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Abstract

Lead iron niobate (Pb(FeI/2NbI12)03) nano powders had been synthesized by the partial

sol gel methods. The partial sol gel method had been developed for the synthesis of PFN powders

by mixing iron niobate (FeNbOJ powders obtained by the sol gel method with PbO powders. The

sol gel route provides new approaches for the synthesis of iron niobate powders. Chlorides of iron

and niobium were used as the starting precursors. Ammonium hydroxide was employed as a sol

agent to gel. The formation mechanism of iron niobate was clarified using thermogravimetric and

differential thermal analyses (TG/DT A) and X-ray diffraction (XRD) technique. Iron niobate

fine powders obtained from calcination of dried gel at 900 ° C for 4 hours was orthorhombic

phase at room temperature. The formation of PFN phase synthesized by the partial sol gel was

investigated as a function of calcination temperature and dwell time by XRD. A single

rhombohedral phase of PFN powders was successfully obtained for a calcination temperature of

900 °c for 3 hours. The morphology of the calcined powders of PFN was determined via

scanning electron microscope and particle size analyses. Powders formed had an average particle

size around 200-400 Dm. Confirmation of all elements in the powders was quantitatively analyzed

by AAS. These powders had good compositional homogeneity close to the stoichimetry of

Pb(Fel12NbI12)03·

The PFN powders from the partial sol gel method was pressed and sintered to obtain the

density at 1100°C. with a maximum sintered density of 95.8 %.
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•• ooi +4 2- •• .111lfl~V'UfI~~Ti U~::° lfl~V'U"'U~l'UU'U
. ~
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..6 0 'tI ' ..e .•• ,.C)f~'U1 fffll'jlflfl'U 1lfl1'ltlffN~mm:;fll'jl~U 1~••

2.9 UN'Ufl1'Vffl11lJlfftltl'j-UV~ffl'j1'l:mtJ~filpH ~1~'11~tltlfl9iffl'j1'l:;1'l1tl~:;'1ilfftltl'.i~ 19

~ ,~ 4 ••• ''''fl111111l'Umfl~1~~1C)f~ff~lfl~ fl~lflfll'j~fl~:;flV'U

2.10 fln~lJl~'j!l'U"V~fll'j~~fln'UUff~ 23

2.11 UN'Ufl1'VfV~fl1.h:flVU"V~lfl~V~1~fll'j~flfln'UUff~lfltlV:;~VlJ 24

2.12 ~fl1:IW:;"V~'I1~Vfl8V1'l1~1Ufll'Y1~ 25

2.13 'j:;UU1Nlffl'j 26

2.14 m:;U1'Ufll'jltl~tl'UUtl~~~ln~~'U''Ultl~1'~ 27

I tl •. ""'_.1 _.I ,. •••••2.15 ff1'U 'j:;flVU"V~lVflC)fl'jtlflnUn'jfllfllJl~V'j 31
••• fie. d ,

2.16 ff1'Utl'j:;flVU"V~lfl 'jV~' 1'lfl'j'jff'UVlnfl~'jV'UUUUffv~ml~ 32

..... 1" ,,. ,. .3.1 UN'Ufl1'Vffll'jff~lfl'jl:;'I1fHV'jVV'U 'UlV1U~1~tl11iC)fV~1~~ 40

4.1 TGAlDT A l'YIv11lJumlJ"v~1~~'V1VV'U''U lVlu~ 49

,.: 1'" 1 ooi ooi ••• 04.2 UUUVtlHfll'jlntl1LU'U"V~N~V'jVV'U 'U Vl'U~'YI1Nlf1VW'I1.fllJ600 C 50•••

lfJ'Un~l 4 <i11lJ~



" , ,
4.3 uuu6dl-3fl1'niiv11u'W'IItH~N 16766'1..11'1..1161'W~vil~nfimu'tfflij 700 ° C•••

dj'Wncn 4 i111l-3
" , .

4.4 UUU6dl-3fl111iitJ11U'W'II6-3fN'6766'1..11'1..1161'W~fil~1.yjmU'tfflij800°C•••

lrl'Wnn1 4 i111l-3
" ..

4.5 UUUf.ltil-3fl111iitJ11U'W'IIfJ-3~-3'fJ7fJfJU'U 1fJl'W~;h~lfi~W'tftJij 900 °c

lrl'Wnn1 4 -H111l-3
" ..
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2, 3 un: 4 i111l-3
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1.1 flll1Jlih.nnua:tllUnhfttlJ'U8~i1o"n....
i1~,,j'U -31'U1~ V'YI1-3 1'Y1Vlfna'~1 ~1~V1,j' 0-3n'Ut111ff -31fl11: Mia''J61gt1'Y110lCJf11fit1~1~

a'1J,j~'YIHt1ll a'1J,j~'YIHUa'-3 a'1J,j~'YIHu~mgt1 Ull:a'1J,j~'YIH 'n~l '~;'Ut11n;\lIll'Ulmh-3
, ~

9iolil0-31 flVlU rn: l'UfJ~a'lMt1111J61gml1oii t1M~O, n~1~11fl'U~0-3mffv-n'U Jl'Ut111Nii91fJtJt11W

"'.1 , •••d •••• .1 "1 ..•d ••• , "'1 ..•d •••~1t11a'~lJ1:1fl'YI flOlllt1'Y11t1 (dielectric) ln1 10lllfl'YI1t1 (ferroelectric) Ull: no CJfOlllt1'Y11t1

"'otl-.ij~~ ~d ..::a. '~OQ.l Q.oP .,,, 1"(piezoelectric) Ull:~1'Ul rh.., CJf-31a'~Olllt1'Y1101CJf111Jt1lMlll'Ut11ll-3~:~t1""9aJ'Ul1VfO')fth': V')f'U

1IJ" .fLflMlllt1MlllV\I'U

"1 oQ d .et. c:I Q,lQ' • .cl 0" ••." "a'111'Vh 1Olll t1'Y1'W(ferroelectric materials) 1Ja'1I'U~ lfl 'UMlllVOVH'YI~: 'Ulm ')f

.1 1 d' " a..r .IQ, d Q 4 .cl , ci, Q cl Q Q IQ" QlJ1: V')f'U'YI1-3f11'U1a'~01llt1'Y1101CJf1UJt11'U0-3~lt11Jfllfl-3'Y1 fI Olllt1'Y11t1~-31Jfllt111~qJla'V 'flO-

d Q ~ • .d~ ~1 Cl cl IQ, QlQ' -~ ,cl ~ 1lllt1'Y11t1~1 fllfH'YI1VfO CJfOlllt1't11t1~.:jUll:a'1J'U~'YI1-3nTtlull:U1I1Mllt10'U., f1Vm .•••l:a'11

"1 ..•d •• ~ ••• ~ ~ ".1 ,~ 0 , " ••• ,n'h 10111t1't11t1'Y11J91:t111111...!0-3fllJ'j::t101J~Qt11...!l1Jl')fU't1'UU'Ul1V1J'YI't1111...!~(barium titanate,

~ CI.I ~4 -C\clca fJJl ;.et • .cl, Q d Q od ~BaTi03) ~1Vm~NtI;J'1'UflO fJW11tJl1't1l'lf 1:lt1111Nl911Ull~1Jfl1fl-3'Y1flmlln't1Hl~" CJf-31111...!

tJ1: 1V')fU1Jlt1l'Ut11n'hia''J61gt1't110iimf 1'lf'U'th~11~'UtJ1:' ~1UtJll-3ffqJqJ1W ~19111~1f1Ufl'a'

1 I Q,I Cl ~ 11 Cl Q, QI f/ fll Q cl Q.J .:I ~ ~Ull: 'UUP-I'U.•••ll-3-311...!tf1V:lll'U91'UtJt1~ ~:: 'UVlI a' -31fl11:: 11a'111n1 1 Olll t1'YI1t1'YI1J91::t11l1J 'U

".' 1 .....• 0 ., ••••••••• '" 1 d 4 •••••• 4 0 i"0.:jfllJ1:: t10'U flV11it111'Y11lJ{)t11Vlt1'U 'Ua'fl 11::\10-3U\I-3M1011i'YI1-3t11Vm .•••fl O'U100t1 CJffl\l0-3

1 QI cl Q" et Q.I "Jd4 o,~ •••llM::1Jl'UfI Na'1Jt1'UUll:1Nl't1flW Mfl1Ja'-3\lOfl\l0-3t111 a'-31fll1::MU'U'U'Ut1flO'YIl ~tJ 11J1W2J1t1l111::" ....
. .. ~.

11fl1~flU9i~iii1qJM 11~0-3\1'Ulf10'4fl1fl-nl Mqj '~a'ihla'1I0 f11111'Uiq''YIii~1 f111f11'UfJ1J

".1 0 ,~ '" ••••• ~, ,,, 0 1"" lY..0-3fllJ1::t10'U\l0-3a'11'Y11 ~Wlt111t1~::lt1fl1l1rla''YI 1I~0-3t111 (pyrochlore) la'1I0 'YIl M~O-3 "JJ

fJW11tJfi' 1...!t1111Nla'n 61gt1'Y1101CJf11fit1~.:j1I1t1

lllfli0100'Ui'U 10l'U~ (lead iron niobate, Pb(Fe II2Nb 112)03) lfl1...!a'111'Umill~1::Qll

"1 .• d •• ~ ••• .:, ~" ..; I 1 ~ " 1 ....lrl1 101llt1'Y11t1'Y111~:t11111'U0-3f1tJ1::t10'U'YI'Ula'1...! ~1.•••11:111'Ua'11 0-3fl tJ1:: t10'U 1...!1a''J'YI1-3

•• d •• 1 '~'" i 1 ~ ".1 ..; '" 1 001llt1't1101CJfl1l1t1 f1VlU .•••l::OV1-3V.:jlllfl 0110'U 1...!0l'U~111'U0-3fllJ1:t10'U'YIfflflqJ 'Ut111'Y11

'" d ., t ... .J 1'" ~, •• d •• , "~11t1'UlJ1::~Mll1V')f'U (multdaylar ceramICcapacItor, MLCC) CJf-311fllfl-3'Y1 flOlllt1'Y11t1t!-3Ull:: ')f

fJWMtJm'Ut1111Nl~1
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~ Q ~ .c:u::td QI 0' "1 c:. cl "=' 4.:1 ~ ~ 0'.•.• , ••••.••.•~.:j1lfll'j fIf111iVI~~ ff .:J1m1:::11ff1'j l'vh nUll flVlmVlll~~ fl1llJ u tNfl1J 'j ~mm fIf.l11iVIH1flll
., ..

1.•••'j l~l~UlYlflUflfj' M'ff1'j fjijfl 111ltJ ~ q'rl1i~.:J i~'IIU1f1V'4mfl 1U'j::~tJu11 U 1~t:ltUl11Jijlufll'j

lFn~lfl'hiifll'j fi ltl~fi~f.l1flU 1U ffm1::'IIV.:J U~.:j1&n:::ff11ll'j(Jfi1tJ ~mf.l1flU' U 'j::~tJ 11l111fJll

..6 ••• , ••••• ' • .I_~ '" ••• , ••• '" 0' •• 0' , 1CJf-3~~llHn~VfflltJ~Vl1.:j l1n1'11V-31ffi'J1CJ1n1JflU~mtU'IIV.:Jfll'jff-31fln~l1H.:J1nfllV'jVVU U Vl1J~

fttJ111dvff-31fln:ai'lflviifll'jVll-31flij lCJfUiii81f1'jl'nv{1J6n (hydrothermal method) nfll'j

Afl91::flVU111l (coprecipitation method) iiCJ16nl~n (sol gel method) ~::ff1Jl1fY1111~f.l1fltJfll'j

0'. I , 0' , 1 .It •••• 0'. I '"fl1tJfJ llV-3fl1J'j:: flVtJ'IIfN H-3&nfI V'j 6VU U Vl1JAlUV-3~lfl1J ~1U1UV.:Jfl1J'j ::fl6tJl1 n 1V911Un~

'" 0' "' ••• "' •.1 .J, '11 1'''' 0'4 ~ " • ., 'Iff -31fln:: 11V1fl1J1fl1Jfl~::lfl9l1J1n ff'n 1J~V-3fll'j1ff1J6 U 'j ~111Hfll'jff .:Jlfln~ l1CJf.:JllJU'IIV~1fl91 LU

'" 0' 0'1 ~ d Qc ~Q ~ ~ 0'fll'j ff .:J1m1::11ff1'j n~ 'j 'j V1nflVl'jfl'n 1J~~ fl1llJU V-3m.h ~flt)tJ

" '".. ,.J '" 0' , 0' , 1 1 0' •••'nHH1~V~-3ffU ~VI~~ff-31m1~l1H-3infl V'jvvu U Vl1J91 91f.l11iftnlCJff.lnCJf6n1~nutJtJ••

, 111i~ -31lJU 11i~flfl;fu ~lfl! 11.lfl111lf1~1ll1J1.l1i fll 'j if .:J1fl'j 1~ ..11fIvu 11'rlflU flCJfvn!~ llun:::'n H

'" .It 'JI '" "' "'1 ..• c:f ••• ..I ••• .:, ~ "'.1 .4fllvm .•••Hff1JflUl ft vu flilw 111fll 'j ff -31m 1:::11ff1 'j 1~ 'j 'j 6!1l flVl'j flVlll91::fl1!1J U V-3fl1J 'j:: flVtJ CJ1-3u

I ~ Q4 .c6.:14".cI QI 0'4 , 'JI ••• , '" 1 4,. .1Q JfI1f111~::11JU11il1U-3V11J'IIVfI'IIV-3fll'jff.:J1m1~11f1Vf1H.:Jll~l6f.l91U'j~f1tJ1.l1 U 'nllfl111JtJ'jq'n1i~.:J

11 0' •1in~ i<rlV-3f1tJ 'j:: fl6tJ'IIV-3ff1'j ffih1 ffllV

u t.I ~ ••.u1.2 lf1«J 1::Q'~fl"6~fln19rJ

1. 1~Vffmn111ffm1::~1111J1~ff1Jlufll'jff-31fln::MH-31n91 'V{VVU'U lVl1J91191vii

0' •••

.•••1'j1CJfVllCJfVll1~n

2. 1~VAn~111fJtUnfllltU::'IIV-3H-3infl 'V{V61.l'U lVl1J91~if-31fln~11'~

.It '" ••• , 0' ,3. 1.•••V91n~111fJtUnflllQJ~'IIV-31CJf'j11lfllnfl V'jV6U U1Vl1J91

•••u
1.4 "f)UI"f1"f)~fl1119rJ

'" 0',0", 1 .1. ff.:Jlfln::l1H-3 V'jVVU U VltJA f1f.l11iCJfVn1~n

2. ff-31fl'j1::MH.:Jinfl'V{VVVU, U1V1tJ~~1flH-3iv{vvu' UlVl1JAfltJA~~1VVfl 'CJf,)

3. t:ltUl11Jijun~nn1~'f1ufl1'jUlfln iCJ1Uinfl'V{VVU'U 16!tJ91~ff-31fln~11'~

4. m1~111ftflllQJ~m""1~'IIV-3H.:J iv{vvu'u 1Vl1J91Ull~H-3inflivfvvu'u 1v1tJ91

5. A'j1~111nfllltU~m""1~'IIV-31CJ1'j1ijfllllfl iv{vvu iu lVl1JA



3

......_'"
1.5 1::IUrJUlfil~rJ

~ •••.••••.• " Ill" , 1 1 " .1. 1'1fl1:lnI011ff-31f111::11fHHl~ LOHIOU U 6111~ ~tJ11~111CJl'tJflCJl'Ofll\lfl

... " " t" I c$ "

2. 1~1tJl1PN '0100U''W 1011J~1~tJ11CJl'Ofll\lfl ''Jl'ff11~-3~'W1::1111-3111flflflflOh~(FeCI)

....'1 ... ' .. ..; I JIJI .••fl11 '1..1011Jtll1f1flO 1~ (NbCIs) Ufl::111fffl11::'YUl1111::ffl11'Jl''Wf111111'U11'U'W'U0-3ff11~Wl11Jl1

f111111~'WmAAH ~11'i-3t1~mtl11n'W~U...
3. ,hFH '01'00'1..1' '1..110111~n'~ 111~11\lff011ffl1U~'YI1-301tJtl1~Ufl::f11111111q'YIi1~tI

~ tI"; tI JI 11 ..la ••.•• " "3.1 "fl1:l10111 fltJ'WU fl-3'Y11-3f1111J10Ufl1t.f1f110-311011f111::11'Y1Hfl111J10'W

(Termogravimetric Analysis and Differential Thermal Analysis, TGAlDT A)

~ ..; " 11'" "" .•••.1 1'" "2.2 "fl1:l11rlff'YI910-3011fl1t11f110-310flCJl'11t1Al1U~1fl'YI1Jl~01(X -ray Diffractometer,

XRD)

(Scanning Electron Microscope, SEM)

3.4 ffmn011m::\lltJ~1Ufl::'U'W1~'l/0-30'l;{tl1f1~1t1 Particle size analyzer

4. ,hFH '01'00'1..1' '1..11011J~1J1lhtl~m tJ1fl11~::tt100fl , CJl'Al~tJ1ifll1ln~tI~m tI1' '1..1
c$ ••••••••

ff tl11:: 'I/O-311'U-3111011'YIH fl1 tl1l1'n

5. U1F·Hlr.~'ofoo'W''W 10111~~'~1J1~n\lff011ff1J~~'YI1-301tltl1'nUfl::f11111111q'\1il~tJ

"! ..; " "..la .' ""' •.1 .1 1'" "5.1 1'1fl1:l11rlff'YI~0-3011~'Jt.f1f110-316flCJl'11tJi'lTtUl'1fl'YI1Jl~01

~ 1 'I! JI 11 " .•• c$ I5.2 1'1fl1:l1f1Hffn-3'Y11-3~fltl1f1~1tJfl"C10-3~fl'YI11ffOHlfl~10'WU1111ff0-3m1~

5.3 fffl1:l1011m::\lltJ~1I1fl::'I/'W1~'l/0-30~fl1f1

~ "tI .••11 •••••.••• 15.4 "fl1:l10-3f1 1::fl611'Y11-31f111t>l1t.flfl10n~011~~flfl'Wl1ff-3~tJ6::91011 (Atomic

Absorption Spectrophotometer, AAS)

6. 1311CJl'11liflHl91'01'00'1..1''1..110111~~'~111~11\lff011ff1JU~'YI1-301tJfl1~

6.1 fffl1:l11~ff~1t.flfl~0-316flCJfI16Arll1rlm 1'YIlil910f

~ 1" 11 11 " .••c$ I6.2 1'1fl1:l1fI H ff1 H'YIl-3~fltl1f1t>l1tJflU0-3~fl'YI11ffOHlfl9110'WU1111ff0-3m1~

.
.tll:Co .qv

1.6 1::rJ::nDl't1't11n11l9rJ

'~1::tJ::l1fl1 1 iI
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,
et 0 .qv

1.7 umunmmnilrJ

f1W~i'Yltllfflff~{U(1~1fIf11U l(1V 1Jldhltlllitl~1')ftlgvh.J(1ff~fI111J

mu~in tllfflff~ { 1Jlf1i'YltlllitlL~tl~hl1i

"" u ~
1.8 UrJUlflWnlt1fn:

1. lafl 10100U' U 10nJ~(lead iron niobate; Pb(Fel12NbI/2)03; PFN) l11Jltlil~ffl~

_I 1 1 ~ "'1""cl "" dQ ~ ~ ~t11J~::flO1J(111:00flC]tfl'W1fllrh101nfl'Yl~fl'Yl1Jfl::fl11lJ'U0~f1~::flO1J

2. '0100'U''U 10nJ~(iron niobate; FeNb04; FN) l11Jltlil~ffl1l1~:flO1JOOfl'C]tA''U0~

lnl1::u'Yl~'U~ci'Ufl~1JAB04 ~ijff1J,j~lrt'U9i1thh~vh
, ~ <t 1 ,,~ .1 "" Q "'13. ufln C]t'U(calcine) 111J1VtNfll1lr-n 11llJUfHffl~1J~~flO1J0'U'U'Yl~tl'U1JnVlfllff

OOflcJfnl'U

cu:::l -' Q .4 oQ.c:I .cs 1.14. 1ti'Wl~1C]ttln9fOnnlfl(partial sol -gel method) l11Jltltl~1tifll~1~~tl1Jffl~ ~::flO'U

OOfl'9f~U1J'UNff1J~:l1-h~in9fOnl~nU(1::infll~lfifltl~m tll 1U fftll1~'UO~U~~

""Q <t Q , ~d'l"5. 1ti9fOnl~(1(sol-gel method) l11Jltlmfll~lfl1tl1Jffl~t1~::flO'U00fl9ffl'Yll')f9fOnUn~" .
l~nlrtu9i19i~~'U

Clt4 0 _IQ~ 1 cl <t Q6. 1tifll~'Yll1Jgmvl 'Uffm1:'U0~U'U~(solid state reaction) l11JltJ(Nm~lfl~tl1Jffl~

tl1::flO'U00fl'C]tA'~'~fll~1JflNff1!lnl1~OOfl'9f~' UffmU~'UO~u~~

1.9 1.11:trJ'n1m~11Jilltlm119rJ

1. '~fftll1~~I111Jl::ff1J'Ufl1'Sff~lfln::»N~mfl'0100U 1u1011J~

3. 1~ff1Jlliifl1tlm'W'Ul~tI'S::fl11'U0~N~mfl'0100U'U 10nJ~

4. '~ff1Jlliifl1tlm'Vf'Ul~t1~~fl1~'UO~l9fnijfllafl'0100U1U 10nJ~



•q
1J'fI'fI 2

1 ,J!'" ••.•.••••.••.• "A I , " •U flft1Hlff1'J'.i1:j 1980's f11Jfll1'Yt~U l1lifll'HY ,:Ufl'n:'Ht'l'U1J1:flfJ1.JfJfJfl CJf~1'lf'IJ

U1.Ji;V1JhU'UU~ (barium titanate, BaTi03) lft~lCJffJ11f11U~''VIln1U~ (lead zirconate titanate,"
Pb(ZrI12TiI12)03) Uft:lftfl''VII'VIIU~ (lead titanate, PbTi03) I~U~U n-31ult1"fJ-3fHft:16Vfl ila'1J

'A.l "4 1"'" .....•..•. , ..l_~ ,cl •• 4 • 'A 11"1.JHUft: "l1.JfJ1 l'YtfJ 'H1Jt'l'1J1.Jfl'Yt1ff1:j'VIHfllVfl1'Yt"TO U1Jl'Hftfl 'H1fJUt'l'~ CJf~t'l'11J1H1U11J 'If

,1!'1 ••.• " Al , 0' 1"· ~ ''''1'''cI .••-31U f1&U'Hft1V'VI1-3 fll1t'l'~lfl'i1:'Ht'l'111J1:flfJmlf.lfl CJfflt'l'11J1'if1'If'VI111JUt'l'11'YtfJ CJffJlftfl'VI1fl

,.I "1 .•.cl ••• 4 1".1 1 ". , I " •••• ' •••• .fl!J ~U!l ••..••..UCl::&n~ HllClflfl~fl CJf'l '111J1: tI'I1\H'nU '1-HYflH~lUflln~f1111J~1~fffltl &""1 ~11~n~l\nJ

••••• ,d/ •••• cl A I ~"i .... , ...,. ...cl ""A It'l'tyty1W 1:1.J1.Jfl111J~1111JtI~~1lfl1.J1J':i:~ IlJU~U UtlU1f1~~:1Jfll1U1t'l'1'i 'YtfJ1CJl'fJlftfl'VI'ifl1J

" " ~ ' 1 "4 1" ,. ""':i11J1'lllfl1.J'YtfJftl1JfJ1lfl~l1JUt'l'11t1':i:flfJiJ 'YtfJ CJl'ICJf'i11Jfl-'Yttlftl1JtI':iI'YtfJ 'lftl 1: lV'lfU ~ 1U fll1 uti ft'l

....... "
t'l'tyqj1W'I11t1'V11~fll1U'Yt'VIV(Haertling, 1999 :799)

.•• cl ..•• , 'I'''' A I ,. , 0'4 ••.ffl'iOlftfl'VI'dfJ1'lJt'i11Jfl (electroceramic) ff1U 1'HtymJt'l'111J1::fl3iJ l~\'I1:fJfJfl CJf;tCJl'-31J

1.J'VIiJ1'V1mh~1J1fllufllniWlU11'VIfll U Ift'fj01gfl'VI'if:IUflff iJ~~uu 'lliifll1fffl1:j1t'l'1JU~'VI1~ '~ft1

QlQ , , , cl Cl d Q !It Q,I clod. QlQ Q tJun:: t'l'1J1.J~fll-3 1fJVl-3 u'Ytnt ft 1V CJf-3t'l'11fJlft fl'VI1fJlCJf'il1Jfll1JU 1t'l'~ 'VI1Jt'l'1J1.J~'Ytlff1:j1U'Yt1::fl1U ~11J

.•• ~ "AI .,; ••.••.•••.• , I' " .fll1 lfl~"U ~lflfJ-3f11J'i:flfJiJ'VI1Jtl~1 IU'Yt1::~11Jfl 1J'YtiJU li 1':i1J'lf1~ fl 1::iJ1U fll1 t'l'~lfl'il::'H'I1 1fJ

