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1. “Synthesis and characterization of thermochromic Lag 75Cag2sMnO;
perovskite manganites nano-powders by microwave-assisted solution
combustion synthesis” Sagulthai Kahatta; Nopsiri Chaiyo; Wichan
Techitdheera; Wisanu Pecharapa; Banjong Boonchom; Naratip Vittayakorn,
(Submitted to Materials Research Bulletin)
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26 (deg).

51191 2.3 uanans W XRD 289draEin Lay,,Cay,MnO, dwseinineidd SSRM method Tu

MaEUARLIIR (a) 1000°C (b) 900°C uay (c) 700°C hunan 24 FalamuAngL
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a

2 23 uanengaW XRD 29909 SSRM firuaalndifluiaa 24 daluengough
1000 °C, 900°C uaz 700°C AWAIL AU XRD aztfiudraruiluiadien (single
phase) 994 Lay ,Ca, MnO, figniugil 700°C i 900°C WMntuusiu/fienAadliauysal

fitannlsznevdunasuBeny uazfiguugil 1000°C A1l La,,Ca, MO, ilaiReaay

<

Masteanysal lWflannlszner@uuaniany "B'w'qmm“tmLma'lﬁiﬁzngﬁ'ﬂﬁ’mw
13qnivsansiiedu ludasdunauaeinisungns (pal milling) Hunnssasiaiiuges La, Ca
uaz Mn lunisvlafudadaudrenuindaldgampilunineruaaladoa lunisasuda
TnelugasBudurasnisu metal ion ﬁzﬁmsm‘mwﬁmgLL@:@'mﬁuqzﬁﬂﬂq Wafuiniy
Fan wﬁmmuqﬁﬁmmmuLmzztﬁmLﬂuLWﬂLwaifaWzﬂnﬁﬁﬁzgw‘ﬁ‘( (single  phase

L%
perovskite structure) TuNn

“- La 0.7 Ca 0.3 MnOa

Intensity (Arb, Unit)

N

20

40 50 60 70
28 (deg).

LR
<

51l 2.3 uanINIIW XRD 209813L351dIN Lay,Cay,MnO, Tawsidenlnedd SCM lunamien

waalTifignmgll 600°C hiaan 1 Falug

g 23 uamans W XRD 13naaifieases La,,Ca, ,MnO, dusienlngds
SCM Fisnunalninguuugi 600°C luaan 1 Falus Feangilagifiudnia XRD #ildazd!
rATNGINd13E SSRM SeBlangraidugenaulu Crystalline Afegalufae Fesaiiden

fag1 SCM azfiaanfun@ngeusfideanisanmpiiluntsinsndinaiisdandas SSRM aq

90f47



v i v
UUNININATUBtNTIAFaR 1500°C axinlfifauanWiuniud Tnsaz@aniswn g

e ).

=) a

TENAITITANAITIUAAITINTZLIUNTTAR Solution combustion synthesis  3uHTT 1

2 ayy 1% v T = o Haw oo . a
Naﬂﬂ‘[ﬂ'ﬂ’mﬂ’li‘ﬁ'\uﬂ?’wﬁtﬂﬂﬂ’\ﬁ“luﬂ']'mﬁ"ﬂuuum’qmuquu’]ﬂﬂ’l’]l&ﬂhﬂﬂﬂﬁl’ﬂﬂ']ilﬂﬂ

SCM &insia'yl viuAequuunil 1500°C Aegruugiiiitanzaxivinliifmlfzen combustion

o o Y g v o

z 3 o - H o o b -
1 FninbiiAnfia XRD AAmdged LTI aNdn SCM Fauaiildiivn WAauan

AU TUINATIUNA

g1 2.4 uamanIM SEM T0enTiisFendes (a) SSRM (x5500) La (b) SCM (x120,000)

17 2.4a uaz 2.4b uARININ SEM TRanTisFNAan SSRM (x5500) wa SCM
(x120,000) wwrneynaiiléie 2-3 Tulanums uaz 3050 urluwmsAILddY Tl
ulFedieuannguii 2.4a uay 2.4b Feuansianunneyn1ATas SSRM fiflaunalugind
SCM fa 60 winifiana SSRM tihumsungesiiungn 24 fali Ineunsuazfatuiienisien

Infgomniigs Seneuiiaxfianswn lwiiuGuanmsidagilenauudaararadriude
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Winwfauasrer) ssmeauaznaneniiy gel-like mnﬁuﬁ@zﬁiﬂﬂq whauazifinsziiintuaing
Wuiidamssziiiafiaanaindemaiueg ﬁﬁ‘\iﬂﬁﬁ?ﬂ’lﬁLﬁm%uﬁﬂﬂﬁﬁ?mmﬂﬂmu%’ﬂuéq
muﬁm@gmﬂﬁ‘lé’uﬁiazﬂwmmam@zﬁuaﬁimﬁmm‘lwﬁqﬁuﬁaq ﬁﬁ'uﬁmmmmwmﬂﬁiﬂ
uﬁwﬁmﬁuﬁﬁwmmuﬁmﬁﬂL‘Lﬁﬂmﬁﬂmwd'}d SCM. powder 1 SSRM powder
ATNANAL ‘Emﬂ‘ﬁ'ﬂ?uﬂmmmwmﬂﬁi@uﬁqumﬂﬁuﬁﬁwm SCM azilauin 26 11199
SSRM uaz SCM powder angilil 2.4 aziulfdfidnensdaudsaznanndt SSRM
powder Tmﬂmmﬂt‘v‘amﬁmmmﬁu%’@ufﬁqﬁﬂ@ﬁ'ﬂﬁi'ﬂ@muqﬁ‘lum'a‘mﬁumm' 189 SSRM
uaz SCM ?ﬁaqmuqﬁ@zémmmﬁﬂnmm 650°C uaz 850°C AuAAL qmuqﬁﬁmmx‘lu
MANTUALTIBI SCM powder A¥AIN9 SSRM powder g 200°C
lumsAnmnisdainmzi La,,Ca, MnO, powder TngAnnsmaaasiidaulug/iay
¥Ra SSRM fiu SCM 13'1sNmﬁn‘?’;'lé’m‘f‘aLma‘:ﬁuazﬁ’mﬁﬂ@@mauﬁLﬁﬂuﬁﬂuﬁ’mﬂﬁﬁfmﬂ

T4 SSRM , La, ,Ca, ,MnO, single phase twinaswiigamni 1000°C1Tutaan 24 Falua

Y 2

uar SCM, La,;Ca,,MnO, single phase nano — size Al#arnnasldmaniaunas
Lﬁmﬂﬁﬁ?mmmm'luﬁmnﬁ’uﬁﬂmNﬁnﬁ"l,a’]’mm’nmahﬁﬁqmmﬁ 650°C 1luaan 1 Falua
Tnenarziuiinare polycrystalline La, ,Ca, ,MnO, powder #1151 SCM Tusaly 92 m’/g
f9annd1 SSRM 26 WIURZININGYNATEY SCM  azllanIndnndd SSRM ag 60 1win
fqmmﬁﬁ' wnzlunisinFuineiiag SCM azsingdn SSRM g 200°C

Faduanana 91§43 Solution combustion method (scM) 3ailuagiinala
Lﬂmfa'mLﬂumsﬁi‘iwm::ﬁuuudwqmugmumnmLma‘lenﬁﬁ‘i'ﬂ%mmﬁﬂﬂLmz%’umuﬁ\i'm

ABNITNAAAS

24 nmefuaszilagdinisiinldidenanlniianiaanusau (Combustion
synthesis)

msdarrzianseiuididumaluladiifusnuundmileentludanaudnla
TunsdanmeiansGusduusianassui 19 Tag Berzelius fawn Goldschmidt #aifliin
Iau:‘f’mmmqmmﬁ’u‘lé’ﬁuwuﬂﬁngmmﬁLﬁm%w’fwﬁqLfem (Self-propagating
phenomena) 1ull 1985 (Hlavacek,1991) nnﬂ%‘nﬂ‘ﬁmwﬁnmnﬁmﬂﬁﬁ?ﬁﬁﬁLﬁm"ﬁuﬁ’q

AN 1.1

Fe,0, + 2Al —» ALO, +2Fe-851.4kJ/mol ...l (2.1)
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' ¥
nauneh 2.1 aqulddeil Bunlndaaradalaeergiiufniduesgivnazniuuazmin

[
=)

UfifFiiniufiB e feufigegnidaseanundas Walton and  Poulos. (1959)

UningAranionaandiuldudnnisaes Goldschmidt #91AT1198 5145 Cormet Sy

patinrealjiFeifintudsauntsi 1.2
CrO,+2Al —»  2Cr+AL0,-5360kJ/mol oo (2.2)

TN AdureeuBniG g dszmAgunwlaBeniiduRuniiniidelunans
gnst 60 audatlanegnsi 70 1ufl 1967 Merzhanov wazamue (1971) & uwuLsingnasal
Self-propagating High-temperature synthesis (SHS) luszudrsnisansinasiunlusdanag
TnunitlemTuseu (Titanium-boron) A nqAGHAUATY inlinddaanssenaviu el
3B SHS  Runaumiaan viusedalnodlenarflud (Tic)y  auiledarindeann Super
conducting oxide (YBa,Cu,0,) lusiuluil 1987 Institute of structural Macrokinetics of the
USSR Academy of sciences ﬁ’aélllﬂ%’uslw,ﬁm Chernogolarka L'ﬁmﬂu@uﬁnmq‘lum?
Aundiddemiadau sHS Tnedl Merzhanov lugdruaanismasarniuanstsznaunda 300
wlagndaianzilnensziaunis SHS Aesnanatiazim anendelusaSrnnnd, 30 uus

