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ABSTRACT

The magnetic properties of Ba,FeMoOg (BFMO) BaCO3 (Barium carbonate, 99.9%),
Fe(NO3)3.9H20 (Iron(ll) nitrate, 99.0%) and Mo03 (Molybdenum trioxide, 99.0%) have
been characterized. A slurry was prepared by mixing the powders with deionized (DI)
water at a ratio of 1:7.5: by solid state reaction method through compression. In the
case of BFMO, sintering at 800 °C for a 4, 6 and 10 hours. exhibited the largest hysteresis
loop at 50 K. In addition, the values of Ms and Mr indicate ferromagnetic behaviour in
BFMO ceramics sintered from 600 °C to 800 °C. Finally, the value of magnetization was
reduced by using a lower sintering temperature, SEM analysis revealed the physical
appearance of sintered BFMO ceramic, and showed the morphology of the BFMO
powder was. coarse with an average diameter of 2 microns
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800 °C tUurian 10 Falus

= o 1 [ 1 [ [y £ 1 [
wandan st Itudvdntuauuuaiundn (M) fuanuduauuwdvan (H)

v0e7an BFMO flaaumail 300 K fimswwdindani 800 °C wWuria 10 43lus
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voe¥an BFMO flgaumndl 50, 150 uag 300 K fimsusnwdnianil 800 °C 1utian
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| a a £ d' ) 1 =3 1 <
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fuAudauLuLvANYes (H) Yag BFMO figaumndl 50, 150 wag 300 K

Pnswndndani 800 °C Wuan 10 92l

1A5983199811AT09 BaFeMoO; x 2,700 70
1A5983199a11AT04 BaFeMoO; x 7,000 71
N1TIATIENTWLTIUTUIYES BaFeMoO, (BFMO) 72

N1534AT19579) BaFeMoO, (BFMO) 73
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Polarizability; Phase Alpha
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Magnetic Permeability
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Absolute Permeability
Relative Permeability
Magnetic Susceptibility

Strain; Premittivity
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1.1 anudunuazanudidguasdaym

Tuthigduwmalulagmsinululasdidnnsedndlainisimuiluagrssmsuazlasu

[ a

ANaulang19nIewNg BINANLABINITYRAATRBLarRUNTalBENVTendNdu e

dWnasunnquarfivszansninlunisyihaueniu duluianuuniuiniidiawuniungs (High

a

Magnetic Constant Materials) Fslsidnundunumdrdglusululasdidnnsedndiluedng

s & s

wn Mellilosanindagumarianunsaihuilsshvgdugunsainiedidannseiindfiddaeng 9

<9 9

fagu AAuUsEq (Capacitor) wazdsUszRvga1udn (Memory Devices) Tnad1Asdl wun
\wwhnadia (Static Magnetic Constant) veeianazidudadenanlunisanvuinuazag

Ussangnmuesgunsalivaniilalaenaludanndlaseaiisuuuinesenalng (Perovskites)

v v = a s 1

JodunguianiamasfiuuniufingawazinunUssivgilugunsainiedidnnselindildiueg

<9 Y

1 | v [ [ 1 Y & ! I A
agaunsvanglutagtulagfagmesenalnd awnsaudsesnldiluasingy lnenguusnde

woslsuuniudnuuuund (Normal-Ferromagnetic) 1y Pb(Zr, T)O5 (PZT) ua BaTiO, a0

'
% =

nauiiluianiuanilalnaluuudnnds (Permanent Dipole Moment) waziilaanadanilly

q

aurundanlalnalwiiazdniSsesfaiuiievesauiuwiivannisuan danaliinnis
a [ 7 = & & a a ¢
MOUAUBINILUNLUAN Lazngundesfa tWaslsuuniufn Luuswaniges (Relaxor-

Ferromagnetic) Felaun PbMg; 505 (PMN), Pb,sNb,/3)05 (PZN), Pb(Scy»Ta,,)05 (PST) Wae

(Bi, SNTIO; Tanaenlaanduiiiinisnevausinianaslsuuniuinnaumngiisuazaiele

9

awnliihgs egnslsimuarsiuunufinvesiagiiaenguililasuulamiugamgiun wa

v
(% 1 IS) o v

3 Y oa v & a Ay 1w ° o 58 v 1%
aanaiinliiindedninnaziludeiliddesnisdmivdssyndldaulunate o du

megradu lunisussRvganulszy Jagquuniufnildiuszninawiudidninsadesdiained

' '
a = a =

wuniuAniadesiiieliminnulaidulninisluanizeng 9 wimniagildUszivgiainad

LUNLUANNTUAUUNYTBE19UINUAT deUszRvgarldudeusiuniunazeradeniele
wenaniiannesenalnilavdiulugiinem (Lead) ussrusznovdaluansity dsiudan
dld 1 d‘ a = QIJ < 1 = [~4 al' ¥ Xy 1
AasnuniuAnawazlifingnludiudseneay Judundesnsuazlasuaiuaulaegis
1NAMSUNTUNUNTE9 U

Tafisrgaunsaunveanladimesenalng Ba,FeMoO, (BFMO) &ailuianidiawun

winawn tnefianUszann 10° MeamgiiviesuarAnudeaini 1 Hz) dadueiieuwiniu

'
o 1 =

AR WUNLUANYBITAR PZT %138 PMN wagiidAgyA1asibuniufnues Ba,FeMoO, 1A



AouTI9AINnARNYTIIRUNAT 100-600 K uanaIniluds BaFeMoO, uduianilifingnaduy
93AUsZNOU (Lead-Free) annaaautivnsuuniuiniluidanina1niivinli Ba,FeMoO, 1Uu

o a

Faquuniunflasuauauladuegraunisludiunisfinniiugiunadneiemansuay
Fenssuluinuresnsussendlday

%

Wesandagiunuduyunisudnianiluwidvaniuiyanireudisguiiesain

o 1 a

nszuIuMIHARtuinanratetuneulniTeudiuanudAgyludiuresnisnandan iy

9

(%
[ Y

wimdniieanduyulunisndniagiuiazaiunsaldnuliaiedan Ba,FeMoO, 1uTannd

9 9
(% (%

va a A g a v v v a A= YU = =
audfnawunudnMdude fetudan BaFeMoO, ¥iiniidslasuainuaulanaziinisfinu
91909199919 Tneuddedruunnysusznuluinisdnwiieaiunisusudseandinisuun
WANWRBWY wazaunsairluussgndldanuliasinasnnumnusesnisgy Tudiuveany

1 & a 3 s 1 s ‘Qy 1 a s < ¥
RRAMNTIY LU B15nRan nswanesiues lauly vewes vudiulunsuiiames Wusu Tu
druvasnsiauwazUTuURaudRvsunuiniy Wudwinldsueiuaulasazlafinns@ine
agnInnsiieliaunsadnluldnulasdeenisduisneninszaiunsausulpandanig
wunwAnvesTanusiindldre nsviaeulndn (Composite) Fadunisunianuianieluidu

Januasu (Reinforcement) Tudaguan (Matrix) tievinliladannilaudfiuiseg1aniunied

[
va a 1 v

anvRnEeu9egersiusanlulunaifesnis setulunuideidaladun1sfneaudinig

g
wuniufinuesianaoulndn BaFeMoO, lngludiuvesnuideile

ANWINEMIAUNANTO

AFUAUYRINSHANAILUNIURNIgaNNYasTanuiinil

1.2 IngUIzaeAuaIn1sIvY
1.2.1 WedunsisnianmeulndnndauaudAnnuuuniuen

1.2.2 WeRnwusgansnnmaunusinvesianwseula

1.3 YBULYAYBINITIRY
1.3.1 wssuTanuiiwaniaeduUfasenanuzveduds (Solid State Reaction, SSR)

1.3.2 AnwszdnSameasTanuuniuaniiesgianieldaniizeiig q

1.4 Uszlowiitlésu

1.4.1 Tfumsluns@nufoulvnssdoniag ifgaeuawimanvidvuadnly
sedunluiues Weltidufanadulunsiveasdiuuniufnvesiaguiindu q 16

1.4.2 laesdrnuslnivazidnlafienalnveanssuiunismsiinreulndnuasnavenis

ADUINANADANURNIILUNLUFN
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2.1 ngegneatas

¥

NATenguNieIvesiuian Ba,FeMoO, (BFMO ) fisneauluuniiagusenausie

AuSTNe i slinveuivan ndnnisvinnuresTaniiiaudfiniwiman Jansdndid

andRrnuduwivdnysznevuaresduszneumaunll navesnnud samngiuaztadedu q 1
finasioaudfinisuivansauvmsegasudureinisiiaasiulnansiuiuaiesdionldluns

[

TanuaudfvesTannflaudfnnuiuwimanlsznou

2.1.1 auvfimasimanvaaesifing (Magnetic Properties of Ceramics) [1]
Y} & A ] - 1 o ' "y 1 2 ] «

Anudmdnizusnesgunsaniuansneiuly 1wy wis feu wiy suiendiuasgunssdu
q munstinulunnasuszsiandsslovivesiaguimanauisailydszandldlunisnin
gunsallainasududg 9 1wy dalne arsaian nsuanesiues lauily uawes wagly

15991UgAMNTIUAN &) AuANT T

-i”'* .

3 :
Taauuednuwman (Ceramic magnet) A1In (Loudspeaker ceramic magnet)

an¥nAar (Harddisk, Magnetic storage) — AmauaimanTiiamadlss Janulwanluuifing

(Ceramic ferrite magnet) (Ceramic soft magnet)

+ o o - [T ST - & , -
‘Aann'ﬁum‘m.'uamqunmﬂmuﬁmmu'mm mm’;u’lumh"wmqum

(Meissner effect phenomena) (Maglev train)

a

JUN 2.1 Tanwanfindndandfmaiminuaznisldusslond [1]

q

a

nsiulaniAsygiavesianulmaniuiingsiuuinainednauislagiuuasd
wnltunsldnuiingdudnluemanissnnnsimuiveanalulad aunsaiddnyseiind
ENUEUA 91N1AENU wazudIung q Tugnamnssy Tanudnduidesldtudiunimvan

d‘ ¥ L3 o ¥
wieligunsalanunsavinaule



2.1.2 '3%161L%iﬂﬁnﬁﬁﬁﬁuﬁammﬁmﬁn (Magnetic Ceramic Materials) [1]

Lauusivaniindnainiesifindussqlusiadan (Harddisk) anunsaldtufindeyalee
nslitanindfflanifinasimaniiuteyafidndudestuiinazgnifiuuazSonguls
ilesnmsiniEestioiadusufovvesialnalumudluudiazlamy (Domain) veslassaiig
wanlnemmienhusimdnisletagidauiRimausivdndinaniegluanuusivinnions
ogflufirnsvesdunsautimdniiinainnisedeuiivesduususindnsenitamiie (North
Pole) wagdld (South Pole) Tugunsaiennfind uenaniusimeiuvdersuiindeya
(Head Recorder , Read Rrite Head) ﬁqﬂﬂia}zhsfl,umslﬁuLLazﬂuﬁﬂﬁagaﬁL'%&Jﬂdﬂﬁ’;l,l,aﬂ%’a

o3 (Head Actuator) virbinisiivtuiindeyavilddineuazazainiesanduianiivaeld

44' d' o o vy
nsiAaUvaBULAReUN A DENE@E AN

Cover Mounting Holes
{Cover not shown)

Base Casting

North Pole y
\ Spindie

Sthider {and Head)

£ ~rator Aem

Actuai, Axis = Cilia
- Mounting

Actuator X S { 4 Holes

Ribben Cable
{attaches heads
SCS! interface 10 Logic Board)
Connector
Jumper Pins

Jumper  Powsr Tape Seal
Connector

a

JUN 2.2 Tanwslindnfandinnaiminiugunsniansafan [1]

a (3

2.1.3 nanmsviauvasdagiifiaudAnisuadingn

Aa wa AR 2/ T ¢ . 2 a
'Jaﬂﬂ/lllallUmwrNLLlJL'ViaﬂLﬂEJ'JGU@QﬂUﬂ']‘lﬂIWﬁINLlIu@] (Dlpote Moment) 1458 LUALUAN

Tauud (Magnetic Moment g, ) A9eUNT3
U, =1AU, (2.1)

| Aenszualndn (wouwUs,A), A Nudl (F1519a5,m? ), way U, ABLInmasnileniie
anmnsthudidnuseuuniulawdy (Magnetization, M) AeAudnw@nlalnalumudnenia

wigdsning aansamwalaanaunis

M=n_u,, (2.2)

lagdl n,, A uINesReNsandmIsUSIATLaY 1y, AeALunURnlalnaluLu

asRenilariigaznon AuunuAnlalnaluuuansiue (Total Magnetic Dipole Moment)



= M x Volume = MAI snuusidnuairsussvestanusindneuuniuinlalnaluamsitomn
(Total Magnetic Dipole Moment) = nszualniinlagsau (Total Current) x Hudintiada
(Cross Sectional Area) = I,,Al

. AonszualiindviliiAnanmmsmdohudmdnruiuividandomniie g
g1vesiuf10gauInLhnanidesananiwnismideniudindnuazanuiduves
aunuwlman (Magnetization Field or Magnetic Field Intensity, H) luniig weuuusnaiuns

(A/m) nann1sanszhalninudn lUluueansundnAnnswtentinveaunman

B
H= Fonl = Total Conduction Current Per Unit Length (2.3)