..•.~ , 1'-'4' · cl, " ...;.... " ,.fll1 Iflfl"U fJ~fl1V ~U~fJU "'H n 1VfJtlHun::fl 'I11t1UiJ1.J'VICJf'UCJffJUun:: m 'Yt1:1 ~1::~-3 lflVlU'Yt1:

,.c:. QlllQ ~, _~, d QI 0 cL=- , .:I, ....cl .••fJV1~V~t'l'1J1.J~'VIHfl1Ulin1 Ut'l'1'ifl~~1U1'V11JfI1f1~'VIflOlftfl'VI1fl (dielectric constant) tl-3 1~:"
'1li'1.JflUt'l'u1 ~, ufllnj 1t'l'uirU1J1'ti11fJUfJtlmw 'VIH~hgfl'VI1fJUmf l'JfU ~11~'UtI'i::~I'Yt'i1:

• ...;, ••• cl .••• cl":'. 1" ....cI.1 cl 4 ••.. A I " ..••cl .••• "f11f1~'VI flfJ1ftfl'VI'i fltl-3flV~ 'VI1 'H"'IJ1fl~ 1lfl'U 1J1::~mflft~CJl'~I'H1J1::fl1.JfJ1JmW'VI1~fJmfl'VI':ifJUflt'l'"
, U iI~~UU t'l'11Olg fl'VI1fJ1CJf'ilijfll'Hrl1U ii1J1fl1J1V '11ft 1tl'lfU ~ , Il urlOWlflft1~ fJ1 (insulator)

!'llIo' ••.• ~" ••.• ...;llifJ1 &'i'VI (ferrites) t'l'1.Jt'l'1'VI1~(substrate) IlJU~U ~~~1'il~'VI 2.1
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,
.et AI AI 0' AI 1 0' '" cl '" COlfll11nl 2.1 Uff~-31J1:afl'YIfJ1Jfl'H1U1f1::1J1:: V'lI''U'lJ0-301flfl'YI1mCJfn1Jfl1J1-3~1 (Bhalla, 2004 : 5)

, "
ffl1fi1'l1'

U1Jl1V1Jff'YI10'U1crV1J1'YI'YI11'U~

If'~ 10foo'U1'U 16l1J~

lfI~lCJfofl f11'UVI

lfl~ 1't1'Y111'UVI

U1J11V1J' 'YI'Y111'UVI

U1Jl1V1J' 'YI'Y111'U~

ff'YI10'UlcrV1J 1Y1'Y111'UVI

, cl

ffllU1Jl'tfflfl

'"
0~1J'J1

••

'" ••• , 0'111J1f11'W1J00fl CJf~

"'... , 1 0'Ofl1Jl'UV1J 'U V11~••

BaSrTi03

P(Fel12Nb1/2)03

PbZrTi03

PbTi03

BaTi03

AIN

1ff61 CJf61gfl'YIifl

1 "'1 '" cl '"ffO CJfOlflfl'YI1fl

1ff61 CJf61gfl'YIifl

!1'U10cr
lr. •••

!1'U loCJf

!1'U10cr

1.11::lv'lI'u

1Y.G1 '" cl "' ••'JIl'U1-3V161f1fl'YI10'Uflff

1Y.G1 '" cl '" 0''JIl'U1-3V'S01flfl'YI'S0'Uflff

,,p •••'lI'f11'1..1fJ1JfJru'tf 1.111

1~f111JfJ1JfJW'tf~n

,,, 0 , cl'lI''Y11111J111f1fl

1~fil!1'U 10cr

'~fil!l'U 'ocr

1"0 1'"'lI''YI111'U OCJf

'tf1J1Vl'tf~
JI

M· 1fJ'Ulf111::1~ , 1';'U Mg, Ba, Mn, Ni, Co 111Jl1-3 Fe ~1V
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2.2 lU~'ft6Iaflfl;fl (Dielectric Materials)
• JI

1ff~ '~OL~flfl1m;h..l1ff~n hit1 1m::Uff1 W~1l'116tm)flrln11LrJ1..I~ 1..111..11~~1 ~-3lJ1..I

'~11::~-3 hiLrJ1..I1ff~ '~OL~flfl1fl U~1ff~L91~ 1jjflu~::""f6aUJ6~~h1..l 111qj~~L~1..I1ff~ '~~h~flfl1fl

•••••••..: 0 •••• ~ 'a.UlI .•• d 1'" d ••• od ~ff1J1.J~flff1tltll'll6-3fl1~L1J1..I~1..I11..1l1Ttl tl6 tl111JU'll-3UH ~6L~flfl~fl (dielectric strength) C1Hl1J1..I

tJ11J 1tu ~u ff~-3 0-3tl111Jfl1..Ifl11..1~ 6tl111J~ Hflmi''ll6-31ff ~ 1~ 0 L~flfl; fl~-3ij fi 11yj101.Jflmfl ~~ 1

~-3r{~~'~6L~flfl;fli1-3tl-3 141-311..1'~'~V 1,jln~tl111JLaV111v9i6tl111JV1111d.:J111l1V (potential
JI ••

gradient, V/mm) IIt'1::ff11J1'Smhfi1L11fhU 'tJ1 41tJ'S::lv'.Inrlfi611amav-3fl1'S~1JL11t'11f1H 1~~1

(electrical breakdown) 1ff~tCJf'Slijfl~fl 141-311..16fh-3fl~1-3'll11.:J~h11i'l.JLrJ1..I~1..I11..1'~~11~vijtl111J

fl1..I'~Ot~flfl1flU~::fffl1'n~11..1f111..1 '~~1~ .:J1J1fl

2.2.1 luft'-woleuouiflfl;fl (Piezoelectric Materials)••

.• ~1..., ...d •• J! ,. ~ ~ ""IJnfl~fl1~tu 'n6 916L~flfl'Sfl (piezoelectric effect) \Ifl'l'11..lY41.J&~VIJU6~u~:mltl t)'S

1 ~, 0 , , ••• , ••••••• ~ ••• 4(Pierre and Jacques Curie) 1..IIJtl.ff. 1892 tl111 'n6 91 (piezo) 1J'SlflffY4f11J1~lflfl11:11mfltl6

, od a' I •••• .et .oS 1 JI , "'1 d •• 'a.'_~'n6911..1 (piezin) CJf.:JUIJ~11UH~1..I11~6U'S-3fl~ t1J6 11UHfl~ffn 'n6 91fl~::tflflm::Uff 111'41

••.. ~ ~,f.••.1 0 I '" ~ J1 ••• ~66fl1J n1fl1 ff ~1..11..ItJ'S 1fl{) fl1 ~tu 1..Itfl~'ll1..l1~ 'n l::U ~.:Jfl t'Ifl'S:: fl1~ 6N~ fl~:: fl'S:: "J1..I111tfl~'ll1f1 H

' •.I-~ 1 "'..: ~ , ,... od ..:..: 0 1JI ••• 1 _~.1111'411..IN~flfll1J1..IUl.Jl.J1J1J'~fl.:Jflt'll-3'll6.:Jff1J1J1~'Sfl1~flUHfl~L111..1V11..1111Lfl~m::uff ~1'41'll1..l
JI ,

Ul;Vfl11 tJnfl{)fl1'Stu1'nolCJfOtgflfl1fl 11..ImWnffl'S ''nOl910t~flfl;m~1..It91'Sljjfl~dh 1Htn~

., 1 _~.l ••.•• , JI 0 , •••• ~ .et 1 ~ d •••IJ'S::' ~1'41'll1..lt1J61Jfl1' 11UHfl'::fl1f1Hfl~~61ff~1..I1..I11 'S6 1..1fI Hflt'll.Jfl1..l1ff~1..I1..Ifl~::1Jfl1'S

ttJ~V1..IUtJt'I-3'll1..l1~1~trt6ijfln 1H'fl'S::Uff1 W~lt'\;' 1 tJ ~.:J4i11..111..1tJ'S::,1~~1~tnfl;f1..l1116'll1..l1f1~
lQ d : J 'CLI" QI :

lfl~fl1' 1tJ t'lV1..IUtJ~.:J1..I1..I~::'ll1..l6~fl1.J6-3tltJ,:: fl61.J'll6-31ff~1..I1..I

tJ'lfl{) fl1 ~w1 'n 019161~ flfl1 m ~1..1flUttJ~V1..IUtJ t'I.:J'nn.:J-311..1fl ~ L~1..I'nn.:J -311..11~~11116

Y4n.:J-311..11w~lt~1..I'Vfn-3.:J11..1fl~~-36i1.J1v1~'~Vfl1,ri~1'SW1'StJ~ 2.1 (fl) ~ijfl1~~f1t;V.:J'f1 hm-••

'1Jt1J1..I~4i11..111..11J1fl11..I111l1Vt91~t'l1tJ11..1f1Ht~V101..ll'h 1Hlnfl1'Vft'll hL91cM1..I(polarization) ~ij

a' ••.• , J! od "'.' ''''.' J! od ••••••• ..:IJ'S::'1.J1m11Jfl1..l6gfl1-3~11..1111..1-3'll6-3Nt'lmm::IJ'S::~t'I1.J6~6flIJt'l1V~ 11..1111..1-3t1J6'Vf~l'SWl~IJ fI 2.1
I

('ll) U~:: (-3) ~::'Vf1.J11

.It 4 ~ d SI ~ Q .q ~ QI

(1) L1J6fl~ (11~6f1.:J) N~flfl111JLfl1..l (s) ~::LMlfl111JLtl'SV~ (e) ~11J6~1ff~fl1J6~~ff'll6-3

••...•• ..: ••• .1 .,..:., , 1 od I , •••••• ,. , ••••1ff~U~::tl111Jltl'SVflfltfl~'ll1..l~::IIJt'lV1..IUIJt'I-3'S::V::flH ~ 'Vft'l(d) 91-3ff-3Nt'IIJV-3&'Vft'll'St91'.111..1•

~ ,,", ..: J! 1 , .....• d "".'(£.JQdN) 1'Vf'1:: Q Ut'l:: V 1Jtl1tl-3f1 f.l1 'Vft'l1 'S191'Jj'1..It'I~t'I-3(11..I6.:J~1fl~flfl~ d t'I~t'I-3) fl~::1JIJ'S::'
• JI JI

6d111..11u1l1..lntJ~lvfi.:Jff6-3'll6.:JN~mm::1I1tJ~1Vfi-3ff6.:J ',j'~6d~601.J6:: 1'S 9:: ff11J1'S(l1~fi1fl111J
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, ••.• 0' ..; "'" .1 1~.... ,.1 ,,, , ••.• i..I-~ "'"cl 1!9lHffflV (V) 'Yllfl~'IJU ~ ~-3Uff~-3U'iu 2.1 ('IJ) U91fl191Vfl'Wfl'i1J"N~'iTfl't1VU'lfl91'iV'W~::v1V••

o , .1 " .I i.l ••.•"'" .I ••.. 1 _I";9l1U'HU-3~lflu~nV~l1U'HU-3uV-3Vfl~l'W'HU-3~-3Uff~-3Ulu'Yl 2.1 (fl)

(2) ~1'1iiifll'i 1rlfl111l~Uu~l rlfl111l~1-3ffflrJt~11U1111Mfl111l'HU1UUU'lJV-3U'i::11~1l~U
• JI SI

fiUa1Vl1-3ffV-31~VU'i:: 1a1Jfllvl 'WBaTiO) ~::~fl~-31~1'H1.u11J1flua::U'i:: 11J1fl~::~fl~-31U

"'" ....~ ,~ .1.1 0 1"1 0' , 1 .:..1 ....0 1"'Ylff'YlH91HflU'U11l~1l1fl'IJU .-3UVfl~lfl~::fl1 'H 1l11lU91Ua::'i::V::'YlH~ TfalTfll'UUV-3'Yl111

'" .:..1" .... ,.1'UU1~'UV-3Nafl!Tfll'UU~1V~-3Uff~-3Ulu 2..1 (-3)
SI SI •

~-3tTu1ff'J , TfV1.Vlgfl'Yl; flff11l1'i t'lUff~-3U'i1flllfll'i or'UV-3fll'iiiffU 1111~Tt11Ulff'J li'iV

1~i'1Jfl111l1flU~lflfllVUVflua:: 1UflH91'i -3nU'r;11l~::ln91fll'ilugvuUUa-31;r-3fla ('UU1~)lrlV , ~i'1J
• SI

ffU11li~Ttlfnvuvfllff'Jfiff11l1'it'lUff~-3ffll,j9itmhu 1~un BaTiO) ff1'ia::a1V'lJV-3U~-3PbZrO)-

'" 0' ~"PbTiO) ua::Nafl'UV-3fl1fl91. (Si02) luU91U

lumw'lJv-3 'i'rfvlC]fvlgflVl;fl!C]f'i1iimjfl~::u'i::flV1J~1ma~Vvfl 1C]f'fl1'YllfllUVllVVfl 1C]f'fl
• SI SI

lC]fv{lfllU91Ua::ff1'i1Pi11~1l(additives) fill1uvvfl 'C]f,l'IJv-31al1::11-3ijrl1UNffll'IJU1~ua::IU~H

, ""'1 "'" cl "'" "'" '" I •••• '-11 .1 , 1" ,f'rfV C]fVlafl'Yl'imC]fnllfl~::llfl111JU91MIHflU u ~V'lJUV~fl1Jafl'tlW::flU ')j'-3lUUVfl~lflU

I .cl 0 , ""'1 ~ d ~ ~ 1 JI ~ fJI , 0 :flVUVl~::U1m1 'rffl .flU'lfl'Yl'ifl!CJf'i1llfl1l1 ')j'-3lUUU~::91V-3N1Ufl'i::1J1Ufll'iVl1'U1(electroding)
SI •

ua::fl'i::1J1Ufll'i lrl.u1~1VffU11l '~Tt1U'i -3~-3nvu l'WV1111M1~11lU'Yl1-3'~Tt1iifll'i~~liv-31Pi1 1U

1Uii ffm-31~V1nu nu iiff'Yl1-3'UV-3ffU111, ~Tt1

tUft ••••••••••••••

(n) ('I) (11)

r
,1

J..

.... .,.••••••••••.•tj I~

I I I J

---- ---- ---

-----~------ .

3t.1~2.1 lff'J iTf61.61gflVl;fl (fl) '1iiiffU11l i~rh tJUrJflaHU'i::11J1flUa::U'i::1a1J'1ivd~

1~V1nU,('IJ)lrlfl111l~Ul~1 iu (fl) lrlfl 1111lPiutoU'liuua::ii'Yll-3 lMi~l~U (-3)lrlfl111l~Hffmj'~lfl
0'

fllVUVfl (lff11'i~U, 2543 :45)
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2.2.2 1&J~t"it16tDnn1n(Ferroelectric Materials)

, 'lJi1~ ~UtHY11ln fh fit~fl'Yl1 fHGJt~i1iifl(ferroelectric ceramics) lh11'lJ ~hflty~v~mUl'YlH

"'" d ""' ••~ I •• "'" d "'" " d 0 01 , , _~ I 4 ~vm fl'VI1V'lJfl ffL1J'lJ6Vl~1Jlflffl1ln 61 h V Ulfl'VI1flUfffl ~11'lJ1'Ylfflfl f\! 'lJ'N U'Yll~ n-nlfli'll1fl Vl1J'lJ

i'Jl~utln:, iifll1ltlgV'lJUtJ M 'YlH~ 1'lJ61JrfUfl'lJ '* (impedance) lrlVfl 'Jl1Jrl'UV~fl11' cNn'lJ

ltlgV'lJ' tJUi'l~ffl1J11tlltJgV'lJm;U' tlmlU1Jl1~11'h~tYf\!f\!lW 'Yll~' n~ltiU'YH;~~l'lJ 1'lJ1t1~'lJ I:)

ild I •• , "'" d "'" d .••" , 0 ~ 4 ••• ,11i'llV 'YlNl'lJ1Jlffl1ln1 1Vli'lfl'VI1fl'VI1JNff'lJ ~'Yllfl1Hlfllllfl6 U1J11V1J 'Yll'VIl'lJfI
.•.

li'lfllGJtvf'fll'lJfI 1'V1'lJll'lJfI li'lfl 1vf1V'lJ''lJ 'VlUflUi'l~li'lflU1Jflil1.V1J''lJ 'V11JfI (lead magnesium

~" "'" 01 , , , I "1-1~ 01 .,....niobate, Pb(Mgl13Nb2l3)03) m'lJfI'lJ ~l'lJ'J~Vff'J'lJ 11qJ~~ll~l'lJ'lJ lJtl~fl11'Yf~'lJlffllUfl'UV~ff11

I ,1, "1Y.,1I01 "'"d , d.•• 1 ~ '" "'"d.••111i'l1'lJ 11 'JJ ~flUVli'lfl 'VI1fl (electrode) fl1l11fl1\)fl'I'J1I tlfHffl1J1Hl ')ffl1~U'J'lJfl11Ni'lfl'VI1J
• J1 •

ffll-U~ff,jl1ffllV't]flfli' ~fifilfl11Nilfl (reproducibility) fl11i'lfl9T'lJ't]'lJlflV011' cNl~'lJtiUU'Yfi'lli'llAV1J

(silver-palladium, Ag-Pd) L11'lJi'J61~fll 'VI1flU'VI'lJ0111cNU.•••i'lli'lL~VlIVdHl~V'J 1'lJ011fili'Jl~U
• " JI .,,,.

tl1~~fiiioM'lJ'U6~ 'flfll~fl'VI1fl11i'llV I:) oM'lJcUV'lJti'lJV~Ui'l::ij61~fl''Yl1fl;r'lJ1~ 11'iHoM'lJiiVfl'flv'ti1' tI
SI tI ••

·il i'Jl~Utl1~~lGJt11iifl11i'llVoM'lJ (multilayer ceramic capacitor, MLCC) U'lJff~fifflflqJ6dl~

11rl~flV fl11i'lflfJW 11.Qii1'lJ011lNl'UV~ffl1 'flfll~fl'Yl1fli'l~ t.i'lfJW111Jii1'lJ0111Nl~1 (low sintering

. d 4 1"tI •.d ••""'...; .1'11tempemture) flffl1J11tlli'l6fl ')fl V1lGJt'lJfll~'lJ'VI\1~'U'lJtI

o ~ 1 "01 I 0 1"..• "'"11 1 I 4 I 1 ' "tI 01fl'Jl1J~lmU 'lJ011i'lflfl'lJ't]'lJfl~fli'l11'V11 11l1011flfltl'lJffl1 111JCJf~ff'J'lJ 11f\!~~1l~ V~

d.•• .:, ~ "tI , .:, 'al"OI 01 •••, •••••• d •••• ,ff11fl1JfI~fl'Jl1J'lJV~fl 1::flVU (lead-based system) flVfl'J lJ1~flfl'lJP. 'lJ')fV1Ui'lfllC)f{J11n1 1

"'"d "'" tI ..• d •••.1", "'"d ""' .••01 I IVmflfl1fl (relaxor ferroelectric) ff11 1~1tl'VI1Ui'lfHCJfVnn1 1V1i'lfl'VI1fl1Ji'lflllW::lfl'lJflH~lflffl1

lnfh6l~flfl1flfh'tl2 tl1::011

, d, "'"d "",.1 01 d 1"1. fl1f1~fl ~VLi'lfl'VI1fl'U'lJflUfl'J11ltlfl11 ')f~1'lJ

2. fllfJW11tJiit]'i (curie temperature) 1,j'~iitlitV~flllAtI'J flnl1flV fJW111Jiitl'il~'lJ

""',...; ••, "'" d "'" 4 "'" ••, "'" d "'"fJW11.Q1J'lJ0111tli'lV'lJlnff~lfHn1 1V1i'lfl'VI1fl111Vfffll'J:mV'lJflln1 1Vli'lfl'VI1fl (antiferroelectric

state) 'tll~'lJfffll'J::'Yf111VL~flfl1fl (pamelectric state) J'lJ')b~fJW11.Qii'Uv~fl11LtlgV'lJ~fl~H

a I"'" •• 1 "'" d "'" I ..:. .1 .•• "",.1 .:, t ~lJ 11J1W'UV~111ff""111Vmflfl 10 ~~ flVV I:) l.•••1J'U'lJLlIVfJW11.Q1J\1~'U'lJ~'lJfl1:: fl ~Ln fffl ~111J~fli'llVL1J'lJ
• J1

.•••11161~flflifl')b~fJw 111Jii'U6~fll1LtI~V1..unff;jV1~fl~1~tl1~1J1W 100-200 0C

••• "'" tI"'; d " .•• d •••• , "'" d ""'.:l'lJVnlflfJW 111J1J'UV~fl111 i'lV'lJLnffflfl'Jl~'UV~ ffl1t11 ::lflfl 1Ui'lfHCJf61Ln1 1Vmflfl1 fl'lJ

vb' M'fllf1~~ 1fl6L~fl'VI1fl~LtlgV'lJ 1 tlfll1J6W 11fliiii ,,j1JlmJfl i1fll111ti'lJL'dv~lInlflfl11 LtlgV'lJ•••• "11

.,.... , ~ d ~ •• QI cl .:d~ , Qd 1ffllUfI'VIH flVli'lflfl1 fl111VfJWfIl .•••'UV~f1'JLflUtl1::~'VIlIfIV fJW111.111fl~:: 11l1fl tI
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_. Cl d cfdaJlo ~ QQ,I QI 4 QI cflff11 u 1~111'YI1ua fll CJf61'YI1IN'YI1fl11 nfl1:l1 Ua ~1~tlflU 111fl fl61 a~ u a U 1'Y1U 111CJf61 fll U ~••

''YI1'Y11U~(lead lantanuam zirconate titanate, (PbxLal-x)(ZrxTil_x)03)' P(Fe'I2NbIl2)03 1116 PFN
"

ua~Pb(MgII3Nb2f3)03 1116 PMN ffl1111rl1U~~6g1ufl~1I'U6':) AB03 I,tUl~v1ntJutJlivlI''YI1'Y11U~

1..; ....1 •••• 1 ,..; " •• ~ ••• d "~tI'YI A ~~lIu1~' +2 ua~ B ~:1Ju1~' +4 111flU~tY11'Y16~ff1U'U6-11A 11'i6 B l1JU'mafllCJf6n:" .
••• , ••• , ••• , " ~ ••••••••• ", , 0 1" .1 .1'" '.11I111flfl11 1 "'U~Ua~6~flU6VH 1Jl1JU1~ltJtltJ6fl'YI-ll~6-11 1J'YI1l1Nan1J'U6~u1:'luatlU u

1'nn~~~1jNal'i1 1M'fi1fl1111~lU'YI1U 'v4'~ha~~la-ll~16th-ll'U6':)ff11111flfl'h 1 ".u~~1j6d1 UtbU

'U6~ B l,tU Zr4+ ntJ Ti4+ 1u Pb(ZrxTiI_x)03 ua: Mg2+ ntJ Nbs+ lu Pb(Mgl13Nb2f3)03 ,tUI6~

fl11ffl11:l1ua:fll'i1VV 1~tlfll119i1Jffl1~U C')a~hl1u PLZT, PFN ua: PMN 1~6li9l/'Ulff1J,mflH

1"....1 •.. 0 •••• '.1 ~ P "..;. .s...:. ..• d •••.l ,C') . 11~'lIUV':)fl~~11UU~6 u U6fl~lflfl11nfl1:l11'lUfl111'n6111ff116UC') 1'Vt1l1~1Jfl1J'lIUl'JfU

Pb(Zn'I3Nb2f3)03 1116 PZN 1116 Pb(Ni'I3Nb2f3)03 1116 PNN (Nair et aI., 1996)
. "

lij6-W~ 11W1ff .fl1'nij,j 1'l16':)fl16~CJfl~Ufl11 v~li tI.:)6:~ 61J1U111J1tI1CJfml~: lr1UUtJtJfI111

• !"1i1 ' ••••••••• 1 "" ...1 .1 P d et ••• ~1'n'n:l1U1t1lCJfaa 111ff11111Cl~~11V':)~1 1111~6fl ~tlua1V~I1Ul1U':)'U6':)Nafl~:lIff.fl1'nl11UtJ1fl

.1 ••• " d ••• ~ """" et , • ~ltrll 6Ua: ua 1t16fl~ 1U 11U ~ ~:1I ff.fl1'nl1J1..Ia 'lHffll t16fll'JfU fluu~Nafl'U6~ BaTi03 ~~ 111111..1

• ~ 01 ••.• d .cl ';'.d.cl d " 4+ 4 d~ 2..l'JfU'U'U ~.:)1u'YI2.2 CJf~fl111fla6'Ufla':)1'ntl~mflU6t1'U6~ Ti (Ua:fl111fla6'UfI'UUa~'lI6~ ° ) tI~

~ •• ~ •• ., ., QI 4 1 0 1tJ cl : "QI Q l, .1lflAflaflflllafl1:lW:flatJflU111116'Ul~ 1 'Ufl1 ~tlfl fl1 11ff.fl1'n1J'U1~ H'lI111flU ua~ tY.fl1'rf1J'U1UtI:
. " "

ltJ5t1'UflfttJ '~1AVfl11 1ffffU 11JU1i111g fl 'v4,yh.fllVU6fll,r1' 'lJflI11Jff11J11Cl1Ufll'iflfttJff.fl1'rf'li1U

••••• .1 "1 ...d ••••••••• d ••• 0 1Sf •••• .1 "1 ...d ••• 1nVfl11 ln1 161aflfl1flCJf~ (ferroelectricity) CJf~1JNafll 11lflAln1 HlU1tl'YI1fl Al1J'U

