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Tom tit:

Trong nghién ciru nay, vat li¢u di¢n cwe dwong Na Fe, Mn, O, (NaFMO) dwgc tong hop bang phwong phap dong
két tiia trong mdi truomg khi tro. Pha O3-Na Fe,;Mn, O, thu dwgc sau khi nung hén hgp két tiia va NaOH ¢ 900°C
trong cac khodng thoi gian 12, 15 24 va 36 gio. Trong d6, miu nung trong thoi gian 12 gio' thé hién dic tinh tot nhit
dé 1am vat liéu dién cuc, bao gom kich thwéc 6 mang lén (a=b=2,9738 A, ¢=16,3815 A, V=125,46 A%) va dung hrong
riéng cao 1én dén 118 mAh/g trong viing thé 1,5-4 V (vs. Na*/Na) & toc do C/10. Dung lwong nay cia vat liéu NaFMO
do sy déng gop dong thoi ciia hai cip oxy héa khir Mn*/Mn?* va Fe*'/Fe*. Tuy nhién su thé hién qua thé phong sac

16m (~ 500 mV) cho thiy vét liéu c6 dién tré ndi lom.

Tir khéa: ciu tric, Na Fe, Mn, O
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Tony quan

Hién nay, viéc nghién ctru tim kiém cac ngudn ning
luong xanh va bén viing thay thé cho nhién liéu héa thach
dang nhan duoc rat nhiéu su quan tdm. Vi sy chu trong
phat trién cong nghé “xanh”, pin Li-ion da duoc sir dung
trong cac thiét bi co kich thude 1on nhu xe dién (EV), luéi
dién thong minh (smart-grid)... [1, 2]. Tuy nhién, trit lugng
liti trong vo trai dat kha thap, chi phi san xuét cao da lam
han ché kha nang ung dung cua pin Li-ion. Do do, pin Na-
ion dang dugc day manh nghlen curu trong thoi gian gan day
vi natri ¢6 nhiéu tinh chét tuong ty nhu liti, nhung ngudn
trit lugng 16n, khai thac d& dang, chi phi thdp hon so véi liti
(3, 4].

Céac oxit kim loai) chuyén tiép cau trac 16p dang NaMO,
(M = kim loai chuyén tiép) dugc xem la vat liéu dién cuc
dwong tiém nang cho pin Na-ion nhd vao dung lugng ly
thuyét cao cung kha ning tmg dung cac kim loai chuyén tiép
gia thanh ré [5].

Trong cac cAu tric 16p dang NaMO,, vét li¢u Na MnO,
thuong dugc quan tdm nghién ctru do c6 dung luong ban
dau 16, chu ky sac/phong dai, ving thé hoat dong kha rong
va d6 phén cyc thap, tuy nhién lai c6 mot s6 han ché nhu ion
Mn** (gy ra bdi su tu oxy hoa khir cia Mn** thanh Mn** va
Mn?*) ¢6 kha nang hoa tan trong dung dich dién giai, dung
lwong giam nhanh do thay dbi cdu tric gay ra boi bién dang
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pin sac Na-ion, tinh chat dién héa.

Jahn-Teller d6i véi ion Mn* [6]. Nhu vdy, dé khéc phuc,
mot phan Mn** can dugc thay thé béng kim loai chuyén tiép
khac, khi d6 vat liéu s€ c6 dang NaXMyMnl_yOZ, néng do
Mn** trong vat liéu pha tap lic nay sé giam di so vai vat liéu
khong pha tap nhung van dam bao tinh trung hoa vé dién
tich, tirc 1a da giam duogc hiéu tng Jahn-Teller.

~ Vatliéu Na FeO, c6 uu diém ndi bat 12 d6 bén cdu trac
on dinh, cau truc tinh thé khong thay doi trong qué trinh
phong va sac. Cong §uét ly thuyét cua Na FeO, dat t6i
241,8 mAh/g trong diéu kién phan ung oxy hoa khur Fe*'/
Fe* khong pha hiry mang tinh thé [7]. Hon nita, sat 1a ngudn
nguyén liéu ré, doi dao va than thién véi moi tmo‘ng, vat
liéu dién cuc dua trén sit 1a Gng cir vién day trién vong
cho cac tng dung pin Na-ion. Tuy nhién, khi ham lugng
natri thap, xay ra sy di chuyén Fe vao céc vi tri tir dién co
chung mdt voi bat dign FeO, [4]. CAu trac nay co thé dugc
6n dinh bang cach thay thé mot phan Fe boi Mn [8] Viatliéu
oxit dang Na Fe Mn, O, v6i nhiéu tinh chat két hop cac
vu diém vé cau truc Va t1nh chat dién hoa cta Na FeO, va
Na MnO,, c6 thé dat duoc dung lugng 1én téi 110 dén 220
mAh/g [8-10]. Nam 2012, Naoaki Yabuuchi cung cac cong
su da nghién ctru va téng hop thanh cong vat liéu dién cuc
duong la P2-Na, Fe, /2 n,,0,6900°C trong 12 gio va bang
phan tng nung pha ran trong moéi truong khong khi, sau do
vat liéu dugc luu trir trong glove box, Kkét qua cho théy P2-

