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TOM TAT

Nghién ciru duwge thue hién nham khdo sat mang dién gidi polymer véi
khung nén PEO phéi tron véi polymer PMMA va PVAF-HFP ¢ cdc ti 1
khac nhau (1:1:1, 1:2:2, 2:2:1, 2:1:2) va muéi LiTFSI (ham lwong 10-
15-20-25-30 % mudi). Mang dién gidi dwoc khdo sat hinh thai bang cdc
phép do nhiéu xa tia X, hién vi dién tir quét va phé hong ngoai bién doi
Fourier. Tinh chat dién héa ciia mang dién gidi ran polymer dwoc danh
gid théng qua phwong phdp phéng sac dong c6 dinh. Ca hai ti 1é 1:1:1
va 1:2:2 véi 25% LiTFSI phéi tron mang dién gidi rdn cho pin déu cé
hiéu sudt phong sac cao 99%. O i 1¢ 1:1:1 — 25% LiTFSI, pin
Li||LiFePO4 dat dung heong riéng ¢ chu ky dau la 100,9 mAh/g va kha
nang duy tri dung luong la 94,35% sau 50 chu ky. Khi phong sac o cac
toc ¢ dong khdc nhau (C/10, C/5, C/3, C/2, 1C va 2C) thi ti 1¢ 1:1:1 —
25% LiTFSI dat dwoc dung lirong riéng khoang 79,5 mAh/g khi toc dé
dong la C/2 cao hon sovoiti ¢ 1:2:2—25% LiTFSI khodng 58,7 mAh/g.
Tir khéa: Dién gidi rin, LiTFSI, PEO, pin Li thé rin, PMMA, PVdF-
HFP

ABSTRACT

In this study, solid polymer electrolytes based on a PEO matrix blended
with two other PMMA and PVAF-HFP at different ratios (1:1:1, 1:2:2,
2:2:1, 2:1:2) along with LiTFSI salt (10-15-20-25-30% salt). The
structure, morphology and functional groups of the electrolyte solid
membrane was examined using X-ray diffraction, a scanning electron
microscope, and Fourier transform infrared spectroscopy. The
electrochemical properties of the solid polymer electrolytes were also
evaluated using Galvanostatic cycling with Potential Limitation
(GCPL). Both solid state electrolytes at ratios 1:1:1 and 1:2:2 showed
good Coulomb efficiency > 99%. Typically, the electrolyte of 1:1:1 -
25% LiTFSI ratio showed initial cycle-specific capacity of 100.9 mAh/g,
and remained 94.4% initial value after 50 cycles. When charged and
discharged at different current rates (C/10, C/5, C/3, C/2, 1C, and 2C),
the cell using 1:1:1 - 25% LiTFSI ratio offered a specific capacity of
approximately 79.5 mAh/g at a C/2 rate, which was higher than the
1:2:2 - 25% LiTFSI ratio only achieved about 58.7 mAh/g.

Keywords: LiTFSI, PEO, PMMA, PVdF-HFP,
electrolytes, solid state lithium battery

solid polymer
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1. GIOI THIEU

Nhirng nghién ciru vé pin Li kim loai (Lithium
metal battery, LMB) da dugc phét trién tir nhing
nam 1970 vo6i mét do nang luong cao va kha nang
sac nhanh, nhung trong qua trinh hoat dong xuat
hién hién tugng denrite xuat phat tir cuc am lithi kim
loai c6 kha nidng dam thung mang ngan khi phat
trién gay doan mach. Tuy nhién, LMB véi nhiéu uwu
diém nhu dung luong riéng 1y thuyét cao (3860
mAh/g) va c6 thé khir thap (- 3,04 V) so véi dién cuc
hydro tiéu chuan nén LMB vén nhéan dugc sy quan
tdm trong nganh cong nghi¢p pin sac (Qin et al.,
2021). Pin sac Li-ion (Lithium-ion battery, LIB)
dugc xem 1a ngudn dién chu yéu cho cac loai thiét
bi dién tir, xe dién va hé thdng luu trit ning lwong.
Tuy nhién, pin sac Li-ion thuong mai hién nay su
dung chat dién giai 1ong chira cac dung méi hitu co
6 thé gay chay nd dan dén cac vin dé an toan khi
st dung. Do d6, cac thé hé pin tiép theo dwoc nghién
clru va phat trién véi muc dich ting cudng mat do
nang lugng, d an toan, loai bo cac dung moi
hitu co.

