1én la do sy hinh thanh cta 16p thu dong
CEI trén bé mit dién cyc. Tuy nhién, 16p thu dong
khéng qua day va it can trd sy khuéch tén ctiaion Li™,
thé hién qua dung lugng bat thuin nghich nhé & hé
dién gidi nén 1 M LiPF¢/EC:DMC (1:1). Hon niia,
16p thu ddng nay khong 6n dinh trong sudt qua trinh
phéng sac dan dén c6 hién tugng Mn3t bi hoa tan,
khién dung lugng pin qua cac chu ki gidm nhanh. Khi
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Hinh 3: (a) Dung lugng phéng clia ban pin LMO||Li véi hé dién gidi 1 M LiPF¢/EC:DMC (1:1) b6 sung phu gia VC,
FEC va LiBOB & ham lugng 1% khéi lugng. (b) Hiéu suat Coulomb ctia ban pin LMO||Li.

phu gia thém vao véi ham lugng thich hop, 16p thu
dong sau khi hinh thanh dugc bén hoa & cac chu ki
tiép theo nén han ché sy hoa tan Mn3t va dung lugng
phéng da dugc duy tri 6n dinh. Cu thé, viéc b8 sung
phu gia VC da lam bén dugc dugc 16p thu dong, giam
hién tugng hoa tan kim loai chuyén tiép ctia LMO va
gitp hiéu sudt duy tri dung lugng dugc cai thién hon
s0 v6i cac phu gia khéc (Bang 3).

Bén canh d6, anh huéng ctia ham lugng phu gia FEC
dén hiéu sudt pin ciing thé hién rd ¢ Bang 3. Nong
do6 phu gia FEC v6i ham lugng 2 %wt cho két qua tét
nhit. FEC dugc biét dén la phu gia c¢6 hiéu qua cao
gitip lam gidm dung lugng bat thuan nghich va tang
kha ning duy tri dung lugng qua cac chu ki ctia anode
graphit nhung v6i LMO khong c6 anh hudng ro rét
nhu da thdy trong mot s6 nghién ctiu®. Trong nghién
ctu nay, véi sy thay d6i ti 1 dén 5 %wt FEC, dung
lugng phong dau c6 chénh 1éch khong dédng ké, pin
st dung dién giai chiia FEC 2 %wt gitt dung lugng
tot nhét (89,2%) (Bang 3). Su c6 mit ctia FEC anh
hudng tryc ti€p t6i lugng LiF trong CEI LiF tao d¢
x6p cho 16p thu dong nhung c6 tinh dan dién kém,
lam ting dién tré mang; di€u nay can tré qua trinh
khuéch tin ctia ion Li* °. Vi vy, khi ting ham lugng
FEC lai lam giam kha nang duy tri dung lugng, thdp
hon & FEC3%. va FEC4%. (80,9-85,5%).

Anh huéng ctia muéi lithi trong hé dung
moi EC:DMC (1:1)

Két qua phong sac dong c¢6 dinh C/10 trong 50 chu
ki ctia LMOJ||Li v6i céc loai dién gidi dugc trinh bay
trong Hinh 5. Dung lugng phong ddu dat tit 94,2 dén
gin 140,0 mAh/g & cac hé dién giai khao sat so véi
dung lugng thuc t€ thong thuong la 120 mAh/g. Két
qua phong sac dong ¢6 dinh C/10 trong 50 chu ki cuia
LMO||Li v6i céc loai dién giai cho thdy hé dién giai
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tuong thich t6t nhat la LiClOy4 v6i dung lugng phéng
dau dat 130,0 mAh/g (dat 87,8% so v6i dung lugng ly
thuyét). Mudi LiClOy4 c6 vu diém khong dét (so véi
mudi LiPF¢), dé téng hgp véi df tinh khiét cao, tao hé
dién giai c6 do dan cao va tuong thich tot v6i graphit
dan cai Li'°. Trong cac hé dién giai dugc khao st véi
mudi, c6 thé thdy tinh acid ctia muéi dnh hudng 16n
dén kha nang duy tri dung lugng qua céc chu ki. Hé
dién giai v6i mudi LiClO4 (87,3%) gitt dung lugng t6t
nhdt, tuong quan dén tinh acid ctia cac loai mudi st
dung. Lugng acid tu do gitia cdc mudi Li trong nghién
ctiu nay da dugc sap xép theo thit tu nhu sau: LiClO4
> LiTFSI > LiBF4 > LiPFg '!. LiTFSI c6 hién tugng an
mon dé€ Al ctia dién cuc duong & vung thé cao (~3,80
V) 12 khién dung lugng pin gidm nhanh. Kamanura
va cong su da nghién ctu 16p thu dong, sin phim
ctia qud trinh 4n mon nhom trong dién giai, c6 mot
lugng nhé HF va LiTFSI 1a AIOF va AlF3 cho thiy
16p thu dong nay khong 6n dinh, da tan sau nhiéu
chu ki phéng sac, dan dén d€ nhom tiép tuc bi an
mon. Doi véi hé LiBF4, hé dién giai 6 do dan kém
do hién tugng dong thii cép (second-rate) khién cho
saud 13,
chita mudi LiTFSI va LiBF4 la cac phan ting phu truc
tiép voi hé dién gidi xay ra lién tuc trong qud trinh hoat

