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Tom tit:

Nghién ciru nay khao sat tinh chét hoa Iy va dién hoa ciia cac dung dich dién gidi c6 ndng dd cao sir dung mudi
lithium tetrafluoroborate (LiBF,) hoa tan trong cic dung moi nhuw tetramethylene sulfone (TMS) hodc trimethyl
phosphate (TMP) theo cac ty 18 mol khac nhau. Két qua cho thiy hé dién giai LiBF JTMS ty 1¢ 1:3 (ndng dd ~3,4 M)
¢6 dd bén oxy cao nhit (6,2 V vs. Li*/Li) va dd din ion cao 1,0 mS/cm, phu hop dé sir dung 1am hé dién giai cho pin
sac Li-ion cé vung thé hoat dong tir 3,5 dén 4,9 V. Tinh twong thich caa h¢ dién gidi LiBF /TMS (1:3) véi vat li¢u di¢n
cuc dwong LiNij Mn, 0, (LNMO) hoat dong & vung thé cao dwge danh gia trén ban pin mé hinh cic 4o st dung
kim loai Li la dlen cuc am. Két qua cho thay pin ¢6 hiéu suat phong sac cao >91% vm dung lwong phong diu tién
dat 113,0 mAh/g va duy tri kha 6n dinh trong 100 chu ky ¢ toc dd C/10. Ngoai ra, hé sé khuéch tan cia ion Li* ciing

dugc danh gia bang phwong phap quét thé vong tuin hoan, ¢ gia tri la 4,51x10™" cm?s.

Tir khéa: chét dign gidi ndng d¢ cao, LiBF,, LiNi, Mn, O
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Chi s6 phin logi: 1.4
Gidi thiéu

Hién nay, pin sac Li-ion (LIB) dugc xem la mdt trong nhiing
thiét bi luu trir nang lugng hidu qua nhat, véi nhiéu wu diém vuot
troi nhu: mat do nang lugng 1én (100-200 Wh/kg), dai thé hoat
dong rong (3-4 V), do tu phong thap (<1%/nam) va do bén phong
sac cao (~1000 chu ky) [1, 2]. Do d6, LIB ngay cang dugc ung
dung rong rai trong nhiéu linh vuc khoa hoc va doi séng, tr cac
thiét bi dién tor nhu dién thoai, may anh, laptop, may tinh bang dén
cac thiét bi y t& nho gon nhu may trg thinh, may do dudng huyét
cam tay [3, 4]. Dac biét, LIB con dugc hudng dén 1a nguén dién
chu yéu cho cac loai xe dién (Electric Vehicles - EV) hay cac loai
xe st dung dong co xdng lai dién (Hybrid Electric Vehicle - HEV).
Trén xe dién, LIB thé hién nhiéu wu diém nhu mat do nang luong
cao cho phép pin kich thudc nho va nhe ma xe van di duoc quing
duong 16n, dién ap 6n dinh gitp bao vé dong co tdt va than thién
voi moi truong [5-7].

Mat d6 nang lugng 1a mot trong nhimg thong sb quan trong
dé danh gi4 chat lugng cua pin. Pé nang cao mat do nang luong
(E) cua LIB, viéc thiét k& hé dién cuc - chit dién giai ¢ do tuong
thich va hiéu sut cao c6 vai tro dic biét quan trong. Do mat d
ning luong ty 18 v6i dung lugng va dién thé theo cong thic E =
QxV[8] nén dé cai thién mat do nang luong ctia pin can phai phét
trién cac vat liéu dién cuc c6 dung lugng cao (tang Q) hoac di¢n
thé hoat dong cao (tang V). Hién nay, viéc phat trién vét liéu dién
cuc duong (cathode) hoat dong & ving thé cao (>5 V so véi Li*/Li)
nhan dugc nhidu sw chi y hon vi gitip ting hiéu qua mat do ning
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luong cua pin [9, 10]. Dong thoi, dé pin hoat dong tot & ving thé
cao, yéu cau cap thiét 1a phai tim ra céc h¢ dién giai m6i phu hop
dé han ché céc phan img khong mong mubn ciia vat liéu cathode
v6i chat dién giai, do hién tai cic chat dién giai thuong mai ding
cac dung moi carbonate hitu co trong LIB trén thi truong chi co
d6 bén oxy hoa ¢ thé <4,5 V (so véi Li*/Li). Khi sac 1én ving thé
cao hon 4,5 V, chat dién giai truyén thong s& bj phan hity tao ra 16p
thu dong trén bé mit dién cuc, lam cho dung lugng sut giam nhanh
chong va anh huong déng ké dén tudi tho cua pin.

