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Khao sat tinh tuong thich cac chat dién giai va phu gia véi vat liéu

hard carbon thuong mai iing dung trong pin sac Na-lon
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TOM TAT
Trong pin sac, chét dién gidi dong vai trd quan trong dé xac dinh clia s6 dién hoa hay ving thé
hoat dong ctia pin dua trén muc nang lugng HOMO va LUMO cling nhu phan anh dé bén nhiét
doéng hoc khi tiép xuc véi cac dién cuc. Do vay, viéc Iua chon chat dién gidi sé anh hudng dén nang
luong riéng, d6 an toan, tudi tho chu ky, hiéu sudt luu trl, diéu kién hoat dong... Bén canh do, dé
phat huy vai trd clia chét dién giai, ngudi ta thém vao mot s6 loai phu gia khac nhau gidp cai thién
d6 bén va hiéu suat pho’ng sac clia pin. Nghién ctu nay khao sat anh hudng cla céc mudi NaPFg,
NaCIO4, NaOTf, NaFSI va NaTFSI trong cac hé dung méi carbonate EC: DMC: PC (1:1:1) véi néng 46
1 M khi cé va khong cé cac chat phu gia (FEC, VC, Py;3) dén tinh ndng phéng sac ctia vat liéu dién
cuc am hard carbon trong pin sac Na-ion (NIB). Tinh tuong thich clia cac hé dién gidi vdi vat liéu
hard carbon dugc khdo sét thdng qua tinh nang dién hoa bang phuong phap do phdng sac dong
¢6 dinh (GCPL), quét thé vong tuan hoan (CV), do d6 dan va phép do phd téng tré dién hoa (EIS).
Két qua khao sat cho thay hé dién giai EC: DMC: PC (1:1:1) + 1M NaOTf dat dugc dung lugng riéng
cao nhat (246 mAh/g sau 100 chu ki) va hiéu suat phong sac cao (> 99,6%) so vdi cac hé dién gidi
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MG PAU

Ké tui khi pin sac Li-ion (LIB) dugc thuong mai hod
lan ddu tién boi Sony vao ndm 1991, da c6 nhiéu
nghién ctiu tap trung cai thién cac dic tinh ctia loai
pin sac nay. LIB dugc ting dung rong rai trong nhiéu
linh vyc luu trit va chuyén hod ning lugng nhu thiét bi
dién ti, dic biét trong cic thé hé xe dién !. Tuy nhién,
ngudn lithi hién nay c6 tri lugng gii han, phan b6
khoéng doéng déu gitia cic qudc gia cung v6i nhu ciu
st dung pin sac ngdy cang ting cao dan dén ngudn
lithi sut gidm do khai thdc qua muc, dong thoi gia
thanh ctia LIB ting nhanh?. D€ giai quyét cac vin dé
trén, nhiéu cong trinh da tap trung vao nghién ctiu va
phat trién thé hé pin sac Na-ion (NIB) véi muc dich
c6 thé thay thé mot phan cho pin sac LIB. Nguén
natri trong tu nhién phong phu, cling véi viéc natri
khoéng tao hgp kim v6i nhom nén cé thé thay b gop
dong bang nhom d6i véi cuc Am thay vi stt dung dong
trong LIB sé 1am giam gia thanh san xuét ctiia NIB>*,
Bén canh nhiing thong s6 quan trong nhu tudi tho lau
dai, d¢ an toan cao, mét d ning lugng l6n, gid thanh
thép chinh 1a yéu t6 quyét dinh khi st dung pin sac
lam nguon luu trii nang lugng trong hé thong luu tri
nang lugng quy mé 16n, noi ma NIB c6 tiém ning thé
hién dugc t6i da vai trd ctia minh°.

