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Abstract: In this work, NaNiosTiosO2 cathode materials of sodium ion batteries were synthesized
by a pre-milling combined with solid-state reaction method using sodium hydroxide (NaOH),
nickel (I1) acetate (2(CH3;COO)Ni.4H20), and titanium dioxide (TiO2) as the precursors. Results of
X-ray diffraction analysis of the materials obtained after the milling and calcination processes
revealed that the increment of the pre-milling time improved the reactivity of NaOH and TiO»,
thereby significantly reduced the content of NiO impurity in the NaNigsTios02 product. The
as-synthesized cathode material possessed an excellent electrochemical performance with 77%
capacity (compared to the second cycle) retained after 50 cycles of charge/discharge, and 60%
capacity retention when the rate of charge/discharge increased from 0.5 to 8 C.
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Tong hop va nghién ctru kha ning tmg dung
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Tém tit: Trong nghién ciru ndy, vat liéu duong cuc NaNigsTios02 st dung trong pin sac natri ion
da duogc téng hop bang phuong phap nghién so bo két hop véi phan tng pha rin tir cac tién chét
Natri hydroxit (NaOH), Niken (I1) axetat (Ni(CH3sCOO)2.4H20) va Titan (IV) oxit (TiOy). Cac két
qua phan tich ciu tric cua cac vat liéu thu dugc sau khi nghién va nung thiéu két cho thiy giai
phap ting thoi gian nghién so bd gitp ting kha ning phan tng cua NaOH vé6i TiO2, do d6 lam
giam dang ké ham luong tap chit Niken (II) oxit (NiO) trong vét liéu NaNiosTiosO2 thu duge. Cac
két qua do dic trung phong nap cho thiy vat liéu tong hop dwoc ¢6 d6 6n dinh phong nap tot voi
kha nang gitr lai khoang 77% dung lugng (so vdi vong thir 2) sau 50 vong phong nap. Vat liéu
cling thé hién kha ning dap ting dong xuat sic v6i chi khoang 40% dung lwong bi giam st khi tc

d6 phong nap tang tir 0,5 C 1én 8 C.

Tir khéa: Pin ion natri, vat liéu duong cuc, oxit kim loai chuyén tiép, phan tmg pha ran.

1. Mé diu

Ap lyc tir hién tuong bién d6i khi hau va 6
nhiém moéi trudng tai cac thanh phd 16n dang
khién cho xu huéng st dung dién thay cho ning
lugng hoa thach nhan dugc sy quan tdm ¢ hau
hét cac qudc gia trén thé gidi. Trong s cac loai
ngudn luu trit dién ning dang dugc sir dung, pin
sac ion liti (LIB) duoc coi la dong pin sac 1y
tudng do ching s hitu nhleu vu diém bao gém
mat do nang luong 16n va tudi tho dai [1]. Tuy
nhién, nhu cau ngay cang tang dbi voi loai pin
nay dang lam Xuat hién nhiing lo ngai Ve kha
ning can kiét ngudn cung liti kim loai, vbn chi
chiém khoang 0.0065% khéi lugng vo trai dat
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[2]. Dé giai quyét van dé nay, nhiéu loai pin
thay thé dang duoc quan tim nghién ctru. Trong
s6 d6 pin sac ion natri (SIB) dwoc cho 1a co
nhiéu tiém ning nhét, c6 thé thay thé cho pin
sac ion liti do trit luong ddi dao cua Na va tinh
tuong déng cao cua cac loai vat liéu dién cuc
cling nhu nguyén tic hoat dong. O thoi diém
hién tai, dd c6 nhiéu y kién dong ¥ rang dong
pin nay c6 di kha nang canh tranh véi pin ion
liti vé cac tinh nang hoat dong va s€ som dugc
ung dung rong rai [3].

