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Abstract

Bismuth ferrite (BiFeO3) powders were synthesized by hydrothermal method using Bi(NOs); and Fe(NO3)s, acetic
acid and KOH as starting materials. The effects of reaction time, hydrothermal temperature and molar ratio of acetic
acid/metal on the formation of BiFeO; were investigated. X-ray diffraction (XRD) and field-emission scanning electron
microscopy (FESEM) were used to characterize synthesized oxide powders. The results showed that single-phase
BiFeO; with the average grain size < 100 nm was obtained at hydrothermal temperature as low as 180 °C for 12 hours.
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1. MO PAU

Vit liéu bitmut ferit, BiFeO; (BFO) ¢6 hoat tinh
xUc tac cao trong ving &nh sang nhin thay vaéi do
réong viing cim c& 2,2 eV va do bén héa hoc cao [1-
3]. Hon nita, BiFeOj; thé hién tinh sit tir & nhiét do
phong nén hoan toan c6 thé thu hoi tai sir dung [4-
5]. Chinh vi 1€ d6, cac nghién ctu hién nay vé vat
liu nén BiFeO; cho dinh huéng quang xic tac noi
riéng va cac ung dung khac néi chung déu tap trung
vao viéc tim céc qui trinh ché tao cho san pham don
pha BiFeO; & nhiét do thip [6-9]. BFO la hop chat
cia bitmut, sit va oxi ¢ cau tric dang perovskit

(hinh 1).
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Hinh 1: Cau trdc tinh thé cua perovskit BiFeO; [11]

Dén nay, cho du BFO da duoc tong hop bang
nhleu phuong phép khac nhau nhu: phuong phap
gém truyén thong, phuong phap sol—gel, phuong
phép thuay nhiét,... nhung viéc thu dugc BiFeO; don
pha véi cic qui trinh don gian, ré tién tir cac chat

dau vao d& kiém van 1a mot thach thic can giai
quyét cua cac nha khoa hoc. Do vay, & bai bao nay
BiFeO; dugc chung t6i nghién ciru téng hop bang
phuong phap thuy nhiét. Phuong phap thuy nhiét la
phuong phép dung nude dudi 4p suat cao va nhiét
d6 cao hon diém sbi binh thuong. Luc d6 nuéc thuc
hién hai chtrc nang: thir nhat vi nd & trang théi long
hodc hoi nén déng chtrc ning méi trudng truyén ap
suit, thir hai n6 dong vai tro nhu mot dung méi c6
thé hoa tan mot phan chat phan tung dudi ap suat
cao, do d6 phan tmg dugc thyc hién trong pha long
hozc ¢ sy tham gia mot phan cua pha long hoic pha
hoi.

2. THUC NGHIEM
2.1. Héa chit, thiét bi

Dung dich Bi(NO3); 1 M, Fe(NO3); 1 M, KOH 6
M, CH3COOH 99,5 % va nudc cat déu c6 do sach
phén tich héa hoc

May khudy tir gia nhiét IRE (Y), tu say M400
(Buc), binh thiy nhiét 50 ml va mét sé dung cu thuy
tinh.

2.2.Téng hgp vit liéu

Hon hop dung dich gitta Bi(NOz); 1 M va
Fe(NOs); 1 M (ty 1€ mol Bi/Fe = 1/1), CH;COOH
99,5 % (voi ti I¢ mol CH;COOH/kim loai thay doi)
dugc khudy déu voi 10 ml KOH 6 M theo ti & xac
dinh. Han hop nay véi thé tich duoc gitr ¢b dinh la
20 ml, dugc chuyén vao dng Teflon dung tich 40 ml
roi dat trong binh thay nhiét va gia nhiét ¢ thoi gian
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lan luot 12 8, 10, 12 gid tai cac nhiét do khac nhau
160, 180 va 200 °C. San pham thu dwoc sau phan
g duoc loc, rira bang nuéc cat hai lan va sy khd o
50 °C trong 24 gio.

2.3. Phwong phap nghién ctru

Gian db nhidu xa tia Ronghen cta cac mau ché
tao duoc ghi trén may Siemens D-5000 (CHLB
buc), buc xa CuK, véi budc song A = 1,5406 A.
Hinh thai hoc dugc xac dinh bang cach ghi anh trén
kinh hién vi dién tir quét phat truong (FE-SEM,
Hitachi, S-4800).

3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia ti 18 mol CH;COOH/kim loai
dén qua trinh hinh thanh pha BiFeO;

HGon hop cua Bi(NO3); 1 M, Fe(NOs); 1 M va
CH;COOH 99,5 % dugc khudy déu lién tuc nhu
phan trén véi ti 16 mol CH;COOH/kim loai khac
nhau lan Iuot 1a 35/1, 52,5/1 va 70/1. Roi thém 10
ml KOH 6 M vao cac mau. Hon hop nay duoc dinh
muc & 20 ml, dugc chuyén toan bo vao ng Teflon
dung tich 40 ml rdi dat trong binh thay nhiét va gia
nhiét trong 12 gid tai cac nhiét d6 180 °C. San pham
thu dwoc sau phan tmg duoc loc, rira nhiéu 1an bang
nudce cat hai lan dén pH = 6 va say kho & 50 °C trong
24 gid. Cac mau sau d6 duoc dem phan tich thanh
phan pha trén may Siemens D-5000. Két qua phan
tich duoc ghi lai & hinh 2.

o Buzoz(coa)
Hinh 2: Gian dd nhiéu xa tia X caa mau tdng hop
voi ti 1€ mol CH3;COOH/kim loai khac nhau:
(a) 35/1; (b) 52,5/1; (c) 70/1

Két qua nhidu xa tia X hinh 2 cho thdy ¢ mau
téng hop voi ti 16 mol CH;COOH/kim loai = 52,5/1
thu duoc don pha BiFeQ;. Mau tong hop vai ti 18
mol CH3;COOH/kim loai = 35/1 ngoai pha chinh
BiFeO; da dugc hinh thanh con ¢6 13n mot phan nho
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cac pha Bi,Fe O, (2BiFe0;.Fe,03). Con & miu tong
hop véi ti 1€ mol CH;COOH/kim loai = 70/1 thu
dugc pha chinh Ia Bi,O,CO; va mot luong nho pha
BiFeO;. Do vay ti I¢ mol CH3COOH/kim loai =
52,5/1 da duoc lwa chon trong cac nghién ctu tiép
theo.

