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ANH HUONG CUA THAY THE Fe LEN CAU TRUC VA TiNH CHAT PIEN

CUA BaTiOs

TRAN THI HA, DU THI XUAN THAO, Truong Pai hoc M6 - Dja chat
LE VAN HONG, Vién Khoa hoc va Cong nghé Viét Nam

Tém tit: Fe dicoc thay thé timg phdn cho Ti trong cdu triic BaTiOs. Gidn do nhiéu xa tia X
madu bét, phé tan xa Raman va cdc déc trung dién dién tir tai nhiét do phong da duoc thuc
hién. Sw thay thé Fe cho Ti anh hwong truc tiép 1én cdu triic tinh thé, dao déng mang va tinh
chat dién tir cua vt liéu. Biéu hién sat tir tai nhiét do phong quan sdt thdy trén toan hé mau.

Dac trung sdt tir va do 1ém ciia mémen tir phu thuoc khong don diéu vao nong do sat thay
thé cho Ti. Bang cdach i mdu & nhiét dp khoang 500 °C trong chén khéng, nong dé éxy trong
vt liéu dwoc khong ché. Nhiét dg v va thoi gian 1 mdu dnh hwéng 1én ddc trung tir ciia vt
liéu. Sw gia ting mé men tir bio hoa theo thoi gian i ciia mau BaTiOs khéng thay thé Fe da
dwoc quan sat thcfy va dwoc cho la lién quan toi su xudt hién cua ion Ti** gdy nén do su

thiéu hut oxy trong vat li¢u.
1. Mé diu

T lau barium titanate da dugc biét dén la
vat liéu c¢6 nhing tinh chat rat phu hop cho cac
tmg dung dién va dién tir [1,2]. R4t nhiéu
nghién ctru d tap trung vao qué trinh tong hop
bot BaTiO3z dé tan dung tinh chéat dién méi cua
né [3]. BaTiOs ¢6 2 dang cdu trac da dién: cdu
trac 1ap phuong va céu trac luc giac. Trong khi
BaTiOz dang lap phuong da dugc nghién ctru tir
hang thap ki nay [4], thi phan 16n nhimg cong
trinh nghién ctru cau trac va tinh chat cua
BaTiOs dang luc giac chi moi xuat hién gan day
[5-7]. Pha luc giac cua BaTiO3 (h-BaTiOz3) chi
bén & nhiét do trén 1460 °C (theo gian dd pha
cua Kirby va Wescher, 1991). Qua trinh nung
trong khi tro, (nhu N2-H2 9Eibl, 1989) hay qua
trinh ché tao theo kiéu ép nong trong ndi
graphite (Mostaghaci va Brook, 1985) hoac pha
tap acceptor (Langhammer, 1996; Grey, 1998;
Lin va Lu, 2001) da tao ra pha luc giac ¢ nhiét
d6 phong. Nut khuyét oxy sinh ra trong diéu
kién 0 ¢ trén la nguyén nhan tao nén pha lyc
giac cua vat liéu.

Trong nghién ctu nay, chung t61 khao sat
BaTiOs pha tap Fe dé thu duoc pha luc giac &
nhiét d6 phong. O day, ching toi gi6i thiéu két
qua do Xray va Raman dé nghién ciru ciu tric
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ctia BaTi1.xFexOs & nhiét do phong. Céac két qua
vé phan tich cau trac, tinh chat dién va tir duoc
so sanh v6i mau gbm BaTiOs khong pha tap.
2. Thuc nghiém