Do cac tinh chat héa hoc tuong dong cua
natri va liti, rit nhidu vat liéu dién cuc dang
dugc st dung cho pin LIB ¢6 thé tmg dung cho
pin SIB [4], bao gdm céc vat liéu polyanion nhur
NaFePO4 [5] Na3V2(PO4)3 [6], NaFeP,0; [7],
NaFeSiOs [8], va cac vat liéu oxit kim loai
chuyén tiép nhu NaCoO, [9], NaNiosMngsO,
[10], NaNiysMnysCo120, [11]. Gan day, vat
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liéu oxit NaNigsTios0, dd dugc gidi thiéu la
mot trong nhiitng vat lidu duong cuc tiém ning
cho pin SIB. Cac nghién ciru da cong bd cho
thdy vat liéu nay c6 thé dat dung luong khoang
102 mAhg™ & toc d6 phong nap 0,2C va cho
thiy kha ning dap Gng dong xuit sic [12-14].
Tuy nhién, nhu da dugc chi ra bdi S. Maletti va
ddng nghiép [14], khé co thé téng hop duoc vat
liéu NaNigsTio, 502 don pha bang phuong phap
phan Gmg pha ran do trong vat liéu thanh phdm
luén ton tai mot luwgng nho tap chit NiO. Trong
nghién ctru ndy, ching toi tiép tuc nghién ciru
kha ning tong hop vat liéu NaNigsTiosO; bang
phuong phap phan tng pha rin trong d6 luu y
tGi anh huong cia thoi gian nghién so bd vat
liéu tién chat 1én d6 sach cua vat liéu thu duoc.
Nong do tap chét trong vat liéu tong hop duoc
x4c dinh dya trén cac phép phan tich nhiéu xa
tia X (XRD) va phan tich anh hién vi dién tir
truyén qua (TEM). Ngoai ra, dé khao sat kha
nang Ung dung cua vat liéu lam dién cyc duong
cho pin ion natri, cdc phép do kha nang phong
nap cua dién cuc st dung vat li€u téng hop
duoc cling da dugc thuc hién.

2. Phwong phap thuc nghiém
2.1. Téng hop vat liéu va ché tao dién cuc

Céc hoéa chat tinh khiét phan tich bao gdbm
Natri hydroxit (NaOH) (d6 sach 97%), Niken
(I axetat (Ni(CH3COO)2.4H,0) (do sach
98%), Titan (IV) oxit (TiOz) (d6 sach 99,5%)
va Ethanol (C:HsOH) (d6 tinh khiét 99,5%)
dugc cung cip boi Sigma Aldrich. Trudc tién,
cac khéi lugng hop thirc cta vat liu tién chat
duogc tron cung vadi Ethanol theo ty 1€ 1:2 sau do
nghién bi & téc d6 200 vong/phit trong céac
khoang thoi gian 8 gid va 24 gid. Bot nhao thu
duoc sau d6 duoc séy kho ¢ 120 °C trong 12
gio va cudi cung duogc nung thiéu két trong 10
nung Nabertherm L5/12 trong khong khi ¢ 900 °C
trong 16 gio dé dat duoc vat liéu thanh phém.
Dé khao sat cdu trac cla cc vat lidu trude khi
nung, bdt nhdo dugc ria nhiéu lan trong nude
khir ion va sau d6 siy kho & 120 °C trong 12
gidr trude khi phan tich céu truc.

Pé ché tao cac dién cuc cho pin ion natti,
hén hop bao gdm 70% vat liéu NaNigsTiosO2
(thu dugc sau khi nghién trong 24 gid va nung
6 900 °C trong 16 gio) dugc tron cung véi 20%
carbon black (Sigma  Aldrich), 10%
polyvinylidene fluoride (PVDF, Sigma Aldrich)
va mdt lugng thich hop dung méi N-Methyl-2-
pyrrolidone (NMP, Sigma Aldrich) dé tao thanh
bot nhéo sau do phu Ién cac la nhom (Shandong
Gelon Lib) va sdy kho ¢ 80 °C trong tu say
chan khong trong 12 gid. Céac té bao pin thir
nghiém dang dong xu (CR-2032, Shandong
Gelon Lib) dugc dong goi trong tu Argon c6 do
4m dugc khong ché dudi 5 ppm sir dung céc 14
nhom da dugc phu vat liéu lam dién cyc duong,
mang polyethylene (Shandong Gelon Lib) lam
mang ngin va cic tam natri kim loai (Shandong
Gelon Lib) lam dién cuc am. Chét dién ly duoc
sir dung 12 mudi NaClO4 néng d6 1M hoa tan
trong hon hgp dung moi ethylene carbonate
(EC, Sigma Aldrich), ethyl methyl carbonate
(EMC, Sigma Aldrich), va dimethyl carbonate
(DMC, Sigma Aldrich) dugc pha theo ty 1é
1:1:1.

