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3.1 MIFUATITHRIVIANT 1a2MINGOMIONANHIVBIMNIIHIZUY C12A7 (Ca,,AlLO,)

¥
druttidlumsdunszi msUsenouFwud C12A7 (CapAlL0,) Taunisnaasanianiae
(Condition) inzaulumsFuanziasnaasunuiqns C1247 oidvan1iz Faasaadunldi
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3.1.1 MsnNNEluns naao g
1. unalFudiii vbala CaCo, ANALSIN5:99.0% HAA Tat1S BN SIGMA-ALBRICH

a oo = 4 = =
2. orgiliiioyoon lwi Y-ALO RIS NE99:9% NaRIROUTHN Fluka

3.1.2 IEmsmiiuaui
o a = Lo % < oy = e <
WIME WA AT HINANLE NI TWHA (C12ZAT /(CagAl,04) ) Tauisdiiauion 1z ve i
1%

(Solid state reaction), g0 1F0AMNISIALRA AT

12CaC0; , + TAKO, g —=~—pLa;AK,0;,, + 12C0, (1)

SUNIAT 0NN ME Fea 3 AsdliLh A 1Boith 1510 1ua-Ca0, 1 1M1in 8.6478 NTU LA

orgilifionaonlad Y-AL0, vinnin 51388 N3 Tatrdanman Tamimindsyuna 10 niy amnse
= 4 v 3 = p—— o S o 3 1Y

wionldTaon1suadesdrognuanuuuailon (wet ball milling) nasninuui himsazaloniau

o 1

naroiluvodsiaIunauveuAaFoNAIFUOIUA CaCO, UININ 8.6478 N3 LAzDzguitituooN

L)
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et Y-AL0, mimiulnnuiouiguunIiuana13nu (1100 1200 1300 1350 1Az 1400 DIANTAITUA)
A Y o s A a - an o ' ) ) " = o Y =a =] a IJ

lWﬂTﬂlﬂﬂﬂWiﬂﬁ]Uﬂ’J'ﬂiﬂlﬂﬂﬂ{]ﬂ‘if.l'|ﬂu'i$'ﬁ1Ni’T'I'iﬂQﬂuﬁ'ld‘liuﬂﬂullﬁ?!ﬂﬂlﬂufl"li‘]ﬂJFﬂﬂU‘UuH'l
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3.2.2 3EMsA UMM

yimsFunsieinwan gnisnd C12a7+M fignaaulaslassadiaia 3 szuy Taos
U3 onanuzvends (Solid state reaction)

I CapAlyys Sin Oy,

2. (12-x)Ca0-7ALO,-xS1O

3. (12-x)Ca0-7ALO,-2xTiO,

Tag# x TA1RANA 0.10 0.20 0.30 0.50 0.70 1A 1.00 FaUTurumsAsRUIzgRRLIUAINY
WSnumsdunius (stoichiometry) Saf s ena T TSR s auiuidni T gnszuiunisim

i A

una'land (Calcination) Hgm¥gdl 1300 uaz 1350°% MolAinamsaaudnsoinal§asonusenin
:’, FY " = Y = o = ui’ =) = @ ) o
msasduanrianuwdahaduasrialuituiniamsreantdninms fugsisiiunimsasin
; (/5 i . g g s
aevlnsiadadigingos X-ray powder diffraction (XRD) INOYIA TSN TU0IA 1510619 TIUNI
o 2 = v ' s = Ed SR a2y v o=t
MITUNIZUURAN AT 18 MDA Az I ANANYIIAIDENRINLAT TATIAMIIKIIAA 131N

QUHALAY

- 3w\l 3 o ) ol 3
MmN 1 HﬁﬂQlﬁlﬂmﬂ"ﬁﬂ\iﬂu'ﬂcl‘ﬁ‘luﬂ"ﬁﬁﬁ!ﬂi131’7?“3?”96’]3

¥ L] o
UINUNFITHA0813 (A1)

12Ca0 - (7-x)AL,0,=x8i0, 12Ca0 - {7-0ALO, -xTi0, (" (12:x)Ca0 - 7ALQ, - xSrO

x  CaCQ \ &L0, BT, CaON &Lo.WZFo, Ty  @kof ) sico,

0.10  12.0108, ©,7.0352 00604, 12(0108 [ 7:0352//50.0799 1191071 ~7.13720 0.14763
0.20 | 12.0108 69333 - 0.1202 =12/0108___6.9333 \00.1597._/M1.81062 ° 713720 0.29526
030  12.0108 6.8313, “071802 12010868313 02396 1171053 /7.13720 0.44289
0.50 12.0108 6.6274 %, 003004 = 12:0408 = 6.6274 013994 ~ 1151035 7.13720 0.73815
0.70 12.0108 6.4235 04206~ _12:0108  6.4235 _0:5591-"11.31017 7.13720 1.03341

1.00  12.0108 6.1176 0.6008 12.0108 6.1176 0.7987 11.00990 7.13720 1.47630




12

=
Unn4

HaN15IVE

4.1 MITUATIZHHILTINE nazmsfgnienanyaivesmsiuszuy C12A7 (Ca,AL0,)

AsELATIERANsUTENBUTIIUA C12AT7 (CapAlLOx) lnan1snaaamianiiz (Condition) ¥
munranlunsdunsiziarsudaiueiuians C12A7 ondvanie Feansawuildvinsduaigviazer

TugUlanzansuaiunuazlanzeanladifusedemisiaeniivesyUAnsvaly Wvinfiseniu

' | v '
3 ' [ fal o o

gaumpilsneg weliiAnwguiavivesarslmififeiny Ipgnyiwamameidiieduddnyusway ddud
WANFINeTU ManTud sHER SRR RS AT RS Fa ulandaYe stuundn Tnesose

WBuasmaludl

N5 TAL LD DR HETRENTS A E S ULDE T5RIDE 1AL oA Kim wazamy (1] 19dnas
Twnuliiansusenaudsisng CloATEinTRsud Uaddaunalasasaninn iy digud 4.1
FIUNISEUNG AAUTD W AN UTVLAIANITE SLATIT VIS Nieewaysaas T lunsiamunanis

2GRN

514 4.1 naasmziladiip)aaddidos ClzAPan s oupaldwe ddnsdaamoTu1]

& ' a o a o ddn Y Ao
"ﬂﬂﬂ']ﬂﬂﬂﬂqiﬂﬂﬁﬂawu]1“151N11lﬂﬂl165 Qmﬁ ﬂ'lﬂ)-l 1300 °c Nﬁﬂﬂm"lﬂ'ﬂ"[ﬂ%:uﬁ‘un