Dén nay d c6 nhidu cong bd khoa hoc vé chét dién giai ding
chat 16ng ion, chat dién giai ran vo co va cht dién gidi polymer
[11] duoc dung nhu cac hé dién giai méi dé thay thé chat dién giai
truyén thong trén co so dung moi carbonate. Thong thudng, hé
dién giai duoc chia lam hai loai phd bién 1a hé dién giai nong do
thip ¢6 ndng do ion dan dién chinh <1 mol/l va hé dién giai nong
o cao (Highly concentrated electrolyte - HCE) c6 nong do ion >1
mol/l. Cac nghién ctru ciing da chimg minh ring, 6 nong do cao
cac tinh cht hoa 1y va dién hoa ctia hé dién giai thay doi rat 1on
nhu: tinh bén nhiét cao hon, ap suét hoi bdo hoa thip hon va tinh
on dinh dién hoa tot hon do ham luong dung moi tu do it hon dang
ké so voi chat dién giai nong do thip [12].

Nho tinh 6n dinh dién hod dugc cai thién nén c6 thé g dung
HCE trong LIB sir dung vét liéu dién cyc duong dién thé cao. Cac
nghién ctu trude day cho thdy, viéc sir dung mubi LiBF, tot hon
LiPF, ¢ diéu kién toc do phong cao va nhiét o cao 50°C do do dan
ion cua LiBF  cao hon [13, 14]. Ngoai ra, tetramethylene sulfone
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Abstract:

In this work, highly concentrated electrolytes were
prepared by dissolving tetrafluoroborate (LiBF,) salt
in the two solvents including tetramethylene sulfone
(TMS) and trimethyl phosphate (TMP) with different
mole ratios. The results indicated that the electrolyte
LiBF /TMS (1:3) (~3.4 M) possessed the highest oxidation
stability of 6.2 V (vs. Li*/Li) and high ionic conductivity
of 1.0 mS/cm that could be promising for high voltage
Li-ion batteries operated in the voltage range of 3.5-4.9 V.
The electrolyte compatibility with high voltage cathode
Li || LiNi, Mn, O, (LNMO) was evaluated in coin-cell
configuration, which displayed high reversible discharge
capacity of 113 mAh/g in the first cycle and high initial
Coulombic efficiency >91% and remained >80% of the
initial capacity at the 100" cycle. By using the cyclic
voltammetry (CV) method, the diffusion coefficient was
also calculated as about 4.51x10"" cm?/s.

Keywords: high concentrated electrolytes, LiBF,, Li-ion

batteries, LiNi, Mn, O, tetramethylene sulfone.

Classification number: 1.4

(TMS) 1a mot dung moi tiém nang dé thay thé cho cac dung moi
carbonate do TMS ¢ d6 phan cuc cao va bén oxy hoa khir voi cira
s dién hoa 1én dén 5 V [12, 15, 16]. Bén canh TMS, trimethyl
phosphate (TMP) ciing 1a mot dung mdi ndi bat st dung trong
HCE, khong chi vi tinh phan cuc cao va chdng chay tot ma con
boi gia thanh thap [17]. Nghién ciru trén pin hoan chinh graphit |
LNMO sir dung hé dién giai HCE 1a LiFSI/TMS cho thay qué trinh
oxy hod dién giai ¢ ving thé >5 V dién ra khong dang ké khi nong
d6 mudi lithium 1a 3,0 mol/l va do vay dung luong duy tri dugc
69% sau 1000 chu ky ¢ toc do C/5 ngay ca trong diéu kién nhiét
d6 cao ~55°C [18]. Ngoai ra, dung moi TMP c6 thé tao thanh HCE
v6i mudi LiFSI co ndng d6 >5 mol/l ma khong can chét pha loang
(dlluent) nhung van cho phép ban pm Li || LiNi ,Mn, .Co, .O, hoat
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ctia ban pin nay ¢ chu ky dau tién dat duoc 1a 117,5 mAh/g [19].

Trong nghién ctru nay, cac hé dién giai nong do cao ctia mudi
LiBF, trén co s6 hai dung moi TMS va TMP vdi ty 1€ mu01/dung
moi = 1:3 va 1:4 dugc tong hop va khao sat cac tinh chét hoa ly va
dién hoa. Két qua do phong sac cua ban pin Li || LNMO hoat dong
& ving thé cao (>4,5 V) trong h¢ dién giai LiBF /TMS va LiBF /
TMP s& dugc thao luan chi tiét & cdc phan sau.

Thuc nghiém
Chudn bj chit dién gidi nong dé cao

Céc chit dién giai nf)ng dd cao dugc pha va bdo quan trong
budng thao tac chan khong (glovebox, MBRAUN, Phap) chira khi
argon véi ndng do H,0 va O, dugc kiém soat dudi 1 ppm. LiBF,
(98%, Sigma- Aldrlch) duoc say chan khong ¢ 110°C trong 12 g10
truge khi sir dung. TMS (98%, Sigma-Aldrich) va TMP (99%,
Acros) duge bao quan trong glovebox. LiBF, duge hoa tan lan
lugt voi TMS va TMP véi cac ty 1€ 1:3 va I 4 theo s6 mol. Céc
hén hop trén duge khudy tir voi toe do 150 vong/phut trong 10 h
cho hdn hop hoan toan déng nhit va trong sudt.

