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TOM TAT

Vat liéu oxide cdu tric 16p la mot trong cac vat liéu dién cuc tiém nang Uing dung cho pin sac Na-ion
thé hé mdi. Trong do, oxide kim loai dang 16p ti kim loai chuyén ti€p mangan va st gay dugc nhiéu
su chu y do gia thanh ré, khéng doc hai va dé téng hop. Trong nghién cliu nay, vat liéu cau tric
I6p NaFe,Mn_Os (x = /3, 1/, va %/3) duoc téng hop béng phuong phdp nung pha rén & nhiét do
900 °C trong thai gian 12-36 gic. Két qua nhiéu xa tia X cho thay tat ca cac vat liéu NaFe,Mn;_,O,
t6ng hop dugc déu don pha va cé cau tric I6p. Vai hai ty 16 FeMn = 1/3:2/3 va 1/5:1/5, cac vat liéu
tao thanh cé cau tric I&p dang P3; trong khi @9, tai ty 1& Fe:Mn = 2/3:1/3, vat liéu tao thanh cé ciu
trdc I6p dang O3. Kich thudc & mang cling nhu thé tich 6 mang phu thudc vao ban kinh ion Mn3+
va ban kinh ion Fe3*. Kha nang dan caiion Na™ thuan nghich vao cac vat liéu dugc khdo sat bang
phuong phap phéng-sac dong cé dinh. Tuy thudc vao ti [é Fe:Mn, duong cong phéng-sac cé su
khac nhau vé hinh dang va dung lugng riéng. Dung lugng riéng dat dugc tuong Ung vai cac ti
lé Fe:Mn [a 120 mAh/g (1/5:1/2), 118 mAh/g (3/3:1/3) va 120 mAh/g (1/3:2/3). Sau 20 chu ky, dung

lugng riéng cé su suy gidm con 77 mAh/g (1/5:1/2), 88 mAh/g (3/3:1/3) va 80 mAh/g (1/3:2/3).
Tu khoa: dan caiion Na+, pin sac Na-ion, vat liéu cdu tric Iép, NaFexMn1-x02

MG DA

Trong nhiing ndm gan day, véi sy chu trong phit trién
cdng nghé “xanh’”, pin sac Li-ion (Lithium ion batter-
ies, LIBs) da dugc ting dung nhiéu trong cac thiét bi
c6 kich thudc 16n nhu xe dién (EV), xe lai dién hay
luéi dién thong minh 2. Diéu nay lam tang méi quan
ngai vé nguy co thiéu hut nguén nhién liéu dé€ dép
tng dugc cho nhu ciu st dung trong vai chuc nam
t6i vi tri lugng Li trong vo trai dit kha thap, chi tap
trung chit yéu & Nam Myj>. Hon niia, chi phi sin
xudt cao da lam han ché kha nang ting dung ctia LIB.
Ngugc lai v6i sy khan hiém cta Li thi Na 1a nguyén t6
kha phd bién trén trdi dat, nguén tri lugng 16n, khai
thac dé dang tli nudc bién, cic moé mudi va san lugng
khai thac cho thé dép ting cho nhu cu st dung trong
pin, san lugng khai thac hang nam da 1én dén hang
chuc triéu tdn. Hon niia, gid thanh cta nguyén liéu
Na;CO3 (khoang 135-165 $/tdn) thdp hon nhiéu so
v6i Lip CO3 (khoang 5000 $/tdn) vao nam 2010. Vé
tinh chit héa hoc, Na va Li lai ¢6 nhiéu diém tuong
dong véinhau, do d6, pin sac Na-ion (Sodium ion bat-
teries, SIBs) da bit dau dugc ddy manh nghién ctiu véi
hy vong loai pin sac nay c6 thé thay thé mot phan pin
sac Li-ion dé ting dung vao céc thiét bi du tri ning
lugng c& 16n*.

