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TOM TAT

Bai bédo trinh bay viéc tdng hop maét loai mang dién giai polymer dang gel (Gel Polymer Electrolyte,
GPE) trén ca s& polyethylene oxide (PEO) lam polymer chii trong hé dién gidi phoi tron véi hop chét
phu gia polyvinylidene fluoride (PVDF), déng thai két hop vai nano silica (SiOz) va mudi lithium
bis(trifluoromethanesulfonylimide (LiTFSI). Mang GPE dugc chuén bj bang cach hoa tan cac hop
chat trong dung méi N,N-dimethylformamide (DMF) va sdy kho & 60°C. Két qua cho thay viéc thém
PVDF vao hé da giup cai thién do én dinh nhiét va tdng cudng tinh chat co ly cho két cdu mang
GPE, ngoai ra, bd sung thém hap chat SiO, gitip thic ddy mudi LITFSI phan ly ion LiT. Nghién ctu
tinh chat dién héa ctia mang GPE trong viing néng dé khéi lugng PVDF (0%, 5%, 10%, 15% va 20%),
5% khoi lugng SiO; va 15% khéi lugng mudi LITFSI so véi téng khéi lugng PEO 100%, bang phuong
phap quét thé tuyén tinh (LSV) cho thay hé PEO-5 wt% PVDF-5 wt% SiOy—15 wt% LiTFSI cé thé
bat dau bi oxi héa cao nhat (3,9 V so vai Lit/Li). Két qua phan tich bang phuong phap phé téng
tré dién héa (EIS) cho thay d6 dan ion Lit clia mang GPE ndi trén & 60°C dat 2,32 x 107+ S/cm va
két qua do phdng sac c6 dung lugng phong la 104 mAh/g tai toc do C/10. Véi két qua dat duac,

GPE ¢6 tiém ndng tng dung rong rai trong Iinh vuc pin Li—ion.
Tukhoa: Pin Li-ion, mang dién giai polymer, chat két dinh PVDF, nano SiO—2

TONG QUAN

Tam quan trong cua pin lithium—ion (Lithium—ion
Battery, LIB) da ting 1én dédng ké trong sudt cac thip
ki qua, trong cudc dua phét trién va mé rong cac thiét
bi luu trit ning lugng dién héa, LIB van chiém uu thé
va dugc ting dung rong rai trong cc thiét bi dién tu,
xe dién, hé thong luu trii nang lugng va nhiéu thiét bi
khdc,... nhd céc tinh ning ndi bat nhu mat do ning
lugng cao, khéi lugng nhe va tudi tho dail. Vi su
phét trién cong nghé nhanh chéng, nhu ciu st dung
LIB dy kién sé tiép tuc ting manh theo thoi gian, git
viing vi thé trén thi trudng pin2. Chét dién gidi la mot
trong nhiing thanh phén quan trong nhét ctia pin, viéc
lua chon loai dién gidi st dung anh hudng truc tiép
dén sy an toan va hiéu suit dién hoa cta LIB. Hién
nay, hau hét cic dong pin thuong mai déu st dung
dién gidi hiiu co 1ong, tuy nhién, dién giai long gip
mot s6 vin dé nhu dé chdy, tinh an mon cao, dé ro ri,
dé bay hoi va khong ngin dugc sy phét trién cta két
tta lithium hinh thanh nhénh céy, cic nhugc diém
nay luén tiém tang nguy cd chdy né pin®. Do d6, dé
néng cao d¢ an toan hoat ddng ciing nhu tudi tho cho
pin, viéc phat trién mot loai dién giai c6 thé khac phuc
cac thach thtic hién tai ctia chét dién giai long 13 mot

u tién hang dau*°.

So v6i dién gidi long, dién giai polymer dang gel (Gel
Polymer Electrolyte, GPE) c6 nhiéu tiém nang hon
cho pin kim loai lithium (Lithium—metal Battery,
LMB) nh¢ ¢6 cic uu diém ndi bat nhu kha ning khéng
chéy, tiép xuc t6t v6i bé mat dién cuc va cdu truc
linh hoat®. Mot trong nhiing loai polymer dugc st
dung dé t6ng hgp dién gidi rin ddng chu y nhit hién
nay la polyethylene oxide (PEO). PEO c¢6 kha nang
tuong thich tot v6i nhiéu loai mudi lithium do s& hiiu
cac nhom ether oxygen (EO) c6 thé nhudng electron,
chubi dai phén ti mém va linh hoat, 6n dinh dién hoa
t6t, bén nhiét va kha ning tao mang dé dang thong
qua qué trinh hoa tan va sdy kho dung dich”8. Tuy
6 rat nhiéu lgi thé, nhung chat dién giai polymer st
dung PEO gip vin d€ nghiém trong vé kha nang dan
ion kém & nhiét d6 phong do xu hudng tinh thé héa
& nhiét d¢ thdp, pha tinh thé lai ¢6 kha ning dan ion
kém hon nhiéu so v6i pha v dinh hinh?. Ngoai ra,
tinh chét co ly ctia mang dién giai PEO ddc biét trg
nén yéu kém & ndng d¢ mudi lithium cao do kha nang
hoa tan thdp ctia mudi trong ciu tric pha vo dinh
hinh '°. Do d6, d€ cai thién do din ion ciing nhu d¢
bén, nhiing ndm gan diy da c6 mot s6 phuong phép
dugc dé xuidt nhu phéi tron PEO véi cac loai polymer
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khéc, thém phu gia lam mém hodc bd sung cic hgp
chit v6 co & kich thudc nano,...!!. Tuy nhién, luén
6 su danh déi gitia d6 dan ion va tinh chit co Iy cua
mang dién giadi nén viéc két hop nhiéu loai phu gia
khéc nhau 12 hoan toan can thiét d€ tao nén mot hé
GPE t6i uu.