Chudn bi dién cuc dwong va lap rdp ban pin ciic do

Vit liéu dién cyc duong LiNij Mn, O, (LNMO, MTI, My),
carbon AB (Imerys, Phap), graphlte (MTI, My) va chit ket dinh
polyvinylidene fluoride (PVdF) theo ty 18 80:7,5:7,5:5 vé khéi
lugng dugc phdi tron bang may nghién bi (MSK-SFM-3) trong
mot lugng vira di dung moi N-methyl-2-pyrrolidone (NMP, Acros,
Phap) dé tao thanh dang keo ddng nhat. Hon hop nay dugc phu lén
mang nhom bing k¥ thudt Doctor Blade. Sau d6, mang nhom dugc
sdy chan khong ¢ 80°C trong 12 gios va cat thanh dién cuc tron véi
duong kinh 12 mm, mat do khéi lugng 1-2 mg/cm.

Ban pin cic 40 CR2032 Li || LNMO duoc lép rap trong
glovebox chutra khi argon, su dung mang dién cuc dugc ché tao
O trén lam cathode, kim loai Li lam anode, 2 mang ngan soi thuy
tinh Whatman (Aldrich, M) va cht dién giai 1a dung dich 1 mol/l
LiBF /EC-DMC hogc cac HCE dugc chuan bi & phﬁn trén.

Didnh gid tinh chit héa I va dién héa ciia dung dich dién
gidi

bo dﬁnvion cua chat dién giai duoc xéc dinh bang phuong
phap pho tong tro dién hoa (EIS) trong dai tin sb tir 1 MHz -
100 mHz véi bién d¢ thé kich thich 1a 10 mV. Cell do d dan
CDC641T  (Radiometer Analytical) dugc chuan bj trong
glovebox gom 2 ban dién cyc Pt voi khoang céch khong
doi nhung vao dung dich dién giai. H¢ dugc 6n dinh nhi¢t ¢
25°C trong 2 h trudc khi tién hanh do EIS trén thiét bi do dién
héa VSP (BioLogic, Phap). Dung dich chuin KCI 0,010 M
(1412 pS/em) duge sir dung dé hiéu chinh hang sb dién cyc.

Phuong phap quét thé tuyén tinh (LSV) dugc thyc hién trén
méay MPG2 (Biologic, Phap) dé khao sat do bén oxy hoa ciia cic
h¢ dién giai. Pin cuc 40 CR2032 dugc lép rap gém dién cuc lam
viéc 1a 14 Al duong kinh 14 mm, dién cyc d6i va so sanh 1a 14 Li
kim loai c6 cung dudng kinh, mang ngadn Whatman (loai GF/C)
duoc thim w6t bang dung dich dién giai nong do cao. Thé trén dién
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cuc lam viée d}roc quét tuyén tinh voi toe do 0,1 mV/s tir thé can
bang (OCV) dén gia tri 6-7 V.

Pin clic 4o Li || LNMO duoc khio sat bang phuong phap quét
thé vong tuan hoan (CV) & toc do quét 0,1 mV/s dé khao sat do
bén trong vung thé hoat dong 3,0-4,5 V va tinh toan h¢ s0 khuéch
tan. Phép do dugc thuc hién trén may MPG2 (Biologic, Phéap). Pin
ctc 4o Li || LNMO duoc do phong sac trén may CT2001A (Landt
Inst., Trung Qudc), st dung phuong phap phong sac dong ¢b dinh
voi gia tri dong C/10 (twong ing vdi kha nang dan cai 1 Li* trong
10 gio) trong vung thé hoat dong 3,0-4,5 V.

Két qua va ban luan

Gia trj nong do ion Li* va do dan ion ctia cic HCE ¢ 25°C thé
hién trong bang 1. Cac h¢ dién giai vdi ty 1€ mol muéi/dung moi
= 1:4 c6 do dan ion cao hon so v6i hé co ty 1¢ 1:3 (LiBF /TMS
1:4 - 1,16 mS/cm, LiBF /TMS 1:3 - 1,00 mS/cm), phu hop Voi
viéc pha loang lam tang do din ion do 1am giam tuong tac giira cac
fon trai d4u. So sanh hai dung méi, hé dién giai chira TMP (LiBF,/
TMP 1:4 - 2,97 mS/cm) c6 gia tri do dan cao hon hé dién giai chira
TMS (LiBF /TMS 1:4 - 1,16 mS/cm). Nguyén nhén boi vi dung
mdi TMS c6 kha nang solvate héa cac ion ctia mudi tot hon do
hang 6 dién moi cia TMS cao hon TMP (e, =44.0; ;,,~20.6)
[20, 21] nén mac du sy phan tach cation Li* va anion BF,” t6t hon
nhung lam day 16p vo solvate hoa cua cac ion, lam giam toc do
chuyén dong cua ching dudi tac dung cia dién truong. Ngoai ra,
d6 nhét cia TMP thap hon TMS rét nhiéu (2,257 cP [22] <10,2 cP
[23]) ciing gop phan lam ting d6 din ciia hé dién giai chira dung
moi TMP.

