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TOM TAT

Trong thé ky 21, pin sac chinh la chia khoa trong cac hoat dong clia xa hoi hién dai do c6 khd nang
{ing dung tir cac thiét bi di dong (dién thoai di déng, may tinh xach tay...) dén cac ing dung cong
nghiép nhu (xe dién, xe lai dién hay lusi dién thong minh). Trong sé céc loai pin sac, pin sac Li-ion
(LIBs) dugc xem nhu la loai pin sac tot nhat do cé mat dé nang lugng va cong sudt cao. Pin sac
Na-ion (SIBs) c6 thé dugc xem nhu [a ing vién tiém nang bén canh pin sac Li-ion. Hai loai pin sac
LIBs va SIBs cé cuing nguyén ly hoat dong véi sy dan cai thuan nghich ion Li™ hay Na™ vao trong
cdu truc vat liéu dién cuc duong va vat liéu dién cuc am trong qua trinh hoat dong. Nghién ctiu tap
trung khao sat cdu truc tinh thé, hinh théi va tinh chat dién hoa cla vat liéu olivine LiFePO4 téng
hop bang phuong phép thay nhiét, sau qua trinh oxy hoa dién hoa va sau khi dan caiion Na™. Cau
tric va hinh théi vat liéu dugc khéo sét bang cac phuong phép nhiéu xa tia X (XRD), kinh hién vi
dién td quét (SEM) va phd tan xa Raman. K&t qua thu duoc ti phuong phap Rietveld Refinement
tUr gidn dé XRD cuia LiFePO4 cho hé s6 %2 nhod (2,32%), diéu nay ching td cau trdc cla vat liéu nay
duoc t8ng hop bing phuong phap thiy nhiét sach, khong co tap chat. K&t qua anh SEM cho théy
vat lieu t6ng hop co kich thudc hat déng déu, véi kich thudc hat phan bé & cap do micromet. Vat
liéu LiFePO4 dugc nghién ctiu kha nang dan caiion Na™t vao cdu tric sau qua trinh oxy héa dién
hoa véi téc do C/20. K&t qua phan tich tinh chit phdng-sac cho thdy dung luong riéng cao nhat
dat 80 mAh/g. K&t qua ex-situ XRD cho thdy csu tric khung FePO, dugc duy tri 8n dinh trong qua
trinh di chuyén thuan nghich clia ion Na™* véi dung lugng riéng dat 73 mAh/ g trong 30 chu ky.

Tu khoa: dan cai Na+, oxy hda dién hoa, olivine LiFePO4, phong sac dong ¢ dinh

GIOI THIEU

Vit liéu LiFePO4 dang thu hat rat nhiéu sy chu y clia
cac nha nghién ctiu va san xudt pin sac Li-ion boi vi
chi phi thdp ciing nhu it d6c hai gay téc hai dén moi
trudng 2. So véi vét liéu thuong mai LiCoQy, vat liéu
LiFePOy4 c6 cac vu diém ndi troi hon nhu: d6 6n dinh
nhiét, tudi tho cao, viing nhiét d¢ hoat dong rong (tu
-20 °C dén 70 °C). Bén canh cic vu diém hién cé, vat
liéu nay con ton tai mot s6 cac nhuge diém cin phai
khic phuc nhu: d6 din dién kém (10710 S/ cm), d6
danion thip (10~ 14 cm?/s), dung lugng thuc té tuong
d6i thép so v6i dung lugng li thuyét (~170 mAh/g) 4.
békhic phuc cac nhugc diém trén, nhiing nghién ctiu
tap trung vao téng hop vét liéu c6 cdu tric nano bing
phuong phap dung dich, thiy nhiét hay sol-gel®~7,
tao 16p phu carbon (carbon-coating) bao quanh cac
hat LiFePQ, 8, ciing nhu phoi tron carbon nanotubes
(CNTs)? vao vit liéu dién cuc d€ cai thién kha ning
dan dién ciing nhu tang t6c do khuéch tan ion Lit, tu
d6 nang cao dung lugng thuc té cta vat liéu'*. Tinh
chét dién hoa ctia vat liéu LiFePO4 dic trung bai kha
ning dan cai-phéng thich ion Li* tuong tng véi qua
trinh oxy hoéa khii clia cdp Fe3t/Fe?t tai ving thé

~3,5V (vs. LiT/Li). C4u trtc ctia khung FePOy c6
dd bén cao do sy én dinh cta lién két P-O nén qua
trinh di chuyén ctia ion Li* khong lam bién d8i cdu
tric vat liéu !