Utpalla vd cong sy'? di nghién clu cic yéu
t6 anh hudng dén d6 din ion cta mang dién
gidi gel—polymer bao gom cac thanh phin 1a
PEO, silicon dioxide (SiO;) va mudi lithium
(LiTFSI)  khi
thay d6i néng do SiO», trong d6, nong d6 LiTFSI
dugc c6 dinh 1a 5% trong lugng. Két qua cho thay &
30°C, mang dién giai st dung 5% trong lugng SiO;

bis(trifluoromethanesulfonyl)imide

¢6 d6 din ion cao nhat (2,5 x 10~7 S/cm). Tuy nhién
gid tri 40 dan ion nay vin chua ddm bao dugc kha
nang phong sac cho pin. Véi ki vong ting d6 dan ion
& ca diéu kién nhiét do phong, bai bao trinh bay viéc
lya chon néng d6 mudi LiTFSI st dung la 15% trong
lugng so v6i PEO, nham muc dich tang lugng ion
Li* cho hé¢ dién giai GPE'*!*. Luu y khi ting nong
d6 mudi Lit 12 mang dién giai sé déo héa, din dén
khé hinh thanh mang hoan chinh, do d6 da chon
b6 sung polyvinylidene fluoride (PVDF) c6 nhiét do
néng chay cao va do cling co hoc tét ngay ca & nhiét
d06 cao, nhdm giup cai thién do 6n dinh nhiét va tinh
chét co ly tuong do6i dam béo an toan cho céc thiét bi
hoat dong & nhiét do cao hon nhiét d6 méi truong.
Ngoai ra, PEO va PVDF c6 tinh tuong thich ciu truc
v6i nhau, ching c6 thé tao thanh mét mang ludi lién
két bén chat 15718,

Viéc thém vao cic chit phu gia v6 co nhu SiO», TiO,,
ZnQ,... nham c6 cic lgi ich nhu: (i) G&c anion cta
mudi lithium c6 thé tuong tac véi bé mét cia hop chit
v0 ¢0, qua trinh nay thuc ddy mu6i phén li cation, gitp
mang GPE c6 sin mét lugng 16n Lit 1°-21; (ii) Bé mat
ctia cdc hgp chét vo co nay c6 thé tao thanh con dudng
dan truyén ion, giap Lit di chuyén dé& dang hon2%%2;
(iii) Phu gia v0 co ¢ kich thudc nano c6 thé ngin can
qua trinh hinh thanh va phat trién dendrite lithium,
han ché hién tugng ngdn mach pin. Do d6, viéc két
hop phu gia v6 co 1a can thiét dé cai thién do dan ion
cho GPE?*?*, Dhartawal va cong sy da nghién ctiu
tac dong ctia phu gia v6 co SiO, dén cac déc tinh hoa
ly ctia hén hop dién gidi PEO/PVDEF véi bién thién
ndng do phan tram khdi lugng SiO, tit 0% dén 15%
trong ty 1¢ thanh phan ¢6 dinh (50:50) ctia polymer
cht PEO/PVDE Khi st dung SiO, ham lugng 5% (&
khoang nong d¢ trung gian) giup thu dugc két qua
dién héa dang ky vong nhét, néu st dung SiO, ¢nong
d0 cao hon, khé ning cao céc hat nano c6 thé ty lai
trong chudi polymer, lam suy yéu tinh chét cta hé, va
néu st dung SiOy & ndng do thép, d6i khi khong dem

lai hiéu qua cao trong viéc céi thién céc dic tinh cta
GPE25-28.

Mang dién giai gel-polymer dugc tong hop st dung
ham lugng c6 dinh 5% trong lugng SiO, va 15%
trong luong mudi LiTFSI d€ tiép tuc khao sat
anh hudng ctia néng d6 PVDF lén hé dién giai
PEO/PVDEF/SiO,/LiTFSI véi céc ty 1é nong do bién
d6i titt 0% dén 20% trong lugng PVDEF so véi polymer
g6c PEO. Hiéu sudt dién héa ctia pin sti dung hé dién
gidi PEO/PVDEF/SiO,/LiTFSI dugc khao sat cing véi
vat liéu dién cuc duong la LiFePO4 (LFP) va cic dmla
kim loai lithium. Céc mang dién gidi gel polymer sau
khi dugc tao thanh dugc danh gid bang cac phuong
phap dién hoéa.

THUC NGHIEM

Héa chat

PEO polymer dang hat (M,, = 100000 g/mol, 100%,
Sigma, Aldrich), PVDF polymer dang bot (M,, =
534000 g/mol, 100%, Sigma, Aldrich), SiO, (15
nm, 99,8%, UR Chemical), mudi LiTFSI (Sigma,
Aldrich), dung méi N,N-dimethylformamide (DMF)
(99,5%, Acros), dung moéi -methyl-2-pyrrolidon
(NMP) (99,5%, Merck), Super carbon (C65) (Imerys),
kim loai lithium (99,9 %, Sigma, Aldrich) va vét liéu
LFP (dién tich bé mit riéng 11,0 + 2,0 m?/g, d6 4m <
0,15%, MTI).