Trong s6 céc loai vét liéu dién cuc cho pin sac Na-
ion (Sodium-ion batteries, SIBs), vat liéu cdu tric 16p
la mét trong nhiing ho vat liéu dugc nhiéu sy chu y
do c6 nhiéu diém tuong dong véi cic vat liéu thuong
mai st dung trong pin sac Li-ion. Céc vét liéu ox-
ide kim loai céu truc 16p ctia mangan va sit dugc
cdc nha nghién ctu tip trung phat trién do uu diém
vé gi4 thanh va than thién méi truong>°. Tac gia
Naoaki Yabuuchi cting cic cong su’ da nghién ctiu
va tng hop thanh cdng vét liéu dién cuc duong la
P2-Na, /3Fe| ;Mn 0, béng phdn ting nung pha ran
trong moi trudng khong khi, két qua danh gia dién
héa cho thdy qua trinh dan cai thuin nghich tét va
dung lugng dat dugc 1a 190 mAh/g trong vung thé
1,5-4,2 V (vs. Na™/Na). Tic gia Thorne ciing cic
cong sud da téng hop va khao st tinh chat dién héa
cua vat liéu Na,Fe,Mn _, O, v&i rat nhiéu ti 1é x khac
nhau (0,5 < x < 1,0) va xét trong cac vung thé khac
nhau gém c6 1,5-4,0 V (vs. Na®/Na) va 1,5-4,25 V
(vs. Na™/Na), két qua cho thdy trong ving thé 1,5-
4,25V (vs. Na*/Na) cho dung lugng cao hon ving thé
1,5-4,0 V (vs. Na™/Na) nhung hiéu sust dong lai thdp
hon. Nhom nghién ctiu ctia Xu® da téng hop vét liéu
P2-Nag 66Feg sMng 50, va do dung lugng trong hai
ving thé 12 1,5-4,0 V (vs. Na™/Na) va 1,5-4,3 V(vs.
Na™/Na), két qua dat dugc 1a trong viing thé 1,5-4,0

Trich dan bai bao nay: Kiéu Duyén N T, Thanh Nguyén H L, Thu Trang N T, Loan Phung L M, Man T V.
Nghién cifu cu truc va tinh chat dién héa cta vat liéu NaFexMn.40,. Sci. Tech. Dev. J. - Nat. Sci;
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V (vs. Na™/Na) thi dung lugng 12 110 mAh/g, thip
hon khi do trong ving thé 1,5-4,3 V (vs. Na'/Na) 1a
158,1 mAg/h. Tuy nhién, hiéu sut dong trong viing
thé 1,5-4,0 V (vs. Nat/Na) lai 6n dinh hon, sau 50
chu ky, hiéu suat dong la 98,2%, trong khi & viing thé
1,5-4,3 V (vs. Na™/Na) thi dat 77,2%. Téc gia Wesley
M. Dose cling cic cong su ° dd nghién ciu vétliéu dién
cuc duong Na, /3Fe02Mng 3O, voi dung lugng dat
190 mAh/g trong viing thé 1,5-4,2 V (vs. Na™t/Na),
va sau 50 chu ky thi hiéu suit dong la 71,7%.

Trong nghién cttu nay, ching toi tong hgp vat liéu ciu
triic 16p NaFe,Mn_,O, (x = /3, 1/, va2/3). Céc vat
liéu dugc téng hgp & cic ty 1é ctia Fe:Mn khéc nhau véi
nhiét d6 nung 900 °C va trong thoi gian khac nhau.
Két qua nghién ctiu cho thiy anh huéng ctia thai gian
nung dén ciu truc vat liéu cing nhu kha nang dan cai
thuan nghich ion Na™.

