Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 4(4):744-752

Open Access Full Text Article

Bai nghién ciiu

Tinh nang phéng sac ciia vat liéu cathode NaNi; ;Mn, ;;Co; /30,
trong pin sac Na-ion hoan chinh véi cac hé dién giai chira chat dién

giai carbonate

Nguyén Van Hoang'%3, Nguyén Lé Minh', Tran Van Man'2, Tran Thanh Nhan?, Lé My Loan Phung'?”"

Use your smartphone to scan this
QR code and download this article

B¢ mén Héa Ly, Khoa Héa hoc, Trudng
Dai hoc Khoa hoc Ty nhién

’Phong Thi nghi¢m Héa Iy Ung dung,
Khoa Hoa hoc, Trudng Dai hoc Khoa
hoc Ty nhién

*Dai hoc Quéc gia TP. H6 Chi Minh
Lién hé

Lé My Loan Phung, B6 mén Haa Ly, Khoa
Hoda hoc, Truong Bai hoc Khoa hoc Ty nhién

Phong Thi nghiém Héa ly Ung dung, Khoa
Hda hoc, Trudng Dai hoc Khoa hoc Tu nhién

Email: ImIphung@hcmus.edu.vn
Lich su

e Ngay nhan: 12-3-2020

e Ngay chép nhan: 19-8-2020
o Ngay dang: 17-10-2020

DOI :10.32508/stdjns.v4i4.893

| '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma& dugc phat hanh theo cac diéu khoan cla
the Creative Commons Attribution 4.0
International license.

W=

VNU-HCM Press

K

TOM TAT

Tinh nang dién hda cla pin sac khong chi quyét dinh bai vat liéu dién cuc ma con phu thudc rat
nhiéu vao hé dién gidi s dung (gém ca mudi va dung moi). Viéc tim ra hé dién giai cé thé tuong
thich dugc véi ca vat lieu dién cuc duong va am la mot trong cac van dé can gidi quyét dé tang
hiéu nang cda pin sac Na-ion hoan chinh. Trong cac vat liéu vai ty 1é khac nhau ctia Ni/Mn/Co,
NaNij 3Mny /3C0; ;302 (NMC) thé hién muc d6 én dinh dung lugng tét nhét. Bén canh d6, cac vat
liéu anot carbon nhu cacbon cling (HC) 6 trién vong Vi gid thanh thép va dung lugng riéng theo
khéi lugng hodc thé tich cao. Trong nghién cliu nay, tinh ndng dién hda cla pin hoan chinh vai cya
am la cacbon cuing (HC) va NaNij 3Mny ;3Co; 302 (NMC) la cuc duong dugc khdo sat khi st dung
cé4c hé dién gidi carbonate vai 2wt%FEC lam phu gia. Vat liéu dién cuc duong NMC dugc téng hap
bang quy trinh sol-gel két hop nung pha ran 3 900°C trong 12 gid. K&t qua phan tich nhiéu xa tia X
(XRD) cho théy trong vat liéu ton tai hai cau tric Idp dong phat trién 1a O3 va P2; trong dé pha O3
¢ ham lugng cao. Pha tap NiO cling hién dién trong mau véi ham lugng khéng dang ké. Trong
ban pin st dung natri kim loai lam anot, vét liéu déu thé hién dudng cong phéng sac béc thang
dac trung trong tat ca cac hé dién gidi. Dung lugng riéng tét nhat dat dugc khodng 106 mAh/g va
duy tr dung lugng 6n dinh sau 50 chu ky phong sac d6i vai hé dién giai NaClOg4 1 M/PC+2wit%FEC.
Tuy nhién, trong mé hinh pin hoan chinh, hé dién giai nay thé hién tinh khéng tuong thich vai vat
liéu dién cuc am HC nén pin hoan chinh chi dat dung lugng riéng thap, khoang 30 mAh/g va gidm
nhanh sau mot sé chu ky. Nhan thay rang cac hé dién gidi khong st dung PC hodc ham lugng PC
thap gilip cai thién dung luong va tudi tho clia pin. Két qud la véi hé dién giai NaClO4 1M/EC-DMC
(1:1) + 2wt%FEC, pin hoan chinh HC|[NaNMC dat dung lugng riéng 90 mAh/g va duy tri hon 90%
dung lugng sau 50 chu ky. Full-cell cling thé hién téc do phong sac cao én dén 2C véi dung lugng

dat dugc 55 mAh/g.