Mang dién giai rin (Solid-state Electrolytes,
SSE) dugc nghién clru va phat trién cho LMB dé
giai quyet nhiing han che tir chét dién giai 1ong. SSE
¢6 nhiéu uu diém nhu vé mirc d an toan, kho chay
va ¢6 do 6n dinh nhiét cao. Viéc st dung chét dién
giai rin polymer véi cuc 4m kim loai lithi dwoc ky
vong s€ cai thién dang ké mat d§ nang luong cua pin
(Wang et al., 2020). SSE dugc st dung trong pin sac
¢6 thé duoc chia thanh hai loai khac nhau: Chét dién
gidi rin vo co (Inorganic Solid-State Electrolytes,
ISE): ¢6 uu diém 1a d6 dan ion va sb tai ion L1 cao,
ctra s6 6n dinh dién hoa rong (> 4,0 V) va 6n dinh
nhiét trén 100°C, tuy nhién ISE dé gay néu dién tich
bé mit 16n, gay kho khin trong san xuét, kha ning
tiép xtc kém v6i bé mit dién cuc 1lam giam hiéu sudt
ctia pin. Chét dién giai polymer ran (Solid Polymer
Electrolytes, SPE): SPE c¢6 tinh chat co 1y tbt, linh
hoat va c6 thé img dung trong cac loai pin c¢6 hinh
dang khac nhau. Trong hai loai SSE ké trén, SPE véi
tinh linh hoat cao, dé tong hop va phi phi thap cé
trién vong cho tmg dung thyc té (Xue et al., 2015;
Luo et al., 2022).

Trong SPE, mudi lithi duoc hoa tan cung véi
polymer trong dung méi dé tao ra cation va anion.
Vidu mudi LiTFSI, LiFSI va LiClO4, dugc hoa tan
trong nén polymer. Polymer phai dap ting kha ning
hoa tan mudi lithi dé tao thanh phic hop mudi-
polymer, d6 6n dinh hoa hoc, dién hoa cao. Nhiéu
polymer dugc sit dung nhu la polyethylene oxide
(PEO), polymethyl methacrylate (PMMA),
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polyvinylidene fluoride (PVDF). Trong s6 d6, PEO
dugc st dung phd bién nhit vi chi phi thap, kha ning
tuong thich dién cyc tét va kha ning tao mang cao.
Tuy nhién, cac SPE duya trén PEO thuong c6 d6 dan
ion thip hon 107 S/cm & nhiét d6 phong do do két
tinh ctua PEO cao (Li et al., 2023). Mot s6 phuong
phap da dugc thuc hién nhim cai thién do dan ion
ctia chat dién giai polymer dua trén PEO nhu 14 phdi
tron chat hoa déo, chat don vo co hodc két hop voi
cac loai polymer khac nhau (Ngai et al., 2016). Cac
polymer cé tinh chat co hoc tét hon PEO nhu PVdF-
HFP hay polymer v6 dinh hinh PMMA duoc st
dung nham cai thién tinh chét co 1y va do dan ion
ctia mang dién giai dya trén PEO. Két qua nghién
ciru ctia nhom Dhatarwal and Sengwa (2018) cho
thdy khi phéi tron PEO va PMMA va sit dung mudi
LiClOq, két qua thu duoc mang SPE c6 do dan ion
khoang 107° S/cm & nhiét d6 phong, cao hon 100 lan
so voi mang SPE chi st dung PEO:LiClO4. Ngoai
ra, Gohel and Kanchan (2018) da tong hop thanh
cong mang dién giai gel polymer st dung polymer
PVAF-HFP 1a su két hop giita polymer PVdF tinh
thé va PHFP v6 dinh hinh phéi tron véi PMMA, két
qua da duoc 6ng chimg minh sau khi phdi tron voi
PMMA d3 giam pha tinh thé cia PVdF-HFP. Mang
dién giai gel polymer két hop giita PEO, PMMA
hodac PMMA va PVdF-HFP va s€ giam ham lugng
clia cac pha tinh thé lam ting d¢ dan ion Li
(Dhatarwal & Sengwa, 2018; Gohel &
Kanchan, 2018).

Tuy nhién, hau hét cic nghién ctru khi dwoc thuc
hién chi phéi tron hai polymer va co rit it nghién
ctru vé viéc két hop ba polymer. Shi et al. (2018)
tong hop thanh cong mang dién giai dang gel
polymer v6i mang PEO/PMMA/PVdF-HFP duoc
ngam trong dung dich dién gidi 1,0 M LiPF¢/EC-
DMC (1:1) cho d6 dan dién cao 0,81 mS/cm va ving
thé hoat dong 1én dén 5,0 V (Shi et al., 2018). Ye
(2023) da nghién ctru két qua tinh toan DFT cho thay
viéc phdi tron PEO, PMMA va PVAF-HFP mé rong
vung oxi hoa khur cia mang SPE (Ye et al., 2023).
Wang et al. (2024) d tong hop thanh céng mang
dién giai ran PEO/PVJF-HFP/PMMA theo ty 1¢
3:1:2 trong dung mdi acetonitrile va N-
methylpyrrolidone (NMP) cho d¢ dan dién cao véi
gid tri 1,87.10* S/cm.