&

TINVR USSR I fauimiunatnadailesanudseniediy SHS - Al S nasnui fia
wnune Tudassiutl 1980 fnanelsumaGuinisdeniefaui Wil 1984 audndianqiui
WASEN19AU SHS 7la Defense Advanced Research Projects TudguEuiindelul
1984 iuriy IdfinsAn sy SHS g Koizumi way miyamoto A 4134emed
fildfinsimundediiasauiianrgisiedn “Intemational Journal of SHS* gnatuiduaiausn
1Tl 1992 Tneifl Merzhanov Wuussaunsnag
nszuaumMnenudfvidenszuounisutinaufaudaaiaies (Self-propagating high
temperature synthesis 1138 SHS) ihdi&uamzdasiiamsainlldfusdnsnilutan
1 2
Ananflaetnamainuate fussBninmuas1dfuyusin Tulaqiuiinssuounsmn w15
a ' P o el pr . Heto
pwilanfluadnannlunissiesdagldfiaueeyniaunlumns uazidlabivuiididou
[ lA:ll a o ‘2!’ a d!’ o d‘ ={ o o e‘dﬁld
109udnn i InindAny luanaiinatududuounn niflasunan nna s Na A il

e

° g v e o o edd 1 a o o v
1wnaynAu luasinliliguainiRandudndusifiadifiy Snvanssuounisen ndii
P (Y [ % S|oa 3 . v
nsetnumidssndandsnuussiiulinsiedawndas
b4
maiialunsziauninn lnifiufiaguanunevanamaiia vy nszusunisen g

9ounqiinn (Low-temperature synthesis %3 LCS) nszusunisianludilaa-aa (sok-gel

9 U
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combustion synthesis) Nszuun1gmn lusiadiadu (emulsion combustion synthesis) Wax
‘ﬁl =1 1 = a; Var -~ 1 el 1 o b )
B @nunue Luﬂmﬂuﬂw’lmummuﬂuvﬂuﬂmqmnuﬂg 2 matla lAun nrzuauniswa
ifluanuzaeuda (solid state combustion synthesis 3a SSC) uaznszuaun1Te lud
lusnsazane (solution combustion synthesis 438 SCS) Fanszuaunaneludlugnius
] 3 [
vesudls lumsiiasdunnmzindninsililssiuayniauilummsuasiifuiiiadmouunn
o W 9 - Y v o =
'azm'lmﬂ@um\ammummmnmimmuwLﬂummme:mmmgmﬂﬂ?zmm 10-100 pm
‘S. A:ll 1 b7 1 o :’/ n‘ﬂl 2 ¥ k73 =Y < :,/
Fuduruinayniafidaudrelng muuqmuguw‘lm@qWaﬂmmuqugmnmﬂgmmm
a o scdvy o P Pr o o

udndusinldannszuaun s mflugniuzerasuiasfinoune e uRaudeusy
AUNATBINAAATUTR IFannszuuni s udluansazans

nazuunsien ndlugsazatediunssuounisfigaunsannlgdne mas uasi

[} 1 4

tszleminnnunelumsduamsifannfioynialussiuuntuwns nrzuun1silazineglu
jlrasansazanelneandulljiserseudesaeandlad (Oxidizer) 1ty Tausluwmsm (Metal

nitrate) LAY ANFLTBLINAY 19U gﬁ‘ﬂ (Urea) tnadu (Glycine) lans 146 (hydrazides) @<

g 1 14 a ar ol Yo A ng < ar
n?:mumﬁ‘uuﬂnmn%luuaNaﬁm@du,m Nﬂﬁ]ﬂmmw‘lﬂﬂﬂdﬂ'}’lutﬂutu’ﬂlﬂﬂ'Jﬂu

«
=

(homodeneous) LLﬂzﬁm’luu?mlﬁm

A

]
P

13 [} ¥
anaFamAsitianldlunsznauninnluiluasazaredfildiud aFauazlnadu G
E% ] )

arsvisaasloni lldd wiunsduane Taseaiefifinouanaaue g1sssnaveanlas
) o dl = d‘ :’« ar d" ar o 1 . }- 7 ‘3
PINY 7] WALETINN UAZAU o] BRNINNIE Tearsvivaassaiduilufinsdadauandan wanani
o = ° a e = 2 = " =
flhaiinnrunansdsznaudunae 11w azanily (alanine)  WAAWIIIQU (asparagines) LTATU
(serine) mwﬁmﬂiaqim (methyl cellulose) uanTuflanazdmn (ammonium acetate) wanluy
Ren@insn (ammonium citrate) uas uanludieunfinm (ammonium tartarate) tflugns
& a . P yet ° a d¢ vy & & a
\TRM@s lanansanaslunane 1 Gaslaininigrsnardunidunnaniuiuanndainas

=

1w 3670 (citric) Aunsadadila (succinic acid) n3AFFIN (citric acid) Aulnadu nIndssn

o=

as =|

s a o = o o - = o a a«
ugEe nsadAsNALaratil] uavu Bnanune Wasnanainnasfithanslsnan@unieun
o é’ a d” ] L3 Y o e o=d ar dld oy &£

nanfu@awmdiazdoinlindaineileynalussduunluwmnsiiaunidgnage

ni:mumnm'lmﬂummzmmzﬁ@mﬂmﬁﬁLﬂﬂ‘lum?ﬁ'\immzﬁmﬁmﬁmaﬁﬁm’]

1.2 A é’ o b1 < a ar 2 =l

ag37aAa 1. nsrurunitliazinludniuzaauuas g msoduAz AR S T li

TareaFwaynnres@aineiluszduunluunsauiidenisld 2. nszuounisiidecld

guangiigilumafinUfiendsannmniulalidn  cdndoeiilfasiaunibgnigs uay

g qy <% a o o o
3. ?zﬂmm’lumxmumm@zhnmmﬁ’uuaz%mmmﬁqm'mwumLmﬂumzmumnm
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v
A

Tudluarsazans LLﬁm:ETuﬁ?qmnﬁufmﬂwmm@gmﬂﬁﬂﬁuamﬁmwfﬁﬂiﬁmmm"lmuuu
nnraynreglussfuuniuwns
ﬁq&unixmumnm'lmﬂumm:mslthﬁ%'ﬁamm:ﬁﬁﬁﬂiziﬂmﬁ@ﬂwmnz'i'nai?“u
n9da mm:ﬁ"ﬁ'ﬂQﬁﬁﬂgmﬁ‘l,uﬁ‘zﬁumfumm wazfgsoin & anmeiansaan o
i 7 Wleszgndlitundnsnustldetnaunanasudn 194 (catalysts) LTAIdBINGS

(Fuel Cell) malulagi@anan (biotechnology) uazay 7 @nunune

2.5 wuz98 SHS (Self-propagating High-temperature synthesis)

SHS unTi nszmumﬁdm?é’qﬁutﬁ@gnqmmﬁm‘luamq:ﬂnﬁu?ﬂmimmﬁ
e ﬂmﬁmmﬂﬂ?v'ﬂuuﬂmfashqmmﬁq‘lﬂtﬂuwﬁmﬁm%’twmzmmmmw%’ﬂmm
Ufjazen f‘i’a@ﬁﬁwm‘lﬁ’gmzzﬁmﬁumﬂﬂﬂw 14 n1revfaRee i anaannanfau
IuTasion uasiairafillugu Uffsenisnut ndifnldfununisunidondaes (Self-
propagating mode ) w3anissuifiaidencinieu (Thermal explosion mode) 414348184
Biswas (2005) vinnsduianizilanzdagy NiTi wiulnedinisszidini@anonadon saraiil]
Aasldanaanlunisanssidn tnadauisadaassy NiTi Wdife (Single phase porous
NiT) #di54 fausiidnmite sasmsliinanufeuuasaaismun RRTRRC KAt Aoy
mwmamwudq'ﬁméurﬁ’l’ummﬁmmmﬂﬁ’mm?ﬂu (Threshold heating rate) %_ur‘i’whmm
UULLIR9AREN t’ﬁ'é'mnﬂﬂﬁmm?@uz_gqndwhf’i arinlifusnumaenfivaden dua
T Aunguitldsn ﬁﬂﬁmmmﬂﬁmm%’ﬂuﬁhnfhﬂ"ﬁ:@zﬁﬂﬁ’%u\iqutﬁmgwguuﬁi%ﬁuam
wa ludawasanisunidonaies UiFenasBuiidaredmiieresiedudonduagny
feuaztaRlauitunanu Garlszann 0.15.15 UAWNAIAEAUNT tuarsiaduaunansiy
HARSTUI

71 2.5 uaasnTAAUfizen SHS angilinaanarfeuszilusadonligruugi

aa

TETAGUGEN (A+B) ilefiFeniAntuy daneflndiuaaninnanadeuidiagy

aan

WaaAuT (AB) auRugeljitenfiaglfndnineivionnn ludousenissuifinGanoubey

. .
o  as aa a o o

1 k L d
Turatvazgnliaoinfeuinniu Ujitunaziinionaiuanadernianai ey

NARATUT
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< Heating element

. AB < Product
Reaction zone .
\ \ \ \ \ \ < : Reaction zone
propagation
<~ Reactants
A+B :