Tu khoa: tinh nang phéng sac, NaNi1/3Mn1/3Co1/302, pin hoan chinh, pin sac Na-ion, propylene

carbonate

GIGI THIEU

Xa hoi hién dai vé6i céc thiét bi dién ti va xe dién c6
nhu cau rét 16n vé ngudn dién hoa hoc € dam béo
ngudn cung nang lugng. Vi vay pin sac da trd thanh
mot bd phan chinh yéu trong cac thiét bi dién thoai,
may tinh xéach tay... Pin sac Li-ion (LIB) ti khi ra doi
da thé hién cdc uu diém vugt trdi hon so véi cac dong
pin sac khéc la kich thuéc nho gon, dung lugng luu
tri rdt16n, tudi tho phéng sac dai do vay ¢ thi truong
ngay cang 16n. Trong tuong lai, cdc ngudn ning lugng
héa hoc c6 mat d6 ning lugng 16n nhu LIB nhé uu
thé stic dién dong va dung lugng riéng cao sé dugc
sti dung cho céc thiét bi cAn cong suit 16n hon nhu xe
dién hay hé thong luu trit va hoa dién ludi. Tuy nhién,
su phat trién cta LIB hién nay du van dang tiép tuc cai
tién nhung gan nhu da cham giéi han vé vat liéu dong
thoi da c6 nhiing thach thiic vé viéc thiéu hut kim loai

lithium néu tiép tuc phat trién trén quy mo 16n cac
san phdm LIB cho xe dién, tram luu trit 2. Trong béi
canh dé, viéc ti€p tuc tim kiém cac ngudn nang lugng
héa hoc méi thay thé 1a quan trong va pin sac trén co
s¢ sodium dugc xem la Ging vién c6 trién vong lon.

Pin sac Na-ion (NIB) c¢6 thanh phan héa hoc tuong
tu v6i LIB nhung st dung ion Na™ dé mang dién tich
cho phép giai quyét dugc van dé ngudn nguyén liéu,
gidm gid thanh cta pin dén muc dé chidp nhan hon
vi su sin c6 ctia kim loai va hop chét sodium3~°. Vat
liéu dién cyc duong stt dung cho NIB van ké thita cac
nghién ctu ctia LIB truéc day véi cac cdu truc 16p,
spinel, olivine... Cac v4t liéu cdu truc 16p 6 kha ning
ung dung rdng rai hon vi c6 dung lugng riéng 16n,
dién thé€ cao va tinh linh hoat trong viéc diéu chinh
tinh chét dién héa thong qua diéu chinh thanh phan

dién cuc>7719,

Trich dan bai bao nay: Hoang N V, Minh N L, Man TV, Nhan T T, Phung L M L. Tinh nang phéng sac ciia
vat liéu cathode NaNi; ;Mn, 3Co, /30, trong pin sac Na-ion hoan chinh véi cac hé dién giai chia
chat dién giai carbonate. Sci. Tech. Dev. J. - Nat. Sci.; 4(4):744-752.
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Vit liéu NaNi; 3Mn; /3Co; 305 (NMC) Ia vt li¢u
dugc phét trién ti vat liéu ctia LIB thuong mai
LiNi; ;3Mn; ;3Co0;/30;. Vit liéu nay c6 dung lugng
riéng cao, 110-140 mAh/g tuy theo viing thé hoat
dong va tinh 6n dinh cdu tric cao hon so véi cac
thanh phéan khac 12, Tuy nhién, vat liéu nay c6 dic
tinh chuyén pha phuc tap va do nhay 4m cao doi hoi
nghiém ngit trong bio quan va ché tao dién cuc 2714,
Mic du véy, sy da dang trong thanh phén pha cta vét
liéu gan nhu khong lam thay d6i tinh chéit dién hoa
ctia n6. Stt dung phuong phap téng hgp sol-gel c6 kha
nédng ché tao vatliéu dién cuc véi kich thude dong déu,
kich thudc nano va c¢6 kha ning dp dung dugc cho vat
liéu NMC>1©,