Na, Fe Mn, O, c6 cau trac giong voi P2-Na CoO,, qua
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Abstract:

In this research, the anode material Na Fe, Mn .O,
(NaFMOQO) has been successfully prepared by the co-
precipitation method in an inert atmosphere. O3-
Na Fe, Mn, O, phase was formed after calcination of
the precipitation at 900°C for 12, 15, 24, and 36 hours.
After calcination for 12 hours, the obtained material had
the best characteristics, with large lattice parameters
(a=b=2.9738 A, ¢=16.3815 A and V=125.46 A% and a
specific capacity up to 118 mAh/g in the voltage range of
1.5-4 V (vs. Na*/Na) at the current rate C/10. The specific
capacity of the Na Fe, Mn O, material was due to the
contribution of both redox pairs Mn*/Mn* and Fe*"/
Fe*'. In addition, the charge-discharge curves shown a
large drop of ~ 500 mV, which indicated a large internal

resistance of the material.

Keywords: electrochemical properties, Na Fe, Mn, . O,,
sodium-ion battery, structure.
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trinh dan cai thuan nghich tot va dung luong dat duogc l1a
190 mAh/g trong ving thé 1,5-4,2 V (vs Na*/Na) [11]. Nam
2013, nhom nghién ciru cua Jiantie Xu da tong hop vat liéu
P2-Na, Fe  Mn O, va do dung luong trong 2 ving thé
1a 1,5-4,0 V va 1,5-4,3 V, két qua dat dugc la trong vung
thé 1,5-4,0 V thi dung lugng 1a 110 mAh/g, thap hon khi
do trong ving thé 1,5-4,3 V 1a 158,1 mAg/h. Tuy nhién,
hiéu suét dong trong vung thé 1,5-4,0 V lai 6n dinh hon, sau
50 chu ky, hiéu suit dong 1a 98,2%, trong khi & ving thé
1,5-4,3 V thi dat 77,2% [12]. Nam 2017, Wesley M. Dose
cung cac cdng su da nghién ctru vat li¢u dién cuc duong
Na, Fe, Mn0 O, v6i dung luong dat 189,81 mAh/g trong
vung the 1,5-4,2 V (vs Na/Na), va sau 50 chu ky thi hi¢u
suat dong 1a 71,7% [13]. Cing nam 2017 nhom cua Hilder
da tong hop Vé;lt liéu Na Fe, .Mn O, bing phuong phap
phan tmg pha rin v6i dung lugng tuong tng ddi véi pha P2
va 03 lan luot 1a 130 mAh/g va 184 mAh/g [14].

Trong nghien cuu nay, vat ligu Na Fe, . Mn, /302 duoc
téng hop bang phuong phap dong két tia trong moi truong
khi tro, sau d6 la qua trinh nung pha ran. Bén canh do,
ching t6i tién hanh khao sat anh huong cta thoi gian nung
1én cdu trac, hinh thai va tinh chéat dién hoa ciia vat lidu
Na Fe, Mn O

1372°
Thuc nghiém
Téng hop vit liéu

Cac mau vt liéu trong nghién ctru nay dugc tong hop
bang phuong phap dong két tua vai tién chit kim loai 1a
(NH4)2SO4.FeSO4.§H20, MnSO4.4HZO’ va NaOH. Dung
dich hon hop muoi kim loai chuyén tiép duoc pha voi ty
1€ s6 mol Fe:Mn = 2:1 duoc nho tr tir vao binh clu chtra
dung dich NaOH 4 M trong m6i truong N,. Nhi¢t do phan
ung 1a 50°C, toc d6 khuay 500 vong/phit dugc gilt dén sau
khi két thiic thoi gian phan ung 12 gid. Sau d6, két tua dugc
loc bang phuong phéap loc ap suat thip va rira bang nudc
c4t nhidu lan dén khi pH cuia nudc rira trung tinh, cudi ciing
dugc sdy chan khong & 80°C trong 15 gio Pong két tua
Fe, Mn .(OH), sau d6 dugc tron va nghién min véi Na, CO
theo ty 1¢ mol (Fe+Mn):Na = 1:1,1 (10% luwgng Na dlr de
tranh that thoat Na trong c4u triic do sw hoa hoi ciia Na trong
quéa trinh nung). Hon hop sau d6 duoc nung & 900°C trong
lan lugt 12, 15, 24 va 36 gid nham khao sat va tdi wu hoa
thoi gian nung.

