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TOM TAT

Vit liéu gdm BioosSmo1Fes. xC0x0s (x = 0,02; 0,04; 0,06; 0,08 va 0,1) (BSFCO) dugc tong hop
bang phuong phap phan tmg pha rén. Phén tich gian d6 nhidu xa tia X cho thiy tat ca cac mau ché
tao déu don pha céu trac truc thoi (R3c) cua hop chét perovskite BiFeOs. Ngoai cac dinh nhidu xa
dic trung cho pha BSFCO con ¢ su xudt hién cta cac dinh nhleu Xa cla cac pha tap chat
BixsFeQ4o va CoFeO4 (CFO). Su dong gop riéng 1é cua timg pha ciu trac tinh thé duge xac dinh
thong qua cac mode dao dong phonon trong nghién ciru phd tan xa Ramann. Hinh théi va kich
thudc hat cua cac mau véi néng do pha tap Co khac nhau dugc kiém tra trén anh kinh hién vi dién
tr quét SEM. Khi pha tap cac ion Co®* thay cho cac ion Fe3*, do su xuat hién cia pha tap tir tinh
CFO, vat liéu thé hién dic trung sat tir yéu voi gia tri tu d bdo hoa taing manh tir 0,705 emu/g dén
4,756 emu/g twong (mg v6i nong do pha tap Co tang tir x = 0,02 dén x = 0,1.
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ABSTRACT

Ceramic samples of BigeSmoiFe1xCoxOs (X = 0.02, 0.04, 0.06, 0.08 va 0.1) (BSFCO) were
synthesized by solid-state reaction. The structural analysis on the X-ray diffraction patterns
revealed a single-phase of the R3c rhombohedral structure of BiFeO3 and small trace of BizsFeOao
and CoFeO. (CFO) impurities phase. A phonon vibration of individual phase was studied in the
Raman scattering spectra. The microstructure showed a gradual decrease of grain size with
increasing doping concentration. The weak ferromagnetism was observed with a high saturation
magnetization of 0.705 emu/g for x = 0.02 and 4.756 emu/g for x = 0.1. The magnetic properties
were strongly influence by CFO impurity.
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1. Mé& dau

BiFeOs; (BFO) 1a mot trong rat it vat lidu co
su ton tai déng thoi cd hai pha sat dién (Tc ~
1103 K) va phan st tir loai G (T ~ 643 K) &
nhi¢t do phong. Tinh chit da pha dién - tur
(multiferroic) doc ddo cuia BFO da thu hut
duoc su quan tdm cua cdc nhom nghién cuu
va md ra tiém nang ing dung cia vat liéu nay
trong céac linh vuc luu triv dir li€u, cam bién,
quang dién tr, pin mat trdi, quang xdc tac xu
1y chat mau hitu co, hay trong céc thiét bi da
chtrc nang [1], [2]. Do tuong tac gitra hai pha
sat dién va phan sit tir rat yeu vi vay cac
nghién ctru hién nay chi yéu tap trung vao
viéc tim cach cai thién tinh chat sét tir yéu cua
vat liéu nay. Thuc nghiém di chung to rang
viéc pha tap cac nguyén té dat hiém hodc kim
loai chuyén tiép cho nguyén t6 Bi hodc Fe
trong BFO 1a cach tiép can hiéu qua co thé
gilip nang cao hé s6 twong tac tir - dién va cai
thién tinh chit da pha dién - tir cua vat liéu.
Tuy nhién, su pha tap nay s€ anh hudng lon
dén su 6n dinh cua ciu trac truc thoi R3c va
dan t6i sy chuyén pha céu tric tir truc thoi
sang tryc giao (Pnma, Pbma, Pbnm, ...) [3],
[4]. Pic biét, & mot nong d6 pha tap nhat
dinh, vt lidu c6 thé ddng thoi ton tai nhidu
pha céu triic khac nhau (goi 14 vung bién pha
cAu truc). Tai vung bién pha cAu truc, vat liéu
BFO khong nhiing ton tai da pha ciu triic ma
con xuit hién da pha sét dién va da pha sat tir
[5]. Céac cation Sr?*, La*, Pb%*, Ba%,..
thuong duogc sir dung dé pha tap vao vi tri A
ciia BFO. Tuy nhién, cac cong bd trude diy
cho thiy viéc pha tap ion Sr?* tai vi tri Bi®* c6
thé cai thién dang ké cac dic tinh quang xtic
tac ciing nhu cac tinh chit multiferroic cua
vat liéu gém BFO. Ngoai ra, viéc pha tap cac
nguyén t6 lanthanide (La, Sm,...) c6 thé ting
cuong tinh chét sit dién va sat tir cua vat liéu.
Céc cation kim loai chuyén tiép nhu Nd*,
Mn*, Co* va Ti* thuong duoc sir dung dé
thay thé cac ion tai vi tri B ciia BFO. Trong
d6, Co®* dugc ching minh 1a ion pha tap phu
hop cho vi tri cua Fe vdi chi mot lugng nho