Ngoai viéc chu trong t6ng hop dugc vét liéu dién cuc
duong c6 cdu truc mong mudn, nghién ctiu tinh chat
dién hoa trong pin hoan chinh la bu6c quan trong dé
danh gid ding kha ning st dung thuc té€ cua vt liéu
va hiéu niing ctia chiing 7=, Hiéu niing ctia pin hoan
chinh c6 thé bi anh hudng ti viéc Iya chon chit dién
gidi vi mot s6 chét dién giai 6 thé thich hgp cho dién
cuic duong trong khi mét s6 khac thich hgp cho dién
cyc am. Do véy, nghién ctiu nay tép trung vao tng
hgp va danh gia vat liéu NMC trong NIB dang ban
pin va pin hoan chinh véi dién cyc &m 1a cacbon cting
(hard carbon, HC); bén canh do, buéc dau danh gia
anh hudng ctia dung moéi propylene carbonate (PC)
dén tinh chét dién hoa cta pin hoan chinh.

VAT LIEU VA PHUONG PHAP

Téng hop vat liéu dién cuc NMC

Quy trinh sol-gel d€ tng hop tién chit gom cac budc
dugc trinh bay sau ddy. NaOH (Merck, >99%) cling
v6i cdc mudi kim loai chuyén tiép Ni(NO3),.6H, 0,
CO(NO3)2.6H20, (CH3COO)2MH.4H20 (Sigma—
Aldrich, >99%) va tdc nhéan tao phtc la citric acid
(Merck, >99%) dugc can theo ty 1é hgp thiic dugc
hoa tan vao mdt lugng viia dtt nudc cit sau dé dun
néng dén 80°C trén bép tit c¢6 khuldy & téc do 300
rpm. Khi dung dich gin bao hoa, kém héa dung dich
béng dung dich NH3 25% dén khi pH trong khoang
6-7 thi duing va tiép tuc khudy dén khi xuat hién gel
trong su6t mau tim nhat. Gel sau d6 dugc nung &
400°C trong 24 gi¢ d€ phan hay thanh hén hgp tién
chét gébm cac pha trung gian va oxide kim loai. Hon
hgp tién chit dugc nghién min va bdo quin trong
binh huat dm.

Trong giai doan phan ting pha ran, bot tién chét dugc
cho vao chén nung nhém oxide va gia nhiét & toc
do 10°C/phut dén 900°C va giii trong 12 gid. Sau
do, chén nung dugc 14y ra khdi 1o va dem vao budng
chuyén tiép ctia budng thao tic chin khong (glove-
box, GP Campus - Jacomex) dé€lam ngudi vé nhiét do
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phong bing khi argon. San phdm dugc nghién min va
bao quan trong mdi truong khi argon ctia glovebox.

Phan tich ciu tric va hinh thai cta vat liéu
Vit liéu tdng hop dugc phan tich bing Nhiéu xa tia X
(XRD) d€ xdc dinh thanh phan pha trén thiét bi D8
Advanced - Bruker tai Truong Pai hoc Bach khoa,
Dai hoc Qudc gia TP. H6 Chi Minh. Mau dugc phan
tich bai biic xa CuKar (A = 1,5406 A) va dugc quét véi
toc do 0,02°/0,25s trong khoang 26 = 10-70°. Gian
d6 nhiéu xa dugc xu ly trit nén, loai bod anh hudng
clia Kg va so sanh v6i gidn d6 chudn trén phin mém
X’pert Highscore Plus phién ban 3.0. Thong s6 mang
dugc tinh bing phidn mém Celref phién ban 3.0.

Vit liéu dugc danh gia hinh thai, cdu trac hat, va bé
mat thu dugc bang phuong phap Hién vi dién tit quét
(SEM) trén mday S4800 - Hitachi, Nhat Ban. Su phan
bd ctia cac nguyén t6 va thanh phén ctia vét liéu dugc
phén tich ti két qua Phé tan xa nang lugng tia X
(EDX) (H-7593 — Horiba). SEM va EDX duoc thuc
hién tai Trung tdm Nghién ctu trién khai, Khu cong
nghé cao TP. H6 Chi Minh.

Panh gia tinh chat dién hoéa caa vat liéu
NMC

Mang dién cuc duong phu trén 14 Al dugc ché tao
bang ky thuét Doctor Blade. Hon hgp dién cuc duge
chufén bi géom vat liéu dién cyc NMC, carbon dan
C65 va chit két dinh poly(vinylidene fluoride)-co-
hexafluoropropylen (PVAF-HFP) theo ty 1¢ 80:15:5
dugc phéi tron bang ki thuat lic v6i bi sit trong
mot lugng vita da dung moéi N-methyl-2-pyrrolidone
(NMP) dén khi tao hén hgp dong nhét cé6 d nhét
pht hgp. Mang Al dugc sdy & 100°C trong 12 gig, sau
d6 duc thanh mang dién cuc tron duong kinh 12 mm,
mét do 4-5 mg/cmz.