2.2. Po dac va phdn tich

Phép do nhiéu xa tia X (XRD) dugc thuc
hién tai nhiét do phong str dung thiét bi phan
tich nhiéu xa tia X Bruker D8 v&i chum tia X str
dung budc song Cu-Ka. Goc do 2 té-ta dugce
quét trong khoang tir 10 dén 80 do & toc do quét
0,02 do/gidy. Gian d6 nhidu xa tia X sau do
dugc phén tich bang phuong phap vi chinh cdu
trac tinh thé thyc nghiém (st dung phuong
phap Rietveld) bang phan mém FullProf [15].
Céc phép do hién vi dién tir truyén qua (TEM),
Nhiéu xa dién tir lya chon ving (SAED) va phé
tan sic nang luong tia X (EDX) dwoc phén tich
boi kinh hién vi dién tir JEOL JEM-2100. Phép
do ddc trung phoéng nap cua pin thu nghiém
dugc thuc hién trén hé do pin chuyén dung
Neware BTS-4000 tai nhiét d0 phong & cac
cuong do dong khac nhau trong ving dién thé
tir 2-4 V so vai Na/Na*.

3. Két qua va thao luin

3.1. Pac trung cu triic va hinh thai hoc



40 N. V. Nghia et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 38, No. 3 (2022) 37-44

Phé XRD cua cac vat liéu sau khi nghién SO
bd trong 8 gid va 24 gid dugc thé hién trong
hinh 1. Nhin chung, ph6 XRD ctia cac vat li¢u
¢6 cac dinh nhiu xa gidng nhau, thé hién dong
gop cuia cac thanh phidn bao gdm phan 16n
anatase TiO; (JCPDS 21-1272) va mét phan
nho rutile TiO, (JCPDS 76-1939) va
a-Ni(OH)2.xH,0 [16]. Trén thuc té, pha tap
rutile TiO, rat thuong dugc quan sat thay trong
vat ligu anatase TiO, thuwong mai [17]. Pha
a-Ni(OH)..xH,0 da duoc D. S. Hall va cong su
x4c nhan 1a san pham cua phan ung giira cac
mudi caa niken va kiém manh [18]. Ngoai ra,
c¢6 thé d& dang nhan thay phé XRD cua vit lidu
¢6 thoi gian nghién trong 24 gio co cuong do
thap hon nhiéu so voi phd XRD cua vt licu
nghién trong 8 gid. Do cac ion Na* ion ¢6 kha
nang xen cai vao vat liéu TiO; [19, 20], tang
thoi gian nghién sé lam ting nong do Na trong
TiO; va do d6 1am giam trat ty cau tric cua
TiO.. Két qua 1a, cuong do nhidu xa tia X cua
vat liéu thu duoc giam di khi thoi gian nghién
tang 1én. Hién tugng twong tu khi xir ly vat liéu
TiO; trong dung dich NaOH da duoc chi ra boi
C. Hou va dong nghiép [21]. Can luu y rang,
hién tugng v& hat cua vat liéu TiO; khi tang
thoi gian nghién ciing c6 thé gép phan lam
giam cuong do nhiéu xa tia X cua vat liéu.

% Nghién sd bo trong 8 gis
—— Nghién s b trong 24 gis

* Anatase TiO,
B ¢ Rutile TiO,
# 0-Ni(OH),xH,0

Cudng do (d.v.t.y)
T

Gée 20 (do)

Hinh 1. Gian do nhidu xa tia X cta hdn hop vat liéu
sau khi nghién so bg trong 8 gio va 24 gio.

Hinh 2 cho thiy gian d6 nhiéu xa tia X ciia
san pham thu dugc sau khi nung cac vat liéu cé

thoi gian nghién khac nhau. Dé thuan tién, cac
méu co6 thoi gian nghién 8 gio va 24 gio duoc
ky hiéu tuong ung la M8 va M24. Ngoai cac
dinh nhiéu xa chinh phii hop véi cdu tric
o-NaFeO, (JCPDS 82-1495), van con mot
luong nho NiO (JCPDS 47-1049) ton tai trong
vat liéu thanh pham. Céc phan tich thanh phan
tir gian d6 nhiéu xa tia X cho thay ham luong
tap NiO trong cdc mau M8 va M24 tuong ng
1a 4,9% va 1,5%. RO rang la, ting thoi gian
nghién so bo da gitip cai thién dang ké do tinh
khiét cua vat liéu thanh pham. Trén thuc té,
tang thoi gian nghién so bd 1a mot trong nhiing
giai phap thong dung nhét thuong duoc st dung
dé tang hiéu qua tong hop vt liéu bang phuong
phép phan tng pha ran [22].

