Vol 40, No. 4,pp1162-1167

5L A o ¥ 5 K% i 4 M
0 A April, 2020

Spectroscopy and Spectral Analysis

R R i B BT 5T BiFeO, L R MK & T

?Eéﬁ\@’ ?ﬁﬂgy :J”J‘ fﬂ9 %%%9 ﬁ\%i,ﬁilﬁ%x

rE R R LR ER BT ST, LI 200050

M E ZYMME BiFeO; (BFO) H F EA5 W 78 1Y 1 H 8 & 8500 T & 32 G (HL 4l A0 B % 1 il 45 1R 28 02 —
AN, B TR R AR 0 L 58 25 AR A LA B VTR M AN T 4Y o IR A B2 ok R (HT-Raman) & & fiF
B 2R B R A AR B R A 1 T B, BRI HT-Raman, 58 TANFIBC (1 1, 1.03 = 1/ 1.05 = 1
Bi, Oy-Fe, Oy 75 [ FH I 2 (10 I 100 °C « min )N B9 52 0 B 45 AHAS 3 R . L S Bk a1 2 57 77 90 19 i 44
BERE . BEIRFW : B, O;-Fe, Oy B BESE A K BiFeO; (xd fE . £ 77 A4 v ] i 9 A Bi Fe, Oy Al Biys FeOy
Bi, Os-Fe, Oy BL Ly 1,03 = 1, FHREIR S FREAET , 79 i 4l & di de /b, 7T UL Bi ok 42 B bR i) T il ko
BeAg R 2L AR A AR . BRIR T R, BB BFO B A -1 SRS R ERIRE AR, H 52 BRIt
KF . XYL R R BFO (R i B AR Ak ™ A RS W, JF WA S5 H A AR . sk, BRI 4 X G &l
S (2D-XRD) 5 #U3 H 545 565 (EBSD) o JRAE TR 45 7 W AR ZE 8 SB35 . XRD 2551t 87 Bl 3 30 i) 44 AH
HRED, G288, 454 2D-XRD A EBSD W45 R AT A . Bi o BB S5 Y SRR HER B —
A DL RGH T R A F AR B 5 AR K DR SR SR TT B Bk — 2B A OB B A ML I 4R T 4l A BiFeO;
Fk B 1) 2

KW BRERGL: JURMLE s RNBRAT s IR AL
MESES: 0657.37  XEKARIRAD: A DOI: 10. 3964/j. issn. 1000-0593(2020)04-1162-06

5l

3

LML R YR E R BRI Z —, BRI
. JBHTAE L B TR AU &I R N TR,
BiFeO; (BFO) J& 8L (% 2 8k b4 kL, SRty 4544, 25 [l fF R3c,
JEHREEY 1100 K, HTE 640 K LI T2 G B R 8%, fig
T2 IR T TR B 22 B0 Ak ol R R I T AR LA R A
FRONZY X F BFO 3R M 5T R 25 H BIF 9T 0N
B, AR ERAE AR AR BT JE R S5 SRL TIX Be A S UL S5 R R
S R TG i 4% SIAH 1 BiFeO; ™7, 1 T BiFeO; 194 B X
WA, BifE SR 5 ¥ & . 58U BiFeO; W% i & H
i Bi; Fe, Oy » Biy FeOyo 2522 H1™ . L Ah . Xt 52 W 58 45 4 22
PA IR A T4, AR R D, 2 il 4% 2 A B
BRI — AR 2 . FRAT BT L AR R R R AL X SR
TSR T B, Os-Fe, O5 FELE R 1+ 1B, K [F] FHlR BOR T
PP BiFeO; MM & o, K BUE M, TR0,
M, MR BiFeOs B 2 i) 5N B 45 AH A8 B A 3IE AT VR A 1 IF

i EE: 2019-02-22, {&iTHHA: 2019-06-16
EE&TH: BERHAFFIETHE (51202280) ¥ B)

EER AN F0Ih . Lo, 1991 4. P E R g b AT R 3R BIF 5 T By BLDE 5

* JE IR R A

e-mail: gfcheng(@mail. sic. ac. cn

DL
“
°

L S 1 XoF 9y JO  A A A T A URR o i DA 4
RE SR AL S IR S T W R 11 25 A B AR 4 5 AR AR, R R AE
S F 1 1R AR A8 B S NE A D T B BiFeOs BB HiL 25k
RO H — L5, Kothari 251 Hl Fukumura 25205 i BE 8
TN T Z 5 BFO 1Y 13 A4 2 R Zh . Fukumura 4§
E TR E T BFO B R 206, R T Y S
SERMARAE I 52 R . Kothari 2514 T % IR F £ BFO M
MBS 6% Rout S #h 78 7 AR IR AL 2 L0, JERI T
Neel Ji5 B2 B T 1) 25 44 48 4k Lh B AR R T (9 B P 30 1y s A0
HJ2 EHTA 45 B9 SCHR ol 2R LR F oo 1 R L 30 8 06 3%
XF Bi, Os-Fe, Oy JIN 5825 ok B 0 A0 22 55 0 F 58 . 1 722 i s 2
JEHE B A BA LA IR X G5 AT S B AR B P TR A, X
Xof 3 25 B T T 305 3 25 0 AR A AR A ) L 1 5 e B B
RE S B, A SR 3220 F) A iR R AL 2 06 . TR A
IR 52 B Y BE LE o T R TR 3 5 A B R X BFO Bl % 52 7 58 245
AR B W N S AL, LA S A AR R S s e

