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Tém tit: Tinh chdt cdu tric va tinh chit tr cia miu da tinh thé
BaFe1TixO3.5 (0 < x < 0.15) duoc ché tao bang phuong phap phan (ng pha
rin duoc khao sat cu thé bang su két hop phuong phap nhiéu xa notron va
phuong phap do tir d6. Doi véi x < 0.025, vat liéu sé hitu ciu trac tinh thé
dang brownmillerite tam ta véi tinh ddi ximg khong gian P2i/c va thé hién
trang thai trat ty phan sét tir ¢ nhiét do phong. Gia tri mémen tir trung binh
cta caic ion sét clia pha tir nay tai nhiét d6 300 K giam tir 3. 25(5) us khi x =
0 xuong 2.15(5) s khi x = 0.025. Déi voi 0.05 <x < 0.15, ciu tric tinh thé
mau nghién ctru ¢6 dang luc gidc 6H véi tinh ddi ximg khong gian P6s/mmc.
Trong pha luc giac nay, sy pha tap Ti lam pha v& hoan toan trang thai trat tu
tir dai dang xodn ¢ dugc phat hién trong vat liéu 6H BaFeOs.s va gy ra
chuyén pha tir sang dang dam thay tinh ti.

Tir khéa: Nhidu xa notron, cAu tric tinh thé, tinh chat tir, vat lidu
multiferroic.

1. DAT VAN BE

Vit liéu thé hién mdi twong quan manh gitra tinh chit dién méi va tir tinh thu hut su
quan tdm 16n trong cong dong cac nha nghién ciu khoa hoc khéng chi boi cac tiém
nang tng dung thyc tién trong nhiéu linh vic nhu bd loc tuy chinh viba, san xuét ing
ten, cam bién tir, dau do spin dién tir, ma con béi cac hién twong vat 1y phuc tap bén
trong ching [1]. Thong thuong, hi¢u tng tir dién moi duge phat hién trong cac vat li¢u
da pha dién tur boi vi hang s6 dién moi vé ban chat lién quan truc tiép dén do phan cuc
dién va lién quan gian tiép dén trang thai trat ty tir. Tuy nhién, hiéu ung tir dién moi co
thé xay ra trong mot s6 vat liéu khong so hitu do phan cuc dién du. Va trong truong hop
nay, su két hop giita hiéu Gng tir tré va hiéu tng Maxwell-Wagner 12 nguyén nhan cua
hiéu ng tir dién moi [2]. Gan day, hiéu tng tir dién mdi manh vai ban chét tuong ty da
duogc phat hién trong vat ligu BaFeOs.s so hitu ciu tric 6H luc phuong tam khdi thuan
dién [3]. Hon nita, vat liéu nay duoc phat hién s¢ hitu hang s dién moi khong 16 & ~107
tai nhiét 4o phong [3]. Su ddng ton tai hiéu tng tir dién moéi manh va hang s6 dién méi
khong 16 hira hen kha ning (ng dung thuc tién cao ddi vai loai vat liéu nay.
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Bén canh d6, vat liéu BaFeOs.s con thé hién cac tinh chat vat 1y phac tap nhu tinh chat
C4u tric va tinh chat tir phu thugc vao nong do khiém khuyét oxy bat kiém soat o [4].
Gia tri cia 6 dao dong trong khoang tir 0 dén 0.5 va sy thay d6i caa ndng do khiém
khuyét oxy dan dén mét loat cac chuyén pha cau triic v6i tinh chat tir hoan toan khac
biét: lap phuong (6 ~ 0), luc giac 6H (0.08 < ¢ <0.37), tir giac (0.19 < ¢ <0.25), tam ta
(0.33 < ¢ <0.36), truc thoi (0.36 < ¢ <0.38), va tam ta brownmillerite ABO25 (6 ~ 0.5)
[4]. Trong cac pha cdu trac ctia BaFeOs-s pha luc gidc 6H thé hién tinh chét tir phic tap
va gay kha nhiéu tranh cii [3-4]. Cac nghién ctru trudc phat hién hai chuyén pha tir xay
ra & nhiét d6 250 K va 160 K ddi vai vat lieu khdi 6H BaFeOs-s [4]. Chuyén pha & nhiét
d6 cao hon dugc cho rang lién quan dén sy chuyén pha tir trang thai thuan tir sang trang
thai ferri tir hoac sang trang thai sat tir, trong khi d6, chuyén pha tai nhiét d6 thip hon
lién quan dén sy hinh thanh cua pha phan sit tir [4]. Tuy nhién, sir dung phuong phap
Massbauer va cac phép do tir d, Iga va cac cong sy [5] chitng minh rang trang thai tir
tinh 1a thuan tir va khong phat hién bat ky trang thai trat ty tir nao trong khoang nhiét o
160 - 250 K va trang thai tir duéi nhiét d6 Tn khong phai 1a pha phan sat tir don gian ma
1a trang thai hon hop cta phan sat tir voi cac ving trat ty tir ngan. M6 hinh tir tinh nay
da dugc xac nhan bang cac két qua do nhidu xa notron va tan xa notron goc nho [4].
Hon nira, chuyén pha tir phat hién bang phuong phéap do tir d6 tai 160 K duoc chung
minh 13 ko lién quan dén su hinh thanh cua trat tu phan sat tir xoan 6c, ma 1a lién quan
dén sy hinh thanh cac domain tir [4]. Két qua khac biét ciia cac nghién ctru trude ddi véi
tinh chét tir ciia pha luc giac 6H ciia BaFeOs.s co thé lién quan dén su khac biét vé chat
luong mau nghién ciu do diéu kién ché tao mau khac nhau.