Iquun sdt
Ilinh todn

* NiO NaNi . Ti O,

%lkt fofo kb

-

Nghién s b trong 24 gis

Cudng do (d.v.t.y)

— —

Nghién sd bo trong 8 gid

1 L | L Il

50 60 70 80
Gdc 26 (do)

4 E_,._‘.
S )
=
S f— 4 !
- %

Hinh 2. Két qua phan tich cac gian d6 XRD
thuc nghiém - vi chinh cau trac bang phuong phap
Rietveld cta céc vat liéu thanh pham NaNiosTios02
duogc tong hop tir cac vat lidu tién chat co thoi gian
nghién khac nhau.

Céc tham s6 ciu trac thu dugc tir phan tich
Rietveld gian d6 nhidu xa tia X cua vat lidu
M24 duoc trinh bay trong Bang 1. Nhin chung,
vat ligu NaNiosTiosO, tong hop dugc co ciu
tric mat thoi (Rhombohedral) thudéc nhém
khong gian R-3m (166) vdi cac hang s mang a
va ¢ tuong tmg 14 3,0068 va 16,1228 A. Cac két
qua nay kha phu hop véi cong bd truée do
[12-14].
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Bang 1. Cac tham s6 cau tric thu duoc tir két qua
phén tich cac gian 6 XRD thyc nghiém - vi chinh
cu triic bang phuong phap Rietveld ciia vat li¢u
NaNio,5Ti01502 (M24)

Tham s6 c4u triic Gia tri tinh toan
Nhom khdng gian R-3m (166)

a (A) 3,0068

c (A 16,1228

Na (x; y; 2) (0;0; 1/2)
Ni/Ti (x; y; 2) (0;0;0)

O (x;y; 2) (0; 0; 0,2646)
ZZ????O(;(I(ZS gitta cac 15034

Kich thuée tinh thé (nm) | 89

Ruwp (%) 9,7

Rexp (%) 8,98

b 1,1668

Reragg 1,0802

Anh TEM va gian dd nhiéu xa dién tu lva
chon viung cua vat liéu M24 dugc trinh bay
trong cac Hinh 3 a va 3 b. Mic dii ¢6 thé quan
sat thdy cac mat tinh thé song song trong anh
TEM cua viat liéu, kich thudéc hat do duoc
(vao khoang 400 nm) 16n hon nhiéu so véi két
qua tinh toan tir phé XRD (89 nm) cho thiy vat
liéu tong hop duoc co6 dang da tinh thé. Phd
SAED, bao gém cac diém nhiéu xa co cuong do
manh va tach bach rd rang (Hinh 3 b), cho thy
c4c tinh thé trong hat vat liéu co trat tu tinh thé
tot. Phan mém ProcessDiffraction di duoc si
dung dé phan tich cac thong tin thu dugc tir phd
SAED cuia vt liéu [23]. Két qua phan tich cho
thdy cac cham nhiéu xa hoan toan phu hop véi
céu trac cua vat liéu NaNiosTios0> (thudc nhom
khong gian R-3m). Khoang cach gilra cac mat
(110) tinh toan duoc tir phé SAED vao khoang
1,54 A, 16n hon mot chut so v6i két qua tinh
toan tir phd XRD. Su khac biét nay thuong
dugc quan sat thiy va co thé giai thich boi hi¢u
{mg trung binh héa ctia cic dinh nhiéu xa thu
duoc tur cac hat ¢o kich thudc khac nhau trong
phd XRD ciia mau bot [24]. Két qua phan tich
EDX cuia vét liéu dugc thé hién trén Hinh 3 c.