Trong nghién ctru nay, budc dau khao sat mang
dién giai SPE sir dung PEO két hop voi PMMA va
PVdF-HFP trong dung moi Dimethylformamide
(DMF) da duoc thyc hién, danh gia cac tinh chét vé
c4u trc hinh thai bang cac phuong phap nhiéu xa
tia X (X-ray diffraction, XRD), hién vi dién tir quét
(Scanning Electron Microscopy, SEM), quang phd
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hdéng ngoai bién d6i Fourier (Fourier-transform
infrared spectroscopy, FTIR). Viéc khao sat tinh
chét dién hoa cua mang dién giai dugc thyc hién
bang phuong phap quét thé tuyén tinh (Linear
Sweep Voltammetry, LSV), phd tong tré dién hoa
(Electrochemical Impedance Spectroscopy, EIS) va
trong pin cic 4o véi vat liu dién cyc duong la
LiFePO, (LFP) bing phuong phap quét thé vong
tudn hoan (Cyclic Voltammetry, CV) va phong sac
dong cb dinh (Galvanostatic Cycling with Potential
Limitation, GCPL).

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, héa chit

Phuong phap nhiéu xa tia X (XRD) st dung
phan tich cAu trac vat liéu AC dugc thuc hién trén
may Bruker D8 — Advanced. Phép do sur dung bude
song CuKa (A=0,15418 nm), géc quét 26 tir 10° dén
80°, do phan giai 0,020° va thoi gian do 1a 0,25 gidy.

Hinh thai cia mang SPE dwoc khao sat bing
phuong phap hién vi dién tir quét trén thiet bi Jeol
JSM-IT 200.

Pho hong ngoai bién d6i Fourier (FTIR): Po trén
may Brucker — TESOR27 tai Vién Cong Nghé Hoa
Hoc - Vién Han 1am Khoa hoc va Cong nghé¢ Viét
Nam.

Quét thé tuyén tinh (LSV): Mang SPE duoc do
LSV & téc @6 quét 1,0 mV/s trong ving thé tir 0 V
dén 5 V trén hé thong do phong sac MPG2. Cau triic
lap rap pin 1a AI/SPE/Li va pin duogc lap trong glove
box.

Quét thé vong tuan hoan (CV): Pin LFP/SPE/Li
dugc lép trong glove box. Pin sau khi lp rap dugc
do & toc do quét tu 0,02 dén 0,20 mV/s trong vung
thé tir 2,5 V dén 4,0 V trén thiét bi Biologic MPG2.

Phé tong tré dién héa (EIS): M6 hinh pin véi
mang SPE nim gitta hai miéng dém va pin dwoc 1ip
trong glove box. Pin dugc do ¢ ving tan s6 500 kHz
— 1 Hz, bién d6 thé 10 mV trén thiét bi Biologic
VSP3. B9 dan ion o (S/cm) duoc tinh theo cong
thie (1):

L

RpS

(1

Trong do, L (cm) 1a d¢ day cua 16p mang GPE,
Ry (Q) la dién tro cua mang SPE va S (cm?) 1a dién
tich tiép xtic gitta mang SPE va dién cuec.

Po phoéng sac dong ¢b dinh (GCPL): GCPL

dugc do trong ving thé tir 2,5 V dén 4,0 V & toc do
C/10 ¢ 60°C trén may Lanhe CT3002.
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Hoa chit dugc sir dung trong nghién ctru gom:
PEO (M = 600.000 g/mol, Sigma Aldrich, Hoa
Ky), PMMA (My = 996.000 g/mol, Sigma Aldrich,
Hoa Ky), PVdF-HFP (M,=400.000 g/mol) (Sigma
Aldrich, Hoa Ky), LiTFSI (Sigma Aldrich, Hoa
Ky), Dimethylformamide (DMF, Fisher Scientific,
Hoa Ky), N-Methyl-2-pyrrolidone (NMP, Sigma
Aldrich, Hoa Ky), C65 (MTIL, Hoa Ky), LiFePO4
(MTI, Hoa ky), PVdF (Sigma Aldrich, Hoa Ky).

2.2. Quy trinh tao mang SPE

Trong nghién ctru, ba polymer dwoc chudn bi
bao gom PEO, PMMA va PVJF-HFP theo ti 1¢ trong
Bang 1, sau d6 dugc hoa tan v6i dung moéi DMF
bang cach khudy tir & nhiét do 50 °C trong 24 gio.
Sau d6, mudi LiTFSI dugc phdi tron vao cac hé
polymer trén véi cac ti 1€ 10%, 15%, 20%, 25% va
30%, hé tiép tuc dugc khudy tir & nhiét do 50 °C
trong 24 gio qua dém dé thu dwoc mot hdn hop
trong sudt.

Dung dich dugc rét vao hil teflon, sdy thuong ¢
nhiét 6 60 °C dé bay hét dung méi va duoc siy kho
trong chan khong & 60 °C trong 12 giv. Po day cudi
cung cua mang duogc kiém soat khoang 70 pm. Sau
d6 mang dugc cét thanh hinh tron véi duong kinh
18 mm.