d3 co thé lam ting dang ké tir 46 cua BFO.
Ngoai ra, viéc pha tap cic ion Co®* cling cai
thién tinh chat quang va mé ra tmg dung tiém
nang trong linh vyc quang xuc tac [6], [7].
Cong bd ciia nhom nghién ctru Troyanchuk
va cac cong su [8] chi ra tuong tac gilta cac
pha sit dién va pha sit tir dugc ting cuong
dang ké trong mau gdm BiixSM.FeO; khi
nong do pha tap nguyén t6 Sm ting dén x =
0,14. Theo Yotburut va cong su (2017) [9], su
gia ting ndng do pha tap Sm c6 thé dan dén
su chuyén pha céu tric tir pha truc thoi sang
pha truc giao (Pnma). Ngoai ra, viéc pha tap
Sm vao vt liéu nén BFO con ¢6 thé 1am thay
ddi do rong vung cAm, do rong vung cAm
giam khi ting ndng d6 Sm [10]. Mot sb cac
nghién ctru khac trén hé BiFeOs pha tap Co
[11] [13] cho thiy c6 thé c6 su chuyen pha
ciu truc trong vat liéu do su pha hiy céu trac
spin xoan, déng thoi 1am ting manh tir d6 bio
hoa cua vat liéu 1én tdi trén 1 emu/g va dugce
gidi thich 1a do sy c6 mat cia tap chét tr tinh
CoFe;04. Mic du, d3 c6 rat nhiéu nghién ctru
vé anh hudng cua sy pha tap cac ion kim loai
chuyén tiép hay ion dét hiém dén cau tric va
tinh chét dién, tir, quang ctia hop chit BFO,
cho dén nay sé cong bd khoa hoc vé sy anh
huong dén cAu truc, tinh chét sit dién, st tir
va tinh chat quang cua BFO khi pha tap dong
thoi ca hai vi tri A va B con han ché. Trong
bai bao ndy, ching t6i tién hanh ché tao va
tap trung nghién ciru cdu tric va tinh chat tir
clia mau gém da tinh thé BiFeO3 dong pha tap
(Sm, Co) cho vi tri cua (Bi, Fe), BigeSmg1Fe:-
xC0xO3 (x = 0.02; 0.04; 0.06; 0.08 va 0.1).

