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Toan bo thong tin khoa hoc vé hoi nghi dugc tich hop vao Website chinh thirc cua Hoi nghi
tai dia chi: http://ersd.humg.edu.vn/.

Ban t6 chuc xin trin trong cam on Truong Pai hoc M6 - Dia chét, voi tu cach 1a don vi dang
cai to chirc Hoi nghi, cting cac don vi dong to chirc da hop tac chit ché va gop phan quan trong
vao viéc to chirc Hoi nghi ndy. Cam on cac nha khoa hoc va nha chuyén mén di dong gop cac
cong bd khoa hoc c6 gié tri cho Hoi nghi. Ban to chire cling danh gia cao sy nd luc ciia cac chuyén
gia doc bai d ¢6 nhiéu nd luc va dong gop dé nang cao chat lwong khoa hoc cia cac bao cdo, gop
phan quan trong vao thanh cong cua hoi nghi nay.

Ban to chirc mong mubn tiép tuc nhan duoc sy hop tac chit ché va gop ¥ chan thanh cua cac
don vi va ca nhan d6i voi viée chuan bi va to chirc hoi nghi, chat lucmg bao cao, bién tap, va xuit
ban ky yeu hoi nghi nham nang cao chét lugng cua cac hoi nghi t1ep theo, gop phan thuc day su
phat trién bén ving cta hoat dong nghién ctru khoa hoc va trao d6i hoc thuat thudc cac linh vuc
Khoa hoc Trai dét va Tai nguyén va céc linh vuc khoa hoc khéac c6 lién quan.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru cAu trac tinh thé, tinh chat sat dién va sét tir
cua vat liéu Bio,osREo,05Fe0,975N10,02503 (RE = La, Ho)

Dao Viét Thing", Nguyén Manh Hung, Ho Quynh Anh, Nguyén Thi Di¢u Thu
Truong Pai hoc Mo - Dja chat

TOM TAT

Vit li¢u BiFeO3 (BFO), vét BiFeOs pha tap ddng thoi 5% ion dat hlem (La** hogc Ho™") va 2,5% ion Ni**
dugc ché tao bang phuong phap sol-gel. Cau tric tinh thé, tinh chat sat tir va sat dién cua cac mau duge
khao sat bang cac k¥ thuat khac nhau nhu: Gian d6 nhiéu xa tia X (XRD), pho tan sic ning lugng tia X
(EDS), chu trinh tir tré (M-H), chu trinh dién tré (P-E). Két qua phan tich EDS cho thiy cdc mau ché tao co
thanh phan hoa hoc phii hop. Két qua XRD chi ra cac mau ché tao két tinh don pha trong cau tric mit thoi
thuéc nhom khéng gian Rsc. BFO c6 hing sé mang tinh thé a = 5,565 A, ¢ = 13,818 A va kich thudc tinh
thé trung binh Lxrp = 602 A. Khi pha tap ddng thoi (La®*, Ni2") hodc (Ho**, Ni2*) vao mang nén BFO cho
thdy hing s mang tinh thé a, ¢ va kich thu6c tinh thé trung binh Lxrp déu giam. Vat liéu BFO thé hién
ddng thoi tinh chét sét tir, sat dién yéu v6i tir 46 bdo hoa M, = 0,047 emu/g, tir d6 du M, = 0,008 emu/g, do
phan cyc dién bao hoa Ps = 0,290 uC/cm? va do phan cyc dién du P; = 0,087 pC/cm?. Tinh chat sit tir va
sat dién cta vét liéu pha tap duogc cai thién tot hon so véi vt liéu nén BFO. Trong bao c4o nay, ching toi
s& thao luan vé nguon g0c cua tinh chét sit tir, sit dién cua vat liéu.

Tir khéa: BFO pha tap dng thoi (La3*, Ni2"), (Ho®*, Ni2"), sit tir, st dién, nhiéu xa tia X.