ETE S | 4
’ |50.74

[Total  |100.00

Hinh 3. Anh TEM (a), gian d6 nhiéu xa dién tir lya
chon vung (b), va pho EDX (c) cua vat liéu
NaNio,5Ti0,502.

Phan tich tir phé EDX cho thiy ty 1& phan
tram nguyén tir Na : Ni : Ti : O tuong ung la
0,75 : 0,5 : 0,47 : 1,77, c6 sai sb kha cao so véi
ty 1& hop thuac 1:0,5:0,5:2 trong vat liéu
LiMnoysNioysoz. Chénh léch tS’ lé cua Ni/Ti va ty
1¢ thap clia cic nguyén td Na va O c6 thé giai
thich tuong ng bdi su dong gdp cua pha tap
chat NiO va sai s6 cta phép do. Trén thuc té,
cac phép do EDX thuong dugc cho la co do
nhay kém d6i v6i cac nguyén tb nhe [25].
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3.2. Ddc trung dién hoa

bic trung phong nap cua dién cuc duong st
dung vat liéu NaNiosTios02 dugc thé hién trong
Hinh 4a. O tc d6 0,5 C, dung luong phong va
nap dac trung ¢ vong dau tién cia vat liéu dat
cac gia tri tuong ung la 62 va 130 mAh/g. Sau
vong dau tién, vat liéu co dic trung phong nap
on dinh hon voi dung luong phdong va nap dic
trung & vong thir 2 dat cac gia tri tuong ung la
59 va 60 mAh/g. C6 thé thiy dién dung bi mat
mét rat 16n sau vong nap dau tién (khoang 54%).
Do qua trinh nap twong ung véi qua trinh giai
phéng ion Na* ra khoi vat liéu, su sut giam dién
dung ndy co thé giai thich do qué trinh di
chuyén bat thuan nghich ciia mot phan cac ion
Ti* tai vi trf 3a (0, 0, 0) sang vi tri 3b (0, 0, 1/2)
bi bo tréng cua cac ion Na*. Trén thyc té, hién
tugng twong ty da duoc quan sat thiy trong cac
vat liéu dién cuc cho pin LIB co ciu tric va
thanh phan tuong ty nhu LiosNio4sTioss0z [26]
va NaxTiO: [27].

4.00

375

Vong thit nhat
—— Vong thit hai
Vong thit ba

Pién thé so vdi Na/Na™ (V)
w
g

2.00 L L L 1 L
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300 |-(b)
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<
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>
2
o S0k
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Pién thé so vi Na/Na' (V)

Hinh 4. Cac duong dac trung phéng nap tai 3 vong
dau tién ¢ téc d6 0,5C cua dién cuc s dung vat liéu
NaNiosTios02 (a), va dd thi vi phan dung lugng theo

dién thé (dQ/dV) tuong ting (b).

Pé quan sat dic trung oxy hoa khir ciia vat
liéu, d6 thi vi phan dién dung theo dién thé
(dQ/dV) da dugc sir dung. Mic du khong phd
bién nhu ddc trung thé quét vong (CV), do thi
dQ/dV van thudng duge sir dung rong rai trong
cac phan tich dac trung di€n hda cia cac vat
lidu dién cuc cho pin sac [28]. Loi thé cua phép
phan tich nay 1a cac d6 thi dQ/dV c6 thé duoc
tinh toan truc tiép tir cac duong dic trung
phong nap ciia dién cyc ma khong can thém cac
phép do bd sung khic. Nhu c6 thé thay trén
Hinh 4 b, phd vi phan dién dung cta vat lidu chi
cho thidy mét cip dinh oxy hoa khir duy nhét.
Céc dinh nay c6 thé quy cho phan tng cua cip
oxy hoéa khir Ni?*/Ni**, nhu da dugc xdc nhan
bdi Y. G. Guo va dong nghiép khi phan tich dic
trung di€n hoa cuia vat li€u duong cuc
NaNio,5Mn0,5_xTix02 [29]

160 120
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Hinh 5. D6 én dinh phong nap & toc do 0,5C (a),
va kha nang dap tng dong (b) cua dién cuc st dung
vat liéu NaNiov5Tio,502 (M24).
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Do 6n dinh phong nap cua vat liéu dién cuc
duge do & tde d6 0,5 C trong 50 vong. Két qua
thé hién trong hinh 5a cho thiy vat liéu c6 do
6n dinh tot véi chi khoang 23% dung lugng bi
mat mét (so véi vong thir 2) sau 50 vong phong
nap. Ngoai ra, két qua do kha ning dap tng
dong cua vat li€u dugc trinh bay ¢ hinh 5b con
cho thay vat liéu thé hién kha nang dap ng
dong xuat sac. Cy thé, vat lidu co thé giir lai toi
80% va 60% dung lugng phéng khi ting toc do
tuong tng 1én 8 lan (toc d6 4 C) va 16 lan
(tbc do 8 C).