1% 2.5 Ansuznanfianfizen SHS

&

2.6 1anua99G SHS

ey

t. djjiseinaiiguugiige ( 800 - 3500°C ) ansuafiufanisssmeaanuanunlil

9

1
o ool -

HARADITINTIAN LTV

1

[l
=

2. anildifee (duu@l) widwdunseuniindeslfinamatedaluaideiduiu vl
Urendana N IULASHUNUNTHAR
3. swiumuFeuiige drmnandusatiimanfain liAnmanaatiasdannndinig

=<
BUNUN

2.7 MARAMNUDIIE SHS
1. fanfinusianis@und uilands nedn i Inmdenaslus Fumdanslud uazang
Tlulased
2. 1IARIANUAIINTDU 111 MoSi,
3. JanAngu iy NiTi
4. AT W lunnaieniia 1y MoSi, uaz TiB,
5. JaauaNLY TIC+ALO,, TIC+ALO,+Al
6. YagiifiAramazmaniminWilndesunBinaiang BaTiO,uaz YBa,Cu,0,,

7. 8iningm 1 TIN+TIB,
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8. asilsznauinugnmgige iy findia ag i lugl

9. JAAINTANLAY 11U TIC+N

2.8 guUNAansIaINsLa Lust

u‘jmﬁmﬂﬁﬁ?‘m SHS qrunpfififintua axgennn Wanlunisfinufideades
Usznnni 34 Furiusziianasanenaiufeuiiganan 3 suiludnsuzianiyiizedds sHs
Lumm@'mmwmuwgnﬂaﬂﬂ@@nmmmmumm@ﬂ flnarfeennniiliaomieunszans
dﬁmmmuummmuq ilignuugfivedusufingedy Fengnuugiiilin Adiabatic
Temperature mﬂ'lmNﬂ'lﬂmm‘luummm@mmwmmu az1d91 1aunail (Enthalpy)
meqmsmmuwemunmmmu T, Az Wmmﬂnmﬂumﬂﬂmmw@mnmmmgmmﬁqmmﬂ T,q A

AaxNNIg

Zd:[H(Zj,d P HENC = .. . NN\ (2.3)

Wi H(T,,) A leuniaiveuiasio i NgnuugR T,
H(T,) #ie wunmathesudaded | inmnd T,
Q - A pudeuiigaydelussndnaiadfises

d A9 AUNET AT UIMLA

Reactants
Enthalpy
Product
/
T, Temperature T,

0

1% 2.6 Mednuanmguungii T,
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v

¥ d' a 4!’ 124 a o ¢
014NN 2.3 mmlumﬂ‘lmamazqmuquLtazﬂmmumm‘gm ATAITNTAUN

‘
o b4

Netufluay (-AH°,.) uaasbiiiiudnduljiBenaraninufou InevialugoumpfiFudy

Aegandgauniives (7,) Anfudiaes 0 axfinsdngiuudeaunis 2.4

T .
(-AHj,)- [AC,dT (2.4)

298

) t
) ACPﬁ@m’mLLmnﬁhq@:Wj'}qmw%"'ﬂumL‘mzm@mqiﬁ’aﬁuuamﬂwﬁﬁmﬁ

’%qmmmmimmﬁu‘luzytﬂu'lﬂmungmm Neumann-Kopp  azl#dn

= 3-

ARNFuAY

13

AC, =0 AN Q = ~AH . inlkaunsfl 2.4 nanemuiu

i T,< Tt

T
~AH) o~ [AC, (producydl ... (2.5)
298
T, = il
T
—AH}Z.,.8 - J.AC S(product)dT +vAH, ... (2.6)

298

| = b=
tNa v A ﬁ’mmwﬂmmwﬂﬂummmquwg

AH,, we pwFaunlilununeesimanuas NiT;

T, > ™™

Ty Tog
—AH}298 - I AC ,(product,solid)dT + AH,, + '[ AC, (product,liquid)dT ....... (2.7)
298 T,

a ¥ g o . 3
MNFUNITNNAWVTNAULINITRANUIUUIAIN NG UUNAA1EATLE Tae
a & ¥ P aan ] < a a
AaNWaRasiT e Tunma T, 1 afialisengnssenausine lunsdlrasiinifia-
13
Tnonifley MIAMIUNAUgUNLT ruunaraniiinaudrdymmzaunsadlugoies
m'mmmm‘lunq?tﬁmﬂﬁﬁ‘%ﬂﬂﬁua:ﬁmlﬁ’mqmuqﬁlummjuﬁumu”lﬁmhqgnE’fﬂq%n

e

e faulsddyiiiuinsiiunaneampfidieaufen sHs #e T

17 of 47



v

ﬁ] ﬂﬁﬂﬁ'l{ﬂﬂmd 1‘17330U1ﬂ5}]mﬂﬂ§3ﬁ\1

2.9 nQufn1siinARUANTAY (Combustion wave theory)

luuuresnduaday ?:uuﬁma‘%\iﬁuﬁamuwmuﬁquﬁmﬁmﬂﬁﬁ?‘mﬁu
(Solid-solid  reaction) #1M1s0ULNRenTFiTuaasuL ANANHUzIaINITRaUN AT Ty
v bl (Combustion zone) wunusnljifenfaanysoiaaFonnisiun lugias
LAY IMTIZNITHANNTEAEFaA LA A AN wuuTiaes stunTiTiAsse e n1s
Wajizentuidoanisun nthiauysol Ujitefnsieiiewmdsanndinnduauiey

1 v s’: d" a L} ' ‘:’ Y ar a aaa °
dliuds Fuauluszuuiiasfianisunsrumindy danalignnsfafizens

Heating source —»v v
f AB o
Product AB t t,
2 t,
R S\
Reactant
A+B A+B
(@) (b)
A+B AB

A+B

(c) (d)

g1t 2.7 mﬂﬁﬂﬂ?ium'm’f@uﬁnwmwmq
(a) uuLiafies (Stable)
(b) {iAN17UNI3 (Oscillation)
(c) {iAN1IUU (Spin)

(d) lﬁﬂﬂ’]ﬂﬂﬁﬂﬂﬂ“ﬂ:ﬂﬁﬂ (Burn-out) (Munir,1988)
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2.10 AnuiiafiasnwaasnAuauTau (Stability of combustion wave)
nMsfRanduAL LR LLLETes (Stable) uazliiafias (Unstable) wuvigdes
viransun lndasfigniozadd (Steady state combustion) AALAINNEAUTIRARURLT]
mmmammuﬂmum?mmu mmmmmﬂauwmmuw”lﬂmwmnnmmuimaﬂmmﬂu
mnmuuavmqm@ummtm df;uuuu‘lumnmmﬁmﬂummmmnmﬂgm‘mmmmmm
nrgrydeanadeuiinwiiesiainnanatade Ly mumwmﬂw‘l,myu,azmmm

¥ | 1 14
gruuaiinasguiua udu naldannzuunliaiosaduaiuteuifiasuqs i

q
[] ] [l

o 1 o a ' . . . %' a
anvanaflanadwliinlfiAnnasunds (Oscillation) NITUYY (Spin) Nt Tusddniifiu

(Repeated combustion) wazifinniglwiiazans (Burn-out)

s d Qr
2.1 maudsndrAnaag SHS
saulsiifianinasiadjitaq SHS fvatedauls udndounisuauansdady

' ] al k73 T :,: [ ' []
(Stoiciometry) AYINMUMUUENA 2WIAgT 9 TUUARUNTAIIATIZY 2UIR U819 uaz

2 k74 ¥
NINTZANYFAUBIATTFIFAULAZ ANz aaIN T el ludy &9 Luhmzi'lﬁmmmﬁqnw@m

suiauaznasinalugd Wuruaasnansios ﬂ‘J’]NL?’J‘H’t’]\iﬁ@uﬂ’J’]ﬁJﬁ‘ﬂu QQNN@W@I“’IN'&?’N

)
I

qaniAaraNtiining e lildan1iziaig qn 4 ﬂLﬂummLmhwuﬁmmmna”lnan.u"
Lﬁmﬂﬁﬁ?mLm:%w%wmmﬁqmJ?ﬁi'quzhunﬂu mmg‘ﬂ@maﬂmmu _
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2.11.4. ansansliRnSauuasdRsInIaLfiufa (Heating and cooling rate)
nar8dnsIAsFauiaulfiiden SHS azianrnainaaanirenlfiien
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Adiabatic Temperature

(¢  Combustion Temperature

Temperature

<4————  Ignition Temperature

<«———  Initial Temperature

Time
o < LERALOLON,
51¥1 2.8 naulaeuniasresguumpfiiledaifiisen SHS (Henshaw,1983)
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UNN 3
A8N1sNAaRY

2 v v (] [
‘luimﬁ@znmqﬁwumumim‘?ﬂuLm::m?mmw'au%mmﬁ“l%‘lumuﬁﬁﬂ TneiFu

ANNTETENTWIWENAN UL La, AMNO,Inef (A = SrCa) i x fiAwiniy 0.25

uazet Q (drndaussndasiviusieas@amas) deuvaty 2.5,2.7uas 3.0 Faemaiia

UfiizensiunIngd (Microwave -assisted  solution combustion methods) A1N1TUAL

nafiansztaunslunsmragauauiBinisnenm TassaFramn9qania sasdnsissiin

=i S = = or ] d”
wisenlé nefianeasidangasalli

3.1 @sadnlglun1snaaag

1.

