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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.

Ha Noi, thang 11 ndm 2022
THAY MAT BAN TO CHUC

GS.TS Tran Thanh Hai
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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

Anh huéng ctia ion dat hiém (Y*", Nd*", Sm**) 1én ciu tric tinh thé,
tinh chat quang hoc va tinh chat tir cua vat li¢u BiFeO3

Do Viét Thang’, Nguyén Manh Hung, Ho Quynh Anh va Nguyén Thj Di¢u Thu
Truong Pai hoc Mo - Dia chat

TOM TAT

Vit liéu BiFeO; (BFO) pha tap ion dat hiém RE** (RE* = Y3*, Nd**, Sm**) duoc ché tao bang phuong phap
sol-gel. Cau trac tinh thé, tinh chat quang hoc va tinh chét tir cua vat liéu dugc khao sat béng cac k¥ thuat
khac nhau nhu: Gian do nhiéu xa tia X (XRD), phd hap thu quang hoc va chu trinh tir tré. Két qua phén tich
XRD cho thay cac mau ché tao két tinh don pha trong ciu triic mit thoi thuoc nhom khong gian Rsc. Vat
liéu BFO c6 hang sd mang a =5, 585 A va ¢ = 13,866 A. Vat liéu BFO pha tap ion dat hlem RE™ véi ndng
d6 pha tap 5% cho thiy hang s6 mang tinh thé g, ¢ déu giam. BFO c6 d6 rong ving cAm quang hoc E, =
2,28 eV. D0 rong ving cam quang hoc cua vat liéu BFO giam khi pha tap cac ion dat hiém. Két qua khao
sat chu trinh tir tré chi ra tit ca cic mau thé hién trat tu sat tir yéu. Vat liéu BFO c6 tir 6 bao hoa M =
0,046 emu/g, tir 46 du M, = 0,007 emu/g. Tinh chit sit tir cua cdc vat heu pha tap duoc cai thién tdt hon S0
véi vt liéu BFO. Trong | béo cdo ndy, chung toi s& thao luan vé ngudn gdc dan tdi su thay doi hang sé mang
tinh thé, d6 rong viing cAm quang hoc va tinh chit sit tir ctia vat liéu.

Tir khéa: BiFeOs, pha tap (Y**, Nd**, Sm**), nhiéu xa tia X, M-H, hap thy quang hoc.

