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Tusenumsidsilldmmsduansiaymaulu BiFeO, war BiFe, MnO,
(il 0.05 < x < 0.4) MeAsanaznau Tagldnselunsnuatasazars PEG (i
armsuarasarmsuanludisfudmanaznau udrnhasasdulummsasaasy
wodnssumeanusaulasadamaiia TG-DTA iadszainugumginasmsamesiuas
mswasuulaana %ﬂl@‘ﬁﬁamﬁhmsé'iv'qﬁ'ulﬂuﬂal‘nﬁﬁqquﬁ 400, 500, 600, 700 WaL
800 °C iflunm 3 e tialildoymeaunly BiFeO, uay BiFe, Mn O, muiidains
wanhlaaymewly BiFeO, waz BiFe, MnO, lUdnwanvuziawzlosldinade
XRD, FT-IR, UV-Vis, SEM, XANES laz VSM waziiaRsaNHaNNINALA XRD
wuhaymenly BiFeO, uar BiFe, Mn O, faudgninusinamside o f1 0.2 Tua
warHaNNNATIA SEM Wud aumeadansnzdAauzunandzunaiaendd 300 nm wazan
waMsAnMIMIganauLas wuhaymanluminsaganduuasluguiiouaaiiuldade
My wazkamsANKIMIIONUEDANFIATUTEY Fe 2098YMANTY  BiFeO, Wuhil
donuzaandiatuiu Fe' snsfianuzaandiatuyes Fe 299YMAU Y BiFe, Mn O, &
wnlindu Fe’ anndudlade Mn lulSinaiigedu sasfianuzesndiadusas Mn 189
aymeawlu  BiFe, Mn 0, fiulindu Mn* annduiiiaida Mn TuuSinaiigedu wa
msAnmandAmausimanwun aymewnly BiFeO, Way BiFe, Mn O, WdAINOANTIH
wuusaudwasTuunniinlunn 9@ree1e warmsdnmanddneladidnninlunsdives
Saouudin BiFeO, uaz¥aquusin BiFe, Mn,0, (twiinfigamgil 600, 700, 800 uaz
880 °C (Hunan 3 Falae) fldhmsdAnmnludegumgii -50 200 °C Tuganud
100 Hz @1 MHz wWuh Jaquaiin BiFeO, inuiinfigaumnii 600°C  dieasd
ladidnn3niigs (&'~ 600) luzneanui (100 Hz) figumgiivios Tumeasefudiaiag
\5din BiFeO, Hgmmaiiunuiln 700, 800 uar 880 °C wuheasiiladidnniniigannn

a Y e 1

(&'~ 10") Turanud (100 Hz) NN ivias uazdawuNTNTIUaNIITUYDIANIAN
maladidnnindeamsoutseanlailu 3 439 Faedlefude d19gungiia (low-
temperature dielectric relaxation, LTDR) FWIN -50 war 20 °C ‘8quw{]ﬁs:ﬁunaw