Bing 1. Ti 1¢ cac polymer cin khao sat

PEO PMMA PVdF-HFP
Ti I¢ polymer ; ;
(Theo khoi 5 )
lugng) 5 ) 5
3. Quy trinh tao mang dién cyc dwong va
lap pin

Quy trinh tao mang dién cuc: Vat li¢u LFP, C65
va PVdF/NMP (n@)ng d6 PVdF la 10%) dugc st
dung dé tao mang dién cyc duong trong pin. Cac vt
lidu dwoc phdi tron theo ti 18 phan tram 1an luot 1a
80%, 15% va 5% theo khdi luong, hdn hop sau khi
tron dugc phu trén bé mat 14 nhom, sau do se‘iy chan
khong 80°C trong 12 gio. Sau d6 mang dwoc cit
thanh hinh tron véi duong kinh 12,7 mm.

Quy trinh lap rap pin: Nip 16n thém mang dién
cuc duong LFP duoc chuén bi, tiép tuc 1a mang dién
gidi ran polymer, kim loai lithi lam dién cyc am,
spacer (miéng dém), spring (16 xo0 séng) vao roi dat
nap nho 1én phia trén. Sau d6, pin duoc ép bang may
MSK — 160E.
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3. KET QUA VA THAO LUAN
3.1. Phan tich ciu tric va hinh thai cia cac
mang SPE

Trong nghién ciru, ba polymer PEO, PMMA,
PVAF-HFP va mubi LiTFSI dugc phdi tron nhim
muc dich két hop uu diém cua cac polymer thanh
phan, PEO dong vai tro 1a polymer dan ion chinh
nhung c¢6 nhuge diém 1a kha nang két tinh cao &
nhiét d9 phong, tinh chat co 1y kém va dé bi oxi hoa
b6i nhém -OH ngoai cing. Do d6, viée két hop voi
PMMA va PVAF-HFP dé ting cudng do dan ion va
d6 bén oxi hoa, phéi trn cac polymer va mudi theo
ting ti 16 dua ra ti 1¢ phu hgp nhit dé lip rap ban pin
clic 40. Két qua Hinh 1 gitip thé hién mang dién giai
ran polymer & ti 1& cac polymer PEO:PMMA:PVdF-
HFP va mudi.

Ti 1& polymer 2:1:2 va 2:2:1 mang cé tinh chat
co 1y kém, va bi bién dang & tat ca ty 1 phan trim
muoi LiTFSI. Do & hai ty 1¢ nay PEO c6 ham lugng
16n dan dén mang dién giai rin c6 d6 mém déo cao
va d6 bén co hoc kém. Céac ti 1& 1:1:1 va 1:2:2 ¢
tinh chat co 1y tot hon, tuy nhién, & 10% va 15%
LiTFSI v&i ham lugng mudi thap bé mat mang dién
giai gion d& nut gay. O ti 18 1:1:1, 1:2:2 véi 20% va
25% LiTFSI ¢6 tinh chat chat co 1y t6t nhét. Ddi véi
30% LiTFSI ¢ tit ca ti 1¢ mang dién giai rin déu bi
bién dang do mudi LiTFSI ¢6 kha nang hut am cao
lam cho mang 4m va dinh vao nhau. Tir d6 ti 1&
1:1:1, 1:2:2 v6i 20% va 25% LiTFSI duge chon dé
tiép tuc khao sat cac tinh chat vé ciu trac, bé mat
cling nhu dién hoa.

Két qua phan tich cua phuwong phap nhidu xa tia
X dugc trinh bay ¢ Hinh 2. Gian dd XRD cua ba loai
polymer nguyén chit bao gdm PEO, PMMA va
PVAF-HFP thé hién cac miii tin hi¢u tinh thé dic
trung. PEO va PVAF-HFP c¢6 cac pha tinh thé nén
trong gian d6 XRD thé hién cac dinh nhidu xa ¢ 20
19,25° va 23,55° ciia PEO; pha tinh thé -VdF cua
PVdF-HFP duoc thé hién qua dinh nhiéu xa tai 20
18,53 20,25°, 27,02° va 39,93°. Dinh nhiéu xa cua
PMMA xuét hién tai 26 14,11° nhung chéan tin hi¢u
bé rong chimg to ciu trac vo dinh hinh.

Cwongdo/a.u
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1:2:2

Hinh 1. Hinh 4nh mang dién giai ¢ cac ty I1¢
muoi LiTFSI khac nhau a) 10%, b) 15%, c¢)
20%, d) 25%, e) 30%

T T AL T T T T T
| 1853

: 20,257
: —1:2:2- 26%LIiTFSI

—1:2:2- 20%LiTFSI

13,97 11853L4 20.25°

— 1:1:1-25%LiTFSI

—1:1:1-20%LiTFSI

411

—— PMMA

PEO

1925 2285

10 20 30 40 50 60 70 80
20 (dd)

Hinh 2. Gian dd XRD ciia 4 ti 1 mang dién gidi
rin va 3 polymer nguyén chit
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bé c6 d6 dan ion cao hon, ham luong tinh thé
trong polymer phai giam dang ké. Viéc phoi tron cac
polymer theo timg ti 1¢ khac nhau nham két hop uu
diém cuia timg loai va giam ham lugng tinh thé cua
cac polymer c6 kha niang két tinh, phan tich XRD
trén timng ti 1& polymer dugc thé hién ¢ Hinh 2. Hau
hét tin hi¢u & 20 27,02° va 39,93° cita PVAF-HFP da
giam cuong do cac dinh nhidu xa. Két qua nay tuong
ty nhu mang dién gidi PMMA:PVAF-HFP cua
Khushbu Gohel va cac cong su, khi cuong d6 nhiéu
xa cia PMMA 626 14,11° va PVdF-HFP ¢ 26 29,7°
va 38,3° giam di. Diéu nay chimng t6 mang dién giai
rin polymer khi phdi tron PVAF-HFP cung véi
PMMA da lam tang pha v6 dinh hinh cua PVdF-
HFP (Gohel & Kanchan, 2018).