Pin mo6 hinh cuc 40 CR2032 dugc st dung d€ danh
gid tinh chat dién héa cua vét liéu trong bén pin va
pin hoan chinh. Trong bén pin, dién cuc duong la
mang dién cuc dugc ché tao nhu trén, dién cuc 4am
la sodium kim loai (Sigma Aldrich, 99,9%, dang vién
ngam trong ddu hoa) va hai dién cuc dugc ngan cach
bdi hai mang loc thuy tinh Whatman tdm chét dién
gidi. Pin hoan chinh cang dugc lip rdp tuong tu
nhung st dung mang dién cuc 4m la HC (Kuranode,
9 pum, Seino, Nhat Ban) thay cho anot sodium. Mang
dién cuc am HC duong kinh 12 mm cling dugc ché
tao trén 14 Al bang k§ thuat Doctor Blade st dung chat
két dinh PVAF theo quy trinh tuong tu mang dién cuc
duong vdéi ty 1é HC: carbon dan C65: chit két dinh =
90:5:5. Mat do vat liéu hoat dién trén 14 Al 1a 2,5-2,7
mg/ cm?. Ty 1é khoi lugng vét liéu hoat dién trén dién
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cuc duong va dién cyc 4m la khoang 1,6. Qua trinh
lap pin dugc thuc hién trong glovebox dé tranh anh
hudng ctia oxy va hoi 4m.

Chit dién giai d€ st dung cho ban pin va pin hoan
chinh la dung dich NaClO4 1 M hoa tan trong cic
dung mdi carbonate nhu thé hién trong Bang 1.

Tinh chdt dién héa cua cic pin dugc danh gia bing
ky thuat phong sac dong c6 dinh trén thiét bi do dién
héa da ning 16 kénh MPG-2 - Biologics, Phap. Téc
d¢ phoéng/sac 1a C/10 va thay déi tit C/10 dén 2C dé
danh gia t6¢c d6 phong sac. 1C = 238 mA/g, tuong
ing véi téc do dan caila 1 mol ion Na™ vao mot mol
vat liéu hoat dién trong mot gi¢. Vung thé phong sac
ctia ban pin 12 2-4 V (so véi Na/Na) va ctia pin hoan
chinh 14 1,5-3,85 V.

KET QUA VA THAO LUAN

Céu truc 16p dugc hinh thanh tit phin Gng gita cac
tién chit sodium va kim loai chuyén tiép trong d6 cic
nguyén ti oxy sap x€p luc phuong xép chit va cac ion
sodium va kim loai chuyén tiép luan phién ldp dy vao
cdc 16 tréng bét dién gitia cac 16p lién ké. Su hinh
thanh ciu truc 16p c6 thé dugc danh gid bing phuong
phap XRD.

Hinh 1 trinh bay két qua phén tich XRD cua vit liéu
téng hgp. Cac mii nhiéu xa dugc danh déu phu hgp
v§i gidn d6 chudn ctia pha O3 (PDF No. 00-054-0887)
va P2 (PDF No. 01-071-1281). Pha O3 va P2 la céic
dang khéc nhau ctia ciu tric 16p trong d6 ion Na™
¢6 s6 phdi tri 6 v6i cac nguyén ti oxygen gitia hai 16p
lién ké c6 thé c6 cdu hinh bét dién trong pha O3 hoic
ling tru trong pha P2 do sy trugt 1én nhau giia cac
16p2°. Dya vio cudng dd peak c6 thé nhan thdy pha
O3 chiém ham lugng I6n hon nhiéu so véi pha P2.
Ngoai ra, mii nhiéu xa dugc ki hiéu * xuét hién tai vi
tri 260 379, 43° va 63 cho théy su hién dién ctia NiO.
Ham lugng cdc pha tap P2 va NiO c6 thé ddnh gid 1a
kh4 thép, khoang 5% dua vao cudng do tuong doi ctia
cdc peak chinh ctia cdc pha. Nhu vay, miu dugc téng
hop c6 thanh phéin pha hoat tinh O3 chiém ham lugng
16n va ham lugng pha tap 1a khong dédng ké. Pha O3
¢6 ki€u 6 mang luc phuong, nhém khong gian R-3m,
thong s6 mang dugc tinh tii két qua XRD la: a=b =
2,9240 A; ¢ = 15,9649 A; V = 118,21 A3.