Téng hop mang dién giai

DPAiu tién, can lugng PEO va PVDF vdi ti 1é phan tram
khéi Iigng PVDF lan lugt 1a 0%, 5%, 10%, 15% va
20% theo téng khoi lugng PEO ¢6 dinh, sau do6 can
tiép vét liéu nano SiO; vao lo thuy tinh, thém vao dé
dung mé6i DME, khudy déu hon hgp bing may khudy
ti v6i téc do 200 ppm & 60°C trong 1 gid, qud trinh
nay gitp hoa tan PEO va PVDF trong dung moéi dong
thoi gitp khuéch tan SiO; trong dung dich. Tiép tuc
b6 sung mudi LiTFSI vao hon hop, thao tac nay dugc
thuc hién trong budng thao tac cach ly (glove box)
dé tranh tic dong ctia khong khi va d &m 1én mudi
lithium. Khudy hén hgp trong 24 gi¢ ¢ cung diéu
kién trén d€ dadm bao cac hgp chit dugc hoa tan va
pha trén véi nhau hoan toan. Sau do rét dung dich
vao hii nhya teflon, siy & 60°C dé lam bay hai toan
bd dung moi (thsi gian sdy con tiy thudc vao lugng
dung dich d6 vao hit). Cudi cung, dung dich dugc dic
& nhiét 46 phong d€ thu dugc san phdm 13 mang dién
gidi PEO/PVDF/SiO,/LiTFSI, d¢ day ctia cac mang
do dugc phén b6 ti 0,05-0,12 mm. Trudc khi phan
tich, mang GPE dugc sdy kho hut chan khong 6 60 °C
trong 8 gi d€loai bo cac vét dung moi.

Bé mat va cdc mit cat ngang ciia mang GPE dugc khao
sét d€ tim hiéu vé cac tinh chét lién quan dén cdu tric
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va hinh théi ctia mang bing phuong phap kinh hién
vi dién tt quét (JEOL-JSM-IT200, Shimadzu, Japan)
va phuong phép phé tan xa Raman quét tii 200 cm ™!
t6i 3500 cm ™! & budc song 532 nm (Horiba, Japan).
Phuong phép phéan tich nhiét (STA PT 1600, Linseis,
buc; t6c do gia nhiét 10°C/phut) duge st dung dé
theo doi trong lugng mang GPE theo thdi gian (t)
hodc trong lugng (T) khi nhiét d ctia mang trong khi
quyén xdc dinh dugc kiém sodt theo chuong trinh.
Phé t6ng tré dién hoa (Electrochemical Impedance
Spectroscopy, EIS) dugc do trong khoang tan s6
100000 Hz dén 0,1 Hz & bién d6 10 mV. Do dan ion
o (S/cm) dugc tinh theo cong thic (1):

L
o= R,S oy
Trong do, L (cm) la d¢ day ctia16p mang GPE, R;, (Q)
la dién tré ctia mang GPE va S (cm?) 14 dién tich tiép
xuc gitta mang GPE va dién cuc (29).

Phuong phap quét thé tuyén tinh (Linear Sweap
Voltammetry, LSV) dugc do trong khoang thé tii 0,01
V dén 6 V (so v6i LiT/Li) véi téc do quét 5 mV/s. Cau
truc lap rap pin swagelok 1a Al/GPE/Li va pin dugc lap
trong glove box.

Pin déi xting Li/GPE/Li dugc lip d€ do s6 lugng ion
Li* truyén qua (t;+) & 60 °C. Vincent va cong sy’
da dé xuit cong thic (2):

Iys (AV —IpRo)

tpe = S r T 0T0) 2
L 10 (AV = IgRys) @

Trong do, Ip 1a dong dién ban dau, Igg 13 dong dién
khi dat trang thai cin bing, Ry va Rgs 14n lugt 1a trd
khéng trudc va sau khi thuc hién do phong sac.

Thiét bi do phong sac (LAND) dugc st dung dé thuc
hién nghién ctiu hiéu suét chu ki cta pin st dung
GPE bing phuong phap phong sac dong ¢6 dinh (Gal-
vanostatic Cycling with Potential Limitation, GCPL),
khoang dién ap tu 2,8-3,8 V. M6 hinh pin déng xu
dugc ldp rép trong budng thao téc cich ly (glovebox)
v6i cyc duong la vat liéu LFP va cuc 4m 1a kim loai
lithium. Hiéu suét sac x4 6 mét d6 dong C/10 & 60°C.
Vat liéu dién cyc duong dugc tdng hgp biang cach
khudy tron LFP, super carbon (C65) va chit két dinh
PVDF (ti 1é khéi lugng 13 90:5:5) trong dung moi N-
methyl pyrrolidone (NMP), tai trong ctia LFP trong
dién cuc tu 5-6 mg/cmz. Pin dugc hoat hoéa trong 24
gi 6 60°C dé ting cudng sy tiép xic bé mit gitia dién
cuc va GPE.

KET QUA VA THAO LUAN

Tinh chét co ly va hinh thai
Anh chup ctia cac mang dién giai PEO - x wt% PVDF
- 5% SiO; - 15% LiTFSI (x = 0, 5, 10, 15 va 20) dugc

trinh bay 6 Hinh 1. C6 thé thdy rang mang c6 do
trong sudt quang hoc tuong ddi cao, dé udn cong,
do6 bén chit ctia mang ting khi ndng d6 PVDF ting
dan. Mép vién va bé mit clia mang GPE chiia 0 wt%
PVDEF va 5 wt% PVDEF quan sét thdy c6 nhiéu vét nit,
nguyén nhan do mang dugc tong hgp 6 néng d6 mudi
cao nhung lugng PVDF st dung lai thdp khién do
nhét cia mang tang, gay kho khin cho qué trinh duc
mang. PEO c6 nhiét d6 néng chay khoang 69,9°C,
khi sdy mang & nhiét do cao hon nhiét do nong chay,
x4y ra sy mdt trat ty trong cdu truc pha tinh thé dan
dén mit 6n dinh kich thudc, tao két ciu mang dang
léng nhét. Mang GPE & trang thai nhét nay tuy ting
d0 linh hoat cho viéc vin chuyén ion nhung khién
dd bén co hoc clia mang tré nén yéu kém. Nhiét do
néng chay ctia PVDF khoang 177°C, vi vdy & cung
mot nhiét d6 nhung PVDF sé cho d¢ ctling co hoc t6t
hon PEO3%31, C6 thé thiy bé mit clia cdc miu mang
GPE 6 10 wt% PVDE, 15 wt% PVDF va 20 wt% PVDF
min va it khiém khuyét hon.