Mot trong nhiing khé khin d€ thuong mai hoa NIB 1a
phat trién loai v4t liéu dién cyc 4m tuong thich vat cac
vat liéu dién cuc duong. Hard carbon la vét liéu dién
cic am dugc nghién cliu va ing dung rong rai trong
cong nghé pin sac NIB vé6i uu diém vugt troila chi phi
san xudt thap, dung lugng va d6 bén chu ki cao. Trong
mot s6 nghién ctiu trude day, dung lugng phong sac
ctia hard carbon c6 thé€ dat dugc cao hon 300 mAh/g
v6i d6 bén chu ki > 90% sau 50 chu ki®’. Hard carbon
dugc déxuitlam vétliéu dién cyc 4m thay thé than chi
(graphite) do kich thudc gitia cac 16p graphene trong
graphite thuong mai chi pht hgp cho ion Li* c6 ban
kinh nho (0,69 A) dan cai vao, trong khi ion Nat ¢6
ban kinh 16n (0,98 A) 1a nguyén nhan gay tré ngai cho
viéc dan cai ion vao trong cdu truc vét liéu trong qud
trinh phéng sac din dén dung lugng phong sac thap®.
Hard carbon dugc ciu tao boi cdc 16p graphene sdp
xép mot cach ngiu nhién nén khoang cach gitia cac
16p nay sé dugc md rong va tao thanh céc 16 réng c6
thé dan cai ion Na™ nén hard carbon cho dung lugng
phong sac cao hon so véi graphite khi ap dung trong
NIB.

Bén canh do, viéc nghién ctiu va tim kiém cac chét
dién giai tuong thich véi vat liéu hard carbon ciing
quan trong khong kém. Hé dién giai phu hgp gitp
nang cao do dan ctia ion Na™ va han ché phan ting

Trich dan bai bao nay: Giao VTN, Tuyén HTK, Liém P T, Kha L M, Phung L M L. Khao sat tinh tuong thich
cac chat dién giai va phu gia véi vat liéu hard carbon thuong mai ting dung trong pin sac Na-lon.
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Bang 1: Mot s6 nghién ciru vé hé dién giai carbonate trén vat liéu hard carbon

Dién giai CE1 (%) C1 rev. (mAh/g) Cn rev. (mAh/g) Cycle n Ref
1 M NaFSI + EC: DMC (1:1) 84 293 193 100 2
1 M NaFSI + EC: PC (1:1) 74 156 211 100

1 M NaFSI + EC: PC: DMC 83 301 194 100

(1:1:1)

1 M NaClO4 + EC: PC: DMC 65 330 310 100 ®
(0,45:0,45:1)

1 M NaClO4 + EC: PC (1:1) 50-70 185-325 160-300 20-120 g
c6/khong cé 2%FEC

1 M NaClO4 hoic NaPF6 + 70 235 200 180 ®
EC: PC (1:1)

1 M NaPF6 + PC cé/khong c6  84-86 230-250 90-240 100 i
2%FEC

1 M NaTFSI + EC: DEC (1:1) 80,3 330 293 100 b
1 M NaPF6 + EC: DEC (1:1) 78,4 334 191 100

1 M NaClO4 + EC: DEC (1:1) 77,3 335 276 50

1 M NaOTf + EC: DEC (1:1) 64,7 340 14 100

1 M NaFSI + EC: DEC (1:1) 73,8 217 151 100

phu véi bé mat dién cuc trong sudt qua trinh phdéng
sac, ti do cai thién dung lugng va tudi tho cta pin. Pa
c6 nhiéu cong trinh nghién ctu chat dién giai cho pin
sac Na-ion va vt liéu hard carbon, trong d6 cac chit
dién giai dugc st dung phd bién nhit 1a cac chét dién
giai dung cidc mudi géc natri pha dung moi ester car-
bonate (Bang 1). Bén canh nhiing nghién ctiu vé dung
moi trong chdt dién gidi, mot s6 nghién ctu ciing da
dua ra dugc kha nang tuong thich cta vat liéu hard
carbon vé6i hé dién giai c6 chiia phu gia. Chit phu gia
dugc thém vao v6i mong mudn c6 thé cai thién do
bén phong sac clia pin sac thong qua hinh thanh 16p
SEIL Goodenough va cong sy '4 da dua ra méi quan hé
v€ su hinh thanh SEI trén céc dién cuc dya trén miic
nang lugng HOMO, LUMO ctia céc chét dién giai va
ving thé hoat dong ctia pin. Khi thé dién héa ctia dién
cuc 16n hon thé cia LUMO thi cac electron trén dién
cuic ¢6 xu huéng chuyén sang LUMO ctia chit dién
gidi, tao ra phan ting khti ctia cht dién giai. Nguoc lai,
khi thé dién hoa cta dién cuc cao hon mic HOMO,
dién gidi sé bi oxy hod. Cdc san phdm phu tif phan
ting khti/oxy hod nay ling dong trén bé mit dién cuc
tao thanh 16p SEI thu dong, dong vai tro nhu mot rao
can d€ tranh sy phén huy tiép theo ctia chat dién giai
hitu co.