1. Pit van dé

Vit lidu da pha dién tir 1a vat liéu ton tai ddng thoi tinh chit sit dién (hodc phan sit dién), st tir (hodc
phan sit tir) va sat dan hoi. Loai vat liéu nay tdn tai hidu ung tir dién nghia 1a ta c6 thé st dung dién truong
dé thay ddi cac trat tu tir hodc nguoc lai co thé dung tir trudng dé thay ddi cac trat tu dién. Nho vay, vt
li¢u da pha dién tir co nhiéu ung dung thyc té nhu: thiét bi doc va ghi tir, cac bd nhd, bo thu phat song siéu
am, cam bién, hodc thiét bi da chirc ning (Eerenstein Mathur et al., 2006; Kim, Han et al., 2012; Schmid,
1994). Tuy nhlen do trat tu sit dién va sat tir thuong co xu huorng trlet tiéu 1an nhau nén vat heu da pha
dién tir ton tai rét it trong ty nhién. BiFeOs (BFO) la mdt trong so rat it vat liéu da pha dién tir ton tai tw
nhién véi hai trat tu sit dién c6 nhiét d6 Curie Tc = 1100 K va phan st st tir co nhiét do Neél Ty = 640 K
(Xue, Tan et al., 2014). Nhung ¢ nhiét o phong vat lieu BFO co tur d6 M, va 36 phan cyc dién Ps nho lam
han ché kha nang tng dung cua vat liéu. Bé giai quyet véan dé nay, cac nghién ciru da tién hanh theo hai
hudéng 14 pha tap nguyén t6 tap chat vao mang tinh thé BFO hodc tao vét liéu composite giira vat liéu BFO
v6i vat liéu st tir nhdm cai thién tinh chét sit tir va sit dién cua vat liéu (Khalid, Saleem et al., 2020;
Mansour, Imam et al., 2020). Theo hudng pha tap, cac nghién ctru trudc day di cho thay tinh chat sat tir
ctia vat lidu BFO dugc cai thién dang ké khi pha tap cac ion dat hiém (La®*, Gd**, Nd**, Eu®") (Li, Zhu et
al., 2016; Thang, Hung et al., 2022; Thang, Nguyen et al., 2020) vao vi tri ion Bi** hodc pha tap cac ion
kim loai chuyén tiép (Ni%*, Co**, Mn**) (Iyyappa Rajan, Mahalakshmi ef al., 2017; Srinivas, Raghavender
et al., 2016) vao vi tri ion Fe3* hoidc pha tap dong thoi cac ion dat hiém va kim loai chuyén tiép vao vi tri
ion Bi** va Fe’* trong mang tinh thé BFO (Wang, Wang et al., 2018). Huéng nghién ctru pha tap da cé
nhiéu két qua kha quan, d thu hut nhidu sy quan tdm cua cac nha khoa hoc vi chung c¢6 kha ning mang lai
nhiéu tinh chat mai, ting kha nang ing dung cta vét liéu nén BFO. Tuy nhién, huéng nghién ciru nay con
nhiéu diém cin dwoc khai thac nhu: nghién ctru céc tinh chat quang, tinh chit quang tir ctia vat liéu,... nhim
thiét ké, ché tao cac thiét bi da chuc nang.

Trong nghién ctru ndy, chung toi dua vao cc nghién ctru trude ddy va cac két qua da cong bd dé Iya
chon loai tap chét va néng do tap dé pha vao mang nén BFO. Do do, chung t6i da tién hanh pha tap 5%
ion dat hiém RE?* (RE’+ = Y3, Nd**, Sm*") vao vi tri ion Bi** mang tinh thé BFO, nghién ctru anh hudng
ctia cac ion dat hiém 18n cu trac, tinh chit quang hoc cua vat li¢u, cai thién tinh chét sit tir cua vat lidu
BFO.

* Tdc gid lién hé
Email: daovietthang@humg.edu.vn
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2. Phwong phap ché tao va cac phép do
2.1. Phwong phdp ché tao

Vit liéu BiFeOs, BiFeOs pha tap 5% mol ion dat hiém RE> (RE* = Y**, Nd*', Sm*") dugc ché tao bang
phuong phép Sol-gel. Céc tién chit dugc ding dé ché tao vat liéu gdm c6 Bi(NOs)3.5H,0, Fe(NO3):.9H,0,
Y(NO3)3.6H20, Nd(NO3)3.6H20, Sm(N03)3.6H20, axit citric CgHgO7 va ethylen glyCOl C,HgOs. Dﬁu tién,
cac mudi Bi(NO3)3.5H,0, Fe(NO;3);.9H,0 va cac mubi dat hiém RE(NOs);.6H,0 duge can dung ti phan.
Sau d6, cac chat nay duoc khudy tron déu trong 10 ml nude bang may khuay tir trong thoi gian 15 phit thu
duge 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 gitra ¢ nhiét d6 50 °C - 60 °C trong thoi gian 1 gid thu duoc dung dich Sol.
Budc tiép theo nho thém 15 ml dung dich ethylen glycol, tiép tuc khudy bang may khuay tir trong thoi gian
30 phut. Sau d6, ting nhiét d6 dung dich Sol 1én 100 °C dé lam nudc bay hoi sau 3 gior thu dwoc Gel uét.
Gel u6t dugc say ¢ 130 °C trong thoi gian 3 gio thu duoc Gel kho. Cudi cling, Gel kho dugc 0 ¢ nhiét do
800 °C trong thoi gian 7 gid thu duoc vat liéu dang bot. Cac mau BiFeOs, BiFeO; pha tap ion Y3, Nd**,
Sm’* dugc ky hiéu tuong tmg 1a BFO, BYFO, BNFO, BSFO.