2. Thue nghiém

Cac miu da tinh thé BioeSMmoiFe:xC0xOs
(BSFCO) véi x = 0.02; 0.04; 0.06; 0.08; 0.1
dugc ché tao bang phuong phép phan tmg pha
ran st dung tién chit 1a cac oxit co do sach
cao BiyO3, Sm»03, Fe,03 va Co,03. Céc tiél’l
chét ban dau duoc can theo dung cong thuc
hop thire, nghién tron 1an 1, ép thanh vién va
nung so by ¢ nhiét do 800°C trong 12 gio.
Sau d6, cic mau vién dugc pha vo, nghién
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tron 1an 2, ép thanh vién va cudi cung dugc
thiéu két tai nhiét do 850°C trong 12 gid. Sau
khi thiéu két, cdu tric tinh thé cla cac mau
dugc kiém tra thong qua phd nhidu xa tia X
(XRD) duoc do trén hé nhiéu xa tia X D2 —
Phaser sir dung ngudn buc xa Cu-Ka (A =
1.5405 A). Dir liéu XRD duoc phén tich bang
phuong phap Rietveld va chuong trinh
GSAS-2. Hinh thai va kich thuéc hat cua cac
mau duogc kiém tra bang anh kinh hién vi dién
to quét (SEM) trén hé do Hitachi S — 4800.
Phé tan xa Ramann (RS) duoc ghi trén may
quang phd Xplora-Plus Horiba, hoat dong ¢
budc song 635 nm. Céac phép do tr hda M(H)
duoc tién hanh trén hé tir k& mau rung (VSM)
o tur truong 1T vai budc do 200 Oe.

3. Két qua va thao luin

Hinh 1 dua ra gian d6 nhidu xa tia X (XRD) cuia
h¢ vat liéu BiosSmoiFe:1xCoxOs voi x = 0.02;
0.04; 0.06; 0.08; 0.1. Két qua phan tich gian do
XRD cho thy tit ca cic mau déu co ciu tric
tinh thé tryc thoi thudc nhoém khong gian R3c
ctia hop chét perovsikte BiFeO; [14].
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Hinh 1. Gidn dé nhiéu xq tia X tqi nhi¢t do phong
cua cac mau BSFCO
Quan sat trén phd XRD, ngoai cac dinh nhiu
xa dic trung cho pha BSFCO con ¢ sy xudt
hién cua cac dinh v6i cudng do rt yéu tuong
g voi pha tap chit (dugc danh déu bang ki
hiéu kim cuong ¢ nhu trong hinh 1). Theo

phan tich cia nhém nghién ciru A. Marzouki
va cong su (2018) [15], pha tap chat nay duoc
cho 13 pha tinh thé cua sillenite BixsFeOs cO
chu tric 1ap phuong thudc nhom khong gian
123. Mat khac, cong bd cua Zhang va cong su
(2016) [16] da nhan dinh rang pha tap chat
sillenite ¢ thé bi triét tiéu bang cach pha tap
La, déng pha tap La véi Ti hodac Mn véi néng
do thich hop. Cac nghién clru nay ciing cho
thiy rat kho c6 thé pha tap Co vao mang tinh
thé nén cua BiFeO; ¢ diéu kién ap sudt khi
quyén. Hon nita, sy pha tap Co khong dong
vai tro trong viéc hinh thanh pha tap chit
sillenite, khi mot lwong nho Co khong tham
gia phan tmg tao thanh hop chat BSFCO theo
dung cong thirc hop thire ¢ thé két hop voi
Fe dé tao thanh pha tap chit thir 2 trong vat
lidu, pha spinel CoFe,04 (CFO). Trén gian do
XRD, dinh nhiéu xa dic trung cho pha tap
chat tir tinh nay xuét hién tai vi tri goc nhidu
xa 20 = 35,6° v6i cuong d6 ting dan theo
ndng do pha tap Co ting. Mic du, CFO la pha
tap chét tir tinh khong dugc trong doi, sy xuét
hién cta n6 lai gop phan lam ting cudng ca
tinh chét tir va tinh chat dién cua hop chét
BSFCO [17]. Phén tich chi tiét gian d6 XRD
ta thiy sy bao toan ctia nhom ddi xing khong
gian R3c cua BFO tai cac nong d6 pha tap Co
1a cao so véi su pha tap cac nguyén té khac
vao vi tri cia Fe (nhw Mn, Ti,...) [15], [16].
Do d6, c6 thé du doan rz:ing, tinh chat sit dién
ndi tai xuét phat tir sy tdn tai cua cap dién to
ddc than 6s? cua Bi®* duoc gitt nguyén. Ngoai
ra, chiing t6i ciing nhan thiy xu hudng dich
chuyén vé phia goc 26 16n cta dinh nhiéu xa
chinh gan 32°. Piéu nay 1a phu hop véi cong
bd ciia Wang va cong su (2019) [7] va dugc
giai thich c¢6 thé 1a do su khac biét vé& ban
kinh gifta cac ion Co®" pha tap va céc ion Fe®*
clia mang nén.