4. Két luan

Vit liéu NaNiosTiosO2 ¢6 ham luong tap
thap da duogc tong hop thanh cong bang phuong
phap nghién so bd két hop v6i nung thidu két.
Khao sat cho thiy ting thoi gian nghién so bd
gitip giam dang ké ham lugng tap trong vat lidu
thanh pham. Cac phép do dic trung dién hoa
cho thay vat liéu thu dugc c6 do on dinh phong
nap tot va kha ning chiu dong xuét sic. Tuy
nhién, hién twong mat mat dung lugng 16n sau
vong phong nap dau tién cho thay cﬁn phai tién
hanh thém nhiéu nghién ciru bao gom pha tap
hodc thay do6i ty 1¢ cac kim loai chuyén tiép dé
c¢6 thé phat trién va tin dung nhimg dic trung
tdt cta vat liéu.
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Nghién ctru duoc tai tro bai Quy Phat trién
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103.02-2016.43.

Tai liéu tham khio

[1] V. Palomares, P. Serras, I. Villaluenga, K. B.
Hueso, J. C. Gonzalez, T. Rojo, Na-ion
Batteries, Recent Advances and Present
Challenges to Become Low Cost Energy
Storage Systems, Energy Environ, Sci., Vol. 5,
2012, pp. 5884-5901,
https://doi.org/10.1039/C2EE02781J.

[2] J. M. Tarascon, Is Lithium the New Gold?, Nat.
Chem., Vol. 2, 2010, pp. 510,

https://doi.org/10.1038/nchem.680.

(3]

[4]

[5]

[6]

[7]

(8]

9]

[10]

[11]

S. P. Ong, V. L. Chevrier, G. Hautier, A. Jain,
C. Moore, S. Kim, X. Ma, G. Ceder, Voltage,
Stability and Diffusion Barrier Differences
Between  Sodium-ion and  Lithium-ion
Intercalation Materials, Energy Environ. Sci.,
Vol. 4, 2011, pp. 3680-3688,
https://doi.org/10.1039/C1EE01782A.

P. K. Nayak, L. Yang, W. Brehm, P. Adelhelm,
From Lithium-lon to Sodium-lon Batteries:
Advantages, Challenges, and Surprises, Angew,
Chem. Int. Ed., Vol. 57, 2018, pp. 102-120,
https://onlinelibrary.wiley.com/doi/abs/10.1002/
anie.201703772.

M. M. Rahman, I. Sultana, S. Mateti, J. Liu,
N. Sharma, Y. Chen, Maricite
NaFePO4/C/graphene: a Novel Hybrid Cathode
for Sodium-ion Batteries, J. Mater, Chem. A,
Vol. 5, 2017, pp. 16616-16621,
https://doi.org/10.1039/C7TA04946C.

X. Jiang, L. Yang, B. Ding, B. Qu, G. Ji, J. Y.
Lee, Extending the Cycle Life of NazV2(POs)s
Cathodes in Sodium-ion Batteries Through
Interdigitated Carbon Scaffolding, J. Mater,
Chem. A, Vol. 4, 2016, pp. 14669-14674,
https://doi.org/10.1039/C6 TA05030A.

P. Barpanda, G. Liu, C. D. Ling, M. Tamaru,
M. Avdeev, S. C. Chung, Y. Yamada,
A. Yamada, NasFeP,O;: A Safe Cathode for
Rechargeable Sodium-ion Batteries, Chem.
Mater., Vol. 25, 2013, pp. 3480-3487,
https://doi.org/10.1021/cm401657c.