Mt khac, cac nghién ctru trudc chi ra rang sy pha tap cac ion Ti** dugc phat hién lam
tang cudng tinh sit tir cia mang mong BaFeOs.s thong qua su ting nong do ion Fe**

giam su khiém khuyét oxy [6]. Bén canh d, sy lai hoa manh giira cac quy dao 3d° trong
cua Ti** va 2p cua cac nguyén tir oxy du doan sé gay ra sy léch chuyén cua Ti** tir tim
hinh bat dién kéo theo su xuat hién cia do phan cuc tu phat cuc by dong thoi cai thien
tinh chat dién méi. Tuy nhién, anh huéng cua sy pha tap Ti dén tinh chét vat 1y cua vat
ligu BaFeOs-s van chua dugce 1am sang t6. Chinh vi thé, trong nghién ciru nay, ching toi
tién hanh nghién ctru mot cach cu thé tinh chat ciu trac va tinh chat tir cia hé vat liéu
BaFeOs.; pha tap Ti sir dung két hop phuong phap nhidu Xa notron va cac phép do tir.

2. CHI TIET THI NGHIEM

Mau da tinh thé BaFe- xT1xO3.5 (0 <x <0.15) duoc ché tao bang phuong phap phan tng
pha ran théng thuong. Céc tién chat BaCOs (99. 997%), Fe20s (99.9%), TiO2 (99.99%)
dugc can theo dung ty phan dinh lugng va duoc tron déu va nghlen bang cdi ma nio dé
tao tinh ddng nhat cao trong hdn hop. Sau khi dugc nghién tron, hdn hop duoc ép thanh
vién va nung so bd lan luot tai nhiét d6 900°C va 1100°C trong 12 gi¢. Qua trinh nung
thiéu két dugc tién hanh tai nhiét d6 1300°C trong 12 gio.

S6 lieu nhidu xa notron dugce do dac trén phé ké notron DN-12 (16 phan ung IBR-2M,
Phong thi nghiém Vat 1y notron, Vién Lién hop nghién ctru hat nhan Dubna, Lién bang
Nga) trong dai nhiét do tir 10 - 300 K. Pho ké DN-12 ¢6 d6 phan giai Ad/d = 0.015 ddi voi
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khoang cach nho nhét giita cac mit phiang d = 2 A, cudng d6 dong notron trén miu vao
khoang 2.10° n/em?s, dai budc song notron rong (1 A < A < 12 A). Thiét bj diéu lanh
chuyén biét dua trén nguyén tic may lanh c6 chu ky khép kin duoc sir dung dé 1am lanh. Sb
liéu nhiéu xa duoc xtr li theo phuong phap Rietveld sir dung chuong trinh Fullprof [7]. Céac
phép do tir 46 phu thudc nhiét d6 theo ché do 1am lanh mau co tir truong FC va khong co tir
trudng ZFC va dudng cong tir tré cua cic mau duge do trén hé do cac tham sb vat Iy PPMS.

3. KET QUA
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Hinh 1. Gian do nhiéu xa neutron ciia BaFeiTixOs (0 <x < 0.15) ¢ nhiét dé phong va két qud
xit li bang phirong phdp Rietveld. Cac diém thyc nghiém va tinh todn dwoc trinh bay. Cdc vach
thang dimg ¢ bén dudi thé hién cho Vi tri tinh todn ciia cdc dinh nhiéu xa ciia cdc pha cdu triic.
Cdc dinh tir manh nhat dwgce danh ddu bang biéu twong “M” va ki hiéu “Al” danh ddu déng
g6p vao cuong do dinh nhiéu xa cia vé nhém boc mau.