Anh SEM mang GPE & cac ti 1¢ trong lugng PVDF
khac nhau (cic Hinh 2a-2e) cho thdy su anh hudng
1én cdu truc mang GPE khi thay ddi n6ng do phu gia
polymer. Hinh 2a la mang GPE khéng chtia PVDFE,
6 thé thdy cdu truc cha mang xudt hién cic khoang
tréng c6 kich thudc va phan b khong dong déu, két
cdu thiéu trét tu, c6 cac vi tri mang gian két rdt bén
chit, dai dién cho miic d6 tinh thé cao cia PEO 7, tuy
nhién lai c¢6 cac vi tri chiia tap trung cac khe trong, dai
dién cho moét lugng nho pha vo dinh hinh ctia PEO.
Tuong tac két néi gitia PEO va PVDF phu thu¢c nhiéu
vio qua trinh sdy dung dich dién giai®?, mang GPE
dugc siy 6 60°C, nhiét do nay thap hon nhiét do nong
chay ctia PVDF (khoang 177°C) va gan bang véi nhiét
d6 nong chay ctia PEO (khoang 65°C). Khi dung moéi
bay hoi & 60°C, PEO bit dau trang thai néng chay va
ton tai ¢ dang vo dinh hinh, trong khi PVDF van duy
tri tinh tinh thé, cdc chudi PEO v6 dinh hinh tich tu
xung quanh tinh thé PVDE han ché cho tinh thé hinh
thanh kich thudc 16n hon. Sau khi vat liéu dugc sdy
kho hoan toan & 60°C, d€ ngudi ti tit xudng nhiét
do phong, lic nay PEO budc vao qua trinh tinh thé
héa, nhung céc tinh thé PVDF di hinh thanh trudc
d6 da phan nao ngin dugc sy phat trién ctia cac tinh
thé PEO c6 kich thudc lon ™.

Hinh dang bé mit ctia cic tdim mang GPE khi thém
phu gia PVDF ¢6 céu truc rat khéc so véi mang GPE
chi bao géom gdc polymer la PEO, va bé mit mang
ciing khac nhau rt nhiéu khi thay déi ti 1¢ PVDE
Hinh 2b cho thdy khi ¢6 5% trong lugng PVDE, cic
khoang trong dugc phan bd kha déng déu, dién tich
cac khodng trong khong cé qua nhiéu khac biét, khi
b6 sung PVDF vao, cic chubi polymer gitta PEO va
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-

PEO — (0 wi% PVdF -5 wt%
Si0, — 15 wt% LiTFSI)

esnSl

PEO — (15 wi% PVAF — 5 wi%
Si0, — 15 wt% LiTFSI)

i

PEO — (5 wi% PVdF - 5 wi% Si0,
— 15 wt% LiTFSI)

PEO - (10 wt% PVdF -5 wt%
Si0, — 15 wt% LiTFSI)

PEO — (20 wt% PVdF —5 wt%
Si0, — 15 wt% LiTFSI)

Hinh 1: Anh cdc mang dién gii PEO - x wt% PVDF - 5% SiO2 - 15% LIiTFS; véix = 0, 5, 10, 15, 20.

PVDF c¢6 d4u hiéu lién két véi nhau tao bé mit 6n
dinh hon. Su thay déi vé ciu tric bé mat ngay cang
dang ké khi ting dan ndéng d6 khdi lugng PVDEF lén
10%, 15% va 20%, két cdu mang GPE dén khit lai,
khoang tréng dugc thu hep. Nhiing khic biét trong
cdu truc mang GPE & cac ti 1é khac nhau dic trung
cho tuong tac gitta PEO va PVDE khi ¢6 su hién dién
ctia PVDF trong chuéi PEO, bé mat mang bén chat
hon, ting cudng tinh chdt co ly. Ngoai nhiing ddu
hiéu cho thdy bé mat mang (Hinh 2c) véi ti 1¢ PEO -
10 wt% PVDF dén c6 hién tugng cac chudi polymer
se khit lai v&i nhau thi c¢6 thé thiy rang cdc d6m tring
dai dién cho céc hat phu gia nano SiO; xuét hién ro
rang va c6 su phin b déu trén bé mat hon. Hinh 2d
cho thdy bé mit tdng thé ctia mang GPE dic biét trg
nén mugt hon do cdc chudi polymer xép chong 1én
nhau khi tang néng d¢ PVDE, ¢4 thé thdy dugc kha
néng tuong thich t6t gitia PEO va PVDF & ti 1é PEO
- 15 wt% PVDE. Hinh thai ctia mang & ti 1¢ nay phu
hop véi két qua SEM trude day ctia Rathika va cong
su vé bé mdt mang dién giai dya trén PEO/PVDF giau
PEO 7%, G Hinh 2e, ti 1¢ PEO - 20 wt% PVDE, ¢6
thé thdy véi lugng PVDF qué nhiéu dan dén phén b
khong dong déu, khién cho bé mit mang tré nén go
ghé, tao thanh nhiéu mang c6 d¢ cao thip khac nhau.
Phép do phé tan xa nang lugng EDX dé xac nhan muc
do tinh sach va mat d6 phan b6 cac nguyén to trong
mau GPE chtta 20% trong lugng PVDF (Hinh 3).
Phép do cho biét cac nguyén t6 nhu C, O, F, Siva S

6 trong mang dién giai. Qua phép do EDX cang thdy
r6 bé mat 16i 16m ctia mau chida 20 wt% PVDE elec-
tron di t6i bé mét mang, sau d6 bi hdp thu va khong
c6 déu hiéu tan xa trd lai, d6 la nguyén nhan khong
thé do dugc cic nguyén t6 & phin bé mat bi 16m cua
mang. Nong do PVDF qua cao khién bé mit khong
dong déu, mang dién gidi va dién cuc sé khong thé
tiép xuc v6i nhau hoan toan, gy anh hudng dén cic
tinh chat dién hoa.