(ferroelectric domain) 1,tUl~V1ntJ l~ll11..1~lfi~ 11..1ffU111U1i111gfl~~Uff~':)1U1tJ~ 2.3 l~vu9ia:
. "

1~ll1U~: tJ1: fl6tJ~1t111 U 1t1lCJfmffiff.fl1'n ij,j1111i16U nuua: ~ flU ,j~~1Vfl1U 'n~1~11J'U (domain

wall) ~~ffl1J11Cln1V~hu11U~ '~~1t1ffU 111'v4vhmvu 6fl
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(0)

. ,,"
1t1n 2.2 ~l'nrln'jfhgfl'Vl~fl (BaTiO) (0) ~fl1~ij,i'J'uo~ ('U) ~fl1~ij.y10"Un'U l~w~~

A"; -+4 2_".r ~ 0'Lfln{)\J'Vln~Ti un~ 0 Lfln{)'U'U'U~l1'UU'U(Ln'11'j~'U,2543 :45)

"
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•t,•4+~-..•.., t,,4,,,)-.-I, ,t444,4,++,, tt+4+4•44

t
,t•,,4,,,, ,t,,,~••4,
,,•,,•,,•

t
,,,4,,,,,

1=~

I ,"

lU"2.3 lrlfh(hgfl'YI~O lf111J'U'U{)-3l1\htJlClfn"'n{)g~f1"l n'U ~~Lnfl~fl1Yfij.y11l1ij{)'Un\Jun::Qo

mhm.lfl1l1tJfhUYf-31f111J'U(L~l1'i'ilU, 2543 :46)



12

t11'iii 1~nJU1U1ff'JL-n{h6Lgo'VI~m;, 11fLn~1.:jiffL'VI6~t)fff (hysteresis loop) 1U ffUl11

'-nfh~.:jUfftl.:j 1Ulll~ 2.4 ~.:jt11'iLl.lgrlU1VHnhl9f'lfU~ff1J"~\J1rfiuffUl11'-n~1fl1rlU601.:j8ffn'l6~

t)fff":arJuLd'uo'i1-n~1~iit11'ici1'imJL~1JLrw hw":a~1J"101tl 0 ~.:jLrt61rifful111li~1 E 1~111.l

01" .....1 1 ......:..r 1 .... cl •• 1! l' ..:.....d"~'VI1 11lf1tl fun 'iL9f1fUl'tUJ"U U1ff'J ("ZL11Ut11'iLfln6Uultl"6U tlL11U)N1U1tl A "U611~TYI

•• 'ft.I-~ '1 1 .... 1I •••• d ..:."1~ B unZl116ffUl11 l1',nntln.:j"u E = 0 l.lnO{)11 Vfal 'il9f1fU"Z 110nU1J1'Y11tlL'i11~Ul'Wn~

v.:jiil'Wnlhl9f'lfUL11a66dlu1ff'J (remanent polarization, PR)unzd'11riffUl11'-nvhluVifl~Hnu

" 1 , .... AI Q '_.l~dO'''l , .... AI ,/ ,"111 (-E) 't'fnl 'i19f1fU"~ntln.:jL11n60 L'irlOffUl1J 11111'YI'YI111 't'fnl 'i19f'VuntlL11n60 U11c

<Id •• ..:. I '_1 dl 1' ......:.....d :: '"ffUl11fl6'i9f't'f (coersive field) L116L't'f11-Ec ~6 u"Utl.:j1fl D 't'fnl 'i19f'VU"Z611~160flH11U.:j

unzd'lntlffUl1J1-n~1'illfl1tl D "U -Ec = 0 lu'tilu6.:jL~rl1fiu 'ilz't'fu"h 1't'fnlhl9f'lfUV.:jfl.:jL11a66g

lU1ff'J ~.:jti'lflnuVifl'IJ6.:jffUl1J1~VhvOflf.:j Un~L~1J~fJ,1.1LtfJt)'l 'ilUl'Wnl hL9f'lf'WL~110.:j'tlB ~

'il~1~1.:jiffL'VI6~ciffmu1.:j'W6~

Applied
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n
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~
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/
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2.3 IGft'Oi08u'ulfutJPI

l't'ffJ'IfJ'Vfa'lml (perovskite) Irh...l~fJ'\IfJ·m'.iufll'UaMtJlI'Vll'VIIU~ (calcium titanate, CaTi03)

UfllUaMtJlI1VlIVlIU~I;hJa'1'I1i'1U 'Ifl ~ ~Qfl 1~t11u a'1'I6IgflVl'I fJlCJ1n)jflutl::v-3iiiim1 tl1tJ1i'11'li1...l

u1JlitJ1I1V1l'V1IU~ltlfl 1VllVllU~ ltlfl 'fJ!f)tlU 1u lfJl1Jfll~1...Ia'1'I~iilflHa'fHl~UU'U'Ul't'f6'I6'Vta'­

'fl~ lfltJ...t1hJa'nfl~1I1'Vt6'I6't'fa'1flti',.::iilflHa'fH...t1 'th~u AB03 ld6 ° I~UfJ6fl;I""J

A l~U '6fJfJU'\I6-31tl't1::~1j'\lU1fl 11ny Utl:: B l~U 16fJ6U'\I6-31tl't1::~ij'\lU1fllgfl lflHa'fHNiifl

1 d1't'f6'IfJ't'fa' fl~U'U'U AB03 Ua'~Hfl-31tlVl 2.5

• (B)

0°
e (A)

, "" d I "" ~ ' , ••d"" ':"!'Il "_I ••.••••U 't1tl1viJVI N1U1I111fll'Infl1l1 a'1'.if11'J1I1't'f6'I6'Vtff flfl 'YI11~::fl11lJU 6-3flu'I:: fl6 'U 1...1fl1V1tJ1-

•••• .:"" I d, ...c:f ••••• "" I "" c:f •• 1 ..f!'1a'~ 'I 'Vt1J11a'1'Ifl1'JlIU lIfllfl-3 VI ;) 61tl flVl 'Ifl \l-3111flCJ1-3Qfll1tJfl11 1UtlfllCJ1611'Vf616Wa' fl fl

1 I": I 1 ..d"" ':'!'Il "_I ""(relaxor perovskite) fltllU't'f1::mn-3tJ-3ffl'Ifl1'J1I1't'f6'I6't'fa' flflVlllfl::fl1lIJU6-3flu1::fl6tJ 1I\l~'I

.:.., !'Il "!'Il 1 d"" •••••c:f ~. 2+ 2+ 2+Vl1 tlllJU PbB'B"03 1116B' llJU't'f1flUfl~ 666UVl1I11ItlUCJ1fJltlflm6U~11"JfU Fe , Mg , Zn ,

3+ 3+ !'Il 1 d"" •••••c:f I 5+ 5+ 6+ • .:Fe , Sc Utl:: B" 11JUW1flUfl~ 666UVl1I11ltlUCJ16ltlflfl16U\l-31"JfU Nb , Ta , W a'11fl1'J1I'U

'UH1i'1a'1111Hl"::ltl~tJU 1tl6g' 'Ua'fI11::~1~U1::1ijtJtJ 1~';)tJfll1 '~fl1111f6U tlfl;;U~'U1-31i'1 l1i

_Id 1".... '1 1I !'Il ""ff1111'IfllutltJU fltJ-3fl-36~ Ufffl11:: 1I1lJU'I::l1JtJ1J

"" c:f •• d",,':"!'Il •••• d t'" '" ""..•• , •• , 1 ...•a'11'I UtlfllCJ16'I'Ylllfl::fl1IlJU fJ-3flu'I ::fl6'U'Yl t ,.flflUflfl6 ltlfl 6166U U 6l'lJ~'t1'I 6ltlfl

•., 1 , '" !'Il I , ••d .•• ':"!'Il" .••l'Yh- 'I U fJl1J~ (lead ferroniobate) ,.fllIJUff1'Ifl1'J1I1't'ffJ1fJ .•••a' fl~'Ylllfl::fl11lJU 6-3fltl1::fl6'U1I
JI

\lm 111ltlfJtll~U Pb(FeI/2NbI12)03 1~ffqJnflllorl~u PFN ti'1...I.•••'Ufli'-3U'Ifl11...1Ufl.f!'. 1958 lfltJ

Smolensky et at.
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i" i" ~ d .••,. 'JI ~ , "d •••'JIH'l~ V'HIV'IJ 'IJLV1tJ~l1J'lJffl'nl1JLflHff'HUU'IJU'U'Ul'WV':iV'Wfffl~'t1fJWl1fJ1Jl1V~m'l:::

f1111J,j''IJ'Un tJl fllf1tJfl~l f1H fff H ~~fl'IJV~It'l~' vf VV'IJ' 'IJ1Vi 'U~l ~'IJU'U'U' V1J1'Ui~ 1't'I

.•••.••.• " ~ A A. 0'"(rhombohedral) 1Jut'l~'t1-J1'Wnl1Jl~V':i(lattice parameter) lU'IJ a = 4.014 . , p = 89.92 "':::1J

ff1JU~l~'lJnifl ':i6lgfl't1; mH'l:::uv'IJ~nHl, U1Jm'IJ~fl9ihltJ~l'IJ fll':ifffllll'hijfll':il tJ~tJ'lJl1iff"V~

'" ,,. ..:~I ,. '_1 ~ ..: d " •••••.••••It'I~ V1VV'IJ 'IJLVl'U~'t11J':i:::1J1W385-388 K "'lmV1J L'U8~':it'l1Jl1J'lJffl11t'1tJ1Jt'lfl'Ulf1fl"':::1Jff1J'U~
'"

~ ... " ...lu'IJ'WlllVlt'lfl't1m (Mohan et aI., 1996: 2149-2151)

lf1HfffH~~fll'WV':i v'Wffi fl~"V~lt'l~' vf VV'IJ' 'IJ1V1tJ~tJ':i:::flV'U' tJA'1Vlfliv,jltJ~
...

• •••.•••• •••••••.• ,. ••• 3+. S+l'JfV1J~Vfl'IJ't1211J"V~lfl1V"ltJVVfl~:::8~':it'lU'U'U(Fel12Nb'I2)03 L~tJ'YIf):::~f)1J'UV.:JFe l1':iV Nb "':::

vdtr'IJ6flt'lH"V~111hVl~t'ln Ut'l:::ij Pb2+ L~'IJ'VVV'lJvd~211J,.v~al11~tJ1J~fl'Ulf1nUt'l:::d- L~'IJ

, .d" Q".cI .d ,,: 11 ., ~VVV'lJV~'YIU'IJtJflt'lH"V~~111'IJlffl11t'1tJ1J~fl'U1f1fl'YI.:J6 ~1'IJUff~~~~ltJ'YI2.6

• Fe,Nb

0°
ePb

'" ,,. ~" d ••.., ••.." :4''''It'l~ VHlV'IJ 'IJLVL'U~lUUV.:JfltJ':i:::flV'U'YIi'hfltyU~1lfl'UtJ':i:::'l1t'11tJ-J1UlUV.:J"'lfl111J

filfl~~'~VLgfl'YI;flff~ (>104) Ut'I:::L~1~JlWl1flij~ltJ1:::1J1W1,000 °c ijntJ~lu-:ilff1JU~'t11~'" . '"

'1i~l"V~Lt'I~ 'vfvvu'u lvl'U~"':::~'\.Jf;'Ulm~fffl.:J'YI1~'t'lfllfl (microstructure) LH'l:::ffl':il~VtJU

••• 1 d,. 'JI 1 '" ,,. '''',. ...· d, ..." ...l1':iVlnff'YI 1J~V~fl11 Ult'l~ V':iVVU 'IJLV1tJ~It'l~ V':iVVU U LVi'U~1JfI1f1~'YI~Vlt'lfl'YI1fl

tJ':i:::1J1W26,000 ~~ijfil\l~fl-:ilfilfl~~i~Olgfl'YI;fl"V~U'Ul~tJ1Ji'YIl'YIlU~ 4-5 nil (Ananta,1999)
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•••••• cv. ,{ ••• fI •••
2.4 lfin11Q'.:alft11::11N.:a8IUfln1811lJ1UJfl

..; '" "' •••.••• cl .••• 1"'..•.1:: .1 ,"' '" "fln VI~::'nWJ 'IJ1ffllU~'116~N~6tn flVl161C)J'1111fl1Hl'll'IJ'IJ1.J~::'II'IJ6~flU 1li 011ff ~Im 1: 11

, 1 "..;... .:,~" 1 '1IJ1',J • '" "al "' .•• Iff11fl q111'VHl16'nff flft flll~:: fl111J1.J6~fl tJ1::fl6U 11111'11'IJ6~flU6~ flu 1::fl6U'Il6~ 1ff~ l'nfI~6f1H

.••• .1 •'" 1'" 1'''' ..; '" "'". , "..;lAfl1U~~::'Il'IJ6~flU011 'IS~1'IJ~1f11111f1~1'IJlflfl1flU'IlU11.J011ff ~lfl n: 11ffl'i flq 111\1610\1ff fl~ fl

.cl ~!It fI 0 I ~ct 0 4.4.4. Go' 1 d11~:fl1l1J'lJ6~fltJ":fl6U~11.J1'IJ1l1fl 1'lS'IJ1li011fl1tJgfl1 fl1fl1.J 'IJfffll1:'Il6~U'Il~ (solid state

reaction) 1i181A11fl6'l1mt (hydrothennal method) 1i011~fl~:fl6'IJ1111 (co-precipitation

......• ~ '" 1 '" "al ..; ~ .•••d .•••method) Ut'l:1liC)J'mH~n(sol-gel) l1J'IJ~'IJ'lJ011ff~lm1:11ff11u1:fl6Ufll1J'lJN~6mflfl161C)J'1111fl

•• QI ~ '1''' IIQQ.,JllU'IJ1fl1~1'IJ011ff ~lm 1::11Ofl~1f1fl'IJ11n1f11liA~'IJ••

A.:=I 0 _fA~ ,,~ er2.4.1 lfi n11nluflfl1r.nfl\U'UQ' fln::"U8.:au"U.:a
, , , ", ,

li:l'IJ11ifi41tJUn::ufill 1~tl'IJ1J1flfi~1l n1fl-3~lfl911-31tJ~1-3111flflO11'lhm1ff111Pl-3,l''IJfi fl~1'IJ

.••~ "'':','"IIJ''' "', .••'" "'0 l' ",ok 1"'4 ,fftll'nfll1J'lJN~U1H'IS-3 1111l~111ffllff1'IJfl~fl~01mn 1'IJ1111flnfllfl{llnllfl'IJC)J' -3fl1~ 'lSlmfl~1'\Itn•" ..
11iflUllfl qfllfl f111'IJmflUll ~'lJl~ll~'lJIi7 fll~tntl'IJ ufl11.h1tJ1N1fifJtu11fJijfil11111::ffll 1'IJ'lf1-3800-

o 2 ~" QI 0' oQ 1 <Q.cl,! fClI .-1300 C ~1f1nn11N1fl~fl~01" O11ff~lfln:11N~IC)J'nllfl AV1li'IJ~:l1ilty1111"6~'II'IJ11l6~tllfl
. ~. ,

111qj 1UffJj11ffll0 fl1111U;tlfl i~l fll1 fl1UfJll (I~fltJ1::fl(lU'II6~ ff1n11 1~V1fl':lftAijlvl fffi 1u

l' 0 1'"'" 1"' ...., ....d .•••~6-3fl11(pyrochlore) IfflW Vl1 11~fl~ 'lSfJW11fJll'\.,Ifl11IN1ff1"6Inflfl1(11C)J''''l1fl~-3111fl"
fln lflfll11ftAff11tJ1::fl6U'Il6~ ln11::66fl 1CJf~j{1f11Ji)f»t.l11'lJfftll1::'Il6~u~~ij 2 'lI'IJ~6'IJ" .

fl6'l1'IJ~6'IJmfl ~::lftll fl11nlllPl1tl'IJ '\Ifl ~fl~ tllfl 1'IJfffl 11::'11fl~U~~uffll~~~ltJfi 2.7 'IIU1'IJfll1

'" "':: ..•..1 ..•. 0 ' • .l-~ .•••d 1nll~ 1fl'IJ'lJ1.J~::lflA'Il'IJ~1flli 1111'lS1~'IIfl~fl~tllflun:: fl11'IJ1 Tt Tt l'1lfl~fllnfl~ 1fl'IJ 'IJfl~ tllfl ~lfl

~, '" '" I .;. 1'" .1 4 1fll1nfl1l1'nU 11m1lfll:: nll ~1fl'IJ1::111Hfl~ tllfl ~::~ -3111(I 'IS1::V::nn 1111fl'll'IJ 111flfl n fl'll6~

•••••••••••• 0 •••• , , l' .4 1 d •••'" .•••1 1 ,,:: ..; 1 '1 ·tJgfl1f111l11'IJ1.JtJ ~111'IJ~'lJff111fl~:: 11lN~IC)J'nllfl n11::flflfl C)J'1l'II'IJ~6'IJVI2 11 'lSm1" .
IftAtJ5ft;fl1 1'lJffm'IJ::'Ilfl~U~~ 11lv~1~U9ilftll~lflfl~tllfl'llfl~ff11ri~~'IJ 1'lJfffll1::fil~'IJ'fl' tJ\'l1

.1.•••_ '" d '" 4 11Jgmv1flUfl~tllfl'll6~'IIfl~U'll~~1fl'IJ '1 'lJ1::UU
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1'Wf1l1t~'':Uf\11::11'N.:J1MI1vfvv'W 1'W1mU911~t.l1nf1lnil1Ji}flit.l1o'W' 'Wffm1::-uv.:Ju~.:J

ffl1Jl1fU91~t.l1J1~~lfltJi}m t.ll,rnrll~

4 PbO(s) + Fe203 (s) + NbPs (s) • 4 Pb(FeI/2NbI12)03 (s)(2.1)

Fe203 (s) + NbPs(s)

• 2 FeNb04 (s)(2.2)

2 PbO (s) + FeNb04(s)

• 2 Pb(Fel12NbI12)03 (s)(2.3)

PbP4 (s) + FeNb04 (s)

• 2 Pb(Fel12Nbt12)03 (s) + Pb02 (s) (2.4)

'" ", •• , •• , 'i ,~ ..l 1~ " ".11Jnt.l~1'Wf1l1ff~1f\n::l1N~m~ V1VV'W 'W'Vl1J9111lU'Wf1l1t.11fl'YI~::l1 '~V.:Jf\1J1::flVU

ff~lU"1JV'rJflf\i.:J~1t.1lnf1l1ihtJi}m t.ll0'W, 'Wff fll1::-Uv~u~~ 1~t.I';fffl1 ~~~'W~iif\112JU1q'YIW~~

~ 10' d , ••• ''i''''''-UV~91::fl1VVflC)f~(lead oxide, PbO) llHlflVVfl C)/~(Iron oxide, Fep3) U~:: 'W,VlUtJ1JVVflC)f~., .
QI 01' do" ,,,,,ca.- 41:1 Q 1"(niobium oxide, NbPs) ')f~9111Jff~ff1'W'YI91V~f1l1Nff1Jl1l-Ulfl'WU~::lNl'Y1fJWl1fJ1J~~~::~

Pb(Fel12Nbt12)03 u~::1::l1'h~f1l11Nl~::lfl~1~ff-UV~ Pb3NbP13 U~:: Pb2Nb207 lrJ'Wl~ff~'1i

~V~f1l1~lm::U1J-UV~PbO-NbPs U~::l~ff-UV.:JPb2Fe20S ~lm::uu-uv.:J PbO-Fep3 (Ring, 1996)

,
tJ ••• "" .,"" •.••.. 1 d1 "2.7 f1l1lfl~lJ{)mt.l1-Uv.:Jv~mf\ 'Wffm1::-UV~U-U~
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2.4.2 lftll~1It1tli)Jf)D

111 81 ~~ 111V f1Jmu flu 11 fll1 ff~lfl11::..1N~1'lf11ijmf~' ff2w 'l11Jij~lv~lw]h~u 1::1J1W

100-350 °c ua::fl111J~U~~1Jlfl (fl111J~U~~il~ 15 11Jflfl::Ulffma (MPa) 'l1iVU1::1J1W 1501fh
., .6 IIClQ '4..Q Q,I"

"V~fl111JflU1.1ntllfllf1) 'lf~~~fl11TIifll Hlfl~:: flvu 111JUa ::11i'lfVa1~a ~lfl fffll1:: ~ ~fla 11'rf1.111

iivd~;~'U1i111J'lfl~ l'liU "1.11Ufll11iiflUi1il~fiH , 1u1~~u"1.11Ufll~liiflCM1v 'afl (zeolite)

lflu~u

..•~ " ...:,~ , 1" , ~ .1' ~ ••.• , ••• I o!lffnlfl1J~~~Ul1 'IflU11i 8 f111Y1V11JVall'11J1UI'Ifl"l1~VaflVfl 'lffl ll'l~1J~:flV1.1lflaV

"V~la'l1:VfJfl ''lf~Ua:ll'l1U1:flV1.1'8f1~Vfl ''lf~ lflu~u fla 'flfll11nflVtifl1fl"V~"V~U~~fllllt1

fl1.1fl111J11fll~ ~fl~: flVU~lflll'l1 a: a lt1flVfll11nflihlfl ~ tlll'Nnfl (nucleation) Ua: fll11~1.11~"v~
•••••• 4 ~ <I :;" '1 iJ ..lopU11flatlll'Nam1JUVtifl1flmfl, ll'l1a:alt19H9Iu~:gfl1.1~1~ Ufl1'1fU: fll1Hm:1.1Vfll1'V11\'l1t1

Q ~ 1;l1 ••• Cl I 0' Ji ••• 0' ~ ~ ••• " , 0' ••• "l'l1a flfl"cll 1ll'U1J11tlfl11 1.1V1J1.1(bomb) 'lf~1J11a111JfI-1JflH1fllU U"V~1.1V1J1.1~:lflaV1.1~I1t1

l'VIv.JaVU(teflon) 1~vilv~flUfll1 flflfli vu m;~ ~lflll'l1 a: alt11~i'1.1fl111J!vu 1fltlfllnh1.1v1J1.11U

, ff' flUl~lV1.1'l1iV~h~fl11.1fJ1Jf2W'l1fJijfl111Jf vu 'l1iv' f'1J 1m n," 'l1l1'~~lmiiflu~m tllll'1J1J1tU

tI 4 GI ~ P ~ : • -' 0 d' "~:lilfl11a11'rfVaflfl111JflU a~ m V~lV1N~1'lfn1JflVVflnHtl1t1U 1'l11VUVaflV8VaUa:U lN~'VI fl

'UV1.1u1f~

......... 1 , 1 .. , " : I •••'" ..A ~fll1ll'-31fln:'l1N~1'lfn1Jfl fltl11i 8' f111'V1V11JVa~~'lffJtu'l1fJ1J~lfl111~'lfVal~a'lf~l1JU

" ••••••••• .: •••••••• I ..A o!l 1 1 , ....:,I : ..: ••••"VfI"Vn1iUua:U1: lt1'1fUVflVtlH'l1U~flVU1:1.11.1"V~a'l1:VVfl CJifl'VI1Ja:altJUll1fl'J11JflU

I '1"'" 0 <I ••• ..: °1v1.1~1t11fllf1U~'U1:1.11.1"V~ 8 fl11'VIV11JVaf2W'l11J1JU1:111W100-350 C m'rftl~'rfV'VI~:'VIl'l1

•••• ~" •• o!l ".1' .•..•.• ~ , •.fl111JflU'ua:alt1ll'l1~~~U l1.1ll''l11VlflaV"V~1a'l1:~11111"1t11t1flUlflfll1JUll'l1U~:flV1.1VVfl'lffl

~~V~fll1 'I{l'rf~1:~:lfiflfl111JfVUtl1f1~~ (super-heated) 'U1:1.11.1

••• ..: •••••• I , 1 •. ~ 4":' ,...: ~N~l'lf~ l1Jfl'VIll'~ lfl~ 1: 'l1N1U"1.11U flU 8 fl11'VIV11JVa~: lIJ U Nafll1 1J1JU11IJU
"

V~flU1::flV1.1Ua:'"hfiflfll11fll: 1111~1nU"V~Vtifl1fl fll1 ff~lm 1:..11 f1t111U '1i~ V~1.1fllm:1Nl

1 , 1 .. <I 0 '''1 <Ifll~afl"Ulf1"V~Vtifl1f1 fltl11i 8 fl11l1V11JVaflll'l1Jl1(l'Vl1fl f1t1fll~aflf2W'l1fJ1Ja~flll'l1111(lafl

"Ulfl"V~V1.ifl1flUa: ll'l1J1~(lNii~' U1:~1.1fJ~ll'l'l1m11J 11 181 fl~ll1vf1Jvmflu 11~iifil 1f~lt1~l

••... t:! Q QI 4Q" JI 0 Of 0.4 ~,." t/1 1 Q tiel11JVl1J~tl1.1ll1t11.1fl1.1l'VIflUflVU, "V ~lflfl"V~ m~ 1111iUflV" lfl"V\I a'YIHlYIV~ 1J flUl11flll''YI~:"
o '_I'}!. I .•... ,,, " " .