Hé mau gém BaTir«FexO3( véi 0 < x <
0,09) (BTFO) da duoc ché tao bang phuong
phap phan tmg pha ran. Tién chat 1a nhimg hop
chéat dang bot BaCOs, TiO,, Fe203 véi do sach
> 99% duoc can dé tao thanh vat liéu co cong
thirc BaTi1-xFexOs. Hon hop bot dugc nghién,
tron va sau d6 dugc nung ¢ nhiét d6 1050 °C
trong 24 gid. Sau khi nung so bo, mau duoc
dem nghién lai va nung thiéu két & nhiét do
1300 °C trong 5 gio voi toc do ting nhiét 1a 4
°C/phut. Tat ca ciac mau dugc dem phan tich
tinh tinh thé, thanh phan pha va c4u trac tinh thé
nho st dung nhidu xa ké tia X Siemens D5000
v6i burc xa don sic CuK, (A = 1,54056 A), 20
duoc quét tir 20° dén 70° véi budc quét 1a 0,02°.
Phé Raman duoc do v6i miu BaTiOgz tinh khiét
va pha tap Fe tir 100-800 cm™ bang may micro
Raman LABRAM -1B. Buc xa kich thich 1a
ngudn Laser Ar ¢6 budc song 488 nm voi mat
do cong suét trén bé mit mau dugc chon mot
cach thich hop. Su phu thudc vao tan sd cua
hé‘mg s6 dién méi va do ton hao dién méi da
duoc do ¢ nhiét d6 phong trong khoang tan sb



tir 5Hz dén 1,2 MHz sir dung may HP 4192A.
Puong tir tré duoc do bang tir ké méiu rung
trong tlr trudng tir -70 KOe dén 70 KOe.

3. Két qua va thio luin

Gian d6 nhidu xa tia X cua mau BaTiO3
tinh khiét va cac miu BaTiO3 pha tap st véi
ndng d6 nho (x=0,005 va x=0,01) cho thidy mau
1a don pha, vdi cau trac tinh thé tir giac. Khi
ndéng do pha tap tiép tuc ting 1én thi pha luc
gidc ciia BaTiOs bit dau duoc hinh thanh véi ti
phan pha luc giac so véi pha tir gidc ting nhanh
theo nong do Fe. Bang 1 1a két qua tinh ti phan
cdu trac tir gidc va cau trac lyc giac theo ndng
do pha tap thong qua phé X - ray.

Khi ting nong d6 pha tap, ti phan pha luc
giac so voi pha tir giac tang lén, phu hop voi
cuong d6 dinh phd nhu da quan sat trén gian d6
nhiéu xa tia X.

Hinh 1 1a ph6 Raman cta hé¢ miu BTFO.
Céc dinh pho déc trung c6 thé ké dén la:

Pinh 1: tai vi tri 153 cm™, day 1a mot dinh
c6 cudng do yéu va hep chi xudt hién vé6i cac
mau c6 x > 0,04. Pinh 2: ¢ khoang 230 cm™
[A(TO1)], mode nay do dao dong cua bat dién
oxy nén no rat nhay voi img suit trong mau, khi
Gmg sudt ting thi cuong d6 dinh nay giam
manh. Dinh 3: & khoang 307cm™? [By,
E(TO3+L03)]. Dinh 4: & khoang 500 cm™
[E(TO4), A1(TO4)], day 1a mdt dinh c6 cuong
d6 manh va rong, mode E(TO4) nay duogc coi la
mode gidn do sy thay ddi chiéu da1 lién két Ti -
O. Pinh 5: & khoang 640 cm™ (E(LO)), xuat
hién khi x > 0,04, day 1a mét dinh c6 cuong do
manh va twong ddi hep. Pinh 6: & khoang 720
cm(E(LO4), A1(LOA4)).

Bang 1. Ti phan c4u trac vat liéu theo ndng do pha tap

X 0,00 | 0,005 | 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09
Cautractr | 464 | 100 | 100 | 96,16 | 76,59 | 41,72 | 29,75 | 2557 | 17,80 | 8,61 | 8,50
giéc (%)

Cau tric ly 0 0 0 | 3,84 | 2341 | 5828 | 70,25 | 74,43 | 82,20 | 91,4 | 91,50
giac (%)
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Hinh 1. Ph6 Raman & nhi¢t d§ phong cia hé
mau BTFO

Hinh 2. Sy phu thudc vi tri mot s6 dinh phé vao
nong do Fe
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Hinh 3. Cuong 4o ti ddi cua 2 dinh dic trung
cho pha tr gidc va pha luc giac