Biéu d6 phan huy trong lugng theo nhiét do cta cac
mau dién gidi PEO - x wt% PVDF - 5 wt% SiO; -
15 wt% LiTFSI (x = 0, 5, 10, 15 va 20) (Hinh 4). C6
thé thdy ca 5 mau déu bat ddu qua trinh phan hay &
khoang 183°C, su ph4n huy nay xay ra do hién tugng
phé v& lién két C—O—C trong céu triic PEO. Tuy
nhién, tai nhiét do 110°C, c6 su thét thoat khoadng
2% khdi lugng dién giai do qua trinh khii cac tap chét
cting nhu vét dung moi con sét lai. Bi€u d6 cho thdy &
267°C xdy ra mot qua trinh phan huy khac, gy ra béi
suphan hayliénkét Li—O (ion Li* trong muéi LiTFSI
trudc d6 da hinh thanh lién két v6i oxygen ctia nhom
chtic C—O—C trong c4u triic PEO) %,

Ali va cong su da thuyc hién phép do TGA cho PEO
va PVDF va thdy nhiét d60 phan huy lan lugt 1a
khodang 375°C va 460°C. TGA cling cho thdy hén hgp
PEO/PVDF c6 nhiét 6 phan hity 6 khoang trung gian
gitia PEO va PVDE nhiét d6 phan huy nim & khoang
390°C va con lai khoang 19% khéi lugng, chi c6 duy
nhidt mét dinh mat khéi lugng, diéu nay chiing to
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PEO va PVDF c¢6 tinh tuong thich t6t va PVDF phan
b& déng déu trong ciu triic PEO®. Mau GPE chia
5%, 10%, 15% va 20% khdi lugng PVDF trong Hinh 4
ciing ghi nhén tai khodng 356°C c6 xdy ra qué trinh
mat khoi lugng dugc cho 1a do PVDF va lugng PEO
con lai da dugc PVDF dan cai cdu tric bi phin hay,
phtt hgp véi nghién citu trude dé caa tac gia Ali. Co
ché phan hay PVDF & nhiét d§ cao dugc gidi thich
bao gém ca hién tuogng gidi phéng HF >, HF tac dung
v6i SiO; trong dién giai tao khi SiF4 gay méat mat khoi
lugng 38,39 Nhiét 6 phan hay va d6 mat khéi lugng
ctia cac mau GPE dugc thé hién trong ang 2. T két
qua trén c6 thé két luan rang tit ca cic mau GPE déu
c6 d6 6n dinh nhiét 1én dén khoang 183-187°C.

Phd tdn xa Raman ctia GPE 6 cdc n6ng d¢ PVDF khac
nhau, 0%, 5%, 10%, 15% va 20% (Hinh 5). D6i véi
PEO, tin hiéu & 1486 cm ™! 1a dao dong uén cong ctia
CH,, 52923 cm ™! 1a dao dong kéo gidn d6i xiing clia
CH, va ciing la mai déc trung ctia PEO. Ngoai ra, tin
hiéud 1255 cm ™! va 1239 cm ! 1a dao dong xodn ctia
n8i C—H, tin hiéu & 1085 cm ™! la dao dong kéo giin
ctia n6i C—O va tin hiéu tai 840 cm~! dai dién cho
néi O—H™*.

PVDE cho céc tin hiéu rat thip nhung van c6 thé quan
sat dugc cdc mii tai 480 cm~!vas13em! tuong ing
v6i chuyén dong uén ctia nhom CFy, tin hiéu tai 794
ecm~! va 1431 cm ™! 14n lugt tuong ting véi dao dong
lac ctia CHp & pha a va chuyén dong udn cong cua
CH2 & pha 8 va pha y*>*!, Néng d6 PVDF cang ting
1én thi cac tin hiéu dac trung ctia PVDF cang hién ro
hon. Céc mii tin hiéu dai dién cho SiO, dé dang nhin
thdy dugc & 800-810 cm ™! va 1150-1200 cm ™! dai
dién cho cic dao dong kéo gian ddi xting cua lién két
Si-0*2, Cuong do cua cac tin hiéu ddc trung cho SiO,
cao hon khi tang néng d6 PVDF trong mau GPE lén,
vi hé chia nhiéu PVDF c6 cdu truc 6n dinh hon, ngin
cac hat SiO» tu lai mét vi tri, lam ting tin hiéu Raman.
Doi v6i mudi LiTFSI, quan sat thiy dugc nhiéu mii
tin hiéu dic trung. Tin hiéu tai 552 em™! 1a chuyén
dong udn cta nhom SO, va tai 747 cm ! a chuyén
dong uén ctia nhém C—N—C. O 1130 cm ™! va 1245
cm~! 14n lugt dai dién cho cdc chuyén dong kéo gian
doi xting cua cac nhom SO, va CF3. Cudi cung la
dao dong kéo gian bét d6i xing ctia nhém SO, ¢ 1316
em—143.

Panh gia két qua dién hoa

Két qua quét thé tuyén tinh ctia hé dién giai PEO -
x wt% PVDEF - 5 wt% SiO; - 15 wt% LiTFSI véi x 1a
ndm ty 1é phan tram khdi lugng PVDF tuong ting 0%,
5%, 10%, 15% va 20% (Hinh 6). Dé thuc hién phép
do LSV, pin swagelok dugc 1ap rap v6i mot mang dién

giai polymer dét & gitia ngan cach hai dién cuc, trong
d6 mang nhom dong vai tro dién cuc duong va kim
loai lithium déng vai tro dién cyc am. Hinh 5 cho
thdy méu dién giai chita 5% khoi lugng PVDEF c6 hoi
quy dong khéng thay d6i dén khi dién thé dat khoang
3,9V (so véi LiT/Li). Trong khi dién thé ctia cic mau
con lai déu cho gia tri thip hon, cu thé véi mau khong
chita PVDE, d0 bén oxi hoa khii 1a 3,6 V, d6i v6i mau
10%, 15% va 20% khéi lugng PVDF dat dugc 14n lugt
143,2 V33,5V va3,1 V. Mau &ty 1é 5% PVDF c6 d6 6n
dinh dién héa cao hon so véi cac ty 1€ khéc, c6 thé dén
tu viéc két hop lugng PVDEF thich hop vao hé dién giai
giup hé c6 cdu truc t6i uu hon, dat dugc sy can bing
gitia kha ning truyén dan ion va kha ning tuong tic
héa hoc v6i bé mat dién cuc.