Bang 1. Gia tri do dan ion clia cac hé dién giai néng do cao so v&i hé dién
giai dung méi carbonate.

Chit dién gidi Nong dd ion P din (mS/cm)

LiBE,/TMS (1:3) 3,40 1,00
LiBF,/TMP (1:3) 2,86 1,04
LiBE,/TMS (1:4) 1,68 1,16
LiBF,/TMP (1:4) 1,32 2,97
LiBE,/EC-DMC (1,0 M, 25°C) 1,00 4,90 [13]

Khi so sanh d6 dan ion cua dién giai carbonate nong do thip
thong thudng (1 mol/l LiBF /EC-DMC - 4,9 mS/cm), cdc hé dién
giai nong do cao trong nghlen ctru nay c6 do dan ion thap hon
khoang 4,5 lan, trir hé LiBF /TMP chi thap hon 1,6 lan. Két qua
nay phu hop vdi viée tang nong 6 mubi lam ting kha nang ghép
cdp ion lam giam d¢ dan ion. Tuy nhién, hé dién gidi nong do cao
van ¢6 y nghia do kha ning bén dién hod cua né khi tiép xuc véi
cac vat liéu dién cuc dién thé cao nhu LNMO nh¢ vide mo rong
cira s0 dién hoa (chi yéu mo rong ving bén oxy hod).

That vay, duong cong quét thé tuyén tinh LSV ctia cac hé dién
giai dé xac dinh thé oxy hoa dugc thé hién trong hinh 1. Thé oxy
hoa dugc chon tai mat do dong i=0,005 mA/cm. Nhin chung, d¢
bén oxy hoa hay thé oxy ho4 ciia cac hé dién giai tang khi ting
ndng do mudi (ty 16 mubi/dung méi nho hon). Véi dung méi TMS,
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gi4 tri thé oxy hoa cta hé LiBF J/TMS (1:3) 14 6,2V, cao hon so
voi h¢ LiBF /TMS (1:4) (5,8 V) va hé dién giai nong d¢ thap 1 M
LiBF /EC- DMC (4,6 V[24] vs Li"/Li). So sanh gitta hai loai dung
moi, he dién giai st dung dung mdi TMP c6 d9 bén oxy hod thap
hon (khoang 5,4 V). Diéu nay di duoc giai thich ¢ trén, 1a do kha
niing solvate hoa cac cation va anion tir mudi dbi véi TMS t6t hon,
lam giam b6t lugng dung moéi tw do, 1a thanh phan d& b oxy hod
cua h¢ dién giai.

0,030

0,025 |

——LIBF,/TMS (1/3)
——LIiBF,[TMS (1/4)
3F /TMP (1/3

0,020 |

]
/

0,015 |

1 (mA/cm?)

0,010 |

0,0050 |

0 - 1 1
20 30 40 50 60 7,0
E vs Li"/Li (V)

Hinh 1. Dwéng cong quét thé tuyén tinh LSV cua dién cwc lam viéc
Al trong cac loai hé dién giai & téc do quét 0,1 mV/s.

Tinh tuong hop ciia hé dién giai nong do cao trén vat ligu
LNMO dugc khao sat qua phuong phap CV trong m6 hinh ban pin
Li || LNMO tir 3,5-4,9 V (so v6i Li*/Li ) véi toe do quét thé 0,02-
0,1 mV/s. Két qua CV (hinh 2) cho thay ving thé hoat dong cua vat
liéu LNMO nam trong khoang 4,6-4,8 V, dugc dac trung boi hai
¢ap mili xen phu 1én nhau twong tmg voi cdp oxy hoa khir NiZ*/Ni**
(ving thé thap) va Ni**/Ni*" (ving thé cao) duoc biéu dién twong
ung boi phuong trinh (1) va (2).