Tuvae 11m;1m|,|ﬂa"!1mnamﬂnu 1350 °c HAARMA N 1N T A ud Y Hazilen1n1s AdwAAINY

uIdenounh u.a:maﬁmmmuﬂa"lcuuﬂqmﬁnumuﬂ 1400 °c 4111 WARFuAR ez aB A A

o

=

= T o - a2 o d‘ J 1 = = L]
Aamiusungiiaduaadlumned 1 idesduieagyIdhnmsdamausgnivosduud c12a7 1ee
mavinmsmsasduiiguugiinaalmi 1350 °c nazmsmunalaifgungi 1400 ° ¢ iz

lﬁﬂdiﬂﬂﬁ"l‘ii}xlﬁﬂﬂ‘l‘iﬁaE)Ulﬁﬁ'l



13

M990 4.1 Fduveanansuain 1dnnmsiwiuaa laifguvgil 1100C 1200 C1300C 1350 Cliaz

1400C

gaungiimsimaalail

=)

a
(°¥)
1100 Uil
1200 3
1300 12

A F

1350 Maouuy
1400 S naouval

o s AR AR RE N dun 5129 TN 1013852990 91015 g 5 A 0mn R Fourier-transform
infrared spectroscopy (FTIR) 1l 711 A4 000:400cm . #2101 58°0 PerkinElmer Spectrum GX
o B YA Y ¢ A& o " v 5

spectrometer A76N13 IAFNE AT AINALIUMTTUNUTIUNMINUTZAD2 1A% 33 191 1I0d0Y M-O Ha9z

[ ] = g 1 ' ; = =) =)

Usinguoanwasauluyig 200e1000.cm’ Tavd 1 v mslefigativzizduvunmisaanausag

sursusanildnpuzadunfaiuru U TFIoverERaz tazauy [2] MIainingzialumaiin
[~

< 4 oy da A - d v A o < g
FTIR (314 2) iflumsasinaevidosdunidsedninm 53157 uaziseuda medansasmsinilu

a o oA Ay e
hwinevesmsIsveenainaisiszneunquoui ludeanis


lib
Textbox


14

.
L 1350°C
5 WL~
.
I
2 = / 2
A8 Tk o
AN A 1300°C
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Absorbance (a.u.)

3UN 4.2 FTIR 1% 1350C

M54 4.2 11719
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879 Ay Framework O Raman
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WanINAaed Ca Al ,, Si, O, : x=0.10 - 1.00

12Ca0 - (7-x)ALO, - ¥SiO, at 1300 °C
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| 12Ca0 - (7-¥)ALO, - ¥Si0. at 1350 °C
4 il (i |
e’ ..’J'.‘L’al-. ' M e.ys%;_;.\v;ii,!,‘,lm,ﬁw z=100
ek ”A,\A A L x=070
| - P .,
P P FLTACLY R Y W R S S o5
= SR
S P RV o s
& e, EPIYY s ] G O . x=0 30
2 , ;
= i |
ﬁ‘é Al \\%\M// // =0 20
— I = —
V- — .
r / " N\ p- ~ .
-J ¥ JJ/ & MY W
2 2 / \ 2
2| Vo[ 37

aTe[LL
T

31 4.5 31u

1350°C

11ns4 v ol Si Tudaam .10
= o= W% : & =
13 1.00 Wumswnaa lninea 339_0°C ‘luww"lmnm'dﬁusm.im% 480,018 Haesh

, o,é?le&bram A

fnswnunalnidogungl 13500y winAmMeusgRBvesea Al Si),0,., H30RdAT1d M x = 0.10

AsINUz Oy Iug e andy

Tavaungiiezaou si lunuiiozaon Al Iddeservszinanindiulszyiiuanaeduveslosou

+ o d
AP uaz si' Danfvuinezeouz Indifanunaiy

] N v o o v ~ = & 1 ) v ¢ v v
wnastiluenansianulidmsunsldnuienisfinwmini lleygnlihlulgussleviiunisen

lidnsdilagiiadu dnviavnuiilvidaulasilent wagfasdaBadudvesenalsynasaniinisualuly



21

Han1INAaed (12-x)Ca0-7A1,0,-x8r0; x = 0.10 - 1.00

12Ca0 - (7-x)ALO, - xSrO, at 1350 C
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HANINAADA (12-x)Ca0-7A1,0 -2xTi0,; x = 0.10 — 1.00

12Ca0 - (7-x)ALO, -xTiO, at 1300 °C

x=1.00
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2Ca0 - (Tx)ALO, - TiO, at 1350 °C
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The influence of the change in cation distribution onthe magnescrand catalytic properties by the themnal annealing process ol CoFez0, spinel was
investigated. CoFe 0, was synthesized by solid-state’réaction and annealed at 500 °C for 100"huSamples of single-phase cubic spinel structure
with and without annealing were characterized using X-ray difiraction. The thermal annealing causedia change in the cation distribution in the
CoFez0, structure, as confirmed by fhe Xsray absorption {ine strusture te¢hnique andleast-squares fitting method. This result in the Co® cation in
the octahedral site increased wilh theFe” ' cation decreasing:which.eltected the change i Catien distribution. Thiswas responsibie for decreasing
the saturation magnelization aflep@nnealing for the'magnetic-property; and incrédsing the.degradation percentages of the solution after annealing
for the catalytic property. This gonfirmed that thesmal apnealing on CoFe,0, was eflective for cation.distibution change and affected the magnetic