Trong nhiing ndm gin day, mot trong nhiing hudng
tiép can méi chinh 13 tim hi€u qud trinh dan
cii ion Na™ thay cho Li™ trén cdc vat liéu dan
cai Li* truyén théng nhu LiNij ;3Mn; ;3Co; /30, "7,
MnO, '3, V505 1415 | .nhim muc dich ting dung cic
ho vét liéu truyén théng nay trong thé hé pin sac méi-
pin sac Na-ion. Vit liéu LiFePOy c6 ciu truc duong
hdm theo mit mang (110) véi cic ion Li* ndm trong
céc duong ham; do d6 khi céc ion Li™ di chuyén ra
khéi cu truc, cac ion Nat co kha nang dan cai vao
trong cac dudng ham nay.

Trong nghién ctu nay, ching t6i téng hgp vt liéu
LiFePOy4 béng phuong phdp thiy nhiét nhim muc
tiéu giam kich thudc hat ctia vatliéu LiFePOy4. Vatliéu
LiFePOy4 sé dugc thuc hién qua trinh oxy hoa béing
phuong phép dién hoa d€ hinh thanh khung vt liéu
FePOj4 va dién cyc sé dugc nghién ctiu qua trinh dan
caiion Na™.

Trich dan bai bao nay: Hoang Anh N, Phuang Nam L P, Thanh Nguyén H L, Van Man T, Loan Phung L
M. Nghién ciu qua trinh dan cai ion Na™ vao ciu truc olivine LiFePO,. Sci. Tech. Dev. J. - Nat. Sci;

3(1):46-54.
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PHUONG PHAP

Téng hop vat liéu LiFePO,

Vat liéu LiFePO4 dugc téng hop bang phuong
phép thty nhiét st dung cic tién chit bao gom:
LiOH.H;0, NH4H, POy, FeSO4.7H, O, Ethylene gly-
col (EG), Glucose theo quy trinh da dugc cong bé
cia nhém nghién ctiu'®. Cac tién chit LIOH.H,0,
NH4H,PO,4 vaFeSO4.7H, O dugc hoa tan trong dung
dich EG tao cac dung dich riéng biét. Hai dung dich
LiOH.H,O va NH4H,PO4 trong EG dugc tron va
khudy trong khoang 30 phut, sau d6 thém dung dich
mudi FeSO4.7H,0 va khudy trong 10 phut. Dung
dich sau ciing dugc cho vao thiét bi thiy nhiét & nhiét
d 200 °C trong 18 gi6. San phdm sau qua trinh thuy
nhiét dugce li tAm d€ thu lai chét rdn va loai bo phin
dung dich. Chéit ran thu dugc sé dugc nung trong moi
truong khi N, & nhiét do 700 °C, trong 6 gio.

Phan tich ciu tric vat liéu LiFePO,

Céu truc vét liéu dugc xdc dinh bang phuong phap
nhiéu xa tia X. Vat liéu duoc do trén thiét bi D8-
ADVANCED (Brucker), stii dung btic xa CuKa (Koo
=1,5408 A) véi goc quét 20 trong khoang tii 10° dén
90°, mbi budc quét 0,019° /s va thoi gian 0,25 gidy
/budc. Thanh phén pha cta vét liéu duge xdc dinh
béng céch so sanh véi gidan d6 pha chudn da dugc
cdng bé. Hinh thai ctia vat liéu dugc phan tich bing
phuong phap kinh hién vi dién ti quét trén thiét b
FE-SEM S4800 (Hitachi). Phé tdn xa Raman dugc
do trén may Renishaw’s Invia Raman spectrometer st
dung ngudn laser c6 budc séng 514 nm véi cdng sudt
la 2 mW, thai gian ghi 1a 300 gidy va s6 14n ghi la hai
cho mdi phép do.

Paénh gia tinh chat dién héa

Mang dién cuc LiFePOy4 dugc ché tao bing phuong
phép doctor-blade trén phoi nhom. Mang dién cuc
bao gdm vét liéu LiFePOy, carbon acetylen va chat két
dinh Polyvinylidene flouride-cohexaflouropropylene
(PVAF-HEP) theo ti1¢ khoi lugng 80:15:5 trong dung
moi N-Methyl-2-pyrrolidone (NMP). Mang dién cuc
sau khi dugc pht trén phdi nhom, dem sdy chin
khoéng ¢ 100 °C trong 12 gid va cit tao hinh tron kich
thudc 10 mm.