Hinh 2 1a sy phu thudc vi tri dinh vao nong
do pha tap cua cac dinh c6 cuong do manh déc
trung: dinh 3, 4, 5, 6. T dd thi ta théy vi tri ciia
dinh 3 ~ 300 cm™ [B1, E(TO3+L03)] hau nhu
khong thay d6i. Trong khi 3 dinh con lai déu c6
xu hudng dich vé phia vecto song nhd hon khi
ting nong do pha tap. Su dich dinh nay c6 thé
giai thich 1a khi Fe dugc dua vao mang tinh thé
ctia BaTiO3 dé thay thé cho Ti, n s& lam gidn
mang vi ban kinh ctia ion Fe®* (0,7 A) 1én hon
s0 v0i ban kinh cua ion Ti** (0,6 A). Cang ting
nong do pha tap s& cang lam cho  mang bi gian
va cac dinh Raman s& dich dan vé phia s song
nho [8].

Ta xét dinh 4 twong tng mode E(TOa),
AL1(TO4) & khoang 500 cm™ va dinh 5 tuong
tmg mode E(LO) & khoang 640 cm™, day 1a 2
dinh c6 cuong d6 manh nhét va dic trung cho 2
pha t&r giac va luc giac. Trén hinh 3 1a dd thi
cuong do ti ddi ciia 2 mode nay. Khi ting nong
do pha tap, cac dinh dac trung cho pha tuo giac
giam cuong d¢ trong khi cac dinh dac trung cho
pha lyc gidc co cuong do tang dan. Dic biét voi
néng dg pha tap nho (x = 0,005 — 0,04), cuong
do ti 601 giam manh, ti phan ciu trac tr giac
trong mau giam nhanh, thay thé bang ciu tric
luc giac, két qua nay phu hop véi tinh toan
nhiéu xa tia X. Khi nong do pha tap lon hon,
cuong do ti dbi ddi giam nhe cho thiy ti phan
pha t giac/pha luc gidc trong miu thay doi
khong dang ké.
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Puong tir tré ctia mot s mau duoc cho trén
hinh 4. Gian d6 nhidu xa tia tia X khong ton tai
pha cua Fe hay oxit sit nén c6 thé khang dinh
tinh chét tir ciia hé miu 13 tinh chét riéng cua
vat licu BTFO. Khi chua pha tap va khi pha tap
v6i ndng d6 nho (x < 0,06) thi BTFO ¢ tinh
chét sét tir yéu. Khi ting dan ndng do pha tap,
tinh sit tir dan ting 1én va khi ndng do pha tap
dat dén 8% thi tir tinh dot ngdt ting manh.
Momen tir bdo hoa cia mau BTFO pha tap 8%
c6 gia tri 16n nhat, ¢ 0,03 emu/g, cac miu con
lai c6 gid tri nho.
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Hinh 4. Puong tir tré ctia hé mau BTFO

Tinh chat tir ctia hé miu c6 thé duoc giai
thich theo co ché sau: ban than trong vat li¢u
BaTiOs3 duoc ché tao da ton tai mot s6 nut
khuyét OXy. Pé dam bao dleu kién trung hoa
dién, mot s6 ion Ti trong mAu phai t6n tai &
trang thai Ti®*. Chinh tuong tac trao d01 kép
giira cic ion T13+ va Ti** ton tai trong mu da
tao nén tinh sit tir yeu cia mau BaTiOs tinh
khiét. Khi nong do pha tap tang 1én, trong hé s&
xuét hién thém céc ion Fe®*, trong mau lic nay
xuat hién 2 loai phan mang: phan mang chira Fe
va phan mang chtra Ti, tuong tac tir ton tai
trong timg phan mang riéng 1& va tinh chat tir
duogc ting 1én nhung ting cham. Khi néng do
pha tap 16n hon nira (x=0,08) thi c6 thé xuat
hién tuong tac gitra 2 loai phdn mang ctua Fe va
Ti khién cho tir tinh ctia mau ting dot ngdt nhu
trén.