2.1.4 mawligathnsidudanuaiinan (Magnetic Permeability , 1 )
anmnswilenhbidulanuiwin (p) Retudelinslinszualninduiagusiman

wanAnan Wdeu Ll nan (B) FuWusSAuauuauILwluan (H), poﬁﬂ'ﬂwhﬁ’u

o/ [ s

47x107 18UIRBWAT (Henry/m) wazaninnismderdnduiaguimanfiduiusivanin

% s

nsillenivesgginiaisendianinnisuieaiinisiuiaguuimanduivs (p,)

GEUAR]
=B (2.9)
R H :
H= HgHy (2.5)

1 @ @ 1 < o L el
2.1.5 anudeshinailudaguiiuan (Magnetic Susceptibility, ¥ y,)
aruseshivesninduiaguimanduiusivaaimnisiiudinanduaiudy
1 [ o Y e = va =] v O a
auuwlmanlagimualvmnaseslliautimileununsszuuluyniianig (sotropy) a@nse

AUILARIENNNS

M=y H (2.6)

[

auiathinsduiaguindniauuand9guegiuia

[y

aualvin Jaauiwinuuseendu 5
8a INeILIuNNLUAN (Ferromagnetic) Llas3uNnLUAN (Ferrimagnetic) laoguuniufn
(Diamagnetic) W1 TkuNLUAN (Paramagnetic) wazuoulniveoslsuuntudn
(Antiferromagnetic) Iosanianuimanusazviinaziidanmnsimienindutaguaimgn (

L) LANANAUAIANNIT



B=puH+M) (2.7)

913U 2.3 wanenisiieuiisuaninnismileddivesiaguimaniuggyinia lnenisun

Ina1nFIuakatunsea il Turnainvinliinn smteninve ALY

B=uH
/
T o
oy .
Q\,
&* HT B =uyH
= N f—
3 9, T !
5 s
§ Holt .B= POH T
¥ l y acou™
-
/

Magnetic field

[y

JUT 2.3 nseuiisuaninniswileatihvesiaguimvindugaaine [3]

Y
a v

auundmanluiianisngeaindunsewaliiiwdvinldunaindinaindaninnng
willgnuaiwin (Magnetic Induction, B) iindunsvnaindinaidldifanuiininaenagiu

Tuvesunandwalimusuduliegnauysel (Absolute Permeability, p) vesn1siluian

=

wiwdnAegeynadsiuanugudulieg 1sauysaldanisusiniuanineg yeyine (pg)

[y

anmn1swilsniudmén (8) Jsdiawiniu pH uadmivuemiadniiiiaquivinasney

Turaaindidl Araninnisimieathudvan (8) agluldguainmeaudaziidiginitaninnis

Y

N o 1 @ a1 -
LAUYIUILULWARNNATNTINY HH

[
7
s

JUN 2.4 anmmsiAnaunLuman

LAAINISLANAUIN LU A NAILLA ULTILUUANLTEDI91NNITAABUNVDIDLENATOUN

Seninnnsatu (Spin) luaesfidniefedidnnseualu (Electron Spin) S0UAILBILAY



3.8nns0ulAas (Orbiting Electron) seuilniAded Jamn3euifisufindiefuinfieni

dunwlmandonisindeuiivesdidnnsoumuduntndnszaning 491 (South Pole) uazdn

wile (North Pole) yihlsiAnanmnsmileaiianusimanuunileaedu (M)
anmmswiieaihulvan (8) mmswmiieani (nductance, L) Yosnuianuanne

5089 (Toroidal) Nflaelviusey aunsasmuialaanaunis

N1
B=pouH= % (2.8)
NZA
L= NO _ Holr _ Totalflux 2.9)
I ! Current
A119fl 2.1 e Tausunamiaudndn (Magnetic Quantity Unit) [1]
USunauuaitvan o o & n15deu nileLedle

uanual

Magnetic Quantity Definition (SI Unit)
AUNLLILMEN
. Wea (Tesla, T)
(Magnetic Field) %#5® . o
B F=qVxB NIDLAUDIADAITIUAT

nsmtletuaiman ,
(Webers.m™)
(Magneticinduction)

Wandualinan IRTGEH
. AD= A
(Magnetic Flux) @ 5 Bnormal {i (Weber, Wb)
unniuAnlalna )
. Z WONLUTATINNNT
Tty (Magnetic I By = 1A ,
(A.m?)
Dipole Moment)
. ) WAULUIANT NN TVISOTAMD
WUNTNTOUTDIUDNS
B W@
(Bohr Magnetic) B= e?JZme , )
(A.m?®or J.T7)
. . UNALLANTULIUA N
PRICLHEGI LRI oL wonLUinoIAS
M Aenilaniag

(Magnetization Vector) (A,m™)

Usums




A15197 2.1 (8) e TauSunamaudman (Magnetic Quantity Unit)

USunauusitman o o . N5ty nigedle
uaNYa
Magnetic Quantity Definition (SI Unit)
ANULNAUNLLIMAN )
( WOULUFANITINUANT
Magnetic Field
H (Am™)
Intensity)
rudadhinisduian
[l [ . (= 1
watdn (Magnetic Y M=y, H laifinag
Susceptibility)
ANNYIUTULABEN LIUIADLUAT YI0 LILUDSHD
Pl -1/2 ' &
auysad (Absolute 1, C= [egi,] LUATADLDNLUS
Permeability)
AMULIUTULAFLING .
" ne= Blugn, laifiviog
(Relative Permeability)
AMuLUT YR ILIYAN 3 LIUTADLUNT
30 n= Hour

(Magnetic Permeability)

H.m™1
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A15197l 2.1 (fia) e YauSunamiauiungn (Magnetic Quantity Unit)

USunauusiwan Y o . A3ty niaeiedle
uanual
Magnetic Quantity Definition (SI Unit)
anmmmieni p
L L= (I)Totalll LJUS (Henries, H)
(Induction)
ATIUVUMULNE S UL WEN IAfegNUIANUNAS
Evol dE,,, =HdB
(Magnetic Energy Density) (0.m*)
W’Ii'Nﬁ 2.2 ﬂ?ﬁL‘UaﬁJu‘Viul'lEJ“EJENU%@J']QJV]'NLLiJLMﬁﬂ [1]
VVRURIGH
duURnIawiman Tasuuntugn nireLedte R
n1siUasumnuie
Magnetic Properties Gaussian and SI Untis
cgs emu
anmivileniudeniy
wUundnguiwan = Tesla (or Weber
Gauss (G 1Tesla =10*G, Wh/m?
(Inductance or Magnetic Flux (Wb)/m?) esla il
Density)
v ¢ 1 <
Wangusvan Maxwell (Mx), G- Wb

(Magnetic Fluxq) )

2
cm

Volt-second

1Wb=108G-cm?

ANULANAINAND Ll nd NS

wsandeuliveuwdivan

(Magnetic Potential Difference Gilbert (Gb) Ampere (A) 1A = 47 x10Gb
or Magnetic Electromotive
Force) (U,F)
mwmmwmammﬂmﬁﬂ
(Magnetic Field Strength, Oersted (Oe) A/m 1AM = 4nx10°
Gilbert (Gb)/cm Oe

Magnetizing Force) (H)




AN5199 2.2 (619) NSRS UNLIBVRIUTUIAUMILULAEN

11

wuqedian
AuUANIguiman TnsuunLudn niqeedle s
NsiUaguruIY
Magnetic Properties Gaussian and SI Untis
cgs emu
wanuulaedy 1Am =107
o emu/cm’ A/m emu/cm’
(Magnetization, M) (Wt9U301919)
wuniulaid
(Magnetization) G A/m 1Am =10°G
(WaUTuo)
Tnanlsisduuuniuiin (Magnetic Lancio
3 1Tesla(l/4m)x10"
Polarization or Intensity of emu/cm T, Wh/m? 3
emu/cm
Magnetization, J or |)
wuniulad Lorl Wh-m/Kg
(Magnetization, 5,M) / A-m?kg
agnetization, ¢, emu/g o e = (U/4m)x10%
(1B9379) -mRg emua/g
wanAntalnaluiu U D 1Wh- = (/4r)x 10
. » €13 Wb -m
(Magnetic Dipole Moment) emu
anuuTalduousndn e
o 1ALE Wh/A mlhenry,H/m)| 1Whb/A - m = {1/4r)x107

(Magnetic Permeability, M)

ﬂ’ﬂii%’m%iﬂﬁ‘ﬂ@%m L‘Viﬁﬂ
deyayn1A Magnetic

Permeabilty or Free Space He

1 gauss/oersted

1, = [Am)x107 H/m

ANuEIUTU LA FURNS

(Relative Permeability, Hr)

Taiflvdae

Tainae

1J/m3 =10erg/cm?
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2.1.6 FawmasaivawazauiAniidn [5]

[ 1 <

anudmaneslsuay Tanuaimaninesiinisneuauewowinanneusneg 19
[ [ 1w 1 & a1 = va 1 [3 o o 6 ¥
Indunguiaguiwdnmiaulafaudfvivinanginaiuisadnenluussgnaldaumis
1 =3 1% A o wva a . . [ 6"

wiwmanlsnainnaieileinaud@idaumain (Macroscopic Properties) vasiaginaslsuaz
wes3rnuiiaewlauansantiuimanindeadiiuloinanuduiussening M-H ald
nsMndANYRNIESENIY NI MBAWeSTaQU (Hysteresis Loop)

dame3ta AeauURnisnevausreawIlwlmanNeuenvasTanuiirininesls wuu
Lidudaduuaznisiin H nduan H msvdeuwdasmes M aglidulumuduniasumnis
o o - AR o’ A 9 v wa 1 & = o = ¢
mstiauuwimaniuiaguilivdnesisivelivansaudiudvin (Send1 imsuunillad
Magnetize) tneisuaingn (0,00 Tugun 2.5 Weriuawiuududn H wuniilawdu M 9z
audulse Jeazliiludunsafioliauuudngn H iindusossosauiiagantsan M azdi
908U (30 S) Asluiinsildsuwlasiududnuiimnasiiuduiny Bunga S 1ALt
lavydududa w3e Saturation Magnetzation (Ma) Janiian Ms 1ndninduTaquaimaniugg
9130 S WevihnsinAauuuiivanas M Mzanadrieunaslianasnuduuszauifuus
wANAIMINMLAFULAY SR LTSeNdNYENITLRLazanatwed M Tumudumaiuiiin Sa
Wo3Ta navesBaneITa Mign R udauiuwimvanmanazidu 0 udmfauwadslian M widesy
Tutaquimadnisniendiiidn tsunuud (Remanence) lidyanwal Mr wiliwdina1isynéa
v & Y v Yo < £ t% 1 < a v =
foansA1tung a1neenslvdl M1l 0 sesliawuusimanluiianssdiuuazivuinunss
Wiganawiniu 9 C aunuwaiuidn o 9 C 158n31 usdlaeadn (Coercive Force ) %38 1A108

9

T (Coercivity) ldaydnuel He §¥anifian He wndnindutanuimdnuds (Hard Magnetic

Material ) Tuvauzfifagnilen He dosdninluidquiinansdou (Soft Magnetic Matraial) 41
aentiawnulmdn H lufieasaiutiaduy (Yurav) soluisesisesaziinnisdusives M
FuNga S dn3ndu Ms wuduandudvinisansuinvesaunuiivén M azanauiosisay
anadulds wasfian Mr 919a -Br annuullelauuivdninduluiiauinaglddauy He
o a X A dl' o % Y A Y gy A 1
wagyn H faiiuduisesisegaznduindagnaudd nsidsunuaizes M-H mudulaiingt?
11138n71 Hysteresis Loop
2.1.7 viinvasTanuiman
Tananunsauusesntiilunainuaisviinaulasadisanifvesian druvviinves
Fagmwauvfuwdinanaiuisautsrlinvesianlanaun 5 vllandng loun wiwanlaen
1 [ 1 < % ! [ a 5" 1 [ ca 1 a o ! &
LN N9 walmanimasls wimanueusinesls uazuadmdnmess n1suuwlindinandll
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(Paramagnetic)
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Materials) waz Tanuimaninessuunufn (Ferrimagnetic materialshuasuaninnieduian

wllwdnnsuunAn (Paramagnetic Materials)

Easy direction v
z or [001] : Graxhlal rotation :
: of magnetic moments
A 4 4 \ ‘
: : ~z ar [00I]
Domain A i«— Bloch wall —n- Domain B Easy direction

JUN 2.12 m3dnseaiilalnaluwudvesdidnaseuniglulassadiawgn [2]



20

sUN 2.12 wansnsanisesvasdllalnaluiuudnsanisatuveddidnasaululaseasi
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09m1 wonanimnfinrsunfanfiilassaiauasndn fa3u 2.13 wudluudazinasives
lassasandnazdifianninisaluvesdianaseunseiirnisvadlalnaluudgrsdniseddu
LR TuwsiaNatiAnIsweINsInseeialalnaluuduanaeiuannsudalulnedumug
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(Coercivity) nunefisaniizgfianinnisiiediiudinanvinduegud (B=0) uadenadl
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JUN 2.16 anmnisindeniudmanluauuudivan [7]
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walwdnAauds (Seminhard Magnets) [4]
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JUN 2.18 mageyiduanimanuduianuivan (7]

91n3UN 2.18 n1saqidsanimainuiluianuiinin (Demagnetization) veeian
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o
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2.1.8 Jaquiimangau (Soft Magnets)