1. Pit van dé

BiFeOs; (BFO) 1a mot trong so rat it vat liéu da pha dién tir ty nhién, ton tai dong thoi hai trat tu sat dién
v6i nhiét d6 Curie Tc = 1100 K va phan st sit tir voi nhiét do Neél T = 640 K. Do vay, BFO 1a vt liéu
tiém ning cho mg dung trong céc thiét bi dién tr nhu: thiét bi doc va ghi tir, cic bd nhd, bo thu phat song
siéu Am, cam bién, hoac thiét bi da chirc nang (Eerenstein, Mathur er al., 2006; Kim, Han et al., 2012).
Nhung ¢ nhiét d¢ phong vat liéu BFO co6 tir 46 Ms va d6 phan cyuc dién Ps nho 1am han ché kha nang ing
dung cua vt liéu BFO. Dé khic phuc diéu ndy, cac nghién ctru da tién hanh theo hai hudng 13 pha céc tap
chét vao mang tinh thé BFO hoic tao vat liéu composite voi cac vat li€u st tir nhdm cai thién tinh chat st
tir va sat dién cua vat liéu BFO (Gautam, Singh er al., 2011; Kumarn, Sati er al., 2015; Song, Ma et al.,
2014). Theo hudng nghién ctru pha tap, cac nghién ciru truge day da cho thdy tinh chat tir ctia vt liéu dugc
tang cuong khi pha tap cac ion dat hiém vao vi tri Bi hodc pha tap cac ion kim loai chuyén tiép vao vi tri
cua Fe (Azuma, Kanda et al., 2007; Iyyappa Rajan, Mahalakshmi et al., 2017; Thang, Nguyen ez al., 2020;
Zhao, Zhang et al., 2013). Tuy nhién, dé c6 tir 46 16n thi can pha tap véi ndng do tap chat lon dan toi sy
chuyén pha cau triic hodc cac pha la. Diéu nay lam tang mat d¢ dong ro lam giam tinh chat sat dién cua vat
lidu. Cac nghién ctru gan day cho thay khi pha tap dong thoi ion dat hlem va ion kim loai chuyen tiép vao
cac vi tri cua Bi va Fe s€ ca thién ddng thoi ca tinh chat st dién va sat tir ma khong lam chuyén pha cau
truc, khong xut hién cac pha céu tric la (Chakrabarti, Das et al., 2012; Mai Oanh, Thang et al., 2020; Yun,
Xing et al., 2015). Pay la mot huéng nghién ctru dang thu hut nhiéu su quan tam cua cac nha khoa hoc vi
chung c6 kha nang mang lai nhidu tinh chat méi, ting kha nang ng dung cua vat liéu BFO.

Trong nghién ctru ndy, ching t6i pha tap ddng thoi 5% i ion dat hlem RE*" (RE*" = La*, Ho*") va 2,5%
ion Ni** vao mang nén BFO nham tang cuong tinh chét sit dién va sét tir cia vat liéu BFO. Sy thay thé
ddng thoi ion dat hiém RE® va ion Ni2* s& tao ra twong tic siéu trao ddi va trao d6i kép lam ting cuong
tinh chat tir cta vat liéu. Hon nita, su thay thé déng thoi ion dat hiém RE®* va ion Ni2* déng thoi cling tao
ra sy méo céu trac dan t6i tang sy phan cyc dién, cai thién tinh chét sat dién cua vat lidu.

2. Phuong phap ché tao va cac phép do
2.1. Phwong phap ché tao

Vit lidu BiFeOs, BiFeOs pha tap Ni, BiFeOs pha tap dong thoi (Ho*, Ni2*) hodc (La®*, Ni%") dugc ché
tao bang phuong phép Sol-gel. Cac hoa chit dugc ding dé ché tao vat liéu gom c6 Bi(NOs)s;.5H,0,