THU'C NGHIEM VA PHUONG PHAP
NGHIEN CUU

Téng hop vat liéu

Dé téng hgp vat liéu NaFeyMn;_,O;, cic tién
chit hydroxide FeyMn;_,(OH), dugc téng hgp
bing phuong phdp dong két tta cta (NH4);SO4.
FeSO4.6H,0 va MnSO4.H;O trong moi trudng khi
N,. Phan ting dong két tha hydroxide dugc thuc
hién trong moi trudng khi N, d€ dam bao két taa
Mn(OH); khong bi oxi héa tao thanh MnO; hodc
MnOOH. Muéi ctia Mn va Fe dugc can theo ty 1é va
hoa tan trong nudc cit. Hén hgp dung dich mudi
dugc suc khi N, manh trong 30 phat. Dung dich
NaOH 1 M (lugng du 10%) dugc cho vao tu tu va
dung dich dugc giti 6n dinh tai pH = 11 & nhiét do
50 °C. Hé phan ting dugc git trong vong 12 gid ké tit
lac két thuc giai doan cho NaOH va nhiét d6 cta hé
phén tGng dugc duy tri 6n dinh & 50 °C. Sau khi phan
ung két thic, két tha dugc loc, riia véi nude cat dén
pH trung tinh va sdy kho trong chan khong & 80 °C
trong vong 12 gid.

Vat liéu c6 cdu truc 16p Na,FeyMn;_,0, dugc téng
hop tii tién chat Fe,Mn;_,(OH), va Na,CO3. Tién
chat FeyMn_,(OH), dugc nghién v6i Na; CO3 véi ti
1é tong mol ion kim loai va Na la 1:1, lugng Na, CO3
dugc thém du 10% va dugc nung & 900 °C trong cic
khoang thoi gian 1a 12 gig, 15 gid, 24 gid va 36 gio.
Ki hiéu mau cho méi ti 1é¢ khac nhau ctia Fe:Mn nhu
trong Bang 1.

Vat liéu dién cuc sau khi nung dugc tiép tuc tron déu
v6i bdt Cgs va chét két dinh polytetrafluoroethylene
(PTFE) véi ti 1€ 1an lugt 13 80:15:5 theo khoi lugng,
qué trinh can mang dién cuc dugc thuc hién trong
ta thao tdc khi argon d€ han ché anh hudng cta khi

318

oxygen va hoi nu6c. Mang sau khi can dugc sdy chan
khong & 80 °C trong 12 gid.

Pin mo6 hinh dugc 1ap rép trong ta thao tac khi argon
véianode la sodium kim loai, mang ngan s¢i thuy tinh
GF/FE, cathode 1a mang dién cuc dugc ché tao. Pin md
hinh st dung hé dién giai NaClO4 1 M trong dung
moi propylene carbonate (PC) chita 2% vé thé tich
flouroethylene carbonate (FEC).

Panh gia cau tric va tinh chat dién héa

Céc mau vt liéu tng véi ba ti 1é khac nhau va cung
diéu kién khao sat vé nhiét d6 1a 900 °C trong lan lugt
12 gig, 15 gid, 24 gid, va 36 gid dugc phan tich cdu
tric bang phuong phdp nhiéu xa tia X trén thiét bi Ad-
vance D8 (Brucker) btic xa CuKot (A = 1,56 A), véi téc
do6 quét 0,02 /s, géc quét 20 tli 10°-70°. Tinh chét
dién hoa dugc nghién ctiu bing phuong phép phéng-
sac dong ¢6 dinh v6i méat d6 dong C/10 trong ving
thé 1,5-40 V (vs. Na*/Na) trong 20 chu ky.

KET QUA VA THAO LUAN

Panh gia cau trac vatliéu

Cac vt liéu NaFe,Mn|_,0O; sau dugc phén tich cidu
tric bing phuong phép nhiéu xa tia X (XRD) v6i téc
dd quét 0,02°/s véi gbc quét 26 = 10-70°. Két qua
gian d6 XRD dugc xti Iy bang phdn mém X’pert High-
Score Plus (PW) Release Notes; thong s6 mang dugc
tinh todn tit gian 46 XRD bang phdn mém Celref. Céc
gian d6 nhiéu xa tia X dugc bién dién trong Hinh 1 va
thong s6 mang dugc chi tiét trong Bang 2. Trong két
qua XRD ctia cac mau vét liéu khong quan sat thdy
tin hiéu ctia cac oxide MnyO3 hay Fe;O3; ching to
cdc vat liéu téng hgp sach.