{e

uaun i lsAT La(NO,),.6H,0 AanBgnasasas> 99.0 % wanlenum

Fluka UszinAgamasasuaus

o

- ansaudenlumm SrNO,), RIWLFgVsTAEAY >90.0%99 nARlAHY

Aldrich Uszimaanigawidng
wAALdasluAIN Ca(NO,), ANLITANDSBERY  99.0% HAmlAsLTEN  Aldrich

szimAduigawing

. wnilgefueiun MnCO, momiBqnETesay 99.0% wAnlaeLd®Nn Aldrich
seimAduiganiinm
Inady NH,CH,COOH  tiaminginin Aldrich UszmAauizaniing

Ethanol %78 Ethy! alcohol C,H,0H

11 DI

3.2 gunsaluazinFasfianlfluntsnaang

1.
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N o A~ w N

wisaseRamneanazEan 0.0001 nfu wARTALLTEN Sartorius
fininafaum 500 TaaanT

wusinlipauiau (Hot plate) wiansauansfsuLLusiin (Magnetic stirrer)
wiawiwmanduiunauans (Magnetic bar)

nrzanand (Foil)

TaUsNaITHIs e aUAAR

dausnansnidaawanasin



8. fauansanuuni 200°0 wARTRELEEN Memmert

9. wnautulana

10. iy 1500 o1 dwdinenans wanlneL3sm Vecstar

11. fazragiiun (Alumina crucible) wiaxetln

12. Auuiiy

13. wiiesarirlesudeamenaseunla \waf (Differential Thermal Analyzer) w@sine
138 Perkin Elmer §u DTA 7

14. Lﬂ?'ﬂ\uwaﬁumﬁmm?nﬂm'lawfaf (Thermogravimetric Analyzer) Haninenis®n
Perkim Elmer §u TGA 7

15, iiaanmagaum Al wLIaaRiend (X-ray diffractometer) §u D 8 Advane

16. ndasqanssMiBIAnAsauULLIdaINTIA (Scanning electron microscope) HARLA
1731 LEO §u LEO 1455 VP '

17. Lﬂ?;'mvjﬁa?’mmaw@fu%umL?m'lul‘ﬂm iwningalall (FT-IR microspectroscopy)

18. tNNgaRNTIAU

19. ATNUEINUAA1T non-lead

3.3 NFTUIUMSLATENAISLTTIHN La, AMNO, Tneif (A = Sr, Ba, Ca)
WINTETENAI9EIIEN  La, AMNO, faematiadanasiunlug (Microwave -

assisted  solution = combustion methods) (FNAINAVTAIFTUTIA AruaunTL URT
La(NO,),.6H,0, amtaumdesliumms(NO,), uweaifealunmCaiNo,), , umaniiiaans
LaLun MnCO, Uaz Ethanol 438 Ethyl alcohol C,H,OH  Randndouiimunzanineande

€ v
ANNITIATN 3.1 AL

3/4La(NO,),.6H,0 + 1/4Ca(NO,), + 255/720, + MnCO, + 25/9NH,CH,COOH
— La,, Ca,,MnO, + 59/9C0, +206/18H,0 + 199/72N,  ..rvevorro...... (3.1)

314 1/4

3/4La(NO,),.6H,0 + 1/4Sr(NO,), + 255/720, + MnCO, + 25/9NH,CH,COOH
— La,, Sr,,MnO, + 59/9C0, +206/18H,0 + 199/72N,  ..ovovever... (3.2)

v ! '
UIATHN ﬁuﬁ‘l@fmnm s Ndndaulneluanrdeuaatinldastutin tNaAF1LIn 500 mi

b1 b 74 1
Wt DI e 100 ml asldTufinines anduwinldiTunauuwmiuduldacuay (Hot
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plate) wianfanaNATULLWIMAN (Magnetic  stirer) lduwiaudEndusunauans
(Magnetic  bar) a<lUwfaumninnisiiunowiiunan 30 wilielansazanasausaiy
aniuidinlnady (NH,CH,COOH) asTthinnsiiunaugnafaifhunan 30 wit dansiiues
ua"amnﬂumuué’qumu'lu‘luinmﬂfﬂﬂli’qmvl.qﬁzgqﬁqﬂ‘lum?ﬂuw%’ﬂuﬁuLﬁ'uﬁwaﬂn%
Wl luszwdnaniseunasaaandagl 3.1 Lﬁﬂ'ﬁ')ﬂ‘lﬁtﬁmn'mm'lnﬁ‘iiaugmi auanily

1981 3 - 10 wireauarniansn lwdiafaauy raflasdanaanniswn nfaz@anlasin

v
ufudussdaiau

= ’s v
Unnesvaziluniums

L A BN plate

FOITTVY

goald i O,

gﬂﬁ 3.1 3inrauanslululasion
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anthuhansildannisenTuindudaesh ol anduiundraiteinneuiili
13qninandnieias Suction pump FagUlit 3.2 ﬁquﬁﬁma%Lm”qm'auﬁ"qmunuﬁ 80°C
faugfanansgnuugil 200°C uaan 24 Falua thansfiiauniseunundasasnuanuagng
non-lead udaldasludonagiuntiad Watiminldvinniswnuaalnidaemn Wi (ﬁdgﬂﬁ
3.3) Vi@muqﬁfsoo °C. 650 °C, 700 °C, 750 °C, 800 °C, 850 °C, 900 °C, 1000 °C uaz 1050
°C ifhuranunu 24 dalu ﬁ%zﬁmﬁnw’%u-mqmuqﬁ 5°C AU UATNITLIUNTIATEN LT
wiinvavsaldinisugadtiluusunm 71lil 3.4 uaz 3.5 udminsigaliandneniianiy
199817 TAseadandn nsulasuma saafBinienienin antAnienanuden uazdugu

enresiagiwienldludadousiieiv

gﬂﬁ 3.3 wn WAgmFumngans
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La(NO,),6H, | + SrNO,), | + MnCO,

!

tlunauluwn DI 100 mi 30 wn#

b 4 1 2 L
mmmumu‘tumwmu

I

(A Inadu NH,CH,COOH

Tiunou 30 Wi senaweiulsy

anufau

g

aulululasnawianig

sadindlulantn

I

FUAN3A9E1N DI aantfuinan

v 1% 4; .

AaNABLATAS Suction pump
—k Y o
hanildnauiguugi

80°C

!

VARIAIRATIVENLIAGNS

non-lead

g

ihansldasludanagfiundlnc

g

euAa L

!

wuAalmi —> | Lay, Sr,MnO,

< o o a v a ada 9 . .
gﬂ‘w 3.4 WHRENNTTUIUNTIATRE T ENAEMATIAY TN TR LU (Microwave —assisted

solution combustion methods)
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LaNO),6H, | + | ca(NOy), | + MnCO,

4

thunaulun DI 100 mi 30 wAH

Faeaueiuliannuiau

g

i Inadu NH,CH,COOH

Thunay 30 Wi fnenmnueinlel

ANFau

g

aulululasionawfianig

seilipuihntlagld

I

v v
flugngAaeta DI eqntfuinun

v v = >
A790981LAT2Y Suction pump

o P =
mmm‘lﬁmﬂqumunu

80°C

!

UARITHILATIRENUARNT

non-lead

g

asldaslufoaagliunlada

0

wAalel

J

wuarlmg =—> | La,, Ca,MnO,

sU 3.5 unudansrununssFauasindoanatindanasiunlusd (Microwave -assisted

solution combustion methods)
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d o Ly
g1¥ 3.6 usnfansieuaa Lo

3.4 NM9ATIFBLNAFNTTNNNANNSUURIET
et uaiinasndeuma niswldsugoiue mrazane naslAsuutlag

o as

8
lassaFraudn naawa vl maszve nsanenin nsuanda nrsusuniseendnd Tandu
[ b4
(Oxidation-Reduction) uazlfiifenatifae ) azitldifiansulfeuulamisnnuieutu
a1u170079991ATzdngAnTrun1eanieuretanlddosinaliafwivesuidea
enesewlada (DTA) waflunsdwssnawlada (T6) Wedoeldnuietasamuni
Taenlszunniresnsnlasunlaniug dameadiadawsdaamenaaaunladaazinnisin
aanu7 luglaasguugfindniuseudniasfedniugtsdnsdclussudren Wanufeu
- o = o . = ¥
gmgdaasiiatrundauulasiudntniznisga  (Endothermic) wianitAtemanney
(Exothermic) asanninildauulasseiumaainunisly (Enthalpic transition) §nmnue
gunsnineluszuuvesias DTA (317 3.7) dsenaudaataaldarsivinannunaniiu 2 lu
faeluusndwivldansdwds uasdnluuilsdwinldansiatag uazflanaonlinonden
e Ql a U 1 & :’/ = a
ianguugiluszzunlnanisaauaunszua Wi 1 luadnanaoanfauvaiimaef
TudAwitla (Thermocouple) A wiudngruugizesatsiaans Wegmuuniaesansdada (1)
uazFdaeng (T))  umnswiu asiifadnd Wi Adanamafludwdla Araduuansiag

¥ 2 . ¥ o '
1asgaumgiiaasiiazgniiuindunsvaegii 3.8 TaelunnsnraseuiiFuaniioned

a

] 1
14 < 1 e =

= 3 a ¥ A = ¥ v i‘t
wirein 1 uazaNa BT e An mﬂgum‘lzdm'lummmma? HRIFNANDATINITINN-RATDS