Hinh 5 biéu dién su phu thudc phan thuc
héng s6 dién moi ciia hé mau BTFO theo tan sb.
Hién tuong hoi phuc quan sat dugc & dd thi 1a
Kkét qua cua su khong hoat dong céc dién tich do
hién tuwong quan tinh ludng cuc di¢n.
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Hinh 5. Su phu thudc cta phan thuc hang sb dién moi vao tan )

Hién twong cong hudng chi xay ra dbi voi
mAu c6 ndng do pha tap nho. Cac mau c6 ndng
d6 pha tap 16n khong thdy c6 dinh cong huong
nhung c6 xu hudng ting dan khi ting tan sb
khién ta ¢ thé du doan rang tan sd cong hudng
ctia nhitng miu nay nim & dai tan sé 16m hon.
Mot dic diém khac 1a khi tang dan noéng do pha
tap thi hang s6 dién moi ctia mau c6 xu hudng
giam manh (trr x = 0,005 dén x = 0,03), sau do
tiép tuc giam voi ndéng d6 tap 16n hon, nhung
giam yéu. Piéu nay c6 thé giai thich 1 khi pha
tap Fe vao BaTiOz thi s€ tao ra cac di¢n tich ty
do dudi dang nit khuyét oxy 1am cai thién tinh
dan dién cua heé, tirc 1a tinh dién moi phdi giam
di. Nong do tap cang 16n thi sd luong nut
khuyét oxy cang nhiéu tirc 1a cac hat tai dién
cang nhiéu, dong nghia véi hiang s6 dién moi
phai giam dan.

4. Két luan

M&i lién hé chit ché gitra cdu trac tinh thé
va tinh chat dién tir voi ndng do pha tap Fe da
dugc quan sat trong vat liéu gdbm BTFO. Khi
nong do Fe tang tir 0,5% lén 8% céu triic tr
gidc/luc gidc giam di rd rét va tinh chit tir cua

vat lidu tang tir 0,4x10° dén 30x10° emu/g.
Péng thoi, tinh chét dién cua vat li€u ciing thay
d6i. Su lién hé nay duoc giai thich do sy ting
nat khuyét oxi trong hé mau.

TAI LIEU THAM KHAO
[1]. L.B. Kong, J. Ma, H. Huang, R.F. Zhang,
W.X. Que, J. Alloys Comp. 337, 226 (2002).
[2]. S. Ohara, A. Kondo, H. Shimoda, K. Sato,
H. Abe, M. Naito, Mater. Lett. 62, 2957 (2008).
[3]. W. Sun, J. Li, Mater. Lett. 60, 1599 (2006).
[4]. Lines M E and Glass A M 1977 Principles
and Applications of Ferroelectrics and Related
Materials (Oxford: Clarendon Press).
[5]. Yamaguchi M, Inoue K, Yagi T and
Akishige Y 1995 Phys. Rev. Lett. 74 2126.
[6]. Yamaguchi M, Watanabe M, Inoue K,
Akishige Y and Yagi T 1995 Phys. Rev. Lett.
75 1399.
[7]. Akishige Y 1994 J. Kor. Phys. Soc. 27 S81.
[8]. N. K. Karan,a R. S. Katiyar,a T. Maiti,b R.
Guob and A. S. Bhallab, Raman spectral studies
of Zr**-rich BaZr«Ti;xOs (0,5 < x < 1,00) phase
diagram, 2008.

SUMMARY
Influence of Fe substitution on structure and electrical properties of BaTiOs
Tran Thi Ha, Du Thi Xuan Thao, Universityof Mining and Geology
Le Van Hong, Vietnam Academy of Science and Technology
Fe partially substituted Ti in structure of BaTiO3z. The powder X-ray diffraction, Raman

spectra and electro-magnetic characterizations of material were carried out at room temperature.
The substitution of Fe for Ti directly affects on crystalline structure, lattice relaxation and electro-
magnetic properties of BaTiOs. The ferromagnetic behavior at room temperature was observed for
all the samples. Magnetic characterization of material and its saturation magnetic moment anomaly
depends on concentration of Fe substituted for Ti. By annealing in vacuum at the temperature
around 500 °C, the oxygen concentration in BaTiOs material was controlled. The annealing
temperature and annealing time affects on magnetic behavior of the material. An increasing the
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saturation magnetic moment of the BaTiO3 without Fe substitution was observed in dependence of
annealing time and it is supposed to be attributed to appearance of Ti** ion, caused by the oxygen
deficiency in BaTiO3z material.
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