Ul 1J 'JJ1J~:flV1.1fll11aVflll'fl11:fll11~1t11J L'J1U fl111Jl"1J"U"V~ll'l~~~~U fJW'l11Jl1fl111JflU

~ "J. " I' I •••• o!l 0": ..: 0lIJU~U lUV~~1fl"V\lall'1U 'l1tyl1nlflfllnfl'l11Vfl1U1W'YIll'fll1:111~~!1U'YI 25 C ua:

fl1111~U l1.1ntllfllf1
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..•..• ,
2.4.3 l1in11ftnft~n8'Un1J

•••••• '~"'.cl .&..; ••• , " ." , 4 ., ••..;, "1ti m '.i91fl91~fltlU1111LIJUm 'Ul1ti 11U .:J'n1.HJlI'lffltlU'\lHU'n111 n 1tlLU tI-3~lfltlumtu'n 'If•
, JI •

ff1U' 11iljL~ULfI~tI.:JuA'1irU fltI1J.rJ1.:J111~lvun~ ff1111'.iflL911VlI 1111..1 ff tl1'n U1 1V101fftJfl~LU tI.:J~1fl
JI ,

ffl1i-3~uli' fff1U' 11iljl,j 11~tltJ~mvl 181~1 'n~ff (hydrolysis) fln 1flO11Lii~UHLCJf'.i1ijfl~lfl

~ ,J! QI .• d .:IQ d .cl Cl' ~ Q .:I .Qff1'.in~n1tJLflV1"tI-3flU01'.iLflfttl~tl1f1'\lfl-3U'\l-3'n1l'\lUlftLnfl '1 fU1Vfl11 O11LflftU1LflnVffNnfl un:

••• 'I' "'.cl c!/ ~ ";.cl, •.1 ••.••. 'I'011 L91U191'\ltl-3U1Lfln VffNn flLuU tI ~tl1f1'nll'\lU 1~ 11f!1'\lU ff tll1: '\l tI-301'.iLflftLLn:01'.i L91U191'\ltl-3

•••••• c!/.1 tu " y. ~ " ..;,", 0 ., ••••••••• tu ,U1LflntJffNnfl'UUflUfl1111L'U1I"U'UtI.:Jffl'.i":~mJ91.:J91uun:nn1'n 'If U01'.i'n1U{jfl'.im ~-3Uff~-3 U

lU~2.8

Region IT

Supersaturation

\ Nucleation Growth

--r7f\- I -----;------
I "I II I
---1------

, II I
ID • Ir...egto~I I I, II II ,

t.I .••. ,..; _I " " •••••••• ..; : ••• , ••• , ..; •1 n 2.8 O1'.iLutwUUun-3f11111L'U1I'UU'UtI.:Jffil'lfff'nn:nlVU1111t1 8ft1t1flCJfn tltItIU'nnnl91H '1

.& 0 ,_, ' ••••••••• c!/ ••• 'I' ••••••CJf-3U1u\101'.iLflftU1LflnVffNnflUn:011L91U I;) (ff'ntiqUl11, 2543 : 36)

'" ••••• d ••• " ••••••• ~ ••• 1011 ff -3Lfl11:11N-3tlLnfl'n 1t1LCJf1111flft1tJ1ti O1'.i;)fl91: flVU 1111LlJUl'nflU f1011LWfl tltItIU

11~tlll1LnQn~ffU' ~:b-3t1d'ULv.Jff'UtI.:Jff1'.in:n1V~~\lmi1' ll'fl1: ~ltJ1I1t1d' U1v.Jff'UtI-3'UtI-3U~-3'~

1~ tlL~ 11ffll u~~t11111~ffll dl111U m 1;) fl;): fl tlU L';U f11111L~ U fl1 ~ A1-3tI'4 tllfl ~;) fl;): fl tlU,j fl ~~

tu ~ • 11 " ••• tu ••11 ••••••Lm:: fl U 11JU fl ~ 11ntI U 'UtI ~ 'UtI.:J011 ff -3LfI '.i1:: 11'11V1ti fl1 191fl91::fl tI U ff11111flfl 1UfJlI 'UU 1~ un::

1U1H'U tI-3tI~ tllfl , ~ m '.ifl1:: ~lvi1'UtI.:JtI ~ tllflun:: fI 1111U1q'nt \l.:J ff111l' u.rJtlLffV'UtI.:J11liffi tI

11'" , , '"'''' _'I tu ••••~tI.:J1fftJnn1 1..1 O1'.iUtJfl91::fltlU tltIfl~lflff1'.in::CI1V U011t1Uun::1N1 11U11.:J91t1-3utl.:JflU0111Ml

Go' QI d .IlIQ ~ QI ..ea'It J feLl011101:: '.i111911flU 'UtI-3tI'4 tll fI 011 'nffl'.i n:: n 1V~:fl.:J~~ tllI91 1111tI lIU U U tlfl ~1fl ~:: 'UUtI~flU
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y." ",.1 '" ~, a'''; .••f11UJ1'U1J'U'\..I1Ht~tI-3'U'\..Ifl'Ufl111JllJ'\..Im fIfI H'U 0-3ffl'H'I~n1t1 1lJ fI 2.9 11fffl-311N'\..Im~f1111JlfffW'i..
oiii:i • , •• 0 .cs

(stability diagram) 'U0-3ffl'H'~n1t1f1 pH Vll-3'1 Wfl1 pH \l-311'iOVl11J1fl '1 ff1'in~n1t1~~lfffW'i
, •• JI •

4 " " " 4.dl ~ Q,.I .cl QI ,~' 4 Q,I1'\..10-3~lflfl111Jl'U1J'U'\..I1J\l-3'ViOfl~~fH ~flO1JVl1 fffll1~'\..I ~~ ff -31flVl~ -31[11'\..10-3~lflff1'i n~ n1t1t1-3f1-3

, •.• !It I ~ QI J .:I.et Q Q Q QffOg l1JOfl111JllJ'\..Ifl'i fIfI Hnfln-3 ffn n~n1t1~~ 01JVl1111fl'U'\..I11n~11JOfl-3'fl1flqVl~~1flfl'\..l11f1ntlff

4 ••••••••• 4 ••• 1.1 ... 'I' d 4 '" ,~ 'Nnfll1J0'\..l11f1ntlffNnfllVl'U VI'U'\..I~'\..I1J'U'\..I1f1111ty'ViOfl~~VlflVl~flO'\..lCJ1-3ff-31flVl~ ~lflff1'i n~nlt./''\..I
• J/ J/

44 '4~ QlQ,I .cl Q1 QG&t SI.4 1"11'i 01JVI~flO'\..lVIflO~f1fl '\..Im'lr'\..l~ fI-3'\..I'\..Ifll'i lm tl1JN-31CJ1'i11Jfl fI tlfln 1J11 '\..I~~VlO-3HtOfl 'lrfl111J

l;;1J;;'\..I11n~ pH ~l111Jl~ ff1J tY1'\..11Jlfl~::lV1i tl1J~ fJW11fJU \l-3fl"h fJW11fJiilf 0-311401'i-3116ni t./l

'81",'noiff 1'\..I'U1-3fl1W~0-3,jlNaVlftWerI~1n111Nl1~0' 1f1~0-3fl111~flo'U~~0~fll'i

log[M]

pH

3t.1~2.9 11N'\..Im~f1111Jlffat./1'U0-3ffl1n~nlt1~fil pH ~1-3 '1 lf1t./l1fl~ffl'in::nlt./~:: '~lffnt./1~

f1111Jl11'\..1mfl~1-3~1~-3ff-31flVl'~~lflfll'iVlflfl::flO'\..l (ffflii~'\..IfI'i, 2543 : 37)
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••••••

2.4.4 lfiCJftlQIQQ

•••.et ~ ••. .et •• , ••d, " ~ ...t " ,1ti C)fV~l~iUIJUl't1flUflfll'H~ 'Hl2Jff1HJ'J::flV11VVfl C)ffl't1'J1C)fV~U~::l~~1lJU~1~ .:I~U U

.et ••• '" ••• ,,,.et •.• ~ , •. 1 •• , ~ •• p ••. ~ pfll'Jl~'JVlIVmfl't1'JVlC)f'J1l1fl l1l1~fl'tJW::lIJlJFN l1l1JV'JUHUl1~lI11HU~::Ufl1lC)fnllfllIJUPlU

fl'1'J6lgfl't1'JmCJfnijfll1~ 1V'J1ijfl~\lfll~~ vlIl flV11iC)fVn1\l~ l'tfU U11l~VlI' 't1't11lU~l~flU~U't11irll

~::~11C)fV~lfllU~ 1't1't111U~ICJfv~lfllU~ 1't1't111U~ihnvlI ''t1't1111J~l~~UlIflUl;VlI 1u lvl1J~

U~::ff't1VUlnVlIu11iivlI1 U 1Vl1J~l~UI{U
~ .

11iC)fVn1\l~'~\lfl,;mU1mh~'J1fll~1 -nu !lU'IItHfll'J 191ivlI1flV11iC)fV~l~~\l::lnv1.r;v.:Ifl11

fll'.uOflUnfiiv1 181~1 '~:jffl'U~::llnn1v1flVUlflUlC)fiu (condensation reaction) 'IIV.:Il~l1::

•.. , •.•.. to""'" ".•.•.. ~ p '" " " , ~V~flVfl C)fPl11~.:I\llflUU't11' l1Ul1~U~::VflH~tl'4fl1fl' 11~flflU1IJUt1VUU'II~1~v,'J1fl11l1'JtlUU~lIJU

fJW11tJij~lfl'h'~l1 ~VlI~:: ~lV'IIV~ 1~11::\l:: '~fl'1'J~l~U9i1\l:: 1uHa~fJllmW't1H1C)f'J1ijfl

"" i " I ~C)ftl~ flV fl'1'JU'II1U~VV UffmU::'IIV.:I111~1fl~lVff1'J~::~lV ff1tH\l~lIJUff1'J~::~lV

••. ..i..i •.••.• '" ~ Jt.et "" .et "" I I '"1&'111U~ VV'J1U ~ l1U ~C)f.:l\l11~11&'II.:1mu~U lIfl 1111'MU fl "!.:J\lUfl'1'J~::~1VlIfl11l1V~11~U tlVH'II V.:IU'II.:J

d~ ' ~ 4 1 . cl 4 0''t1lIJUl'J1UUUlUV.:I\llflflH'II1V (net work) 'IIv~lliff't1m::\llV (dispersed phase) 'M'JVflV~~VV~
. ~

(colloid) U~::fl'1'J9i1fl~Hlhm::\llV (dispersion medium) 1uiivuvdih lfl'J~,j1VirU fll'J

•Id ~ 0 '" "",1l1J~VU\llflCJfV~lIJUl\l~\l::'t11 'Mfl11l1'MUflff~'IIU••

'U'J::1111'11V.:JC)fV~I\l~\l::Vi111V'~lnU 2 U1111~U~fl9h.:Jflu

d d " •.• 1 1 " ...•1. 1::1111V'4tllfl'VIU '111U~ VV \l::lfiV1'11V ~fl11fll'Jm:: \l1V'IIV.:Jft 'M::V Vfl C)f~'M'JVV'4fl1fl

'IIV.:J18fl'JVfl 1C)ffl1U'IIV.:Jl'M~1\l::lnUC)fV~U~1C)fV~~\l::'J1l19i1flul~ul\l~

olQ rI .J JJ., Q Q tI .c:t Q a.tI 1 ...2. 'J::1111'rtV~lll V'J\l:: lfl VI'll V ~fl11fll'J lfl~'rt V ~lll V'J'IIV.:Ifl'1'J1flll vuU 'VI'JV '11V.:J~'M::V ~fl Vfl

, ••d ••. ,p ..... d.et •.• ~ 1 IC)ffl'VI\l::H~9H\l~tl'rtV~lllV'J't1l1~fl'tJw::mu flH'II1V

ri111111'J::1111'11v.:J'rtvalllv{1l1mfl~'IIU1fl' 'MtU~lilu 1fl'J.:J,j1V~::1~ \llflfll'J lfifl'rtvalllv~• u

••. .et" '1 ... , ..1 •.. '''.1 P 1'"'IIV.:Iff11VU't11Vl'J1U ~'M::V~flVfl C)ffl ~'M::V~flVfl C)ffl\l::1J1::flV11t11VV::~VlI'IIV~~'M::fl11

fl~lI6~fl~ (alkyl group) ~91Vfl11VVfl:jfl\lU l,rU -CH3 (llli~), - C2Hs (lvi~) l~UI{U
~ tJ ,

llnmr.l1.r;H~h.:Ji'hfJu 1~'M::6~flVfl , C)fAfl'lV tYU C') nl'M111 M(OR)x n\lfl 181fl'J1~:jffl'111.:Jtbu
tJ

"" •..
'M1V't1.:J'MlIfl

M(OR)x + HP

M(OR)x + HP

---~ HO - M(OR)x_1 + ROH

~ HO - M(OR)x + xROH

(2.5)

(2.6)
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tJ a iiiV1 ~ 01J 1 LrJ 'Wfl1 'i ~ 0 ff 1 vl c1i (chain)

(polycondensation reaction)

(OR)._I M-QH + HO - M(OR)._I

(OR)._I M-QH + RO - M(OR)._I

---~ (OR)._I -M-O-M (OR)._I+ HP (2.7)

OOfllCJfin,s'W (oxolation)

___ ~ (OR)._I -M-O-M (OR)._I+ ROH (2.8)

t1~lfllCJfin,s'W (alcoxolation)

.! "'" '" ..•J Ai .•• .,1 •••, ~ ~ .•• '" "'5:: tJtJ'W \'I::1Jl\'l~l~"'W (gelation) lfl~'U'WL1J01Jff1nl1J 1Jl~fl~L 1J1HYlVVl1m 'WN~91flW en \'I1fl

fll'iLn~ "l81~'i bl ~CiffUll::""OaflO'WL~'WLCJf'Jf'U'U6-:Jtl~flOfl 'CJf~ Na91tlWct1 \'I::ihimIW::LrJ'W 1fl'i -:J'Ihv

.,1, IJ I '" .,1~ ~ ~ ~ .•• , 1 Id"'Yl 11ty'U 'UOVH'i 1~L'i 1~~'Yll 'i1J11J'U1\'I~ L1J'UL1111CJf-:J\'I::lfl~ 1J111fJII 'U'UlPl 11ty'Yll101J 'i OtJCJfO~ ff11J1'i t)

'" , " I.o!I ~ J ..•. ,d.I.J I ,ff -:J1fl91 ~ \'11flfl1 nl~ ~O -:J.•••tJ11fl111J11 'U~1""1J'U 'U.•••q91m 'i 1Jfl1'i 1u~ V'U Uu ~ -:J1u 'i H U~::fl1'i 1111

.,1 0 ~ ~ •• , ••1 ".o!I J. I I'U0-:J1\l~ 'Yl1111J1:: ff1J ff11J1'i t)'Yl111J'W11~1JtJ H 111tJ 6'i 11'i Ofll'i 'U'U1u91 H '1

t 1 01"" d"", 401"" ~ '" '"'U'U910'W 'Wfll'i'Yn l1Ul1-:J 1\l1l111iJVfl11J0111 l1Ul1-:J\l::lfl~1J~""l'UUll::11J'W'UO-:Ju'U-:J 6ffW

.,1 '" I 0 1" ", ".1 1 ~!lU'Yl0 .•.•fl1fl1\'1~ 9110Vl-:Jfll'i'Yl1 l1Ul1-:J ~Vfll'i'i::Ll1lJ1\lll\'l::6g 'W~u'IJ0-:J1CJfO 'iL\'I~ (xerogel) CJf-:J
~ ,

\'I::ii fll'i ~tJ~1'IJ0-:Jfbl1U' 11\'I~nhU\JU~flln;, hi1 \l~U,.r -:Jfl1t11~fffl1""1flq91 1,s'W fifl"l11!9'l'W1flq91

.••.•• Ai , '1 ~ '" '" 0 '" , .,1U~::~Wl11J1J1flq91 l1J0'IJ0-:JLl1~1U~:: 60g 'Wff1J~llCJf,:jfl'WUll::fl'W ff11J1'iClfll\l~'lJ0-:JLl1~1U~:: O'yl
~ . ~

og'i::Wh-:Jfh";,:jffO-:J N~-rh 1M'ln~~""1'W'ri1'ri-:J111J~1'i11;Vfl11 uo1'iL\'Ill (aerogel)
~ ~.

~ O~, 'U'lJtJ 1'Wfll '5CJ10111\'I~ 'IJO-:Jfll'i n1J~1 ti''U'rJfll1J in fJ111rJ 'U11101 ~ V1tl'W 'IJO-:Jff1'i ~ -3~ 'Wfi

'I"'" 0 1",l d.••.•• 0 'I " •• J.I .••I"191'i V1J \'I:: 'yl1 11.•••'W'YlN1'IJ0,:j1\'I~1J1fl1JN~'Yl1111fll'i 91flN~flU~::fl1'i LN1'IJ'W1u1CJf'i11Jfl (sintering)

-rh '~~~wl11Jijhi\l -:J1J1flUfl

a-:J~nlt; ty' 'W'lJtJ"l'Wfll'i 'lJ6-:JCJfO~1 \'I~lrJ'WfllniWJ'U 1n111i' tJl91; V1JU~11J1-:J '1 ~ii~""l'W~-:J
~ I

'~lrJ'W11J1J11J'i'W (membrane) U~::~~1916! (filter) 1'Ui1\l~u'Wih'Ylfll'W l~1j'IJO,:jCJfO~l\l~lrJ'Wfiff'W'\l

"" " ., .•• "' .••• 1 " '" '''~ ''''fl'W 'W11O-:Ju111J91fll'i'Yl1-:J ~91ff111 m'i 1J1.•••'i 1:: ff11J 1'i Cl\'I::u 'i:: Qfl91U~:: .•••WJ'U1 ~11J'WOVH~
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,
4 4.., 4 ~2.5 Ifl1f)~1Jf)'J~m'i~~tla'Uuu~l~nt)~ftf)1J(Atomic Absorption Spectrophotometer, AAS)

011 tl ~ fl~'\.JUff -31~tJfl~~ fl1l1~'\.J1'YIfl17fl~ 1.r1 '\.JO1111fl1 1~ 11'fi1~ 1'\.JltJ~l ~'\.Jfl~ ~ flllV ff'j:

1 ,JJ.4 QI 1 1 c.oQ Q ~Q,J c.I Cll.4.c1~tJ 'tffln'\.JUff-3fln~11 1 flUl~ (ultraviolet) Un~1ffl1Jn (visible) '\.Jflfl1l1fl'\.JtJ-3111'Y1fl'\.Jflfl'\.J'YI

.J •• 1 '" 4 1 '11' .•• '" .1 I 11.1IflU11'\.Jfl-3 '\.J11nflO11 'Ufl-301'j tl~fln'\.JU ff-3 ~tJfl:~flll "Ufl I'YIfl'\.Jfl011 1~ 011 llJn -3Uff-3"1VllJn 1

,~ (flame photometry) 1'Y1fl17flO111f1Uff-3~ltJa-3flflfl1l11f1Vfl:~flll (atomic emission

spectrophotometry) un: 1'Y1fl17flO111~Uff-3n~flfll'jfflttf'\.J~1f1Vfl:~flll (atomic fluorescence

.....• 1 ~ 4Q.et d , dspectrophotometry) l'Y1fl'\.JflO11tlflfln'\.JUff-3 ~Wfl:~fl1l111'\.Jl'Y1fl'\.Jfl'YIff:f11flun:1 1~111fl11 11

" I 0 11 - .oil 1 ~ .....;... , " :: ~Ifl1111~fl9lfl-3Un:: UlI'\.JV1~ -3"1tJ 11iO11~f1fln'\.JUff-3 ~tJfl::~ fllll11 '\.J1'YIfl'\.Jfl'YI'\.JtJlI 'V1I1fl9l-3U9IlJ
tI

fl.ff. 1960 lfltJ1.r1'\.Jfl1'I11fl'n::11'lnl1:11ufl 1'\.JUll,U'\.JUff11l110 1~111tJ~1I1W1i1~9i1-3 "1

1I1flfl,:h 70 1i191•
tI ••

l'Y1fl17flUVlfftJm;flO11 1~fl11111.ullUff '1fln~lH lU tH ~1flOfl~~flii'\.J 1~tJfl:91 flll'Ufl'll n11:••••

.cl ~ A QI ~ • ~ • ~ , J/Q,I Q,I d cl'YIffm'\.J:'Vt'\.J (ground state) ~:1I'Vtn-3-31'\.J9I1lt~U9I111flfl:91flll111n1'\.J'\.J ~ 11J'VttN-31'\.J'YI111lJ1:ffllfl

o 1" <I ••• d " 1".1 '.1 I " I~~'YI1 11nm'\.Jttfflmflmfl'\.J'Ufl-3fl:~flll \lflm:~'\.J 11'U'\.JlJ~ffm'\.J:\lflm:~'\.J (excited state) U~

4 .:, t .et Q cl d QI' I ~: QI .:IQ;' JJ,1'\.Jfln 1flffm'\.J:'\.J 1I1ffOtJ1flIn fl911fl '\.Jfl~: fln1J ffffm'\.J:'Vt1.l 'Vt1flll'YI-3fl1tJ'Vtn-3-31'\.J'YI11J1'U1 tJ
••

, .1" 4 I •••••• .J"'* •• , '" 1 ";l.J!1tflflfl1l1 '\.JllJfln'\.JUff-3 ttf-31i1~U9In:'V'\.JfI~:~flfln'\.Juff-3'Y1l1fl1111Vl1fln'\.J~1-3 "1 fl'\.J n11:'Y1 'JI'1'\.J
tI

~ '" '1 .1'" '" '" •• " , "fl""fl\j111flfl~ '\.JllJ'Ufl-3ff11n~n1V111fl1i1~Nffll (combined element) ~-3'\.J'\.JM~fl-3 'Vfl1111

11 ..; ..;," ~ 1 "'* I ••• , '"1fl'\.J'YI'Vtfl111111:1tJnfl'\.Jl1flnltJ111'\.J n11::fl:~f)1I11Vfl111flflfl:~flll 1I1ttfttf'\.J(atomization) f)1~~:

~fl-31~fl1111ffl'\.J~lmtJn1 'n1'\.J011fln1V1~'\.Jfl:~flll (flame atomization) 11ifl 1J,j1~ltJn1 1nl'\.J

O1'jfln1Vl~'\.Jfl:~flll (non - flame atomization) 1'lf'\.J l~fl1111ffl'\.J~lflf)1ffl 'n~1111fl1~fl1111

ffl'\.J \llmtJn1 'n~'\.J9Ifl'\.J~ln~~'\.J l'\.JltJn1 'niiA-3rl'

1. O111:111tJfln1V1~'\.J'fll1iflO1111nfllln~n1tJ (vaporization or fusion) flflO111tJgV'\.J

'" , d '.1 ~ ~ff11 ~1fltJH \l1flffm'\.J :'Ufl-3U'U-3 lJ111'\.JUflff

2. O111191fl~1 (dissociation) flfl l~ltJn1 'nl~'\.J~1l'i111,r1~111"1l1mQnllflff'Ufl-31i1~~

11 ••• <I '" ~~fl-301111fl11: 11119109'11111'\.Jfl:~flll
••• JI

<!l <!l "'* "'* ~ "'* <!l <!l '"3. 011 ~fl fln '\.J(absorption) flflO11 'YIfl~~ flll'YI11J'\.Jfln 1-3'YIffm'\.J :'Vt'\.Jtl fl fln '\.J'Vtn-3-31'\.J

'Ufl-31tf'\.J'Vtn-3-31'\.JUff-3\llfll111a-3f;'lUflllff -3,i1l11'\lflm:~'\.J 1tJflg~ffm'\.J:\lflm:~'\.J
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tI ••

mfl'nflO1'J~~flaUU11~ 1~t.l6::~62J'lrU u1dl1~umflufliiii01'Jl~~lUflU1Jlflfitl~ lU1111J

1't1flumi -3flri ntYl'H 11.1m'J11fln::,1 U11JlW111Hh~ '1 O1'J11fln::,11 ;~U11J1W (quantitative

analysis) '116~1't1flUflO1'J~~flau 1111~1~tJ6::~61JiJ~fl~61fft.lfl'l11Jff1J'nU1f~1~u , U~ l1J'H"fl'll6~
.,. " '"

11.1t.1'J(Beer) ~~111J01'J

4
11J6

A abC (2.9)

4 , 4
A fl6fl101'J~~fUlU1111~(absorbance)

•• , "'.1 .•• et 4 •••• ~ I ..l..l ~a fl6fll111JlJ'J::11Y11i01nJ~flaU1111~ (absorption coefficient) G)f~11JUfl1fl~Y1Y111JU.'" .,. 4
a fl'tlW::1~ 'Vn::'116~ffnYl~~flauu 11~..