L1N1II Mn O, -

1574
1 i _
Lll_le 0501 Mn 0, - ye « Li

Ni"' Mn O

1,574
11
_le 05

Ni™ Ni"¥ Mn, .0
-X Xy y 1574

xe « Li Ni o

(1
2

Bén canh do, trén duong CV con xuét hién mot cdp miii nho &
khoang 4,0 V do phan tng oxy hoa khir Mn*/Mn** ctia ion Mn**
con lai trong cdu trac cia LNMO [18]. Trong hé dién giai véi
dung mo6i TMS, dién cyc LNMO thé hién hét cac dic trung oxy
hoa khtr trong viing thé dwgc khao sat va & cac toe do tir cao dén
thip. Trong khi d6, vat liéu LNMO trong h¢ dién giai LiBF /TMP
chi thé hién cac miii oxy hoa khi bat du quét & toe dg cao, sau
d6 cac miii oxy hoa dich chuyén vé phia duong va méit dan khi
toc do giam dan dén cac gi4 tri nho hon. Két qua nay cho thdy vat
lieu LNMO khéng tuong thich t6t v6i hé dién giai st dung dung
moi TMP. Mic du cac hé dién giai dugce sir dung c6 do dan ion
gan nhau nhu co thé théy ¢ bang 1, nhung do bén oxy hoa clia
dung moi la yéu to quyet dinh chinh dén do bén hoat dong ciia
chat dién giai khi tlep xtic truc tiép v6i vat ligu LNMO va sy hinh
thanh lién dién pha rin bén viing 1a yéu t6 can thiét dé ngin chan
su phan huy ciia chat dién giai & cac chu ky phong sac. Sy giam
hoat tinh cua dién cuc LNMO c6 lién quan dén thé oxy hoa thép
cta TMP va khi dung méi bi phin huy s& tao ra rat nhidu cac san
phém thy dong trén bé mat dién cuc va lam giam kha ning dan
jon va trao doi dién tir.
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Hinh 2. Dwéng CV cua ban pin Li || LNMO st dung hé dién giai (A)

LiBF /TMS (1:3), (B) LiBF /TMS (1:4) va (C) LiBF /TMP (1:3) trong
vung thé 3,5-4,9 V (so v&i Li*/Li) & téc do quét the 0,02-0,1 mV/s.

Phuong trinh Randles-Sevcik dugc st dung dé xac dinh gia
tri hé s6 khuéch tan dbi voi phan ing dan cai va giai phong ion
Li" trong cau trac vat lieu LNMO khi sir dung cac h¢ dién giai
ndng do cao co biéu thire nhu sau:

=269 x 105 x n3/2ACL1+D1/2 1/2 3)

trong d6: I 1a dong trao doi (A), n 1a s6 electron trao doi, A la
dién tich bé mat dién cuc lam Vlec (cmz) C, la nong do L1

trong vat lidu (mol/cm?®), D 1a hé s6 khuéch tan (cm?/s), v 14 tde
do quét thé (mV/s).

Bang 2. Gia tri hé s6 géc cua dwong bidu dién | theo v'2 va gia tri
hé sé khuéch tan twong (rng.

H¢ dién giai Hé sb goc H¢ s6 khuéch tin D (cm?s)
LiBF/TMS (1:3) 0,0497 4,51x101!
LiBF/TMS (1:4) 0,0329 1,97x101!
LiBF /TMP (1:3) 0,0228 9,50x10"12