Nghién ctiu nay tip trung vao hé dién giai gébm cac
mudi NaPFg, NaClO4, NaOTf, NaFSI va NaTFSI pha
trong hon hgp dung méi EC:.DMC:PC (1:1:1) n6ng do
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1 M va cdc phu gia dién gidi Py;3, FEC, VC dé khéo
sat tinh tuong thich dién héa gitia cac hé dién giai véi
vat liéu hard carbon thuong mai, tii d6 chon Iya dugc
hé dién giai pht hgp nhat.

PHUONG PHAP NGHIEN CUU

Héa chat

Héa chit dugc st dung gom: propylene carbonate
(PC, Sigma-Aldrich, 99,7%), ethylene carbonate
(EC, Acros, 99%), dimethyl carbonate (DMC,
Sigma-Aldrich, 99%),
Sigma-Aldrich, 99,5%), fluoroethylene carbonate
(FEC, Sigma-Aldrich, 99%), sodium hexafluorophos-
phate (NaPFg, Sigma-Aldrich, 98,5%),
perchlorate (NaClOy4, Acros, 99%), sodium tri-
(NaOTf, Sigma-Aldrich,
99%), sodium  bis(fluoromethanesulfonyl)imide
(NaFSI, Sigma-Aldrich, 99%),
bis(trifluoromethanesulfonyl)imide (NaTFSI, Sigma-

vinylene carbonate (VC,

sodium
fluoromethanesulfonate
sodium

Aldrich, 99%), N-propyl-N-methyl-pyrrolidinium
(Py13, Solvonic, 99%), mang ngin GF/B (Whatman,
Anh), hard carbon thuong mai (Kurato, type 2, Nhat
Ban), carbon Super P (C65, Imerys); Carboxymethyl
cellulose (CMC), mang nhom pha carbon (MTI,
USA).
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Tao mang dién cuc

Mang dién cyc 4m dugc tao thanh ti hén hgp gém
vat liéu dién cuc hard carbon, C65 va chit két dinh
CMC theo ti 1¢ khéi lugng (90:5:5). Cac thanh phan
dugc tron déu thanh dang keo sét va pha 1én mang
nhom bang phuong phép doctor-blade. Sau d6, mang
dugc sdy trong chan khong & 110°C trong 12 gid.
Mang dién cuc sau khi sdy dugc ct thanh hinh tron
¢6 duodng kinh bing 12 mm. Khéi lugng vat liéu hoat
dién khoang 2 mg/cm?.

Chuén bi dung dich dién giai

H¢ dién gidi gbm cac mudi NaPFg, NaClOy4, NaOTf,
NaTFSI va NaFSI dugc hoa tan trong hé dung méi EC:
DMC:PC (1:1:1) v6i ndng do 1 M khi ¢6 va khong cé
phu gia dugc trinh bay trong Bang 2. Cac phu gia
dugc st dung bao gobm Py,3, FEC va VC. Tat ca cac
dung dich dién gidi déu dugc chuén bi trong budng
lam viéc chan khong chita khi Argon (MBraun, Dtc).

