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Abstract
Background and Obijectives : This research focuses on the preparation of ceramic composites with multiferroic
Ti

properties of (Bi, Na, ;) o, (Ba, 4,sCa

0.045C30,055)0.06( SNy 00s4) Q5 (BNT-BCTS) with mixing Y, ,Bi, ;Fe, ,Mn ,O,, (YBFM)

(0.9946)
at various ratios by solid- state combustion technique. The effect of ratios on phase structure, microstructure,
electrical properties, and magnetic properties of the prepared ceramic composites were studied.

Methodology : The ceramic composite of (Biy ;Nag 1), o, (Bag 6,5Ca0 055)0.06( Tiio.0026) SMo.0054) O3 (BNT-BCTS) with mixing
Y, ,Bi, ;Fe, ,Mn, ,0,, (YBFM) compound at various ratios of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, and 3:7 wt% was prepared
by solid-state combustion with glycine as fuel.

Main Results : It was found that the ratio of all ceramics showed perovskite structure with coexisted phases of
rhombohedral and tetragonal phases mixed a garnet structure. The intensity of the garnet structure increased with
increasing of the YBFM ratios. Grain ceramics showed mixture of large grains and small grains in all ceramics and
grains exhibited polygonal shapes. Average grain size density of the ceramics deceased while the density of the
ceramics increased from 5.75 g.cm’3 to 5.96 g.cm’3 when the YBFM ratios increased. In the analysis of dielectric
property at room temperature with measuring at 1 kHz of the ceramics at various ratios, it was observed that the
dielectric constant (&) decreased. In contrast, the dielectric loss (tan5r) increased when the YBFM ratios
increased. The analysis of ferroelectric properties from P-E loops at room temperature of all ceramics, it was found
that all P-E loops showed non-saturated loops and the P-E loos showed bloated loops with increasing the YBFM

ratios which indicated that leakage current was formed. The P_value of the ceramics was in the range of 1.72 - 5.97

uC/cm’. When the YBFM ratios increased, the P.and E_values were increased. For magnetic property of all ceramic
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ratios with measuring at 27°C, showed that all ceramics showed the ferromagnetic property. The value of saturated
magnetic (M,), Remnant magnetic (M), and Magnetic coercive field (H_) of all ceramic ratios were in the range of
0.12-5.01 emu/g, 0.003-2.28 emu/g and 61.25-149.19 Oe, respectively, all values increased with increasing the
YBFM ratios.

Conclusions : The BNT-BCTS: YBFM ceramic composite exhibited ferroelectric and ferromagnetic coupling
properties, which were important characteristics of multiferroic materials. However, at volume ratios of 5:5 to 3:7,
the ceramic has a large leakage current, which was a range of inappropriate ratios. Moreover, it is not possible to
confirm that the ratio of ceramic was the best. Therefore, further study of the magnetoelectric coefficientis required
in the future.

Keywords : BNT-BCTS:YBFM ; Multiferoic ; solid state combustion technique ; phase formation ; magnetic property
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Figure 1 XRD pattern at 20 between 10 and 60° of BNT-BCTS ceramics with various ratios of YBFM content as;

(®) perovskite structure and (4) garnet structure.
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Figure 2 X-ray intensity of the perovskite structure and the garnet structure of BNT-BCTS with various

ratios of YBFM content

nafnelasainqaniafiaanfesqanssriBlanAseuuLLAeInsIn (SEM) 1ei3in BNT-BCTS wanfog

a9 YBFM ﬁﬁmmzﬁ'quﬁmj nausdsanndmaRasinuazinnafogaAnTeu Auanalis Figure 3 (a) — (g) TaWLI1

1
o a

a o ' A o I = . = = = o ' P
wnsuzesin luyniedalanwuziiugduanamasy (polygonal grain) wasinisuandanaluynsiaeeig e
NaNTEIRNINANFANT YBFM 8Rnd91 9:1 Uaz 3:7 wuansuasiinisenaufaeinsuidaunalunguazingu
mnadnuaniulunsiaesng IngnsuauadnumsnfagiBuueunsueunsuawalugy nafitiunuans YBFM

< & vy, = o A < o ) 2 o a L@ = o
wnduiulidnsuauadniunenegitiunnuminiu Awanslu Figure 3 (a) - (g) Bedutigaudniunianding
weinfiuaas@sin BNC-BCTS Mfluinsuawialug) Auinsuauiadnaesasiin YBFM a1nn1sunauinlaftIedinsty

EIIANNUINHAIAAAY LB BNIUERINEIULDIANTHEN YBFM 11T saudnals Table 1

1
=

NNFILATIZRAIANNUUILINLEIT0AUEII AN BNT-BCTS iNANA98413 YBFM Neng1daus1es wudiay

R 5@ 5 A S g .
NULUUNANANTUAIN 5.75 g.om™ 111 5.96 g.om™ 1HBUTNIUAITNANTRY YBFM WNTW N9LNNTUIB9AIAN
pukUueaunaaingns YBFM ﬁmmﬁwmmuqq (Jiagian et al., 2011, Enayati et al., 2020) AaifuiiaiFunmy
naENans YBFM uasidinliluwasin BNT-BCTS wnndiu vinlHiAnaanumunuiugessdnnandA A auii biugs

ANNLTNNIUNNTANATT YBFM maudndlu Table 1
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Figure 3 SEM image of BNT-BCTS with various ratios of YBFM content as;

(@) 9:1 (b) 8:2 (c) 7:3 (d) 6:4 (e) 5:5(f) 4:6 (g) 3:7.