Bang 2 trinh bay céc hé s6 goc cua dudng biéu didn cudng
d6 dong I theo v va cac gia tri hé s6 khuéch tan tinh dugc
trong qua trinh quét CV cua dién cuc LNMO trong cac hé¢ dién
giai. Sy khuéch tan ciia ion Li* bao gém sy khuéch tan tir bé
sau dung dich dén bé mit dién cuc va su khuéch tan trong chu
trac vat liéu. Trong truong hop hé dién giai néng d6 cao, su
khuéch tan trong dung dich c6 sy anh huéng nhét dinh dén toc
d6 khuéch tan chung cua ion Li*. Hé dién giai st dung dung moéi
TMS c6 gid tri hé s6 khuéch tan cao hon nhiéu so v6i hé sir dung
dung mdi TMP. Biéu nay phu hop véi két qua do CV cho thay
h¢ TMP c6 phan ung phu hinh thanh 16p thu dong ngan can sy
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khuéch tan ciia ion Li* va lam giam hoat tinh di¢n hoa cua dién
cuc sau cac chu ky. Tuy nhién, khi so sanh véi cung dung moi
TMS, nhan thiy hé sb khuéch tan tinh dugc trong hé dién giai
LiBF /TMS (1:3) cao hon khoang 1,5 1an hé LiBF JTMS (1:4)
mac du hé nay ¢6 do dan ion kém hon. Co thé ly giai diéu nay
khi theo ddi thé oxy hoa cta cac hé dién giai chra TMS nhu ¢
hmh 1. H¢ dién giai LiBF /TMS (1:4) c6 thé oxy hod thap hon
va gan hon véi ving thé du’O'c khao sat cua vt liéu LNMO. H¢
dién giai nay c6 nong do mudi thap, do d6 van con nhiéu phan
to dung mdi chua tham gia vao qua trinh solvate hod va bi oxy
hoé trong qua trinh quét thé, dan dén cac san pham thy dong
van duge hinh thanh trén bé mit dién cuc LNMO va ngan chidn
su khuéch tan coa ion Li'. Tuy nhién, san phé”im thy dong hinh
thanh trong dung moi TMS van c6 thé cho céc ion Li* trao dbi
tot hon so vé6i truong hop ciia dung moéi TMP. Dic trung phéong
sac cia dién cuc LNMO trong céc hé dién giai nong do cao
dugc trinh bay trong hinh 3. Buong cong phong sac cua LNMO
(hinh 3A) thé hién hai ving thé phing gin nhau & khoang 4,7 V
tuong ung véi qua trinh oxy hoa khir cua cap Ni**/Ni** va Ni**/
Ni?* ciia vat liéu LNMO. Két qua nay phu hop véi két qua CV
di thao ludn ¢ trén. Tuy nhién, qua trinh dan cai cua ion Li* d6i
v6i vat lidu LNMO dién ra khong hoan toan thuan nghich & céc
chuky. O chu ky dau tién xay ra qué trinh oxy hod chét dién giai
trén bé mit dién cuc hinh thanh 16p lién dién pha ran bén vimg
bao vé bé mat dién cuc, vi vay tiéu ton mot lugng nhat dinh dién
lugng di qua hé, din dén do bat thuan nghich 16n & chu ky dau
tién. Hé dién giai st dung dung mdi TMS c6 hiéu suit phong
sac tuong ddi tét, dat trén 80% ddi v6i ca hai ty 1€ 1:3 va 1:4.
Két qua nay ciing phu hop véi gia tri hé sé khuéch tan da tinh
toan & bang 2, cho thiy hé¢ dién giai sit dung dung méi TMS
ty 1& 1:4 ¢6 dung lugng bat thuan nghich cao hon ty 1& 1:3 do
hinh thanh mang thu dong nhiéu hon. Vat liéu LNMO cho dung
lugng phong dat 113,0 mAh/g trong chu ky dau tién (dung luong
Iy thuyét 1a 148 mAh/g) va hiéu suat Coulomb c6 xu huéng ting
dan theo chu ky, dat gia tri 91,86% & chu ky thir 100 trong
h¢ dién giai LiBF /TMS (1:3). V6i h¢ di¢n giai LiBF,/TMS
(1:4), dung lugng phong chi dat dugc 98,6 mAh/g ¢ chu ky dau
tién. Cac gia tri dung luong va hiéu suit Coulomb trong qué
trinh phong sac cua ban pin Li || LNMO trong céc h¢ di¢n giai
dugc trinh bay ¢ bang 3.

A T T T T T T T T T 100
(A) sof ] .
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——LiBF /TMS (1/3)
LiBF /TMP (1/3)
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Hinh 3. (A) Bwong cong phéng sac chu ky dau tién, (B) dung
lweng va hiéu suat Coulomb theo chu ky cta ban pin Li || LNMO
trong cac hé dién giai néng dé cao str dung dung méi TMS va TMP.
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Bang 3. Dung lwgng phéng sac, hiéu suat Coulomb chu ky 1 va do
duy tri dung lwong sau 100 chu ky ctia ban pin Li | [LNMO.

Dung lwgng chu ky 1 2 A .
oo g Mo
Phéng Sac
LiBF,/TMS 1:3  113,0 2314 48,83 83,40
LiBF,/TMS 1:4 98,6 296,5 33,26 86,77
LiBF,/TMP 1:3 654 237,7 27,53 13,56

Kha nang duy tri dung lugng phong sac theo chu ky cua ca hai
chat dién giai sir dung dung moi TMS véi ty 1¢ mol 1:3 va 1:4 déu
kha t6t (>80%), cho thiy tinh 6n dinh va kha nang tuong thich tot
ciia hé dién giai nong do cao nay véi vat lisu LNMO. Dung mbi
TMS solvate hoa tot ion Li*, do d6 sy van chuyén va dan cai ion Li*
vao cau triic vat liéu tuong 601 thuan nghich, khong gdy ra sy thay
doi cdu trac va bén canh do 16p lién dién dién cuc - dién giai bén
vimg tao thuén loi cho qua trinh chuyén dién tich trén bé mit dién
cuc. Day ciing 13 1y do gitip ting cuong tudi tho cia p1n (thé hién
qua s0 chu ky phong sac) (hinh 3B). Trong d6, hé dién giai voi ty 1¢
mol 1:3 cho hiu ndng phong sac tot nhat nho c6 day du cac yéu to
thudn loi vé do dan ion va do bén oxy hoa. Tuy nhién, do bén phong
sac sau 100 chu ky cua hé di¢n gidi vdi ty 1€ mol 1:4 cho thay 16p
lién dién dién cuc - dién giai co thé day 1on hon, gitip ngan chan
tt su oxy hoa cua dunng méi khi phong sac nhiéu chu ky, nhung
nguoc lai lam gidm dung luong thudn nghich do tré khang cua 16p
lién dién 16n hon.