• .Q'.:IQ ••

b fl6'J::O::V1HYl1111~~11..1Y11fl~01'J~~fla1..l11ff~
"" 'JI j/ ..l 4

C fl6fl'l11J1'111J'II1..I'II6~ffnYl~~fla'Uuff~
••

tI •

,j'~U'U 1ijmhfil O1'J~ ~flau 11ff~ (A) 1Jl1:UtJ'Ufl 'Jl-n fl1.1fl 'l11J1.r;1J.r;U'll6~111'Ja:: a ltJ••

1Jl~'J!1'U~::Unflnfln-n1tfu~H~1~tJfl'hfln-n1Jlm!11..1 ,j'~1U~ 2.10 u~6dl~ h~~l1Jflnffrl~

'" • .,f p 'JI I p.,,""~fln-W1Jl~'J!lU 1u afl'tlW::1'1l'U'U~:: 't1fl'Jl'Y'11ff'U~H 1'U'Jn~fl'll1JL'II1J'II'U'HU~'1 1't11U'Uua::
tI

1.11~fli'~61~~:: '~66fl1Jl1rJ1..I1tfu1fl'~~ii

Absorbance
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_I .J cv Gl 4 '" cv "'''2.5.1 flU01W't1aO'Ul""f)"lIf)l~m"~~OaUllU.:a I~t1f)~ftf)lI

V.:Jfllh~flVtJ~dlflty~l.:J ~ 'IlV.:jlfl~V.:Jjjvi~fll':i~~lflrhmtH l~tlV~ftV1J Uff~.:J~.:J1U~
cl 1 SI QI.4

2.l11J 5 fflU~lt1flUflV
, ....

1. mH'I.:jflllU~Uff.:j (Light source)

2. ':i::tJtJlNlff11 (Burner system)

3. ~lUtlflUff" (Monochromator)
.....

4. ~l'VIfUftV1 (Detector)

5. l"~t:J"U':i::1JlftNftUft::fhUNft (Data system and read-out units)

I Light Source I SampleCell J SpecificLight Measurement! I
I J I I

:~-\7 :g+~-B..)-f>-lillill I'

I 6 Monochromator Detector Readout

I Chopper I I Electronics J

I ~~~ce)! J

, ....
1.U11ft"flllU~Uff.:J
...
• •..•• 1'" '" PlUfl.:J\)lflfl:: ftfl1J\)::~~flftU Uff.:J'VIfll11Jtlllfl ftU1~'Vi1:: U fll':i 1~fll ':i~~flftU Uff" ~lt1f1l11J

llJ • !'ft " ••• ' •••• cl !'ft .J! cl cl••• .4 cl •11q"tt~ \)IIUUft fl.:j1JU11ft.:JflllU~U ff .:j'VIlUU UtJtJlnU'VI\l::f11t1Uff .:J'VI1Jf1111Jtlllf1 ftU 'VI'il::Qfl~~fl ftU
~ ~ .

1~tlfl::ftfl1J U flfl\)lm! uu m;,:uhlij~u ff .:j1fij~i1V.:Jri .:jNft111'l'VIf1ijf1i~fll':i~~fl~UU ff" 1~tlfl::ftfl1J

l~Ul'VIf1ijf1fll':i1lml::ti'~ijfll11tJfllU U'fltl1Jlfl U11a,:uhlij~~" fland' Ufl~ijtl1J 1~11ftfl~~Vft1ft1

'I' ..6 • P 'I' •••••• '" cl" ~ ,"Uf1I'VI~(hollow cathode lamp) C)f"'VI1~lt1'ft11::1fU~l~tllfltJ1il~'VIftv.:Jfll1"m:n l1fU ftV.:Jfll1

~ .:. <4" 1" 'I' •• 'I' cl." .:. 1 "elI.4 , •••I1fl1:l1ft::fllflftV.:J 1f11ftfl~~Vft ,ftlUf1I'VIft'VI'VI1~lt1~::fllflltl UtJ':i':i~~lt1UflffLUfltl l1fU UVVU

(neon) 111VV1{flflU (argon) ~fll11J~U~1 ~ U':i::1JltU2 - 3 i1ftill1JmU':ifl'VI ldvlM'f1l11J~1.:J

'" ~ •.I_~.1 '1''''' '_1'" '" .J..6 • 1"" '" !'ftfYfltl lTtnlu1::1J1W 1,000 I1ft'VI(volt) l'lll lJ\)::lfl~fll':iU~fl~l'IJUC)f.:J\)::'VIl11f)l1flflUU~fl~llUU
+ 01

Ar ~.:Jff1Jfll':i



Ar

25

+

___ ~ Ar + e

4 + .J ••• ~ 'A I ~ .J'.l! 0 i ~''''CJf-3Ar Y1lfWIV::1-3IJ'tfUV::;!Vll'\lV-39'l::fl1Y1 'JIYllUfl Y1~(cathode) flV::f:l1t1Y1V~'VHH-31U

'" , ~.A ,,. I fJJ 1 Id :t" ~ I11UflV::~ Vll'\lV-39'l::fl1CJf~vgYlt'l'fllu::..,uun:: V::\lflm ::9JU 1.IvgYlt'l'fllU:: \lflm:: ,,~u lllVfl n11'tJ

,I ~ A I '''' 1 A I "' ••• , ~ '1_.l-~ •• 4 •••t'l'f:l1U::"'UflV::IJnVtI..,n-3~lUVVfllll U1IJ'Ht'I'Ullll1nfl mnl (electromagnatic radiation) CJf~ll

'" ~.J! .:, '" 1 ~ i 1 ~ '1AI"'''' '"nflllW::1U..,1::11J1JUfl111n1J'\lV-39'l::fl1 nfllltu::'\lV~l1nV~eJvn n1Ufl Y1~ ~tlYl1 mV::llnflllW::~-3

11.1~2.12

Anode Window

Cathod~ Fill Gas

2. 1::11111Nlt'l'11

!1t .J 0 A I.J 1,,!1t •••••• .A 411J1J1:: 1111Y1Y11fl111IJntlU t'l'fll'Vt'\lV~t'l'11n:: n lt1 l1flnl tll1J1JV::9'1Vll VlV11 tlflV fl'tfV111..1-3

JI •

1~Uflnt'l'fHV::9'lVll (atomizer) ~1.Ifl1Wfbuu1.l1::flV11~1t1~1.Ifl1WdVtI 2 ff1U fiv ff1unl~U~1

t'l'fHn::VV~ (nebulizer) un::ff11J~1~U~11Nl (burner) Ut'I'~-3~-311.1~2.13
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Auxiliay
Oxidant Inlet

Fuel ,

Inlet

11.1~2.131:;1J1J1Hlffn (,jwcn~, 2539 :168)

., 11 ~,..l 0 , " ~ .1 cl .,.1 ..•~1ffn~ a:; afH mlJ ff1lJ 'YIffl'Ht:; fntJ\lflm l1mlJ a:: 66~fimJla fl 6'J Hff1Jfl1Jl'lf61'Wa~ua:;

., •••," ,., 0 , " ~ ••• 0 , " ., ,~166flCJl' ~ff (oxidising agent) ff1lJ~1LH1\l:;m 111il~flaltJLlIlJ6:;~mJ6ff1:;'Y11 l1ff11~16tJl~\l:;

~~lflnlJ'Yf~~~llJfl111lft)lJ\llflLUa1 '~flaltJLrJlJ '66:;~61J ''''~W~lJ ~~Uff~~'lJ1U~ 2.14 LUa1
• tJ •

, ~fllii~ \llflfll'iUH' 11~'U6~L;76L'Wft~'lfU~~h~'1 1MfJWl1fJij~h~ '1 fllJ ua:;'til11U' lflfl«ltJLCJl'anfll1

tl~flnlJUff~ (absorption cell) LUa1'~~1cNfllJ l~tJ'th 'U'lJlf1~6~1~fln~~flnlJUff~ 1~tJ6:;~61J

''''un

1. 61fllfY/l'W1L'WlJ l1flua1'~~1ifJWl1fJij~l1'{flft6 U1:;1I1W 1,900 °c ~~f6lJ

..l 0' " ,~ ' ~ 1 ..• 1'"'W6'Y1\l:;'YI1l1Lfl~6:;~61J6ff1:;'U6~1il~ ~l11altJ1il~ L'lflJ 'YI6~U~~ ~:;fl1 'WU'YIffLCJl'tJ1JCJl'l~tJ1J

., ••• " ..l " ••• "" ..l••• , <11 1 11" Y.ua:;ff~fl:;ff m1il~'YI~6~fll111f111:;116~ lJ'U6~Hff1J'YIlIff1lJU1:;fl61J1116f1HfflHCJl'1J"lJ6lJ 1il~
tJ •

UlJ61\llflflffl1U1:;fl61J'YIlJ'~ l'JilJ 66fl 'CJl'~fihjl1a61Ja:;altJ (refractory oxide) 6gmtJllJlua1

, •• 1 .<!\ • I , t" " ..l 0 1".1 ., I "Tt l1J61ua1 'WlJlJ16lJ 1J'W6'Y1\l:;'t11l1ffl1u1:;fl61J11~fl~16tJ1~ff1J\!1W
• tJ

2. 61fllfY/U61CJl'flalJ lnlJ1Ua1 '~fl'cNfllJ6dl~U'Wil1altJ'lJ1Ua1 ''W'lfUfli11ifJWl1fJij

U1:;1J1W2,300 °c ua:;ijtJ1Jl~lJfll111ml:;..11il~U'YI1lJciilJ

,., '" •••••• ~.I 'A.I..l,,, " ..l..l "'AI3. lJ~1ff66fl CJl'fl/U61CJl''YIalJmlJ1ua1 Tt'YI11f1111J16lJ1Jlfl'YI1'{fl'YIfJWl1fJlIu1:;1J1W

o •.• 1".1 , ..1 •••.10., ..•..• ..l.I..l ~ ,~3,000 C lJtJ1J 'lflua1 Tt'lflJ~lJffl1111Jfll1Lfl~6:;~mJ6ff1:;'U6~1il~'YI1uatJlJmlJ6::~61J ~Wlfl

l'JilJ l1J'i6lJ 6:;~ijli1tJ1J ciftfl6lJ Ua:;1il~111tJlfl (rare-earth element)
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"
1J1mn

Nebulization

Oesolvation

Liquefaction

Vaporization

Excitation

Ionization

M++ A"(solution)

~

M++ A (aerosol)

~

MA (solid)

~

MA (liquid)

~

M +A(gas)

~
H

M (gas)

~

M++ e'(gas)

3. ~1UtlflUff.:l

~1UtlflUff .:I'r1111U'1~1tJfl111WflflgtJUff.:l\11flUl1rl.:lfi11U~Uff.:l1,n ~f1111JV11f1gtJ~

!!! ••.• 511 .511'.4 511 .5fl.d ':'!I"~fNfl1n~66flllJ tJUtl1J11161lJtJ'.If1.:1f1~tJUff.:l66flllJtJU tl1J1116lUtJ'.If1.:1l1Ufl1J'1 l'.lftJ n~1~61

l1i6~1UtlflUff.:l ~16th.:l ~1Utlflllff.:l~1.ntJlfl16.:1i76fl11~~fl~tJUff.:l 1~tl6::~61J '~llti tJi~1J

(prism)
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"" 11" _~ Q , <!l ..I •• .1{l6fl ~1flff11 ~16tl1-3lm::tJ 1-36-3(reference) LU1fJ'lJL'YIfJ'lJfl1111U~fl~1-3CU6-3fl11~Aflft U Uff -3'Y1lflACUU

1AfJ1A1UI'YI611CU6-3tYtlJtlJ1W~L'YIfll~6f ~ 61~ I9i'cu6-3fh~-3CUtl1fJ t5'1L~U 'Hft6A hH~,j'ft~'nft 1fJ166f

U'IJ'IJ11f'n~-3-31Ui'-3i'h~U'Hft6AtttlJfY1fl1ffl'Hjj6UOtl'Hft6A 1~1~u~1 1ffh~-3cutl1fJCU6-3fffYfY1W'~
, 4 tJ" .cl 8 ' :, .r et ~ J 0

ff -3fl11111flfl6fll~ 1'lrU~ fll~61CU6-3fl11CUfJ1Vff-3{1-1110 L'YI1 'YI-3UL'n'il::1Ifl11L'n1lCUUCU6-3~lU1U~ -

~ d cl • .., d~ d cl A d~ 1 1{lLftfl~HJUl'iVfl111'lfflUfl1161ftfl~16U (secondary electron) 'YI'HQA66fl1ln1fl'nU'YIH1CU6-11A U~

(dynodes) ~-3't;'~1fJ 1ft'H::Oft fl1 'ft

• _~ "" ~J! "" ~ <!l ~2.5.2 m'ifllu'i1J1Wllfl'il::'H\tl1fJlflflUfll~ m1tl~tumUiJ -31~fJ8::\Iltl1J

, U m W ~ ff11 ~ 16Ul-3'liij ~ -31t1fl1U Uft:: ff11 ~16UHL ~6~ Hfll ~~::l'i 1fl11 1Lfl 11::'H1~ ~1fJ

1"mVifJtlOtlff111J1~1!lU~'YI11t1fl1111L.tJ1I.tJUUllu6Uu1l1 11i~ijfJ1I1~oufi'1 Cl') 'u 1AfJui't1

fftlJfY1W~'A ~lflff11 U~-3~16Ul-3 (blank) '11fLrlUUuv u1l1;-II1Afhfl11~Afliiuuff -11CU6-11

..I tI tI, '" tI tI ",tI .. ~ffnft::ft1fJ1I1~1!lU'YIfl1111ICUllCUU~1-3 Cl') flU (4-5 fl1111LCUll'UU)L1I6 'lrL'YIflUflfl11flft1fJl1JU6::~611" ,
1 "1 tI .1 ,_.1 .. 1~'" <!l Q Q <!lAV 11 'lrLuft1 -n (flameless atomlzatlC'n techniqu~) 61~ 'I11~'nU'YI'nfl (peak: area) 'H16fl1111

Q 11 • Q ••1 •• '" '" 0'", tI tI~ -II'UV-3'nfl (peak: hight) Un1'U1Hft1l1L'UfJU m 1-nL'nV'H1fl1111fflll'fU 1ifltlfl1111L 'lI11IllU'IIV-II

ff11ft::ft1fJ~::'~m1~1I1~1!1'U (calibration curve) ~-II61~LrlULf{'U~H'H1t)1f{U 111-3~'~ 1Ufl11

Q ft.1 ,t1" •• 0' <!l •••• ,tI J!1t1~.1! 1t1QLCUfJUm1-nfll~ 'lrLfl16-3flV1I'n1L~61'H1VLmV-3fl1'U1W'YI1-31U A \l1 'Hl1JULu'U~H 'lrft'YI'lf ffUfl1

~~ (least squared fit) u~1I1LrltJLf{U 111-3fll~ 1flfl~V-IIft1fllf{U 111-3111'1A'nfV1Ifl1U1Wfl1111

tI.~1t1t1 ,d"',tI "".61'U1I'UU'HA1fJ~lflfl1'Y11A ACUV-3ffn~1VfJH'lf-3ff::fl1fl1l1fl

•• <!l '" <!l 1 Q 0'. I ,.6, tI 1tIlfl 1V-311{11Afl11 AflflftUU ff -3 fl fJ6::~ 61111V-3flu1::flVtI'H ft1fJVtl1-3'lf-3t1H ff1tJ~:: ~ V-3 'lr-
'" '" 1 1 tI •• , '1 tI •• '" <!l 1 tI 1tI .1 ,~fl11111::1IA1::1-3 tJfl11 'lr-31tJ L'nV 11 'HLflA6'U~11fJUft::fJAfll~fl11 'lr-31tJ 'HfJl1U1U'IItJ fl1'i 'IJ

•• <!l '" <!l 1 . tI '" '" ..I '" fl'I, ..11 tI 1 1LmV-31161Afl11~AflftUUff-3 flfJV::~V1I~::~6-31::1Ifl1::1-11lflfJ1fltlUflff~H Cl') 'YI 'lrff11 1 ~ mA

•• , <4 tI "'Q'" '1 ..I •• , tI lt1Uft::ff11'n'l:J~1-3 Cl') 1111{1-3fl11111V'UUft::HffVft~11 1 VLft~'YILflfl~lflfl11IH1 'H1I fl11 'lr1::tIt1

fl1111Uft Vfltl fJn1'Hi't11f 6-3Uij,j~fl11 .•h Cl') , U'lil Vf fJ-3'nV~ 'iI::i16-30'Ufl1111Uft {lA tlfJ' ~ -3fl1'i

tI '" '" 1 1t1 ,tI''YI'iltlCUm::lIfl1::1-3 Ufl11 'lr-31'U flUfl

1 .. , ,t1" '" <!l 11. 1::t1t1~fl V'n'l:J (Exhaust system) 'U'UW:: 'lrLmV-31flfl11~flflft'UUff-3 flfJV::~V1I

1flfJlfJ 'n1::fl11~~lfla'Uuff -31flfJ6::~mJ~1mUft1 1~~::lnflfl1111fvtJ ~ -3Uft::lnA 1V'UV-3ff1'i,"'l:J~-3

~ 0 ~ tI 0 '" 'ft I •• 1 '1 tI •• '" ,tI •• 0' '" t 1 .•LuumA~lLutJ~V-3fl1~AVVfl ul'nV 11 'HLflAV'U~'ilfJ~V~~'i1'i11Ifl'il::'H A-IIUU1::t1t1~A 6'rf'l:J
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'JI et .Jet'~ et 4 , , '" 'JI Cl 1_1 ~ Cl '_1~::~V~1JfJtUmfffl" tl1J1~'.i!llnJUH"~tl"V1fllff 1J1J1f1'H'.iVUVtl1f1Uu lff'.il::\ll1J1f11f1U u..
o , 'JI_I ,_.1' I 0 I 'JI 'JI Cl '_1 Cl •••• I ~ 'JI il I etVl~~::fl1 'Hlua1 Tt 1Jff1J11ff1JVU~mUvmf1'WU\1::lf1"V'W~'.ilV~VrjL'JfUa::fl1'.il flf1V'WfI~::'fI

lua1 'n'HiVlilfll~llr-l1UUUm1 'n~ (graphite furnace)

QI rn .cid d QI ~ QI " ••• IQ QIC\2. mUf1ff (Compressed gas cylinder) fl1'.i1Jfllf1mHUf1ffUVf1VVf1~1f1~1'HV.:Ju{)1J~fll'.i. ~

vglun '1 iiVlfllffrl1tl1 flff:: fl1f111a::~tU'HtJ~11i~~~1t.i'.:JuoffvglU Uu1~.:Jua::ii1CJii'fI111'~flfllJ

••.• 'JI I Q etet , ••.• Cl Q 1 I •••• 1 ,'J1 Q Cl' et"r-lU.:J'HV~flVUf1ff~::1JffU~f1~Hf1U~l1J'JfU"'UV~Uf1ffua::1JfflJffU Ufll'.i 'JfUf1ff'JfUfI~l~'11J11a1
•• 11 • "

ilfllilflnvglf1n'ijv lUf1'.itYnlflfliltY'H1 iiU1V1~'.i1~1~flfll'.ii'1'UV~UOff 1,f'W u1ff~ua::flvv
• tI t I

9111\lfftllJfll'.i i'1tlgl ff1JVua::fJf1fli'~nn.JftVUt.i'~uOff

10 t:'I • 1'" ~ cl 1 ,,~ .• 43. flVU1Uf1ff (Gas hose and connectIons) fl1'.i 'JI'flVUf1fffl1J1~1f1H~lUrjr-la~lfl'.iV~1JV

1~ : d QI QI ~ t •'''Cl d. " rd ..cl I"ua:: 'Jf& 'W'.i::V:: ffU fI qfl'.i ::1JfI'.i::1~fll'.i~fI~ ~VV1 'Hlf1" fl111JlffV'H 1V~ VfI VUf1ffUaZ1J'.iVV~ VU VV
•• tI •

q I j/ Q QI V,J ••• ~ ~ Q,I j/ I ~ od..::l.c::S.fI q" 'U'W1" 'UV~fIV \1::~V~ffV" f1U1.11~'.i1" Lta::~1lm V~!la:: f1l'.i~fI~~\1::~V~1l'WU ff V & 'Wf1'.itUfl1J
~ ..

fll'.i~" ~~Unff'Ha1V'JI'U"~::itV~ ii f11'.i~"ffon; f1'tJWn'YiVUnfflfl V" V~fl'Wf11'.iffU ff'Wu

t:'I ~cI t:'I ~ ~" QotI QI " .c=.

4. Uf1ffUVlCJffla'W(Acetylene gas) Uf1ff'Jf'W"'W\1::~V~'.i::1J"'.i::1~1Uf1l'.i''JI'lff'.il::Vl~lf1''
~ .

'.i::lU",~ l"vu~,j~~~n 11'11Jlf'Yivunff(tubing) lrlU la'H::flv~u,,~ vV11ft.i'.:JuOffniifl111J~U

lfl'W 105 fllau1fftia (kPa) vV1111'uofflLV1CJfnft'Wff1JNffflUla'H::flv~u,,~ 1~'WU'.iVfI flaV;'WUOff
et

ua:::f1'.iCJf(grease)

QI tI t:'I IQ,J~ QI,"IQ " Q 4 QI5. lU~'.iffVVf1 'CJf" (Nitrous oxide) Uflff'JfU"Ul1JU~1'Jf1t1''Hlf1''f1l'.ilFn''H1J'Jf'Ufllfltl1f11J

Cl d ••.•'2 I 1 Cl Cl 1'J1 'JI et ••.•1'JI 'JI .4}t ••.• d ••.•VVf1CJfU)'Wua::U'U.:J~1tl~lV U~tU'HtJ1JtJf1~l1m'Jf~::~V~1J~1'Hfl111J'.iVUlffVuV~f1'Wfll'.iU'U~~1

, I l'JI .... , .... 0 1 'JICl ••.•• 1ua:: 1Jfl1'.i 'H~f1f11J,'U1JUlff'.il::~::fl1 'Hlf1f1fll'.iff'Wfl1u

6. A11N1ff1'.i(Burner) '.iZ1.:JtlV1lfA11r-l1ff1'.iUlJlJVlfllff-UVlCJfnftUfl1J1Ua1lnuvlCJfnft'W
~

, U ~i' ffVVf1, CJffllff '.il::~11r-l1ff1'.i'JfUfin l1in U fl111J!VU ua:: Vl ~lflflfl111Jl iYV'H1t11~ U~ff11J1HI
•.

lfA11r-l1ff1'.iUV1CJfnft'W'u~i'ffVVf1 lCJfflfllJltJa1'nVlf1lff-UV1CJfnft'W'~ vV11fvtlf1crl\1UlJillfli

'HiVVlmff~iivvf1crl ~'W~ .:J1J11rluA1VVf1.,,,ffua::'1ifl1'.i' 11'1'.i::1J1v'Uv~1'Ha1~f1~fI~Ulf1v

.J .4 Cl Cl' 'JI il _t , •• 1 I .J 0 ••••ff1'.ia::a1VfIVVf11J1~1f11fl'.iV~lff'.il::vn lf1f1'.i::11J"" fl1'.i "lu a1 Ttf1VUfI ~::fl1fl111Jff::Vl"911

lr-l1ff1'.iua:: 1fQ.:JijV~lJA11r-l1ff1'.iIn'.il::Vl~ii'~!V'W i'"

7. i'~iY6a91'.il'11vm~ (Ultraviolet radiation) 'HaVfl8Va la1ufllnflua::'HaVfluavv
~ ~

m::u ff'nrh lf1t1l1iii.u1 (electrodeless discharge) '.i11J'r1~1~11r-l1UUUm1'n~ff11J1'.ifl111'uff~

6a~'.il111vla~ ,~v~'1ifl1'.i1JV~~H '1 ua::fl1'.iiiuN'Wm::~f1"V~fl'WUff~'Hiv 'fU1U~1"V~flU

Uff~6a~'.il '11vla~
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8. 6'lJ~nV~lflfl111Jr6'lJ (Heat hazard) 11lfl1'~ 1~11~lUtJtJfln1~~utl::~11~lff1'i~::ii

Q .et _'f CII 'JI 1' QI" A 0 QI~W11tJ1J~ {I fl11~:: 1Jm:: ~fl1J6-11fl'lJ fl111J16'lJua:: 1Jfl11~tJ~6{11116'V11fl111Jff::61~~11~lff11

1'lJIIIW::f6'lJ

QI 01.1 ~ -' ~ t.oQ,1"9. ~n\lff6tJfl111Jlltl6~tlV (Safety check) ~{I'lJ lJ;t11tl1Uflffl'JflflH'VIltlfl 'Jl'-II1'lJ

"" 0 , , " •••••• 04 , , ..l, "" dOl ''''~n~~tJ111W'VIH1U61J1 111Jff111fl1J1116ff111 ~ liJ~~'VI 6ff\:mtl::~11'1'Jl'flfl11'V1H1'lJ ff~1

..l" d "'" 1" , '" CII I 1"" , ,... .:, ~1~lff11'V1\lfl~6{1Ua::a6fl~1ffn{la::66-11 11U'lJU ~n~~f1{1Uflff11 'Jl'\lfl~6{1Utl:: 1J1J16V11 hJ;t

CII ,,, ••• '" d.I l' 04 •• ~ _'f '"umr 111Jfl111J;t'lJ~11J'VIlJnfltl 'lJ~1J61116-111fl'j6-11lJ;tm::~fl1J6{1flUlUH (flame shield) Utl::,;t

•• """" ••• _.t ~ """ •2.6 ltl18~If)tl.l·nJftnUI11na"1Jlfl81 (X-ray Dtffractometer, XRD)

, 1 " .• 1 "" .." "' ..... '" ..... ~'lJfl1nn fl'j {Iff1 H~tlflff11J11f1~1 1~ff6tJ ;tVfl111lfln::11;t1VHffl6flCJf Hff16flCJfl1J'lJ
, ., JI

flnumjl11gfl ,~.yh (electromagnetic radiation) fiii'Vf~{I{11U~{IUtl::iifl111JV11flilUff'lJ 1;tViifl111J

"'OG.lld, QI , QI d 40 014. fIVl1fltl'lJ 'lJtl1f1tJlfl V1fltJ1:: V::'YI10111::1111{16::~ 61JIIIVnffiiJIII6{1UIII-11 l1J6tl1U ff -11III6{11-11ff16flCJf

QI d Q oQ, , oQ..s ". , d "m::'YItJ1ffiiJIII6-3UIII~~::lfl;tfl11m::1~~ (scatter) 'lJ'1fl'YIfl''YIH lU6-11~lfl6::~61J'H16 666U'YI6g U

'VIH1~'lJIII6.:1i' ~ff16flCJ1 1:1 ~ , U'lJ6nmh1 'A'11l~'lJl'YIflUfl~'~1111 fl'j ~ffr1~III6~ff11~ 'A'i'tJfl111J

.• 4 .d 4dI Q -' ••Q••••• QIl'Jl'6f161J1fl'YIl!~fl6 l'YIflt.lfl16flCJf11V;tl1U~1fl'Jl'U (X-ray Diffraction)

Q,I .GI 4f' ~ •• f d , _~ ..del .4 ~ , .la Q QI Cl cf&t41~ff16flCJfl1JUfltl'lJU1Jl11afl ~111'Y11Jfl111JV")flaU~~U~ 0.1-100 A 11J6V~1~ff16flCJf'YI1Jfl111J

•• ,~ ••• '" , , .• p. , .• 0'"Vl1fltl'lJ nnlflV{!fltJ1::V::'H1~1::1111~1::U1tJ (interplanar spacing) 1116~~tlm'J1\l~tlflff11~::'VI1 11

QI .cl tlli:i ~ '2 cv : p •• QI .cl tldHff16flCJflfl;t fl11 mV11tJU (diffraction) ~ f1~'lJUtl1l 11'VI11tJfl111JV11fl tl'lJ'll V{!Hff16flCJfflff11J11 fI

o " 4 ~JJ QI Q ~ tIfl1'lJ1W1111::V::111~1::1111{11:: U1tJIII6~~tlfl ff11 UU , f11fI V61f1'Vfl116titJ1V~1Vfltllll 6{1UtJ1flfl

(Bragg's law) ~::'~11

d

e
A=

2dsine

., 44.1
1::V::111{11::1111{!1::U1tJ (111611Vfl11 d-spacing)

" ,
~1JIII6{!UtJ1flfl (Bragg s angle)

.. '" ~ "fl111JVl1fltl 'lJH {J16flCJf

(2.10)

n = 0, 1,2,3, .....
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l' J ,.,..• ~1 dI 1" A .!l"; ••• • o'~ ••••'Ufll'Hl1tJ1l1'nfll'Hl'I V111J'U'U6.:1':i.:IffL6flCJf'Ufm fl~:: 'lflf1':i6.:12J6l'11':iVfl11L6flCJfl':iv~n

un':iflll'1iil~61i~tJiiff1'Ut.h::fl6U~1.:1 '1 ~.:I~U~ 2.15

-X-ray
Source

J! J•••• Cl' •2.7 ng8~'Q'rI11t1U01QnVl1f)UUtJ'Ua8~n11~(Scanning Electron MIcroscope, SEM)

J! .~•••.d ••••• I 1 ~, 1 ~ ,.,fl1l6.:1~l'Il'1':i':iff'U61l'1fl~':i6'UUUUff6.:1m l~ 2J1J':i:: V'lf'U6V1.:12J1fl 'Ufll':i nfl1:J1l'1fl'lnu::
~ .