Khao sdt ciu triic tinh thé, hinh thdi vit ligu va thanh
phan nguyén to

CAu tric tinh thé cua cac mau vat liéu duoc xac dinh
biang phwong phap nhiéu xa tia X (XRD), téc do quét 0,02°/
step va 0,25s/step, goc quét 20 = 10-70°. Mau vat liéu co
d6 tinh thé hoa cao va dung luong riéng cao nhét dugc tién

a4



hanh khao sat hinh thai bé mat, hinh dang va kich thudc hat
bang kinh hién vi dién tr Hitachi FE-SEM S-4800 (Nhat).
Thanh phin nguyén t6 ctia mau t6i vu duoc khao sat bang
phuong phap phd hap thu nguyén tir (AAS).

Khao sdt tinh chit dién héa ciia vit liéu

Qua trinh tao mang va rap pin dugc thyc hién trong
glove box nap déy Argon. Vat liéu sau khi nung dugc trdn,
va nghién ky véi carbon C65 va chat két dinh PTFE theo ty
1¢ khdi lugng 80:15:5. Hon hop dugce can thanh mang mong
c6 duong kinh 10 mm, véi khdi lugng mdi mang khong qua
10 mg. Mang dién cuc duong sau d6 dugc rép trong mo
hinh pin Swagelok, vdi cuc am la natri, dung dich dién ly 1a
NaClO, 1 M trong dung moi PC (polyethylene carbonate)
v6i 2% FEC (fluoroethylene carbonate) vé thé tich. Pin sau
khi ldp duoc tién hanh do phéong sac trong ving thé 1,5-4,0
V (so véi Na'/Na) v6i mat 6 dong khong d6i C/10, trong
do, C 1a dung luong 1y thuyét cua vat lidu. Céc thi nghiém
phan tich tinh chét dién hoéa dugc thuc hién trén hé may
Potentiostat MPG2 (Bio Logic) diéu khién bai phin mém
EC-Lab 10.36.

Két qua va thao luan

Ciu triic va hinh thdi vit ligu

Gian dd nhiéu xa tia X cia cic miu Na FemMn1 40,
(NaFMO) véi thoi gian nung khéc nhau dugce thé hién trong
hinh 1. T4t ca cdc mau déu co cdu tric trong dong voi gian
do chuan O3-NaFe, Mn, 0, (JCPDS: 00-053-0349), v6i
cau tric lyc phuong, nhém khoéng gian R-3m. Cac peak
nhidu xa c6 cuong do nhiéu xa 16n, chan mili hep, séc,
chung t6 cac mau déu cé do tinh thé hoa cao. So vai gian dd
chuén, peak nhiéu xa (003) ctia cac mau vat liéu déu léch vé
phia bén phai, chimg to ¢ sy giam thong sb mang ¢, tuong
ung voi khoang cégh g’ifra cac 16p [MO,]. So sanh gitra cac
mau v6i nhau c6 the thﬁy, peak (003) cua mau NaFMO nung
trong 24 glor bi [éch vé ben phai nhiéu nhét. Didu nay chimg
to thong sO mang ¢ clia miu nung trong 24 gid bi glam manh
nhat, 1am han ché kha nang dan cai ion Na* vao cAu tric vt
liéu.

Su thay ddi vé khoang cach giita cac mat mang, ma cu
thé 1a mat mang dugc chon dai dién 1a (104) cua cac mau
NaFMO theo cac khoang thoi gian nung khac nhau dugc thé
hién trong bang 1. C6 thé thay khoang cach d giam dan khi
tang thoi gian nung (tir 12, 1én 15 va 24 gid), din dén kha
nang dan cai ion Na* giam. Riéng mau nung trong 36 gio thi
gia tri d ting 1én, nhung khong c6 sy thay ddi nhidu so voi
mAu nung trong 12 gid. Tir ddy c6 thé du doan kha nang dan
cai ion Na* va dung luong riéng clia cic mau s& giam theo
thoi gian nung, va riéng mau nung trong 36 gio s& c6 két qua
dién hoa gan véi mau nung trong 12 gio.
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Hinh 1. Gian d6 nhiéu xa tia X ciia cac mau NaFMO nung trong
12 glo’ (a), 15 gio (b), 24 gi® (c) va 36 gi®’ (d) so sanh vé&i gian do
chuén 03- NaFe, ,Mn,.O,.
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Bang 1. Khoang cach d cia mat mang (104) ctia cac mau NaFMO
theo th&i gian khac nhau.