Tinh chét dién héa dugc khao sat trén pin mo hinh
Swagelok trén thiét bi MPG2 (BioLogic). Mang dién
cuc LiFePO4 dugc lap v6i lithium kim loai 6 cuc am
va hé dung dich dién giai thuong mai LiBFg 1 M trong
dung méi ethylene carbonate (EC) va dimethyl car-
bonate (DMC) theo ty 1é 1:1 theo thé tich. Qua trinh
oxy héa dién héa nhdm phéng thich ion Li™ ra khoi
cdu trac olivine LiFePOy4 dugc thuc hién bing phuong

47

phép dp dong c6 dinh §t6¢c do C/20 (1C =170 mAh/g)
dén thé 4 Vv (vs. Lit/Li). Mang dién cuc sau qua
trinh oxy héa dién hoa dugc rta véi dung méi DMC
déloai bo dung dich dién giai LiPFg. Mang dién cuc
tiép tuc 1ap vao hé cell Swagelok méi véi dién cuc Am
la natri kim loai cung dung dich dién gidi NaClO4
1 M trong dung mdi propylen carbonate (PC) chiia
2% flouroethylene carbonate (FEC) nhu phu gia. Qua
trinh do phéong-sac v6i natri kim loai & cyc am tiép tuc
dugc thuc hién véi téc do C/10 trong viing thé2-4 Vv
(vs. Na™/Na).

KET QUA VA BIEN LUAN

Cau truc va hinh thai vat liéu

Phuong phap Rieveld Refinement dugc st dung véi
mo hinh héa cdu tric LiFePOy t6ng hop dugc so véi
cu trac ly thuyét. Vit liéu LiFePOy 6 cdu tric truc
thoi va nhém khéng gian Pnma, cic nguyén ti: Li
& vi tri 4a, Fe § vi tri 4c, P & vi tri 4c va 8a>?. Sau
qua trinh xt 1i s6 liéu, cac thong s6 cdu tric a, b va
¢ dugc tinh todn chinh xdc va gian d6 XRD cua mau
téng hop phit hgp véi cac tinh todn tu tinh thé hoc
va dugc cho trong Hinh 1 va Bang 1. Théng s6 x2
= 2,32 thu dugc tit gian d6 XRD, thong s6 nay chi ra
rdng cdu trac LiFePO4 téng hgp dugc sach va khong
1an tap chét.

Hinh thdi bé mat ciia mau dugc phén tich bang kinh
hién vi dién t& quét (SEM). Két qua SEM ctia vit liéu
LiFePOy4 dugc thé hién trong Hinh 2. Anh SEM cho
thdy vat liéu LiFePO4 c6 dang cac hinh da dién véi
kich thuéc kha dong déu, kich thudce hat tip trung
trong khoang 300-400 nm.

Hinh 3 biéu dién phé tin xa Raman cta vat liéu
LiFePO4. Ph6 Raman thé hién hai vung peak khd
rong & viing cudng do cao la 1345 cm~! va 1583
cm™~!, day chinh I3 hai tin hiéu dic trung cta car-
bon®!7. Dao dong & s8 song 1583 cm~! dic trung
cho G-band ctia nhém déi xting Eo, ctia sy Kkét tinh
trong carbon va dao dong & s8 song 1345 cm ™! dic
trung cho D-band biéu dién su sép xép hén loan ctia
cdc nguyén tii carbon '8, Ti 1¢ cudng d6 D-band/G-
band mé ta viing lién két graphite trong viing carbon
v6 dinh hinh va ti 1¢ D-line/G-line cang thép thi kha
ndng dan ion va dién t& cang t6t. Vat liéu LiFePOy
téng hop dugc c6 ti 1é D-line/G-line khoang 1,04.

Tinh chat dién héa

Hinh 4 biéu dién qud trinh oxy héa dién héa ctia vét
liéu LiFePO, dé phong thich ion Li™ ra khéi cdu tric
olivine LiFePO4. Qua trinh oxy hoa dién hoéa dugc
thuc hién & téc do C/20 d€ dam bao s6 ion LiT dugc
phong thich ra khoi vét liéu 13 nhiéu nhét c6 thé.
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Hinh 1: Gidn d6 nhiéu xa tia X ctia vat liéu LiFePO, (a) gidn dénhiéu xa dugc mé hinh héa va (b) sai léch cia

két qua do va két qua mé hinh héa.

Bang 1: Kich thudc 6 mang vat liéu LiFePO, phan
tich biang phuong phap Rietveld

Vit liéu a/nm

LiFePO;  1,03205

b/nm

0,60003

¢/ nm x*

0,46933 2,31

Dudng cong qué trinh oxy héa cho théy s6 ion Li™
dugc phong thich khoi cdu tric vat liéu 1a khoang 0,9
ion.