and catalytic properties{ () 2019 The Japan Society of Applied Physics

1. Introduction

Spinel compound®™ 15 et ovides thal huve theforiuly
AB,0;. where Alind B are mictaleation~with @chareg of ~2
and =3, respegtivedy, Thet mised metal o xideSTpassess
spinel structre thit=has beeh oxamined-bv\ a momber of
workers, and ey Présentattractive soroctural nisenetic and
electrical properticss They are adsossunable< uliernany es 1w
both aluminum phepolae and zeolites for_ most-alky fauan
reactions.  Individual ametdd) oxidEs 7188 TCitalyue ” acua iy
guickly. owing 1o the constiuction’perind ofreoke aboy ¢ the
catalyst surfacal Spivels™ ' with'B iéns aevFe ™ and €0 e
Kknown as ferrites citd  ©obalfitess respeetively: ) such Jax
Coy sFey sO4 Wpinel #2500 sol s spinul.ﬁ el \Lheel al-
tractive structiraly, mitnetic. cataleng and electncal, propir-
tics of these compounds me governed, by “thenr chémical
compaosition.  Spinel, tefrites. cherment’ formula IMESO4.
where M v o compaundiof two or mongs divalen mctal
oxides and Fe2Os refem, o wdn_oxide ™ They | andofigreat
interest in many technological dpphcations. such us-elegironic
communication. magnetie. recordigg and sensorsianid ad-
vanced magnetic material Syforelectramagnetic and micro-
wave devices.” Also, the spinéhfertite compduids.bave been
nvestigated  extensively in recémt Vears. Cobdlis ferrig
1Cole-04). which is one of the spine! femate Sas,an important
technology material. It has a high coercive™eld (S #k@e),
moderate saturation magnetization (~80emu g ). Sionifis
cant mechamcal hardness and high resistance o wear.™" The
CoFez0y4 15 o cubie spinel structure of space group Fdam.
The unit cell contans 56 atoms. 32 oxygen ones distributed
in a cubic close-packed structure and 24 cations that occupied
16 of the 32 octahedral sites and eight of the 64 wetrahedral
sites available.™ In the normal spinel. the cight bivadent
cations oceupied eight ewahedral sites and 16 uivalent
cations occupied 16 octahedral sites. While. in the inverse
spinel. the cight bivalent cations occupied eight octahedral
sites and 16 trivalent canons were distnibuted between the
octahedral and tetrahedral sies.™ In general, the spinel is
partially invened. 1f bivalent cations occupy both octahedral

andtetrahedeal site s=The MIEe20y4 Can be formulated by an
cquation:
[MiL FefitidFe: 3705 ()

w here 'the ameunis in the brachetsidenote av€rage ogeupancy
G Acsites (tetrahedrab-sitey-and-B et (octahedral site). M is
the Wiy alerit metal and7 isahe)deyrec ot anversion.” The vpe.
voraposition and.canonsdistribunon”of cations ccupying the
actahedml \siey, (Bosue ) and (tatrabvedral site) (Assite) are
stongly aafieeted by e EIeCmonic f mag nepe.and catalyie
Pripertics ot materal€ " Fagbemione. ithas been found
that the cation/ distribution “of cabult ferfe is/ especially
imporfantl for catulyties, appifcition.” ) The_octahedral site
cation| isveaposed exclusivelyon the surface of the spinel
structurel and” only /] this Al participatedom the' catalytic
reactions, ToThepsidie, spedial care ml§y be/taken in the
Preparationstiiges” of AAheseCompounts, in_order 10 obhtain
Spincls with Apecificepropernies.

To_ achieve) opmal™“magneuc “propegics in spinel
termtes. I isTnecessany o cOnsider dmigotropic energies.
which are Tela@d 10 the cryStalruettingand microstructure
of the matenals, Thesé-uniSowgpic £nergies control most
usefulmacroscopie propeftiesoLmagnetic materials'* and
ares foundin the followingthres categories: (1) magnetocrys-
tallinenisotropiceneroy* which favors spin alignment in
an_casy= e stallogiiphic  direction. (21 magnetostrictive
enereys S Which is related 10 strain anisotropy and (3)
magnetostatic energy.'® which relates o shape anisotropy.
The (100 dircctions of the cube are casy for magnetization
or directions of minimal amnisotropic energy in ferrites.™'
The magnetostrictive. “piezomagnetic™ femites are nickel
fernte-bused. such as the NiZn, NiCu. NiMg and NiC
systems. ' With regand 10 the sarface of catalvtically active
spinels. the surface structure and properties of spinels are of
wide interest. There are many tfactors that atfect the caton
disibution and magnetic properties in the spinel structure.
Thermal annealing™' is a factor that mfluences the erystal
12 and magnetic properties.™ Abdullah et al>®

strueture
have reported that thermal annealing affects the sawration

10100141 © 2019 The Japan Society of Applied Physics
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magnetzation  of M, Co, [Fe.Op  compound.  Bhownuk
etal.'™ hune reported the use of thermal teatment for wning
the highest magnetization and <mallest coercivity with the
lowest distribution of magnetic eachange energy and aniso-
ropy of Coy-sley 250y spinel. The varying of magnetic
properties appeared at difference anncaling wmperatures and
composition. Bhowmik et al "™ have suggested the inversion
of the relation between anomalous lattice expansion and
decrement of high field magnetization al lower temperatures
(150 Ky as occurning in Coy asbey 250y ferrite. In addition
Bhowmik et al.”"’ have reponed the Coa asFeg 7<02 spinel
structural phuase change at anncaling above 80 C. However.
their research did not investigate information about changing
of cations m the structure at temperature below S00C Ao,
they did not control the average particle #€ ot samples atter
thermal anncaling and difference ingihcragl particle size hay
an effect on the magnetic pidpestics of M Go, N\ e,y
materials. ™ Vorniuk et ald® hive reviewed™the Calilyye
properties of mixed-oxidespue] structure for hesalorizinoi
of biomass. Ruttanapun and Macnsin® T Eave studied the
effects of spin entropy dind  [attiCE SR OF maxed-tualont
Fe™ e on Cubey 401,05 compoubd ~n-ddition: Zhang
et al.™ have stuthall the Sffect of fomperature on, cation
dismibution in Mp-Fe spinel suwctiife, The inveridn ol
cation distribugon’ and_the”Ondation-Sate of umetalsan thy
structure werg chunged by thermed innealg, Ney cabrelcsy.
they did not rdportgon the cifcet ef-thermal anfiealing 1on
cation distribugion “nd  magnCnospropenies 0 Macty the
difference m oxiddiion state’ and degred Of inversion G iects
the saturaion magnetizaugn.

Theretorg, the influenee of thdomal annculing omymagnetiv
and catalvtie propertes. gnd cationdistribution, of /Col-e 0
compound were investigitedsinghiS EscarthrMoreover the
average particle size”ol samples @fidr wpnealing, Was Con-
rolled for the chmigiGion Of ether tactors that Bav) i Clect
on cation distribytiom=T emperatuiesof | 360 C wasstsed, Jor
powder as thistemperatuie 1+ sutabiedor anncaling thespric!
ferrites™" and itaill nopehange the a¥erige particle st kifter
anncaling. The informationgge cardingthe’ o idivean) s va aod
cation site distibutgn  Gan by, obtained [hy \iing X ray
absorption spectrosgopy, (XASL becalt@ thiy, techiigoy s
unique and sensitive o docal strueture as welkisihding
clement specific. Xerayy, absorprion’ near  edgeistructiye
(XANLES) provides the infomnation abedt’the oxidation state
of the absorber wtom. Also. the, ctended €X-Fin=ahsorption
fine structure (ILXAL'S) presents théeotrdinatuon ndmber and
bond distance around the absorber atém, Fomhermore, this
technique is useful for the examination of g, catitimsite
distribunion in spinel femites.” ™" Thercfore. we dedidedmo
use the XAS 1echmque due 10 ity ability w0 determine the
oxidation state and local structure of the absorber atom.