(middle-temperature dielectric relaxation, MTDR) LI 30 War 130 °C waz 1N
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qmwgﬁqa (high-temperature dielectric relaxation, HTDR) 21N 140 Waz 200 °C "Z’}Q
wqﬁnssumqlﬂﬁLﬁnw%nﬁwqmwn‘,ﬁeﬁﬂﬁv'u AWnAnIsuIuanEFULUULABUIY (Debye-
type dielectric relaxation) Fufiatiiasanmsnszlae (hopping) 29Usq Wi szning
dlosauzes Fe* war Fe” Fufndumeluinsu dudngumgiissdunauazingumni
g0 unaiilasananuliduilsderdurasiagseniraunsunassauinsuuas
ANNUNWIBNZBNTaq w38 AN lWiheeeiag awdriau lunsdyasiaguasiiin
BiFe, Mn O, wui1 n1siialoaauzes Mn  dewasgemindamaeiiladidnninuas
wadnssumsiuansiumaeladidnninuasiaquniin BiFeo, nanie masiiladidnnin
(lughsanud 100 Hz figamniivias) 189¥aq BiFeO, fdasiiladidnn3nanasn 600
Tuiflu 100 e Mn iUSanumaide 0.05 Tua waswuEATEIMIIUANEFULEY BiFeO,
fialuregumniicne q (udngumgil) gnasaunidaiiisuaiiewssifigumgiige
Wiy wamsnaaasdananiisdldaieianui madelosauues Ma fuaatheunnda
woAnssumasuaniatumeladidnninzasisgwnin BiFeO,
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ABSTRACT
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In this study, nanoparticles of BiFeO, and BiFe, Mn O, (with 0.05 < x < 0.4) are
prepared by precipitation route using nitric acid and PEG solution as solvent and
precipitated by using ammonia solution agent. The precursors are characterized by TG-
DTA to estimate the temperature of decomposition and phase change. Then, the precursors
are calcined at various temperatures of 400, 500, 600, 700 and 800 °C for 3 h to obtain
BiFeO, and BiFe, Mn O, nanoparticles. The obtained BiFeO, and BiFe, MnQO,
nanoparticles are characterized by XRD, FT-IR, UV-Vis, SEM, XANES and VSM. The
XRD results show that the obtained BiFeO, and BiFe,  Mn O, nanoparticles are single
phase with the Mn doping concentrations varied from 0 to 0.2 mol. The morphology of the
nanoparticles are spherical having particle sizes of less than 300 nm, as revealed by SEM.
All the samples exhibit a strong absorption at UV region with a well defined absorbance at
Visible-light region. The oxidation state of the Fe K-X-ray absorption spectra shows that
Fe in the calcined BiFe, Mn O, samples closes to Fe’' with increasing Mn content, while
the oxidation state of the Mn K-X-ray absorption spectra shows that Mn in the calcined
BiFe,_Mn O, closes to Mn"" with increasing Mn content. The magnetic properties of all the
samples exhibit antiferromagnetic behavior. Dielectric properties of the bulk BiFeO, and
BiFe, Mn O, samples (sintered at 600, 700, 800 and 880 °C for 3 h) are measured in
the temperature range of -50 — 200 °C within the frequency range of 100 Hz - 1 MHz.
The BiFeO, sample sintered at 600 °C show a low-frequency high-dielectric constant,
having &'~ 600 at room temperature. On the other hand, the BiFeO, samples sintered at
700, 800 and 880 °C show a low-frequency high-dielectric constant, having &'~ 10" at
room temperature. Three dielectric relaxations are observed for these three samples: i)
Low-temperature dielectric relaxation, LTDR, ii) Mid-temperature dielectric relaxation,
MTDR; and iii) High-temperature dielectric relaxation, HTDR. A Debye-type dielectric
relaxation at low temperatures (=50 — 20 °C) is attributed to the carrier hopping process

between Fe** and Fe'. The other two dielectric relaxations at the temperature ranges 30-
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130 °C and 140-200 °C are possibly due to the grain boundary effect and the defect
ordering and/or the conductivity, respectively. In the case of the BiFe, Mn O, ceramics, it
is found that Mn doping has the remarkable influences on both of the dielectric properties
and relaxation behavior of the BiFeO, ceramic. The dielectric constant of the BiFeO,
ceramic is suppressed by doping with Mn ions. For example, the dielectric constant at room
temperature and frequency 100 Hz of the BiFeO, ceramic decreases from 600 to 100 by
Mn doping with 0.05 mol. It is interesting that the dielectric constant of the BiFe, Mn O,
increases with increasing concentration of Mn doping. Surprisingly, three sets of dielectric
relaxations observed in the BiFeO, ceramic are concealed to a single set of dielectric
relaxation in the BiFe, Mn O, ceramics. As a result, it is suitably concluded that Mn

doping has a great effect on the dielectric relaxation behavior of the BiFeO, ceramic.
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MWy SEM 28984A BiFeO, Lﬁauﬂal‘zfﬁ*?{qmwgﬁ (n)
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MWD 5.12