[ 1 [l
a < ¥ o t%4 <l
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o

TGA LﬂumﬂﬁﬂmﬁmﬂzﬁmwmﬁmmmiﬂmTﬂmﬂww:wm‘ituﬂﬂﬁﬂ'lﬁ?”umw

' 1
< o <

%uTmﬂmﬁmﬁwinmmﬁ’aﬂ'?l'm‘f’i"ﬂuuﬂm’luumamafamunummmm‘na?{umm‘hm
mﬂuﬁummvmmummwm~un’1?|,1JaﬂumJﬂmmwmmqaﬂvﬁr{m‘ﬁmnummmuuna
ViasT eIt NIANNAN (crystallization) ﬂutummmnmﬂﬂaﬂutwa NTUANFD
98 (decomposition) ﬁnmmﬂnmﬂgmmﬂanﬁiLmTuuaViﬁnﬁnu?fﬂ Fuuansdunus
(stoichiometry) lun1sataszsisiaating ANBEINATYNINLLUIWIALEN FaTensaTUeEe
‘Nﬂ.,L‘E]EICVWIJJﬂ'J’IN1’]I?]ﬂﬂ']i‘L1JﬁEqu‘1JﬂdM Tﬂﬂwmuumm@ﬂ‘lutmwmmmmuauﬂmuqu
uazusrenAle usseniAneluanassiiuutaden Wy Tulmsiau dausaniiaoudasls
(94 1017 viTe a8nTFiay Tmﬂmuunmmm@mmLﬂaﬂuuﬂmq mmuwﬂmunumwuma
ANTUARTENA ‘[mﬂuwunwmﬂiﬂuummmmnmﬁuma NITELIDEIARE mﬂmsmmﬂgmm
A9 (AagUil 3.10) ludansesesdilszneuaesiies TG (1171 8.9) uaziidanunaniin
mmu‘ldmamqmemamm‘luumﬂmmu'ldﬂﬂimﬁaws@uﬁaﬁmﬂﬁuﬁmﬂa
(Thermocouple) §MmiLingumndl %qwﬁmﬁwﬁnﬂﬂﬁqﬁmuﬂmmmaﬁuﬁw;ﬂa dalunns

= ' e

mmmuummmuwmLmau‘lé‘ldm‘lumau,wamuu W& AR - -AATRIOUNN TN

a b4

10°4 siauIf mmmunmm Ui qmuqﬁ a9 uazquuugigainaf 1400 9 1 fuAeaiy

wmAllA DTA
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PeanEinermmumwyxk

1"
" : Thermogravimetnc Analyzer (TGA) Scan
‘ xample of Welght Loss Vs Temperature
ol _
wv . .. - N ——
1 e
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2“ - -
£
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51l 3.10 uapssaatansm TGA

3.5 nsnsrasautHanlgmaianisideuuaadi@and (XRD)
\ATR4ATIaABLNTSIARALLBas TR iend (Xray  diffractometer) husiesila
Amrziianiugiuaianisdiassiuuyliiiatesaating (non-destructive analysis) e
Anwineafitlasiaieaeuiin (orystal structure) mMsdnGFasiaesezaanlubuanates
arsilsznausinge Aelud@nmnaw (qualitative) wazaffanns (quantitative) Tnsmndaudnnig
d’l o o g — as ‘:‘/ 173 a -;’ or "
wenLy warnisnszidvrasiidiand lnaluandseilsldmatianindaauuaesiadiand
1 v
(X-ray  diffraction  technique) lunismsaagavniafinuazFurnaananindy
L3 ar 1 o ¥ o ] o
adAlTEneLesasiigating Anrnislnraiaaedansietralnaendaudnnisannssny
ar e a o ¥ a a & d‘l o 4;’
1e95ediendasuuiofanudaifinnimnazids (Scattering) uaziaeunlneiynlunindeniy
¥ (3 [}
uanswiuliivegiilanafndnuazssun (h k1) isdmnnssnunieluian laefguy
k74 v
1eensideniuuresidiendresiaguaazafintufaziinomsumzians mmmmmuuq
v 1 1
AaliniiatiaTesfiadmiunimada (Detector) mmﬁué’qﬁLﬂniﬁnﬁmqﬂ@nmmnm@

luswmisdne fAazamnsonsaraeulddfagiuiiuianidearsaiiale TagRarsanann

9

¥

Ty aravAnNduNuissudeAyNaasuLIng (Bragg's angle) fauansluaunis 3.3 uas
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1 7] 1 =Y ~ &l 4#‘ [~ '3 1 o 3
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mmmﬁwgﬂuummnm??mmumm%’qﬁmn%ﬁmm@a@u"lﬁmLtﬁ‘ﬂmﬁﬂuﬁuﬁmgmmmi
p DET Y ﬁﬁﬂgilugﬁu%:gammgm (JCPDS files) iitammanavuafineaiifniuly
TagFarnnisthauasiunuaminisieduumaldy holder - a1nsurialuanadl
1iundesdminandueilueies X-ray diffractometer (31l 3.12) udrduAuedadlngld
lmasuns (CuKq) Lﬂuﬁqﬁ'}Lﬁmi‘“\iﬁmn*ﬁﬁﬁﬁhmmmmﬁ;uﬂizmm 1.54 A Ineidadnasan
nAReuRiTesianmadaTissun 2 aersieuit arnyn 26 Gudufl 20 asenlilauda 80

NA

Incident Reflected
beam beam

Upper plane  -s5——13

Lowerplane ~ ~S——i—i—

2000 Treitn - Brocks Cole dsin 9

77 3.11 usmimsipaanresidiandannssunuansesnen

2dsin@=nl (3.3)

iWla  d A8 srasdssnITsuLTRanEn (h k)
¢ Aa yuszudreidendannssnuiussuinteaadn
nfawrlan=1,2,3,. .

A Aa Anuenanduaesiidiand (1.54 A)
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3.6 NM3ATIRaUlATIATIIANIATBILTIEN

HFLUINENSTUY La, AMNO, iildndausadlsznausing 4 fulaelus uas

1-x" 'x
FuNsuIUN TN uAR ITgmMpTiA1aiy niansasadaUd] nrauzinseaiiaaaniadog
mslindesqanssmiBidnmreuuudeansia (SEM) fauaadlu (Uit 3.14) atidayai
ldnlzznaulunsesineasmduiudszudnsesdlszney uazlaraaieqaniAnea
finnTenls AatdiavinunAnedon SEM uazinssinindan X-Ray Microanalysis
v < 1 ' o A v 6 a X A
avsluresuialraainanuduliaseiidlegnnssnudosdrdiinaseu uaziugo
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a o 1 " A‘ ° A" ° a v -ﬁ‘ o v a
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dhuaaunu 15-30 writ ieindp@sdnidsneen’lyaanfanidiuaiu arntiutirluvinniseay
v
Wwks udahdueullfsuwwivegiiden (Stub) Fsminisaesmiuuunndassnls
a v o . ] \ ° o a v o -
Hau (Surface) 295190t lunwIMunzansan17d139aR8inATIA SEM Udann1siaaew
Haduanussnasalaaldinaila Sputtering flunaiuau 4 wad A ntiuindunullviinig
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Fuanusialyl
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31]‘/! 3.15 UAAIFIBEINNINTIERINLATEY SEM

3.7 N19ASIAFAUN IV LAS IR0 979 UsEnauB uvSs
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A A prwsnpauresfi@dndildan Cu,,
B @8 A1 full width at half maximum

—« X
Oy AR JUNTABLLIL

AT 1 WARIAN lattice parameter 784 LaCaMnO, Tns9a¥13 orthorhombic #ildaannas

neaey
Compound Method a(d) b{A) c(A)
Lag;Cas;MnO; JCPDS # 83-1344 5.465 7.726 5.482
Lay 75Cap2:sMuQ; in this work
As-prepared Fuel-fo-oxidant molar ratios -
2.5 5.4857+0.0180 7.8023+0.0609 8.5657+0.0884
2.7 5.517440.0095 7.7841+0.1693 5.615810.1641
3.0 3.496520.0312 7.770720.0233 5.5164+0.0333
Calcined powders (3.0) Calcination temperature (°C)
600°C 5.4306£0.0447 7.73050.0030 5.4706+0.0043
700°C 5.4622+0.0248 7.731420.0011 5.4732£0.0016
900°C 5.4648%0.0075 7.2358=0.0011 £.4708+0.0013

NPT 2 nuifiednsdurasdamdaiiuieiereadiandniduiiuiu
AN 12.14 £ 1.45 nm (1:2.5) 4 17.53 + 2,19 nm (1:3.0) Wudussfeaiudegaumgfilunis
wfinsnntiuAneiaealan@niiifisnniuein 2021 + 0.82 nm i 30.46 + 5.54 nm
Mz linswdgamniluniseniveseriniesdandnuazanignite

LaCaMnO, ffiaili perovskite

AN9197 2 uaasAadtrelianan LaCaMno, Tudnmdawdawmdefiudauuas

D (nm) Fuel-to-oxidant molar ratios
As-prepared 2.5 2.7 3.0
12.14 + 1 .45 14.51 £ 0.53 17.53 £ 2.19
Calcination temperature {°C)
Calcined powders (3.0} 600°C 700°C 900°C
) 20.21£ 0.82 21.37 £ 1.38 30.46 £ 5.54
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cch Highlights

The Lao.7sCa025MnQO3 was prepared via the solution combustion synthesis (SCS) for the first
time. After one-step combustion reaction, nano-powders of LCMO were obtained. The fuel-to
oxidizer molar ratio was found to affect the combustion reaction. This method is a simple, rapid,
cost- and time-saving way to prepare nano-size powders.
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Abstract