2. Experimental procedure

Coliea04 powder was prepared using the sohd-state reaction
method. Reagent grades of Fe,Oq (Signu-Aldnch., 2 99.0%
purity) and Co20y (Aldrich, 2 99.0% punity) were used as
starting materials. The raw  materials were weighed  and
mixed by the ball milling techmque i a PVC container for
24h by an alumina badl with ethanol as the medium. The
powder minture was dried in a hot oven and then caleined
900 “C for 48 h in an alumina crucible i air with a heating/

101001-2

cooling rate of 3°Cmin . Then. the calcined powder was
anncaled at 300 °C for 100 h in air with a hcating/cooling rate
of 3 Cmm Samples before and afier anncaling were
ecround using an agate monar, and an X-ray diffractometer
(XRD. Philips-XPert MPD) was emploved at RT 1o identify
the phase formanon. Cu K, radianon was applied with a step
size of 0,027 and a scan rate of 3« per step. The average
particle sizes were investigated using scanning  electron
microscopy (SEM. Hitachi S4700), with an accelerating
voltage of 5 kV. The oxidation states and cation distributions
were characterized via XANLES and EXAFS data from Co K-
cdge (7709eVy and Fe K-edge (7112¢V) in ransmission
mode al RT. at the XAS facility (BL-8) of the Siam Photon
Laboratons ““Syachrotron  Light  Research  Instituwte. The
Artenns progfam, wassused for data processing in the final
stage 10 model the eXpernmental L) in order to extract the

strugtral mformation.  The “save theon  obeved the
cquatiens”
&L \llﬁ’is. -‘\; T- | BN, =
\ = Z - _ﬁ.\,,fﬁnlu\.p 2n Ty
k (23]

SRy R 2w, (70 B, (R D),

where AV defiotes the numiber ot equivalent backseatterers in
cach | shetle, S4- dénotes aiheg mplitude reduction  factor
accounting fof the | ubserber-mulfi:exeitations. k) denotes
the element-speeific backseattenng amphiwde. R/ denotes the
tteratomid dittanée Between thetabsorher and the seatterer.
P deniies/the. Mean squaresxufation of K, A denotes
the mean-freerpath. L fpd A)_Udenales the phasetshifit from the
Absotber, i, g K denaies thd phase ~shift | from the
skauerer.

Ty alition.” a/Vibraing sample magnetoméer (VSM). under
amaximum apphed magactivficld of 8 ROcat RT was used 10
icasurg e _magntuzation-ei samples hefore and - after
anpealing sMorcoven. theaealy tic properties of the samples
were cxannged by ‘svnthiene’dye degradanion. Naphthol blue
black. (SigmaAddrichedyeoinient 80%, A4 618 nm), was
used dupng the _precess. Dry caulfysts QS meml Y were
combinedZwitly ssatheti®Uve (Sme L 9 ol water and the
reictons “were | stared by “adding 4 hyidrogen  perovide
et mol T The reactiongprocdedef! with slow agitation
at RT i the dark. The'syntheu€ d¥c concentrations were
imvestigated  usime Cah UVRB € spectrophotometer ¢ Thermo
Llecwon Hehos Gammar™ g wavelength of 400-700 nm.
The percentage degradiaton was caleulated from decreasing the
saaxamunrof the abSorption peak.

3. Results and discussion

The XRD patterns of the CokeaOy powders, before and atter
annealing at SO0 C for 100 h. were presented in Fig. 1. Both
patterns revealed that major reflection peaks correspond to
the single phase of spinel structure. All peaks in the pattern
were 1 agreement with the cubic CoFe,(y phase. according
to standard JCPDS file no. 221086, with the lattice para-
meter ¢ = 8.3910A and space group FU3m (mo. 227).7°9
Also, no secondary phases were detected in the XRD
patterns. The XRD results showed that thermal anncaling
foravery long time did not change the phase formition of the
sample. In addinon, no secondary phases were observed.

© 2019 The Japan Society ot Applied Physics
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Fig. 1. XRD patierns of unanne@lodgid anneiled CiFegO: pawidkers,

) unanncaled

Fig. 2. SEM macrographs of the var unannealed and «b) annealed CoFe 0,
pow e

The microstructure and average particle sizes of the
Cobes0)y powders. before and after annealing at 300 C for
100h were mvestigated by SEM microphotographs, as
shown in Trgs 20 From the morphology results, gencrally
the powdens were polyhedral shape and agglomerated. The
average particle size before anncaling was 0040012 am
and after anncalmg 039012 prm. SEM  results confirmed
that the average particle size was controlled. Even though the

powder was anncaled for a long ume. the average particle
size of annecaled powder did not change.

4. XAS results

NAFS data were analyvzed for denufving the beginning of
the absorption edge. The threshold energy (£, was fited
with pre-edge (gt and post-edge hackgrounds (). The
normualized absorbance (y) in the tinal stage o model the
expenimental as a function of modulus of photoelectron

wavevector (k) was caleulated by an equation:”

shells a:

; i )
ww) =%, SqFitwyexp—2xlay

=1 "2 .

)= (3
T

Sin(20R; — 2oy, (K) + aig, (1)),

iéc;p-—
T

whate/ N i/the equivalenthackscatiering number, S is an
ampliyade mddgclkm fuctor accompting for the absorber mulu-
eNgitations =Tt the amplitudetof element-specitic back-
scattering R s dheTnteratonie distange between the scatterer
ahd the absortior, 72 1e thEmtan squargpy agation of K. X is
the. mewmrsfice patli Pl &) s the phase sRiftef the absorber
.un] whmﬁh i thie seattercr’ plnm shift.