Céc dinh nhiéu xa dic trung clia mang dién giai
ran xudt hién chu yéu trong khoang tir 10 dén 25°. O
bon ti 1¢ thé hién trong Hinh 2, két qua cho thay tin
hiéu nhidu xa cia tit ca cac polymer, & ving 26
18,53° va 20,25° cho thdy tin hiéu nhidu xa véi
cuong do cao nhit. Cac dinh nhidu xa khong thay
d6i cuong d6 va vi tri khi ting ham luong mudi tir
20% 1én 25% cho thidy mang SPE vén ton tai pha
tinh thé sau khi phdi tron voi polymer vo dinh hinh
PMMA. Ngoai ra, cac tin hi€u tinh thé cua LiTFSI
khong thé quan sat duoc trong mau XRD chimg t6
lugng mubi thém vao di dugc hoa tan trong khung
nén polymer. Piéu nay da dugc Ravi cing cac cong
sy nghién ctru PVAF-HFP va mudi LiTFSI (Ravi et
al., 2021).

Pac tinh hinh thai bé mat cta cac mang SPE
duoc quan sat béng hién vi dién tir quét cua bdn ti
1é: 1:1:1 —20% LiTFSI; 1:1:1 — 25% LiTFSI; 1:2:2
—20% LiTFSI va 1:2:2 — 25% LiTFSI dugc thé hién
trong Hinh 3. Trong qua trinh tao mang, cac 16 x6p
xudt hién bang cach tang ham lugng vo dinh hinh va
cho dung méi bay hoi dé lai cac khoang tréng trén
bé mit ciu triic. Mang dién giai cang nhiéu 16 xdp
cang ¢ d¢ dan ion cao do ion Li* di chuyén d& dang
hon. Tuy nhién khi quan sit bang SEM, két qua c6
thé cho thidy bé mit cdu tric ciia cac mang SPE
khong xuat hién cau tric 16 x6p do qua trinh két tinh
clia cac polymer tinh thé nhu PEO va PVJF-HFP,
diéu nay phu hop véi két qua XRD & Hinh 2.
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Hinh 3. Két qua SEM ciia ciac mang dién giai a)
1:1:1 -20% LiTFSI; b) 1:1:1 — 25% LiTFSI; ¢)
1:2:2 - 20% LiTFSI; d) 1:2:2 — 25% LiTFSI

Mang SPE st dung o ti 1€ 1:2:2 va 1:1:1 - 0%
mudi LiTFSI duoc thé hién 1an lugt ¢ Hinh 4.c va
Hinh 4.f, ca hai ti 1& déu xuét hién dao dong dic
trung clia cac polymer: dao dong dao dong dan bét
dbi ximg cua lién két C-O va C=0 lan luot khoang
988 cm! va 1727 cm! cia PMMA. Ngoai ra, ¢ ti 1&
1:1:1 — 0% LiTFSI ¢ dao dong kéo ciia lién két C-
O-C & vung sé séng 1100 cm™, trong d6 c¢6 mili
cuong d6 cao nhat ¢ 1102 cm thé hién pha vo dinh
hinh ctia PEO va hai miii vai cuong d6 nho ¢ 1146
cm™! va 1060 cm™' dai dién cho pha tinh thé cua PEO,
bén canh d6 miii cuong d nhd cua CH, ¢ 1342 va
1359 cm! ciing dai dién cho pha tinh thé ctia PEO
trong mang SPE. i vai ti 18 1:2:2 — 0% LiTFSI do
ham luong PEO bi giam xudng nén cudng do cua
céc dao dong trén cling giam dan nhung van xuat
hién miii tin hi€u cudng 46 cao thé hién pha v6 dinh
hinh & 1106 cm™. Ving tin hiéu nay twong ddng véi
phd FTIR cua Priyanka Dhatarwal ciing cic cong su
khi nghién ctru mang dién giai két hop giita PEO va
PMMA (Dhatarwal & Sengwa, 2018). Miii tin hi¢u
dac trung pha vo dinh hinh cua PVAF-HFP & 836
cm! dich vé ving tin s6 cao hon khoang 840 cm™ &
hai ti 18 1:1:1 va 1:2:2 — 0% LiTFSL Miii két tinh
dac trung cua PVAF-HFP ¢ 1401, 1182 va 1072 cm”
L' ¢o cuong @6 yéu, Khushbu Gohel va cac cong su
d3 bao cao cac miii két tinh cua PVJF-HFP giam
cuong do khi phdi tron v6i PMMA (Gohel &
Kanchan, 2018).