* Tdc gid lién hé
Email: daovietthang@humg.edu.vn
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Fe(NO3)3.9H,0, Ho(NO3)3.6H,0, La(NO3)3.6H>0, Ni(NO3),.6H,0, axit citric CeHsO7 va ethylen glycol
C,H40,. Pau tién, cac mudi Bi(NOs)3.5H,0, Fe(NOs)3.9H,0 (d6i véi cic mau pha tap c6 thém cac mudi
Ho(NO3)3.6H20, va Ni(NO3)2.6H:0 hodc La(NO3)3.6H0 va Ni(NO3)2.6H20) duoc can ding ti phan. Sau
d6, cac chat nay dugc khuay tron déu trong 10 ml nudc bang may khudy tir trong thoi gian 15 phit dugc
hdn hop A. Budc tiép theo, thém 35 ml dung dich axit citric vao hdn hop A, tiép tuc khudy bang may khudy
tir ddng thoi gia nhiét va gitta ¢ nhiét d6 50 - 60 °C trong thoi gian 1 gio thu dugc dung dich Sol. Sau dé
nho thém 15 ml dung dich ethylen glycol, tiép tuc khudy bang may khudy tir trong thoi gian 30 phut. Tiép
theo, tdng nhiét 6 dung dich Sol 1én 100 °C dé lam nudc bay hoi sau 3 gid thu dugce Gel uét. Gel uét dugce
sdy & 130 °C trong thoi gian 3 gio thu dwoc Gel kho. Cudi ciing, Gel khé duge u & nhiét do 800 °C trong
thoi gian 7 gio thu dugce vat liéu dang bot. Cac mau BiFeOs, BiFeO; chi pha tap Ni, BiFeO; pha tap dong
thoi Ho va Ni, BiFeOs pha tap d@)ng thoi La va Ni dugc ky hiéu twong tng 1a BFO, BENO, Ho-Ni, La-Ni.

2.2. Cac phép do

Trong nghién ctru nay, thanh phan hoa hoc, cu tric tinh thé, tinh chét sit dién va sit tir cia vat liu
dugc khao sat bang cac k§ thuat khac nhau nhu: phép do pho tan xa nang lugng tia X (EDS) thuc hién trén
hé QUATA 450 dung dé phan tich thanh phan héa hoc ctia mau. Gian d6 nhiéu xa tia X (XRD) trén hé do
Equinox 5000 (Cu-Ko, A = 1.5406 A) ding dé nghién clru cau trac tinh thé cac mau. Tinh chat sat tir ctia
mau duge khao sat trén hé do Lake Shore Cryotronics, 7404 VSM. Tinh chét sit dién cua mau duogc khao
sat trén hé do Radiant, Precision LC 10 V.

3. Két qua va thao luin

Dé xéc dinh thanh phan hoa hoc cta cac mau ché tao, chung t6i di tién hanh phan tich phd tan xa ning
lwong tia X clia cac mau BFO, Ho-Ni, La-Ni. Hinh 1 13 ph tan xa nang lugng tia X cua cac mau BFO, Ho-
Ni va La-Ni. Quan sat trén Hinh 1, ta thdy mu tit ca cac miu déu xuét hién cac dinh dic trung cia cac
nguyén t6 Bi (1,86 keV va 2,43 keV), Fe (0,67 keV, 6,34 keV va 6,98 keV) va O (0,47 keV). Ddi voi mau
Ho-Ni xuét hién thém dinh dic trung cua Ho (1,33 keV va 6,65 eV) va Ni (7,42 keV). Mau La-Ni xuét hién
thém céc dinh dédc trung cua La (4,60 keV va 4,98 keV) va Ni (7,42 keV). Két qua nay cho théy cic mau
ché tao c6 thanh phan hoéa hoc phu hop. Pay 1a cian ¢t ban dau dé ching t6i tiép tuc khao sat cau tric, tinh
chat ctia cac mau ché tao.
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Hinh 1. Phé tdn sdc ndng lwong tia X ciia cdc mau BFO, Ho-Ni, La-Ni