AANES Spectra-of (N-e:()d powders before, anncaling.
aften anneading.and vadous cobalt Standards were measured
at Co Koedge and areshown inubig. 3. The oxidation state
afl Col eatpns’) in [he shucture., was m\fcﬂ}galwd from
maximum encred ) o the mam spectra,” . The threshold
enorey (Fpr of all [<atpled anth suwdards=ure | shown in
Tatble 1. 'Geperally ahe XANES s pecya ofjupannciled and
annedied samples were similar, Thepthreshold values of the
samplela before and Cafter | dnncaling sweren7721.22 and
MIVEVY refplentely These eniergies =were| glose 10
dard (772161 eVifas mCoO sundind the Co ion

0l the divaienty st ofysi) coerdmated oxygen
i Aty result prcsented  that thermal anngaling on
CuF wO; p(mdur Jid nor change the n\ul;muu stitte of Co.
Adso. the yalance) date gfthe samples was C o fions. Also,
XANLY fspecinzat’ Le- Keedee of the unanoealed. anncaled
and,standard eoripounds are shownGn, Fig A8). In addition,
Tuble 1 exhibity thethrefFSId eneegy of tie stmples and iron
SENdands SOThe | thicshold | @alue 6f Athe  unanncaled
AT 86 cVasaid anncaled fM27 102V ample have similar

values. They were gher than_thosé o Fe foil. FeO and
FeaOg.but they=approachtd ahe ireshold cnerey of FeaOs
(7427206 €V s valug@anbt C\phumd by the oxidation
state ofron in thes@mple® being Fe'™ and the fact that they
did netchange atler thermal anncaling for long time.
Funthermore. the samples were investigated for cation site
distnibution in the octahedral site (B-site) and tetrahedral site
{A-site) by the EXALS technique. The unit cell models of
ColeaOy at different degrees of inversion were created from
the VESTA Program. The Co and Fe 1ons in the tetrahedral
site (A-site) and octahedral site (B-site) of each model are
shown in Table I and various models are presented in Fig. 4.
These models were used o fit with the EXAFS information
of the sumples using least-squares fitting by the Artemis
Program. The data quality of fitting was checked generally by
R-factor (%), The quality of R-factor (%) was considered
from the normalized sum of residuals of the relation:”

101001-3 © 2019 The Japan Society of Applied Physics
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R factor = 37 Ky P g (hr)

4

— kv (K | k,;:\t,‘pllf\,,)! w1000,

where o 18 the experimentil result of the normalized
absorbance and yy, iy the fitting result of the normalized
absorbance. These results showed the difference between the
EXALS experimental and calculation data from the created
muodels. The samples were fitted w all models. and R-factor
results of the samples at the Co and Fe K-cdge are displayed
in Fig. 5. From Fig. 3. before annealing the sample. the B12-
ABS model was a good it due o this model receiving the

101001-4
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2c and b Fe K edee.

Towest R-factor percentage. In this model. the Co cation was
at the B-site of 2% and A-site of 88%. Besides, after
annealing the sample, the B75-A25 model was a good quality
fit_ because this model showed the small difference in the
intensity scale, which means that the Co ton was in the B-site
of 73% and A-site of 23%. The fitting results presented that
after anncaling CokeaQy. the Co cation i the structure
transited from A-site 1o B-site due 10 thermal anncaling for
very long tume. The suitable annealing tme and wmperature
could move cations in the structure 1o their site preference.
Then. Fourier wanstorm (FT. from a AK range of hetween
2and 12A ' with &% weighting. of Co and Fe for EXAFS

© 2019 The Japan Society of Applied Physics
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Table I.  Threshold vaiue of unannealed and anncated CoFe,Oy powden ar
SO0 C for 1060 B and vamious standards

Table ll. Cauon dismibution m the 1etrabedral site (A-sie). octahedral sie
1B saes and Bohr magnetron caleulanons ol the created miodels

Threshold vale eV

Conpumnd

Co tinl
Col)
Coat)
CoFe,); o K oedee)
Cole)y amneal (Co Koedge)
Fe tonl

Feld

Feil)y

Fes()y
Coles), (Fe K
Cokey), an

K cdges Z127.10

spectra of unannealed wnd anncaled™aples. and the resulty
of least-squares hitting analy st iwe®shown as @ fdocwon of!
distance in Fig. 6. In Figg®tad the two mimaniim wtense
peaks are observed. e _first peak, cenfered, ntar .84,

Cu Fe
A e B Asie B osie Bohr magneton
Mol nh i my in i)
B A0 Y 0 0 It S6
B12 AXS 7 | I 15 52
B25-ATS 6 2 2 14 IR
BiN-AG2 s i 3 13 44
HAN-ASG 4 3 4 o Ei]
Bo2-AlN i 5 I L]
B75 A2S 2 h 6 1 §2
Byx AlL2 1 7 7 9 28
B A0 i 8 8 8 24

presented the irsCShell wath oxyegen around the Co atoms
The/second peak. contered near 2.8 A, corresponded 10 the
nexpabeibricighBoring the Cosgroms. The second peak of the
Colie,0,-powder showed splitting.“with the peak centered

BOZATLOO

. Co atom . Fe atom

101001-5

BI2-ASS

B5O-AS0

BE8-A12

0 O atom

Cobr anline) Models of CoFea0, spinel at vanous degrees of imverston

B100-A0
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4 Co k-cdge
' = unannealed
404
15
;‘. « annealed
T e
)
D2
.
x
10 A .
L L ]

AN
AT

75% Dstc + 253% A-site

g. S@J(fvlm onbiney R (e

about 2.6 A correspor Co-Co :
unique fingerprint et orbing i Ul >
the octahedral site (B-8) due % oscallering ang
absorbing atom occupancy on, oetahe r‘&@- aﬂrihutiun&
The peak centered near 3.1 A < the tetrdhedul
lattice  (A-siter. including  contriblitign~™faum
Cox-0. Cop-My and Cog-O (M is metal),
non was not unigue. Therefore, the amphtudes of the

indicated gualitative cation distribution at the A-site and B-
site in the sample structure. ™ From the fitting results. the
unannealed powder showed that the B12-A8K model closely
matches the data. In this model. the inversion parameter was
0.12 due 1o the Co cation bemg in the B-site of 12% and A-
site of NR%. Funthermore. after anncaling, the B73-A23
model was a good guality fit. In this model. the degree of
mversion was 075, which indicated that 75% of the Co
cation oceupied the octahedral site. with the remaining 28%
occupying the tetrahedral site. From the resulis, the degree of
inversion increased. wineh means that the Co cation moved
10 the octahedral site atter thermal anncaling. And. Fig. 6ih)

|

his 1A

101001-6

& a ¥ o [ £ = = & 1 2 o £ L83 £
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S

