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Fig.1 Raman spectra of samples with 1 : 1 molar ratio of
Bi, 0;-Fe, 05 and 10 or 100 C + min~' heating/cooling

rates at selected temperatures
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Fig. 2 Raman spectra of samples with 1 : 1. 03 molar ratio of
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Fig. 5 2D-XRD patterns of products
(a): 1: 1 molar ratio of BizO3-Fe; 03 and 10 C * min ! heating/cooling rates; (b): 1 : 1 molar ratio of Bi»O3-Fe;O3 and 100 °C « min ! heat-

ing/cooling rates; (c¢): 1.03 ¢ 1 molar ratio of BizO3-Fe2 O3 and 10 °C « min~ ! heating/cooling rates; (d): 1. 03 : 1 molar ratio of Bi»O3;-Fe, O3

and 100 °C * min~'heating/cooling rates; (e): 1. 05 ¢ 1 molar ratio of BizO3-Fe2 3 and 10 “C + min~! heating/cooling rates; (f): 1. 05 : 1 molar

ratio of BizO3-Fe; O3 and 100 “C » min~ ! heating/cooling rates
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(b): 1: 1 molar ratio of Bi;O3-Fe; O3 and 100 “C » min ! heating/cooling rates;
(c): 1.03 : 1 molar ratio of Bi;O3-Fe;O3 and 10 °C * min~ ! heating/cooling rates;
(d): 1. 03 * 1 molar ratio of Bi;O3-Fe;O3 and 100 ‘C » min~ ! heating/cooling rates
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Fig. 7 Raman spectra of the sample with 1 : 1. 03 molar ratio
of Bi,0;-Fe,0; and 100 C « min~' cooling rates in

cooling process
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The points are experiment results, the line is linear fitting of experi-

ment results



1166 i 2% 5 61 43 Hr

5540 &

AR XA . R R

c=142.1—0.035 X T (2
Hw, o MPHG em ' TORIRAL. Co BB HAH. £R
BFO & i 56 3 15 52 R AR T W 4 s R AA i) R =0.999 2,
FRCHEBIFREMAMECR. X UWIRER DR+ BFO
WEe A7 5 1A 3% 5l 0y 7 3 B2 A R I i 6 A 4 3 300G - I
AR,

3 45 ik

FF HT-Raman J7i, W58 T ARIBCEL (1 1, 1.03 = 1
M 1.05 = DY Bi, Os-Fe, Oy 7EA ] FH il #2811 B 45 40
AR b AR, LA R S W i AR AR . AR R TR
AR PRI (100 °C » min~ '), B, O, 5 Fe, O 554 ¥ 1 15
FEaTE . BiOs-Fe, O; fid A 1.03 ¢ 1, FHEH R K 100

References

C o« min "B, SOBLBEES W T 2R AR Y B AR, IEP] BiE
20k DA R MO TR B R I A 0 A . Ak, A
F 2D-XRD #1 EBSD $ AR ¥ bW 58 T IR 2 20 5 Be sl ™=
A 43 A B FR LR/ . XRD 25561, 4 Bi, Oy-Fe, Oy L
R 1,03+ 18, 240 Bi,Os W45 Bi,Fe, Oy TR A4 B
BiFeOs, H RN Ba4s 1) 7™ P okl ST 8K EBSD iy 45 3R b
TEA T3k — £, 90 H& B Bi o i i 00 Be 45 7= 9 ik R~ 5%
Pl—, RGP R MM, A GRS EE2E, iR
e L 2 I A R OR AR RS R B ORI T R, 33
B AR BN 5 4. BLARBUE L. BRI, &3 BFO [
AL B R E R A A ER, H B 2EE RFMWE
P Z, XULET R IR 5 R TR BFO W47 B (9 B 3 A2 i T iR
JE REARHS A IR 48 BB, IR S AR , IR S SR T
HE— N8 Bi, O;-Fe, O5 W be 4l R AHAS HLEE . I 4% b il %
4 BiFeO,; B:Pg % A BITFHIE S E X,

[1] Bea H, Bibes M, Fusil S, et al. Physical Review B, 2006, 74; 020101R.

[ 2] Fischer P, Polomska M, Sosnowska I, et al. J. Phys. C, 1980, 13; 1931.

[ 3] Bhattacharjee S, Tripathi S, Pandey D. Applied Physics Letters. 2007, 91(4): 042903.