Phé FTIR ¢ Hinh 4.a; 4.b; 4.d va 4.e cho thiy
rang khi pha mudi LiTFSI vao hdn hgp polymer
PEO:PMMA:PVdF-HFP c6 cac miii tin hi€u thay
déi vé cuong d9, vi tri cua cac day dao dong dac
trung. O ca bon ti 18, mili tin hidu ¢ 1102 cm™ (viing
v6 dinh hinh cia PEO) bi gidam cuong d¢ va bi dich
vé viing s6 song thip 1095 cm™ do ion Li* tao twong
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tac ion — ludng cuc véi nhom C-O-C cua PEO, bén
canh d6 hai tin hiéu tinh thé caa PEO ¢ 1146 cm’!
va 1060 cm! ciing bi dich v& 1135 va 1056 cm. Tin
hiéu miii kép & 1342 va 1359 cm™! da hgp thanh mot
mili duy nhét voi cuong do manh, diéu nay cho théy
pha tinh thé ciia PEO tang lén. Ddi véi PMMA xuat
hién thém mét tin hiéu méi & 1669 cm™ chimg to da
¢6 sy hinh thanh tuong tac ion — ludng cuc gilra ion
Li* va C=0 cua PMMA, tin hiéu nay la do dao déng
kéo dan bit ddi xtmg cua gdc anion trong mudi
LiTFSI (Dhatarwal & Sengwa, 2018).
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Hinh 4. Ph FTIR ciia cic mang dién giai rin a)
1:2:2 — 25% LiTFSI; b) 1:2:2 — 20% LiTFSI; ¢)
1:2:2 - 0% LiTFSI; d) 1:1:1 — 25% LiTFSI; e)
1:1:1 - 20% LiTFSI; f) 1:1:1 — 0% LiTFSL

3.2. Phén tich quét thé tuyén tinh

Anh huong cua viée thay d6i ham lwong mudi
LiTFSI va ti 18 cac polymer dén do bén oxi hoa cia
mang dién giai dugc danh gia bang phuong phap
quét thé tuyén tinh trong ving thé tir 2,0 d&én 5,0 V
(so véi Li/Li). Gidi han do bén oxi hoa phu thudc
vao ban chét vat liéu polymer. Ddi vi mang SPE sir
dung PEO va mudi LiTFSI, ¢ ving thé khoang 3,2
V so véi Li*/Li, tai d6 nhom -OH trén PEO bi khir
proton va tiép tuc & 3,6 V thi chudi PEO bi oxi hoa
tao thanh acid manh HTFSI (Seidl et al., 2022).
Béang 2, thé hién gidi han thé oxi hoa cua céc ti 1é
mang SPE, & ham luong mudi LiTFSI 20% céc ti 1¢
polymer 1:1:1 va 1:2:2 ¢6 gidi han oxi héa thap, lan
lugt 1a 3,41 V va 3,26 V. Ching to PEO da bi oxi
hoa & ving thé nay, khi so sanh 2 ti 1& mudi 20% va
25% thi & ham lugng mudi cao hon ¢6 sy hinh thanh
c4c tuong tac ion — ludng cuc gitra ion Li* véi gbe
(EO, C=0) cua PEO va PMMA 16n hon v& mit céu
trac va LiTFSI 1a mudi c6 d6 bén oxi hoa cao nén
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khi gia ting ham lwong mudi thi gidi han oxi hoa
cua mang SPE ciing s€ dugc tang cao (Dhatarwal &
Sengwa, 2018).
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Hinh 5. Gian dd LSV ciia cac mang SPE

Bang 2. Gidi han thé oxi héa cta cic mang dién
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3.3. Phan tich quét thé vong tuin hoan

Két qua quét thé vong tudn hoan cua LFP st
dung mang dién giai réin vi bon ti 18 dugc trinh bay
trong Hinh 6 va Hinh 7, & tde do quét 0,06 mV/s
trong ving thé tir 2,5 dén 4,0 V. Dya vao dudng
cong CV cua 2 tilg 1:1:1 — 25% LiTFSI va 1:2:2 —
25% LiTFSI cho thiy ca hai dudng cong quét thé
vong tudn hoan déu xuét hién dinh oxi hoa cua cap
ion Fe**/Fe" tai ving thé 3,5 V.