MNN 5.13
P |
MWD 5.14

MNN 5.15

MNN 5.16

o
MNN 5.17

MWD 5.18

MWN 5.19

MNN 5.20

AN 5.21

d1UMN (68)

a v

auuniilowfuiuanuwimdnmeuaniigamvniivies aild

v
1
I

nMsialas nafin  VSM 289910@ BiFeO, (lauaalu
figaumadi 600 °C flunm 3 dalug
anuduiugsznhemuanilawduil 10 koe Augamaiins
unalmizasayme BiFeO,
aunasumMsganduuasNNnAle  Uv-Vis 289010a
BiFeO, tilauaaluifignmnil 400-800 °C
FaIUOUNEINUIBIOYMA BiFeO, ilauaaluiifiunm
3 e (n) 400, (#) 500, (A) 600, (1) 700 uaz (2)
800 °C

UNATNMIQANAULEN Uv-Vis 2898YMA BiFe, Mn O,
waalmifigamaii 600 °C flunm 3 Falaa
F09TNUOUNIINUDIBYMA  BiFe, Mn O, uaalowi
guuni 600 °C (n) x=0.05, (¥) x=0.1, (M) x=0.2, (3)
x=0.3 war () x=0.4

(n) aLﬂnm%'mJmmsqmnﬁu%’qﬁtan‘z‘fﬁ K-edge 24 Fe uaz
() douzeandiaduves BiFe, Mn O, u,ﬂal‘ziﬁﬁqmwgﬁ
600 "Ciilunm 3 #la

(n) mﬂnm%’uwaqms@mﬂﬁu%’qﬁtan‘ﬁﬁ K-edge 289 Mn uaz
() d0NULDdNTATUYDN BiFe, Mn O, Lmalmfﬁqmw{]ﬁ
600 °C (Hunan 3 #la
sUnuumsdmiuuiidiandnnmaia XRD YBNTAYTIINN
BiFeO, Lﬁatmwﬁﬂﬁqmwgﬁ (n) 600°C, (?) 700°C, (A)
800 °C uaz(4) 880 °C iiunm 3 1l
sUuuumsdsuuisdiandnnnaiia XRD BTN BTN
BiFe, ,;Mn, .0, Lﬁmmwﬁnﬁqquﬁ (1) 600°C, () 700
°C, (M) 800°C war (4) 880 °C fhuna 3 #las
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NN 5.22

MNN 5.23

MWD 5.24

o
MNN 5.25

MWD 5.26

MNN 5.27

MWD 5.28

o
MNN 5.29

MNN 5.30

o
MNAN 5.31

a1y (6a)

sUnuumaEmuLSEiendnnnadia XRD YBNALTIINN
BiFe, ,Mn, 0, Lﬁmmwﬁﬂﬁqmwgﬁ (1) 600 °C, (¥) 700
°C, (M) 800 °C uar (1) 880 °C unm 3 alug
sUwuumMsEusdendnnmaila XRD YBIIAYPFTINN
BiFe, ;Mn, ,0, awnniinilgumgil (n) 600 °C, () 700
°C, (M) 800 °C uar (1) 880 °C (flunm 3 il
sUnuumsidmudidiandnnmadia XRD YBNAYHTINN
BiFe, ,Mn, ,0, Lﬁatmwﬁnﬁqquﬁ (n) 600 °C, (¥) 700
°C, (A) 800°C uaz (1) 880 °C tuan 3 Flag
sUuuumsdsuuiidiandnnmedia XRD 2BIIAQFINN
BiFe, ;Mn, ,0, \lawnniinfigamail (n) 600 °C, (2) 700
°C, (M) 800 °C uar () 880 °C e 3 Hlug

MWy SEM 28u551in BiFeO, wnuiinifunan 3 #2luq
(1) 600 °C, (#) 700 °C, (A) 800 °C wuar (3) 880 °C
MWy SEM 28099130 BiFe, ,,Mn, ,,0, wnuiinidunm
3 #7Ta (n) 600 °C, (7)) 700 °C, (M) 800 °C uaz (1)
880 °C

MWy SEM 283t951iin BiFe, Mn, 0, wnwiiniunm 3 #alus
(n) 600 °C, (¥) 700 °C, (M) 800 °C waz (1) 880 °C
MWy SEM 284155180 BiFe, ;Mn,,0, tiuiinidunm 3
T (n) 600 °C, () 700 °C, (M) 800 °C waz (4) 880
°’C