[ 1 <@ I o 1 [ a 12 | ‘: 1 a
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WU AN, B IULAYIITUTINYD9TR, ulokUadwauning (Wide-Band Transformers), 1418
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gunsalnaglil (Electromagnetic Relays) auautouiuauiuuaiivan (Magnetic Shielding)
[ 1 =3 J a [ [ 1 =3 . . V1 A = =
TanuaimanseuasinanmluTanuainin (Demagnetization) lad1iliosaniiaeseudaine
3%a (Small Hysteresis Loop) #ilaainauduwus H-B dimesdslavuiniiuimsseudaines
s =3 1 [ 1 1 a [ 1 [ 6" a . .
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Anudgsza 1-300 GHz JaqualmdnessuunuAnsianisiun laundawseuleseunis

wa Wulassasinisiuesianisiiinnisgadetssoudameida (Hysteresis loss) 8niign
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A13797 2.5 Biavesianuilnaneau (Soft Magnets) uaznisussandldanu [1]
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A5AN . \ loss), 14
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A13197 2.5 (fa) vlinvesTanuilimandeau (Soft Magnets) warnsuszandldau

o HoHe | B, B, ’ W n1sUseenst 1
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o
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2.1.9 Jaquiimanu (Hard Magnets)

Fanuiwdnulaludanifanmnismieniuwivin (Magnetization) aeuaziinns

9 9
<@

geydvanimauduianuidingn (Demagnetization) enfiiuinielisseudanesdaning
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q
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annautunldlunisinuiuiindeyalussuuiinealdazninuiniu lnansinunaninnis
wilgadwiman wenaniiiansiindeonlednaisyiaiianuisaldlunisndntaguaivan
< = 1 < Yo (% Y 1 1 a s 13 . =
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v a Y £% A & =] a1 N o 1 13 oW L dll
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]
% =

Usgenaldlunisudn wdndasmvainnaneyiauazdaduianifisialigannin

q

A5199 2.6 BllavesTaquiiwanuds (Hard Magnets) wagnsuszendldau [1]

“ e HoHe Beat (BH)max . 5
THATARUNIMAN o fiaatnawaznis iy
M M (k)m?)
wilndngauaf : , : . § )
AN AN AN LaANaNSENENS T
|deal Hard
weadla (Alnico) 0.19 0.9 50 WAND1ITAINI
weaila (Alnico)
0.075 1.35 60
(Columnar)
1BMBINTELENSS (DC Motor),
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Ferrite NSANY, VBUAU NaNBUA
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AN3197 2.6 (6i9) vlinvasianuimanuda (Hard Magnets) wagnsuszendldan

“ e« HoHe Boat (BH)max . 5
TUATARUHIMAN 5 FinatinalaznIglEnu
(M (T (kJ.m™)
woslhwmewnas (Servo Motors),
Rare Earth o ¢
0.62 - 1.1 1.1 150 - 240 stepper motor coupling, ARN,
Cobalt ¢ o e
gunsalyflenisinanin
ualmedlan 1w Ledesiierns gunsal
doans wawesTA 13ne 1Bu 15 le
NdFeB Magnets 09-1.0 10-12 200 - 275 v . . .
dmsunisunmg uay gunsnl
AOUNLADS
Hard Particles 0.03 0.2 Wewagdnlawny, Wasudand

Janngniunldlunisudnusivinuds (Hard Magnets) finangyiniislangdanosn

wazansuseneulwsiindsiameslsd RansanaranIndsfu (Coercivity) WagAIEAINATT

WlEIUWNIMANINAIINATIT 2.6 uansTan
s

naunsaldlunisndndanuiinanuds (Hard

Magnets) wuinanansawsesldanmsdaasiginvilaieuaslddudousiaguin 2.20

SUN
Y

8aCO0.(SrCOs) a-Fe; Oy Additives
L
- L i
Mu'ung
Granulation
Calcination
Dry crushing
Wet milling
—4
Adjustment Drying
of H;O
content Deagglomeration Granulation
wi:h}binder
Wet pressing in Dry pressing in Dry Pressing
magnetic field ma_gnetic field :
Anisotropic An'isotropic Isotropic
magnets magnets m&g:lets
Firing
CGrinding
Assemblage,
Magneatization

2.19 shegnnisdaasiziianuimvanudeuiameslse (Hard Magnets) [1]
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2.1.10 \3asinauliintanieninuasian (Versalab) [5)

\n3esinautAniesnienimvesian vieinies Versalab lnsdanuannsaly
n1saauaNgungivestuaulidausd 50 - 400K Ingluidadldlulnsiauinar amnsald
aumimangsaalads 30 kOe ToendulunsinaulifivesianlsmareUssinn 1Wuinaula
sl wazaudAviausdvdn 1a3es Versalab muauriuaissnouiiamesiulusunsy
Multivu 11d9annUalusunsy d1deen1sinaudaudindn T9siin1s Activate VSM Option
TWsunsuagvhnisdouseduduedos aundieng VsM Juandemdonldaiu VM wedosagiin
nsdutunufeeud 40 Hz nmelfauuuingn Sunuisgnindenhaudindnlifei
auanvazvedaguliinudazyie udrazlanUaesauuniiivanaenuifanuiunaln

Pick - Up Coil #aflusnsiadypauimvdniinaiunailial Magnetic Moment 8anan

2.2 N5aUNI599Y

[

dw3unseun153de (Conceptual Framework) azilunisnisneassmauaudfvag
cs'

UszAnSnmvesianigiduladuasiznianaoulndntuanlagi1unseuiunsnaaedfig o

q

'
% =

wardnTanndunsizilaudmsierantRvazlseansnnmiaivdnlnsldinsadinaudinig

9

N18ATNYBIIHA (Versalab: Vibrating Sample Magnetmetor VSM) finananaifuisou

galme3Ta (Hysteresis loop)

2.3 528U

(%
v va v

dwsuszleuidedivetadu nsimssinuanifvasUss@vinmniuwimaniag
14¥an wuiSsuA1sUBLUA (BaCO Barium carbonate, 99.9%) lasauluinsn (Fe (Ill) Nitrate,

99.0%) way luauAlN (MoO Molybdenum Trioxide, 99.0%) Tusnsdiunen 1:7: 5 lag

(%
o w Y

Unianuas 3 vllaunneulndadulagldun Deionized (D) Wudnanslunisuszanuiandn

mefulasiIunsEuIun1sae o wanhdasiivSeulddildmnunesnoumgisng q siuds

sregnaluNsITUmes WelianUasulaseaiiawdn

o/

2.4 MINUNIUITIUNTIUUALIUITBNNITDS
a A v av Y o LY a saa wa [ ! < X A
paeanaiuiiunIdelaimuiagsindndnuaudinnuduwimanuindusey
7 osandagiuiiuwiliuvesnsldnuiiiumnniy widanidauaudfanuduudmaniud

ndeduiuanuddyveinisndndan wsindnfinuaudianuduwimanuay
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annsaluvssgndldnisndngunsallaiuazudiudidnnseindlivaisodng i
g13afan (Harddisk, Magnetic Storage), launlu (Dynamo), ustmas (Motor) LLaS%u?i’msLu
ANANNTIH

M.Cernea uazaauz [8] laurianusiindainanseudey (Strontium) lasau (Iron)
uaz Tududty (Molybdenum) umitnsaeulnds waglsthiaglumndigamad 1,100 °C 1u
nan 2 Falus ndeniuldiilusad XRD (X-Ray Diffractometer ) 91nnanisnnassly Fel=
0.679(35), Mol= 0.321(35), Mo2= 1.000(39), Fe2= 0.000(39) waglarTagiusiindly
Iinseiiieglassaiislnendesqanssaudidnnsoutuudesning (Scanning Electron
Microscope) seanldvinnsindtuszansammawiminuesTagusfinddui 1éog 3.62 uB
wagdimuundlawdumingu 41.18 emu/g

M.Cerneaa wazaniy [9] lainamasiiindain anseudeu (Strontium) leseu (Iron)
uaz lwdudtu(Molybdenum) snvhnsaesndslumusndiu wagldihfaglumniigamad
1,200 °C \funan 2 $alus nderniidlginluindn XRD (X-Ray Diffractometer ) 99nHan"s

[y

naaedld Fel= 0.747(17), Mol= 0.253(17), Mo2= 0.953(19), Fe2= 0.047(19) uagldiian
wilindludnsisiiiieglassaiidlaendesganssaudianasouluudedniia (Scanning
Electron Microscope) siaunliviinisineusednsnmmniawivinvesianwsinduil laeg
2.7 Buagdeuunillawduminiu 35.47 emu/s
Y [ Y (3 4 ¢ A ! [y

gy vuauvan wazAney [10] leduasisintouniauluneuileseanlendosiuiu
lanensuddu wian uaz wdleladey wisulaeislalasmesuea Neamall 200 °C WWuwan
10 Flue uazAnwlaseasnanugIuaiedd XRD way SEM nasanntuiiuanlaluviinis@nw
antRmawimvdndieiasasinuaudRwivanuuuduiiedne (VSM) naannsanelasasig
MNUFIUAIEY XRD WUTINIBYN1AUIUTLATIATINUY HOUDARATN |ag NaN1SANY SEM
WU weyn1alanvauziduwaunlu ludruvesguantinieiaguimannuindainudu
wshiwdnuilauuy oslsuuniu@n (Ferromagnetic) wagiatuunillaiwduindu 0.0045
emu/g

a (Y < a s P 5% 1 < [

A3. 9UTA Fudn uag ne.as.s1Huns Jagla [11] lnduasieniaguimanainianns
madiles uneniila wazlesou Inenisurianuvinisaeulnds wazirianluwiuaaly i
gaundl 700 °C Wunian 4 $3lus wanndsniufnwiauaudfvdivdnmemaia VSM

=2 va 1 [ ! a1 = U Y Y o o
31nNsAn¥IgENTRwimannUI druunillawedy windu 60.09 emu/g lavinnisung

wilnaelduuuealeifioumaiiang § 500, 700, 900 °C way 1,100 °C \Juian 4 lalg

9 Y

[
A a

WoANYIANYLLATIATNURNI YR TN MIETENITIATILIAIELAT0INISIA L ULYRITIE NG


https://www.sciencedirect.com/science/article/pii/S0272884214004830#!
https://www.sciencedirect.com/science/article/abs/pii/S0955221913001726#!
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(XRD), N53LATIZNAN BNV TANINNEDIFANTIAUBIANATOURUULABUNTIA (SEM) Uaz
andRnaiusiminiieniesinauiimaivanuaainnsmaaes nuidnvuensideuy
v ¢ = A 9u ¢l a v el a o
Sedendvosmaviinuaeldmwaalyii aumgiiveay wWikaAaleuilgumgll 500°C U1y 4
FIlae TIURUUNISIEEINUUABAADITUAININTEIU Fes0, : 88 - 0866 warauURvasanue
& a a ¢ v & a = A 9w ¢ a v o
TNURINANITIATIEANUT dnwaziuiivewaninmasldiuiuaaletin gamalivies 500°C
waz 700°C fdnwazilueuniansinay waziivuineyniaRdeiaiu 208 nm, 233 nm uay
242 nm MUA1RU duanvazraviinmasldilemuaaleiioamgll 900°C war 1,100°C &
anvauzdudafivuialugiiesninndanuanuieunlasuiaamgll 900°C \WudulUasd
o 1 =~ N o g v Y v < ] e wa
nauANuTauLiane Ny lieynIAvatian Fe,0, saudnludn dounladnwaudanig
wilwan tevimsneaeulutouwiazaamall loun aamgiun® 500, 700, 900 wag 1,100 °C
NaANANTIAT LAz Reuly Taun 37, 73, 43, 1.0 Lay 1.4 emu/g MNEIRU
U L4 v A v a 1 = ¥ Y o (2 L =

audnd Wah , nan goesan wae Tuh seuieuses [12] larian lavead (Co) duined
(zn) leseu (Fe) dupvwnianesdndniinsununsenindaveaduasdngduavinluungy
wosNaungll 1,350 °C Lletluiiasizraudinidlasiaiiandnaiginsodiiaseinng
BeILUUaIIALING (XRD) dnwausiieiiuiiamiendesganssaudianaseuluuasinsia (SEM)

va 1 < 1% a [ wva 1 =3 Y 1 Y] 1% 1 I3
LAZANUANIGLULARNAIYLATDNINFUUALULUAN BUUAIDY198U (VSM) Tagliaunuudinan

¥
= =

g9gm 1.2 kOe wud USunaudanzdunnauain 0.5 84 1.0 vilvikuniulaedugs anasain 48.8

\Ju 0.9 emu/g Wawndumesiiaamail 1,350 °C

Y

Tt =035 e

40 x=0.6 ®) x=0.7
201 /=
=) =) x=0.8
= =] x=1.0
s 20 s

-5

-40-

60 -10

2000  -1000 0 1000 2000 2000  -1000 0 1000 2000

He (Oe) Hc (Oe)