Puong cong CV khi so sanh céc ti 1€ polymer
ctng ham luong mudi & 20% va 25%. C6 thé nhan
thay tin hiéu cta cac ti 1& polymer & 20% mudi dién
ra & dong thap, cho thay qua trinh dong hoc ciia phan
mg cham, ngoai ra ¢ ving thé 3,5 — 4,0 V khong
xuét hién dinh oxi héa do cac ti 18 1:1:1 va 1:2:2 —
20% mubi c6 do bén oxi hoa thap lam cho qua trinh
trao doi ion khong dién ra trén bé mat dién cuc
dwong nén khong xudt hién dinh oxi hoa cua
Fe**/Fe?". Duya vao két qua tir gian d6 LSV va CV,
c6 thé két luan cac ti 1§ 1:1:1 va 1:2:2 & 20% mudi
LiTFSI c6 d6 bén oxi hoa thip, khong dap tng dugc
gidi han vé d9 bén oxi hoa khi st dung vat liéu LFP
lam dién cuc duong. Do d6, viéc khao sat cac phép
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do phé téng trd dién hoa va do phong sac chi thuc
hién doi véitilé 1:1:1 va 1:2:2 — 25% muoi LiTFSI.
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Hinh 6. Duong cong CV cia mang dién giai st
dung 20% va 25% muoi LiTFSI, 3 polymer
PEO:PMMA:PVdF-HFP ti 1€ 1:2:2.
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Hinh 7. Pwong cong CV ciia mang dién gidi si
dung 20% va 25% muoi LiTFSI, 3 polymer
PEO:PMMA:PVdF-HFP ti 1§ 1:1:1.

3.4. Phan tich phd tong tré dién héa

Két qua do phé téng tré dién hoa dugc thé hién
trong Hinh 8. Vi sy c6 mat ctia mudi LiTFSI ¢6 thé
tao thanh twong tac ciia mudi va polymer thong qua
tuong tac ion — ludng cyc. Pong thoi cac chuyén
dong trong phan doan cua polymer khong linh dong
vi PEO két tinh kha nang di chuyén ctia ion Li* bi
han ché. Po dan ion ti 16 polymer 1:1:1 (1,64.107
S/cm) cao hon 1:2:2 (1,35.10° S/cm). Két qua do
dan phu hop véi két qua phan tich SEM, & ti 1&
polymer 1:1:1 mic di mang co d6 két tinh cao tuy
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nhién mubi duoc phan tan déu trén bé mat cAu tric
clia mang con ti 1¢ polymer 1:2:2 cac hat tinh thé
mudi van con bam nhiéu & bé mit mang co thé gay
can tr duong di chuyén cia ion Li*.
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250 | -

200 | -
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150 | -
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Hinh 8. Pho tong tré dién héa ciia mang dién
gidi st dung 25% muoi LiTFSI

3.5. Phén tich phéng sac dong c6 dinh

Dé danh gia tinh tng dung thyc tién cua mang
SPE, viéc do phong sac tée do cb dinh va cac tdc do
dong khac nhau di dugc tién hanh bang ban pin ciic
4o Li|SPE|LiFePOs4. Phuong phap do phong sac
dong c¢b dinh dugc thyc hién ¢ toc d6 dong C/10
trong 50 chu ky. Do mang dién giai sir dung polymer
PEO la polymer ban tinh thé lam polymer cha nén
viéc thuc hién do phong sac ¢ nhiét d6 thuong dién
ra khong thuan lgi vi mang dién giai két tinh, da
duoc xac nhan ¢ cac phép do phia trén nén thyc hién
do phong sac hai ti 1€ 1:1:1 —25% LiTFSI (Hinh 9)
va 1:2:2 — 25% LiTFSI (Hinh 10) & nhiét d6 60°C.

O Hinh 9.a tai chu ky dau tién dung luong riéng
phong dat khoang 100,9 mAh/g va giam dan dén chu
ky thtr 50 thi chi con 95,2 mAh/g, kha ning duy tri
dung luong & mirc 94,35% sau 50 chu ky dau. Tuy
nhién, so vai ti 1¢ 1:2:2 — 25% LiTFSI (Hinh 9.b) thi
& chu ky dau va chu ky thir 50 dung luong riéng
phong lan lugt chi 1a 92 mAh/g va 52,2 mAh/g, do
giam dung lugng 16n khoang 56,74% sau 50 chu ky.

Két qua Hinh 10 cho thy hiéu suit phong sac
cua 2 ti 18 trén. Dbi voi ti 16 1:1:1 — 25% mudi thi &
chu ky dau hiéu suét phong sac dat téi 99,43% con
otilé 1:2:2 -25% mudi & mirc 96,55%, tir chu ky
thir 10 dén chu ky thtr 50 hiéu suat phong sac cua ca
2 ti 1& luén dugc suy tri & mirc khoang 99% cho thay
ion Li* ¢6 thé di chuyén thuan nghich.
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Hinh 10. Dung lwgng riéng phong cia vat liéu LFP véi mang dién gidi ti 1 1:1:1 va 1:2:2 - 25%
LiTFSIL