2.2. Cac phép do

Trong nghién ctru ndy, cdu tric tinh thé, tinh chit sat tir va quang hoc cua vat lidu duoc khao sat bang
cac k¥ thuat khac nhau nhu: Gian d6 nhidu xa tia X (XRD) trén hé do Equinox 5000 (Cu-Ka, A = 1,5406
A) dung dé nghién ctru cdu tric tinh thé cic mau. Tinh chét tir duoc x4c dinh bang chu trinh tir tré trén hé
do Lake Shore Cryotronics, 7404 VSM. Phé hap thu quang hoc duoc do trén hé do Jasco V670.

3. Két qua va théo luin

Hinh la la gian d6 nhidu xa tia X ciia cac mau BFO, BYFO, BNFO, BSFO. Két qua ¢ cho thay cac dinh
nhiéu xa xuét hién phu hop voi thé chuan JCPDS s6 71-2494. Theo thé chuan nay cac mau co cu tric mat
thoi thudc nhém khéng gian Ric, cac dinh nhidu xa chinh xuét hién twong tmg véi cac mit phang mang
(012), (104), (1 10) (006), (202) (024), (116), (122), (018) va (300) Quan sat trén H1nh la, ta nhén thay vi
tri cac dinh nhidu xa clia cac mau pha tap ion dat hiém so véi mau BFO c6 su dich vé phla goc 26 1on. T
dir lidu phan tich XRD, st dung phin mém UnitCell chiing t6i xac dinh dugc hing sé mang tinh thé ctia
c4c mau BFO, BYFO, BNFO va BSFO, két qua thé hién trong Hinh 1b. C6 thé thiy hing s6 mang tinh thé
clia vat liéu giam khi pha tap pha tap cac ion dat hiém. Nguyén nhan la do cac ban kinh ion cua Y** (1,019
A), Nd* (1,109 A), Sm** (1,079 A) nh6 hon ban kinh ion Bi** (1,170 A) nén khi cac ion dat hiém RE®
(Y*,Nd*, Sm™") thay thé vi tri ion Bi** trong mang tinh thé BFO sé& lam co mang tinh thé din toi hang sb
mang tinh thé giam. Ngoai ra, su sai khac vé do 4m dién cuia cac nguyén té dat hiém Y (1,22), Nd (1 14),
Sm (1,17) so v6i Bi (2,02) lam thay ddi do dai lién két glua Bi/RE-O cing dan toi sy thay d6i hang s6 mang
tinh thé. Két qua phan tich gian d6 nhiu xa tia X 1a bang chtng cho thiy co sy thay thé cia cac nguyén to
dét hiém vao vi tri Bi trong mang tinh thé. Sy thay thé ctia ion d4t hiém vao vi tri ion Bi** s& lam thay d6i
tinh chit quang hoc va tinh chat sat tir cia vat liéu. Diéu nay, s& dugc ching t6i d& cap trong phan tiép theo.
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Hinh 1. (a) Gidn d6 nhiéu xq tia X ciia cdc mdu BFO, BYFO, BNFO, BSFO; (b) Hing s6 mang tinh
thé cua cdc mau BFO, BYFO, BNFO, BSFO