1l1V'U6fl'UfH ff1':i~ 1mh.:lf)fl';~ 11fti1a~'U(JlV6dl~fl~1~'U1H6th-3~ ltt~ 1fll(lfl v~tiu fll(6-3 ~l'Il'1':i'mu
dI 0'" 1 J!"'''' ";'1!'" " o'•••. d11UU 1) ':i':i2JfI1~'Uf:l-3flll'l-3'U(Jl V\1-3 tt ~ fl1l1fIV-3flU fl 1'n l'1 9'l ':iU~lfl fll'l6 -3~l'Il'1':i':iff6m fl~ ':i6'U UUUl'1::~

Fh'U (Iranmission Electron Microscope, IEM) fllm~flU~-3':ilVl'I::16VfI'U6-31l1'n (resolving
~ ....•

power) iifl112Jlr!'U'u'ltil-3 3 \J1 1\J12J~':i \J6fl~lflir'UUl(1fll(6-3'lfU~UCJf-3ff1\J''tfqjU':i::fl6U~1V

.1 o'••••d •••. 0' ••• ~ 1 '''..'MY..••l ,.,.1' •••.• 1 ~A A,,, ...~lJmtu61l'1fll'1':i6\Jflff CJf.:lllJ~ 6fllff 'tf~ ,'lJ2J 6fllff~~11lJl'I.:I~61~2J'JlJmW6'U '1 1'n6 'tf2Jfll':i
~

Uff~-3f-ll'l1\J1U~1-3 '1 1';'Ufll':i i1f1 ':i1::l11) l~ fll':ifi1\J1W 'tf12J1l'11m::U~2J1~':i fll(6-3'lfUflUl'tf2J1::tiU" • I' ,
fll':iii'v-n\J 11 \J 2Jlflfl tt~ V\J nu lU 6-32J1~1flili Viiifl112J':i1~1~1~1 Vfl'hili Vi' fl \J fll':i fffl1:J11t1V

1! ~•••.d Ifl1l6-3~l'Il'1':i':iff61l'1fl~ ':i6 \JUUUl'1::~ f-ll\J

ff1\JU':i:: fl6Uthtity'U 6~fll( 6 ~~l'Il'1':i':iffU6lgfl~ ':i6\JllUU ff6.:1fl':il~U':i:: fl6Ult1V
,., ~

1. ':i::UUtttyty1fllff (Vacuum) Ul'I:: f16l'12J\J(Column)

••••d •••. 1 ,., ~2. ':i::UUfl1UfJ2J6mfll'1':i6\Jfl (Electronic console) lm::~6 l'1':il'1ff\J(CRI)
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. "
- I 1' •• '" •," "'u7:: 'U'Ut'{tyty1fl1nu 1:: flV'U'f11r.Jlfl1V~~m flllllll:: 1:: 'U'Ufl11 U.•••1NUJ111V'U1~U'IJ'U1J 1J

, .i •••" ..l 0 , " ••• "1 '" <I l' <lA d •VVVU 'If-31J11U11'11'11111Jt'{tyty1fl1ffmV t'U fI flll1JU 'UV~fltl V~ '1l1'l1 1ffU Vlllfl~1 VUU 'U'Ut'1V~flnA

AI l' 0 Ad .i ~ • 0 A • .i '''~u1::flV1J';nVll1Ut'1~Vlllfl~1VU (electron beam) 'lf~lUUU11lHfl1lUAUt'1~t'11H'lf~~::~ml1J 1111JU

d A I 1 '" '" '" "'. l' <I",1A'UU1Alllflu1::1J1W 3-6 Ul Ul1J~1 ~::Qfl'U-3f1'IJ11~flll~'UU~lVV1~"lVlllUt'11AQ (objective

" : '" '" '''o4 ..l'AI, A .i A , .: A "'. l' o4..llens) 'Vf1V1J1'l-3Qfl'U~f1'U111flaVUl'l u UVlffl'll~11U-31'1ffl'lH A'UU.•••UN1'UV-3~lVV1-3"lVlmV-31'1

O,"A • .i. , <I I1'1111lflAfl11t'1V~mlA (scanning generator) 'If-3V~1::1111-3lllUt'1f11'IJUUU (condenser lens)" .
ii1Ut'1~'U{l-36lgfl~1vuiU~Vfl'h '~1J1i6lgfl~1VU (primary electron) ~::Qfll~nt'1~11J911Vth~

" l' <I", • 'A.I ..lA d '" • '" • ,",. '" •~11J~V-3fl11'f11maUt'11~Q l1JV 111J11Vlllfl~1Vum::l'l'U'lJU~lVVH'lf-3V~mV U11V-3 t'1~lVVl-3

(specimen chamber) ~::fh"'flflAfl~1J'UV~6lgfl~1VU'A~ 2 liVfl'h 1'lfnUA1~6lgfl~1VU

(secondary electron) VVfl1J1~l1flfj1911Vfh~ua:: ~::Qm 1'IJ1l1J~ 1V911n'U1 l1J61gfl~ 1tlU (electron
,t.o " •• cv .:io JJC:

collector) ~::t'1~N1Ul'lVU1Ut'1~1'Ul~1f\'jV~'UV1Vt'1qJ\ylW (signal amplifier) 'If-31'1111U1V1'UV1V

l1tyty1wul( lutlal1tytylW i1flflAm .•••'UU~V 11'lnlffUUll::,j'uiiflm .•••' Ul1a1l~VlnU
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2.8 fI11llfl11~~nHft111Jf8U (Thermal analysis)

.•• 0' 11 ~ .•• .,; •••• 1 1 0', , ~ .•• 0'f)1n LfI 11:: 11111-3fl111JHI \.IlU lU'VIfI U fI Y11Ju 1:: fJ')j'\.I0 fJH 111fl \.If)11n fl1:l11LfI 11:: 11t'l'11

...... " '11 ,.k .•• 0' 1I.!Ll111::t'l'UnHU Lt'I'~-3t'l'1Jli~'Vl1-3f1111J1OU'tJ0 -3ff1 1 '1>111"'m.lOfJl-3C)f -3f)111Lm 1::11'Vl1-3f1111JlOU\.I~::

l~U f)11 ;i~9111JNnflU ltJg fJUUtJn -3t'1'1J,j;iml11:: 'tJ0-3t'l'111~ mm tJ1JlnfJ1Jfili~W 111Jij ~-3f)11

.I"; .I.! , •..'_1"'''' .••lun fJUUun-3U'II::U91Mll-3fl\.l u'UUflli')j'U ~'tJ0-3t'1'11

~~L~OL1UL;tJnL'Vl0{1JOn 0::u1'ncit'l' (Differential Thermal Analysis, DTA) f)11

1lfl1 1::'" Y11-3f1111Jfou l~UL Y1f1Utl ~ , flu f)11111~W11fJijtl «ltJUO'l (glass transition temperature,

Q.., .I Q t J cl .•Id _ITg) un::~W11fJ1Jf)1111n01J911(melting temperature, Tm) 'If-3~W11fJ1J'lI'1-3U~::1Jf)11luntJ\.ILLun-3

't'H;-3-31U'tJ0-3i1,j'ULO-30dHi~L~U l~mfl~o-3 DTA ~::'riif)111~f)1'iLtJgtJuiLtJnnn;-3-31U l~fJ

L1.I';tJliL\1fJlifllifJW11 fJij~' M'urit'l'11Ua1LLff~~00fl1l1' ultJfln~ DT A L~fJfl'h L'Vlo{l1JUfl'i1J

(thermogram) 1~tJ~1 'tJU«1LfI~0~ DTA ~::'-Nffl'i1J1911!l\.lLrlui1LmtJliL\1tJli~~t'I'l'i1J191'i!lUrl'

" ••• ..; A I .••" ••• , ,••• A I"; .•• , , ";, SI,~::~0~1Jf)11ltJnfJuuun~fJW 11fJ1JUOtJ1J1fl11101J1Jf)11LunfJUUtJn~fJW 11fJ1JlnfJ \.I')j'1-3'Vl')j' U f)11

..;," 'Q .:l , Q, " 4 0 QIY1~no~ t'l'1'i1J1911!lUYI 'lI'L')j'U0::\11JU1 (alumina) \l::1J'lf1~fJW111J1J'If~lU-q~fl~ 1500 C ~::1~
QI , CIoI' QI .d Q'.6 •• QI .:1

l1n~-31UU91fl91H'U0~t'I'11~10fJHfl1.J t'l'1111191'! lU'VlfJW 11fJ1J91H '1 C)f~~::liOflfl-3l1nH1U'Vlt'l'11

... , " , I ..•9l10fJHfl~L'U1 1.11'i0fl1fJOOfl1J1••

0'1 .••.•• , .•• ~ .•• ..;, "L'YIO'i 1JUflnL1J9110::U1 n'lft'l' (Thermogravimetry Analysis, TGA) lUUlVItlUflYI 'If

~ ••• " .k ~ .,; AI : •.• A~"''''nfl1:l1f1111JLffflfJ'iY11-3tl111J'iOU'lf-3~::nfl1:l1f)11 LtJnfJUUu n~\.I111Ufl'UO-3t'l'1'iLu'i fJliL'YIfJli flli
"

~W11fJijd111i'lilVltlUtl TGA U U1hL~U 2 tJ'i::IJll1'11q; '1 fio

'ol'lfLYIo{1Jon L'VlOfl1JUfl'i1L1J91; (isothermal gravimetry) L~Uf)1'ifffl1:l1 1~fJ1~f)1'i

LtJgfJULLtJn~J11111fl'UO~t'l'1'iLm tJliLn fJli nliL1n1 1~tJ~fJW11fJijtl-3~91n 0~f)1'i Y1~n 0-3~ ~~W11fJij~

'-N\l::ijNn~0f)1'iffn1tJ~1d'1 1Uf)11Y1~nO~' -NnW11flijt'l'~f)11 t'l'n1fJi1\l::lii~ '~L ~1fl11f)1'iYl~n0-3~~ ....
'" ..• ~'If~W11fJ1J911

UOU'O l'lfL'VIof1Jon l'Vl0{11JLLfl11L1J91;(non-isothermal gravimetry) l~Uf)11ftfl1:l11~fJ
• tI ••

1~ fll'ntJntJU UtJn ~U11111fl'U0-3ff1'i L\1tJliflli 11n1Un:: ~W 11fJij' U 'tJW::n ij f)11 , 11'tl111Jf ou tl-3fi , U

••• 0' 0' r:'I4 "1 40"" r:'If)1'i1Ltl'n::11\l::'Vl1 Uli'i'itJ1f)1ff'U0~UflffL~OtJ L')j'U U 9l'iL1lU Ll10f)11l~ 0'tJ0~ff1'iLLn::Uflff

OOflciL1lU~Lii~1l1flf)1'i ffn1fJi100fl1l1fl1:: 1111Nn~ '$ILLff~~' U 'itJ fl'i1litl111Jff1J'ti\.l 1'i::111H••" ,
u111l1flnlifJW 11fJijfi '$IL; fJfl11 L'Vlofl1JUfl11J



34

I ,
.••.v .ot.ot V

2.9 ~1'U19rJnlflrJl"8~

ijntJ.nUV1U1'\.nJ1fl~ntJnWtl1~ff~lm1::,.yN~m~ '6f66U'U 1611J~l~tJ11tl1nh

1l~mtJ1tiu lUfffll1::~6~U~~ .••m111~Um~tJ1fl~~::ff-31m1::,.yN-3m~ '6f66U'U 16t1J~1,n~
• tI JI •

6-3,i'tJ~::fl61Jffihlff1J6'tJflfli' ~~1t111m'i li 1tJ~m tJ1nu 1U fffll1::~6~1 1~ -31~tll ~ffT:i~-3~u;jij

fl111J1J;qnifJ~~6-3 PbO, Fep3 Uft:: Nb20S i~~11Jff~ri1U~~6~fl"iNff1J"fl;j'1tiUUft::lN1~

~Wl1fJijfJ~~::'~l~ff Pb(Fel12NbI12)03 Uft::~::w.h-3m'ilN1v::ln~l~ff~6~ Pb3NbP13 Uft::

Pb2Nb207 l~ul~ff~'1i~6.:jm~v1m::1J1J~6.:j PbO-Nb20S Uft:l~ff~6~ Pb2Fe20S ~lm::1J1J~6-3

PbO-FeP3 ~1m1t1~1U1itl~:ijmHr~lfln::1i' Pb(Fe II2NbI12)03 1~w1ifl".li1tJ~mtl1tiulu

d, 1 I ...,. •••••• 1~ .... , ..;~ 1"ffm1::~6~U~-36g 2 U1J1Jl1ty '1 fl6 11itnflV:: 'll'LU6~nff1U11~6.:j FeP3 Uft:: Nb20S 1J~Nff1J 11

" •••• ..; ••• , " 0 ,. I .... 0 '.1 ..;l~1flUUft::1N111~Wl1fJ1JfJ~~::~ FeNb04 Uft::U1 FeNb04 1J1JflNff1Jfl1JPbO Uft::U1 IJ1N1'Y1
• 11 •

~Wl1fJijfJ.:j~::1~ Pb(Fel12NbI12)03Ul'l::ijl~ffVihj~tHm~ln~;jufi6 Pb3NbPs1iVi 2 ~::

,,, ..; ... '"'ll'4PbO, Fep3 Ul'l:: NbPs 1J~Nff1JUl'l::lNl'Y1~Wl1fJ1JfJ.:j~::fI Pb(Fel12NbI12)03 Ul'l:: Pb3NbP13

Ul'l::Pb2NbP7 lrlul~ff~'1i1l6~fl'"

Pourroyet al., 1990 '~ijtl1~ff~lfln::,.y FeNb04 ~1flff1'il'l::l'lltJ'8f1'i6fl'cnl~6-3'6f

, 1 ... 0 p ,p ...: 0 , ••• 1" ...66'\.Um:: U 6t1Jtl1JUl'l::'YI1fl1'i~fl~::fl6Utl1t1NH40H tl~::fl6UffU1911l'lfl1vt1J11l1J6 'll'l'YIflUfl

~ ~"'•.I •.1 ••.•~ & I •••• P •• , , !it ••• ..; ~16fl.l'itlflnUn'ifl'll'U"fl1l11IJNftfl~6~ FeNb04 ~:: LtlNl'lfl~6-3FeNb04 1JlUU'i::t1Jtl1J'YIff1J\l'iW

••• 0 ..; ••• 0 ••• .: ••• 0 ,p &.1 &.1 1 i11J6'Y11tl1'ilN1n~Wl1fJ1J900 C Uft::11J6lN111~Wl1fJ1J1000 C v:: tllnffJnn 1J11(wolframite

d!lt .• QI QIfQ I dphase) ~6~ FeNb04 11l1JU'i::t1Jtl1Jlm::1f1ff1J1J~11HU1J1l1l'lfl~6-3ff1'i

Chiu Ul'l:: Desu, 1991 '~fffl1l1fl1'iff-31fln::M' Pb(Fel12NbI12)03~1fl1ifl1~li11l~mtl1n'\.J

1 d 1~ !it ••.••1 1 .... ,...- 1"....1 ..•.••..•.•.. ~.!Ufffll1::~6-3U~-3Ul'l:: 'If KCI &1J'\.J~1IJ~::ff1UUfl"'lfl~IJgmtl1 11f1~untJfl11ifl1~ff.:jlfln::l1U

, ••.• ~ ~ " '::,,!it11 m'iff.:jlm1::l1U1J1J1J6l'lll1U.6ft11 (molten salt synthesis, MSS) ~::1'll'ff"'~~~U&1JU PbO,

1 1~.... ' ..; .•. 1"'" 1"Fe203 Uft:: Nb20S ~tJ "JJ6~nff1U~6.:j PbO 111J1fllfl'\.Jvt6Nff1JUlflft6~6~ KCI Uft::1JflNff1J11

1;j'1n'\.Jlul6111u6mrlUl1l'l1 12 i1l1J.:jUft::lN1~~Wl1fJijt!~ vt1J11V::'~ Pb(Fel12NbI12)03

~~Wl1fJijfl1'ilN1 800 °c 1~Ul1l'l1 0.5 i.:j l1J~ Uft::lrt6lN1~ 900 °c 1U'i::1J1Jilfl~::ln~tl1"::111t1

~6~ PbO Ul'l::'A'~U1f16'\.imfll~'\.J'YIHfll'l1J '1ilfl1::n'\.Jl~U~6U N.:jll'lfl'6f66'\.J''\.J 16l1J~~

•••• ~~ •••••• 0 ••• - 1 d 1 ...,...; .1 .•• ..; °ff-31fl'i1::l1tl1tJ11i'YI1tJgfl'itJ1 U~6.:jU~.:j Ulfll'l6'Y111l'l61Jll1l'l1Ul'l::lNl~U1tJ1.'il1Jfl'YI 1,100 C

1~Unl'l1 13 ~111J.:j'~fi1fl.:j~'f1fjlgfl'YI;fllrl'\.J 12,270 ~f1111Jrll MHz
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Guzman UCl: Aegerter,1993 1 ~ ff -3lfl 11:,;' Pb(Mgl13Nb2l3)03

Pb(Znl12Nb2l3)03 UCI: Pb(Fel12NbI12)03 1~tJi1ifll':i9lfl9l:mn..l';11HnflfllnhtlilmtJ1 181fl':i 'C1;ff

1 1 1 : 1!J ... "1'" cl .•• .cl .•• ; ~"fH 1..16ltJ9I 1..IffUCI::C11tJ1..In:: f1lCJf':i11Jfll'Vh ':i61C1flVl':iflVl6W111'11JfIl':ilNl911V1flfll1nfl1:l1•••

• .•• AI"''''''' 1 1 1'" t .I , •.. " " • "';'.J!'"'t'fU11fl1':i lflflu{)fl':itJ1 8 f1':i C1CJfff1..l1..lV::" 1..16gmJfl 111Jl" 1J" 1..1"6-3fl ':iflUCI::f1HVI 'J 691nfll':i

Nff1JUCI::1i'j'j1J'n~"6-3ff1':i~-3~1..I l't'f616'Vfff1f1fll,"ffV::l~1Jtlnfl{)~ 350 °C UCI::1~l,"ff~u;qfli

.cl .•• 0 ~ .:, 1 4 0 ••• cl .•• .I Aid .•• °VlfJWl1fJ1J800 C m1..l11C111 'b'1 1J-3l1Hl1..l11J16~11J~lCJfn1JflUCI::lN1"1..IluVlfJWl1fJ1J 1000 C

,,11' tllf1fl1fl-3~ 'f16lgflfl;fl't'fU'h 1~fl1fl-3~ 'f16lgflVl;f111'hou 2,600

Cho UCI: Yoshimura, 1996 1~fIl1ff-31fl11:a1'fh;'u1C1f1 'VI VI111..191(PbTiO) Vlflffl':iCl::C11t1

.:, , '" .cl..s!J !J 1'''' 1 l..s 191::fl1 8f116fl CJffl(Pb(OH)2) fl1Jfl11Ul'\lU'\lU 0.07 UCl9I6C191':i1..Iffl1C1:C11t1't'fUVlff1CJftlU8~':i

'" .cl..s Y Y 1 , ... -, 1 " 1" ...6fl CJffl(KOH) VlUfl11UL'UU'U1..I2.0 1JCl9I6C19111~t111i 8 f111V16':i1J6C1f11tJ91fl11Ufl1..I2.0 LUfl::

AI •••.•• 0 ' 1 !J ,J ••.• !J !Julfffl1C1 (MPa) flfJWl1fJU 200 C 't'fU11 flHff'n:jVll-3~C1f11fl"6-3 PbTiO) '\l1..l6~flUfl111Jl"11"1..I" .
•.• !J ..s'!J'1I '" 1"tNff1191-3911..1V1'b' ~"1..I1~6'4f11fl6~ 1..I'b'1-30.6-6 11fl161..1

Tena et aI., 1996 '~fffl1:l1ff11U~VlH',..h~1"6-3 FeNb04 ~ff-31fln::Hlf1t1i1JfIlnh

AI"''''''' 1 cl •• - ~ •.•.••.•• '" 1 1 11u{)fl':i tJ1 1..1fffl11::'ll6-3U"-3111f:111iVl1-3f1ltlfl1't'fUCl::nfl1:l1ff11U9I"6-31CJf'j111fI 61661..1 1..16ltJ 919'11tI

4 .•• ..s "A I 1 1il · ...'" , 1 d,lI..s1fl16-361J't'fl~1..ICJffflufl fl':iff fl (impedance spectroscopy) .•••U11lCJf1111fl 61661..1 1..16l1J9I't'l 9'11J

fl1f1lnh 'rlfhff-3111fl~-31"'1Jl::V~\h 'tlli'J1..I~1\h ',"l~l••

Jenhi et aI. , 1998 '~tl':i::fftJfl1111ti11!V 11..1fIl':iff-3lfl11::,"N-3lClfl '6f661..1 '1..I161u~ lfltJ

- t!J !J .••

11iCJf6C11VCIV1flff1':i9l-3~1..IPb(N03)2' NbCIs UCI:: FeCI) UCI::v::1'b' Pb(N03)2111fllfl1..l'Vf61 1..IfIl':i

.•• AI"''''''' 1!J ... .I d .•• 0 l' .cl, ,lfl~u{)fl':itl1V:: ~l,"ff"6-3 Pb(Fel12NbI12)03 lflfl"1..IflfJWl1fJ1J 700 C 1..I':i:111HfIl':ilN1l-nff't'l 11

!J .•• .I 4 ~ • 0 .•••• , "...;, •••• '"~6-3f1l':iV::lflfl"1..Il1J6L11JlN1ff-3fl11 500 C UCI::lflflNClfl"6-366f1 CJffl't'l11't'l':i1U6fl 2 l,"ff11J6lN1••

~fJWl1fJij 850 °c
Sekar, 1998 1~ff-3lfln::,;' Pb(Fel12NbI12)03 lfltJflU1N11Cll1::'1..IlVl1~ '1..116lijtJ1166flCJf1