Gian dd nhiu xa notron ciia cac hop chit BaFe:»TixOs.s (0 < x < 0.15) duoc trinh bay trén
hinh 1. Trén hinh 1, ¢6 thé thay rang pho nhiéu xa cta cac mau véi nong do pha tap Ti
thap x < 0.025 kha twong dong, ngoai trir sy giam manh cudng d¢ cia cac dinh nhidu xa
nam tai Ona =2.77 A, 2.91 A, 459 A va4.76 A (ki higu “M” trén hinh 1) khi nong doTi
tang. Két qua phén tich sb lidu cu thé cho thay rang cac mau vat ligu nay so huu Cau truc
tinh thé dang brownmillerite tam ta véi tinh d6i xung P21/c véi cac hang sé mang a ~
6.9A, b~11.6,c~233 A vaf~98.7°. Mb hinh cau tric tinh thé duoc biéu dién trén
hinh 2a. Pong thoi, cac dinh nhiéu xa ki hiéu “M” trén hinh 1a la dinh tir cua pha trat ty
phan st tir dai. Trong céu triic pha phan sat tir ndy, cac cap spin lan can dinh huéng
nguoc chiéu nhau. Gia tri momen tir trung binh ctia cac ion sit cta pha tir nay tai nhiét
d6 300 K giam tir 3.25(5) ps khi x = 0 xuong 2.15(5) us khi x = 0.025.

Khi tiép tuc tang nong do pha tap Ti, tai x > 0.05, ching t6i phat hi¢n su thay d6i 13 rét
cua pho nhiéu xa (hinh 1b). Piéu nay chung to su hinh thanh cua pha Ciu truc tinh thé
méi. Két qua phan tich s liéu chi ra rang pha cau tric méi so httu cau trac tinh thé dang
luc giac 6H voi tinh dbi xing khong gian P63/mmc véi hang s mang a = 5.7 A, ¢ =
13.3 A. M6 hinh céu tric cua pha luc giac nay duoc thé hién trén hinh 2b. Ngoai ra,
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trang thai trat tu tir dai khong duoc phat hién trén phd nhidu xa cia cac mau trén & nhiét
do phong.

Hinh 2. M6 hinh cdu triic tinh thé ciia pha tam ta P21/c (a) va pha luc gidc P6s/mmc (b) cia hé
vat liéu BaFe;TixOs.s

Nhu dd néu & bén trén, do cac cong bd trude phat hién trang thai trat tw phan sat tir dang
x0an oc hinh thanh trong pha luc giac 6H cua BaFeOs & nhiét do dudi Ty = 130 K [4],
chinh vi thé dé 1am rd tinh chét tir ciia pha luc giac nay, phd nhidu xa notron ¢ nhiét do
thap cua mau nghién ciru voi ndng do Ti 1a x = 0.05 va 0.1 da dugce do dac trong dai
bién thién dna I6n hon dén 12 A. Tuy nhién, trén phd nhidu xa notron & nhiét do thap
dén 10 K khéng phat hién dau hiéu cua sy hinh thanh cua pha trat tir phan sat tir dang

x03n bc.

(a) £ x=005

Cuong do (d.v.t.y)

|
= 10 2 5 g
d (A) 6i.l'vki(j&)

haid

Hinh 3. Gian dé nhiéu xa neutron ciia BaFe.«TixOs.5 V&i x = 0.05 (@) va 0.1 (b) & nhiét dg thap va két
qua Xt Ii bang phwong phdp Rietveld. Cdc diem thuc nghi¢m va tinh toan duwoc trinh bay. Cac vach
thang ding ¢ bén duoi the hién cho Vi tri tinh todn cuia cdc dinh nhieu xa Ciia cdc pha luc gidc