e-mail: yinhandi(@ mail. sic. ac. cn



543

e 2% 5 501 4 b 1163

IS

AARIBL 11, 1,03 11 1.05 ¢ 1 {4 kbl BC e Bi, O,
Fe, Os IR G HE M, BHE NS5 B AR 0.8 mm By 8 f. R H
fic % Linkam & iR FE 5 G B Renishaw inVia $i7 8 G REAY X |
IR A HEAT U A 2 b 1 (HT-Raman) il 5, fff A 532
nm 2 G ABEOGE, R IRL 0.2 mW., ThiR R 0 358
iy 10 F1100 C » min™ 'y R AA NS, HERTE 825
C PP 2 2 (PRI R 5 TR S AR . #E 25~750 CIX
8] SRR PL O . X 28 ik v iR L B P A I BRIV B T R A
mmdt AT T4k X 8F 4R A 4F (2D-XRD) & i HL & BT AT 4
(EBSD) {3, 43 5 8 B Bruker 23 & f§ D8 DISCOVER — %
X B AT AL A FET 24 5] 1) Magellan 400 375 & 5 451 4iff L%

2 #ZR51HE

AFEBECH 1, 1.03 1 /1 1.05: DY Bi, O F1 Fe, Oy
TR A 22 R A FH IR E 8 (10 1 100 °C » min ') &7 BE 45
JEREE R, el R0 Ay S LB 1—[&] 3. By 800
CLL LRSI AGR AR, 5% TR 2ES, bl HoR
T 750 CHAYHL & i . T EEF A, B, Oy-Fe, Oy —
JCIR G WTEAR T 600 C B I A A AR AHAR . AL A IR B ik 3L
WA W LT RS M T ) B B R SO 0 B AR B . 7E 600
C T, JLALRE & ¥ FF R E B BiFeO; L & Biys FeOss ) 1
Bi, Fe, O, "7, fHIA A — 28 57 R P 4% o LA 7] T ik 38 1
SR EB. 600 CHf, =FRMPEC LT, 100 C « min "
S5 R ) 0 R X I 3R 58 T 10°C « minT AL X AR R R
ThR AP, R R A RN B RS . b A (R IR
T P EC 455, &3 Bl Os-Fe, O; Btk Ry 1. 03 ¢
10, Z% A Biys FeOso Al BiyFe, O MW E LR 1 ¢ 1 8§
105+ LB 59 , Ui B Bl B b & w] 30 ) 2 A L 42 3 BiFeO,

B 1 Bi,O;-Fe,O; EbBIA 1: 1, FABERERSF 2 10 50
100 C - min ' g9 ZB 4 HT-Raman & if

Raman spectra of samples with 1 :
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Fig. 1 1 molar ratio of

rates at selected temperatures
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Fig. 2 Raman spectra of samples with 1 : 1. 03 molar ratio of
Bi, O;-Fe, O; and 10 or 100 ‘C « min~' heating/cooling

rates at selected temperatures
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#1100 C - min~! &4 HT-Raman [EiZ

Fig. 3 Raman spectra of samples with 1 : 1. 05 molar ratio of
Bi, 0;-Fe,O; and 10 or 100 ‘C « min~' heating/cooling

rates at selected temperatures
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Fig. 4 XRD patterns of products with different molar ratio of

Bi, O;-Fe, O; and different heating/cooling rates
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Fig. 5 2D-XRD patterns of products

(a): 11 molar ratio of BiyO3-Fe; O3 and 10 C

» min~ ! heating/cooling rates; (b): 1 : 1 molar ratio of BiO3-Fe; O3 and 100 °C « min ! heat-

ing/cooling rates; (¢): 1.03 : 1 molar ratio of BizO3-Fe; 3 and 10 °C + min~ ! heating/cooling rates; (d): 1. 03 * 1 molar ratio of Bi, O3-Fe; O;

and 100 °C + min~ 'heating/cooling rates; (e): 1. 05 *

ratio of Bi; O3-Fe; O3 and 100 “C « min~ ! heating/cooling rates

1 molar ratio of Bi; O3-Fe, O3 and 10 °C + min~ ! heating/cooling rates; (f); 1. 05 : 1 molar
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Fig. 6 EBSD results of products

(a): 1: 1 molar ratio of BizO3-Fe; O3 and 10 “C » min~ ! heating/cooling rates;

(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

B 7 Bi,0;-Fe,0; BLtEA 1.03 : 1, FFEIEEZEH 100 T -
min~' B R @ IR R ML 8 i

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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B8 BRiEEH, Bi,O,-Fe, 0, ELbH 1.03 : 1, FHH&iRE
EH100TC - min” ' WHRH A-1IENSEERNXR
Jorp oS AR . BN RIS 4R
Fig. 8 Plot of the A,-1 position versus temperature for the
sample with 1 : 1. 03 molar ratio of Bi,0;-Fe,O; and
100 C « min™' cooling rates in cooling process
The points are experiment results, the line is linear fitting of experi-

ment results
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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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