1CI~(Nb2(C20)S) U611l11lUtl11 11..11't'l':i91(NH4N03) UCI:l't'l't'l':i1,"6'116C1 1~':iCJf10i1..l(tetraformal
.•• t ~ : .••0

trisazine, TFT A) 11..IU'j'jt11fl1f'f66flCJflV1..12 "1..1~61..1,,1..1~61..1U':ifllN1ff11C1::C11tJ1..I1flfl11..11W

6~nff11..1"6-3 Pb(N03)2' Nb2(CP4)S 11..1NH4NO) UCI::TFTA lrl6l'hfll1lN1~fJWl1fJij 350 °c
.•• , "A.I .•• "'1 I 0 1 1!J .•• "" .•••.• tfIl':i lfl~ l'Vf6 ':i6't'fff fl fll Tt ff't'l6 W111'1111..1'b'1-3500-1000 C fItJ 'b'1VIfl 1..1flla flCJfl':itJfI'" Urh fl'b'1..I,,1..1•••

~ff6-3 lN1lClfl66f1 'CJf~UCI::'6'':i61..1 '1..I161tJ~V1..I'~l,"ff'\l6-31C1f1'6'':i61..1' 1..I16lu9I~~6-3f1l':i

Liu UCI:: Barber, 1999 1~fffl1:l1f1l1ff-31fl11::Hfhf111C1~ '6'661..1 '1..I16ltJ~ lfltli1JCJf6C1
"

1VCl1f ff 1':i~ -3~ 1..11i'J1..11ClfI (II) U6 OilVI~ , 91':i, 8l fI ':i91 (lead (II) acetate trihydrate,

Pb(OO(CH3)r3H20), '6'661..1 (II) U60i1't191(iron (11) acetate, Fe(OOCCH3)2) UCI::'1..I16lUtJ11
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.
••• od

fl1Jfl1111fHllfl0.1-1000 kHz

Gnanasekar et al., 1999 1~tY~1f1'n::111vf,vu lu lV11J91U1J1Jl111ufliHlm~tY(monoclinic

phase) Un::fffl)JltYlIU~f1H 1~~1 tYlIU~U1jll1gfl un::9i1i'1JtYflltylW (sensor) untY "V~lvfvvu

lu lV11J91fffl)Jlf111111flu~Sflun::ltJ'hH;fl)JW::"V~fH lvfvvu 1u1V11J91~1tJ1f1f1UfIlflflflUfI

~ ~••_.1 _.I'" 11 ~•• cl , ". ,_.I_~1VflC1S11flRn Un' fl"UU n::fla V ~, nfl n ffmnfl91' vu U1J1JtYfHfl' lR n1J11f11fln U 1 nn 1Un::

,cl 1 ~ , 1" cl •.• , ••• 2+ 3+ •••U1I111nfl"V~ V'VVU U V11J911flR~lflO1nl't'fU1J::'::11'n~Fe-O-Fe 11Fe un:: Fe ~tYlInllflU

vdun:: ~lflO1'fffl)J lO1nh 1vf, vu, U 1V11J~UflU9i1i'1JtYtytylW1RtJ01'ltJgtJU f.lfU11fJij't'f1J1n::

~ ~ ,~~ ~ ~ ~ ~9lV1JffUV~un::91'1~1~UfltYH2un:: H2S ~1'1573-623 K un::91'1~1~UfltYl1~~1I'V1673 K

, " ~ !'1lJ", 1 1 •.... 0 _I •••••• 1 clAnanta, 1999 Rff~1f1'n::l11V'VVU 'U m1J91 RtJ11i01''VI11J{)mtJl UtYfll1::"V~U"~

1 ,,, ~" •.. 1.it .:, 1 1 1 1" ••~tJ 'lftYl'91~91UFe203 un:: NbPs ~tYlIflU Ulfl'V~1J~U1J1JffU U V 91 't'f''t'fnUVnflVuvn
JI • I SI

(isopropyl alcohol) lH;~~lmjuV1JYi 120 °c un::lh'tJl~lYif.ltul1fJijtJ~un::Ul1111JROflfli'~un::
" . "

'r'h01'l~l~lYif.ltul1fJij 1150-1300 °C ~lfl,rUUl 'tJ91n~111tJfUnfl'l;jtu::"V~~~ 1vfvvu 1ulv11J91

1 .it ~ ~"_.I -.I 1" .. " ~..cl • , 111 _.1~tJlfI' v~mfl911' tJRnUn' fl 9l1ll91V'un::flnv~ ~n'VIn ffVLnfl91'VUlt1J1JtYV~fln~ 't'f1J11 tUntY

'\JV~lvf,vu'u lV11J911fluU1J1Jl111ufliHlflun::ovfl'VI1VlIiifl (orthorhombic) t1utiuvdun::ij

A.I cl, 'J1'" •• .1lntY'VI1II'1V~01'flVFeNb206 1fl~"U

lJ1'" ~ 1 "odYoshikawa, 1999 tltY~1ml::11N4 xPb{ZnlI3Nb2l3)03.(l-x)Pb(Fel~II2)03 RtJ11i

_I •••••• 1 1 ... "1 ••••• 1 1 ~ •.. 0 ,,, ••1J{)fl'fll U R'91tY~1tJ R1V'VInll1U(diethylamine) UtYl,n::n1tJ U191191llJU911'V11l11flRfln. "
9lfl~::flOU 't'f1J11~lflO11V1J91::flVU~::'~l~tYVtYtu! luun::V'4fl1flYin::10fl~ll1 n~ ~lmjuu 11t11~1

cl ••. 0 1" 1 ~ cl, ,,, .it..:. •.'VIf.lWl1fJlItJ'::1I1tu450-600 C~:: ~1'VW10't'ftYfl911~ffUn::1~ff'VI1I~V~01'1l1m't'fllf.ltul11JlI011

· 111 1 ~A.I ..:..11~1't'f1J11~:: tll't'fV1V't'ftYflfl1nff1't'f1l"U

Youmee un:: Phanichphant, 2001 1~tY~1fl'1::t1~~'vfvvu lu lV11J~lRfl1im1

9lfl~::flOU1111"V~tYl'J'n::nlfl NbCIs ti1JtYl'J'n::nlfl FeCl3 ~tYlItiu1UtY1'J'n::nlflVVfl911aflun::'f
• J1" •

NHPH tJi'1Jfl1111lfluflnl~h~ 't'f1J'hYipH tJ'::1I1tu 10 ~::1~~::flVUaUl~ln~111n~~lfl,rUV1JYi

o '_1" ~11 4 •• ~" •.. ~ 0 1_1120 C un:: 1J11fl'1::11t11tJ1mVn1fl'n::111'11~fl111l'J'VU(TGAlDTA) l1n~~lflUUUl 1J1~lun::

o ,_, ••• 1 ~ , 1 11 .it 4 ~ ~"_.I _.1 1" ~Ul 1J91n~111tJtunfl)Jtu::"V~~~ V1VVU U V11J~tl1tJ1fl'V~1fl1V~1Vfl911'tJ~nUn'fl 'VI1I1~V1

" ~••• cl, •.• , '11 _.1 1 ~un:: fln o~, n'VI11ffvmfl~'VUU 1J1JtYv~mlRun::tlO11 m:: ~lfl~ 1" V~V'4fl1fl 't'f1J11 tl1n tY"V~ V1
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'HJu1u ltll1J~UrlVlH1~ 900 °c lrlUUUU 1111UfI~Uml'h1Ull::tltl7hntlllflm~ffUll::'A'Vtpnfl~1j

d '" ~ '11'UUl~Ull flUll:: Lfll::flU mu fl tlllntlU

,"'" 0' d d 1 0' 1 1 1Mohan Ull:: Banerjee, 2001 ;lff~LfI'n::'tUll;lullflULt]fUllull::mfl V'iVVU U Vl1J91 ;lU

_ ... , , ~ ~ Q;'~' .lQ d Q f ., tI11Ut]f1Jnn 8f1'iVfl t]f;l (semiwet hydroxide) Lm::nfl1:l1ffllU91 ;lVmfl't1'ifll'fU11fll'iff~Lfln::1Hl::
JI , " t

'A'L~ff Pb(Fel12NbI12)03 Lm:: Pb(Mg1/3Nb2l3)03 1AtJ11ifl1'iiiv::LH1nf2Wl1lJii 1000 °c Lm::-nUn"
IQ 'J/ • ., 0

H1'UV~H~ Pb(Fel12NbI12)03 V::UVUfl11H~ Pb(Mg\/3Nh2/3)03 V1flUUU1H~ Pb(Fel12NbI12)03 111

tlfll~Alt]fniifll'fU'h1jfl111111U1utlUll1flfl'i190 % ~ 930°C ldVth 't1lAtilf1~~'f16Lgflnifl
"

fftJ'h'A'lfhtitlll,GOO-14,OOO l1anlmj'u'lh't11f1t1 (dope) ~1UUll~flliit'n)tlfl't]fft (Mn02)

'Vttl'hti lf1~~ fll 'i~tyL ffU1f16lgfl't1iflllfl MU ll:: ~Wl1 fJii fJ~'\ltl.:JPb(F e\I2Nb 112)03~ llAll.:J~1tJ

Gao, Xue Ull:: Wang, 2002 1A',.h::tYtlfl1111ti1LhlUfl1'iU~lfl'i1::M'H~Ul1u

Pb(FeI/2Nh\I2)03 1f1U11iUllfl1ULfillUtlfl~n;rU (mechanical activation) 1::11'h.:J PbO titl FeNb04
. "

'Vttl'h'A'H~ Pb(Fe\I2NbII2)03 v~1u,r1.:J 5-15 u11uLll~1 Lijm'hfll1LHlff11~.:JU9i 500 (i.:J900°C

1m:: V::lnfl fll1 ffllltJ~ 1t11.:J1Y1ULrlUL~tY~ ',j~V.:Jfll'i

Liou, Shih Ull:: Yu ,2002 'A'fffl1:l11.J1111wull,;un (stoichiometric) 'Uv.:JLt]f',niim'Vtv
"

1tlTttY'fl~mfl 'vfvvu'u 1Vl1J911f1tJ'Utl1Ufll'ilHltY11~.:J~U'i::1111.:J PbO, Nb20S Ull::

'" '" d I ," •••• , 0' , 1 1 _IFe(N03)3 Ull::tlfllHl't1U't1'Vttl11V:: fI Lt]f111Jfl'\l6.:JLllfl V1VVU U mtl91 100 % Ul1J'\lV.:JLTt

V1V'Vtff'fl~l~ffldvlHl~Ult1~ 1120 °c Ull:: 1210 °c lrlunll1 2 ua:: 4 i1111~911111h91tl

Youmee, 2003 1A'fffl1:l1f11111.:JLfln::M'H.:Jll::LiiufI'U6.:JLllA 'VVVU'U 1VL1J91tYllllHl

U.:Jlfl 'i 1:: ,11 AtJ11iTt17LC;UllVVflt]f1m~U ll:: 11ivv flt]f1Lll91 11i'Vt1fLC;UllVVflt]f1lll911A'v1flfl1'i';981U 1

m::tl1Uf11'il91;tJllH~lllfl 1676VU'U 16l1J911;ltJfll11fH.:J FeNb04 ~1A'Vlflfll1L91;tJ1J lAtJ11iv6fl

CJt1Lll91Hff1JtitlPbO 11ivVflt]f1m91~fifl~Ull1 111,jff111i'tlf111L91~Ull 'V7VVU'U 1vltl91 'A'v1fll'i

t " 0' 0' d"'" ~ '" 0 " •••HfflltY1'i91-ll~UflllV h~'\lv-II 'V1VVUUll::'U 1Vl1JtJll h"f1lV't11illVVflt]f1Lll91LUU911't11111 Lflflfll1
"

9lfl91::flVU'\lV-II'vfvvu 1U1vflllVVflt]f1m91 V1flUuli1fll11Lfln::Hfll'iffll1tJ9i1't11-11f1111J! vU'UV-II

flll 'flfl1'iLnfl'\lV-II 'vfvvu'u 1VLtl91A'1tJl't1f1Uflfll'i1lfl11::H't11-11f11111!VU(TG/DT A) Ull::l't1f1UfI

LVfl~l'i6~~U~1fl;rUf2Wl1lJii~ -11li1fll'i9111VffVtI'Vtq~m 111fll1lnfll~ff'\lV-IIm~ 1vvvu 1U1VL1J~

.;., 1 0'" .••• 0'9l111l-llVU'Uf2Wl1lJllUll::n1l1 ~tJl't1f1Uflfll'i1LfI11::11't1Hfl11111VU (TG/DT A) Ull::l't1f1UflLVflt]f

L'i6~~U~'ifliuv::'A'L~fffi1flmnUll'UV-IIH-IIlllfl '666u1u 1mtl91Uflll 't]fU~ 900°C Lrlunll1 4

.:.1 _I' '" 1 0' , 1 d 1 0' 1" p 0'•••• d"1 11-ll11J'i1-11llfl1:lW::'\lV-IIH-IILll~V'iVVU U Vl1J~'YlUflll t]fUV:: "flUV.:J,1l't11H1Vmfl91'iVUUtItI
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y oumee un~ Phanichphant, 2004 1~fffl1l1FHn:aVVA'U6'Un" '6166\J 1\J l6ltJ" lAV

tJ~mVlfll1"fl"·:i::fl6\J'U6.:Jff11n::nlV'UV.:J 1\Jt"1"un::n1gflflnv 11~un:: 1\J lvLiimJflntl h~'\J

ffl1n:: nlV hIlA'H~\JLtJ61 tl6fl1cJf~ , \Jfl1A6tlflCJflnflun::' ~fflH':: nlVU61J l1JL;jVLfI\J~ 1
"

"fl"::fltl\J ~lflU \Jlilfll1 1tfln::"'fll1ffnlV~1'VlHfl111J! 6\J (TG/DT A) lilfll1fffl1l1L-nff'U6.:J

Pb(FeI/2Nb\/2)OJ ~1~~lflfllmfl~ 1CJfU~800 0 C LfI\Jnnl 3 i111J.:J ltJ-i Hnfllltu::'U6~FH 1tl166\J

1 1 od 1 ~1 --..f '" 11 ~••• a I ••• ~\J 6ltJ"nUfln CJf\J,W11i\J~:: 'lffl"C1fl.:J,nn11fl'flL-ctfl"1fl\JU1J1Jfffl.:Jfl'jlALm::fllntfln:: 11'U\J1Pl

fl'L!illfl



,
•••

UYlYl3

••..•• u ""11 .3.1.1 'lfifl11iJ.:Ilfl11:'HN.:J tl1tltlU U tlltJft ~1rJ'lfiCWtlalila
11 •

1. 1~liv1Jffl'm'U1U1U)V'UlolihJ1Jflnoh~ 0.05 mol 'UUlm;U~lU1U 100 cm3
11

ff; 01Jli'-3flUot.iHm-3

..• cl," ,:~. 32. l~'W1Jffl'Jn:nlVl11nnfln6 'j~ 0.05 mol UUlnnU\llU1U 100 cm

o cl, " • 3 I ••• i I ,_ I3. lJ1ffl'.ift::nlmmlf1flnO 'JY)0.05 mol \llU1U 100 cm mw '1 L~1Jffn~ 'U
11 ,

'Uff1'ju'U1'\.,tnOV'uloLijv1Jfln6h~hl.nu 0.05 mol lU1.hmrU~lU1U 100 cm3 un::,,rfl111J
, 11

fouurlffl'jn::mVNff1J-t1fJtul1fJiith::1J1W 70 °c fff01Jli'-3flU~nO~U1nl

... 1 ... , '" 'JI •••••• ,4. l~1Jffl'jn:nlVU61J 1JlUV1J8~'j6n t)f~'Yf'J01JfltJ1~pH Uffl'Jn::nlVNff1J\lU

••. .l,J _IlMU\ln'UU'VIpH 'U'J::1Jltu 5-6

5. l11Ll11i6U.aO1-4 u~111gvU~lU1U l1Jnli1u 0.10,0.15 un:: 0.2 ~l1Jlh,jtJ

6. Ull\)n'l1otJ'M'u,r-3~~tul1fJiil1'J::1J1W 120°C ti1Ul1f116 i111J-3

7. Ull\ln~OtJu,r-3'l1tJ~un::1Nl~fJtul1fJii 600 cC, 700°C, 800 cC, 900 °c

Li1Ul1m 4 i111J-3 ~12Hh,jtJ

••..•• u , " "1 1 , .3.1.2 lfifl11iJ.:Ilfl11::'HN.:IUUl 8188U IU 8ltJft ~lrJlfi"111.r.taCW8alila

• '" , 1 ,J ••• ~~ ••••••••• , "1. U1N-3 O'jOOU U OltJ~'VIff-31fl'j1::l1l~l~W11it)f6nl\ln1JltJ~Nff1JfltJln~OOn t)f~

'Ufl'jfltJ~ (motar) 'uv~nri1u'j::11'h-3 PbO : FeNb04 Li1U 2: 1, 2.1 : 1, 2.2 : 1, 2.3 : 1 l~v
11Jn~11Jfh,jtJ

11 • ,

2. \llflUUU1'U6-3Nff1J-t1itl111Nl-t1fJWl1fJii400°C, 500 cC, 600°C, 700 cC,

800°C, 900 °c lfJUl1nl 3 i111J-3
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NbCls in deionized water

FeCl3

in deionized water

Mixed solution

NH40H

I

Homogeneous solution

0
pH"'S-6, T'" 70 C

GelDrying

,

Calcination
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••• .c:t ••• 4.."" .., SI3.2.1 lfi m111fl1 lZ1Un1ftlf)tlH IVltlfll'UJDltlft lnHfll1l11eU

\hWH~fl'61Ot)'U'll161\J~~ff~lmlZlf"'~~lnnC)f6lH~fll.h::1I1W 10-20 mg \31111

••• o'~ A ~ .•• 0' ..;,~~"1~11fln::lftl1t11fl16~TGAlDTA Uf1111mlZlfNflYltI

Parameter

Final temp 11000C

°
Start temp 50 C

Scanning rate 20°C/min

Sample 10-20 mg

Condition

Load condition

Load temp

Go to temp rate 100.OoC/min

••• .c:t ••• 4 14I 4 1" 'f A J 4•••_.1 _.I 'f'" 43.2.2 lfiml1lfl'jl::,"N~ 1f)'jf)f)U U1f)l1JftIVlr.JIfl'jf)~If)flCJfI'jtlVll1l1l1'jfllnlllftf)'j

lfl1flHfffl~'U6~N~ '6166ll 1lllf)l\J~~ff~lml:::lf"'~~lnnC)f6fll~flln[J\Jti\J

1I1~';j!lll JCPDS FILE 1~tI1h~16dHlIl\J~ 1..rfl:::lv[J~u1l1tl~fl~1tl1llU\J\J\J';j';j'ffl';j~1[Jltl61

2 ell tJ".et : 0 Q tIffltlflUn1tll~N1lflll 1lfl1[J\J~lnllll1Jl1tl~11~1lfl11:::11
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••••••••• 4,,4 " •• t 11 4••••• ,3.2.3 lfifl1111ft11:'t1N~ 181881,(11,(18lUVI~rJng8~1Qn11f11,(81QnVl181,(UUUG'8~n11R

••••.• I 1 0' "I 1 ..• 0 •••• 0'11 11 0'fl111~'W1l~10tJHfoH 010Vl.l &l.l 0l1.J~I'nOVl1fl11~n1l1lfl11:11~ltJfln0-31~n'l11ffl.l

61gfl~1 0l.lU1111ff0-3m1~,h~10til-3~uM' -3hJ~~11~11l.lff~11 (stub) 't10~111n0-3'IJU1;l

ltfuN1fJ\J6mn~tJ1:1I1W 1 lCJfU~11l~1 1;ltJfl11 1flVltJfl11l~l.l~ll~01lihaH'lJf)~~1 l1fA;lf)g11l.l
•• tI

•.. ""~""'1 .• " ~ .••~ •.. 0 ' •.I-~ •.••.•••••ff~11fl11V1 'n::~0-311 ftl1:Nff1l111f)1I::~0~IUUff11V11UU~1U1 nn1 l1M1I1fl'IJU910Ufl11~~

tal' QI.4 t J4 r JJ~ 2 tJ 0 QI " ••• 11~1f)tJ1~11Uff~11CJf~'lJU910UUl1tJfl11l1l1~~ (mounting) Unl11:~0~U1~10tJH tJ~l11Nl9'lltJ
.1 l' .......•.•1IlftfJft'IJf)-3 ftl1: l.l't11:111tJi.'{qJty1fl1ff(vaccum evaporation) U1U 15 U1V1 fl111flft0111110~111

.od 0'" '~.I 0 ••• .:. •••••• '11 0' ••• , ••• .:.(coating) V1't11flUOgluU lJ 'S:'l)111fl'1):111/111flfl1'S~ 111N1'IJ6~911f)tJ1~~ltJfl1111f)UIfftJflOUlTfOl'n1l

fl11 \h1W~lUft:~ 111A1tJfl11~111ihA ltJVlO~Nff1lU'nftlftl~tJ1I (gold-palladium) fll11111UlUll U
, .,,: , tI •• t tU''-

'lJ0~UNl.l1111ftflft'IJf)~lftl1::~Hflftn'S111't1~UNUfl1111f)UCJf-3~111fl1~U'Sml11flU 111fll'SlflU 15 nm•

QJ I .J I .c!lt ~ c::i 0' '" " o'1Q cl '1 "~10tJl-3'Y1N1l.lf1111ftft011'nl 01lVl'l)::U1 tlml11.fl1[J ~flftf)~ 1ftVlnffl.l f)lftfl~1f)l.l U1J11ffO~m1~ ~
11 " JI •

l1l.lfi ~1f)lh~111alii ff1111'S(H~111llAl~l.lnft1l.l1l.l l1~ii~o~l~11 11" l.l~10til-3fiu 1f,um::1I'1ff'l)lfl
tI

~u11101j l.lU 11tJ~'lJl.l1;l'IJ0~f)'4 .fl1ftA l[Jfl f{ O~~ft Vl11ffu61gfl~'S OUU1111ffO-3m 1~

,
.•.•••.•. 4,,4 "t t"u U3.2.4 lfifl1nlfl11:'t1N~ 181681,(11,(8lUVI ~rJlfl18~lRfl11n1:QlrJVll"8~81fll1ft

1;lfl11m:1I1tJ~1'IJf)~N-3 '01f)OU 11..1 10l1.J~~n-3lfl11::'tt'A'I)lfl1iCJf6ftl'l)ft 1~WU1

•.• , , " ••• J! 0 '.1 ... 0'9l16tJH1I111~ 11ft::lOtJ;lUn1U llJVI'S 1'1)11ft11:,..,

••••••••• 4 ,,4 " •• 1 .• 4 4••• t ... 43.3.1 lfifl11l1fl11:'t1N~laR 181881,(1'U18lUVIftrJlfl18~18fl.11rJftMUM1n n1.J1Vl81

1" 1 0' , 1 .J •.• !'\iIJ! - 0' •••111 flHff1H'lJ0-3N-3lft;l 01f)f)l.l l.l Ol1.J91Vlff~lfl11:1119'11l1fllti'n111CJftJftCJff)ftl'l)ft

lfitJ1Jf;11111~1!1l.l JCPDS FILE l~tJU 1~10lh~1I111;l , 1fft::lt)tJ~uf{16;lft-3 111'l.lU111111111ffl1

11 0' J! ••• "" ••• :: 0 1 ... 0'9'l1tJltJ01 fflll fl Un ltJ1~N111l.l1' 1111tJ1J1I1flUUU1 1I~111111fl'n:m

••••••••• 4 ,,<4 "I I 11 4•••••3.3.2 lfifl1111fl11:'t1N~laft 181881,(11,(8lUVI ftrJflg8~1an11f11,(81anVl181,(
,

IIUUiJ8~fl11~

...... , 1 0' 1 1 ..• 0 ••• rlJ! J!fl111mtJ1I~1f)tJl-3N-3m~ 0100U 1..1 0l11~I'nf)Vl1fl11~11'1)11fl11:119'lltJflnO~

1ftfl11ff,r61gfl~ 1OUU1111ff0-3fl11;lU1~10til-3~U1f -3111V;l 11-311U ff~11 (stub) fI 6-3111nO-3'IJU1;l

~ I 0' ., ••• 1 1~ ~ .....•... , ...,,,... ,lnUN1fJ\JtJflftHlJ1:1I1W 1 lCJfU~11l~1 ;ltJfl11 'JJfl11&1JU~11')ff)1IN1ft1~'lJf)-3~1l1V1~f)g11U



43

•• JI

QI od" " " odi o!l"?t od?t QI 0 ,_.I_~ QI QI •••n'~tlmTYI L'Jf~::~6~1ln""::Hn'1l""'j6~::~6~l1J'Un'11'Y1l1J'U~1'\..11Tfrtl ,..,n~~1fl'\J'U~6'Um'j~~

QI' QI.6:: .1 od ,,,.1 " " 0 QI I ••• ~~16tll~tl'Un'~tlC)1~'\J'U~6'\..1'Ul'jtlfl11l111~~ (mounting) un1~::~6~'U1~16tlH' thnmn'i'l1tl

'1JmfJn'\J6~in""::''U~'j::l11t1tttytylmff (vaccum evaporation) 'Ul'U 15 'Ul'" m'jlfta6tl,..,~mntl