Dé xac dinh anh hudng cua ion d4t hiém 1én tinh chét tir cia vat liéu, chung toi tién hanh khao sat chu
trinh dién tré (M-H) ciia cac mau ché tao. Hinh 2 1a chu trinh tir tr& ciia cic miu BFO, BYFO, BNFO va
BSFO do & nhiét d6 phong véi tir truong ngoai cuc dai 11 kOe. Ta nhan thay tat ca cac mau thé hién tinh
chét sat tur yéu. Dua vao két qua do M-H, ching t6i xac dinh dugc tir 46 bdo hoa M, tu d6 du M, va luc
khang tir H. cla tat ca cac mau, két qua chi trén Bang 1. Quan sat Bang 1, ta c6 thé thiy vat liéu BFO c6 tir
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dd bao hoa Ms = 0,046 emu/g, tir d¢ du M, = 0,007 emu/g va luc khang tir H. = 167 Oe. Gia tri M, va M,
clia cac mau pha tap ion dat hiém duoc ting cudng hon so véi mau BFO. Vi ndng d6 pha tap nhu nhau
(5% mol), mau pha tap ion Nd (BNFO) tinh chét tir dwoc cai thién tot nhat véi Ms = 0,147 emu/g va M, =
0,010 emu/g. Chung t6i c6 thé 1y giai diéu ndy nhu sau: Nhu da biét tinh chét tir cia vat liu BFO c6 ngudn
gdc tir twong tac siéu trao ddi giira cac dién tir 16p 3d cuia Fe va cac nut khuyét 6xy. Khi cic ion dat hiém Y,
Nd*, Sm** duoc thay thé vao vi tri ion Bi** khi nung miu ¢ nhiét d cao s& tao ra cac niit khuyét oxy va cic
sai hong mang dan t6i cai thién tinh cht sat tir ctia vat liéu. Mat khac, sy thay thé ion Y?*, Nd**, Sm** vao vi
tri ion Bi** 1am xuét hién tuong tac siéu trao dbi giita cac electron 16p 4f ciia RE (RE) voi cac electron 16p 3d
ctia Fe. Vi vay, tinh chét sat tir clia cac mau pha tap duoc ting cudng hon so véi mau nén BFO. Cac nghién
ctru trude day ciing chi ra ring twong tac siéu trao doi glua cac electron 16p 4f cia nguyén to dét hiém RE va
céc electron 16p 3d cua Fe gitp ting cudng tinh chit st tir ca vat liéu BFO pha tap cac nguyén té dat hiém
RE (Chandra Sati, Kumar et al., 2015; Thang, Nguyen et al., 2020). Ngoai ra, su sai khac vé ban kinh ion va
d6 am dién clia cac nguyén té dat hiém so v6i Bi dan toi sy 1ap khong day ¢ hdc 12 mat tao boi cac bat dién
FeOs. Vi viy, ¢ su xoay céac bat dién FeOs 1am cho tuong tc siéu trao ddi Fe>*-O%-Fe** manh hon, tinh chit
sit tir duoc tang cuong (Thang, Nguyen et al., 2020; Xue, Tan et al., 2014).
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Hinh 2. Chu trinh tir tré ciia cdc méu BFO, BYFO, BNFO v BSFO

-10000 5000 10000

Bang 1. Tir do bdao hoa M, tir do duw M, va luc khdng tir H. cua cdc mdu BFO, BYFO, BNFO va BSFO

Mau M (emu/g) M, (emu/g) H. (Oe)