Mang dién cuc sau qua trinh oxy héa dién hoéa, dugc
13p v6i cyc 4m natri kim loai trong hé pin m6 hinh
Swagelok va thuc hién qua trinh dan cai ion Na™.
Hinh 5a biéu dién qud trinh dan ci ion Na™ cta
mang dién cuc LiFePOy4 sau qué trinh oxy hoa dién
héa & chu ky 1 véi tdc dd C/10 trong ving thé 2-4 V
(vs. Nat/Na). Pudng cong phong sac c6 ving thé
phéng 6 ~3,1 V (vs. Na'/Na) tuong ting v6i phan
ting oxy héa khii ctia cip Fe3*/Fe>. Trong chu ki
1, mang dién cuc sau qud trinh oxy héa dién héa c6
thé dan cai cao nhét 0,5 ion Na* (dung lugng riéng
dat cao nhdt 85 mAh/g) va trong qud trinh sac c¢6 sy
oxy héa dung dich dién gidi. Hinh dang dudng cong
phéng sac tuong dong véi cong bé ctia tac gia Oh va
cdng su, tuy nhién gid tri dung lugng riéng lai thap
hon (80mAh/g so véi 110 mAh/g) 1°.

Hinh 5b biéu dién mot s6 dudng cong phéng-sac ctia
mang dién cuc sau qua trinh oxy hoéa dién héa trong
30 chu ky (chu ky 2-10-20-30). Tii chu ky 2 d&&n chu

ky 30, cac dudng cong phdng-sac khong cd sy thay doi
nhiéu véi viing thé dic trung & ~2,9 V. Qua trinh di
chuyén clia ion Na* di vao va ra khéi cdu tric FePOy4
dién ra thuan nghich ¢ 0,4 ion Na™, diéu nay cho thay
su 8n dinh ctia mang dién cuc sau qud trinh oxy héa
dién héa trong qué trinh ion Na™ di chuyén vao ciu
tric va do 6n dinh cta ciu trac vat liéu. Sau 30 chu
ky, vét liéu duy tri sy dn dinh t6t & muc dung lugng
73 mAh/g (Hinh 6). So sanh v6i qua trinh dan caiion
Lit, qud trinh dan cai ion Na™t c6 s6 ion dan cai thap
hon (0,4 ion Na* so véi 1 ion LiT) ', diéu nay c6 thé
giai thich do kich thudc 16n ciia ion Nat (1,02 A) so
véiion Lit (0,76 A).

Dé nghién citu sy thay déi cdu tric vét liéu LiFePOy
khi thyc hién qua trinh oxy hoéa dién hda cing
nhu qué trinh dan cai ion Na™, cdc mang dién cuc
LiFePO4 dugc phan tich bang phuong phép nhiéu
xa tia X. Hinh 7 so sanh gian d6 nhiéu xa tia X cta
mang dién cuc LiFePO4 ban dau (a), mang dién cuc
LiFePOy sau qua trinh oxy hoéa dién héa (b) va mang
dién cuc FePOy dugc dan cai ion Na™ sau 30 chu ky
(c). Sau qua trinh oxy hoa dién hoa, mang LiFePOy
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Hinh 2: Anh kinh hién vi dién ti quét ctia vat liéu LiFePO,.
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Hinh 3: Phé Raman cuia vat liéu LiFePO,.
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Hinh 4: Dudng cong oxy héa dién héa cia mang dién cuc LiFePO,.

Bang 2: Kich thuéc tinh thé cia mang dién cuc LiFePO, ban dau, mang dién cuc LiFePO, sau qua trinh oxy héa
dién héa va mang dién cuc NaFePO, sau 30 chu ky

Vit liéu

mang dién cyc LiFePOy4

mang dién cuc LiFePO4 sau qua trinh oxy héa
dién héa

mang dién cyc NaFePO, sau 30 chu ky

26/ do

(101) 20,9617
(111) 25,7264

(101) 20,6480

(111) 25,7015
(101) 20,5228

(111) 25,6454

D6 ban rong
(FWHM)

0,07478
0,1870

0,1496

0,1496
0,09351

0,1870

Kich thudc tinh
thé
(nm)