The microwave-assisted solution combustion synthesis was developed for application with initially
synthesized thermochromic perovskite manganese oxide Lao,75Cao_25MnO3 nano-powders. Dry and very fine
powders were obtained afier one-step combustion reaction for Jess than {0 min in a modified domestic
microwave oven. The thermal behavior, phase formation and purity of the precursor, and as-synthesized and
calcined powders, were investigated by TGA/DTA, X-ray diffraction (XRD) and FT-IR techniques. The
morphology of the powder obtained was characterized using scanning electron microscope (SEM). The XRD

pattern and FT-IR results showed that as-synthesized Lao_75Cao_25Mn03 powders were crystalline, and the

low calcination temperature of 900°C,. The small particle size obtained by SEM suggested a high specific
surface area and high sinterability. This method was found to be simple, rapid and cheap, and an effective way

to prepare nano-size perovskite powders.
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1. Introduction

Combustion synthesis (CS) is an innovative approach to synthetic strategies of solid synthesis. It also is
called ‘self-propagation high-temperature synthesis’ (SHS) and fire or furnace-less synthesis [1-3], and has been
reported as the high-temperature, fast heating rate and short reaction time method, used successfully in the
preparation of more than 500 oxide and nonoxide compounds with high-purity, metastable phases, and variable
sizes and shapes [1-3]. Extensive research, carried out recently, emphasized the capabilities of CS in improving
material, saving energy and protecting the environment. CS makes use of highly exothermic redox chemical
reactions between metals and nonmetals or reaction involving redox compounds/mixtures [4-5]. Various types
of CS reactions are discussed depending on the nature of reactant, i.e. elements or compounds (solid, liquid or
gas) and exothermicity (adiabatic temperature, T,4). CS can be described as SHS; low-temperature combustion
synthesis (LCS); solution combustion synthesis (SCS); gel-combustion, sol-gel combustion, emulsion

combustion, volume combustion (thermal combustion), etc. [, 6].

SCS is an alternative method (compared to others) recently developed for using redox mixtures
(oxidizer-fuel). It was discovered after a~AlO; foam had been prepared by rapidly heating a solution of
aluminum nitrate-urea mixture [7]. Hundreds of oxide materials have been prepared by aqueous solution
containing stoichiometric amounts of respective metal nitrate (oxidizer) and fuels like urea, glycine, hydrazide,
carbohydrazide, citric acid, oxaiyl dihydrazide (ODH), malonic acid dihydrazide (MDH), ethylene diamine
tetraacetic acid (EDTA), etc. [I, 7-9). A major drawback of ceramic procedure or the conventional solid state
method is the diffusion control problem that requires repeated grinding and calcinations for a long duration at
high temperatures, which results in large particle sizes, non-homogeneity and presence of impurity [1, 5, 10].
Furthermore, most developed chemical methods, i.e. sol-gel, hydrothermal and citrate-gel techniques, also
require high purity, expensive reagents, complicated equipment and a great deal of time [11-12]. On the other
hand, the SCS method prepared oxide materials fast and simply with fine, crystalline, homogeneous, dispersive
nano-sized powder and the desired composition/structure [13-14]. It is already known that microwave heating
can be used to prepare crystalline powders [15-16]. Recently, microwave-assisted CS has been used with high-
efficiency to synthesize a variety of narrowly distributed nano-sized inorganic powders in a relatively short
period of time when compared to conventional combustion [17-18]. As microwave energy heats whole sample

volume at the molecular level, a thermal gradient during processing can be avoided, thus providing a uniform



environment for chemical reaction, whereas, conventional heating heats from the outer surface to interior, thus

causing thermal gradient and heterogeneous heating {11, 27].

La, 75Cag 2sMnO; (LCM) is a perovskite-type phase of lanthanum manganese, with the general formula,
La;xA:MnO; (a representative divalent cation such as Ca, Sr, Ba, Pb). This manganite family has been attractive
material for decades because of jts temperature-dependent metal-insulator (MI) phase transitions and colossal
magnetoresistance effect (CRM) near phase transition temperature (7). This is based on its ability to undergo a
reversible structural distortion as a function of temperature [19-20]. Both electrical conduction and
ferromagnetic coupling in these compounds are found to arise from a double exchange process, in which Mn**
and Mn** jons are coupled by electron exchange via oxygen ions [19-22]. Recently, thermochromic properties
of La;,AMnO; (A = Ca, Ba) were studied by investigating their temperature-dependent hemispherical
emittance [23]. These thermochromic materials are of considerable interest, due to their application in optical
switching devices, smart windows, thermal sensors, field-effect transistors, etc. [24]. Since novel physical and
chemical properties were found to be caused by size scaling; processing and production of nanoparticles have
been important scientific challenges and a ma):or research objective over the last few years [3, 13, 25].
Additionally, nanoparticle production, with homogeneous component mixing, was believed to be 3 precursor
available for lower calcination temperature, shorter duration and higher sinterability, and a cost and time saving
method for comrﬂercial preparation [26-28]. Generally, these manganite samples are prepared by ceramic
techniques actually using oxide, carbonates or hydroxide as sources of La, Ca and Mn ions {20-21]. These
methods possess disadvantages, as mentioned above, and the powder has to be calcined several times [23]. With
reference to our previous work, it was found that SCS can synthesize perovskite-type materials successfully in
rapid time by using simple laboratory equipment, which results in homogeneous, soft agglomerate nano-size
powder through a relatively low calcination temperature [29]. This unique process can prepare a homogeneous
reaction product, due to all starting material being mixed in a solution at the molecular level, However, attention
was paid in this work to the composition, x = 0.25, since it usually shows both antiferromagnetic (AF) and
ferromagnetic (FM) behavoir [22, 26]. The perovskite-type compound, Lag 75Cag2sMn0O;, was prepared via
microwave-assisted SCS, using glycine as a fuel for the first time. Effect of the molar ratio; oxidizer to fuel, and

calcination temperature on the formation, size and morphology of LCM particles has been reported.



2. Experimental procedure

Lag75Cag,sMn0O; was synthesized via a solution combustion synthesis (SCS). Analytical-grade
powders of La(NO;)-6H,0, Ca(NO;),-4H,0, MnCO; and glycine (NH,CH,COOH 99.7%) were used as starting
materials and fuel. On the basis of combustion synthesis, which comes from the thermochemical concept used in
the field of propellants and explosives, calculation of the reducing oxidization ratio in the mixture for releasing
maximum energy could be performed simply [4, 6]. Since CO,, H,0 and N, were found to be usual products; C
and H were considered as reducing elements with the corresponding valencies, +4 and +1. O was deemed to be
an oxidizing element with the valency, -2, and N to have a valency of zero. Metals also were considered as a
reducing element with the valencies they possessed in the corresponding compound [3-4, 8-9, 11]. The total
valencies in La(NO,)-6H,0, Ca(NO;),-4H,0, MnCO; and glycine were -15, -9, 0 and +9, respectively. Based on
the concept of propellant chemistry, the ratio of total oxidizing valencies to reducing valencies should be
unified. To satisfy the equivalent stoichiometric ratio, the oxidizer-to-glycine molar ratio was found to be 1:2.7.

The combustion reaction can be represented as follows:
0.75La(N03)6HzO + 0.25Ca(NO3)24H20 + MHC03 o 27NH2CH2COOH + 3. 102
—> Lao,75CaO.25Mn03 + 12.4H20 + 2.8N2 + 6.5C02 [1]

In this study, the powder characteristics were studied in detail by varying the molar ratio on either side of the

stoichiometric ratio, i.e. fuel-deficient ratio (1:2.5) and fuel-rich ratio (1:3.0).

All cation source compounds were dissolved in de-ionized water and stirred by magnetic stirrer.
Glycine was then added into the nitrate solution under continuous stirring. The precursor solution was heated
using a modified domestic microwave oven inside a fume-cupboard under ventilation. Evaporation then
occurred and the solution became dry. While the exothermic redox reaction was taking place, the temperature
reached a point when ignition could arise. The temperature rapidly increased and resulted in self-sustaining
combustion, with rapid evolution of a large volume of gas products and voluminous powder. For investigating
thermal behaviour of the precursor, the mixture of starting material was determined using thermo gravimetric
analysis (TGA) and differential thermal analysis (DTA). The X-ray diffraction (XRD, Advance D8) technique

was carried out on the combustion synthesized powder, using Ni-filtered CuK,, radiation for phase identification
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and mean crystalline size estimation. The final powder product was characterized by using the Fourier transform
infrared (FTIR, Perkin-Elmer Spectrum GX spectrometer) technique and scanning electron microscope (SEM,