Dé dua ra cac nhan dinh chinh xac va chi tiét
hon vé su ton tai cla cac pha cAu truc khac
nhau trong vat liéu BSFCO, chung t6i tién
hanh do phd tan xa Ramann (RS) duoc kich
thich véi budc song 2 = 635 nm cua tat ca cac
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mau & nhiét d6 phong. Két qua do phd RS cua
cac mau BSFCO duogc chi ra trong hinh 2.
Theo 1y thuyét dao dong, hop chit BFO két
tinh theo cAu triic tinh thé truc thoi thudc
nhém khéng gian R3¢ sé& ¢6 13 mode dao
dong Ramann, dugc biéu dién boi cong thure
I' = 4A1 + 9E [18]. Trong nghién cuu nay,
ching t6i quan sat thdy c6 tit ca 8 mode dao
dong Ramann trong dai tir 100 — 800 cm™ cho
cac mau BSFCO. Cac mode dao dong tai cac
vi tri 138, 173, 224, 275 , 372, 478, 526, 614
cm? twong ung duoc ki hiéu 1a E-2 (TO), E-2
(LO), Ai-2 (TO), E-4 (TO), E-7 (TO), E-8
(LO), E-9 (TO) va E-9(LO) (Hinh 2) [14].

x=0.1
x =0.08
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Hinh 2. Phé tdn xa Ramann cia cdc mau BSFCO
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Hinh 3. Arh SEM tqi nhiét dé phong ciia cdc mdau Bio9Smo1Fe1xCoxOs véi

Trong do, 2 mode dao dong E-2 (LO) va A;-2
(TO) dic trung cho nhom dbi xung R3c. RO
rang, cuong d6 cua hai mode dao dong nay
gin nhu khong thay dbi voi cac ndng do pha
tap Co, ching t6 pha tinh thé R3c chiém wu
thé va khong c6 sy chuyén pha cdu tric trong
tat ca cac mau BSFCO. Ngoai ra, trén phd RS
con ¢6 sy xuat hién ctia mode dao dong tuong
g voi pha thir cAp CoFeOs tai vi tri 685 cm™
cho thiy su ton tai cta tap chit CFO trong tat
ca cac mau. Tuy nhién, do sy trung phu cta
cac mode dao dong ma cac mode dao dong
dic trung cho pha tap chét sillenite khong
dugc quan sat thiy trén phd RS.

Hinh 3 trinh bay anh SEM ctia cic mau
BSFCO véi cac néng do pha tap Co khac
nhau. Chung t6i nhan thiy su suy giam 16 rét
kich thudc hat trung binh ciia cic mau theo
noéng do pha tap Co tang dan. Kich thudc hat
trong cac mau 1a khong dong nhat va duoc
gidi thich co thé do cac miu déu 1a miu da
tinh thé tong hop bang phuong phép phan tmg
pha rin & nhiét d6 cao. Ngoai ra, ching toi
nhan théy d6 két dam cua cac hat tang manh
trong cac mau x = 0.06; x = 0.1 (Hinh 3¢, 3d)
va ¢o thé dugc xem 1a mot bang chimg su
tang cuong tir tinh ciia vat liéu khi tang nong
do pha tap Co.

() x=10.02; (b) x=0.04; (c) x=0.06va (d)x=0.1
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Tuy nhién, dé phan biét dugc su tdn tai cua
cac pha cAu tric khac trong vat liéu, phuong
phap nhiéu xa dién tir s& dua ra nhiing thong
tin chinh x4c hon.