50-110

56 - 58

50 - 60
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Hinh 5: Pudng cong phéng-sac cia mang dién cuc FePO, trong dung dich dién giai NaClO41 M/PC (2% FEC):
(a) chu ky 1 va (b) chu ky 2-10-20-30.
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Hinh 7: Gidn d6 XRD cia mang dién cuc LiFePO, ban dau (a), mang dién cuc LiFePO, sau qua trinh oxy héa
dién héa (b) va mang dién cuc NaFePO, sau 30 chu ky (c) trong dung dich dién giai NaClO4 1 M/PC (2% FEC).
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van giti dugc cdc mii nhiéu xa dic trung cta cdu tric
olivine, tuy nhién d6 Kkét tinh cia vat liéu bi suy gidm
do sy gia ting d6 ban rong ctia cdc mii nhiéu xa. Sau
30 chu ky dan cai-phéng thich ion Na*, cdu tric vat
liéu van dugc duy tri, ching td6 dd bén ctia khung
FePO, do d6 bén cao ctialién két Fe-O trong bat dién
[FeOg] valién kétP-O trong tu dién [PO4]*. Duyavio
d¢ ban rong (FWHM) ctia cdc mai nhiéu xa cta cdc
mat mang (100) va (111), kich thudc tinh thé cta cac
mang dién cyc c6 thé tinh todn bang cong thiic Scher-
rer. Két qué kich thu6c tinh thé ctia ba mang dién cuc
dugc cho trong Bang 2.

KET LUAN

Vat liéu LiFePOy4 dugc téng hgp bing phuong phép
thiy nhiét c6 cdu truc olivine, vét liéu nay cé kha
ning dan cai thuan nghich ion Na* sau qua trinh oxy
héa dién héa dé phong thich ion LiT ra khoi cau tric
LiFePOy4 ban d4u. Trong qua trinh dan cai ion Na™,
khung vat liéu FePO4 duy tri do bén trong sudt qua
trinh di chuyén ctia ion Na™, dat dung lugng cao nhét
80 mAh/g trong chu ky 1 va cho dung lugng 6n dinh
73 mAh/g trong 30 chu ky.

XUNG POT LI ICH

Cac tac gia cong bo khong cé sy xung dot vé 1oi ich.

PONG GOP CUA TAC GIA

Tac gia Nguyén Hoang Anh va Lé Pham Phuong Nam
phu trach cdc thi nghiém (t6ng hop vét liéu, phan tich
XRD, do dién héa). Tac gia Huynh Lé Thanh Nguyén,
Trén Van Man va Lé My Loan Phung phu trach soan
thao va chinh stia ban thdo.

DANH MUC TU VIETRATK

LIBs: Lithium-ion batteries

SIBs: Sodium-ion batteies

XRD: X-ray diffraction

SEM: Scanning electronic microscopy
CNTs: Carbon nanotubes

EG: Ethylen glycol
PVJdF-HFP:
cohexaflouropropylene

EC: Ethylene carbonate

DMC: Dimethyl carbonate
FEC: Flouroethylene carbonate

Polyvinylidene flouride-

PC: Propylen carbonate
LOI CAMON

Nghién ctiu nay dugc tai tr¢g bdi Pai hoc Qudc gia
Thanh phé H6 Chi Minh thong qua dé tai ma s6
C2018-18-11.
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ABSTRACT

In 21" century, rechargeable batteries are main key of modern technology in many applications
from portable devices (smartphone, laptop) to large-scale (hydride electric vehicle-HEV, smart grid
system). Among the rechargeable batteries, Li-ion battery (LIB) is outstanding member due to the
highest gravimetric as well as volumetric capacity; and Sodium-ion batteries (SIBs) can have con-
tribution to alternating LIBs in large-scale application. Li-ion and Na-ion batteries have the same
configuration with an insertion/extraction reversible of Li* ions and Na™ ions into electrode posi-
tive and negative during charge-discharge process. This work aimed to investigate Na-immigration
into olivine LiFePOy4. The olivine phase LiFePO4 was prepared by hydrothermal process. The syn-
thesized LiFePOy4 was characterized the structure, morphology and electrochemical properties. The
XRD pattern showed the high crystalline and, the Rietveld refinement with %2 = 2.32% confirmed
the highly pure olivine phase without impurity. The SEM images exhibited the uniform and good
distribution of synthesized olivine in submicrometric scale. The delithiated phase FePO4 was pre-
pared by electrochemical oxidation at low rate C/20. The charge-discharge curves demonstrated
the reversible Na-immigration into olivine host with a highest capacity of 80 mAh/g, the cyclability
was found out in 73 mAh/g upon 30 cycles. The ex-situ XRD (electrode after electrochemical oxida-
tion, electrode after Na-insertion) revealed the stability of FePO,4 framework during Na-immigration.
Key words: charge-discharge test, electrochemical oxidation, Na+ insertion, olivine LiFePO4
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