STT Ky hiéu miu o

1 NaFMO_12 2,18113 (A)
2 NaFMO_15 2,17398 (A)
3 NaFMO_24 2,16565 (A)
4 NaFMO 36 2,18159 (A)

Théng s6 mang ciia cic mau NaFMO tinh bang phin
mém Cel Ref duoc liét ké trong bang 2. C6 thé thiy, miu
NaFMO 12 ¢6 gia tri thong s6 mang va thé tich 1én hon
mau NaFMO 15 va NaFMO 24, diéu d6 chung to miu
NaFMO 12 c6 cac canh 16n hon, tao khong gian rong hon,
thuén lgi cho céc ion Na* dan cai vao cdu trac, tuy cac gia
tri thong s6 nay con thap hon so véi mau NaFMO_36 nhung
khong dang ké.

Tir cac két qua trén co thé thay, thoi gian nung tdi wu cho
vat lieu NaFMO 1a 12 gio. Vi vay, mau NaFMO 12 duogc
chon dé tién hanh khao sat hinh thai vat liéu va thanh phan
nguyén to.

Bang 2. Thong s6 mang cac mau NaFMO nung trong cac khoang
thi gian khac nhau.

Miu a=b (A) c(A) V (A3
NaFMO_12 2,9738 16,3815 125,46
NaFMO 15 2,9688 16,3335 124,67
NaFMO_24 2,9589 16,2909 123,52
NaFMO 36 2,9747 16,4011 125,98

Két qua phan tich thanh phan nguyén t6 Fe, Mn bing
phuong phap phd hap thu nguyén tir ngon Iira (F- AAS)
dugc thé hién trong bang 3. Ty 1é mol Fe:Mn ciia mau la
2,120:1,000 pht hop v6i gia tri Iy thuyét.

Bang 3. Thanh phan nguyén t6 Fe va Mn cia mau NaFMO_12.

Nguyén to Fe Mn

Phén tram (%) 23,80 24,71

%/M 0,426 0,449

Ty & 0,949 1,000
[ K]
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Hinh 2 13 4nh SEM cta mau NaFMO_12. Cac hat vat
lidu c6 hinh dang chu yéu 1a cac khdi da dién, v6i kich thude
ddng déu trong khoang 2-3 um. Cac hat ¢6 xu huéng két tu
tao thanh cac hat thtr cip c¢6 kich thudc & thang micromet.
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Hinh 2. Anh SEM ctia mau NaFMO_12.

Tinh chit dién héa

) : . Mn1/302
trong 12 gio dugc nghién ctru bang phuong phap phong sac
dong c6 dinh trong pin m6 hinh Swagelok hai dién cuc ¢
vung thé 1,5-4 V (vs. Na*/Na) va toc do phong sac C/10.

Trong qué trinh sac, cac ion Na* di chuyén tur cuc duong

Tinh chét dién hoa cua vat liéu Na Fe

X 203 nung

Na Fe, .Mn, O, sang cuc am theo cac phan Ung (1) va (2).
Trong qué trinh phéng, cac ion Na* dan cai vao cau triic cuc
duong, cac phan ing xay ra theo chiéu nguoc lai.

Na Fe, Mn, .O

1372

<y Na' +y e + Na_Fe Mn, O

1372

(M
2

Hinh 3 biéu dién qua trinh oxy hoa dau tién dén 4 V cua
cac mau NaFMO. Trong qua trinh ndy, s6 ion Na* di chuyén
ra khoi cdu triic giam theo thoi gian nung va lan luot 13 0,35
(NaFMO _12), 0,33 (NaFMO 15), 0,31 (NaFMO_24) va
0,29 (NaFMO _36). Ngoai ra, dudng oxy héa diu tién cta
cac mau NaFMO thé hién rd diém ubn tai vung thé 3,6 V
tuong ing véi qua trinh oxy hoa Fe¥* thanh Fe*',

yNa'+ye < yNa

S6 ion Na* trao déi
035 030 025 020 0,15 0,10 0,05 0,00

E vs Na/Na' (V)

—NaFMO_12
‘‘‘‘‘‘‘‘‘ NaFMO_15
- -NaFMO_24

N
=Y
o
|

0
065 070 075 080 085 090 095 1,00
x (Na*, F/mol)

Hinh 3. Pwéng cong oxy hoéa dau tién ciia cac mau NaFMO nung
trong 12, 15, 24 va 36 gio.