Phuang phap danh gia tinh chat dién héa
Céc phép do dién hod dugc tién hanh trén pin ctc do
CR2032 (MTI, USA) v6i ban pin hard carbon/Na véi
dién cuc lam viéc hard carbon, dién cuc d6i 1a natri
kim loai. Mang ngin Whatman thim ué6t dién giai
dugc stt dung d€ ngan cach cuc 4m va cuc duong.
Kha nang phéng sac cua vat liéu trong cic chat dién
gidi dugc khao sat bang phuong phdp GCPL, thuc
hién trén may do phéng sac LANDT (Wuhan, China)
& vung thé€ 0,01-2,0 V & téc d6 dong C/10 (i = 37,2
mA/g) cho 5 chu ki ddu va t6c do C/5 (i = 74,4 mA/g
cho 100 chu ki con lai.

Ving thé hoat dong ctia vat liéu dugc danh gid bing
phuong phap CV trén may do dién hoa Biologic
MPG2 trén mé hinh ban pin ctc 4o, t6c do quét 10
uV/s trong viing thé tit 0,01-2,0 V.

Phuong phép EIS dugc stt dung d€ khao sat sy hinh
thanh 16p SEI trén bé mit vét liéu. Két qua dugc do
trén mdy VSP3 Biologic v6ibién d¢ 1a 8 mV, tdn s6 dao
dong thay d6i tit cao dén thdp (200 kHz - 10 mHz),
két qua EIS dugc ghi nhéin trudc khi phéng sac, sau
giai doan phéng & chu ki 1, 2, 5 va 10 va dugc d€ nghi
trong 5 gig trude khi do.

KET QUA VA THAO LUAN

Két qua phdng sac dong ¢6 dinh

Céc hé dién giai dugc st dung trong phép do GCPL
bao gom cac mudi NaPFg, NaClO4, NaOTf, NaTFSI
va NaFSI hoa tan trong hé dung méi EC:DMC:PC
(1:1:1) va phu gia dién giai Py3, PPy3, FEC va VC.
Hinh 1 thé hién két qua phong sac chu ki 1, dung
lugng phong va hiéu suit Coulomb theo chu ki ctia

hard carbon trong cac hé dién giai st dung hé dung
mo6i EC: DMC: PC (1: 1: 1). Két qua cho thdy dung
lugng qua trinh phéng cao hon nhiéu so véi qua trinh
sac, trong khi & nhiing chu ki sau la gan nhu nhau.
biéu nay ching minh rang c6 sy hinh thanh 16p thu
dong SEI 6 vung thé thp (< 0,1 V), chat dién giai bi
khi tiéu thu nhiéu electron lam cho cyc 4&m kim loai
natri trong ban pin bj oxy hoa nhiéu hon va electron di
ra mach ngoai nhiéu nén gia tri dung lugng ghi nhin
dugc cao hon. Lép SEI c6 tac dung han ché dién giai
tiép tuc bi khit khi phong xudng viing thé thép, do d6
chénh léch dung lugng gitia 2 qua trinh phéng sac gdn
nhu khong dang k&, thé hién qua hiéu sudt Coulomb &
nhiing chu ki sau dat dugc gdn nhu 100%. Tuy nhién,
khi thay d6i thanh phan muéi hoa tan ctia cac hé dién
giai, xu hudng thay d6i ctia dung lugng khac nhau.
E5 cho két qua phong sac voi két qua t6t nhét vé dung
lugng (311,9 mAh/g & chu ki 2) va duy tri dugc 78,1%
sau 105 chu ki. Diéu nay dugc gidi thich 1a do géc
OTf™ tao ra dugc 16p SEI t6t va 6n dinh trong suét
qué trinh phéng sac'®, mic du d¢ dan ctia né thip
so v6i nhiing mudi con lai '°. Trong khi d6, dién giai
E4 la dién giai kém nhat v6i dung lugng 227,4 mAh/g
& chu ki 2 va gidm manh con 41,6% sau 105 chu ki.
Nguyén nhén la anion FSI™ an mon nhom va hiéu
sudt qua trinh hoa tan - két tlia natri kém'>. V& mit
dunglugng, 3 chit dién giai con lai tuong duong nhau
do d6 dan va d6 nhét ctia 3 mudi NaPFg, NaClOy4 va
NaTFSI trong hé dién gidi carbonate gin nhu tuong
duong nhau®!?, Khi déi téc d6 dong phéng sac tu
C/10 sang C/5 tti chu ki 6, dung lugng phéng ctia hard
carbon sti dung dién giai E1 va E3 giam it nhét nén c6
tudi tho cao hon khi stt dung céc dién giai con lai.