Gian d6 XRD cta chubi vat liéu M01 & céac thoi
gian nung khic nhau déu cho cdc mai nhiéu xa
tuong tng voi gidn d6 nhiéu xa XRD chuén cua
vt liéu Nag6CoO, (JCPDS: 01-071-1281)'°, céc
mai nhiéu xa léch vé phia géc 260 nho so véi gian
d6 chudn NajCoO,, diéu nay cho thiy sy md
rong khodng cach gitia cc 16p trong cdu tric P3-
Nag cFej oMn; 50, va c6 thé ting khd ning di
chuyén ctia ion Na™.

Céc muai nhiéu xa thu dugc tli cdc mau trong chudi vét
liéu M02 cho thdy mau tinh thé két tinh t6t, cudng do
mii nhiéu xa cao, chn mi hep, vi tri tuong déi cta
cdc mii nhiéu xa ciing phu hgp véi gidn d6 chuén O3-
NaFe; /3Mn, /30 (JCPDS: 00-053-0349).

Doi v6i cdc mau trong chudi vat liéu MO03 cho cac
mai nhiéu xa cing phtt hgp véi gian d6 chuén XRD
ctia vat liéu c6 cdu tric 16p P2-Nag 67Nig 33 Mng 6702
(JCPDS: 00-054-0894). Trong bén mau cta chudi vét
liéu M03, mau M03-915 cho cac mii nhiéu xa 16 va
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Bang 1: Khdo sat cac ti 1é chia Fe:Mn va ki hiéu mau

Tiléy Vit liéu Thoi gian nung
12 gio 15 gio 24 gio 36 gio
1/2 NaFel/ZMnl/ZOQ MO01_912 MO01_915 MO01_924 MO01_936
2/3 NaFe2/3 Mn1/3 (0)) Mo02_912 Mo02_915 Mo02_924 M02_936
1/3 NaFe1/3 Mn2/3 (o)) Mo03_912 Mo03_915 MO03_924 M03_936
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Hinh 1: Gidn d6 XRD clia chuéi vat lieu MO1 (NaFe;/,Mn,;/,0;), M02 (NaFe,/;Mn,;;0;) va MO3

(NaFe1/3 Mn2/302).

sic nét hon cadc mau con lai. Ngoai ra, cdc mii nhiéu
xa clla mau M03-915 déu c6 khuynh huéng dich vé
phia goc 20 nho, diéu nay cho thdy su ting khoang
cach d gitia cac 16p (thong s6 mang c).

T két qua cta thong s6 mang cho thdy, d6i v6i mau
MO1, céc gid tri vé thong s6 mang a, b, c va thé tich 6
mang déu 16n hon céc gia trj clia vét liéu Nag 6CoO,
vi ban kinh ctia ion st (rp,+ = 0,64 A) va mangan
(ty2r = 0,8 A) déu 16n hon ban kinh ctia ion coban
(tcp3+ = 0,63 A). Cac gid tri clia thong s6 mang giam
theo thdi gian nung. Mau M02-912 c6 gid tri thong s6
mang va thé tich 16n hon mau M02-915 va M02-924,
diéu do chiing to6 mau M02-912 ¢6 cdc canh 16n hon,

tao khong gian rong hon, thuan lgi cho cac ion Na
dan cai vao cdu tric. Cac mau M03 & nhiing thdi gian
nung khdc nhau déu c6 gia tri thong s6 16n hon gia
tri ctia chat chun Nag ¢7Nig 33Mn( 670, diéu nay cé
thé duogc gidi thich la do ban kinh cta ion sit Fe3*+
(0,64 A) 16n hon ban kinh ion niken Ni2* (0,62 A),
va khi xét cdc mau v6i nhau, thi mau M03-915 c6 gia
tri thong mang a, b, ¢ va thé tich 6 mang V 16n hon
3 mau con lai. Két qua trén cho thdy ham lugng Mn
cang tang thi gia tri ciia thong s6 mang va thé tich cang

giam.
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Bang 2: Cac gia tri théng s6 mang ciia vat liéu