Puong cong phéng sac trong chu ky dau tién cua vat
liéu Na Fe, Mn O, tuong (mg voi cac mau NaFMO_1~2,
NaFMO 15, NaFMO 24 va NaFMO 36 dugc biéu dién
& hinh 4. Cac dudng cong phong sac déu xuit hién diém
udn tai thé ~3,5 V tuong tng véi phan tng oxy hoa - khur
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ctia cap Fe*'/Fe’* va mot diém udn ngén tai ving thé 2.3 V
tuong ng phan trng oxy héa - khir Mn*/Mn**. Dung lugng
riéng cua vat li¢u Na Fe, Mn, O, c6 dugc do sy dong gop
cua ca hai c@p oxy hoa khu trén. Ngoai ra, cac duong cong
phong sac co do sut thé 16n (~500 mV), diéu nay cho thy
ndi trd 16n cua mang vat liéu khi tién hanh phong sac.

Dung lwong riéng (mAh/g)
20 40 60 80

100

E vs Na/Na* (V)

—NaFMO_36

1,50

0,70 0,80 0,90

x (Na*, F/mol)

Hinh 4. BPwéng cong phéng sac chu ky thir nhat cta cac mau
NaFMO.

Su thay ddi ciia duong cong phéng sac cta cic miu
NaFMO 12, NaFMO 15, NaFMO 24 va NaFMO 36
duoc thé hién & hinh 5. Kha nang dan cai ion Na* cua mau
NaFMO 12 la khoang 0,42 F/mol, tuong ung véi dung
luong 1a 120 mAh/g, Miu MO1 912 c¢6 dung lugng 6n
dinh hon so v6i cac mau c6 thoi gian nung dai, dung luong
dat dugc 80 mAh/g sau 20 chu ky. Cac miu co thoi gian
nung dai NaFMO 15, NaFMO_24 va NaFMO 36 c6 dung
lugng giam nhanh qua ting chu ky, dung lugng duy tri ¢ 60
mAh/g sau 20 chu ky.

Dung lwvong riéng (mAhig) Dung lweng riéng (mAh/g)
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Hinh 5. Buwéng cong phéng sac cia cac mau NaFMO_12(a),
NaFMO_15 (b), NaFMO_24 (c) va NaFMO_36 (d) trong vung the
1,54 V.



Két qua dung luong riéng ctia mau NaFMO trong cac
thoi gian nung cho thay thoi gian 1a 12 gio dat dung lugng
cao nhat (118 mAh/g), diéu nay ciing phu hop véi cac gia
tri vé khoang cach d gilta cac mat mang dugc thé hién nhu
trong hinh 6. vi khoang cach d cang 16n thi kha nang dan cai
ion cang d& dang hon. Bén canh d6, két qua hiéu suit dong
ctia cac mau cho théy c4c mau c6 hiéu suat dong kha 6n dinh
trong 20 chu ky (hinh 7), chimg t6 qua trinh dan cai thuén
nghich cta ion Na* Vao cAu trac va Vat liéu Na F62 sMn, .0,
c¢6 ham lugng cua sat cao nén khong can thoi gian nung qua
dai.

W Dung lugng riéng Khoang cach

12 15 24 36

100
80
60
40 [
20
0 i i
12

Thei gian (h)

o i N N »
5 @& © & B
(Y) yoe2 Bueoyy

Dung lwong riéng (mAh/g)

=4
3

0,0
36

Hinh 6. Biéu d6 thé hién méi quan hé giira dung lwong riéng va
khoang cach giiva cac mat mang ciia mau NaFMO.
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86 chu ky

Hinh 7. Bién thién dung lweng riéng (a) va hiéu suéat dong (b)
theo so6 chu ky cua cac mau NaFMO_12, NaFMO_15, NaFMO_24
va NaFMO_36.

Keét luan

Vatliéu Na Fe, Mn /30 duoc tong hop vai do tinh khiét
va do tinh thé hoa cao v6i thoi gian nung ti wu 1a 12 gio.
Trong ving thé 1a 1,5-4 V (vs. Na"/Na), sau 20 chu ky véi
toc do dong 1a C/10, mau NaFMO 12 cho dung luong 110
mAh/g, dat yéu cau cho vat liéu dién cuc pin. Sau 20 chu
ky, dung lugng pln giam con 73% so voi ban dau, véi hiéu

suat dong dat gan 100%.
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