H¢ dién g1a1 LiBF,/TMP ty 1€ 1:3 c6 dung luong rat thap (65,4
mAh/g) va cé xu huong giam rat nhanh nén kha nang duy tri dung
luong sau 100 chu ky chi dat 13,56%. Piéu nay cho thiy kha nang
twong thich kém cua dung méi TMP doi voi dién cyc LNMO.
Nguyén nhan c6 thé do dung méi TMP khong solvate hoa tbt cac ion
Li" nhu TMS nén sy van chuyen va sy dan cai ctia ion Li" vao trong
céu tric vat lidu khong tot, dong thoi 1am chdm qua trinh phan tng
dién hoa, dan dén sy giam dung luong nhanh chong qua cac chu ky.

He dién gidi nong d6 cao st dung mudi LiBF, két hop véi cac
dung moi TMS va TMP da dugc tong hop va khao sat tinh chit hoa
1y va dién hod. Hé dién giai st dung dung moi TMP ¢6 do dan ion
cao hon TMS nhung cé mitc d6 solvate hoa ion Li* kém, dan dén do
bén oxy hod kém hon so voi hé dién gidi s dung dung moi TMS.
Do bén oxy hoé cua h¢ LiBF /TMS (1:3) Ién dén 6,2 V vs. Li"/Li,
cao hon ving thé hoat dong cua dién cyc LNMO.

H¢ dién gidi su dung TMS cho thay tinh tuong thich tdt va hoat
dong 6n dinh ¢ ving thé cao khi tiép xtic voi dign cyc LNMO.
Phan ing phy phén huy chat dién giai dé hinh thanh 16p thu dong
trén bé mat dién cuc LNMO giam di khi tang nong d6 mudi, giam
ham lugng dung méi TMS. Do do, hé dién ly LiBF,/TMS glup cho
LNMO thé hién tinh ning phéng sac tt nhat. Dung lugng cua vat
liéu dat dwoc 113,0 mAh/g & chu ky dau tién va duy tri duoc 93,9
mAh/g sau 100 chu ky véi hi¢u suat Coulomb khoang 92%.

TAI LIEU THAM KHAO

[1] J. Xie, Y.-C. Lu (2020), “A retrospective on lithium-ion batteries”,
Commun., 11, pp.2499, DOI: 10.1038/s41467-020-16259-9.

[2] M. Winter, B. Barnett, K. Xu (2018), “Before Li-ion batteries”, Chem. Rev.,
118, pp.11433-11456, DOI: 10.1021/acs.chemrev.8b00422.

Nat.

TAP CHI

HOA HOC

ONG NGHE /It Nam 63(11) 11.2021

[3] J.B. Goodenough, K.-S. Park (2013), “The Li-ion rechargeable battery: a perspective,” J.
Am. Chem. Soc., 135, pp.1167-1176, DOL: 10.1021/j23091438.

[4] JR. Croy, A. Abouimrane, Z. Zhang (2014), “Next-generation lithium-ion batteries: the
promise of near-term advancements”, MRS Bull., 39, pp.407-415, DOIL: 10.1557/mrs.2014.84.

[5] B. Kennedy, D. Patterson, S. Camilleri (2000), “Use of lithium-ion batteries in electric
vehicles”, J. Power Sources, 90, pp.156-162, DOIL: 10.1016/S0378-7753(00)00402-X.

[6] X. Chen, W. Shen, T.T. Vo, Z. Cao, A. Kapoor (2012), “An overview of lithium-ion
batteries for electric vehicles”, 10th International Power & Energy Conference (IPEC), pp.230-
235, DOL: 10.1109/ASSCC.2012.6523269.

[7]1L. Lu, X. Han, J. Li, J. Hua, M. Ouyang (2013), “A review on the key issues for lithium-
ion battery management in electric vehicles”, J. Power Sources, 226, pp.272-288, DOL: 10.1016/;.
jpowsour.2012.10.060.

[8] L. Wang, Z. Wu, J. Zou, P. Gao, X. Niu, H. Li, L. Chen (2019), “Li-free cathode
materials for high energy density lithium batteries”, Joule, 3, pp.2086-2102, DOL: 10.1016/;.
joule.2019.07.011.

[9] K. Amine, H. Yasuda, M. Yamachi (1999), “Olivine LiCoPO, as 4.8 V electrode material
for lithium batteries”, Electrochem. Solid-State Lett., 3, pp.178, DOL: 10.1149/1.1390994.

[10] Y. Cai , S.-Z. Huang, F.-S. She, J. Liu, R.-L. Zhang, Z.-H. Huang, F.-Y. Wang, H.-
E. Wang (2016), “Fac1le synthesis of well-shaped spinel LiNij Mn, O, nanoparticles as cathode
materials for lithium ion batteries”, RSC Adv., 6, pp.2785- 2792 DOI 10 1039/C5RA21723G.