Céc loop tir tré do tai nhiét do phong, M(H),
ctia hé vat lieu BSFCO duoc biéu dién trong
hinh 4. Két qua cho thdy, tat ca cac mau déu
thé hién tinh sit tir véi do tir héa bao hoa Ms
taing manh tir 0,705 emu/g dén 4,756 emu/g
khi ndng d6 pha tap Co ting tir x = 0.02 dén x
= 0.1. Piéu nay chimg t6 su dong gop cua pha
tap chat tir tinh CFO vao tinh chat tir cta cac
mau pha tap Co. Thong thuong, hop chat
BFO c6 trat tu phan sit tir loai G. Do tuwong
tdc Dzyaloshinskii — Moriya (DM) giira cac
momen tir ciia cation Fe** 1am cho phan mang
phan sét tir tr nén bat ddi xtmg va xuit hién
do tir hoa vi md, con goi 1a tinh sat tir yéu.
Tuy nhién, tinh sit tir yéu ndy c6 thé bi triét
tiéu do céu triic spin xodn ¢ tuan hoan vai
chu ky 62-64 nm cua vat liéu nén BFO. Sy
pha tap cac ion Co vao mang nén BFO c6 thé
tryc tiép 1am thay dbi goc lién két Fe-O-Fe va
tuong tic DM, do d6 tinh chat tir ctia hop chat
BFO duogc tang cuong 16 rét [19]. Theo mot
sO nghién ciru trude day, su pha tap Sm vao
mang nén BFO gan nhu khong anh huéng
nhiéu dén tinh chét tir cua vat liéu.

M (emu/g)

-10 I -5 I 0 I 5 ‘ 10
H (kOe)
Hinh 4. Cac loop tir tré do tai Tp cua vdt liéu
BSFCO voi cac nong do pha tap Co khdc nhau

Gia tri tir 36 bao hoa cyc dai chi dat khoang
0,008-0,15 emu/g [20], [21]. Tuy nhién, tinh
st tir v6i gia tri Ms thu duge khi pha tap Co
hoic dong pha tap Sm va Co cao hon rit
nhiéu [14], [15]. Mat khac, pha tap chat
sillenite c¢6 dac trung thuan tor & nhiét do
phong nén khong c6 dong gép gi vao tinh
chat tlr cia cac mau ché tao. Nhu vay, tinh
chat tir duoc ting cuong manh ciia cac miu
dong pha tap (Sm, Co) trong nghién ctru nay
¢6 thé do hiéu tung kich thudc hat, sy pha hiy
cAu tric spin xodn va twong tac sat tir giita cac
ion Fe3*-0-Co®".

4. Két luan

Trong bai bao nay, chung t6i da nghién clu
cdu tric tinh thé va tinh chét tir ciia hé vét lidu
BFO dong pha tap (Sm, Co), BigsSmoiFe:.
xC0x03 véi x = 0.02; 0.04; 0.06; 0.08; 0.1.
Thong qua phan tich gian d6 XRD, hé vt liéu
ché tao co céu tric tinh thé tryc giao thude
nhém ddi xtrng R3c vdi su xuét hién cta céac
pha tap chit tir tinh CoFeOs VA BissFeOuo.
Nghién clru cac mode dao dong cua cac
phonon trong mang tinh thé thong qua phé
RS cho ta nhitng thong tin chi tiét vé su dong
gop riéng 1¢ cua cac pha tinh thé. Su tang
cuong tinh st tir cua tat ca cac mau duoc
khing dinh 1a do dong gop chu yéu cua pha
thir cap CFO khi pha tap Co. Nghién ctru nay,
mot lan nita chung té sy pha tap Co hodc
ddng pha tap cac nguyén té kim loai dat hiém
va Co vao hop chit BFO lam ting manh gia
tri cua tir 6 bao hoa do sy hinh thanh cta cac
pha tap chit tir tinh.

L1 cdm on

Cong trinh nay dugc thuc hién theo dé tai
Khoa hoc va Cong nghé thudc Chuong trinh
phat trién Vat 1y cia B6 Gido duc va Dao tao
voi ma s6 dé tai B2019-TNA-03.VL.
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