W. Guan, B. Pan, P. Zhou, J. Mi, D. Zhang, A
High Capacity, Good Safety and Low Cost
Na,FeSiO4s-Based Cathode for Rechargeable
Sodium-lon  Battery, ACS Appl, Mater,
Interfaces, Vol. 9, 2017, pp. 22369-22377,
https://doi.org/10.1021/acsami.7b02385.

A. K Ra, L. T. Anh, J. Gim, V. Mathew,
J. Kim, Electrochemical Properties of NayCoO.
(x~0.71) Cathode for Rechargeable Sodium-ion
Batteries, Ceram, Int., VVol. 40, 2014, pp. 2411-2417,
https://doi.org/10.1016/j.ceramint.2013.08.013.
P. F. Wang, Y. You, Y. X. Yin, Y. G. Guo, An
O3-type NaNiosMnos0, Cathode for Sodium-
ion Batteries with Improved Rate Performance
and Cycling Stability, J. Mater. Chem. A,
Vol. 4, 2016, pp. 17660-17664,
https://doi.org/10.1039/C6TA07589D.

M. Sathiya, K. Hemalatha, K. Ramesha, J. M.
Tarascon, A. S. Prakash, Synthesis, Structure,
and Electrochemical Properties of the Layered
Sodium Insertion Cathode Material:


https://doi.org/10.1039/C2EE02781J
https://doi.org/10.1038/nchem.680
https://doi.org/10.1039/C1EE01782A
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201703772
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201703772
https://doi.org/10.1039/C7TA04946C
https://doi.org/10.1039/C6TA05030A
https://doi.org/10.1021/cm401657c
https://doi.org/10.1021/acsami.7b02385
https://doi.org/10.1016/j.ceramint.2013.08.013
https://doi.org/10.1039/C6TA07589D

44

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

N. V. Nghia et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 38, No. 3 (2022) 37-44

NaNiysMny3C01502, Chem. Mater.,, Vol. 24,
2012, pp. 1846-1853,
https://doi.org/10.1021/cm300466b.

H. Yu, S. Guo, Y. Zhu, M. Ishida, H. Zhou,
Novel Titanium-based O3-type NaTiosNios0; as
a Cathode Material for Sodium lon Batteries,
Chem, Commun., Vol. 50, 2014, pp. 457-459,
https://doi.org/10.1039/c3cc47351a.

H. Wang, Y. Xiao, C. Sun, C. Lai, X. Ai, A
Type of Sodium-ion Full-cell with a Layered
NaNiosTios0, Cathode and a Pre-sodiated Hard
Carbon Anode, RSC Adv., Vol. 5, 2015,
pp. 106519-106522,
https://doi.org/10.1039/C5RA21235A.

S. Maletti, A. Sarapulova, A. Schokel,
D. Mikhailova, Operando Studies on the
NaNigsTiosO, Cathode for Na-lon Batteries:
Elucidating Titanium as a Structure Stabilizer,
ACS Appl, Mater, Interfaces, Vol. 11, 2019,
pp. 33923-33930,
https://doi.org/10.1021/acsami.9b10352.

J. R. Carvajal, FullProf Program: Rietveld,
Profile Matching and Integrated Intensities
Refinement of X-Ray and/or Neutron Data
(Powder and/or Single-Crystal), Laboratoire
Leon Brillouin (CEA-CNRS), Release 2007.

C. Faure, C. Delmas, M. Fouassier,
Characterization of a Turbostratic o-nickel
Hydroxide Quantitatively Obtained from an
NiSO4 Solution, J. Power Sources, Vol. 35,
1991, pp. 279-290,
https://doi.org/10.1016/0378-7753(91)80112-B.
B. Ohtani, O. O. P. Mahaney, D. Li, R. Abe,
What is Degussa (Evonik) P25? Crystalline
Composition Analysis, Reconstruction from
Isolated Pure Particles and Photocatalytic
Activity Test, J. Photochem, Photobiol. A,
Vol. 216, 2010, pp. 179-182,
https://doi.org/10.1016/j.jphotochem.2010.07.024.
D. S. Hall, D. J. Lockwood, C. Bock, B. R.
MacDougall, Nickel Hydroxides and Related
Materials: a Review of Their Structures,
Synthesis and Properties, Proc. R. Soc. A,
Vol. 471, 2014, pp. 1-65,
http://doi.org/10.1098/rspa.2014.0792.