Khi ¢6 mét phu gia dién gidi (Hinh 2), hau hét cac
pin déu cho dung lugng thap hon so véi chit dién giai
khong dung phu gia. Déi véi dién gidi c6 chia phu
gia VC (E7), dung lugng trong sudt qua trinh phdng
sac gdn nhu khong ddi nhung dung lugng phong lai
qua thép. Diéu nay xudt phat tit nguyén nhan VC dé
dang bi khti 6 viing thé thép, hinh thanh I6p SEI dang
polyme bén viing !”, nhung gy can tr& d6i v6i sy dan
cai clia ion Na™ ra/vao vét liéu, nén hiéu qua khong
thé dat dugc nhu trong tridng hop ctia LIB doion Li™
¢6 ban kinh nho hon ion Nat. Qua trinh hinh thanh
16p polyme ciing xay ra doi v6i FEC. Tuy nhién, khi
hard carbon dugc phéng sac véi dién giai E6, dung
lugng c6 tang trong sudt qua trinh phéng sac nhung
khong 6n dinh. Nguyén nhan dén tit qua trinh hinh
thanh/pha huy 16p SEI khi phéng sac trong thoi gian
lau dai. Lép SEI hinh thanh nhiéu nhét trong chu ki
ddu. O céc chu Ki sau, vin xay ra sy hinh thanh/pha
huy 16p SEI nay trong qué trinh phdéng sac. Trong
trudng hop VC, co thé téc do pha 16p pha nay cao
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Bang 2: Thanh phan ctia cac hé dién giai véi hé dung méi EC: DMC: PC (1:1:1)

Ki hiéu Muéi (1 M) Dung moi (i 1é thé tich) Phu gia (% vol.)
El NaPFE6 EC: DMC: PC (1:1:1) -
E2 NaClO4 -
E3 NaTFSI
E4 NaFSI -
E5 NaOTf
E6 NaOTf FEC (1%)
E7 NaOTf VC (1%)
E8 NaOTf Py13 (5%)
T T 400 T
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Hinh 1: (a) Pudng cong phéng sac & chu ki 1, (b) dung lugng phéng va hiéu suat Coulomb theo chu ki clia cac hé
dién gidi gébm 1 M NaX (X = PFg—, ClO4—, OTf~, FSI~ va FSI™) hoa tan trong hé dung moéi EC: DMC: PC (1: 1: 1) &

t6c d6 C/10 trong 5 chu ki dau va C/5 & cac chu ki sau

hon t6c d¢ hinh thanh trong su6t qua trinh phong sac,
lam qu4 trinh dan cai ion Na™ trd nén dé dang & cic
chu ki sau, do d6 dung lugng ting 1én nhung khong
6n dinh. Khi ¢6 mit 5% Py13, dung lugng sac tuy cao
hon truong hgp st dung phu gia FEC va VC, tuy nhién
dung lugng giam tuong d6i nhanh, khong 6n dinh va
van con thép so véi trudng hop khong st dung phu
gia. Nhu véy, Pyl3 thém vao khong c6 tac dung cai
thién hiéu sudt phong sac, dac biét 1 khi phong sac &
t6c do dong cao, qud trinh khuéch tén ion Na™ [a mot
yéu t6 anh hudng quan trong.

Két qua quét thé vong tuan hoan

Dua vao két qua GCPL trudc do, ban pin hard car-
bon/Na sti dung hé dién giai EC:.DMC:PC (1:1:1) + 1
M NaOTf dugc khao sat d€ danh gia viing hoat dong
phan ting dan cai. Pudng cong CV (Hinh 3) cho thay
qué trinh dan cai ion Na™ vao vat liéu hard carbon
gdm 2 qud trinh: viing hip phu ion Na™ vao 16 trong
ctia hard carbon thé hién qua cip peak & vung thé
< 0,1 V va vling dan cai ion Na™ vao gitia cic 16p
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graphene ctia hard carbon. Két qua nay phu hgp véi
dudng cong phong sac, khi viing thé phing (< 0,1 V)
va vung thé déc (> 0,1 V) c6 thé quan sit dugc mot
cach rd rang. Diéu nay phu hop véi gia thuyét dugc
Stenvens va Dahn dua ra vao nim 2000 '8.