[11] Y. Yamada, A. Yamada (2015), “Review-superconcentrated electrolytes for lithium
batteries”, J. Electrochem. Soc., 162, pp.A2406-A2423, DOI: 10.1149/2.0041514jes.

[12] A. Nakanishi, K. Ueno, D. Watanabe, Y. Ugata, Y. Matsumae, J. Liu, M.L. Thomas,
K. Dokko, M. Watanabe (2019), “Sulfolane-based highly concentrated electrolytes of lithium
bis(trifluvoromethanesulfonyl)amide: ionic transport, Li-ion coordination, and Li-S battery
performance”, J. Phys. Chem. C, 123, pp.14229-14238, DOL: 10.1021/acs.jpce.9b02625.

[13]K. Xu (2004), “Nonaqueous liquid electrolytes for lithium-based rechargeable batteries”,
Chem. Rev., 104, pp.4303-4417, DOI: 10.1021/cr030203g.

[14] E. Zygadto-Monikowska, Z. Florjanczyk, P. Kubisa, T. Biedron, A. Tomaszewska, J.
Ostrowska, N. Langwald (2010), “Mixture of LiBF, and lithium difluoro(oxalato)borate for
application as a new electrolyte for lithium-ion batteries”, J. Power Sources, 195, pp.6202-6206,
DOL: 10.1016/j.jpowsour.2009.10.083.

[15] J. Xia, J. Self, L. Ma, and J.R. Dahn (2015), “Sulfolane-based electrolyte for high
voltage Li(Ni ,,Mn, Co, )O, (NMC442)/graphite pouch cells”, J. Electrochem. Soc., 162,
pp.A1424-A1431, DOIL: 10.1149/2.0121508jes.

[16] X. Ren, S. Chen, H. Lee, D. Mei, M.H. Engelhard, S.D. Burton, W. Zhao, J. Zheng, Q.
Li, M.S. Ding, M. Schroeder, J. Alvarado, K. Xu, Y.S. Meng, J. Liu, J.G. Zhang, W. Xu (2018),
“Localized high-concentration sulfone electrolytes for high-efficiency lithium-metal batteries”,
Chem., 4, pp.1877-1892, DOIL: 10.1016/j.chempr.2018.05.002.

[17] J. Xia, JR. Dahn (2016), “Improving sulfolane-based electrolyte for high voltage
Li-ion cells with electrolyte additives”, J. Power Sources, 324, pp.704-711, DOL: 10.1016/j.
jpowsour.2016.06.008.

[18] J. Alvarado, M.A. Schroeder, M. Zhang, O. Borodin, E. Gobrogge, M. Olguin, M.S.
Ding, M. Gobet, S. Greenbaum, Y.S. Meng, K. Xu (2018), “A carbonate-free, sulfone-based
electrolyte for high-voltage Li-ion batteries”, Mater: Today, 21, pp.341-353, DOL: 10.1016/;.
mattod.2018.02.005.

[19] P. Shi, H. Zheng, X. Liang, Y. Sun, S. Cheng, C. Chen, H. Xiang (2018), “A highly
concentrated phosphate-based electrolyte for high-safety rechargeable lithium batteries”, Chem.
Commun., 54, pp.4453-4456, DOL: 10.1039/C8CC00994E.

[20] M. Vahidi, B. Moshtari (2013), “Dielectric data, densities, refractive indices, and their
deviations of the binary mixtures of N-methyldiethanolamine with sulfolane at temperatures
293.15-328.15 K and atmospheric pressure”, Thermochim. Acta, 551, pp.1-6, DOIL: 10.1016/j.
tca.2012.10.004.

[21] L. Zhang, J. Li, Y. Huang, D. Zhu, H. Wang (2019), “Synergetic effect of ethyl methyl
carbonate and trimethyl phosphate on BF,” intercalation into a graphite electrode”, Langmuir, 35,
pp-3972-3979, DOL: 10.1021/acs.langmuir.9500262.

[22] Z. Zeng, X. Jiang, R. Li, D. Yuan, X. Ai, H. Yang, Y. Cao (2016), “A safer sodium-ion
battery based on nonflammable organic phosphate electrolyte”, Adv. Sci., 3, pp.1600066, DOL:
10.1002/advs.201600066.

[23]S.Li,B.Li, X. Xu, X. Shi, Y. Zhao, L. Mao, X. Cui (2012), “Electrochemical performances
of two kinds of electrolytes based on lithium bis(oxalate)borate and sulfolane for advanced lithium
ion batteries”, J. Power Sources, 209, pp.295-300, DOL: 10.1016/j.jpowsour.2012.03.004.

[24] D.W. Kim, Y.K. Sun (2001), “Electrochemical characterization of gel polymer
electrolytes prepared with porous membranes”, J. Power Sources, 102, pp.41-45, DOL: 10.1016/
S0378-7753(01)00771-6.

16