Mau Thai gian nung (gi®) a=b(A) c(A) V (A)3

MO1 NaFe; ,Mn; ;0 12 2,9036 16,9330 124,40

15 2,9101 16,9132 124,04

24 2,8981 16,8377 122,47

36 2,8936 16,8209 121,97

P3-Nag 4CoO5 2,8310 16,5300 114,73

MO02 NaFe; 3Mn; 30, 12 2,9738 16,3815 125,46

15 2,9688 16,3335 124,67

24 2,9589 16,2909 123,52

36 2,9747 16,4011 125,98

NaFe;/3Mn, /30, 2,9551 16,5630 125,26

M03 NaFe; ;3Mn; /30, 12 2,8956 11,2337 81,57

15 2,9226 11,3079 83,65

24 2,8987 11,2162 81,62

36 2,8967 11,2002 81,39

Nay 67Nig 33Mng 670> 2,8846 11,1829 80,59
Tinh chat dién héa Hinh 3 biéu dién sy thay d6i ctia cdc dudng cong
Tinh chit dién héa cta cic miu Mol Phong sac ctia cic mau MOI trong 20 chu ky. Mau
(NaFe;;Mn; ,07),  MO02  (NaFey/3Mn; 307) M01-912 ¢6 sy duy tri dung lugng & cung thé trén

va M03 (NaFe;/3Mn;/303) dugc nghién ctiu biang
phuong phdp phéng sac dong ¢6 dinh trong pin mé
hinh Swagelok hai dién cuc & ving thé 1,5-4 V (vs.
Na™/Na) va t6c do phéng sac C/10. Pin mé hinh
Swagelok sau khi ldp rdp dugc bat ddu v6i qua trinh
sac dién (qua trinh oxy hoéa) tii thé€ mach hé (OCV)
dén thé€ 4 V, sau d6 pin dugc thuc hién qua trinh
phéng dién (qud trinh kht) dén 1,5 V, qud trinh
phong sac dugc nghién ctiu trong 20 chu ky.

Vat liéu MO1: NaFe;,;Mn;,,0;

Pudng cong phong sac chu ky dau tién ctia mau MO1
dugc bién dién trong Hinh 2a. Cic mau M01-912,
MO01-915, M01-924 va M01-936 ¢ kha nang dan cai
thuan nghich ion Na™ véi s6 ion dan cai 14n lugt 1a
0,34 (90 mAh/g), 0,33 (105 mAh/g), 0,38 (102 mAh/g)
va 0,43 (120 mAh/g). Cac dusng cong phéng sac déu
xudt hién viing thé phdng ¢ 2,3 V tuong ting véi phan
ting oxy héa khit clia cip Mn**/Mn3*+. Ngoai ra,
dudng cong phdng sac ctia ba mau M01-912, MO1-
915 va M01-924 déu xuit hién diém udn tai 3,5 V
chiing to su dong gop dung lugng ctia cdp oxy hoa
khii Fe**/Fe3*. Mau M01-936 dat dung lugng riéng
120 mAh/g, két qua nay khd tuong dong véi cac bao
c4o vé vit liéu cdu trac 16p dang P3°.
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2,5 V nhung giam do su mét dung lugng tai viing thé
phéng tuong tu nhu mau M01-936. Diéu nay c6 thé
gidi thich do hiéu ting Jahn-Teller véi su hoa tan ion
Mn>* sau méi chu ky phéng sac. S giam dung luong
ctiamau M01-915 va M01-924 xay ra do ting su phin
cuc trong cac chu ky phoéng sac tiép theo, diéu nay
dugc gidi thich 12 do 6 sy canh tranh vi trf ion Na™
trong cdu truc.