Phé tong tré dién héa

Céc qua trinh xdy ra trong NIB ciing giong nhu trong
LIB, bao gdm qué trinh khuéch tén ion Na™ trong chét
dién giai, qud trinh chuyén dién tich trén lién dién
dién cyc/ dién giai va qua trinh khuéch tan ion Na™
vao cdu truc vat liéu dan cai... c6 thé dugc phan tich
trong phép do EIS. Hé dién giai EC: DMC: PC (1: I:
1) + 1 M NaOTf (E5) dugc chon d€ do tdng trd nhim
khao sat sy hinh thanh 16p SEI trén bé mit dién cuc
hard carbon. Hinh 4 md ta phé tong tré Nyquist cta
vatliéu hard carbon khi dung hé dién gidi E5 trudc khi
phéng sac (OCV) va sau cac chuki 1, 2, 5, 10 va mach
dién tuong duong ctia hé nay. Ban cung & tin s6 cao
dai dién cho dién tré Ohm (Rs), bao gom dién tré ban
dau cta chét dién giai, vat liéu hoat dién va dién trd
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Hinh 2: Dung lugng phéng va hiéu suat Coulomb ctia hé dién gidi gdm 1 M NaOTf hoa tan trong dung méi
EC:DMC:PC (1:1:1) khong/cé thém phu gia (FEC, VC, Py;3)
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Hinh 3: Budng cong CV ctia hard carbon khi phéng sac véi dién giai 1 M NaOTf + EC:DMC:PC (1:1:1) & t6c d6 10
uV/s
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Hinh 4: (a) Phé téng trd Nyquist trudc khi phéng sac va sau qua trinh phéng (chu ki 1, 2, 5, 10) cla vat liéu hard

carbon va (b) m6 hinh mach dién tuong duong

tuong tac ctia dién cuc v6i dién gidi. Ban cung d4u tién
ciing thé hién dugc gia tri ctia dién tré 16p SEI (RSEI),
dugc dai dién bai mach song song RSEI//CPE1 (CPE
la dién dung ctia ty dién). Ban cung thi hai 6 viing
tan s6 trung binh dai dién cho dién tré ctia qua trinh
chuyén dién tich (Rct), dic trung béi mach song song
Rct//CPE2. Vung tuyén tinh & tan s6 thdp dai dién
cho qua trinh khuéch tan Warburg (Zw). Cac duong
tong trd déu xudt phat tit cing mot diém, ching to trd
ndi khong d6i trong sudt qua trinh phong sac. Trudce
khi phéng sac, chua c6 sy hinh thanh ctia 16p SEI nén
& vung tin s6 cao — trung binh chi xuét hién mot ban
cung tng véi gia tri Rs va Ret. D6 thi Nyquist ¢ sau
khi phong chu ki 1 hién r6 2 cung tuong tGing véi qua
trinh khuéch tén ion tii dung dich dién giai vao 16p
SEI & tin s6 trung binh va qua trinh chuyén dién tich
ti SEI dén bé mat vat liéu & tan s6 cao. Gid tri cac dién
trd thanh phin cé xu hudng tang cho thiy cic qua
trinh khuéch tdn ion Na™ bi gip tré ngai ngay sau khi
phong sac & chu ki ddu tién, vi vdy chiing minh dugc
¢6 su hinh thanh cuta 16p thu déng SEI. T cac chu
ki sau, hinh dang ctia d6 thi khong thay ddi nhiéu va
gid tri dién trd c6 ting nhe. Diéu nay xuét phat tiu qua
trinh phéng sac, & nhiing chu ki vé sau, ion Na™ cé thé
bi git lai nhi€u hon trong cdu truc vat liéu do khiém
khuyét gay ra khi ion Na™ dan cai/di ra khéi vat liéu
nhiéu lan. Nguyén nhén cling cé thé xuit phat tii 16p
SEI ting dan theo thoi gian do co ché khii 2 electron
ctia EC1a phén ting day chuyén. Trong truong hgp cé
phu gia nhu VC hay FEC, hién tugng nay c6 thé dugc
khic phuc!”. D¢ ciing la nguyén nhan gay ra sy sut
giam dung lugng theo chu ki & loai dién giai c6 EC

nhung khong c6 mdt s6 phu gia bao vé.
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KET LUAN