Hinh thai bé mat cta vat liéu dugc xem xét trén anh
SEM (Hinh 2 a-c). Anh SEM cho théy cac hat hinh
da dién khong dong déu véi kich thudce vai micromet
va dudc tao thanh tu sy két lai ctia cac hat so cép voi
kich thuéc nho hon. Do giai doan thuc hién nung pha
ran & nhiét do cao nén sy phén bd kich thude hat kha
rong, cac hat 16n kich thude vai micromet ndm xen ké
véi céc hat kich thu6c dudi 1 micromet.

Phan tich EDX (Hinh 2 d) cho thdy sy c6 mat
ddy du ctha cidc nguyén té kim loai chuyén tiép
trong mau, gébm Ni, Mn va Co. Két qud phan
tich EDX cling gitip xac dinh cong thiic cia mau:
Nay 93Mng 35Nig 35C00.3002.05, phit hop véi cong
thiic mong mudn va ti 1é ctia cac tién chat.

& dang ban pin, dudng cong phéng sac thu dugc trong
cac dung méi déu gidng nhau véi sy xudt hién cta
cdc vung thé phing cho thdy nhiéu sy chuyén pha
phtic tap trong qua trinh hoat ddng dién héa cua vat
liéu'>2! (Hinh 4 a). Dang clia dudng cong phéng sac
khong thay d6i sau nhiéu chu ky phéng sac lién tuc,
cho théy cdu tric 6n dinh khong bi thay d6i trong suét
qué trinh dan ci/giai phéng ion Na™ (Hinh 3). Dung
luong riéng ctia vat liéu trong cac dung méi dugc thé
hién trong Hinh 4 b. Dung lugng riéng ban d4u dat
dugc trong dung méi PC la 106 mAh/g. Dung lugng
riéng cta vat liéu gan nhu gidm khi gidam ham lugng
PC. Dung lugng riéng 6n dinh dat dugc ctia cac chét
dién giai chtia dung mo6i EC-PC-DMC va EC-DMC
lan luot 1a 99 va 80 mAh/g. Kha ning duy tri dung
lugng riéng ctia dién cuc gan nhu khong phu thudc
vao dung moi dién gidi. Dung lugng riéng cta vat
liéu NMC déu duy tri trén 90% gié tri 6n dinh sau 50
chu ky phong sac lién tuc (Hinh 4 b). Kha nang duy
tri dung lugng riéng cao cua vét liéu NMC do viing
thé& phong sac thich hgp, phtt hgp véi cac nghién ctiu
truge 112,

Tuy nhién, v6i hé pin hoan chinh HC || NMC stt dung
chit dién giai chita dung moéi PC va hé ba dung moi
EC-PC-DMC c6 tinh ning thdp hon hén so v4i hé ban
pin (Hinh 5 a-b). Pudng cong phdng sac bi bién dang,
qua thé tang cao va dung lugng giam manh sau 20
chu ky. Dung lugng riéng cta pin dat dugc khoang
25 mAh/g (tinh cho v4tliéu NMC) ¢ chu ky 1 va giam
dén 15 mAh/g sau 20 chu ky trong dung méi PC. Tuy
nhién, dé€ dat dugc dung lugng nay, pin hoan chinh
phéi phéng dién dén thé thdp dudi dén 0,5 V. Trong
dung méi EC-PC-DMC, pin hoan chinh chi cung cdp
dung lugng riéng khoang 10 mAh/g. Két qua nay cho
thy chat dién gidi chita nhiéu PC c6 kha nang khéng
hé trg t6t cho hoat dong cta pin hoan chinh. Diéu
nay c6 thé do d6 nhét cao ctia PC lam ting qud thé
ctia anode HC va sy hinh thanh 16p bé mit lién dién
dién giai - dién cuc (SEI Solid Electrolyte Interface)
trén HC khong bén.