Hinh 2 1 gian d6 nhiéu xa tia X (XRD) cua cac mau BFO, BENO, Ho-Ni va La-Ni. Gian dd nhiéu xa
clia tit ca cic mau phu hop véi thé chudn JCPDS s6 71-2494, cic mau két tinh trong cdu triic mat thoi thude
nhom khéng gian Ric. Cac dinh dic trung chinh xuét hién twong img vé6i cic mit phing mang (012), (104),
(110), (062), (202), (024), (116), (122), (108) va (300). Quan sat Hinh 2, ta thay su dich vi tri cta cac dinh
(012), (104) va (110), diéu nay cho thay sy anh hudng ciia ion N1 va jon dit hiém (Ho*" hodc La*") 1én
cAu tric mang tinh thé ctia vat liéu. Tur dir liéu do XRD, hang s6 mang tinh thé a, ¢ va kich thudc tinh thé
Lxzrp duoc xac dinh bang phan mém UnitCell va cong thirc Debye Cherrer, két qua dugc chi ra trong Bang
1. Quan sat Bang 1, ta thdy miu BFNO c6 hang s6 mang va kich thudc tinh thé nho hon so véi mau BFO.
Diéu nay co thé 1y giai 1a do ban kinh ion ciia Ni** (0,690 A) 16n hon ban kinh ion Fe** (0,645 A), khi ion
Ni%* thay thé vi tri ion Fe** s& lam dan mang tinh thé din dén hiang s6 mang tinh thé va kich thudc tinh thé
tang. Bang 1 cling cho thiy d6i v6i cac miu pha tap dong thoi Ho-Ni va La-Ni hing sb mang tinh thé va
kich thudc tinh thé nhé hon so v&i mau chi pha tap Ni (mdu BFNO). Nguyén nhén 1a do cac ban kinh ion
ciia Ho** (1,015 A), La*" (1,160 A) nhé hon ban kinh ion Bi** (1,170 A) nén khi cac ion dat hiém (Ho®*
hodc La’") thay thé vi trf ion Bi** trong mang tinh thé BFO s& lam co mang tinh thé dan toi hang s6 mang
tinh thé va kich thudc tinh thé cua cic miu Ho-Ni va La-Ni giam so véi miu BFNO (Lazenka, Zhang et
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al., 2012; Park, Yoo et al., 2014; Shgnnop, 1976; Surdu,‘Trusca etal., 2019; Thang, Nguyen et al., 2020).
Ket qua thu dugc tir phép do gian d6 nhicu xa tia X 1a bang chimg cho thay cac ion dat hiem (Ho*", La’")
da thay the vi tri ion Bi**, cac ion Ni?* thay thé vi trf ion Fe3" trong mang tinh thé BFO.
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Hinh 2. Gian d6 nhiéu xa tia X ciia cdc mau BFO, BFNO, Ho-Ni va La-Ni
Bdng 1. Hﬁng 56 mang tinh thé a, ¢ va kich thudc tinh thé Lxrp cia cdc mau BFO, BFNO, Ho-Ni, La-Ni

Mﬁu a (A) C (A) Lxrp (A)
BFO 5,565 13,818 602
BFNO 5,577 13,845 624
Ho-Ni 5,560 13,815 596
La-Ni 5,570 13,835 618