JUN 2.20 mydiesgauiAniaudmanvesianlauead (Co) dansd (zn) leseu (Fe)

gnsnay Asns [13] iauenisinwinavesguugiiseaudfmeoslsdianvsnvesian

wninddadvinesls-wuiSeulnmue (BF-BT) lneviniseanuuuuazasiayngunsaidmsu

v ]

naudReslsBianvsnfionmgiianasnind? 200 °C agunansfinuinudl nsinseives

9 Y

[y LY

TanMidetu denulndlfesiunanisidevesgduntainmmeasdlineunitu
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wswun nalve , ¥iygie , YIan waiga [14] vnnsduasizeuniauilulaveadives
lsfdeislulasddaty Ineldsasdruvosarsanussiafanomavenifuiiuand ety fie
1/10 wag 1/20 Mvualiiduasfieoge A uag B muaaduiinis Asi9aeunginssunig
AnufeuveseymAndlfIInMsdiaTzifemaila TG-DTA wisueumaiduna 3 4lus
KAINNINAABUN SR NUUTesTIALENG (XRD) i Tandaeeefiiunisuaaled
Tassa$radunuvalivaves CoFe,0, TurANANABTIFwIMAINANNM TS T TvawiioENs
A uaz B frneglutig 21.9-45.9 uay 20.5-41.7 uilu-tuns suddu waziilefnunanding
wiwidnmgmeila VSM Visiwumil,l,ﬂalﬁzjﬂﬁqmmﬁ 650, 700, 750 WAy 800°C fauUmuilinan
wuutresilnefidranimavatsuainaniu 660.03, 936.86, 1186.23 way 1236.56 Oe
puddu wazAn anmanuduwimdndmnziiaungsgadu 34.076, 72.19, 78.97 uay

103.38 emu/g ANUAIGU

«| Frecursor -
—_10 D7
Ry s 2
3 | 5
E sl:
s kT
= 15 i e e e e
(@] 0 Applied Fisld (Oc) s
prar} f s
© 'j{ )
N P
e ' e
@ -50 il e "
(o — 1™ M bvie ey
Ll e D SO>S, =~ g ]
g 1 ’ | -u.f","w % ..'..,,..""‘/
= -100 MYTRL.
.1050 00 1m0 ° ne Io0 0w
: 1 T T i T T T T
-30000 -20000 -10000 0 10000 20000 30000

Applied Field (Oe)

=

JUN 2.21 mstiesgiauiAnisusimanvesianlulaveadiesls

2

a 4

wyunn fsusysal [15] lendrian Innudisuseuuisealansenlys uneulndniudnidiu

Y

5:20 71 90 °C \Uwaan 72 Falus IdunsnuiSeulnnuuaidauuians annunudiuiy

6.2520 NTUFRRNUIANLEURLLAT dUNIANANAZLEYA AN 1 tuAseu nasaIntuinanly

=

W1Re Nlaaumnd 1,250 °C - 1,350 °C ienianuesfindviiatludinsesvaudfinisusdinin
gj 1 < 1 [ a a < & 1 a 1 [
tunuinduwimdnvliawmesisuunuindadunguutauivgnaids

Saeid Jabbarzare [16] lauiJan@iden (Cerium) was losou (ron) Faduianlans 1
in1saeulndn lngldimaia Energy Ball Milling vinlmduiiloTanfeadu ndnainduleii
Tanluwigamgil 800, 1,000 wag 1,200 °C unian 3 Halus wagldvinisiasgiounin

Yo TanrIENdeansIAlBianAsouLUUADUNTIA (SEM) awiauszanas 10 - 50 nm sAeuily
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U =)

a L4 wa 1 <@ [y a & 1% 1 [ A o 3
NITIATISAANUANIIULILNAN VDA TUAU IG]LL‘UQEJ@ﬂL‘U‘Ll 3 LQE)UIGU Tagvinnsiasigiiani

HIUNTSLHHT 800 1,000 wag 1,200 °C tanaann1siasieaadl Inerwunilagduvesian
wingydalaun 0.38, 0.36 war 0.28 emu/g Ngaumail 800, 1,000 waz 1,200 °C AMuEIFU

= wva & a = & LY 1 <
bbed NQMﬁNU@LﬂULW@ﬁiLLNﬂLUG}ﬂ ‘UQLUU’JﬂQLLiJmaﬂO’]’Ji

ee

Saeid Jabbarzare waganz [17] tatrianaindawmsey (Ytrium) waz lasau (ron)
YHUAKINIINTARULINER wé’wmﬁ?uﬁﬁa@lﬂﬁmmmﬁqmmﬁ 800, 1,000 1,200 °C uag
Ifihmsiesgioyniavesiansondesganssmididnasouluuidounsia (SEM) dvuin
Uszaad 50 - 200 nm doulunmsinseiautiniauivinvestaniadieuunilaedy
\aAegi 0.0801 emu/g

algngen Liana wazane [18] nauisauneslsv (BaFe;,0:0) WissulaainnszuIunis
Twa-19a IngldnAiweseatunsadninifioramairadulasmtedunid muuFoumesloiuay

‘waaLLaﬂaﬂLL@%Mzgﬂﬁmmmauﬁuﬁaﬁwmamaiwwﬁ Immum%qﬁm%quaaqmﬁmq
mniuduguidulelaonmananosiiunt (udhsidiu 0, 5, 10 way 15 duludosdiuvesmed
uan@nueda) Taeisnsdunasy ‘vié’ﬂmﬂﬁ?uﬁﬁaqlﬂﬁ’]mimﬁqmmﬁ 1,000 °C 1¥uwan 2
Falus iilefitusUudrazgninluieseidsiniosSosnudrosudunsisaaunlnglls
fimes desinlosuivaaunuilunasiinesaseinTsinedeuuressdend nies
nagouaNTAling wazndesganssadidnaseunvudesnalusasfansiuivaniingzs
fewnsasinautRnimdnuuuiiessdy naainnsinsgansinnuduudindnuemns
LLUL'%‘&J:uLW@ﬂﬁﬁLLamlﬁIqu%ama%ﬁaﬁqmwﬁ 4 wuInSlauuuslvianindns (Coercivity,He)
WU 2500 Oe AluILALLWMANDLS (saturation magnetization, Ms) WU 42.12emu/s
LaeATUUA LA THNET (Remanent Magnetization,Mr) 11U 25.0 emu/g Faduanil

aglutiwesianulnanas
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N15ANUUIUIVY

Turuideilatunisnuantiniuwiman Usznaumetagulinaniildidu
Taaman lagdaguanae BFMO dusunisduasienianss BFMO laduasisilagisujisen

LY I

< . a [y A <
KUUANIUEYDILT (Solid State Method) LHBIIINIAANUVUINDUNIALAINLASNTLANYAIDYN

[

aNEne AsUTanNe BFMO 39duasizilaeisnediuosidsdou (Polymerized Complex

Method, PC) #aduAsfianunsadunsgi Yanuliiivuineyniadnlussduuluunsuay
nsraredegaiaNe avthuAnwandfinugiudng 4 lneldinedanadenvuisdiend
(X-Ray Diffraction, XRD) tmAfiamsmuuineyninnguLuun1siaeuuisdiond uazwade
mimamwﬁ”uﬁaé’aEJﬂa”a@amiﬂﬂ'@Lﬁﬂmauuwdaaﬂiwm (Scanning Electron Microscopy

o [ [ 1

) dwsumsiaateuduwivianaindan BEMO wazszyriinveuivan sadadnwdanes

>

Ly

o andfwiwinvesianwlosiseamaiivies uaz Anvimaluwuduivanuargumnlinives

v 1 <3

Taguidwaninaslsaniiunisingldgunsal Vibrating Sample Magnetometer (VSM) %78

9

AATITANDMANRILUTHA

3.1 W/ANLUNITIY

3.1.1 AnwndeyaauAseifntutagmausivdnaintageeslndmusznousig 4

3.1.2 Anwndayamsdaasesianus BAMO Tas3Buiiteuvuaniuzveuds Yands
ﬁuﬁﬁﬂwnaué’m%a WULSBUANSUBLUA (BaCO Barium carbonate, 99.9%) losauluiasn
(Fe () nitrate, 99.0%) wag TuaUANY (MoO Molybdenum trioxide, 99.0%) L‘%Méjuﬁjﬂﬂ’li
Fe¥ansasunudndanlua Ineld BaCO : Fe : MoO whifu 1:7 ¢ 5 Tastirfanssria 3 siiaun
wanifulasldiedosautan tasldn Deionized (D)) Wumnandumsuszanutagdndae i
Tnglfuvausivdnogsasinane uas dgamgAlii 50 °C finrudiseu 700 rpm Wuna

a8 413

v )

3.1.3 tdegnstanfinesnarfifudoifeafunildanudulaenisimwaales
(Calcined) FanueamanwIeails 71 500 °C wunan 2 Halus uaz SardonTaniniumiuaa
ladl (Calcined) winbidutannslaenisunaziBenuaziniondignisiidumes (Sintering)

3.1.4 inmsihianueiiiunsinealest (Calcned) snun@umesiigamgil 800

oC 1 flunan ¢ Falus 6 Falus uaz 10 $2lus e ianwsluiinsssinuautanig

waimansoly
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3.1.5 Timseaudfvesian BFMO mela3ad SEM, EDS wag XRD
3.1.6 Anseilaenisvindanueinseuld lunaaeulsedniannawimaniagld

winvinauUAninen1muesdan Vibrating Sample Magnetometer (VSM) 93831A518ikHa

e Tan BaCO; + Fe(NO5)5.9H20 + MoO,

Toeldain DI Wudinans

Y

muFans 3 sialidudabeduienio

nuunan 48 Falug sreaisa 700 rpom

wwaaled (Calcined) Sanveavadfiniela

7 500 °C 1furan 2 Hlus

\4

) o P a
UATANELASIEIe M TuTaN No

!

WTUNGS (Sintering) TARUELNAIN

w3y lamutaulumng 9

v

AT AANTANULAEN ]
MIELAIY VSM J

l Yes

AneviantAvesian BFMO sheiaies SEM, EDS uag XRD

v

asunataslguaningdnus

v

LN ST Y

v
Q/

19 3.1 TUADUATLUIUMIANYIIDY

Cant
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3.2.1 WULSBUASUBLUA (BaCO; Barium carbonate, 99.9%) anwaziialuiduLdin

ALYV

A19197 3.1 audanianieninvesiag BaCo, [22]

thwinlaana 197.34 g/mol

AURAUILUY 4.43 g/cm3

ANADULYAT 811 °C
AN 1,450°C

gﬂﬁ 3.2 WULSEUANSUBLUA BaCO; Barium carbonate, 99.9%

3.2.2 Tosaulunsn (Fe(NO,), () nitrate, 99.0%) dnvaziluidudinazidendndy

28NUIRNA

A15199 3.2 audAnanienInvesdan Fe(NO,); [22]

hwiinlaana 241.86 g/mol

ANAULUY 7.860 g/m3

ANABIUYA? 47.2 °C
0N 125 °C
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ST,
o, = Ty

Teonod - vrs2ey

sUT 3.3 loseulumsm Fe(NO,); (I nitrate, 99.0%

3.2.3 TuAUATU (MoO, Molybdenum trioxide, 99.0%) dnwagiluidudnazidond

W1y

A13197 3.3 autanianennvesian MoO; [22]

shvinlaiana 143.9 g/mol

ATUAUILUY 4.70 g/m3

SVRLHIVGE 795 °C
0LpRN 1,155°C

A

P =
\SC

;J‘Llﬁ 3.4 TuauAtii MoO; Molybdenum trioxide, 99.0%
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(%
v YV

dSUNTFLATIERTanNlan A uUsENaUAIY WUSEUAITUBLLA (BaCO; Barium

9

carbonate, 99.9%) laseulutnsn (Fe(NOs); (Ill) nitrate, 99.0%) wag LWAUALL (MoOs

(%
[ v v [ !

Molybdenum trioxide, 99.0%) \3uAUA18A15TITanfIAURINERdIuluavDINIIABULNER

9

Tneld BaCO : Fe: MoO winfiu 1:7:5

[HAZARDOUS|

AJAII2-500G

JUN 3.5 Jannldlunismeaes

nauAle1n Deionized (D) Tudnsidau 1 : 7 5 #a991ntuAuA8ULMaMalmanUY
\A30IAUTARAI8A1ML5Y 700 rpm Tiaamgdl 50 °C iuiian 48 Halusedieneiiiosuas

adnausaunssivianazaneauliodieniu

[y

5UN 3.6 Tandaaseyt BFMO wilaimad
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¥

[ & Y o w = &) X o LY 1 Y a @ A al v 1Y
Waﬂf\]']ﬂu‘u‘lﬂuq?ﬂﬂﬂaﬁa']ﬁL‘U‘LIL‘L!’E)LﬂEJ’Jﬂu&lﬁ]ﬂﬂLL‘U\‘i’J?Iﬂ‘VILiJULUE]LﬂSJ’JﬂUIﬂﬂ’JSJ

[ o a

nsziles as@ida (Crucible) neuilaviianaliunmsnuaaledfaamgiiil 500 °C {Wuvan

9

2 4l é’]’qgﬂﬁ 3.6

JUT 3.7 audunsiniduimeiiandunsig BFMO

dmiumsnisduasienianssnaulndn BFMO 1dismsualviazidenlaetrianain

nswwealgduldnevuglnsavnansigsfinuaglinuasuaziBenigawinfosaunsa il

iieliYanunanuazideanasiilumndumes (Sintering) N1311 TR N UNTLARLLAT

9

a o

500 °C Wuna 2 $alus silafidunaunfudunismndumes (Sintering) figaumnd 71 800

Y

°C \Wunan 4 6 8 uaz 10 Talimudsutazisouly

sUfl 3.8 29 BFMO fiwBumes (Sintering) 1urian 8 Halus
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3.3 MsiATIeantAvasdsn