oK edpe and (hi f@{l_{
of Fe EX ‘\&E‘a

aled er. The K€ BX

samples showed & il@‘
Before ann{i . this pes
l

ﬂ:\r\n he™ regi

bétore and after the
specua of the CokFeyOy
centered at about 2.8 A,
S not symmetnie, and was
d 2.6 A. However, after an-
¢ splitting peak at about 2.8 A was

he EXAFS results revealed that thermal
won Cole,Oy powder affected the cation distribu-

tion n the structure. Increasing of the peak at about 2.8 A
revealed that the Fe caton in the A-sie inereased, which
showed that Fe ion migrated 1o the A-site with the annealing.
The ftung results showed that the Fe cation was in B-site of
Q4% and A-site of 6% hefore annealing. and 37.5% of the Fe
cation occupied the octahedral site. with 62.5% occupying
the etrahedral site atter annealing. From the least-squares
firing results it was found that afier annealing. the degree of
inversion increased due to cations being subjected 10 suitable
temperature and time for anmealing. which caused the cations
1o move to their site preference. The Co cation preferred the
B-site due o the octahedral site preference enerey being
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preference energyie caton Was | LRyl gl in aig
annealing the Fe catio a he A-site ~Besidc ¢ o Ve g M, k)
changing of cation site'distmbuts he struct u

y it atid cataly e & 1254
the magnetic and catalyy mtu i (\@ 2 e

3 22 7
5. Magnetic property res '% Q o ::12
o o 8 5

The magnetic properties of  all mpl.-. &r\. mll 36 1h7 6
measured at RT using a VSM. A 1)

CoFea0y sample at 400 °C-700 C for 100h 3

annealed samples were then mvestigated with regard 1o their
nuignetic properties. using the VSM 1o find the best anncaling
temperature. The magnetic properties of the annealed sample
at different temperatures for 10O h in air were charactenized at
RT with @ maximum apphied field of up 10 8 kOe, as shown in
Fig. 7 and Table 0L The suturation magnetization and
cocreive field wends we summanzed i Fig, 8 Resulis
showed the vanous saturation magnetizations after annealing
al different annealing temperatures. The highest saturation
magnetzation was obtained i the sunple annealed at 500 C
for 100 h. Theretore. 500 C temperature was chosen for
annealing in this system. due o this lemperature being able w

101001-7

change the cations in the structure and improve their magnetic
properties. This temperature was suitable for anncaling ac-
cording 10 Abdallah et al. ™ and Zhang et al. ™" However, after
annealing. the coercivity did not change due w the average
panticle sizes after annealing at different temperatures showing
no change.

The hysteresis loop of the unannealed and annealed
samples at 300°C for 1000 are exhibited n Fig. 9. The
saturation magnetization (Mg and coercne ficld (Mg) are
presented m Table 11 Basically, magnetization curves of the
samples were nonlinear and ty pical ferromagnetic materials. ™!
The magnetic hysteresis Joop resulis showed that before

© 2019 The Japan Society of Applied Physics

& a Y o o v = = & i Y o v ¢ v v
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnhlulduselesimunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagdednadadadivesenarsynasaninisualuly



Jpn. J. Appl. Phys. 58. 101001 (2019}

a7

R. Roongtao and C. Ruttanapun

50

4~
30 4
20+

10

M {emu/g)

=10k
-20 4
=30

-4

i venled
rc

mm.s“ﬁ \oohd| | 4. /a}wm. 2o oo
e —— - k Oe) =D
Fig. 7.4 @6lor onlimer Mugn Dyt -Er- /)4 iy :r:x- satgealidy (Cruperature for LIS
- , N —

35

/g, P '.
2

(o) :

-_J k

2

o

-
\‘ \3\
@

Y c

% Al

>
S

Miemu/e)
)

.40 4
00 i
T T T T T
10000 -500C u 5000 [{ELES
H(Oe)
Fig. 9. (Color online) Mazanetic hysteresis loops of ununnealed und

anncaled CoFe 0y samples at 300°C for 1o h,

& a ¥ o [ ¥ =~ = & 1 2 o £ L83 £
enansiiluenansianulidmiumsldnuienisfinwving ldewgymlinhluldussleviaunsm

101001-8

e
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»
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¢ lor 10U h m ar.

s.nmplc

mMagnenzation  was

& 2 .m . the saturatuon magne-

uz_dgpn wa Lﬂ ased V363 ' The lower result of
m Lx}. ctizati aled that thermal anncaling
ﬂﬂ ced the ) tribution 1 the structure and is

c L S results. This is because net magnetic
s the result of super-exchange interaction of metal
cations in A-site and B-site. ™" Bohr magnetron caleulations
of each model are presented in Table 1. From the EXAFS
results. least-squares fittng showed that the BI2-AX8 and
B75-A25 models were a good fit for the unannecaled and
annealed samples. respectvely. Therefore. the net magnetic
moment of the BI2-ANK model was 32 4B, and decreased in
the B73-A25 model w0 32 4B, Smee. XANLS results con-
firmed the oxidation state of cobalt and ron cations were
Co™ and Fe*', with the Bohr magneton of the Co™* cation
being 3 B and the FeY cation 5 4B.Y The magnetization
trend alter anncaling showed Bohe magnetron calevlations
corresponding 1o sawration magnetizaions  rom  the
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120 o~ Table IV.  Mugnetic and citalytic properties of unanneaked and annealed
CoFed); samiples
100 4 * =“:"“"“'*‘" T T Sumple Moiomug™h o He o) CIC, 1 Degradation (%)
%04 \-\. Unannc:tkad 9728 #17.37 1300 87,00
"N Annealed 7760 ys 181 336 96.04
= N
L ™~
& ! .
(W] ] 100 h. The structural charactenzation revealed that unan-
aille . \\\ nealed and annealed  samples were single cubic spinel
i N structure. In addition. no change ol average particle size
w ~ after anncaling was contirmed. The oxidation state of cations
A " e . 33 2t v B4 . e
g i i the structure were Co™" and Feo' cations. The fiting
99 Ited in a calculaon model with XANES results pre-
1 T : 7# = nune caling effect with the Co cation in the
B Time (h] s structure  THig fm A-site 1o B-site. Furthermore.