Bién thién dung lugng riéng sau 20 chu ki phdng sac
clia cdc mau M01-912, M01-915, M01-924 va M01-
936 dugc bién dién trong Hinh 2b. Dung lugng riéng
clia cac mau sau 20 chu ky 14n lugt 1a 59 mAh/g, 42
mAh/g, 20 mAh/g va 60 mAh/g. Mdc du dung lugng
riéng c6 sy suy giam kha déng ké, nhung mau M01-
936 c6 cdu tric 6n dinh, d¢ két tinh t6t nén do suy
giam dung lugng thip nhit, cho thdy vdéi ti 1¢ Fe: Mn
= % :% , thoi gian nung mau 1a 36 gid cho két qua tot
nhit.

Vat liéu M02: NaFe;;3Mn;,30;

Puong cong phéng sac trong chu ki ddu tién cta
cadc mau M02-912, M02-915, M02-924 va M02-936
dugc biéu dién trong Hinh 4. Céc dudng cong phong
sac déu xudt hién diém udn tai thé ~3,5 V tuong ting
v6i cip oxy héa khit Fe**/Fe’t va mot diém uén
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Hinh 2: Pudng cong phéng sac dau tién va bién thién dung lugng riéng sau 20 chu ky ctia cdc mau M01-912,
MO01-915, M01-924 va M01-936.
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Hinh 3: Pudng cong phéng sac ctia cdc mau M01-912, M01-915, M01-924 va M01-936.
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Hinh 4: Pudng cong phéng sac tai chu ki dau tién
M02-912, M02-915, M02-924 va M02-936.

ngan tai vung thé 2,3 V tuong ting cdp oxy hoa khi
Mn**/Mn3*. Dung lugng riéng ctia mau M02 c6
dugc do sy dong gop cuia ca hai cap oxy hoa khti trén.
Ngoai ra, cic dudng cong phong sac c6 do sut thé 16n
~500 mV, diéu nay cho thdy ndi trd 16n clia mang vét
liéu khi tién hanh phoéng sac.

Su thay d6i cua dudng cong phéng sac clia cac mau
M02-912, M02-915, M02-924 va M02-936 dugc
biéu dién trong Hinh 5. Kha nang dan cai ion Na
ctia mau M02-912 la khoang 0,42 F/mol, tuong tng
v6i dung lugng 14 120 mAh/g, Mau M01-912 c¢6 dung
lugng 6n dinh hon so v6i cidc mau c6 thoi gian nung
dai, dung lugng dat dugc 80 mAh/g sau 20 chu ki.
Cac mau c6 thoi gian nung dai M02-915, M02-924
va M02-936 c6 dung lugng giam nhanh qua tiing chu
ky, dung lugng duy tri & 60 mAh/g sau 20 chu ky.

Vat liéu M03: NaFe;;3Mn5;30;

DPudng cong phéng sac ctia chu ki dau tién cta cac
mau M03-912, M03-915, M03-924 va M03-936 v6i
téc d6 dong C/10 (Hinh 6). Cac duong cong phdéng-
sac chu ky 1 ¢6 hinh dang tuong dong véi nhau véi
s6 ion Na™ dan cai khoang 0,4 ion (tiong duong 120
mAh/g).

Két qua dudng cong phéng sac cia mau M03 trong
cac khoang thoi gian khac nhau véi téc d6 dong C/10
trong 20 chu ki, cho thdy kha ning dan cai ion Na ctia
mau M01-915 1a t6t nhit, khoang 0,42 F/mol, tuong
ung véi dung lugng 1a 120 mAh/g (Hinh 7).