Fan BFMO Wutaqnanildlunisinide vmsAnwinszuiumsiinsginsaaou
Tnssa¥raveansfaniinagey fondeaganssaidiannsouluudesnsia Scanning
Electron Microscope : (SEM) 8%8 JEOL §u JSM-T300 T4lunsasiaaeulasiainauiia
AN 9 V0967981919TI0 N wazdlaviinisTiasizidaliinaeweiagmagaune
YAILATIEN519018598L0NG Energy Dispersive X-Ray Spectrometer : (EDS) ol
OXFORD §u X-MAX (IE-350) 9ntiuthausuwhmsinsgauifivesianfeinios x-
Ray Diffractometer (XRD) : §%8 Rigaku U Miniflex FromadansaIULYessdiend
dannsavenliilasiaiwdnvesassiuilassaduuula viedutagesls Tnsindes
Ainmeinanuaflifnulasganindutaamasoutes qudiiesiioingmans Ay

WeEnT NNINEET1BAUIUAUAIINTZE

E‘Uﬁ 3.9 |A3osiATe Scanning Electron Microscope : (SEM) [21]

1%
&

ndeeganssAuNldiAsIziiuiiveiiede Inauadianaseusrdensinluuuin

o

93309 vililanndefidnwauzidunin 2 way 3 45 1aa1nAsa9 (SEM) Fegniunlyly

q

NSANIFUFIULALIIEALIBUAYBIAN B TURIVBIMBE1N YNnTIvdeuaNwEiINEUeN

YosfegaavdIuazes (EDS) Wumsadldiingsismdeusuna 9aiesisiuuinansau
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lumaseu feszauunly nareIn1sIRTIsiAIBg19TuY Ta1s U579 wazlvsuanUesidudues

a13/59Hu 9 agUSuauls

LPATDIIATIZALASIATINENTDY a15UTENEULAYINENATDIENT NAVBINITIAT IS
Tuidsnainan (Qualitative) wazU3unas (Quantitative) Usunamnulundn auinvendn
swuslgdnwineaiulaTeassvesnan (Crystal Structure) wazdiusuanulinuesasunay

a A | Y o & U s
mu@Wﬂigﬂ@Uag Iﬂﬁﬂfﬂj‘waﬂﬂji LAYILUUUDIIIALDNY

g‘lJ‘ﬁ 3.10 Lﬂ%ﬁlﬁiwﬁauﬁamaﬁaq X-Ray Diffractometer (XRD)

3.4 MIAATIRRNTANILUNLUGN [5]
NFI9INIATIBNLATIAT1909 TaANe Leun Taaudannennvesianaie
= I = c:l Y o I3 =
LAT84 Versalab tulasesilenanaveandngasiagaiansuazsuilumalulad aus

a s

Inermans uInendoveuuiu 13es Versalab finnuannsalunsmuauenmgiives
Fusnilédaus 50 - 400 K Taglideddlulnsiaumas aunsaliauaudvdngsgaldi
30 kOe foondulunsinautfvesianlivareUseinn farwaansalumsiaasd@nms
T wazaudAvnausdivdn 13eq Versalab mugurituiAIspeninnesrulusungy
MultiVu nasannladsesnisinaud@wiuan Tivinnns Activate VSM option Tusunsu

yMsWeNsaiufIATeY sadnATAUNTIAe VSM JuanFandesldeiy VSM gau13n
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Vibrating Sample Magnetometer tA38393i1n15duTuIUR18A10E 40 Hz nneld
AuuLndn SusargnndenhduimdnlfierudnvasvesTanudindnusar sl
wiazUanUasauuwiminesnuidaniuiuunain Pick - Up Coil Faulufinsiain
Fyaamndniiindu udalien Magnetic Moment panu \n3osilenaaounuaut

NNNBAIN AULINYIFNERNT UAINYIGBVOULAY

JUN 3.11 1A504 Versalab d1wiulasigiaudAniauign



UNN 4

NANISILATIZH

ludiuvesuniilananfmalfonaznisefusena 1nen1emaaannIouTanms
Ba,FeMoO, (BFMO) Jankanina1ilatnunfinwaiedssng q iiefnuiasnusenauredianss

NnTWIMsduATIERIagslindneulnds BaFeMoO, (BFMO) autfitiasuvatizanias

< [ I

Nndndnw dmsvantfvandmanladnuiluaniizanee udsantuazthianndandfiaiiu

9

Y] a v s A o Y

Juudman uvegeuiisuiuianiinannundieiu faguauesifindidlorinnismaaeud

ansailUyszendldiuianuidindnsng 9 wu Janudindnain ersannd iasesveneides

§ < v
LAY UBLkMo3 Lunu

4.1 wan15ANEIEANILAIEALYIIEN
nnan1sAnwguaudReuluwimvanainias BaFeMoO (BFMO) Tngldinsosin

[

autimanmenmuesian (Versalab) lumsinantimausimanluusaztoulusing o voeian
Ba,FeMoO, (BFMO) fin1stwwanil 800 °C 1futaan 4, 6, 8 uaz 10 411 Iagn1svinaadus
avdoulusell Audususansingn (Saturation Magnetic, Ms), ANNAUILUUIDINS NG
wilwdnAeA1e (Remanence Magnetic, Mr), @n1ndafunsausaUsdu (Coercive Force, He)

Tuaswsndind 50 K,150 K waz 300 K aeldaunsiusdman 31w -30kOe fia 30kOe

AT 4.1 MIBATIeiauURnIulmanveeTds BaFeMoO, vatanmgil 800 °C iy

nan 4, 6, 8 wag 10 Falus

Temperature 50 K Temperature 150 K Temperature 300 K

Sample
Ms Mr Hc Ms Mr Hc Ms Mr Hc

BFMO_800°C_dhr 1.66 0.59 | 294k | 131 0.50 | 3.10k | 0.92 | 0.39 4.22k

BFMO_800°C_6hr 1.98 0.64 | 254k | 1.51 0.51 | 3.00k | 1.01 0.40 4.50k

BFMO_800°C_8hr 2.57 0.72 | 2.50k | 1.90 0.65 | 270k | 1.26 0.50 2.50k

BFMO_800°C_10hr | 1.13 0.35 | 254k | 0.88 0.30 | 2.56k | 0.61 0.25 4.00k

nuan1sfnwauantRnuduwimdnainian BaFeMoO, lneldiniasinaus
9NN IMD3TAe (VersaLab) lunisinaudfinisuiman luudazouludie 9 vaadag
Ba,FeMoOg AiN15LNKEN 91 600, 700 way 800 °C tWuiian 2 F7lug lnensnnaesusas

P o & a o 1 < . . 1 v 6 1 I3
Wouluaall AUBNAIvBILILKAN (Saturation Magnetic, Ms) AMURULLUUYDINANBLILAAN
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A4A19 (Remanence Magnetic, Mr) @n ndaAunsawsatsfu (Coercive Force, He) Tudan

s lndgamail 50 K waz 300 K neldaunuusdndni -30kOe fs 30kOe

A58 4.2 NFeszanTRvLranvesian Ba,FeMoOg vagaungil 600, 700, Uay

800 °C 1uran 2 $lua

Temperature 50 K Temperature 300 K
Sample
Ms Mr Hc Ms Mr Hc
BFMO_600°C_2hr 0.132 0.0110 1.380k 0.084 0.005 0.804k
BFMO_700°C_2hr 0.759 0.0576 0.750 K 0.176 0.012 1.360k
BFMO_800°C_2hr 2.523 1.040 2,727k 1.588 0.739 2.734k
0.15
| ——600°C_2hr (@)
0109 1=50Kk
M¢=0.132
0.059" M, =0.011
&) 1 Ho =138k S
S 0.00
g ;
¥
=
-0.05 -
-0.10 -
-0.15

-30k 20k -10k 0 10k 20k 30k
H ()
JUN 4.1 uansaninnisimdenhudvanluauuwiungn (M) duanuduauuwdvin ()

v09¥an BFMO faamail 50 K finsiwwdniani 600 °C Wuvian 2 alus

Tumsmsiarmauuusimanudmanladi (M) fuauauuimandild (1) Tuseeeian
usimdniesifind BFMO 7 9aumadl 50 K a9nnnsiinsnzsivesnsmBainesda (Hysteresis)
gapsan M aduniindn 91nKanIMeaes A1AUTNTEIWan (Ms) Aauduaninnis
Juwiman (Mn) wag usadsdu (Ho) naaguannsimuesian BFMO gl Ms = 0.132, Mr =
0.011 waw He = 1.38k vos¥an BFMO flgauvindl 50 k fimsisnsdnsdniani 600 °C Wuia

2 4l



aq

0-02 T T T T ’I
"
-
-
-
0.011 _ A
~" "
/./. ’I’
" -t
0.00 4= - —
"
-
-
-0.01 [~ ]
-
i
—
-
-0.02+—==

1.5k -1.0k-500.0 0.0 500.0 1.0k 1.5k

JUN 4.2 uansdiurgeusnagasudiuresan i suieatulmianiuauuwivin (M) fu

AnuduauNLivEn (H) v0e3a9 BFMO flaaumgil 50 K insiwdndani 600 °C

q

Wunan 2 t2lus

081 —.—700°C_2hr (b)

061 1=50K
044  M=0.759
02l M,=0.059
H, = 0.75k

0.0

-0.24

M(emu/g)

-0.4 4
-0.64

-0.84

-3I0k -2I0k -1I0k 0 T(I)k 2(I)k 3(I)k
H (Oe)
Ui 4.3 WARANINNISITEULLWEan luawNLLwEan (M) fuaUdNauIuiivan (H)

v097a0 BFMO fgamgil 50 K fimMsiwwdniani 700 °C Wuvian 2 alus

Tunsnisineauiuudmanudmantni (M) fuawmwdmanild (1) TushegneTan
widniesdnd BFMO 1 gauvgdl 50 K 91nn153LA318hueans ndainasda (Hysteresis)
L < ' [ P ¥ ! [ ! [
Famsaninnsiluudindn a1nuanismaassazliriauduvoauwsingn (Ms) Aaaauduy

anmnisiluudindn (M) wag usadsdu (Ho) waasuainnsinvesdan BFMO agld Ms =

'
[y

0.759, Mr = 0.0578 wag Hc = 0.75k ¥e¥an BFMO flgauvindl 50 K inswwdniani

700 °C Hurian 2 $lua
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] | | o
0.10 _
y ./'
0.051 7 g
/ /_/ v
/ g - -/
0.00 Va P a4
/ v
e e
_0_05_ /l/ ) /I/ -
-0.10- 1
e

1.5k -1.0k-500.0 0.0 500.0 1.0k 1.5k

SUT 4.4 BAAIEILVEIE USRS LA UTRIENA NN SIATEIUwmAN UL NwIMAN (M) U

u q
AINENLLIWENTeY (H) Ja9 BFMO figamail 50 K insiwdndani 700 °C uvian
U 2 Tl

3.0
25] —+=800°C_2hr

207 mg=2.523
1571 M, =1.040

101 H =273k
0.5

0.0
-0.5 1
-1.0 4
-1.5 4
-2.0 4
-2.5 1
-3.0

.,
e,
o, e

M(emu/g)

30k -20k -10k O 10k 20k 30k
H (Oe)

sUf 4.5 uansaninnismidlestiudmanluauisiaiman (M) AuAUdNAINLIWEN H)

v

109370 BFMO igaunadl 50 K in1siunndndagi 800 °C 1uianian 2 dalus

TunsmsTaaaunuudmdnuaivdntnda (M) Auauuwiwinild (H) TudqeegnsTan
wimanwssind BEMO 1 gaungfl 50 K 91nn153iAssiveans ndane3da (Hysteresis)
[ < 1 [ P ¥ 1 [ 1 [
gansaninnisidundivndn a1nuan1snaaszlamauduvasudmvan (Ms) Araanuduy

anmnsidundindn (Mn) wag wsaUsAU (Ho) maaguarnnsanvesian BFMO agld Ms =

a o PN

2.523, Mr = 1.040 Wag He = 2.727k vas¥an BFMO figaumadl 50 K finsiwnsdniandi

Y

800 °C a1 2 F7las
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0.5 '.'_,-
- 1 . 0 1 .‘.‘n ‘.‘l‘.’ i
3k 2k -1k 0 1k 2k

UM 4.6 LanaI UV USRS UAUYBIEaNINNTISITE kAN TuauNLLLWAN

9

v

AnIdAUINLENTeY (H) Tan BFMO flgaumgil 50 K finsukngn

WWuan

2 #lus

3.0
25-
2.0-
1.5
1.01
0.5
0.0-

-0.5-

2.0

M(emu/g)

-3.0

800°C_2hr

700°C_2hr

600°C_2hr

-30k

-20k

-10k

0 10k 20k 30k

H (Oe)

a6

(M) Au

'
U =

@A 800 °C

q

sUM 4.7 wansanmniswiteninuawmdnluauiuwiwidn (M) fuanuduauiuwsivén (H)

v

a

Y833an BFMO Migaumail

Y

50 K fim s wdndani 600, 700, 800 °C tHurian 2 lus

Tunsnisineauiuudmanudmantaiin (M) duauuwdwanild (1) Tudiegnean

wiman®sIEnd BEMO 1 aaungll 50 K 91nn153iA51eiveens nBane3da (Hysteresis)

[ [ ] <@ I v = =1 [ a a
gaAsanN NN T UGN 10T T UYRYANITLUTHUNEUINNITIAUTEANTN NN

wiimdnaNNISNENIan BFMO Tuusiavgaungilaun 600, 700 uaz 800 °C wJuvian

2 4laa



ar

1.5 — T T LAY
—u—M 600_2hr A_A.A'A'A'A'A'A"‘
—e—M 700_2hr LaaAA
1.04 I—a=mB00 2nr ,A'AAA 800°C_2hr uh
A% .A*'AA
05. (A,A - aA i
A (aaara™ 700°C_2hr \A
L5 4