Fig. 10

. i Color online 1 Degradationsfl Niphtho! blue b d.
unanncaled and anncaled Cole Ogicy IS at 500 ('

l1crmul anncaling “affccted. the cation distribution in the
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svithetic @yve degre d.l' hral nt  No.
tions after react < s‘“w I ichrotron
meter.  Degradatio iniza I( AS meir
solution are displaved i Fi |
of the unannegled Pt dgr. 1"\ Py
showed that the

cclinedogy ‘Spn% Ne! k, 2006

87.00%. Alp, il g :
percentage W icre » 96.6
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cures,” ) Alliys
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g of the B12- S-A2? N3 . fiow Casuf, fukadam, and
Co cation in the B-Siw *Io u@nl_: was : ' A K Sinhas 5 i s 1504 spinel oxide by
annealing, itincreased Bed 010N migre 73% ot actumaanedhing and roke Qgphase on magnetic proper-
. die These dis . . =08 N ") Allovs Compxd,
the Bosiie, These dist g ™~ ¥ nthetic ye 4) A 3 Moulsonand e 1 amics Materials and Application
degradation results becausehwnig, cation nQ-{ ., octahedral Wiley % e
site responded Lo the catalyst in'the 1on. B a N:L nl N% RaogK H Rao, B. Panatheeswars Rao. L Dumitru,
spinel ferrite structure. the low in hl f (11 3l k'f" and ColfiL g€ nflucnce of Mo doping level on magneton-
h It fe M M M 16. ¢
11101 were on the surfaces. These surfuces \ mm‘ g ult ferme™ & Magn, Magn. Mater: 316. c618
the octahedral sie to react on the svathetic d}.-c 101 : M. Y. S, Yi, KT, Park, H. Namgung, and ]G Lec. “Growth of
Furthermore. the redox potential of the Co jon (1.88) was ultizfine Co-Mn fermite and magnetic properties by a sol-gel method.”
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3. Rachanusorn Roongtao, Rattanai Baitahe, Naratip Vittavakorn, Panpailin Seeharaj
and Wanwilai C. Vittayakorm; “Influence-of Mi"Doping on the Magnetic Properties of
CoFex04", Ferroelectries, 459, 119-127 (2014). IF(2014).=0.491

4. Rachanusorn Roongtao, Naratip Vittayakorn, Wantana Klysubun, Wanwilai C.
Vittayakorn, “Effect of Annealing Time:on the Cation Distribution in Mn Doped CoFe204
via Extended X-Ray Absorption Fine Structure”; Ferroelectrics, 492, 43—-53 (2016).
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International Journals Publications (Since 2011)

Year 2019

[1] " Rachanusorm Roongtao, and Chesta’ Ruttanapun, \Influence 'of change in cation
distribution 'onrthe magnetic' and catalytic properties 'via thermal annealing of spinel-type
CoFe204, Ipn. ¥-Appl. Phys..-38, 101001,/(2019).

[2] Poramed"Wongjom; Wannisa Thongsamrit; Harithara Ramamoorthy; Suriya
Chinwong; Ratchanok Semphonsane; Chesta-Ruttanapun, € dst-Effective Experimental Setup
for Studies of Spin Secbeck Effect and El¢etnical Aransport in Thermoelgétric Materials, 1EEE
Transactions on Instrimeéntatiosand Measurement, DO 0A 9/ TIM2019.2935597

[3] Chaiwat Phrompet;,Chaval Sriwong; Chesta Ruttanapun, “Mechanical, dielectric,
thermal and antibacterial properties 6freduced graphene'oxide (rGO)-nanosized C3AH6
cement nanocomposites for smart cement-based materials”, Composites Part B: E, ngineering,
175 (2019) 107128 (Corresponding: Chesta Ruttanapun) (IS1, IF: 6.864) (Scimago Q1) (Web
of Science Q1)

[2] Chaiwat Phrompet, Chaval Sriwong, Pomjuk Srepusharawoot, Santi Maensiri,
Prinya Chindaprasirt, Chesta Ruttanapun, “Effect of free oxygen radical anions and free

electrons in a Cal2Al14033 cement structure on its optical, electronic and antibacterial
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properties”, Heliyon, 5 (2019) e01808. (Corresponding: Chesta Ruttanapun) (ISI, IF:)
(Scimago Q1)
[3] Chalermpol Rudradawong, Chesta Ruttanapuna, “High temperature electrical and

thermal properties of activated bamboo charcoal/C12A7 mayenite composite prepared by
carbon diffusion process™, Materials Chemistry and Physics, 226 (2019) 296-301.
(Corresponding: Chesta Ruttanapun) (ISI, IF: 2.781) (Scimaco Q2) (Web of Sicence Q2)

[4] Sakwiboon Jantrasee, Pirot Moontragoon, Supree Pinitsoontorn, and Chesta
Ruttanapun, “Enhancing thermoelectric properties of nanostructure Ga-doped ZnO prepared
by microwave-hydrothermal synthesizing-with comparing to.calculation results™, Materials
Research Express, Volume®6, Number 4. , 23 January 2019

|5] Chalermpol Rudradawong and Chesta Ruttanapun, Combined effects of Mg
reducing and Sn deping onthe electrical-conductivity of polycrystalline
Ca2Al14O33mayenite, Appl Phys; A (2019) 125:2252.

Year 2018

[1] Chesta Ruttanapun; Pornjuk Srepusharawoot, Santi Maensiri, “Effect of Fe*'-
doped Caj2Al15Q5: cement on-optical-and thermal properties™; Chinese Journal of Physics, 56
(2018) 2522604 (Correspending: Chesta Ruttanapun), (IS1, IE:-2.544).(Scimagoe Q2) (Web of
Sicence Q2)

[2] Chaitwat Phromipet, Chayval Sriwong, Santi Macnsird, Prinya Chindaprasirt, Chesta
Ruttanapun, “Optical and-dielectric.properties of nano-sized tricaleium aluminate
hexahydrate (C3AHG6) cement”’, Construction and Building Materials, 179 (2018) 57-65.

Year 2017

1. Rudradawong C., and Ruttanapun C. (2017) “Effect of excess'oxygen for CuFe02.06
Delafossite on Thermoelectric and optical (properties=s Physica B: Condensed Matter,
Vol. 526: pp. 21-27.

2. Tapsanit P., Yamashita M., Otani C., Krongsuk S., and Ruttanapun C., ( 2017)
“ Closed-form formulae of effective parameters of hyperbolic metamaterial made by
stacked hole-array layers working at terahertz or microwave radiation™, Vol. 34, (9):
pp. 1930-1936.
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Hongaromkij Y., Rudradawong C., and Ruttanapun C., ( 2016) * Effect of Ga-
substitution for Fe sites of delafossite CuFe;.xGax02 (x = 0.0, 0.1, 0.3, 0.5) on thermal
conductivity, Journal of Materials Science: Materials in Electronics, Vol. 27: pp. 6438-
6444.