Khi thay d6i chét dién giai chita dung méi EC-DMC
(1:1) + 2 wt%FEC, c6 thé nhan thdy pin hoan chinh
HC||NMC hoat dong t6t, gdn nhu dat dugc gid tri nhu
trong dung moéi PC (Hinh 5 b). Diéu nay c6 théla do
EC-DMC c¢6 d6 dan cao va tuong thich hon véi vat
liéu anot HC??>?*, Dung lugng riéng dat dugc gin
100 mAh/g va 95 mAh/g tuong ting & téc do C/25
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Hinh 1: Gian d6 XRD clia vat liéu téng hgp NaNi; ;3Mny 3Co; /30,

Hinh 2: Anh SEM (a-c) va phé EDX (d) ctia vat liéu téng hop
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Bang 1: Thanh phan chat dién giai dugc st dung

STT Mu6i Dung moi Phu gia

1 NaClO4 1M PC 2wt%FEC
2 NaClO4 1M PC-EC-DMC (1:1:1) (v/v) 2wt%FEC
3 NaClO4 IM EC-DMC (1:1) (v/v) 2wt%FEC

*Chd thich: PC: propylene carbonate, EC: etylen cacbonat, DMC: dimetyl cacbonat, FEC: fluoroetylen carbonate

e (V)

Thé dién cuwc

0 20 40 60 80 100
Dung lweng riéeng (mAh/g)

Hinh 3: Budng cong phong sac cla vat liéu trong céc chu ky & téc do C/10 st dung chét dién gidi NaClO41M/EC-
DMC (1:1)+2wt%FEC & dang bén pin Na||[NMC

(@) 40 rrriera{b) 180
5 140 100 -
£ &
s 35 - 2120 80 &
g 2 100 &
o NaCIO /PC+FEC @ 60 o
2 30 : T — &
;ua.v- — — NaCIO JEC-DMC+FEC . . i %
w e A NN\ e NaCiO JEC-PC-DMC+FEC g 60 F ® NaClO /PC+FEC 1403
£ 25 1 o 40 B NaCIO EC-DMC+FEC f;
g o0 E *  NaCIO /EG-PC-DMG+FEC 120 &
20 n 1 1 I 1 | i 1 a 0 1 1 L 1 1l 0
0 20 40 60 80 100 120 140 160 0 10 20 30 40 50
Dung lwgng riéng (mAh/g) S6 chu ky

Hinh 4: Budng cong phéng sac 6 t6c d6 C/10 trong chu ki 1 (a) va dung lugng riéng theo sé chu ky (b) d6i véi ban
pin Na|[NMC str dung céc hé dién giai khac nhau
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Hinh 5: Tinh néng dién hda cta pin hoan chinh HC|[NMC trong chat dién giai chira dung méi PC (a), EC-PC-DMC

(1:1:1) (b) va EC-DMC (1:1) (c)

va C/10 (tinh cho vét liéu NMC). Dung lugng riéng
ctia pin hoan chinh vén duy tri ¢ 55 mAh/g khi ting
toc do dong 1én 2C. Ngoai ra, khi t6c d¢ dong trd lai
C/10, dung lugng riéng ctia pin hoan chinh ting tré
lai gid tri ban dau va tiép tuc duy tri tt sau 50 chu ky
(Hinh 6).

KET LUAN

Vat liéu NaNMC dugc téng hop thanh cong véi cau
tric pha chinh la O3 va mot lugng nho pha P2 dong
két tinh nhung sy hién dién ctia pha P2 gan nhu
khong anh hudng dén dang dudng cong phdng sac.
Déi v6i hé ban pin Na|[NMC, dung lugng riéng dat
dugc tuong ting 106 mAh/g, 99 mAh/g va 80 mAh/g
trong cac chat dién gidi chita NaClO4 néng d6 1 M
trong cac dung moéi EC-PC+ 2wt%FEC, EC-PC-DMC
(1:1:1) + 2wt%FEC va EC-DMC (1:1) +2wt%FEC. Tuy
nhién, pin hoan chinh HC||NaNMC chi thé hién hoat
dong t6t trong dung mo6i EC-DMC (1:1) + 2wt%FEC
v6i dung lugng riéng cao nhit 106 mAh/g va duy tri
t6t trong 50 chu ky. Budc dau cho théy day la dung
moi thich hgp d€ nghién cttu pin hoan chinh véi dién
cuc duong NaNij ;3Mn;/3C0;,30; va carbon ciling
lam dién cuc 4m.
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DANH MUC TU VIET TAT
DMC Dimetyl cacbonat
EC Etylen cacbonat