Nhu vay, van dé chinh cta ca hé dién giai

dong cta pin din dén dung lugng cta pin gidm rét
nhanh (Hinh 5). Trong nghién ctiu nay, hiéu suit duy
tri dung lugng ctia hai mudi trén thip va dung lugng
giam rét nhanh trong 10 chu ki & t6c d6 C/10. D& st
dung dugc mudi LiTFSI va LiBF, lam hé dién giai can
6 phu gia d€ ngan chén cdc phan tng phu trong pin.
Vi nhiing 1i giai trén déu co thé xay ra trong cac két
qua nhéan dugc, nén LiClO4 la muéi thich hgp nhat

trong nghién ctiu nay.
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Hinh 4: (a) Dudng cong phéng sac clia ban pin LMOJ|Li; (b) Phé téng trd dién héa cdia ban pin LMO|Li truSc va
sau 1 chu ki phéng sac véi hé dién gidi nén LiPFg va hé dién gidi VC1% (c).

Bang 3: Dung lugng cta ban pin LMO||Li trong hé dién giai véi cac ham lugng phu gia FEC khac nhau.

Hé dién giai Dung lugng phéng chu ky 1 Hiéu sudt Coulomb chu ki ~ Hiéu sudt duy tri dung
(mAh/g) 1 (%) luong sau 50 chu ki (%)

LiPFg 113,5 96,7 86,3

FEC1% 116,7 92,3 76,9

FEC2% 110,2 99,1 89,2

FEC3% 112,7 90,0 80,9

FEC4% 114,6 90,4 85,5
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Hinh 5: Dung lugng phong qua céc chu ky (a) va hiéu suat Coulomb qua cac chu ky (b) ctia ban pin LMO||Li & téc
d6 phong sac C/10 trong hé dién giai chira cac loai mudi lithi
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Hinh 6: (a) Budng cong phdng sac pin hoan chinh LMO||graphit. (b) Dung lugng phong va hiéu suat Coulomb
ctia pin hoan chinh LMO||graphit qua cac chu ki & t6c d6 dong C/5 va C/2.

Hiéu nang cta pin hoan chinh

Hé dién giai nén 1 M LiClO4/EC:DMC (1:1) cho két
qud tdt nhdt trong ban pin LMO||Li nén tiép tuc
khdo sat tinh nang trong pin hoan chinh véi cuc am
la graphit thuong mai (Hinh 6). Pin hoan chinh
LMO||graphit v6i hé dién giai nay cho dung lugng
phong dau voi dong dat 87,1 mAh/g (C/5)-73,52 (C/2)
(chi dat 66,99-56,55% so v6i dung lugng phong dau
ctia ban pin) (Hinh 6a). Sau 100 chu ki phéng sac, v6i
dong C/5, dung lugng con lai 17,24 mAh/g, gitt dugc
19,79% dung lugng phéng sac dau. Trong khi do, d6i
v6i dong sac C/2, dung lugng giii dugc sau 100 chu ki
dat 37,33% (27,37%) so v&i chu ki ddu (Hinh 6b). Khi
tang dong sac, thoi gian ¢ méi chu ki gidm dong thoi
lam giam thoi gian xay ra cic phan ing phu trong pin.
Tuy nhién, vdn dé khdc gap phai 1a giéi han khuéch
tan do qua trinh chuyén chit chdm hon qué trinh
chuyén dién tich. Anh huéng ctia qué thé thé hién rd
rét qua sy thay d6i ctia dudng cong phong sac (vung
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thé phing ctia phén sac ting) khi ting dong trong qué
trinh do. Péy 1a hai xu hudng tdc dong ngugc nhau
dén dung lugng va kha nang git dung lugng pin qua
cac chu ki do cin dugc xem xét. Ngoai ra, LiClO4
khéng bén & khi sti dung & nhiét do cao va dong cao®
ciing ¢4 théla nguyén nhan gay ra sy gidm dung lugng
dang ké & pin hoan chinh qua céc chu ki. Kha néng
gili dung lugng ctia pin hoan chinh rat thdp so véi
ban pin (ban pin giii dugc 77,53%, trong khi pin hoan
chinh chi 58,85% dung lugng sau 100 chu ki, véi ciing
hé dién giai). Nguyén nhan, déi véi pin hoan chinh
LMO||graphit, sy hoa tan Mn3* xiy ra manh véi co
chéhoa tan - dich chuyén - ling dong (DMD, dissolve-
migrate-deposit), Mn3* sau khi hoa tan tao san phdm
Mn2* va MnO, dang rdn, Mn2* tiép tuc khuéch tan
dén cyc am va c6 thé bi khit thinh Mn . Tuy nhién
v6i két qua ti nhom nghién ctiu Jun cho thiy c6 su
trao ddi ion gitta LiF va Mn?* lam giam tinh 8n dinh
cta 16p SEI & anode dua trén két qua phan tich XAS
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va XPS1>16,