[ 4] Selbach S M, Einarsrud M A, Grande T. Chemistry of Materials, 2009, 21(1): 169.

[ 5] Bernardo M S, Jardiel T, Peiteado M, et al. Journal of the European Ceramic Society, 2011, 31: 3047.

[ 6] Valant M, Axelsson A K, Alford N. Chemistry of Materials, 2007, 19 5431.

[ 7] Bernardo M S, Boletin de la. Sociedad Espanola de Ceramicay Vidrio, 2014, 53 1.

[ 8] Nalwa K S, Garg A, Upadhyaya A. Materials Letters, 2008, 62(6-7): 878.

[ 9] Cheng GF, Ruan Y J, Liu W, et al. Material Letters, 2015, 143 330.

[10] XIONG Zhi-hua, ZHAO Ming-zhen, HE Jun-guo, et al(B8:E4E, BXHEE, ff{R[E ., Z8). Spectroscopy and Spectral Analysis(GGHE* 5%

BEAHT) S 2016, 36(10): 3404,

[11] Kothari D, Reddy V R, Sathe V G, et al. Journal of Magnetism and Magnetic Materials, 2008, 320(3-4); 548.
[12] Fukumura H, Harima H, Kisoda K, et al. Journal of Magnetism and Magnetic Materials, 2007, 310(2); e367.
[13] Fukumura H, Matsui S, Harima H, et al. Journal of Physics: Condensed Matter, 2007, 19; 65224.

[14] Rout D, Moon K S, Kang SJ L. Journal of Raman Spectroscopy. 2009, 40 618.

[15] Arenas D J, Jegorel T, Knab C, et al. Physical Review B, 2012, 86. 144116.

[16] Yuan X Y, Shi L, Zhao J Y, et al. Scripta Materialia, 2018, 146 55.

[17] Wang Y P, Zhou L, Zhang M F, et al. Applied Physics Letters, 2004, 84(10): 1731.

[18] Zhang ST, Lu M H, Wu D, et al. Applied Physics Letters, 2005, 87(26): 262907.

In-situ Raman Spectroscopy Study on the Phase Transformation of BiFeO;

Ceramics in the Reaction Sintering Process

YIN Han-di, LI Zhao-xia, SUN Yue, RUAN Yin-jie, ZHUO Shang-jun, CHENG Guo-feng”

Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai

200050, China

Abstract The multiferric BiFeO; (BFO) has attracted much attention due to its magnetoelectric coupling effects. However, the
phase transformation involved in the reaction sintering is still not clarified, which consequently restricts the synthesis of pure-
phase BiFeO; ceramics. Iirsitu High Temperature Raman Spectroscopy (insitu HT-Raman)is a powerful means to characterize
complex solid phase transitions and reactions. In this paper, the phase transformation in the reaction sintering of BiFeQ; ceram-
ics with different molar ratio (1 : 1, 1.03 ¢ 1 or 1. 05 : 1) of Bi,O;-Fe, O; and heating/cooling rates (10, 100 C « min™') was

studied by Imsitu HT-Raman for the first time. We also studied the thermal contraction of the sintering product in cooling
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process. Results showed that two intermediate transition phases Bi, Fe, O, and Biy; FeOs, will be produced in the reaction sinte-
ring process of BFO ceramics. The content of impurity phases mainly depends on the molar ratio of Bi,O;-Fe, O; and heating/
cooling rates, and 1. 03 : 1 with higher rate is optimum. There is a good linear relation ship between BFO A,-1 peak position and
temperature in the cooling process, which indicates that the temperature reduction only brings about the lattice contraction of
BFO ceramic and no structural change. Moreover, the phase composition and morphologies of sintering products were measured
by Two Dimensional X-ray Diffraction (2D-XRD) and Electron Backscattered Diffraction (EBSD). XRD results showed that the
content of impurity phases is relatively low when Bi is excessive, which is consistent with Raman results. Combined 2D-XRD and
EBSD results, rapid heating/cooling rate is beneficial to the grains nucleation and growth, on account of the larger and more uni-
form grains when Bi exceeds 3%. This work provides useful experimental guidance for the preparation of pure-phase BiFeQ; ce-

ramics by further elucidating its mechanism of phase transformation in the reaction sintering.
Keywords BiFeO;; Molar ratio of Bi, O;-Fe, O, ; Reaction sintering; In-situ HT-Raman
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