MWy SEM 289155180 BiFe, ,Mn, ,0, wkiinidunm 3
T () 600 °C () 700 °C (1) 800 °C uar (4) 880
G

Moy SEM 284153130 BiFe, Mn, 0, wwniinidunm 3
#laa (1) 600 °C, (1) 700 °C, (M) 800 °C uas (1) 880
f'C

e
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MNN 5.32

MNN 5.33

o
MNN 5.34

MWD 5.35

MNN 5.36

MNN 5.37

MWN 5.38

MNN 5.39

MNN 5.40

a1 v (¢a)

mswasuulasfuanuiee (n) @ Dielectric constant Wy
(2) @ tan & voeTaQETIN BiFeO, Wniinfigaumgil 600
"C Wlunm 3 Hlwludeanud 100 Hz - 10 MHz
msuwasuulaatuanuayes (n) @1 Dielectric constant Way
(2) @ tan 3 209TFGIN BiFeO, wniinfigumgil 700
°c Wunm 3 T Tugeanud 100 Hz - 10 MHz
mswasuulasiuanuiung (n) @ Dielectric constant Wag
(2) A1 tan & YBIVAALBIINN BiFeO, meﬁﬂﬁqquﬁ 800
"c Wuna 3 Hlasluzgnanud 100 Hz - 10 MHz
msuasuulaatuanuiaes (n) @ Dielectric  constant
waz (7) A tan 8 YBNITALTIINN BiFeO, LN’lNﬁﬂ‘ﬁ'qu{]ﬁ
880 °C (flunan 3 $lua Tugeanui 100 Hz - 10 MHz
mnﬂﬁauuﬂaqﬁuqquﬁwm (n) @ Dielectric  constant
waz () @ tan § waeTaguRiin BiFeO, wniinfigumgi
600 °C flunm 3 $lus Tudegamgi -50 - 100°C
mmﬂ%uuﬂaqﬁ'uqmwgﬁwm (1) A1 Dielectric  constant
uaz () M tan § YBIIALBTINN BiFeO, meﬁﬂﬁqquﬁ
700 °C ilunm 3 $lus Tudegamgdl 50 - 100°C
mstﬂé‘lauuﬂaqﬁuqquﬁwm (1) @1 Dielectric  constant
waz (o) M tan & 2TIQEIAN BiFeO, WHiInTignMgi
800 °C (flunm 3 il luzngamad -50 - 100°C
msaﬂﬁﬂuuﬂaqﬁuqmwgﬁwm (n) @ Dielectric  constant
waz (3) M tan & ¥aITAQUETIAN BiFeO, wnwilnfigamadl
880 °C 1Wuna 3 #Tue Tugegamgil -50 - 100°C

(n) msﬂ%’uLﬁaummﬁlﬂﬁL?iﬂ‘n'%n“aaﬁaqmiwﬁﬂ“ﬁ'tmwﬁﬂ
ﬁqmw{]ﬁ 700 °C 1ANITNABBIAUNANITAIUINIIN
LUUSIRBINNAGAFTNSAIN NN 5.3 Uat () M9
LﬂﬁﬂuLLﬂaamwuqmwgﬁﬂaaamwﬂﬂﬂﬂmaqmﬁuaﬂL‘zjé}’u
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o
NN 5.41

MNN 5.42

MNN 5.43

MWD 5.44

MWD 5.45

MNN 5.46

MWD 5.47

@i (na)