JEOL JSM-6335F).
3. Results and discussion

Figure 1 shows the TGA/DTG/DTA curves of the stoichiometric precursor for Lag 75Cag 2sMnO,
powder preparation. From observations of the TGA curve, there appeared to be multi-stages of weight loss from
room temperature to 1,300°C. A 20% weight loss was observed as the temperature rose to 200°C, which
corresponded to the first endothermic peak of the DTA and DTG curve, centered at about 130°C. This range of
mass loss could indicate the release of water molecules that are lost from starting hydrated reagent. When
raising the temperature to over 200°C, a significant weight loss was observed. This drastic weight loss was
matched to the exothermic peak of the DTA and DTG curve, centered at about 250°C. As the heat increased,
weight loss continued until the temperature reached 800°C. The overall weight loss was found to be about 78%,
which is close to the theoretical value of 73% that corresponds to the release of H,0, N, and COZ- related to Eq.
(1). The initial temperature (7;,) of the reaction was reported as the point when the sample weight begins to
change quickly during the chemical reaction [9]. Hence, T;, of this reaction could be expected at around the
temperature of 200°C. This result supported our idea that a microwave oven can be used as a hea'ting source,

which is capable of initiating combustion reaction,

Figure 2 illustrates the FTIR spectra of the as-synthesized Lay 75Cag ,sMnO; powders with a different
oxidizer-to-glycine molar ratio. A broad peak at ~3,450 em™ and small peak at ~2,340 cm™ and ~1,650 cm™
correspond with anti-symmetric stretching (vog), symmetric stretching (voy), and bending (Jdon) vibrations of the
surface-adsorbed water and oxygen species [30-31]. The shoulder bands at ~2,925 ¢m™ and ~2,850 cﬁ" are
attributed to the CH; and CH, stretching vibrations [32]. The characteristic band at ~1,500 cm™ is matched with
the anti-symmetric stretching COO" group [33-34]. Glycine, which was used as fuel in solution combustion
synthesis (SCS), is the simplest amino acid and has a carboxyl, methylene and an amino group (H,N-CH,-
COOH) [35]. It was reported that dissolved glycine can reveal the changes in covalent bond strength with rising
temperature, such as, when the N-H bonds of NH;* become stronger; structure of the COO" group becomes
asymmetric; and strength of the C-C and C-N bond becomes weaker, resulting in three sections being divided

according to their functional group, i.e. -NH;*, -COO" and >CH, [35]. Since FT-IR bands belonging to -COO"
5



and >CH, were observed, as mentioned above, the -NH;* band also could be detected. However, when
considering FTIR spectra, the -NH,* stretching vibration band and asymmetric deformation, belonging to the N-
H stretching mode at ~3,050 cm™ and ~1,500 cm™, could not be found because these bands were very weak and
strongly overlapped with an anti-symmetric stretching band of water molecule and COO" asymmetric stretching
band, respectively [35]. Weak band peaking at ~1,066 cm™ and ~860 cm corresponded to stretching of the C-O
bond and anti-symmetric NO,"! bending vibration, respectively [34]. When considering the NO,™ functional
group, which possesses anti-symmetry stretching vibration at ~1,385 cm™, this spectral band could not be
observed clearly, due to the COO asymmetric stretching band being overlapped. Therefore, all functional
groups apparently indicated traces of starting compound in as-synthesized products. Nonetheless, the IR spectra
band centred at ~600 cm™ was identified as the characteristic band of M-O (M=Mn) and believed to be the
vibration (v;) mode in the corner-shared MOs (M=metal) octahedron [34]. This observation might suggest

perovskite phase formation of Lag 75Cag 2sMnO;.

Figure 3 shows the XRD patterns of as-synthesized Lag75Cay,sMnO; powders prepared through a
different oxidizer-to-glycine molar ratio. The XRD patterns clearly indicate that the perovskite Lag 75Cag,sMnO;
phase was formed for all oxidizer-to-glycine molar ratio conditions. These patterns corresponded to the standard
JCPDS file no. 89-8084, with orthorhombic crystal structure, space group Pnma(62), and peaks that were
indexed (). Thus, it can be suggested that this single-step microwave-assisted SCS is capable of producing
Lag 75Cag ,sMnO; powder. For the fuel-deficient ratio (1:2.5), a small peak corresponding to La(NO,) JCPDS file
no. 52-1103 was observed at 26~20° (V). This could indicate that the trace of starting material remaining in the
powder product was due to incomplete reaction caused by the lack of fuel. This XRD result was found to match
an FT-IR spectroscopic study, in which an anti-symmetric NO;™ bending vibration band was detected at ~860
cm’, as mentioned above, Regarding a higher fuel ratio (1:2.7 and 1:3.0), an La(NQ;) peak was found to
disappear, while a small peak that could be matched with La,0; JCPDS file no. 83-1344 was observed at
26~29° (0O). Formation of the La,0, phase might occur from the result of oxidation reaction caused through O,
in the atmosphere. Nevertheless, when considering the crystallinity of a product from XRD patterns, using a
fuel-rich ratio (1:3.0), the result in a well crystalline peak can be compared to the equivalent stoichiometric ratio
(1:2.7), which shows higher intensity and sharper peaks. Furthermore, a relatively low amount of pyrochlore

La,0; phase also was detected in the fuel-rich ratio (1:3.0) powder product. Therefore, to optimize the fine



nucleation condition of the monophasic Lag15Cag,sMn0; phase, the fuel-to-oxidizer molar ratio of 3.0 was

selected to investigate the effect of calcination temperature on evolution of the perovskite phase.

Thus, the as-prepared powder was calcined at different temperatures for 6 h with a heating/cooling rate
of 20°C/min. The X-ray diffraction (XRD) patterns of Lag 75Cag 2sMnO; powder, calcined for 6 h at different
temperatures, are illustrated in Figure 4. Perovskite Lag 75Cay2sMnO; phase was seen to occur in all samples.
The diffraction peak corresponded to the pyrochlore La;0; phase, which was detected in as-prepared powder
and seen to disappear after 6 h of calcination in at least 600°C, whereas monophasic perovskite
Lag 75Cag2sMnQ; phase was obtained (100% yield within the limitations of the XRD technique). Nonetheless,
the powders calcined from 600°C to 900°C showed diffraction peaks that could correspond to the orthorhombic
Lag 75Caq2sMnO; perovskite phase JCPDS file no. 89-8084 (*). Amplified peak intensities can be seen after
calcinations at increased temperatures, which could refer to a relatively high crystallinity of the powder

obtained. This is confirmed by the calculation of crystalline size (D), as described below.

The above results suggested that the perovskite Lay75Ca,2sMnO; powder could be synthesized by using
the microwave-assisted SCS process, which was discovered as a simple, time-saving, energy-intensive and cost-
effective method when compared with the traditional solid-state reaction that requires repeated grinding, more
time and higher temperature [1, 9-1 1]. However, for confirmation of the synthesized monophasic perovskite
Lag 75Caq2sMnO; phase, all calcined powders were investigated using FT-IR spectroscopic studies. Figure 5
shows the FT-IR spectra of the crystalline, Lay 75Cay ,sMnO;5 obtained after combustion synthesis, and powder
calcined at different temperatures for 6 h. As mentioned above, the FT-IR spectra band of the -COQ", >CH, and
NO;" functional groups, which belong to starting reagents and fuel, were shown in as-prepared
Lag 75Cag 2sMnO; powders for all fuel-to-oxidizer molar ratios. After calcination in the range of 600°C to 800°C,
IR bands were found also in Lay 75Cay ,sMnO;5 powders. This notification demonstrated that powder calcined at
600°C wa;s not a monophasic perovskite Lag7sCag2sMnO; phase. Nevertheless, the XRD pattern (Figure 4)
showed that powder calcined at 600°C corresponded to the monophasic perovskite Lag 75Cag ,sMnO; phase. The
contrast could occur due to limitations of the XRD technique, from which only the crystalline phase can be
detected. Thereby, the combination of XRD and FT-IR results can demonstrate that the monophasic perovskite

Lay 75Cag,sMnO; phase was obtained after 6 h of calcination at 900°C. This calcination temperature was found



to be lower than that when using conventional solid-state reaction. In addition, this microwave-assisted SCS was

a novel single-step method, which required no re-ground or re-calcination step [23].

Since the XRD investigation of Lag 75Cag 2sMnO; powder suggested an orthorhombic crystal structure,
the calculation of lattice parameters could be performed by means of the Unit Cell program package [36]. The
consequent cell parameters, which are close to those reported in JCPDS file No.89-8084 (a=5.465 nm, b=7.726
nm and ¢=5.482 nm), are given in Table 1. The suggested orthorhombic crystal structure, obtained from
matching with the JCPDS file, could be supported by this correlation of lattice parameters. Nonetheless, from
the reflection peak, the average crystalline size (D) of Lay 75Cag »sMnQO; powders was considered as a function of

fuel content and calcination temperature by using X-ray line broadening through Scherrer’s equation [37]:

7, L RN
Bcosf, 2]

where D is the average crystalline size, & a constant taken as 0.89, 4 the wavelength of X-ray radiation, £ the full
width at half maximum (FWHM) and &, the diffraction angle. However, when powder samples were used, the
XRD peak broadericd, due to mechanical strain, instrument error and other sources that were ignored in this
calculation. The consequent values are reported in Table 2. As the fuel content increased, the average crystalline
size (D) was found to increase from 12.14+1.45 nm (ratio of 2.5) to 17.5342.19 nm (ratio of 3.0). This
suggested that elevated fuel content could lead to the production of a higher crystalline size of powder. In
addition, as the calcination temperature increased, a higher crystalline size from 20.21+ 0.82 to 30.46 + 5.54
also was found. This can imply that calcination temperature also plays an important role in developing the pure
phase creation [27-28], as commonly observed from the amplified XRD peak intensities, which can be seen

after calcinations at increased temperatures.