THAO LUAN

Phu gia trong hé dién giai thudng c6 vai tro: (i) Cai
thién cdc tinh chdt ctia hé dién giai (d¢ dan ion, d¢
bén oxy hoa-khti, do nhét...); (if) Tang tinh an toan;
(iii) Hinh thanh 16p thu dong trén bé mit dién cuc!”.
Déi véi vat liéu LMO, viée st dung phu gia cén thiét
cho ca ban pin lan pin hoan chinh véi anode graphit,
16p thu dong 6n dinh (ca SEI va CEI) gitp han ché
su hoa tan ctia kim loai chuyén tiép va bao vé bé mit
dién cuc khong bi 4n mon, anh hudng truc tiép dén
kha néng duy tri dung lugng ctia pin. LiPFg 1a muoi
dugc st dung trong hiu hét hé dién giai cho LIB, véi
uu diém bén, hoa tan va c6 do dan ion tét trong cac
hé dung méi alkyl carbonat, tuy nhién, n6 c¢é nhugc
diém 14 gia thanh cao va khd nhay cam véi cac thanh
tap chdt trong hé dién giai 10, vC1a phu gia t6t cho sy
hinh thanh CEI & cathode 1an SEI anode trong nhiéu
nghién ctiu 27 Khi st dung phu gia LiBOB, thudng
tao thanh 16p thu dong day trén bé mit dién cuc, lam
cham dong hoc khuéch tan ctia ion Li™, ham lugng
LiBOB thudng tit 1-10% theo khdi lugng 8.

LiPF¢ nhay 4m, tuong tac v6i H,O (trong hé dung
modi) tao thanh HF qua cac phuong trinh: (i) LiPFg—
LiF+ PFs, (ii) PFs+H,O— PF30+ 2HE, nhém PFs la
acid Lewis manh, c6 thé phan tng tao HF theo nhiéu
cach gay nén tinh acid cta dién giai, anh hudng 16n
dén qué trinh hoa tan ctia kim loai chuyén tiép trong
cdu tric ctia LMO. Ngoai ra, nhém PFs con xtc tac
cho qua trinh mé& vong ctia EC, tao thanh poly(ethylen
carbonat) (PEC) hodc poly(ethylen oxide) (PEO)37.
LiTFSI dugc quan tdm nghién ctiu d€ ing dung trong
LIB vi khong nhay &m, nh¢ d6 cai thién dugc d6 bén
va duy tri tinh chat héa hoc ctia hé dién gidi. Nghién
ctiu ctia Dahbi va cong su ¥ cho thdy véi cting hé dung
moi EC-DMC, theo dinh luat Walden, khi st dung
mudi LiTFSI da cho d6 dan ion t6t hon so v6i mudi
LiPF.

Pin hoan chinh cho két qua buéc dau t6t khi dung
lugng phong ddu tién gan bing ban pin tuy nhién vin
dé dung lugng gidm nhanh qua céc chu ki do chua
dugc khic phuc. On dinh 16p thu dong SEI c6 thé
la chia khéa ting d6 bén cta pin, khi SEI c6 lién hé
tryc ti€p dén hai nguyén nhan nhén chinh gay giam
dung lugng pin: su that thoat Li va su hoa tan kim loai
chuyén tiép.