Su thay thé dong thoi ion dat hiém RE®* va Ni** vao mang tinh thé BFO dugc ky vong s& céi thién tinh
chét sit dién, sit tir cua vat liéu. Tinh chét sit tir cua vat liéu duge khao sat bé“lng phép do chu trinh tir tré.
Hinh 3 14 chu trinh tir tré ciia cac mau BFO, BFNO, Ho-Ni va La-Ni do & nhiét do phong véi tir truong
ngoai cuc dai 5000 Oe. Nhu quan sat thdy trong Hinh 3, tat ca cic mau thé hién tinh chét sat tir yéu. T dir
lidu do chu trinh tir tré, tir d biio hoa (M), tir 46 du (M,) va luc khang tir (H.) cta tat ca cac mau dugc xac
dinh va chi ra trong Bang 2. Két qua cho thiy tinh chat st tir ciia vat liéu BENO, Ho-Ni va La-Ni duogc cai
thién 3 rét so v6i mau BFO. Mau BENO, tinh chét sét tir dugc cai thién tot nhat voi M, = 0,702 emu/g va
M; = 0,169 emu/g. Chung t6i c6 thé giai thich két qua trén nhu sau: Nhu di biét tinh chat tir ciia vét lidu
BFO c6 ngudn goc tir trong tac siéu trao doi gitra cac dién tir 16p 3d cua Fe va cac nit khuyét oxy. Khi cac
ion Ni%* dugc thay thé vao vi tri ion Fe?*, cac ion dat hiém Ho®" hodc La®>" dugc thay thé vao vi tri ion Bi¥*
khi nung mau ¢ nhiét do cao sé& tao ra cac nit khuyét 6xy va cac sai hong mang dan toi cai thién tinh chit
sat tir ciia vat liéu. Mt khac, su thay thé ciia ion Ni2* vao vi tri ion Fe** tao ra twong tac trao d6i kép Fe**-
OZ>-Fe**, sy thay thé ion Ho** hodc La®* vao vi tri ion Bi** 1am xuat hién twong tac siéu trao doi giira cac
electron 16p 4f ctia Ho (hodc La) véi cac electron 16p 3d cua Fe/Ni. Nhing dic trung trén dan téi sy cai
thién tinh chat sat tir ciia vt lieu BFO. Cac nghién ciru trudc day ciing chi ra rang twong tac siéu trao d6i
giita cac electron 16p 4f ctia nguyén to dat hiém RE va cac electron 16p 3d cua Fe/Ni gitip ting cudng tinh
chat sit tir cia vat liéu BFO pha tap cc nguyén t6 dat hiém RE (Chandra Sati, Kumar et al., 2015; Thang,
Nguyen et al., 2020).
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Hinh 3. Chu trinh tir tré ciia cdc mu BFO, BFNO, Ho-Ni va La-Ni
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Bang 2. Gid tri tir Ao bdo hoa M, tir d6 dw M, va luc khdng tie H, cua cdc méu BFO, BFNO, Ho-Ni, La-Ni

Mau M; (emu/g) M, (emu/g) H. (Oe)
BFO 0,047 0,008 429
BFNO 0,702 0,169 130
Ho-Ni 0,579 0,126 123
La-Ni 0,673 0,185 130

Tinh chét sit dién cua cac mau ché tao duogc khao sat béng phép do chu trinh dién tré. Hinh 4 biéu dién
chu trinh dién tré clia cic mau BFO, BFNO, Ho-Ni va La-Ni do & nhiét do phong véi dién truong ngoai
cuc dai 4 kV/cm. Nhu quan sat trén hinh ta thy tat ca cic mau thé hién tinh chét sat dién yéu. Tir két qua
do, chung t6i xac dinh duge d6 phan cuc dién bao hoa (Ps), d6 phan cuc dién du (Pr) va lyc khang dién (E)
va chi ra trong Bang 3. Tinh chat sit dién ciia mau BFNO, Ho-Ni, La-Ni dugc cai thién t6t hon so v6i mau
nén BFO. Cac miu pha tap dong thoi Ho-Ni hodc La-Ni, tinh chét sit dién duoc cai thién tot hon mau chi
pha tap Ni (BFNO), miu Ho-Ni gia tri Ps va P; 16n nhét. Két qué nay co thé giai thich nhu sau: sy thay thé
ctia ion Ho®" hodc La’* vao vi tri ion Bi** 1am thay dbi lién két Bi/Ho-O hoic Bi/La-O. Mt khéc sy ting
cuong gia tri Ps va P, cling bét ngudn tir su thay thé cuia Ni vao vi tri Fe tao ra cac nut khuyét 6xy va thay
ddi bat dién FeOs (Mukherjee, Basu et al., 2014; Thang, Nguyen et al., 2020; Vijayasundaram, Suresh et
al., 2016).
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Hinh 4. Chu trinh dién tré cia cdc mau BFO, BENO, Ho-Ni va La-Ni
Bang 3. Gid tri Py, P, va E. cua cdc mau BFO, BFNO, Ho-Ni va La-Ni