'1.5“‘:.‘| T T T T T T T

3k 2k 1k 0 1k 2k 3k

JUN 4.8 uansdureeusnagasewuIasdnInnswtesulmianluauwuwivén (M) fu
AVIULNENWIWEN (H) 28333 BFMO fiaaumadl 50 K insiwdinianil 600, 700 wax
800 °C \Juwian 2 Falus

0.20

T= 300K

M¢=0.084
0.104 M, =0.005 —-—600°C_2hr
H, = 0.804k

0.15

0.05

0.00 v

M(emu/g)

-0.05

-0.10 1

-0.15 1

'020 T T T T T T
-30k  -20k  -10k 0 10k 20k 30k

H (Oe)
U 4.9 uansanmnswionhusivanluauusivaniuauiduauuusivinyesian
BFMO figaumgil 300 K fimswmdndanit 600 °C iunan 2 dalua

Tumsmsiarmauausimdnudmdnludih (M) fuauausimdniild (H) lushodsian

wsimdniesiing BFMO  gaumadl 300 K a9nnnsiinsziveansindaineda (Hysteresis)

gansaninnisiduudinan aannanisvaaesazlaainuduveaudingn (Ms) A1aadu

anmnisiluudivnan (M) wag wsadsdu (Ho) waasuainnsivvesian BFMO agld Ms =

0.084, Mr = 0.005 Wa Hc = 0.804k ¥osTan BFMO figaumgdl 300 K finsiwdniani

600 °C 1utian 2 4lua
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0.02 ————— —
0.01- e
0.00 == ./._,.—"'"'.:r’.—- e’
-o.o1-_,_.,r—""'—rl _
-0.024———— —
-1.5k -1.0k-500.0 0.0 500.0 1.0k 1.5k
H (Oe)

] ! a a v =i o ! [ 1 =3
JUN 4.10 uanseduveeUsnunsuiuvesan mnsieniuivdntuauiuutivan (M)
fupnuduaunuulmanaes (H) Jan BEMO figaumail 300 K in1swnndndani 600 °C

Wuan 2 4l

0.207  T=300K
0.15{ M;=0.176
M, =0.012
H, = 1.36k

—+—700°C_2hr

0.10
0.05

0.00 A

M(emu/g)

-0.05 4
-0.10 1
-0.15 4

-0.20

-30k  -20k  -10k 0 10k 20k 30k
H (Oe)

o ~ o 1 =3 1 @8 @ £ 1 =3 [y
EU‘VI 4.11 LLﬁ@Qﬁﬂ’]‘Wﬂ?iLﬂUUﬂuﬁLLlIL%aﬂIUﬁU’mLL@JL‘IﬁaﬂﬂUﬁ’NﬂJL“UﬂJﬁuWNLLllmaﬂGUEN’Jﬁﬂ

BFMO #igasvindl 300 K fimswmwdnandt 700 °C iutnan 2 42l

Tunsmsiaaauuudumdnuaiudntiin (M) dvauiuwsivanild (H) Tudaegiaian
wimanigssind BFMO 71 gl 300 K 21nn153A5 189 00dn 5 Bawnesda (Hysteresis)
[ < ' [ Y 1 v ! [ ! [

gansaninnisidusdinan mnuan1maaedvzlafinuduveIutdingn (Ms) A1adudu

anmn1sduudindn (Mn) wag wsaUsAU (Ho) maaguatnnstvvesian BFMO vl Ms =

'
[y

0.176, Mr = 0.012 Wag He = 1.36k vasTan BFMO figaumgdl 300 K insiwdniani

700 °C 1unan 2 $alua
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0.15 . . . .

0.104 .

0.051 0 _
700°C_300K

i

0.00

-0.05- _

-0.101 1

'015 T T T T
-1.5k -1.0k-500.0 0.0 500.0 1.0k 1.5k

'
a

JUN 4.12 uandinveneusagaiEuauresan I sitesihuindnluauiuwiuvgn (M)

'
[y o a

umnauduawLuimanes (H) T BFMO Nigaumall 300 K finsuudndanil 700 °C

9

Wuan 2 Hlus

2.0

T= 300K —-—800°C_2hr
M =1.588

.04 M, =0.739
H, = 2.734k ;

1.5+

0.5

0.0 /

M(emu/g)

-0.54

-1.0 1

-30k  -20k  -10k 0 10k 20k 30k
H (Oe)

] = o ! =3 1 2 o v 1 < 1Y
JUN 4.13 uansannnismienudmanluauuulivdniuanuduauuwivianvesian
BFMO figaungil 300 K finsiwaniani 800 °C tuvian 2 4l

Tunsnisineauiuudmanudmantaiin (M) duauuutdwanild (1) TudiegneTan
wimansEind BFMO 91 aaungdl 300 K 91nn153LAT189A09n 50 8@m038a (Hysteresis)
L < ' [ Y 1 ¥ ! [ ! [
gansaninni1sidundivan nnan1svaaesazlarinuduveautdingn (Ms) A1adudu

anmnisiluudvnan (M) wag wsadsdu (Ho) waasuainnsivvesian BFMO agld Ms =

'
[y

1588, Mr = 0.739 uay He = 2.730k va3¥an BFMO figamgil 300 K finsinnsdniani

800 °C a1 2 Flas
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2.0

1.5 1

1.0 4
a— ﬂl:ﬂ:i—”“-':"_f*

0.5 TR b

0.0

M(emu/g)

-0.5 1 ././l/././

-1.0 1

-1.5 1

-2.0 T T T T
-1.5k  -1.0k  -500.0 0.0 500.0 1.0k 1.5k

H (Oe)

'
a

JUN 4.14 uandinveeuTagaEIauYesan I sideshwindnluauiuwiuvgn (M)

'
[y o a

fumnaudnawILuimaNs (H) T BFMO Ngaumall 300 K Minsukdniani 800 °C

9

Wuan 2 Hlus

2.0 T T T T T T : T T T T T
T=300K (d)

1.5
] 800°C_2hr
1.0-
0.5+ 700°C_2hr T

0.0
600°C_2hr

M(emu/g)

-0.54
-1.04 :

-1.54 :

30k -20k -10k O 10k 20k 30k
H(Oe)

gﬂﬁ 4.15 wansanimniswidedtiuawdnluauiuuaiwdn (M) fuanuduauwsivan (H)

'
[y a

vos¥an BFMO flgaumdl 300 K insiwaniagil 600, 700, 800 °C 1urian 2 Falug

9

Tunsmsdadaunudmanuadmanlain (M) fuauuwsivdnild (1) lu
frografanuiimdniesiing BFMO 1 gaumil 300 K 3InN153LATIENU0IN TN EaLne3Ta
(Hysteresis) §apsaninnisidundindn annsiiludeyanisidieuiieuainnisin
UsgdnSnmvmawdimdnainnisiwndnias BFMO luwsiazaamaiilaun 600 700 uay 800 °C

Wuan 2 Flua
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20 T T T T T T
T=300K d
15 300 (d) i
800°C_2hr
1.0 1 1
———————————
0.5 -/ 7000C_2hr 4
o
2 0.0 -
5 600°C
Z 05 ____/ i
1.0 i
-1.5 B
-2.0 T T T T
-1.5k  -1.0k  -500.0 0.0 500.0 1.0k 1.5k
H(Oe)

JUN 4.16 wansdiuveNeUTINYAEOIRUTRIEN I SWRE AN TuauLuImEaN (M)
Auanuduaunuudvin (H) ve33ag BFMO Nlaamail 300 K in1swwdniani 600, 700

waz 800 °C tHuan 2 $alus

0-15 i T T T T
T= 50K T= 300K (a)

0104 Mg=0.182  M_=0.084
M,=0.011 M, =0.005
0.05{ H,=138k H_=0.804k

600°C_50K

600°C_300K |

0.00

M(emu/g)

-0.05 +
-0.10 +
-0.15 1 -

30k 20k -10k O 10k 20k 30k
H (Oe)

gﬂﬁ 4.17 wansaninniswdetiunaimdnluauiuniiindn (M) AumnuuauIuwiwdn (H)

109370 BFMO igauadl 50 K uaz 300 K in1siwndniandl 600 °C uan 2 4alus

Tunsmsiaamawuudwdnudmantain (M) duauiuwimanily (H) lusieganis
Wiguiley Januimianesfind BFMO 71 gaumgil 50 K uaz 300 K 91nn1536A9181909ns

Bame3Ta (Hysteresis) Sansaninnisiluudingn nnsdudeyanisidseuifisuainnis

al

ToUszAvBNMMnanaINNITININENIER BFMO vzimiulsinfigamgll 50 K Ain1swndn

9 Y

600 °C 9¢3 Ms = 0.132, Mr = 0.011 waz Hc = 1.38k Iuﬂizﬁqmmﬁﬁ 50 K wag Ms = 0.084,

Y

Mr = 0.005 ag Hc = 0.804k lunsiigaumigid 300 K
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0.02

0.01 1

0.00

-0.014

'002 T T T T
-1.5k -1.0k-500.0 0.0 500.0 1.0k 1.5k

H (Oe)

a ! a d' v A o ! < ! <
E‘U'VI 4,18 LLﬁ@\‘iﬁ’Ju“UEJ’]EJ‘UiL’Jm"\}@Li@ﬂ@mﬂ@ﬁaﬂ’w\lﬂ’]imu&l'ﬂuﬂLLNLMﬁﬂIUﬁUWNLLNLMaﬂ (M)

'
% =

Aurnuduawuwivan (H) vee¥an BFMO Mlaaumail 50 K wag 300 K in1swwndnian i

600 °C 1unan 2 $lua

T T T
T= 50K T= 300K
064 ME=0.759  M.=0.176
|\/|r =0.0576 Mr =0.012
Ho=0.75k  H_ =136k

T 0| T
0.8 4 (b) 700°C_50K -

0.4 4

700°C_300K
0.2

0.0

M(emu/g)

-0.21
-0.4 1
-0.6

-0.8 1 4

30k 20k -10k 0 10k 20k 30k
H (Oe)
gilﬁ 4.19 wansanimniswiterinuaiwdnluauuwiudn (M) fuanuduauwsvan (H)

Yoean BFMO figaumqil 50 K waz 300 K finsiwdndani 700 °C dWuvian 2 alus

TunsnsTamauuwsmanudidnludy (M) Avawiusdvdnild (H) Tuseg1anns
Wibuiiau Januilwianesfind BFMO 71 gaungfl 50 K uaz 300 K 91nn1531A512189ns
a N . Y] < 1 I3 < v = =~
gaLneIvd (Hysteresis) saasaninnistdutiign annsnuidureyanisiussunguannnig
TaUseAnSnmMMiaNIINNISHIRENTaR BFMO agwiuliinfiaamall 50 K in15snén
700 °C 9gd Ms = 0.759, Mr = 0.0576 uag Hc = 0.75k lunstlgaumgiiil 50 K uag Ms =
0.176, Mr = 0.012 wag Hc = 1.36k Tunsaigaumnil 300 K
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0.15 . . .

0.10+1 700°C_50K

0.05 700°C_300K /

0.00+

-0.05+

-0.10+

'015 T T T T
-1.5k -1.0k-500.0 0.0 500.0 1.0k 1.5k

JUN 4.20 wanedinveNeUsINgAEoIRLYRIENINSWRe AN luauLulman (M)

'
% =

Aumnuduawuuwivén (H) vee¥as BFMO Niaaumail 50 K wag 300 K Ain1swwndnian i

700 °C 1Junan 2 $lua

3 T T T T T T

T=50K T= 300K

M¢=2.523 M¢=1.588

M, =1.040 M, =0.739
He =2.727k H.= 2.734k/

2 800°C_50K -

800°C_300K |

M(emu/g)

2 J

-3 T T T T T T
-30k  -20k  -10k 0 10k 20k 30k

H (Oe)
i N o 1 =3 I [ [ ¥ ' <
E‘U‘VI 4.21 LLﬁﬂ\‘iﬁﬂ’]Wﬂ’ﬁm‘Uﬂ’JU’]LL@JL‘VI@ﬂI‘UﬂU’]ﬂJLL@JL‘VIaﬂ (M) nuAUNAUINLLILEN (H )

Yoean BFMO fiaaumigil 50 K waz 300 K finsiwdndani 800 °C Wuvian 2 dalus

Tunisnsiamauuwantdidnludy (M) Avawiusdvdnild (H) Tuseg1anns
Wibuiiau Januilwianesfind BFMO 71 gaungfl 50 K uaz 300 K 91nn1531A512189ns
a N . Y] [ 1 3 < v = e~
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A15199 4.3 WAIINNITIATIZINANNLATDY (EDS)

Elmt. Spect Type Element % Atomic %
OK ED 25.94 67.91
Fe K ED 15.8 11.85
Mo L ED 18.84 8.22
Ba L ED 39.41 12.02
Total 100 100
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A15197 n-1 auTRvaanaslsuuntufn Waslsd wag n1sium