Table 1 Average grain size and measured density of BNT-BCTS with various ratios of YBFM content

Ratios of BNT- Average grain size Measured density
BCTS:YBFM (Lm) (g/em?)
9:1 6.0213.17 5.75
8:2 4.851+1.72 5.78
7:3 2.4510.79 5.82
6:4 1.8610.58 5.87
5:5 2.1510.76 5.91
4:6 1.9130.74 5.94
3:7 1.8210.41 5.96

nsAnEaNtR indidnyiEnngimgiiesaediasin BNT-BCTS inanfaua1s YBFM Ndnsaqusing Ing

a r-:i n:ll 1 a a n:ll a & a =2 -:ll

N153ATIEINAND 1 kHz wanslu Table 2 WudaANHAAINLABIANYEN (€) ARG AN 290.77 9 58.96 U

ANANINNN9gaLRE IABLANYIEN (tand) HA49UNAIN 0.0631 D4 0.2012 LHaLFNWEREIUT8941T YBFM HA4eTn
Feuanaliiiiudnmsindanmiin Iniingedu Wesanissndin YBFM denistininiinigs

n33LAsIeaN RIS TsBIANYITNAINNIUTAIWMEITA (P-E loops) N9 auuniied1899a91s15n BNT-BCTS #

HANAIEIEIIAN YBFM NERsdausinge 1nan13ngaadnil 50 kv/em wansly Figure 4 Wud1998aNET14UAA997
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dl a d’/ o A o dl ¥ dy 1 < Y o a o
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ANANINTANFY (situated polarization; P,) A1ANINI3AYANS (remnant polarization; P) warAaunninaudng
(coercive filed; E,) WUAW19ENHAY P, 8gj3xdng 1.72 019 5.97 puClem’ &mFUAN P uaz E, HANANTY iadnsndan
15N10ua13 YBFM tinauann 9:1 1flu 7:3 ssuanslu Table 2 atiglsfinuan P aassaatinamsdnnsnsdau 5:5,
4:6, uay 3:7 HANNINNGIAN P Aduanaly Table 2 8n¥199991 P-E loops 1848A49uAInatanitsuazaaneiu

. d o oo A . y s & d c

219NN Tedulirgudnfinainnisivlvazeanszualnii (leakage current) inau asaniEunmdnamdiuzes
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Figure 4 P-E loops of BNT-BCTS with various ratios of YBFM content as;
(@) 9:1 (b) 8:2 (c) 7:3 (d) 6:4 (e) 5:5 (f) 4:6 (g) 3:7.
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Table 2 Dielectric properties and ferroelectric properties at room temperature of BNT-BCTS with various

ratios of YBFM content

Ratios of BNT- €, tand, P, P E,
BCTS:YBFM (uClecm?) (uClcm?) (kV/cm)
9:1 290.77 0.0631 2.04 0.12 8.04
8:2 265.34 0.0823 1.97 0.42 12.77
7:3 221.88 0.0920 3.14 1.06 18.54
6:4 135.19 0.0946 2.97 1.40 22.97
5:5 99.45 0.0958 1.65 3.01 41.67
4:6 75.18 0.1275 1.72 3.28 42.55
3.7 58.96 0.2012 5.97 17.18 4415

NMIAAPEANLRUNIANT8928419590N BNT-BCTS finanfAaua1s YBFM Ndnsaqusinar AquiAsein
antRLNMANLUUAUA2S (Vibrating sample magnetmetor; VSM) Taginsaadanigruugil 27°C nnalfiaunuudingn
#1-10,000 714 10,000 Oe Aauanalu Figure 5 (a)-(g) UWAAIANEUZAS M-H BanesTa Nudntanudunisszudnaann
nawizaiuduwdn Windugaunudwmdn aannmnudaminees ndnuansaniBusmanuuumslsuanusinly

o | A a o = aa | A % P \ <
NNADENG LHBNANTUNANEHUENIIN M-H FANETTA WUITHANNNANNNINTIHDEAT149UUBIA1T YBFM 49711
Auiunisiasziauwnnillaadudnsa (Saturated magnetic; M) AunnilaedlaeAng (Remnant magnetic; M)
WAZANAUINLNIMANALANS (Magnetic coercive field; H) 184im31inAIna1auandlu Table 3 wWUIAT M, M, uaz H,

FANANTUNDL BN TR EI U189 YBFM WANTL

122



ANIANTINENANARTYIN TN 29 (UL 1) NNTIAN — INHIEU W.A. 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.1) January — April 2024 UNAINNARY

44 '
03 T T T T T -6 v
<10000 5000 o0 5000 10000 10000 -5000 0 5000 10000
H(O¢) H(O¢)
6 6
'
‘
44 (d) :
2
= =
E 2
R B e e e s D
s =z
24 1
'
'
4 : 44 ‘
' ‘
' '
6 - - B - - 6 . v . - v
10000 <5000 0 S000 10000 <10000  -5000 0 S000 10000
H(O¢) H(Oe)
6 T 6
44
2
) $
3 E,
= =
2
44
-6 v - + v v
-10000 -5000 0 5000 10000
H(Oe)

M(emu/g)

10000 -5000 0 5000 10000

Figure 5 M-S loops of BNT-BCTS with various ratios of YBFM content as;
(@) 9:1 (b) 8:2(c) 7:3(d) 6:4 (e) 5:5 (f) 4:6 (g) 3:7.
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Table 3 Magnetic properties of BNT-BCTS with various ratios of YBFM content with measuring at 27°C

Ratios of BNT- M, (emu/g) M. (emu/g) H. (Oe)

BCTS:YBFM
9:1 0.12 0.003 61.25
8:2 0.94 0.061 78.29
7:3 2.74 0.28 83.95
6:4 4.25 1.15 103.98
5:5 4.35 1.23 172.29
4:6 4.74 214 190.98
3.7 5.01 2.28 249.19
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