Mau Ps (uC/cm?) P; (uC/cm?) E. (kV/cm)
BFO 0,290 0,087 0,839
BFNO 0,374 0,155 1,415
Ho-Ni 71,499 23,437 1,071
La-Ni 10,831 5,295 1,632

4. Két luan

Trong bao cao nay, chung toi da ché tao thanh cong vt liéu BFO, BFNO, Ho-Ni va La-Ni béng phuong
phép Sol-gel. Cac mau ché tao ¢6 thanh phan héa hoc 1a phit hop. Cac miu c6 cdu tric mat thoi thuge nhom
khong gian Rsc, mau pha tap Ni (BFNO), pha tap dong thoi Ho-Ni hodc La-Ni co hang 50 mang va kich
thude tinh thé giam so véi mau nén BFO. Mau BFO thé hién ddng thoi tinh chét sat tir va sat dién voi M;
= 0,047 emu/g, M, = 0,008 emu/g, Ps = 0,290 pC/cm?, P, = 0,087 uC/cm? Cac mau BFNO, mau pha tap
dbng thoi (Ho-Ni hodc La-Ni) tinh chét sét tir va sit dién dwoc cai thién tot hon so v6i mau nén BFO. Trong
d6 mau BFNO cai thién tinh chat sat tir tot nhat véi tir do béo hoa l6n nhit M, = 0,702 emu/g, M; = 0,169
emu/g. Mau Ho-Ni, tinh chét st dién duoc cai thién tét nhat véi Ps = 71,499 pC/em?, P, = 23,437 uC/em>

Loi cadm on 5 . )
Bao cao duogc ho trg kinh phi tur dé tai Khoa hoc va Cong nghé cap co sé ciia Truong Pai hoc Mo - Dia
chat ma so T22-18.
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ABSTRACT
Study on crystal structure, ferroelectric and ferromagnetic properties
of materials Bio.9osREo.0sF€0.97sN10.02s03 (RE = La, Ho)

Dao Viet Thang”, Nguyen Manh Hung, Ho Quynh Anh, and Nguyen Thi Dieu Thu
Hanoi University of Mining and Geology

BiFeO; (BFO), BiFeOs; co-doped 5% molar of rare earth ions (La*" or Ho*") and 2.5% molar
of Ni*" ions were synthesized by a sol-gel method. The crystal structure, ferromagnetic and
ferroelectric properties of the samples were investigated by different techniques such as: X-ray
diffraction pattern (XRD), X-ray energy dispersive spectrum (EDS), magnetic hysteresis loops
(M-H), polarization electric hysteresis loops (P-E). EDS analysis results show that the all samples
have suitable chemical composition. The XRD results show the single-phase crystalline all the
samples in the rhombohedral structure belonging to the Rsc space group. Lattice parameters and
average crystal size of BFO are a = 5.565 A, ¢ = 13.818 A and Lxrp = 602 A. With BiFeO; co-
doped (La**, Ni*") or (Ho**, Ni*"), the lattice parameters of a, ¢ and the average crystal size of
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Lxrp both decreased compare with those of BFO. BFO materials exhibit simultaneously weak
ferromagnetic and ferroelectric properties with saturation magnetization Ms = 0.047 emu/g,
remnant magnetization M; = 0.008 emu/g, saturation electrical polarization P; = 0.290 pC/cm?
and remnant electrical polarization P, = 0.087 uC/cm?. The ferromagnetic and ferroelectric
properties of the BFO doped materials are improved better than those of the BFO base materials.
In this report, we will discuss the origin of the ferromagnetic, ferroelectric properties of materials.

Keywords: BiFeQOs;, BiFeO; doped (Y**, Nd**, Sm*"), XRD, M-H, optical absorption.
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