Buong cong tir d6 ZFC va FC cua mau x = 0.05 dugc trinh bay trén hinh 4a. 0 vung nhiét
do cao, duong ZFC va FC hau nhu trung nhau va thé hién xu huéng thuén tir tang déu khi
nhiét do giam. Sau do, tai nhié¢t do T = Tirr = 200 K, duong ZFC va FC bat dau phan tach va
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su phan tach ting manh khi tiép tuc lam lanh. Khi nhiét d¢ tiép tuc giam, duong tir d6 FC
tang déu trong khi d6 duong ZFC thé hién dinh rong tai nhiét 46 gan Ty = 70 K. Cac dau
hi¢u trén 1a dac trung chung cho céc trang thai thuy tinh tir (spin-glass), trang thai dam thuy
tinh tir (cluster glass), hay trang thai siéu thuan tir (superparamagnetism) [8]. Tuy nhién, doi
V6i trang thai thuy tinh tir nhiét do Tirr va Tg kha gan nhau trai nguoc Vdi két qua thu dugc
d6i véi mau nghién citu Tirr » Ty [8]. Bén canh do6, duong tir tré & nhiét d 5 K thé hién vong
tir tré Vi truong khang tir 16n ching to sy ton tai cua tuong tac sét tir. Hién tuong nay
khong dugce mong doi d6i vai trang thai siéu thuan tir [8]. Dya trén céc luan diém trén, c6
thé két luan trang thai dam thuy tinh tir 13 trang théi tir nén ddi véi pha luc giac 6H cua hé
vt liéu BaFe1xTixOs. Su chuyén pha tir trang thai phan sit tir dai sang dang dam thuy tinh
tir gdy ra boi sy pha tap Ti ciing duoc phat hién d6i véi hé vat liéu SrFerxTixOs.s [9]. Piéu
nay c6 thé dugc giai thich 1a do sy pha v& tuong tac tir giita cac spin cia ion Fe gy ra boi
Su pha loang tir do ion Ti khong ¢6 tir tinh [9,10].
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L 13
O'OO -| YR SR TR TR T TR SRS TRNVAR [N SN NN N S A Loww o bw v v b w o b by |:
0 100 200 300 9 -6 -3 0 3 6 9
I'(K) H(T)

Hinh 4. a) Cdac dwong tir d6 ZFC va FC phu thuge nhiét do do trong tir truong 100 Oe va
b) duong cong tirtre tai T = 300 K va 5 K doi véi mau x = 0.05

4. KET LUAN

Trong nghién ctru nay, chung t6i tién hanh khao sat mot cach chi tiét anh huong
ctia su pha tap Ti dén cau tric tinh thé va tinh chat tir cua hé vat liéu BaFei1«TixOs-
5. DI v&i ndng @6 pha tap Ti thap dudi x < 0.025, cdu trac tinh thé cia mau nghién
ciru ¢6 dang tam ta brownmillerite Vi tinh ddi xing khong gian P21/c. Sy ton tai
cua trang thai phan sat tur dai duoc phat hién tai nhiét 4o phong. Sy thay thé Ti vao
vi tri ciia Fe lam giam gia tri momen tir trung binh cua pha tir nay tu 3.25(5) ug tai
x = 0 xudng 2.15(5) s tai x = 0.025. Tai x = 0.05, cu tric tinh thé chuyén tir ciu
triic tam ta brownmillerite ban dau sang ciu tric tinh thé luc giac voi tinh ddi xing
khong gian P63/mmc. Trong pha luc giac nay, sy pha tap Ti lam pha v hoan toan
trang thai trat tu tor dai dang xoéan bc duoc phat hién trong vat li¢u 6H BaFeO3s.5 va
gdy ra chuyén pha tir sang dang dam thay tinh tir. Cac két qua c6 thé giai thich boi
su pha v tuong tac tur gilta cac spin cua ion Fe gay ra baoi sy pha loang tur do ion
Ti khong c6 tur tinh.
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Title: STRUCTURAL AND MAGNETIC PROPERTIES OF BAFE1.xT1xO3.s SYSTEM

Abstract: Polycrystalline samples BaFe1xTixOs-s (0 <X < 0.15) have been prepared by the solid-state
reaction method and their structural and magnetic properties have been investigated by means of
neutron diffraction method and magnetization measurements. At x < 0.025, the samples adopt a
triclinic brownmillerite crystal structure with symmetry P2:;/c and demonstrate a long-range
antiferromagnetic order at room temperature. Upon Ti doping, the room-temperature ordered
magnetic moment of Fe spin gradually decreased from 3.25(5) pg at x = 0 to 2.15(5) ps at x = 0.025,
indicating a suppression of the long-range antiferromagnetic phase. At x = 0.05, it was observed a
structural phase transition from the initial triclinic brownmillerite structure to a hexagonal 6H one
with symmetry P6s/mmc. For the hexagonal phase, Ti doping was found to cause a full suppression
of the AFM long-range helical order as previously reported for the undoped 6H BaFeOs.s and
transformed it into a cluster glass state.

Keywords: Neutron diffraction, crystal structure, magnetic property, multiferroics.