Sau 20 chu ki thi dung lugng ctia mau M03_915 c¢6
giam nhung gidm cham va déu hon so vé6i ba mau
con lai. D61 véi mau vat liéu MO3 thi cang thoi
gian nung cang lau sé ¢ thé lam mét cip oxi hda
khti Mn3*/Mn** (viing thé 2-2,5 V) nghia la chiing
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va bién thién dung luong sau 20 chu ky ctia cac mau

khong tham gia vdo phan ting oxi héa kht, do vay
hoat tinh dién hoa sé phu thudc hoan toan vao sit.
Nhu véy, cdc mau vat liéu cdu truc 16p ctia Mn va Fe
déu c6 kha nang dan cai thuan nghich ion Na+ véi
dung lugng riéng x4p xi 120 mAh/g. Két qua nay con
thép so véi vat liéu thuong mai st dung trong pin sac
Li-ion LiCoO; (140 mAh/g). Diéu nay co thé giai
thich do qua trinh dan cai ion Na™ gip khé khan do
kich thudc ion dan cai 16n va qud trinh chuyén qua
gilia cdc qua trinh dan cai. Ngoai ra, phuong phap ché
tao mang bédng polytetrafluoroethylene (PTFE) cho
dién tré mang cao, dan dén sy suy gidm dung lugng
theo thai gian.

KET LUAN

Vat liéu NaFe,Mn|_, O, véi cdc ti 16 Fe:Mn 1a (1/3,
/5 va2/3) da duoc tong hgp thanh cong, vat liéu két
tinh t6t, sach, Tl két qué phén tich da chon ra dugc
thoi gian nung t6i uu cho vét liéu NaFe; ,Mn; ;O
(MO1) 14 36 gi65, NaFe, ;3Mn 30, (M02) 14 12 gi6s v
NaFe| 3Mn; /30, (M03) la 15 gio. Céc vat liéu tong
hgp déu c6 kha ning dan cai thuan nghich ion Na™
trong ving thé 1a 1,5-4 V (vs. Na™/Na). Cac vat liéu
da dat dugc dung lugng tuong ting 1a 120 mAh/g, 118
mAh/gva 120 mAh/g trong 20 chu ky véi téc do dong
la C/10. Hon niia, tiy thudc vao ti 1é Fe:Mn, dudng
cong phong-sac cd su khac nhau vé hinh dang va dung
lugng riéng.

LO1 CAM ON

Nghién cttu nay dugc tai trg béi Quy phét trién Khoa
hoc va Cong nghé Quéc gia (NAFOSTED) trong
khuon khé dé tai ma s6 104.06-2018.359.
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Hinh 5: Puéng cong phéng sac ctia cdc mau M02-912, M02-915, M02-924 va M02-936.
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Hinh 6: Budng cong phong sac tai chu ki dau tién va bién thién dung luong sau 20 chu ky clia cdc mau M03-912,
M03-915, M03-924 va M03-936
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Hinh 7: Pudng cong phéng sac ctia cdc mau M03_912, M03_915, M03_924 va M03_936.
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ABSTRACT

Layered oxides are promising electrode materials for sodium-ion batteries, the next generation of
rechargeable batteries. The layered oxides with the tranition metallic manganese and iron have
paid more attention due to its low-cost, eco-friendly, and facile preparation. In this work, the
metallic sodium oxides with a layered structure based on Fe and Mn, NaFexMn;_,O, (x = L1/,
va 2/3) were synthesized via a solid-state reaction at 900 °C for 12-36 hours. All XRD patterns of
NaFe,Mn;_,O, pointed out the layered structure. In two ratio Fe:Mn = 1/32/3 and 1/»:1/5, the syn-
thesized samples presented the P3-layered structure, while in ratio Fe:Mn = 2/3:1 /3, the O3-structure
was obtained. The lattice parameters were determined by Celref software. The lattice parameters
and the volumic of unit cells depended on the ionic radius of cation Mn3* and Fe3*. The Na-
migration was studied by the cycling test with a constant current. The charge-discharge curves
and the specific capacity depended on the ratio of Fe:Mn. The specific capacity was found out 120
mAh/g (/2:1/5), 118 mAh/g (/3:1/3), and 120 mAh/g (1/32/3). After 20 cycles, the capacity was
maintained 77 mAh/g (1/2:1/,), 88 mAh/g (3/3:1/3), and 80 mAh/g (1/3:2/3).
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