EDX Pho tédn xa ning lugng tia X
FEC Fluoroetylen cacbonat

HC Cacbon cling

LIB Pin sac Li-ion

NIB Pin sac Na-ion

NMC NaNil/3Mnl/3C01/302
NMP -metyl-2-pyrrolidon

PC Propylen cacbonat
PVdAE-HFP
hexafluoropropylen

SEM Hién vi dién tit quét

SEI Solid Electrolyte Interface
XRD Nhiéu xa tia X

XUNG POT LO1 iCH

Céc tac gid xdc nh4n hoan toan khong c6 xung dot vé
lgi ich.

PONG GOP CUA CAC TAC GIA

Nguyén Lé Minh: thyc hién thi nghiém, thu thap két
qua, xt ly két qua;

Poly(vinyliden fluorua)-co-
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Hinh 6: Dung lugng riéng cta pin hoan chinh HC||NMC & cac téc d6 khac nhau. Chat dién giai NaClO4 1M/EC-DMC

(1:1) + 2 wt%FEC

Nguyén Vin Hoang: xt Iy két qua, chuén bi ban théo,

gtii bai;
Nguyén Thanh Nhan, Tr4n Van Méan, Lé My Loan
Phung: dong goép chuyén mon, chinh stia ban théo.

LGOI CAM ON

Nghién ctiu nay dugc tai trg bdi Pai hoc Qudc gia TP.
H6 Chi Minh théng qua dé tai ma s6 NV2019-18-10.
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Performance of full-cell Na-ion with NaNi; ;Mn, ;Co, 30, cathode
material and different carbonate-based electrolytes

Nguyen Van Hoang'%3, Nguyen Le Minh', Tran Van Man'-2, Tran Thanh Nhan?, Le My Loan Phung'-?"

ABSTRACT
The battery performance not only depend on the electrodes nature but also depend on the choice
! of electrolyte consisting of salts and organic solvents. The development of electrolytes compati-
Use your smartphone to scan this ble with both cathode and anode materials is essential for enhancing the performance of practical
QR code and download this article full-cell Na-ion batteries. Among electrode with difference Ni/Mn/Co ratio, NaNi; ;3Mny/3Coy 30,
(NMC) showed the best stable cycling. Besides, carbonaceous anode materials such as hard carbon
(HQO) are attracting due to it low cost, high gravity/volumetric capacity. In this work, the electro-
chemical performance of full-cell Na-ion including NMC as cathode and HC as anode was studied
in difference carbonate-based electrolytes with 2wt%FEC as additive. The cathode material was
synthesized by sol-gel reaction following a calcination at 900°C for 12 hours. X-ray diffraction result
of the synthesized sample indicates a layered structure with mutual O3 and P2 phase intergrowth
and the dominant phase is O3. The impurity phase NiO also presents with negligeable content. In
half-cell configuration with sodium metal anode, the material exhibited a typical staircase charge-
discharge profile in various electrolytes. The highest capacity of 106 mAh/g with stable clycing up
to 50 cycles was obtained in the electrolyte NaClO4 1 M/PC+2wt%FEC. However, this electrolyte

'Department of Physical Chemistry, couldn't enable the cycling the full-cell HC|[NMC due to the incompatibility with HC anode. In
Faculty of Chemistry, University of consequence, the initial capacity of full-cell in this electrolyte was only 30 mAh/g and significantly
Science, Ho Chi Minh City decreased in consecutive cycles. Meanwhile, the electrolytes without PC or with low PC content

tend to improve the charge/discharge capacity and the cycle life as well. Indeed, full-cell HC||[NMC

D . .
Applied Physical Chemisiry Laboratory, using NaClO4 TM/EC-DMC (1:1) + 2wt%FEC electrolyte exhibited the highest capacity of 90 mAh/g

Faculty of Chemistry, University of

Science, Ho Chi Minh City and excellent capacity retention (90% of the initial capacity) after 50 cycles. Additionally, the full-cell
. ' o ‘ could deliver capacity of 55 mAh/g at high rate up to 2C.
Vietnam National University Ho Chi Key words: cycling performance, full-cell, NaNi1/3Mn1/3Co1/302, Na-ion batteries, propylene
Minh City

carbonate
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