BFO 0,046 0,007 167
BYFO 0,098 0,012 586
BNFO 0,147 0,010 342
BSFO 0,103 0,026 310

Dé x4c dinh anh hudng cua cac ion dat hiém 1én tinh chat quang hoc khi pha tap chung vao vit liéu BFO,
chung toi da tién hanh do phd hip thu quang hoc trén hé do Jasco V670, trong khoang budc song 230-750
nm. Hinh 3a 1a phd hép thu quang hoc ciia cic mau BFO, BYFO, BNFO va BSFO. Ta nhan thiy ph6 hip
thu cua cdc mau xuit hién dinh hép thu & vi tri budc song 500 nm, hai bo hép thu ¢ vi tri budc song 500-
600 nm va 650-750 nm. Trong d6, bd hap thu & vi tri bude séng 500-600 nm c¢6 ngudn gde tir chuyén doi
dién tir tir trang thai 2p cta O trong ving hoa tri 1én trang thai 3d cta Fe trong ving dan. Bo hip thy ¢ vi
tri budc song 650- 750 nm lién quan téi chuyén doi dién tir tir mirc ning lwong 1, 1én mirc ning luong e,
trong dai dan (He, Ma et al., 2015). Diéu nay ciing pht hop véi nghién ciru cua Liu (Liu, Fan ez al., 2011)
da chi ra dong gop phan 16n vao phé hip thy 1a do dién tir chuyén tir trang thai 2p cua O 1én trang thai 3d
(12¢ €,) ctia Fe. Quan sat trén Hinh 3a, ta ¢6 thé thiy rang dinh hip thy, bo hép thy va chan b hap thy ctia
c4c miu pha tap dich vé phia budc song 16n so véi mau BFO. Dé x4c dinh d6 rong ving cAm quang hoc
clia cac mau, ching toi sir dung phuong phap Wood Tauc biéu dién (a.hv)"2 theo hv dé tinh d6 rong ving
cAm quang hoc cta cac mau (Thang, Nguyen et al., 2020). Hinh 3b minh hoa cach x4c dinh E, cia mau
BFO, cich xac dinh E, ddi véi cac mau con lai duoc lam twong tu. Két qua cho thiy cac mau BFO, BYFO,
BNFO va BSFO c¢6 bé rong ving cAm quang hoc twong ung 1a 2,28 eV, 2,14 eV, 2,10 eV va 2,05 eV.
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Hinh 3. (a) Phé hdp thu quang hoc cua BFO, BYFO, BNFO, BSFO;
(b) Minh hoa cdch xdc dinh bé rong ving cam quang hoc ciia mau BFO

4. Két luin
Trong béo cdo ndy, chung t6i da ché tao thanh cong vat liéu BiFeO;, BiFeOs pha tap 5% ion dat hiém
RE* (RE = Y?*', Nd*, Sm’") bang phuong phap sol-gel. Cac mau ché tao két tinh don pha ciu triic
rhombohedral. Vit liéu BFO c6 hang s0 mang tinh the a=>5,585 A va ¢ =13,866 A, bé rong ving cdm
quang hoc E, = 2,28 eV, vat liéu thé hién tinh chat st tir yéu voi M, = 0,046 emu/g va M;= 0,007 emu/g.
Vit liéu BFO pha tap céc ion d4t hiém c6 hiang s6 mang tinh thé a, ¢ va bé rong viing cdm quang E, giam
so v6i vat liéu BFO. Tinh chét tir cia vat lidu pha tap dat hiém Y?*, Nd**, Sm** duoc tang cuong so voi
mau BFO. Trong d6 mau pha tap ion Nd** (BNFO) cai thién tinh chét tur tét nhit véi M ting gip 3,20 lan
so véi mau BFO.
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ABSTRACT
Effect of rare earth ions (Y**, Nd**, Sm**) on crystal structure, optical
and magnetic properties of BiFeO3 materials

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

BiFeOs; (BFO), BiFeO; doped 5% molar of rare earth ions RE>* (Y3*, Nd*", Sm*") were synthesized by
a sol-gel method. The crystal structure, ferromagnetic and optical properties of the samples were
investigated by different techniques such as X-ray diffraction pattern (XRD), optical absorption spectra
UV-vis, and magnetic hysteresis loops (M-H). The XRD results show the single-phase crystalline of all the
samples in the rhombohedral structure belonging to the Ric space group. Lattice parameters of BFO are a
=5.585 A, ¢ =13.866 A. The BiFeOs doped 5% molar of RE*" ions the lattice parameters of @ and ¢ both
decreased compared with those of BFO. The optical band gap of BFO material is E; = 2.28 e¢V. The value
band gap of BFO materials doped ions RE®" decreases compared with that of BFO materials. The BFO
materials exhibit simultaneously weak ferromagnetic and ferroelectric properties with saturation
magnetization Ms = 0.046 emu/g, remnant magnetization M, = 0.007 emu/g. The ferromagnetic of the BFO
doped materials are improved better than that of the BFO materials. In this report, we will discuss the origin
of the ferromagnetic, and optical properties of materials.

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