Do dan ion cao trong dién giai ran 1a mét yéu cau tién
quyét cho viéc ting dung pin thé rin (Solid State Bat-
tery, SSB). Hinh 7 thé hién phép do phd t6ng trd cta
hé dién gii PEO - x wt% PVDF - 5 wt% SiO; - 15
wt% LiTFSI véi x = 0%, 5%, 10%, 15% va 20% & 60
?C dugc khéo sit bdng moé hinh ban pin swagelok véi
dién cuc duong la vat liéu LFP, thiét 1ap tdn s6 quét tu
100000 Hz dén 0,1 Hz.

Dudng biéu dién téng trd déu c6 dang mot nita hinh
tron va dudi thing déc, trd khéng ctia GPE dugc xac
dinh ngay tai diém ddu tién cta cung. Trd khéng c6
xu hudng ngay cang ting khi tdng ddn ndong do PVDE.
Cu thé, ¢ mau GPE khong chtia PVDE, gid tri tong tré
dat dugc mic thip nhit tai 60°C 1a 20 Q, cic miu
con lai & cac ty 1é trong lugng 5%, 10%, 15%, 20%
PVDF lan lugt 1a 26 Q, 94 Q, 213 Q, 278 Q. Trd
khéng ting nhe va chénh 1éch khong ddng ké khi thay
d6i noéng do PVDF tii 0% lén 5% va ting dot ngot khi
ndéng dd PVDF tiép tuc ting. Do dan ion khong chi
lién quan dén néng d¢ ion Lithium ma con lién quan
dén khé ning ion di chuyén trong chét dién giai, viéc
tang ham lugng PVDF vao dong nghia véi viéc pha
tinh thé trong GPE trd nén nhiéu hon gy can tré con
dudng dan truyén ion dan dén viéc lam giam d6 dan
ion. Két hgp két qua SEM va EIS, mau chita 5% trong
lugng PVDE la mau chda it PVDF nhét, c6 thé dat
dugc diéu kién dam bdo tinh chit co ly cho mang ma
van cho gid tri trd khang tuong duong v6i mau khong
chita PVDE D¢ dén ion cia méu chita 5% trong lugng
PVDF § 60°C 122,32 x 10~* S/cm.

Két qua do phd t6ng trd ctia cia mang dién gidi PEO
- x wt% PVDF - 5 wt% SiO, - 15 wt% LiTFSI, véi
x = 0%, 5%, 10%, 15% va 20% & cic nhiét do 30°C,
40°C, 50°C, 60°C va 70°C dugc thé hién & Hinh 8.
T4t ca cac miu déu c6 xu hudng gidm dén trg khing
khi ting d4n nhiét d¢. Tai nhiét d6 303 K, 313 K va
323 K, & céc ty 1¢ khdi lugng PVDE d¢ dan ion xép
ttf cao nhét t6i thip nhét 1a 5% > 0% > 10% > 15%
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Hinh 2: Anh SEM ctia mang dién giai PEO — x wt% PVDF — 5 wt% SiO, — 15 wt% LIiTFSI, v8ix la (a) 0, (b) 5, (c) 10, (d)
15, (e) 20.
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Hinh 3: Phé EDX cia mau PEO — 20 wt% PVDF — 5 wt% SiO, — 15 wt% LiTFSI.
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Hinh 4: Biéu d6 TGA clia cdc mau mang dién giai PEO — x wt% PVDF — 5 wt% SiO; — 15 wt% LiTFSI, v&i x = 0%, 5%,
10%, 15% va 20%.
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Béang 1: Nhiét dd phan hiay va dé mat khéi lugng ctia cac mau dién gidi PEO - x wt% PVDF - 5 wt% SiO, - 15 wt%
LiTFSI (x = 0%, 5%, 10%, 15% va 20%).

Chét dién giai
PEO - 5 wt% SiO5 — 15 wt%
LiTFSI

PEO - 5 wt% PVDF - 5 wt%
SiOy - 15 wt% LiTFESI

PEO - 10 wt% PVDF - 5 wt%
SiOy - 15 wt% LiTFSI

PEO - 15wt% PVDF - 5 wt%
SiO; - 15 wt% LiTFSI

PEO - 20 wt% PVDEF - 5wt%
SiO7 - 15 wt% LiTFSI

Phan hiiy C-O-C

183°C (méit 33% khéi lugng)

184°C (mét 36% khoi lugng)

185°C (mét 35% khoi lugng)

187°C (méit 33% khi lugng)

187°C (mét 36% khoi lugng)

Phan huy Li-O Giai phong HF

267°C (mat 43% khéi -

luong)

269°C (mit 40% khoi 358°C (mét 18% khoi
lugng) luong)

269°C (mit 36% khsi 356°C (mat 14% khdi
lugng) lugng)

269°C (mit 35% khsi 356°C (mit 16% khdi
lugng) lugng)

273°C (mit 31% khoi 353°C (mit 13% khoi
lugng) lugng)