3.2. Anh hwéng cia thei gian phan éng dén qua
trinh hinh thanh pha BiFeO;

Vi qui trinh tong hop Vét li¢u tugng ty nhu trén
chi thay ddi thoi gian phan ang 1a 8, 10 va 12 gio.
Cac mau vat liéu sau khi duoc tong hop duoc dem
phan tich nhidu xa tia X. Két qua phan tich duoc
biéu di&n & hinh 3.
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Hinh 3: Gian dd nhiéu xa tia X cua mau tong hop
vai thoi gian phan ang khéc nhau:
(@) 8 gio; (b) 10 gio; (c) 12 gio

Tir két qua hinh 3 cho théy, vai thoi gian phan
trng 1a 8 gio mau vat liéu thu duoc ton tai & dang vo
dinh hinh (chua hinh thanh pha tinh thé). Con mau
t6ng hop ¢ thoi gian phan tng 1a 10 gio hinh thanh
pha tinh thé VoI hO'p thirc BizsFe,05;
(2BiFe03.17Bi,03). Véi thoi gian 10 gio chua du
thoi gian phan tmg dé cac ion Bi*" thay thé Fe**
trong cau truc cua perovskit BiFeOs.

Khi mau tong hop & thoi gian phan tng 12 h thu
dugc don pha duy nhat BiFeOs. Nhu vay thay rang
thoi gian phan ¢ng thay nhiét 13 mot yéu t6 rat quan
trong téi sy hinh thanh pha cua vat liéu BiFeOs.
Trong cé4c thi nghiém tiép theo thoi gian phan tng
dé tong hop vat liéu BiFeO; bang phwong phap thuy
nhiét 1a 12 gio.

3.3. Anh hwéng cia nhigt do dén quéa trinh hinh
thanh pha BiFeO;

D¢ tién hanh khao sat nhiét do phan tng anh
huong toi hinh thanh pha BiFeOs tien hanh tong hop
mau tuong tu nhu trén véi nhiét d6 phan tng thay
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doi lan luot la 160, 180 va 200 °C. Sin pham thu
duoc dem phan tich thanh phan pha bang phuong
phap nhiéu xa tia X. Két qua ghi lai ¢ hinh 4.

SIEMENS DS@0@, X-Ray Lab., Hanoi @3-Apr-2014 08:57
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Hinh 4: Gian d6 nhiéu xa tia X cua mau tong hop
Vi nhiét do phan (g khéc nhau:
(a) 200 °C; (b) 180 °C; (c) 160 °C

Két qua nhidu xa tia X cho thdy mau vat liéu
tong hop ¢ nhiét d6 160 °C ngoai pha tinh thé
BiFeO; di duoc hinh thanh con c6 1an ca pha
BissFe,0s;. Khi mau duoc téng hop ¢ nhiét do
180 °C va 200 °C déu thu dwoc pha duy nhét
BiFeOs. Nhu vay nhiét do phan tng thuay nhiét ciing
anh huong rat lon téi viéc hinh thanh pha BiFeOs.
Pé thuan lgi cho céc nghién cau tiép theo nhiét do
phan tng thuy nhiét 180 °C da dugc lya chon.

Mau cua vat liéu BiFeO; dugc tong hop ¢ 180°
trong 12 gio dugc dem phéan tich xac dinh thanh
phan c4u tric pha trén may Siemens D 5000 va vi
hinh thai hoc trén kinh hién vi dién tir quét phat
truong Hitachi, S-4800. Két qua phan tich dugc chi
ra ¢ hinh 5 va 6.
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Hinh 5: Gian d6 nhiéu xa tia X cia mau tong hop &
diéu kién toi wu: nhiét do thuy nhiét 180 °C trong
12 gio, ti I&¢ mol CH;COOH/kim loai = 52,5/1

Nghién cizu tong hop BiFeO; bang...

Hinh 6: Anh SEM ctia miu BiFeO; tong hop ¢ diéu
kién toi uu: nhiét o thuy nhiét 180 °C trong 12 gio,
ti 1€ mol CH;COOH/kim loai = 52,5/1

Theo két qua gian d6 nhidu xa tia X trén hinh 5
thdy, mau tong hop & diéu kién tbi wu thu duoc don
pha BiFeO; cdu triic perovskit c6 do két tinh tdt voi
kich thudc hat < 100 nm (hinh 6).

4. KET LUAN

DPi nghién cau mot sb yéu t6 (ti 16 mol
CH;COOH/kim loai, thoi gian phan tng, nhiét do
phan tng) anh huong t6i qua trinh tong hop BiFeOs;
bang phuong phép thuy nhiét. Pé thu duoc don pha
BiFeO; can tong hop ¢ diéu kién: Thoi gian phan
ung 12 gio, nhiét do thuy nhiét 180 °C, ti 1&é mol
CH3COOH/kim loai = 52,5/1.

Loi cam on. Nghién ciu nay duwot tai tro béi Quy
phat trien khoa hoc va cong nghé quoc gia
(NAFOSTED) de tai, ma so 103.02-2013.12.
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