KET LUAN

Viéc thay d6i phu gia d6i voi hé dién gidi 1 M
LiPF¢/EC-DMC (1:1) cho thdy FEC v6i ham lugng 2
%wt gitip ban pin LMO||Li duy tri dung lugng theo

chu ki t6t nhét (89,2%) so véi cac phu gia dugc khao
sat. Véi cic loai mudi lithi khic nhau, hé dién giai
stt dung mudi LiClO4 tuong thich nhat véi vat liéu
LMO trong nghién ctu nay véi dung lugng phdng
dau dat 130 mAh/g va sau 50 chu ki, dung lugng
gili dugc 85,7%. Budc ddu khao sat pin hoan chinh
LMO||graphit trong hé dién giai 1 M LiClO4/EC-
DMC (1:1) véi cac t6¢c dd dong C/5 va C/2 cho thdy
dung lugng gidam nhanh qua cac chu ky, do d6 cin
thiét phai stt dung thém mot s6 phu gia nhu FEC va
VC délam bén 16p CEI & lién dién dién cuc duong -
dién giai d€ tranh sy oxy hda hay phan huy lién tiép
chét dién giai. Nghién ctiu hudng dén la st dung phu
gia FEC v6i ham lugng 2wt% cho hé dién giai véi mudi
LiPF¢ hay LiClO4 nong d6 1 M trong hé dung moi
EC-DMC (1:1) cho pin hoan chinh LMO||graphit.

LO1 CAM ON
Nghién ctiu dugc tai tr¢g bosi Quy DS méi
Sang tao VINIF qua Dé tai nghién cliu ma sb

VINIE2020.NCUD.DA039.

DANH MUC CAC TU VIET TAT
CV Cyclic voltammetry

CEI Cathode electrolyte interphase

DMC Dimethyl carbonat

EC Ethylen carbonat

EIS Ph6 téng tré6 dién hoa (Electrochemical
impedance spectrocopy)

FEC Fluoroethylen carbonat

LIB Pin sac Li-ion (Lithium ion battery)

LiBoB Lithium bis(oxalato) borat

LiTFSI Lithium bis(trifluoromethansulfonyl) imid
LSV Quét thé tuyén tinh (Linear sweep voltammetry)
NMP N-methylpyrrolidon

PVdF-HFP
hexaflouropropylen
VC Vinyl carbonat

XUNG POT LO1iCH

Cac tac gia xac nhan hoan toan khong c6 xung dot vé
lgi ich.

PONG GOP CUA CAC TAC GIA

Nguyén Thi Bdo Ngoc: thuc hién thi nghiém, thu thép
két qua, chuén bj ban thao

Truong Thi Thanh Tuyén: thuc hién thi nghiém, thu
thap két qua

Nguyén Truong Nhat Ni: thuc hién thi nghiém
Nguyén Van Hoang, Tradn Vin Man, Lé My Loan

Poly(vinyliden fluoride)-co-

Phung: déng gdép chuyén mon, chinh sta va hoan
thién ban thao
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ABSTRACT

LiMn,Oy4 spinel structure was considered as the cathode material to replace LiCoO, for high volt-
age lithium-ion batteries, however, its main drawback was poor cycling due to dissolution of man-
ganese and structural instability. One of the effective solutions is to find out a suitable electrolyte
composition and additive to reduce the manganese dissolution and to prevent the side reaction be-
tween the electrode material and the electrolyte. In this study, we investigated the impact of using
fluoroethylene carbonate (FEC), vinyl carbonate (VC), lithium bis(oxalato)borate (LIBOB) as additives
for the electrolyte of 1 M LiPFg/EC:DMC (1:1) and different salts such as: LiBF4, LiClO4 and LiTFSI for
commercial carbonate solvent of ECDMC (1:1) on the improvement of the cyclic stability and elec-
trochemical performance of LiMn,O4 electrodes. The results showed that the addition of FEC did
not affect the initial capacity but increased significantly the cycle stability of the material. In partic-
ular, the discharge capacity maintained 91% of initial value after 20 cycles in the electrolytes con-
taining 2 %wt and 3 %wt FEC, respectively. However, further increase of FEC content induced the
polarization of the charge discharge curves as well as the increase of the electrode - electrolyte in-
terface resistance which were responsible for the cycling performance decline. Among tested salts,
LiCIO4 was the best electrolytic one for EC.DMC (1:1) based-electrolyte that enhanced the initial dis-
charge capacity roughly 20 mAh/g. In addition, preliminary results on the full-cell of graphite||LMO
achieved the discharge capacity of 87.09 mAh/g (at C/5) and 73.52 mAh/g (at C/2) which is about
66.99 % the initial discharge capacity obtained at C/5 of the half-cell LMOILI).

Key words: additives, electrolytes, FEC, LiMn,Q,, Li-ion batteries, lithium salts
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