> 20%. Tuy nhién 6 nhiét d6 333 K va 343 K, miu
GPE khong chita PVDF lai ¢6 d dan ion Li™ cao hon
mau chiia 5% trong lugng PVDE. Diéu nay c6 thé giai
thich nhu sau, PVDF vén c6 nhiét d6 néng chay cao
hon PEQ, do d6 sau khi hoat héa pin ¢ 333 K va dua
vé 303 K dé thuc hién phép do, PEO bt ddu qud trinh
tinh thé€ hda, nhung d6i véi mau GPE chita 5% trong
lugng PVDE pha tinh thé ctia PVDF da hinh thanh
trudc d6 gitp PEO han ché hinh thanh tinh thé kich
thudc 16n nén do dan ion mau 5% ting. Nguogc lai,
tai nhiét do cao hon, PEO chuyén sang pha v6 dinh
hinh, tuy nhién miu GPE chiia 5% trong lugng PVDF
van con pha tinh thé ctia PVDE, gy can trg cho con
dudng dan ion hon so v6i mau khong chita PVDE. Sy
thay d6i d¢ doc ctia dudng biéu thi d6 dan ion theo
nhiét d6 cho théy co su thay d6i co ché dan truyén
ion trong polymer. Dudi 333 K, polymer chia nhiéu
pha tinh thé khién kha ning d4n ion Li* kém, trén
333 K, gin v6i di€ém ndéng chay clia mau GPE, mach
polymer linh hoat hon do pha v6 dinh hinh ting 1én,
gitp van chuyén ion dé dang hon”.

Do dan ion ctia PEO trong nghién citu ctia Charles va
cong su* ghi nhan gia tri1la 7,7 x 1077 S/cm & 20°C
44, trong nghién ctiu nay, d6i véi mau dién giai PEO
~ 5 wt% SiO, - 15 wt% LiTESL, tai nhiét d6 30°C, do
dinion 131,99 x 1075 S/cm. Cé thé théy d¢ dan ion
da ting 1én ddng ké khi ting nhiét d6 va thém phu gia
vao hé dién gidi, ngoai sy dnh hudng do ndng do mudi
lithium st dung thi SiO, ciing hé trg rdt nhiéu cho
kha ning dan ion ctia mang GPE. Nho ¢6 cac dic diém
la kich thudc hat nhd, dién tich bé mit riéng 16n va
kha ning hinh thanh lién két héa hoc gitta C—O—Si
ma cac hat nano SiO; c6 thé dé dang phan tan vao
trong chubi dai phan ti polymer. Khi hinh thanh
lién két hoa hoc, dién tich bé mat 16n sé ting cuong
tuong tac gitia SiO, va PEO dan dén hién tugng ting
nhiét cuc bo, gitip thic ddy chuyén pha vo dinh hinh.

Ngoai ra, kha nidng phan tdn tot ctia SiO; trong hé ¢
thé ngdn can su ghép ndi va chéng chéo nhau ctia cac
phan ti polymer, han ché hinh thanh tinh thé*4.
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Hinh 5: Phé Raman clia cdc mau mang dién giai PEO
— X Wt% PVDF - 5 wt% SiO, — 15 wt% LiTFSI, vGi x =
0%, 5%, 10%, 15% va 20%.

Dé€ nghién ctiu vé kha ning ting dung trong thuc té
ctia GPE, tién hanh kiém tra hiéu suat dién hoa cta
cac mau mang dién gidi PEO - x wt% PVDF - 5 wt%
SiO0; - 15 wt% LiTFSI, véi x = 0%, 5%, 10%, 15% va
20%, bang cach st dung pin ctic 4o c6 dién cuc am la
kim loai Lithium va dién cyc duongla LiFePO, (LFP)
thong qua phuong phap do phong sac dong c6 dinh tai
C/10 & 60°C tai viing thé 2,8-3,8 V dugc thé hién qua
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Hinh 9: Dudng cong phéng sac clia pin déng xu st dung mang dién giai PEO - x wt% PVDF - 5 wt% SiO; — 15
wt% LIiTFSI, v&i x = 0%, 5%, 10%, 15% va 20% & (a) chu ki 1, (b) chu ki 2 va (c) chu ki 5.
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Hinh 6: K&t qua quét thé tuyén tinh clia hé dién giai
& cac ty lé trong lugng PVDF 0%, 5%, 10%, 15% va

20% vdi

E (V vs Li*/Li)

téc do quét tai 60°C.

Hinh 9. Tai chu ki dau tién, dung lugng phéng ctia
mau GPE khong chita PVDF dat 102 mAh/g, dung
lugng c6 xu hudng giam dan khi ting néng d6 PVDE,
cu thé, d6i véi mau chida 5% va 10% khdi lugng PVDE,
dung lugng phoéng lan lugt la 63 mAh/g va 36 mAh/g.
Cho dén mau chda 15% va 20% khdi lugng PVDE,

5000 T T T T
® 0 wt% PVDF -
4000 © 5Wwt% PVDF 1
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Hinh 7: Két qua do phé téng trd & 60°C clia mang
dién giai PEO — x wt% PVDF - 5 wt% SiO; - 15 wt%
LiTFSI, v&i x = 0%, 5%, 10%, 15% va 20%.

dung lugng phong chi con khoang 8 mAh/g. Chu ki
thi 2 va thi 5 ciing c6 xu huéng gidm dan dung lugng
tuong ty chu ki ddu tién, diéu nay phu hop véi két
qua do pho téng trd trude do, ndong dd PVDF ting 1én
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Hinh 8: Su anh hudng clia nhiét d6 [én d6 dan ion
clia GPE & cac ty lé trong lugng PVDF khac nhau dua
trén phé EIS