Dé khao sat kha ning phong sac nhiéu tdc d6 ctia
mang dién giai, viéc do phong sac cac toc do khac
nhau (C/10; C/5; C/3; C/2; 1C va 2C) & nhiét do
60°C d3 dugc tién hanh. O Hinh 11, ban pin cuc 4o
dua trén mang polymer ti 18 1:1:1 — 25% mudi thé
hién dung luong riéng phong cao nhit khoang 100,5
mAh/g & tbe ¢ C/10. Khi ting toc do dong 1én C/5;
C/3; C/2; 1C va 2C thi dung lugng riéng phéng giam
dan 1an luot & 94.,4; 86,9; 79,5; 50,6 va 13,1 mAh/g
tuy nhién khi tro lai téc d6 dong C/10 pin van dat
duogc dung luwgng phong & mic 100,1 mAh/g cho
thiy sau khi pin phong sac ¢ nhiéu toc d¢ thi sau 30
chu ky pin van duy tri dugc mirc dung lugng riéng
khoang 100 mAh/g. So v6i ti 1€ 1:2:2 — 25% mudi,
6 téc do C/10 dung luong riéng phong chi ¢ murc 82
mAh/g va giam dung luong dan khi tang toc do dong
1én C/5, C/3, C/2, 1C va 2C dung lugng riéng phong
chi con 79,3; 71,7; 58,7; 36,7 va 7,3 mAh/g. Ti 1§
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1:1:1 — 25% LiTFSI déu ¢6 dung lugng riéng cao
hon ti 1€ 1:2:2 —25% LiTFSIL

Ca hai mang SPE dua trén ti 1€ 1:1:1 — 25%
LiTFSI va 1:2:2 — 25% LiTFSI cho thiy d dan ion
khoang 10~ S/cm, tuy nhién béan pin clc 4o dua trén
2 ti 1¢ nay déu chi dat dugc dung lugng riéng phong
sac cao toi toc do dong C/2. Khi tde do tang lén 1C
dung lugng riéng giam khoang 50% so véi dong
C/10 ban dau, véi téc do dong cao 2C dung luong
riéng da giam dan vé khoang 10 mAh/g. Khi phong
sac v6i toc do dong cao, cac ion Li* di chuyén nhanh
hon nhung mang SPE & c4 hai ti 1& khong c6 cu trac
16 x6p 1am cho qué trinh di chuyén ciia cac ion kho
khan, l1am cho qua trinh sac va phong bi thiéu dung
lugng vi ion Li* chua dén duoc bé mat dién cuc.

Cac ion Li* dugc van chuyén boi cac nguyén tir
oxy trén chuoi PEO. Vi cac qua trinh pha vd/hinh
thanh cac lién ket gilra lithi va oxy (Li-O), su van
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chuyén ion xay ra bang cach tao vong ndi chudi hoic
lién chudi trong chat dién giai dya trén PEO. Clng
v6i su thay thé dan dan cac phdi tir dé hoa tan ion
Lit, su sép xép lai cac phan doan mdt cach lién tuc
dan dén sy dich chuyén cta ion Li*. PEO dong vai
tro chinh trong viéc van chuyén ion Li'. Polymer
PMMA va PVdF-HFP vai tro lam gia ting ham
lwong v6 dinh hinh gitip dan truyén ion Li* tot hon,
PVAF-HFP con gitip ting cuong tinh chat co hoc
giup hinh thanh mang di¢n gidi. Ngoai ra, PVdF-
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HFP chtra thanh phan Fluor (F) trong nhom HFP nén
6 d6 am dién 16n, didu nay gitp cac ion Li* d& dang
di chuyén trong pha v dinh hinh, dan dén kha ning
dan ion duoc cai thién. Tuy nhién, khi ham luong
PVDE-HFP ting dan, dién tré bé mit ciia mang SPE
tang dan, din dén do dan ion giam. Theo Yang
(2022), khi tang ham lugng PVAF-HFP din dén tinh
chat dién hoa khong on dinh do phan tng khir hydro
boi flour dién ra, do d6 ty 18 1:1:1 1a tt nhat (Yang
etal., 2022).
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Hinh 11. Duong cong phéng sac cia vat liéu LFP ¢ cac téc do dong khac nhau véi véi mang dién gidi
c6 ti 1€ 1an lwot a) 1:1:1, b) 1:2:2 — 25% LiTFSI; ¢) Dung lwgng riéng phéng cia vat liéu LFP & céc toc
d6 dong khac nhau véi mang tilé 1:1:1 va 1:2:2 — 25% LiTFSL

4. KET LUAN

Trong nghién clru nay, mang di¢én giai polymer
duogc tao ra thanh cong vai ti 1€ mudi LiTFSI ti uu
phéi tron v6i hai ti 16 polymer 1:1:1 va 1:2:21a 25%
LiTFSI. Pin cuc 4o st dung ti 1¢ polymer 1:1:1 —
25% LiTFSI c6 kha ning phéng sac tét hon ti 18
polymer 1:2:2 — 25% LiTFSI, dung lugng riéng &
tbc do C/10 dat 100,9 mAh/g & chu ky dau va hiéu
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sudt dat 99% trong 50 chu ky va phong & toc do cao
1C cho dung lugng dat 50,6 mAh/g. Sy sut giam
dung lugng ciia ti 1¢ 1:1:1 — 25% LiTFSI ciing thap
hon véi kha nang duy tri dung lugng 1a 94,35%.
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