Figure 6 shows a scanning electron microscope (SEM) micrograph of crystalline Lag75Cag,5MnO;
powder prepared by using the fuel-to-oxidizer molar ratio of 3.0, and calcined at 800°C for 6 h. The SEM
micrograph shows powder with a spongy-like structure and uniform features. No evidence of a different or
pyrochlore phase was found, which suggested the homogeneous character of the prepared powder. This spongy-
like structure could result from a combination of small individual particles of average particle size, estimated
from micrographs of around 100 nm. These particle size values are greater than the average crystalline size

calculated from X-ray line broadening, because a particle can be formed generally from many crystallites.
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4. Conclusion

A microwave-assisted solution combustion synthesis (SCS) using metal nitrates and glycine was found
to enable synthesis of thermochromic perovskite manganese oxide Lag75Cag,sMnO; nano-powders, with an
average crystalline size (D) of 12.14+1.45 nm to 30.46 +5.54 nm. Higher crystalline size was found to be
influenced by increasing fuel content and calcination temperature. This method proved production of naﬁo-size,
homogeneity and a stoichiometric controllable product, with a rapid, simple and an energetically economic
process. Monophasic perovskite Lag;5Cag»sMnO; phase was obtained after 6 h of calcination at the relatively
low temperature of 900°C, when compared to the conventional solid-state reaction method. A scanning electron
microscope (SEM) image showed a spongy-like powder rising from a small individual particle that possessed a

size of around 100 nm.

Acknowledgements

This work was supported by the Thailand Research Fund (TRF), Faculty of Science KMITL, KMITL research
fund, and the National Nanotechnclogy Center (NANOTEC), NSTDA, Ministry of Science and Technology,

Thailand, through its program of Center of xcellence Network.



References

(1]

2]

B1

4

5]

[6]

7]

(81
126.

[9]

[10]
1153.

[11)

K.C. Patil, S.T. Aruna, S. Ekambaram, Curr. Opin. Solid State Mater. Sci. 2 (1997) 158-165.

S.T. Aruna, A.S. Mukasyan, Curr. Opin. Solid State Mater. Sci. 12 (2008) 44-50.

S.V. Chavan, K.T. Pillai, A.K. Tyagi, Mater. Sci. Eng., B 132 (2006) 266-271.

A. Civera, M. Pavese, G. Saracco, V. Specchia, Catal. Today 83 (2003) 199-211.

_ V.C. Sousa, A.M. Segadies, M.R. Morelli, R.H.G.A. Kiminami, Int, J. Inorg. Mater. 1 (1999) 235-241,

K.C. Patil, S.T. Aruna, T. Mimani, Curr. Opin. Solid State Mater. Sci. 6 (2002) 507-512.
J.J. Kingsley, K.C. Patil, Mater. Lett. 6 (1988) 427-432.

A.S. Mukasyan, C, Costello, K.P. Sherlock, D. Lafarga, A. Varma, Sep. Purif. Technol. 25 2001) 117-

C.C. Hwang, T.Y. Wu, J. Wan, J.S. Tsai, Mater. Sci. Eng, B 111 (2004) 49-56.

X.H. Zuo, X.Y. Deng, Y. Chen, M. Ruan, W. Li, B. Liy, Y. Qu, B. Xu, Mater. Lett. 64 (2010) 1150-

L. Ganesh, R. Johnson, G.V.N. Rao, Y.R. Mahajan, S.S. Madavendra, B.M. Reddy, Ceram. Int. 31

(2005) 67-74.

[12]

(13]

(14]

[15]

(16]

(17]

T. Nitta, J. Am. Ceram. Soc. 51 ( 1968) 626-629.

S.V. Chavan, P.U.M. Sastry, A.K. Tyagi, J.Alloys Compd. 456 (2008) 51-56.

J. Xue, Y. Shen, Q. Zhou, T. He, Y. Han, Int. J. Hydrogen Energy 35 (2010) 294-300.

P.D. Pamesh, B. Vaidhyanathan, M. Ganguli, K.J. Rao, J. Mater. Res. 9 (1994) 3025-3027.

D.M.P Mingos, D.R. Baghurst, Chem. Soc. Rev. 20 (1991) 1-47.

R.H.G.A. Kiminami, M.R. Morelli, D.C. Folz, D.E. Clark, Bull. Am. Ceram. Soc. 79 (2000) 63-67.

10



[18] H. Mohebbi, T. Ebadzadeh, F.A. Hesari, Powder Tech.188 (2009) 183-186.
[19] C. Zener, Phys. Rev. 82 (1951) 403-405.

[20] N.L Solin, S.V. Naumov, T.I. Arbuzova, N.V. Kostromitina, M.V. Ivanchenko, A.A. Saranin, N.M.

Chebotaev, Phys. Solid State 50 (2008) 1908—1917.

21} E.O. Wollan, W.C. Koehler, Phys. Rev. 100 (1955) 545-563.

[22] W.E. Pickett, D.J. Singh, Phys. Rev., B 53 (1996) 1146-1160.

[23] G. Tang, Y. Yu, W. Chen, Y. Cao, Mater. Lett. 62 (2008) 2914-2916.
[24] K.C. Kam, A.K. Cheetham, Mater. Res. Bull. 41 (2006) 1015-1021.
[25] M. C. Roco, J. Nanopart. Res. 1 (1999) 1-6.

[26]‘ T. Yi, S. Gao, X. Qi, Y. Zhu, F. Cheng, B. Ma, Y. Huang, C. Liao, C. Yan, J. Phys.Chem. Solids 61

(2000) 1407-1413.
[27] N. Chaiyo, B. Boonchom, N. Vittayakorn, J. Mater. Sci. 45 (2010) 14431447,

[28] N. Chaiyo, A. Ruangphanit, R. Muanghlua, S. Niemcharoen, B. Boonchom, N. Vittayakorn, J. Mater.

Sci. 46 (2011) 1585-1590.

{29] N. Chaiyo, R.N. Muanghlua, S.K. Niemcharoen, B. Boonchom, N. Vittayakorn, J. Alloys Compd. 509

(2011) 2304-2310.

[30] B. Boonchom, N. Vittayakorn, J. Chem. Eng. Data 55 (2010) 3307-3311.

[31] L. Wu, I.C. Yu, L. Zhang, X. Wang, S. Li, J. Solid State Chem. 177 (2004) 3666-3674.
[32] J. Wang, Y. Hu, R. Zhang, L. Song, Z. Chen, J Cryst. Growth 263 (2004) 377-384.
[33] C. Weifan, L. Fengsheng, L. Leili, L. Yang, J. Rare Earths 24 (2006) 782 — 787.

[34] S.H. Xiao, W.F. Jiang, L.Y. Li, X.J. Li, Mater. Chem. Phys.106 (2007) 82—87.

11



351  N.Kitadai, T. Yokoyama, S. Nakashima, J. Mol. Struct. 981 (2010) 179-186.

[36} fip//rock.esc.cam.ac.ulk/pub/minp/UnitCell/

[37] H.P. Klug, L.E. Alexander, X-ray Diffraction Procedure of Polycrystalline and Amorphous Materials,

Jonh Wciley & Sons, New York, 1974.

12



Figure legends

Fig. 1 TGA/TGA/DTA curves of the precursor mixed in the stoichiometric proportion of Lag 75Cag 2sMnOs.

Fig.2 FT-IR spectra of the as-synthesized Lay 75Cap2sMnO; powders prepared using different oxidizer-to-

glycine molar ratios.

Fig.3 X-ray diffraction patterns of as-synthesized Lag,5Ca,,sMnO; powders with different oxidizer-to-

glycine molar ratios.

Fig. 4 X-ray diffraction patterns of Lag 75Cag,sMnO; powder calcined at various temperatures for 6 h with a

heating/cooling rate of 20°C /min.

Fig. 5 FT-IR spectra of the Lag75Cap2sMn0; powders (using an oxidizer-to-glycine molar ratio of 3.0)

calcined at various temperatures for 6 h with a heating/cooling rate of 20°C /min.

Fig. 6 SEM micrographs belonging to Lag 75Cag 2sMnO; powders synthesized using an oxidizer-to-glycine

molar ratio of 3.0.

Table headings

Table 1 Lattice parameters of the Lay 75Ca0,sMn0O; powder prepared using different oxidizer-to-glycine molar

ratios and calcined at various temperatures for 6 h with a heating/cooling rate of 20°C /min

Table 2 Average crystalline sizes, D, of the La, 75Cag ,sMnO; powder using different oxidizer-to-glycine molar

ratios and calcined at various temperatures for 6 h with a heating/cooling rate of 20°C /min
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Table 1

Compound Method a(A) b(A) c(A)
Lay;Cag3MnO; JCPDS # 83-1344 5.465 7.726 5.482
Lag 75Cay »sMnQ; in this work
As-prepared Fuel-to-oxidant molar ratios
2.5 5.4857+0.0180 7.8023+0.0609 5.5657+0.0884
2.7 5.5174+0.0095 7.7841+0.1093 5.6158+0.1641
3.0 5.4965+0.0312 7.7707+0.0233 5.5164+0.0333
Calcined powders (3.0) Calcination temperature (°C)
600°C 5.4306+0.0447 7.7305+0.0030 5.4706+0.0043
700°C 5.4622+0.0248 7.731440.0011 5.4732+0.0016
900°C 5.4648+0.0075 7.7358+0.0011 5.4708+0.0015
Table 2
D (nm) Fuel-to-oxidant molar ratios
As-prepared 2.5 2.7 3.0
12.14 £ 145 14.51 £ 0.53 17.53 £ 2.19
Calcination temperature (°C)
Calcined powders (3.0) 600°C 700°C 900°C
20.21+ 0.82 21.37+ 1.38 30.46 + 5.54
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