Hé dién giai EC:DMC:PC (1:1:1) + 1 M NaOTf cho
két qua dung lugng phéng sac cao nhat dat khoang
246 mAh/g sau 100 chu ki va hiéu suét phéng sac 6n
dinh khoang 99,6 %, trong khoang 100 chu ki. D6i véi
hé dién giai c6 thém phu gia, két qua cho thay chua c6
phu gia nao cai thién t6t hon tinh nang phéng sac ctia
vat liéu so v6i chét dién giai khong phu gia. Dac biét,
dién giai c6 thém phu gia FEC cho dung lugng c6 xu
huéng tang dan sau nhiéu lan phong sac. Ngoai ra,
hé dién giai c6 phu gia VC cho thdy kha ning 6n dinh
dung lugng tét qua nhiéu chu ki. Két qua quét thé
vong tudn hoan va téng trd dién hoa déu cho théy l6p
SEI da hinh thanh trong giai doan phdng ctia chu ki
d4u tién va sy hinh thanh SEI nay la nguyén nhan dan
dén hiéu sudt phong sac chu ki ddu ctia hard carbon
khé thép so v6i vét liéu graphite. Bén canh d6, phé
téng trd thuc hién sau cdc chu ki phéng khic nhau
cho thdy 16p SEI hinh thanh va én dinh sau vai chu
ki, diéu nay gitip ddm bao dugc sy khuéch tdn ion qua
16p SEI va qud trinh chuyén dién tich trén bé mét dién
cucludn dugc thuan 1¢i, duy tri tinh thuan nghich dan
cai/phéng thich ion Na™ cho dién cyc hard carbon.

CAC TU VIET TAT

FEC - Fluoroethylene carbonate

HOMO - Orbital phan ti cao nhét c6 chua electron
LIB - Pin Li-ion

LUMO - Orbital phan ti thdp nhéit khong chiia elec-
tron

NIB - Pin Na-ion

Py13 - N-propyl-N-methyl-pyrrolidinium

SEI - Lién dién dién cyc - dién gidi rin

VC - Vinyl carbonate
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ABSTRACT
Electrolytes play an important role in the battery components it determines the electrochemical

v _ window or the working potential region of the battery according to the LUMO and HOMO energy
Use your smartphone to scan this levels and reflects its thermodynamic stability when contacting with the electrode materials. The
QR code and download this article choice of the electrolyte affects significantly the specific energy, safety, cycle life, storage perfor-

mance, or operating conditions of batteries. Besides, the electrolytes could be perfectly improved
its performance within the addition of some essential additives, which also help to increase the
performance of the battery.

In this study, the effects of NaPFg, NaClOy4, NaOTf, NaFSI, and NaTFSI salts on the hard carbon an-
ode performance were investigated in the carbonate ester solvents including ECDMCPC (1:1:1)
of 1 M salt concentration without and with additives FEC, VC, and Pyy3. The compatibility hard
carbon electrode-electrolyte systems were investigated for their electrochemical performance
by using Galvanostatic cycling with potential limitation, Cyclic voltammetry, and electrochemi-
cal impedance spectroscopy in coin-cell type. Among the studied electrolytes, the electrolyte
EC.DMCPC (1:1:1) + 1 M NaOTf exhibited the best electrochemical performance. The specific ca-
pacity was above 246 mAh/g after 100 cycles and the Coulombic efficiency higher than 99.6%.
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	Kết quả quét thế vòng tuần hoàn
	Phổ tổng trở điện hóa
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