Year 2015

1.

Ruttanapun C. and Maensiri S., (2015) ™ Effects of spin entropy and lattice strain
from mixed-trivalent Fe*”/Cr** on the electronic, thermoelectric and optical properties
of delafossite CuFe;-«CriO2 (x = 0.25, 0.5, 0.75)™, Journal of Physics D: Applied
Physics, Vol. 48: pp. 495103

Hongaromkij Y., Rudradawong C., WichainehainA. and Ruttanapun C.,
(2015) * Improvement ef*Thermoele¢ctric Material by Reduction Thermal
Conductivity #of Sn-deped. CuFeQ2/ Delafossite Compound™ ., Integrated
Ferroelectrics: An International-Journal,) Vol 165 (1): pp. 73-80.

Ruttapapun C.. Charoenphakdee ALY -Nisoa~M.., Muthitamongkol P. ,
Thanachayanont C.and Maensini S., (2015) “"Effect of Strong Correlation of
Mg¥ fdoped inte-Cr’ )/ (Sites” of Cu@rQs . ofi_Thermoeleetric ‘Properties™ ,
Integrated Ferroelectrics ~An International Journal, Vol: 165 (1): pp. 45-52.

Year 2014

1.

Ruttanapun.C., (:2014) " Effects of Pd 'substitution”on ‘the thermoelectric and
electronic properties of delafossite Cui—x\PdiFeQs (x ='0.01..0:03 and-0.05)", Journal of
Solid'Staté Chemistry, Vol. 2152 pps43=49.

Plaipichit. S 5 Bupranasiri P., Ruttanapun. C., and Jindajitawat Ps, (2014) “The direct
measurement ofithe photorefractive grating en-anisotropic self diffraction using digital
holography™, Integrated Ferroelectrics; Viel/156:pp.160-167.

Wicharn S., Buranasiri B.., Ruttanapun. C., and\Jindajitawat P., ( 2014) = A
computational investigation of‘third-harmonic generation.in one-dimensional photonic
band-gap materials with"multiple-scale.method™, Integrated Ferroelectrics, Vol. 156:
pp. 45-52.

Ruttanapun C., Kosalwat W., Rudradawong C., Jindajitawat P., Buranasiri, P.
Naenkieng D., Boonyopakorn N., Harmwunggmoung A., Thowladda W., Neeyakorn
W. , Thanachayanont C., Charoenphakdee A., and Wichainchai A., ( 2014)
“Reinvestigation thermoelectric properties of CuAlO>”, Energy Procedia, Vol. 56, pp.
65-71.

Rudradawong C. , Wichainchai A., Sakulkalavek A., Hongaromkid Y., and
Ruttanapun C., (2014) “Method of high active preparation and electrical properties of
CuFeO2 delafossite-type™ , Advanced Maternals Research, Vol. 979: pp. 302-306.
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Ruttanapun C., Jindajitawat P., Buranasiri P., Thowladda W., Neeyakorn W.,
Naenkieng D., Hamwunggmoung A., Charoenphakdee A., Boonyopakorn N.,
Thanachayanont C., ( 2014) * High  temperature thermoelectric properties of
delafossite CuBO:", IEEE 978-1-4799-3855-1/14/$31.00

Year 2013

I

2

Ruttanapun C., (2013) “Optical and electronic properties of delafossite CuBO- p-type
transparent conducting oxide”, Journal-of-Applied Physics, Vol. 114: pp. 113108.
Ruttanapun C., (_2013)~Boonchom B. [*Thongkam M., Kongtaweelert S.,
Thanachayanont €,.and Wichainchai A.; ” Electrical and optical properties of p-type
CuFe|xSnO2/(x= 0.03, 0-05) delafossite-oxide, JournaloftApplied Physics, Vol.
113: pp. 023103.

Ruttanapun C. ., BoonchomB.-, Wittayakorn N. , \Harnwunggmoung A., and
Charoenphakdee Al _2013) 7/ Synthesis‘ and.. Thermoelectric', Properties of
Cug 95Pto 0sFeo-078n00302-Delafossite/Oxide”; Ferroeleetrics, Vol. 453(1): pp.75-83.
Ruttanapun (C..; Kahatta S.-,~Boonchom~ B./,«Vittayakern; N. , Thongkam M. ,
Kongteweelert S., Woramongkonchai S.; and-Chaiyasith Pt, (2013) “Optical Properties
of Cuo-esPtigsFes 978m0.6302_for/ p-type) Transparent’Conducting~ Oxide Materials™ ,
Advanced Materials Research, Voli 717 pp.. 15-10.

Boonchom 'B..[Ruttanapun C., Thoungkam M., Chaiyasith P.; Woramongkonchai S.,
Kongteweelert-S. “and Vittayakorn N., ( 2013) " “(A ‘new. synthesis of BaHPO4
preeipitated “by “BaCOs-H3:PQ4s-NaOH, system’ at “room _temperature’] , Advanced
Materials ResearchiWol. 717: pp 37-43-

Chaiyasith #,, Ruttanapun. €.;-Thongkam M:, Kongteweelert S, Woramongkonchai
S. and ‘Boonchom B., (2013), A Simple Route to ‘Synthesize Ferromagnetic Binary
Calcium Yron Pyrophosphate-CaFeP-0O+ Using Aqueous-Aceétone'Media™ , Advanced
Materials Research;, Vol.717: pp. 44-48.

Kongteweelert »S.%, Ruttanapun C. ,» Thongkam M. 4 Chaiyasith P. , and
Woramongkonchai *S, (. 2013)“*% Facile, alternative”synthesis of spherical-like
Ca( H2POa) 2* H-O nanoparticle by“aqueous-methanol media™ , Advanced Materials
Research, 717: pp. 49-53.

Ruttanapun C., Jindajitawat P., Thowladda W., Neeyakorn W., Thanachayanont C.,
Charoenphakdee A., (2013) **Thermoelectric properties of Sn2+ -substituted CuFeO?2
delafossite-oxide™, Advanced Materials Research, Vol. 802: pp. 17-21.

Kahatta S., Chaiyo N., Ruttanapun C., Techitdheera W., Pecharapa W., and
Vittayakorn N., ( 2013) * Microwave-assisted solution combustion synthesis and
characterization of thermoelectric CazCo0:0¢ powder™, Advanced Materials Research,
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