Magnetic
Curie
induction
Ferrite Type Chemical Formula Temperature
Saturation
(T, °O)
(Bs, T)
Ba-Fe ferrite BaFe ;09 430 0.45
Cobalt ferrite CoFe, O, 520 0.53
Copper ferrite CuFe,Oq 455 0.17
Eu-Fe ferrite EusFesOy, 293 0.116
Franklinite ZnFe,Oq 375 0.50
Gd-Fe garnet GdsFes0q, 291 0.017
Jacobsite MnFe,Oq4 300 0.50
Lithium ferrite LiFesOg 670 0.39
Magnesioferrite MgFe,Oq4 440 0.14
Magnetite Fes0q 585 0.60
Manghemite Fe,Os 575 0.52
Ni-Al ferrite NiAIFe,Oq4 1860 0.05
Nickel ferrite NiFe,Oq4 575 0.34
Sm-Fe garnet SmsFesOq, 305 0.017
Sr-Fe ferrite SraFesO;, 450 0.40
Y-Fe garnet Y3FesOq, 292 0.178
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Ferrite Type

Chemical Formula

Neel Temperature

Ca-Mn oxide CaMnO4 -163.15
Chromium arsenide CrAs +26.85
Chromium (lll) oxide Cr,03 +44.85

Co-Ti oxide CoTiOs -235.15

Cobalt (Il) fluoride CoF, -235.15
Cobalt (Il) oxide CoO +17.85
Cobalt oxid Co304 -233.15
Copyper (1) oxide CuO -43.15
Erbia Er,Os -269.75
Franklinite ZnFe,Oq -264.15
Gadolinia Gd,04 -271.55
Hematite -Fe, 05 +674.85
liimenite FeTiOs -205.15

Iron(IDfluoride FeF, -194.15

Iron(ll) oxide FeO -75.15

La-Cr oxide LaCrO; +8.85

La-Mn oxide LaMnO5 -173.15
Manganese(ll) oxide MnO -151.15
Manganese telluride MnTe +49.85
Manganese (lll) oxide Mn,0O3 -183.15

Mn-Ti oxide MnTiO -232.15

Nd-Fe oxide NdFeO5 +486.85

Niccolite NiAs -10.15
Nickel fluoride NiF, -190.15
Nickel oxide NiO +251.85
Pyrolusite MnO, -189.15
Uranium (IV) oxide uo, -424.35
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Name

Chemical Formula

Curie Temperature (T,K)

Ammonium cadmium

(NH4)2Cd2(SOa)3 95
sulfate
Ammonium fluoroborate (NH,),BeF, 176
Ammonium
NH;H(CICH,COOH), 128
hydrogenodichloroacetate
Ammonium
(NHg)HSO4 271
hydrogenosulfate
Ammonium nitrate NHANO, 398
Ammonium Rochell's salt NH;KC;H,044H,0 297
Barium titanate BaTiOs 406
Barium titanium niobate BagTiNbgOsq 521
Barium sodium niobate BagNa,NbsO;5 833
Cadmium pyroniobite Cd,Nb,0O5 185
Cesium dihydrogen
CSH2A504 143
arsenate
Cesium dihydrogen
CsH,PO4 159
phosphate
Cesium hydrogenoselenite CsH5(Se0s), 143
Gadolynium molybdate Gd,(MoOy)s 432
Lead iron niobate PbFeNbO 385
Lead iron tungstate PBFeWO 183
Lead magnesium niobate PBMgNbO 272
Lead titanate PbTiO4 765
Lead zinc niobate PbZnNbO 413
Lithium ammonium
NH,;LiCqH4O, 106
tartrate
Lithium iodate LilO5 529
Lithium niobate LiNbO5 1483
Lithium tantalate LiTiOs 891




A15199 A-1 (fiv) auvRvaanaslsdidnnsn

84

Name Chemical Formula Curie Temperature (T,K)
Methyl ammonium alum NH5(CH3)AI(SO,)12H,0 177
Potassium dihydrate
KH,AsOq4 97
arsenate
Potassium dihydrogen
KH,PO, 123
phosphate
Potassium iodate KIO 485
Potassium niobate KNbO5 712
Potassium nitrate KNO4 397
Potassium selenate K,SeOq 93
Potassium tantanate
K3Ta2Nb09 271
niobate
Rubidium dihydrogen
RbH,AsO4 111
arsenate
Rubidium dihydrogen
RbH,PO, 146
phosphate
Rubidium nitrate RbNO4 437-487
Sodium nitrate NaNO; 548
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Abstract. The magnetic properties of BaigFeMoOs (BEMO) double perovskite are investigated.
BFMO samples were prepared by solid state reaction method through compression. Magnetic
properties are influenced by electron environments of the Fe’~ and Mo® ions within the perovskite
structure. BFMO sintered at 800 °C exhibited the largest hysteresis loop at 50 K. In addition. the
values of Ms and Mr indicate ferromagnetic behaviour in BFMO ceramics sintered at 800 °C for
different times up to 10 hours. Using the Cunie-Weiss law fitting to investigate peff~30u: high spin
of Fe and Mo. and negative 8 present the antiferromagnetic characteristics of the BEFMO sample.

Introduction

The study of materials with magnetic properties such as perovskites is important for improving
many magnetic devices (magnetic sensors, magnetic and electronic parts and nano magnetics for
biosensors). Ceramics of BasFeMoOs share similar magnetic behaviour with SrFeMoOg double
perovskite, a study about mechanical strain [1]. where characterization of ferromagnetism with sol-
gel preparation method [2, 3]. Some works of this ceramics have studied cation order and magnetic
properties [4]. Most representatives of the double perovskite have the general formula
(AA)YBB’ )06 such as the fen’omagnet.\c Sr2FeMoOs[5-9]. A and A’ are alkaline rare earth cations
such as Ba®", Ca® and Sr*", while B and B’ represent transition metal cations as Fe*™ and Mo™"
which can result in material with high Curie temperature (Tc) and spin polarization [10]. The
temperature dependence of the magnetization results show ferromagnetic metallic and
antiferromagnetic (or paramagnetic) insulating domains. which is believed to induce a metal-
insulator transition at the Curie temperature [10, 11].

Following on from previous research on the calcined material and sintering at high temperature
of samples [12-15]. A vibrating sample magnetometer (VSM instrument) is used to study the
magnetic properties or magnetic behaviour of Ba2FeMoOs samples. This instrument can find the
samples magnetization using an applied magnetic field (H). Resulting in a characteristic M-H curve
and M-T curve, which is used to classify the kinds of magnetic behaviour as revealed in samples.

Mlg“mm of contems of this be of transmitted In form or nmmmmmmpeumnofm
Tech Puplcions, b pddir mmsfsiaa—%t g, §8zzou) - 7
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Experimental Details

The Ba2FeMoOs bulk was synthesized using a 2:1:1 ratio of BaCO3 (Barinm carbonate, 99.9%),
Fe(NO3)3.9H20 (Iron(III) nitrate, 99.0%) and MoO3 (Molybdenum trioxide. 99.0%). The starting
precursors were prepared by mixing the powders with deionized (DI) water at a ratio of 1:7.5. The
mixture was stirred up to 700 rpm for 48 hours to achieve homogeneity. A calcined sample was
prepared by heating the solution at temperatures 500 °C rate 5 °C /min hold on 2 hours for preparing
powder sample. Next the powder was compressed to a disk with a compressor for the following
sintering step. Sintering was achieved by heating to 800 °C for 4 hours. 6 hours, 8 hours and 10
hours.

To reveal the magnetic behaviour. the BazFeMoOs samples were measured by a vibrating
sample magnetometer (VSM). In this case we measured at temperatures from 50K to 350K to
produce an M-T curve and determine Curie constant(C). an effective magnetic moment (pef).
Curie-temperature (8) and susceptibility (). whereas the applied magnetic fields (H) were from
-30 kOe to +30 kOe. On the other hand. in the case of M-H curve. we can determine the saturation
magnetic (Ms). remanence magnetic (Mr) and coercive force (Hc) at temperatures of 50K. 150K
and 300K under applied magnetic fields (H) were from -30 kOe to +30 kOe.

Results and Discussion

Figure 1 presents plots of magnetization hysteresis loops for the BazFeMoOs double perovskite
produced from the temperature conditions of 800 °C sintering for 4 hours, 6 hours, 8 hours, and 10
hours. measurements were made with applied temperature of 50K. 150K and 300K. It is clearly
seen in the figure that all of the conditions exhibit hysteresis loops. From the data of BFMO
samples which can be summarised as shown in Tablel for all conditions, it was found that the high
values of Ms presented by sintering at 800 °C for an optimum of 8 hours of 2.578 emu/g. which is
magnetization strength material greater than sintering for times of 6 hours. 4 hours, and 10 hours
with values of 1989 emw/g, 1.661lemu/g and 1.138 emw/g. respectively. The value of Mr is
consistent with the saturation magnetism at 800 °C for 8 hours of 0.725emu/g, whereas the lower
value ~0.356 emu/g in condition atl10 hours. However. changing the applied temperature produced
different values such as hysteresis loop at room temperature exhibited the resulting of coercive
force ~4.509K. which is indicative to a close permanent magnet more than other conditions.
Furthermore. Ms measured at low temperature are indicated to high values for all conditions.
comparison of temperature 150K and 300K it can be correlated to Figurel(a-d). Therefore. these
results present that the values of Ms depend on applied temperature, which show the magnetic
strength of the BFMO ceramic. but the coercive force (Hc) shown by a large loop in each condition
in order to fine to soft or hard magnetic BFMO sample and Mr was attributed to the permanent
magnet in BFMO sample. In addition, this material can be observed with respect to sintering times
to elucidate the possibility of apparitions as hysteresis loop in perovskite ceramics. According to the
preparation method presented in this work. it 15 observed the behaviour was ascribed to a close
ferromagnetic material for any conditions. Finally. this investigation proposed BFMO samples as
magnetic material with applied temperature and time sintering effect associates with magnetic
properties.
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Figurel. M-H curves of double perovskite Ba2FeMoOs samples measured at a temperature of
50 K, 150 K and 300 K. BaxFeMoOjs sintered at 800 °C (a) 4 hours, (b) 6 hours, (c) 8 hours and (d)
10 hours. The insets show Hc and Mr each condition.

Tablel. Saturation magnetic (Ms). remanence magnetic (Mr) and coercive force (Hc) of BFMO
ceramic at temperatures of S50K. 150K and 300K under applied magnetic fields (H) from -30 kOe to

+30 kQe.
Temperature S0K Ti ature 150K T ature 300K
Sample Ms | Mr Hc Ms Mr Hc Ms Mr He
BFMO 800°C 4hr | 1.661 | 0596 | 2.945K [ 1.313 | 0.500 | 3.101K | 0.928 | 0.398 [ 4.225K
BFMO 800°C 6hr | 1.989 [ 0.646 | 2.544K | 1.513 | 0.510 | 3.001K | 1.012 | 0.400 [ 4.509K
BFMO 800°C 8hr |2.578 [ 0.725 | 2.500K | 1.909 | 0.650 | 2.700K | 1.262 [ 0.500 [ 2.500K
BFMO 800°C 10hr [1.138|0.356 ) 2.546K | 0.888 | 0.300 | 2.560K | 0.618 | 0.251 [ 4.000K
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Figure2. (M-T) curves of BaxFeMoOs double perovskites for H= 30 kOe. Thermal magnetization
with temperatures (K) for samples sintered at 800 °C for (a) 4 hours, (b) 6 hours, (c) 8 hours and (d)
10 hours, respectively. Insets show the inverse magnetic susceptibility (y-1) and magnetic field
(H=30 kOe).

T{K)

Table2. Effective magnetic moment (pes). Cunie-Weiss temperature (8). Curie constant (C) obtained
from Curie-Weiss law fitting results for sintered Ba2FeMoO¢ double perovskite.

peE 8 C M (at 50K) | M(at350K)
Sample (us) X) (emKg'Oc | (emmig) (emu/g)
)
BFMO 800°C 4hr 31.079 -130.394 120416 1.664 0.834
BFMO 800°C 6hr |  32.156 -120.033 128341 1.994 0.918
BFMO 800°C 8hr | 36973 -107.261 168.712 2.584 1.136
BFMO 800°C 10hr | 29.138 -140.661 105355 1.139 0547

Figure 2(a-d) the temperature dependence of magnetization of BFMO sample sintered at
temperature 800 °C. for 4 hours. 6 hours, 8 hours and 10 hours (four conditions). respectively. The
Curie-Weiss law [16] was used to determine magnetic susceptibility by linear fit to the data between
250 K and 350 K at 30 kOe. which is shown in figure 2 insets. The equation of Curie-Weiss law is
demonstrated that y = C/(T-8). where y is susceptibility, 6 1s Curie-Weiss temperature, T is
temperature and C defines the Cune constant. The Curie constant is given by
C=[}lo(}la)2."3ka]'Ng25(5+1), where N is the number of magnetic ions per unit volume. g is the Lande
g-factor. ps is the Bohr magneton, ks 1s Boltzmann’s constant, and s 1s 1/2 *unpaired electrons (for
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Fe’ is 5). Furthermore, pe= g-us[s(s+1)]"2. which is effective magnetic moment (p5). Firstly, we
can be found the slope from the inverse magnetic susceptibility ('(T)) curves of temperature
dependence and fitting line in the temperature range are revealed in the inset of the figure.
Secondly, nonlinear curve fit from the equation of Curie-Weiss law for investigation of parameter
Curie law. For all samples, the results of the effective magnetic moment (pef). Curie-Weiss
temperature (6). Curie constant (C) obtained from Curie-Weiss law fitting results for sintering
Ba)FeMoOg double perovskite are summarized in Table2. However, y can be shown versus
magnetic field or temperature, but in this case it can be inhibited to apply 50 K to 350 K. In theory.
the calculated magnetic moment of high spin Fe*™ and low spin Fe’™ are 5.92ug and 1.73us
respectively. As a result, the effective magnetic moment was peff~31.079up. peff~32.156 us,
ueff~36.973up and peff~29.138up for 4 hours. 6 hours. 8 hours and 10 hours. respectively. The
different values of the theoretical and the experimental effective magnetic moment (ueff) indicate
that all the magnetic ions are in the high spin configuration and increase with elevated sintered time.
For the values of Curie-Weiss temperature (68) were exhibited in all negative values. it was found
that the magnetic property present to antiferromagnetic characteristics due to magnetic pole of
opposite spin with ferromagnetic. As clearly seen that in Figure2(a-d) presents the temperature
dependent of magnetization (M-T) curves can be correlated to the inverse magnetic susceptibility.
In addition. it was observed that the increasing magnetizations were consistent with the high
sintering time of material. whereas the sintering at 10 hours had decreased for in the case of
measured 50K. However, comparison the measured at 350K had the values of magnetization
increased by sintering time.