khién pha tinh thé€ trong cdu tric polymer ting, lam
han ché khé nang dan ion dan dén hién tugng dung
lugng giam. Tuy nhién, cdc mau cé chiia PVDF déu
ghi nhan dung lugng ting dan khi do nhiéu chu ki hon
cho dén khi pin khong thé phéng sac dugc nita. Doi
v6i mau GPE chia 5% khoi lugng PVDE, dung lugng
phong & chu ki 2 1a 72 mAh/g, dén chu ki 5 dat dugc
104 mAh/g, dat 61% so v6i dung lugng ly thuyét ctia
LFP. Xu huéng nay dugc cho la anh hudng bai yéu to
nhiét d9, pin cang dugc @ nhiét 1au thi GPE bén trong
pin cang dugc déo héa hon, pha tinh thé dan chuyén
sang pha v6 dinh hinh, 16p SEI dugc hinh thanh 6n
dinh hon, tli d6 gitip dan truyén ion Li* t6t hon. Mau
GPE khong chita PVDF & chu ki 2 da dat dugc mtc
dung lugng phong cao nhétla 132 mAh/g, chi€ém 78%
so v6i dung lugng ly thuyét ctia LFP, tuy nhién & chu
ki 5 cho thdy dung lugng phéng giam con 126 mAh/g,
thay vi tiép tuc ting nhu cic mau GPE c¢6 chita PVDE.
Diéu nay la do khong c6 thanh phian PVDF trong cdu
tridc nén it can trd ion LiT di chuyén, hé nhanh chéng
dat dugc dung lugng tdi da.

KET LUAN

Mang dién giai gel polymer PEO/PVDEF/SiO,/LiTFSI
da dugc téng hgp véi cic ham lugng PVDF khéc
nhau, mang c6 d6 day tii 0,05-0,12 mm va bén nhiét
cho dén 184°C. Mang dugc téng hgp véi d6 phan bs
nguyén t6 dong déu trong cac mau. Mang gel poly-
mer chita 5% khdi lugng PVDF c¢6 thé bét dau bi oxi
héa 14 3,9 V so v6i Lit/Li. D6 dan ion Lit & 60°C
clia mang dién gidi néi trén dat 2,32 x 107* S/cm va
dung lugng phéng cao nhét 1a 104 mAh/g & t6c do

C/10. Két qua dat dugc cho thdy dién giai gel poly-
mer PEO/PVDE/SiO,/LiTFSI ¢6 tiém nang ting dung
rong rai trong linh vuc pin lithium—ion.

LO1 CAM ON

Nghién ctiu nay dugc tai trg béi Quy Phat trién khoa
hoc va cdong nghé Qudc gia (NAFOSTED) trong dé tai
ma s§ 104.06-2021.83

DANH MUC CAC TU VIET TAT

EDX: Energy-dispersive X-ray spectroscopy - Phg
tan xa ning lugng tia X

GCPL: Galvanostatic Control Potential Limitation -
Phong sac dong ¢4 dinh

NMP: N-methyl-2-pyrrolidon

PVDE: Polyvinylidene fluoride

SEM: Scanning Electron Microscopy — Hién vi dién
tl quét

SEI: Solid Electrolyte Interface — Lép lién dién rén -
dién giai

LIB: Lithium—ion Battery —Pin Lithium-ion

LMB: Lithium—metal Battery - Pin kim loai lithium
GPE: Gel Polymer Electrolyte —-Dién gidi polymer
dang gel

PEO: Poly(ethylene oxide)

EO: Ether Oxygen

LiTFSI: Muéi
bis(trifluoromethanesulfonyl)imide

Lithium

LFP: Lithium iron phosphate

TGA: Thermogravimetric Analysis — Phan tich nhiét
EIS: Electrochemical Impedance Spectroscopy, Phé
téng trd dién héa

LSV: Linear Sweep Voltammetry —Quét thé tuyén tinh
DME: N,N-dimethylformamide

SSB: Solid State Battery — Pin thé rin

XUNG POT LO1 iCH

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

PONG GOP CUA CAC TACGIA

Lé My Loan Phung, Tran Vin Man va Vi Tén Phat:
Lén y tudng, trién khai nghién ctiu

Nguyén Thi Thuy Trang va Vi Tan Phét: Thuc hién
thi nghiém, thu thap két qua.

Nguyén Thi Thuy Trang va Vit T4n Phat: Xt ly s6 liéu
va chuin bi ban thio

Tradn Vian Man va Lé My Loan Phung: doéng gop
chuyén moén, chinh stta ban thao.
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Survey of the Polyvinylidene Fluoride (PVDF) ratio and evaluation
of electrochemical properties of Gel-Polymer
PEO/PVDF/SiO,/LiTFSI membranes used for Li||LiFePO, batteries

Trang Thuy Thi Nguyen'-2, Phat Tan Vu'>"*, Man Van Tran'>3, Phung Loan My Le'%3

ABSTRACT

This paper presented the preparattion of a gel polymer electrolyte (GPE) based on poly(ethylene
oxide) (PEO) as the host polymer, by blending with the additives polyvinylidene fluoride, PVDF, and
a combination of nano silica (SiO) and lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) salt. The
GPE membranes were prepared by dissolving the compounds in N,N-dimethylformamide (DMF)
solvent and drying at 60°C. The results showed that the addition of PVDF improved the thermal
stability and enhanced the mechanical properties of the GPE membrane structure. Futhermore,
the incorporation of SiO, promoted the dissociation of the Lit* ion from the LiTFSI salt. The elec-
trochemical properties of the GPE membranes were investigated within the range of PVDF mass
concentrations at 0%, 5%, 10%, 15% and 20%, with a fixed 5 wt% SiO, and 15 wt% LiTFSI relative
to the total PEO mass. The Linear Sweep Voltammetry (LSV) measure showed that the sample with
the composition of PEO — 5 wt% PVDF — 5 wt% SiO, — 15 wt% LiTFSI being the best oxidation on-
set potential (3.9 V vs. Lit/Li). The Electrochemical Impedance Spectroscopy (EIS) results showed
that the LiT™ ion conductivity of this GPE membranes reached 2.32 x 10~* S/cm at 60°C, and the
L ) ) discharge capacity was 104 mAh/g at C/10 rate. The obtained results showed that the GPEs would
Applied Physical Chemistry Laboratory, be for applications in Li—ion batteries.
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