(n) msﬂ%’uLﬁﬂummﬁlﬂﬁL?invn'%mlaﬁaqvmwﬁﬂﬁmeﬁﬂ
ffiqm‘w{]ﬁ 800 °C 31ANITNABBINUNANITAIUIUIN
KUUIIADINNATIAMENSAINTNNITT 5.3 Waz (@) M9
uJé"tluuﬂaqmuqmw{]ﬁwammwﬁﬂﬂﬁmaqmﬁ'uanm‘i?u
(" msﬂ%‘uLﬁﬂ‘ummﬁlﬂ5Lﬁn‘n%ﬂwaﬁaqsfzjswﬁnﬁtmwﬁn
‘ﬁ'qquﬁ 880 'C INNITNAABINUKNANITAIUINIIN
wuuasmadamansmusunsi 5.3 uaz (2) M3
wasuussnugamgizasammih lWfheasmssuaniaiiy
(n) msﬂ%uLﬁﬂummﬁlﬂﬁLé‘iﬂw%nwaﬁaqmswﬁﬂﬁmmﬁn
fiqunaii - 700 °C :INMINAaBIFUHANSAILINAIN
u:um'haaqmqmﬁmmam{muaumsﬁ 5.4 uaz () M9
wasuuwasmnugamgizasammin Inihyasmsiuaniai
(n) msﬂ%’uLﬁﬂummﬁlﬂﬁL?\nw%n“naﬁam‘zmﬁnﬁtmwﬁn
figuugii 800 °C 31ANIINAFBIRUKANITAININAIN
WUV DINNAGIN FASAINTNNIT] 5.4 uar () M9
wasuwasmugamginasamwin lwihaaemsiuanieiu
(n) msﬂ%mﬁaumm‘ﬁ'lm5L?m‘n%mlaﬁaqmﬁﬁnﬁ'tmwﬁn
ﬁqquﬁ 880 ‘C 31INNITNADBINUHANITAIUIMAIN
WUV ADINNANAATASAIN aumsﬁ 5.4 waz () N9
Lﬂﬁﬂuuﬂmmuqmwgﬁwammwﬁﬂﬂﬁmaq MIIUBNYTU
msudsuulasdasladidnninduanuivasiaqueaiin
BiFe,_Mn O, (n) x=0, (%) x=0.05, (@) x=0.1, () x=0.2,
(?) x=0.3 uar () x=0.4 meﬁnﬁqmwgﬁ 800 °C u
nan 3 T Tugeenud 100 Hz - 10 MHz
mswasuulasd an 5 fuanuieasiaquaaiin
BiFe,_Mn O, (1) x=0, (%) x=0.05, (A) x=0.1, (3) x=0.2,
() x=0.3 uaz () x=0.4 wawﬁnﬁqquﬁ 800 °C iu
nan 3 $lae Tuzeanail 100 Hz - 10 MHz
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P
MNAN 5.48

MNN 5.49

MNN 5.50

o
NN 5.51

MNN 5.52

d13iunIwW (ma)

mswdsuulasdadladidnnindugumgiivesanniin
BiFe, _ Mn O, (1) x=0, (%) x=0.05, (A) x=0.1, () x=0.2,
() x=0.3 uaz () x=0.4 meﬁnﬁqmwgﬁ 800 °C ilu
nan 3 %lae Tuzeanai 100 Hz - 10 MHz
mMsasuulasd an 5 NUgUNYHYBITAALY AN
BiFe, Mn O, (0) x=0.05, (?¥) x=0.1, (@) x=0.2, (N)
x=0.2, (3) x=0.3 uar (¥) x=0.4 meﬁﬂﬁqquﬁ 800 °C
e 3 #Tas Tugeanad 100 Hz - 10 MHz
mswasuulasdiasiiladidnninfuanuinasSaaniin
BiFe, Mn O, tbnuiiniigaumgil 800 °C ifluvim 3 #alus
Tugannudl 100 Hz ~10 MHz figamniives uaz 100 °C
MsilSsuiigua dnniuaudeadianwsfin BiFe, Mn O,
(n) x=0, (¥) x=0.05, (M) x=0.1, (N) x=0.2, (3) x=0.3
oz (R) x=0.4 wamﬁnﬁqquﬁ 800 °C Wua 3 °8"’3Tm
Jofigaumgii 100 °C

msuSauisumuagad 2893dqw5in BiFe, Mn O, (n)
x=0, (%) x=0.05, (A) x=0.1, (¥) x=0.2, (3) x=0.3 waz
(R) x=0.4 meﬁﬂﬁqmwgﬁ 800 °C Wuna 3 Fala
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