Summary

Magnetic properties of bulk BazFeMoOs ceramics are influenced by the sintering temperature
and sintering time. BFMO sintering at the high temperature of 800 °C for 8 hours exhibited the high
Ms~2.578 em/g at 50 K and ~1.262 emu/g at room temperature. In addition, the values of Ms and
Mr indicate ferromagnetic behaviour in the bulk BFMO ceramic due to high spin of Fe and Mo.
which is confirmed by uvsing Curie-Weiss law fitting. Furthermore. BFMO sample show negative
values of Curie-Weiss temperature indicative of antiferromagnetic characteristic of material in all
conditions. Finally. the value of magnetization was reduced under a higher applied temperature.
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Abstract. The magnetic properties of BaFeTiO3 (BTFO) perovskite are investigated. BTFO
samples were prepared by solid state reaction method through compression. Magnetic properties are
influenced by electron environments of the Fe®* jons within the perovskite structure. Furthermore,
the values of Ms and Mr indicate ferromagnetic behaviour in BFMO ceramics sintered at 800 °C for
sintering as 800 °C for 6 hours at 1.898 emw/g. which is magnetization strength material more than
sintering at 4 hours. 8 hours. 10 hours as 1.794 emu/g, 1.333 emm/g and 1.192 emu/g at measured of
low temperature. Using the Curie-Weiss law fitting for investigate peff~38uB high spin of Fe,
negative of 6 present to antiferromagnetic characteristics of BTFO sample. Finally. BTFO sintering
at the high temperature of 800 °C for 6 hours exhibited the high Ms~1.898 emm/g at 50 K and
~1.216emu/g at room temperature.

Introduction

The ceramics of BaTiO3 perovskite have structural characteristics which make it appropriate for
doping with 3d transition metals (Mn. Fe, Co. Ni) that have been predicted to enhance magnetic
properties [1]. They were doped by Fe (iron) for investigation of ferroelectricity and ferrimagnetism
as BaTiOs in solid [2]. and thin-film [3]. Additionally. some of the research investigating magnetic
properties has involved doping another metal for improving material such as Co and Mn [4]. Fe and
Ni [5, 6]. However, most of the application for doping metal into BaTiO3 is that electrospun
heterostructured nanofiber [7]. Therefore, technological applications arise such as piezoelectric and
ultrasonic actuators [8]. pyroelectric detectors [9]. posistors. multilayer ceramic capacitors [10].
temperature sensors and controllers as well as tuneable elements in microwave circuits [11-14].

Following on from previous research on the calcined material and sintering at high temperature
of samples [15-18]. A vibrating sample magnetometer (VSM instrument) is used to study the

Al nges reserved. M’:pa‘tdcomensotms??el Ml?mﬂ’mm formor means withous the written permission of Trans
Tech Pubiications, www.sclentific net. (#113513195-27/03/18,1825:13) - ok
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magnetic properties or magnetic behaviour of BaFeTiO; samples. This mstrument can find the
samples magnetization using an applied magnetic field (H). Resulting in a characteristic M-H curve
and M-T curve. which is used to classify the kind of magnetic behaviour as revealed in samples.

Experimental Details

The BaFeTiO; bulk were synthesized using a 2:1:1 ratio of BaCO3 (Bartum carbonate, 99.9%).
Fe(NO3); 9H20 (Iron(IIl) nitrate, 99.0%) and TiO: (Titanmum dioxide, 99.0%). The starting
precursors were prepared by mixing the powders with deionized (DI) water at a ratio of 1:7.5. The
mixture was stirred up to 700 rpm for 72 hours to achieve homogeneity. A calcined sample was
prepared by heating the solution at temperatures 500 °C rate 5 °C /min hold on 2 hours for preparing
powder sample. Next the powder was compressed by compressor for use in the part of sintering.
Sintering of the resulting sample was achieved by heating to 800 °C for 4 hours. 6 hours. 8 hours
and 10 hours.

To reveal the magnetic behaviour, the BaFeTiO3 bulk were measured by a vibrating sample
magnetometer (VSM). In this case we measured at temperature from 50K to 350K for M-T curve
and investigating of Curie constant(C). an effective magnetic moment (peff). Curie-temperature (6)
and susceptibility (y). whereas the applied magnetic fields (H) were from -30 kOe to +30 kOe. On
the other hand, in the case of M-H curve. we can fine the saturation magnetic (Ms). remanence
magnetic (Mr) and coercive force (Hc) at temperature 50K, 150K and 300K under applied magnetic
fields (H) were from -30 kOe to +30 kOe.

Results and Discussion

Figure 1(a-d) presents plots M-H curve of magnetization(M) dependence of applied magnetic
field (H) for the BaFeTiO3 perovskite produced from the temperature conditions of 800 °C for
sintering at 4 hours. 6 hours. 8 hours. and 10 hours. measurements were made at a temperature of
50K, 150K and 300K. From the data of BTFO samples we can be summary as shown in Tablel all
condition, it was found that the high values of Ms presented by sintering as 800 °C for 6 hours at
1.898 emuw/g. which is magnetization strength material more than sintering at 4 hours, 8 hours, 10
hours as 1.794 emw/g. 1.333 emu/g and 1.192 emu/g at measured of low temperature. respectively.
The value of Mr has consistent with the saturation magnetic at 800 °C for 6 hours at 0.650emu/g,
whereas the less value ~0.520 emw/g in condition at 8 hours. In addition. Ms were measured by low
temperature are shown to have high values for all conditions. comparison of temperature 150K and
300K, it can be correlated to Figurel(a-d). Therefore, these results present that the values of Ms
depend on applied temperature, which show to strength magnetic of BTFO material and Mr was
attributed to the permanent magnet in BTFO sample. Then. this material can be observed to time for
sintering to elucidate the possibility of apparitions as M-H curve in perovskite ceramics. According
to the preparation method presented in this work. it is observed they behaviour was ascribed to a
close ferromagnetic material for any conditions. Finally. this ivestigation proposed BTFO samples
as magnetic material with applied temperature and time sintering effect associates with magnetic
properties.



94

232 Technological Innovation for Sustainable Development
20] @) sok| 20 ®) 50K
15 ——800C & 5K 150K 1-5j — 800°C v 5K 150K
10] ___ﬁ—:—g‘ ol 18] —arc s 00K
, 4 | ——800°C_Bv_30K
0.5 051 S5
g 00 : 2 00 -
= 05 ) ; = 05 1) P
sl ] ol f"-_
-1.0] -1.04 o b
: ] b
-15- 51 -15- o
i N ... . . .. IR | :=n mmcey
a0k 20k -0k 0 10k 20k 30k a0k 20k 10k 0 10k 20k 30k
H{Ce) H(Oe)
15
15] P 50K - (@ s
10] ——sove &y s k| 10 —— s00C 1o 5 150K
i ] —— 800°C_10n_150K
——B00°C 8 150K 200K . EO0C 10h 20K 300K
05{ ——B800°C v 0K 0.5+
‘é 00 i g’ 00
051 S -05- = A
O L ] e
-1.0 » R
L e, -1.0 .u-._..—---/
-15] .134 i e
o2k do 2k 4 A5 A 0k G0 20k Al
a0k 20k -0k 0 10k 20k 30k 0k 20k -1k 0 10k 20k 20k
H (Oe) H(Oe)

Figurel. M-H curves of perovskite BaFeTiO3 samples measured at a temperature of 50 K. 150K
and 300K. BaFeTiO3 sintered at 800 °C (a) 4 hours. (b) 6 hours, (c) 8 hours and (d) 10 hours. The
insets show Hc and Mr each condition.

Tablel. To show the saturation magnetic (Ms). remanence magnetic (Mr) and coercive force (Hc) at
temperature 50K, 150K and 300K under applied magnetic fields (H) were from -30 kOe to

=30 kOe.
Temperature S0K T ature 150K Te ture 300K
Sample Ms Mr Hc Ms Mr Hc Ms Mr He
BTFO 800°C 4hr 1.794 | 0.650 2 1.601 [ 0.650 = 1.133 | 0.500 -
BTFO 800°C 6hr | 1.898 | 0.650 - 1.702 | 0.500 = 1.216 | 0.250 -
BTFO 800°C 8hr | 1.333] 0.520 2 1.200 | 0.480 E 0.871 | 0.450 =
BTFO 800°C 10hr | 1.192 [ 0.586 2 1.084 | 0.545 = 0.797 | 0.198 =
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Figure2. (M-T) curves of BaFeTiO3 perovskites for H= 30 kOe. Thermal magnetization with
temperatures (K) for samples sintering at 800 °C in (a) 4 hours. (b) 6 hours, (c) 8 hours and (d) 10
hours, respectively. Insets show the inverse magnetic susceptibility (x”) and magnetic field
(H=30 kQe).

Table2. Effective magnetic moment (ueff), Curie-Weiss temperature (8). Curie constant (C)
obtained from Curie-Weiss law fitting results for sintering BaFeTiO3 sample.

peE < C M (at 50K) | M (at350K)
Sample (us) x) (epmKgl'Oe) | (emu/g) (enmu/g)
BTFO 800°C 4hr 38.647 47077 185.087 1.791 0.977
BTFO 800°C 6hr 38.101 -75.739 180.803 1.898 1.051
BTFO_800°C_8hr 36.756 -75.773 167.446 1.333 0.757
BTFO 800°C 10hr | _ 30.589 -105.33 115.947 1.192 0.705

Figure 2(a-d) the temperature dependence of magnetization of BFMO sample sintered at
temperature 800 °C, for 4 hours. 6 hours, 8 hours and 10 hours, respectively. The Curie-Weiss law
[16] was used to determine magnetic susceptibility by linear fit to the data between 250 K and
350 K at 30 kOe, which is shown in figure 2 insets. The equation of Curie-Weiss law is
demonstrated that y = C/(T-6), where y is susceptibility, 8 1s Curie-Weiss temperature, T is
temperature and C defines the Curie constantt The Curie constant is given by
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C=[1o(pe)*/3ks] Ng’s(s+1). where N is the number of magnetic ions per unit volume. g is the Lande
g-factor. ps is the Bohr magneton, ks 1s Boltzmann’s constant, and s 1s 1/2 *unpaired electrons (for
Fe™is 5). Furthermore, pes= g~p3[s(s*l)]1'2, which is effective magnetic moment (peg). Firstly. we
can be found the slope from the inverse magnetic susceptibility (x”(T)) curves of temperature
dependence and fitting line in the temperature range are revealed in the inset of the figure.
Secondly, nonlinear curve fit from the equation of Curie-Weiss law for investigation of parameter
Curie law. For all samples, the results of the effective magnetic moment (p=f). Curie-Weiss
temperature (6). Curie constant (C) obtained from Curie-Weiss law fitting results for sintering
BaFeTiO3 perovskite are summarized in Table2. However. ¥ can be shown versus magnetic field or
temperature. but in this case it can be inhibited to apply 30 K to 350 K. In theory, the calculated
magnetic moment of high spin Fe*™ and low spin Fe’" are 5.92us and 1.73us respectively. As a
result. the effective magnetic moment was pef~38.647uB. uef~38.191uB, peF~36.756pB and
nef~30.589uB for 4 hours. 6 hours, 8 hours and 10 hours. respectively. The different values of the
theoretical and the experimental effective magnetic moment (pe) indicate that all the magnetic ions
are in the high spin configuration and decrease with elevated sintered time. For the values of Curie-
Weiss temperature (8) were exhibited in all negative values. it was found that the magnetic property
present to antiferromagnetic characteristics due to magnetic pole show opposite spin with
ferromagnetic. As clearly seen that in Figure2(a-d) presents the temperature dependent of
magnetization (M-T) curves can be correlated to the inverse magnetic susceptibility. In addition. 1t
was observed that the decreasing magnetizations were consistent with the high sintering time of
material. whereas the sintering at 10 hours had decreased for in the case of measured 50K at
M-~1.1925 emu/g and 350K at M~0.705 emu/g.

Summary

Magnetic properties of bulk BaFeTiO3 sample are influenced by the sintering temperature and
sintering time. BTFO sintering at the high temperature of 800 °C for 6 hours exhibited the high
Ms~1.898 emu/g at 50 K and ~1.216emmu/g at room temperature. In addition. the values of Ms and
Mr indicate ferromagnetic behaviour in the bulk BTFO sample due to high spin of Fe, which is
confirm by using Curie-Weiss law fitting. Furthermore, BTFO sample show negative values of
Curie-Weiss temperature 1s meaning to antiferromagnetic characteristic of material all conditions.
Finally, the value of magnetization was reduced by applied high temperature.
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