K. T. Kim, G. Ali, K. Y. Chung, Anatase Titania
Nanorods as an Intercalation Anode Material for
Rechargeable Sodium Batteries, Nano Lett.,
Vol. 14, 2014, pp. 416-22,
https://doi.org/10.1021/n1402747x.

D. Yan, L. Pan, A New Sodium Storage
Mechanism of TiO, for Sodium lon Batteries,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Inorg, Chem. Front., Vol. 3, 2016, pp. 464-468,
https://doi.org/10.1039/C5QI00226E.

C. Hou, B. Hu, J. Zhu, Photocatalytic
Degradation of Methylene Blue Over TiO;
Pretreated with Varying Concentrations of
NaOH, Catalysts, Vol. 8, 2018, pp. 1-13,
https://doi.org/10.3390/catal8120575.

L. Wang, X. Y. Qin, The Effect of Mechanical
Milling on the Formation of Nanocrystalline
Mg.Si through Solid-state Reaction, Scr. Mater.,
Vol. 49, 2003, pp. 243-248,
https://doi.org/10.1016/S1359-6462(03)00241-0.
J. L Labar, Consistent Indexing of a (set of)
SAED Pattern(s) with the ProcessDiffraction
Program, Ultramicroscopy, Vol. 103, 2005,
pp. 237-249,
https://doi.org/10.1016/j.ultramic.2004.12.004.
S. Uehara, TEM and XRD Study of Antigorite
Superstructures, Can, Mineral., Vol. 36, 1998,
pp. 1595-1605.

D. E. Newbury, N. W. M. Ritchie, Performing
Elemental Microanalysis with High Accuracy
and High Precision by Scanning Electron
Microscopy/silicon  Drift Detector Energy-
Dispersive X-ray Spectrometry (SEM/SDD-EDS),
J. Mater. Sci., Vol. 50, 2015, pp. 493-518,
https://doi.org/10.1007/s10853-014-8685-2.

K. Kang, D. Carlier, J. Reed, E. M. Arroyo,
G. Ceder, L. Croguennec, C. Delmas, Synthesis
and Electrochemical Properties of Layered
Lio_gNio_AsTio_ssoz, Chem. Mater., Vol. 15, 2003,
pp. 4503-4507,
https://doi.org/10.1021/cm034455+.

A. Maazaz, C. Delmas, P. Hagenmuller, A
Study of the NaTiO, System by
Electrochemical  Deintercalation, J. Incl.
Phenom., Vol. 1, 1983, pp. 45-51,
https://doi.org/10.1007/bf00658014.

S. Torai, M. Nakagomi, S. Yoshitake,
S. Yamaguchi, N. Oyama, State-of-health
Estimation of LiFePO./graphite Batteries Based
on a Model Using Differential Capacity,
J. Power Sources, Vol. 306, 2016, pp. 62-69,
https://doi.org/10.1016/j.jpowsour.2015.11.070.
P. F. Wang, H. R. Yao, X. Y. Liu, J. N. Zhang,
L. Gu, X. Q. Yu, Y. X. Yin, Y. G. Guo,
Ti-Substituted NaNigsMn,s4TixO, Cathodes
with Reversible O3—P3 Phase Transition for
High-Performance Sodium-lon Batteries, Adv.
Mater., Vol. 29, No. 19, 2017, pp 1-7,
https://doi.org/10.1002/adma.201700210.


https://doi.org/10.1021/cm300466b
https://doi.org/10.1039/c3cc47351a
https://doi.org/10.1039/C5RA21235A
https://doi.org/10.1021/acsami.9b10352
https://doi.org/10.1016/0378-7753(91)80112-B
https://doi.org/10.1016/j.jphotochem.2010.07.024
http://doi.org/10.1098/rspa.2014.0792
https://doi.org/10.1021/nl402747x
https://doi.org/10.1039/C5QI00226E
https://doi.org/10.3390/catal8120575
https://doi.org/10.1016/S1359-6462(03)00241-0
https://doi.org/10.1016/j.ultramic.2004.12.004
https://doi.org/10.1007/s10853-014-8685-2
https://doi.org/10.1021/cm034455
https://doi.org/10.1007/bf00658014
https://doi.org/10.1016/j.jpowsour.2015.11.070
https://doi.org/10.1002/adma.201700210