(coating) ~li10'U6dl~'Uth:: ~liJfl~:: l~11~lflfl 1'j~ ltlfb'\J 6~9i16dl~~ 1tJftl{ m)'UlatJri6'Ul~ 6l~1l

m'ju 1'~~1un::~ 111~1tJm'j~ ltl N1~1tJ'YI6~Hn'llU••••nlnl~tJll (gold-palladium) fl1111,..,'UlU11'U
JI 4 JI

'\J6~UF-1'U'llmfJn'\J6~ 'n""::~~flrll1'j111n~uF-1'Ufl1{tl6'UC)1~~1tlfli'~U'jf)'j1110'U',jfl1'jlfl'U 15 'Ul

, 'Ulll~'j ~16dl~~F-11'Ufl 1'j1fltl6tl ••••f61J~~::U1, 1.1~'j1~fl ltl'~ fl~ 6~1n'YI'j'jffUf)lgfl~'j 6'UUtlmi6~

,~ •• od QI' , .1 d 'I"I~?t ::.1" d,~ QI , ..I "flnA 'i'lYl'UYI~16tJHl11nl'Ut11111'j(llfltl d LtU1J'\..Il1nl'Ul'UY1~'U~6~lfltl d L'U~16tJ1~'YIll1Hun::
JI

1.I'jlff~1fl~'U~1mr'UU 111.1~'\J'UlA'\J6~6~ fl lfl~1tJfl~6~ 1n'YI'j 'j ffUf)lgfl~ 'j 6'UUtltlti6~ f)'j lA

.
••• od ••• " '" , 'i 'i "' •.••.•3.3.3 1Bfl1111fl11::'t1FH1i:l~618tl'\..l '\..IltlmAI~tllfl1tln~fl11 fl1::ilU'g)1'Utl-38'1flllfl

QI QI , •• " d •.• ~""'od"od1~m'jf)'j::~1t1~1'\J6~H~ln~ 6'j66'U 'U 6ltl~'YI1Hlml::"" 1~'i)lfl11i'Y'l1'j1C)1tlnC)16n

, 0 QI' , " od ~ 0 '_1 .....l~n ~tl'U1~16tlHllltl~ ,..,n::mtJ~U{\1'Ul lJ~'j1'i)1lm1::""

.
••••• •• 4V

3.4.1 11fl111fl1D1J&ll1i:1::alrl1Jlf1111UfI::fll

.et ~ del "'JJ' Q,I Q ,~1~'j tllln'l'j n::n1tlll1~ 'j! 1'U~::fl1'Y11Jfl111Jl'\Jll'\J'U~1-3 '1 fl'Ul~'j tlll 9'1 ~ 1fln'1'jn::n 1tl
•• JIQI"" od •.• ""Qlod

~::fl11'\Jll'\J'U1000 ppm l~'jtlllt11'jn::nltlll1~'j!1'U~::fl1fl1111l'\Jll'\J'UA~'U 0.5, 1.0, 1.5, 2.0
• JI

un:: 2.5 ppm '~ltJ'~ '11'fl'ji1LtJ~~At11'jn::nltllll~'j!1'U~::01 1000 ppm 1JlA~U 12.5,25.0,

37.5, 50.0 un:: 62.5 ,.U ~1111hAtl 'tin~''U'\J1A1A1.Iilll~'j'\J'U1A 25.00 cm3 1.Ii'1J1.Iilll~'j~1tl
JI

t11'jn::nltlf)'j~'@J'~'jflntlifl 1% ~'Umtl1.lilll~m~1rlltlt11'jn::mtll1~""1l~m~''U'\J1~ ••••nln'~fl

••••••• os

3.4.2 lB fl111fl1D1JU'l1i:1::i:llD1Jlfl111'\..l1't1i:1fl

od cl dod "" I QI od 1"l~'j tlll n'1'jn::nltllll~ 'j! l'U'\Jtl~l11nfl'YIllfl1111l'\J1l'\J'U~1~ '1 fl'U1~'j tlll ~'i)lfln'l'j n:: nl v

cl .J! .J! i od ..I od "" QI.1111~'j!1'Ul11nfll"1l"'U 1000 ppm Atll~'jVlln'1'jn::nltllll~'j!1'U'YIllfl11111'\J1l'\J'UA~'U 0.2, 0.4,

0.6, 0.8 un:: 1 ppm '~tJ'nll'fl'jih1.l~~~n'1'jn::nltllll~'j!1'U1,..,gfll-r;1l-r;'U 1000 ppm 1115.0,

10.0, 15.0,20.0 un:: 25.00 Jll ~111~hAtl'tin~''U'\J1~1~1.Iilll~'j'\J'Ul~ 25.00 cm31.1i'1J1.Iilll~'j

~1tJn'1'jn::nltJf)'j~'@J'~'jflntlifl 1% 'i)'UmtltJilll~m~1rlltln'1'jn::nltl'tin~ ''U'\J1A'Y'lnln'~fl
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••• '" '" 1II 'i '"3.4.3 '11in111f11t1l1i:rl1a~alt1l11fl1!1'" '''',8IUUlI

••• "J ,. ••• ..l ••• "", ••.•••• '"l~'HJ1H'l'1'H':anmJ1~'i!l'W'lJV~ L'WLVl1JV1JVl1Jfl111Jl'IJ1J'IJ'W~Hll') O'WI~1'V1J~~110

, ,. ••• "" ,. ••• ..l ••• ""U1'in~n1V1J1~'i!1'W'W&VllW1Jl'IJ1J'IJ'W1000 ppm &f1Vl~1'V1Jff11'n~n1V1J19l1'!1'WVl1Jfl111Jl'IJ1J'IJ'W
tI

R~ij 0.2, 0.4, 0.6, 0.8 un~ 1 ppm 1~t.l1f11Jlmiht1~tl~U1'in~n1V1J1~'i!1'W''W 1tllii V1Jl<G'1J,'W

1000 ppm 1J15.0, 10.0, 15.0, 20.0 un~ 25.00 J.U ~11J1hRu'rin~''W'lJ1f11~t1~1J1~'i'IJ'W1~25.00

cm3 t1i'ut111J1~'i~1t.1ff1HI~n1vmfl '81fl'iflflV10 1% \l'Wmut111J1mun'1(ht.lff1'5f1~f11v1fifl~

''W'lJ1f111f11ff~0

.Q.c(.::t cv , "~14 I ...... 3.4.4 11inl1lfl1t11Ji:rl1a~altlfl18U1~91nN~la~ '8188'" ,,.. 8IUVli:r1111Un11f1119

••• 4~ ~ •.•• 4 'i'1lft'lZ11\fllrllft'8~1~nl'tl~flD"'1lt:r ~'~U8Zfl8l1

1. .g~~1vd1~'lJV~r-I~tfIf1'v1~J6'W''WltllU9l~lr-l1~VQn1flij 900 °c l~'W11f113 .g111J~•••

,,,,,..l ... 0 ~ .:.,. 0 1'1"'''Ufl~VU l1U1NVlfJWl1fJ1J120 C l1J'W11f112 'tf1L1J~1J1\l1'W1'W50 mg fffl~ 'Wum06'i'IJ'W1f1

50 cm3 un'1n~n1V~1vmfl '81~'i~6610UfI::m~ ''W9l10 (111J1Vll1~'M''5::1~m'i1~m~ '81~'i~

6610fl1nh 1'W~f11'W)

_I' ," ••.• ,d l' l' " l'2. ufl6t.1 l1rt16t.11~1V'WfI~U111m6~ffl'in::n1V(tl1vm::~1'):ln'56~lU6'i 42) fffl~

1'W'lJ1f11f1tJ11J1rt'i'IJ'W1f1500 cm3

3. tJi'1Jt111J1rt'i~1Vff1'ifl::f11VmPl'81f1'iflfl610 1 % \l'WfI'ium1J1~'i

4. rl1vff1'in::f11V~16d1~~'~1 fffl~ 1'W'lJ1f111n1ff~0

5. lh'tJ1~111tJ11J1Wla11::1~v1~lfl~6~1f1m'it1~on'WUff~1~v6::~61Jun'1l;jv'W

_.I ..6 ••• " 4 ••.• ~ ~ •• "_I •••m ln1J1~'i!1'WCJl'~l'IJt.I'W'i ::1111~f11m'it1~Ofl'WUff~OUfl111Jl'l/1J'I/'W11161116~f1u 'i:: 06U VIH lfl1J'IJ6~

r-I~tn~'6166'W''W ltllU~
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......... , .•• "" ",.3.5.1 lfifl11Ifl'UJIIIINUICJf1UJflIQA Itl1tltlU IUltllUfl

o , ~ , 1 ~'" •.••11 •••••• ~ ••• at1..I1N~U'~ 6'jfl61..1 1..1OltJ91\'lU~lfln::111tHl1n11i'W1W)fVnCJl'OfU~n2Jl]J'i::1J1W 2.0 g

o 'a t '" 11 •• '" cl ••• 1 1 ...1Y. , •.• ~ ~,~ 0 ,1..11]J6iiltl1Vlfl'i6~6~12J~1G)j'nlJn PI ~'inn "lJUlJ'W2J'W'll1..l1~lnl..lN1Ul..lVnnl~1.2 cm 1..I1UHl..I

llllfniin~1~11.11Hl~1..I~1.I~~Wl11Jii 950°C, 1000 QC, 1050 QC, 1100 QC, 1150 °c l~Ul1nl

~1 1 1"'" ~ .1 •••~ 0' •••••• ~2 t)t1 2.1-3 ~v t)t09lnm'il'W2J'll1..l'll6-3~Wl11J2J1UtJ 10 C 9l61..11\'1Un::m'jn~n~'ll6~~Wl11J2J1Ul..I

10 °c ~6U1Vi

.
- ••• 11 ••• "" 1 1 1 .• 11 11••• _. -' 1'" 113.5.2 1fifl11llft11::11llllf'i1l1fl1DA 181tl8U U 8ltJ" Afllft18-318nlllfl10ftnUn1n "1119181

••• , ~ 'I 1 ~'" ~" ~ .1111WU'Il0-31lllf'IllJfHniilO'HJOhI lh1 0l1J9I\'IU~lfl'i1:::111~Hl1n11i'Wl'HlllfvnG)j'flnl~

nl'nV1Jn1JlJ191'ijlU JCPDS FILE 1iilvill;i' 10~HlJ1Viiln-3 11.11UU1J1J1J'I'i~U1'I~1Vl1.lfl1Ul1.lflU~1
: 0 4 "

~lnU'lJ'lJ 111.I9In~11fl'il:::11

••••••••• 11 ••• ,,11 11 1 11 """c3.5.3 lfifl11llft11::11llllf11I1fl1DA 18'J88U U 81Ufl ftflng8-3~D"'J'JflU8Ianfl'J8U
,

UUUD'8-3n1iA

••• '" I ••• 1 ~ , 1 .••... ~11 11m'i191'IV2J9I16Vl-31lllfnlJfHn~ 6166U 'lJ 6i1J9Il'W6\'11m'I91'I1~11fln::l1tl1Vnn6-3

flet, d '0 QI , et JI '_I QI QI ••~n\'l""fl'lJ 61n n91'I 6U U1J1JU6-3m l~ 'lJ19l16VH\'IU 11-3 ]J ~iil11-31JUU9I1J (stub) \'16-3111n6-3'll'lJ1~

lil'lJphuuvnnl-31.1'I::lJ1W 1 llllf'lJ~12J9I'I liilvm'I 'fm11~'lJR11~62JfhaH'll6-3R1 11l'~~6d1J'lJ.. "
'" "',Y.""'1 .• " ~ ..•~ '" • 'a.l_~ '" '" ...U91tJm1\'1 'Jl'~::ft6-32J nl1::NU2J11'I0~::916-3l1J'lJU1'j\'llu'lJ911Ul 11""1 l1n-3~ln'llU9IOUm'j91~

4"" "
R16~1-3tJU U;i'tJlllf-3.u'lJft61..1ill;vn'hu11~-3 (mounting) U~1~::~6-3ill~16eil-3 , 1.IDltJF-h~lV

1 1 ,~ .... 44lJlnfln'll6-3 nl1:: 'lJ\'I'I::l11vqq,qpmff (vaccum evaporation) 'lJll..1 15 1..11\'1m'Ilfln61J11'I6UltJ

.=I. QI'~ • QI ~ Q QI' ~ 0' ~ I •• ~(coating) \'I\'Ilnl..l 6 gl1J1..11.1'I::~1lJn~::1'j lJ~lnm'jD l1JH1'll6-3ft16V1-3t11Vfl 1'itJ6Uln VnO'lJl'W6l'W2J

m'Iill , ,"~lUn::ft 12Jll1Vm'jU ltJN1~ 1t1\'10-3HUlJU'Wnln 1~VlJ (gold-palladium) fl112J11ulU11 U

" 4"
'll6-3UNUl2Jlnnn'll6-31nl1::A-3nall'I1lJ'ri-3UNUfll11J61..1lllf-3Dl1Jfli'-3U'Inn2JOu'1ifl1'ilnl..l 15 om•

~16~1-3~ Nl'lJ m'Ilflg otJ'Wf 6lJ~~:: ill , 1.191'I1~f11V'~n ~ 6-3~n\'l 'j 'Ifl,1 olgn91 'j 01..1U1JtJal6-3m 1~ , II
'" ••• '" I , of cl '~1' ~ ~ of" cI,1"'I '" I ~" at\'IU\'I 9l16t11-3l11nll..1UllJl'jfUn1J 1 LtllU'lJl1nl'lJ1U \'I-3'lJ9I6-3lntJ 'J Ll..I9I16t11-3\'1Ul1-3Un::]Jnfl~ln

"
~'lJ ~lnt! U ill , 1.1tl'llUl~'ll6-36'4f11fll{ 1Vn~ 0-3~n\'l'j 'j fl,101g n91'I 6U U'lJ1JalO-3m liil
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.••..•• " .••.
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, SI ,

\hmhHCU':ilijf11J1111fl111J11UlUUU i ~wn1':iU'YlUlh1 11Ulfli 6-3i~fl111J11UlUUU

o l' tJ QI ",cU::I.:a 0 GI' 4.cl 0Un::fllU1W ~tJ ')$11nmJ6-3m':ifl1J~ff(Archimedes' principle) ffl11':i1JUNU1CJf111Jn'Yl~::Ul1Jl111
11 • , •

, 11 0 ,_, " 0 "" •• " _I '" 1 .• ,,, " I ~fl111J11Ul11UU~::¥I6-3Ul llll')$ UUlnnun6Ulln::~-3~1J1l1::1J1W 2 ')$1 1J-31'n611UU ~11l1JU
" .

Ul11Unii\lflI(6-3 (1im"o!hU1W~ lufllflNu1n)

~~4V '" , A
3.5.5 11i1~fl1111~fl1'U8-3ltNUICU1UJfl

\hur-iulCJfnijn~lNl~u 1tJ~tlW111Jij~1-3l:] 1J1i~011 11~i11m tJ1JLlltJ1Jllr-iulCJf11

ijmn~ '6!66U'U i6l1J~ri6ulNll~tJi~fl111J11Ul"l6-3UNU1C}fnijnun::l~UNlfl'u6nnl-3 (1i011••

fhu1W~ lUfllflNu1n)



,
•••

1J'nn 4

4.1.1 NDft11"lcr tnl::~1"1I1::crll"4fnnT~ltl'1::,fN~'6i6fna',"lBIU"

':'J!'" '" •. , •. , ••". ":,, ~"'.Ifl1Hl~H'16~U ~1Jfl1'HY-3tfl'n::11fH 616au U1atlJVl1I1011iC!f6fUlIa1fltll'lfff11V1~V1'Ul1J'U

NbCIs ua: FeCI3.6~O ua:111fftll1::~t111Jl::ff1Jl'Ufl11tiiflUla 'lIuo fl111Jl.fJ1J.fJ'U~W11.Q~'U6-3fl11

lnfltJ~ni tll t1al~' oNi U fl11lnflllla ff tll1::fl111Jt~\.I m fl~H ffltJf.la fl11 Vlfla6-3¥l~ufffl-31 UVll'n-3~

4.1

t1'VI1lff1U fl111Jt.fJ1J.fJu fJW11IJ~'U6-3tJ6mtllnal~1.nufl11pH

(oC)

.. ".
l'Um'Hnflt~a'Ua-3 Fe: Nb tnfll~ij (Ull'})

-3

(mol dm )

0.5: 0.5

70.0415.4

1.0: 1.0

70.0214.7

1.5 : 1.5

70.0135.2

2.0: 2.0

70.0105.4
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\'J1fl1'H1~lfWlaUa::ftfl'l!lW::'\Jfl~l\'Ja~ 1~\l1fltl~n~ V1181~'j1a~ffua::t1~n~ V1flflUl~Ul9tiu, ."
Yflrhli69\'jTn1u 12Ja'll{l~Fe ua:: Nb 'lfl ~ 69\'j1ff1U\l::'~l\lan~ftfl'l!lW::fla'lViu'ffaUl9\laU~~~

.•• A. ,~ Q ~: .4 : • QI .clfl112Jl1U~ff~l2J{lUl2J1fl1ma::lN1\l::~fNa::mV~"Ul9\lau~~tNUl9\1aU~~tlu~l ~~9\lnnl 4.2
••

69\'51ff1Ufl112Jl~2J~U'uv~
•..

ftfl'l!lW::N~FeNb04afl'l!lW::'\Jfl~l\la

Fe:Nb

~U~lfl'51::111~

-3

(mol dm )

"

"
iUffUl9\laU~~

.•• ff·0.5: 0.5 N~a::LVV~Ul9\laU~~
"

"
1.0: 1.0 iUffUl9\laU~~N~a::lnV~ffU19\1aU~~

"

"
I.S: 1.5 iUffU1~l1aU~~l~2JN~a::lnV~ffU 19\1au~~t1UA 1

"
"

2.0: 2.0 iUffU1~l1aU~~l~2Jf.I~a::l;jv~aU 19\1aU1il~t1U~ 1

I
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••• , cv tI l' 1 'i'4.1.2 "'al&fl'lZ11m1lHmJVll'flHfllunfl'U'Ufl~l;)a fl1flfl'U 'U'fl&tJVI
" .

1'U·31'U1.oflU\1::1;[lfl16.:111fn 1::,1 fll'j a'fl1fl~1'rn.:lfll1ll ~fl'U (TGAlDT A) 1~w1;;~16dl.:11\1fl

lh::lllW 10-20 mg FoUlfll'j a'nlfl~lm-3fll1ll!6'1JllJ6~1 \1fl~ff ~lfl'jl::,11 ~w1iC)fflnl\1fl 1'U'li1-3f2W11IJii
" .

~.:IU~ 50- 1100 °c Ua'~H~~l1.1n 4.1

-10.0

l ..-12.5
EDdoJ- -15.0

Ex,

f

DTA
(J.lv)

7.5

5.0

TG-

2.5
0.0

-2.5-5.0-7.5

5

0-5
-10
-15-20 j TG (%)
-25

-30-35--
..4)

1000

Temperature (DC]

1t1~4.1 TGAlDT A l'rI611llufl7ll'U6.:1l\lfl '61~)f)'U''U 16nJ~

~ -' ~ 0 1'" d Cl' ,\11nNfl n,.~ 11fln::11111~flllll16'U'U6.:1l \'Ifl\'I::m 1111'j1'Ullfll'j \'I::lNll\'lfll1flW 11fill lla' ~llln•••••

Unfl6~~Wl1lJii,f~u~ 500 °c ~'U'1.1 Ufl::\'IlnNflfll'j11~flfl.:l~lm'flflilflfll'ja'fllfl~lm.:lfll1ll!6'U

~~m;'la'l1J1'jtla''j1.1'~~~~l'jH~ 4.3•, ., ...
fll1Hii 4.3 ffl1.1Nfl'lil~f2W 11lJii'Ufl.:I\1111Ufil \'Ifln ~t1Ilafl' 1.1un::'VU;.:I-31'Unlnfll~6.:1

fll'jl1.1gfl'Uu1.1n-3
,••

'Jfl~f2Wl1lJll,
,,, ..• •..• I •••

'Jfl.:ll1 1 'Jfl.:l'n 2'Jfl.:l'n 3

Jl11irn~~t1Ilafl'1.1 (%)

10
15-2010

,
..:

.•..

'Jfl.:l~W 11IJll'U6.:1'Ul11'Ufil\'lfl
50-200200-250250-400

~~tylafl'1.1 ( cC)
..

QI .c:lct;;
.•...•...•..

'nfl~.:Il'U'nlfifll ~H ~~'nfl.:l~l'U~~'nfl.:l.:ll'Ufllfl'nn.:l.:ll'U••
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••• '''''' ~ 11 ••• " •••••1 •• 1 v4.1.3 HDmnlfl11Z't1H~ 18188UIUI8l1Jft"10lflflUflI8ft.11tlRnUn1ftYU

••••..J'1I'Y. A ••••.•••. 1 •.1 '1' •••••.nUl~V'IJ ~ 'IJLflnl~lOfl'lH'W~nUn'm l'YIlIL~t)~(X-ray Dtffractometer, Philips PW 1700)

''lJfl1~'t111flH a'~H4UtHa'U~H ~Lfl'n:::'t11~~lflfl1nhL~n hlLFn hrl~'lJfH '01ml'IJ''IJ 10l1J~~

OWlUlli 6oooC, 700 °c, 800 °c un:::900 °c L~'lJna14 ~111l~Nafl1~1Lfln:::li'N~101t)t)'IJ''IJ10-
• Of

d CLI "',. ~4 P 4 d' o'Q QI 1" ,J QI ClLlI~'YIa'~Lfln:::'t11~Vl1i CJl"OaL~a~lVL'YIfl'IJflLtJflCJl"L~V~-nu-n~flY'IJ~:::~u1I11t)Vl~fl1~LaV1LlI'IJ'Ut)~~~a'-
-' QI d

mflCJl"(X-ray Diffraction pattern) Ua'~~~~l1.J'YI4.2-4.5

Intensity/cps
2000

1000 -I
•.... :e

.. .. '" ... N•• ., N '"., "' •...., N
I

I

10 20 30 40 50 60

29/degrees
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Intensity/cps
2000

;;
C>

C>

•..
'".. -

1000 -I

•...
Na>....

... -
on

~N:•..
N

•..
N

,.;

10 20 30 40 so 60

29/degrees

• J/ •••

1tJii 4.3 1tJmJ1Jfl1~lnV111J\.Ii''1iimflCJf'll8'1fH'8fm)'u'\.I181\.1~vhfnVi700 °c l~Umn 4 .g111J'I



Intensity/cps
2000

1000

•..
••
on

..•

..
'"
'"

52

...

= ~ ~,.. " -
N ••

'" .

ClD
ClD",­....•.. -

.:
11

10 20 30 40 so 60

29/degrees



lntensity/cps
3000

1500

...
•.....
n

••
.•
..;

53

~

•..

...~••
..~...

...

•..

~....- ... ~

..;

.......-•..

...
..:
-~ ;;

..;..;

co
...

: r-

..;

•.•.:.:
•..

I
,I

10 20 30 40 so 60

2e/degrees
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•
• FeNb04

900°C! 4h

900oC/3h

JCPDS File No. 16-0358

FeNb04 orthorhombic phase

•

10 20 30 40 50 60

29 (degrees)

,,, ..
_I'"' _I ' '"' ••.•~ •• , •• , 1 0 ~11JTl4.6 llJU'\J'\J6t11~m'ilftV1l'\J\lH·C1mflC)f"6~fH 6'i66\1 \I 6l\l"'VIlNl'V1f1Wl1.fJJJ900 C lU\I

l1ftl 2, 3 Uft: 4 -i11JJ~
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4.1.4 Nam1't113tJ1HDfl'YW~•••t).3N-3'8i8tn~'U 181tJA

fll'jff01:l1a01:lW:lflHff!H~amfl (microstructure) ua:ffW!1'U1VltJl (morphology) •••o~
" . , .

ffm'Vf;;'UFh"'o~FH'o1oo'U''U lollJ~nlFnVifJw't11Jij 900 °c lr!'Ul1al 4 i1111~ l~w'~m\'o~

~ftn'j'jfflf61g0~'j6'UUlJtJri6~ml~ (SEM, LEO lW450 VP ~1mh:lVlffff'l1'jl'1161wli'm) '~Na

llff~~~~ltl~ 4.7

... ,,, l' ,,~4.1.5 Nadlfl11~11fl11fl1~U1t1A1"'8-3t)~ll1fl"'MN~ 81tltlU IUItlllJfl

..... "" .. , 1 d d ••• 0 ~fl1'j11fl'j1:'I1fl1'jm:VltJm'llfHN~ O'jOO'U 'U 6ltJ~V11N1FHVlfJW'I11J1I900 C ltJ'Ul1a14

~1111~~1tJ1fl~6~1~"''Ul~lla:fll'jm:~1tJ~1 •••o~t)\pnfl (Particle size analyzer, Malvern S Ver2.19 )

'~Nallff~~~~1tl~ 4.8

.1 .5 1 5 10 50 100

Particle size ij.l.m)

11'1 ,-..

9 *'.......

8 .:c
co

7 'u
& ~

5 ~
~ '0

u
3 I
2 5

.L 1 ~
o ~

500tOOO
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4.2.1 Nam1'tl1D' IlnZftl1i ~lfl11Z,.{N~laA'8i8f)U'U lOltJPI
., ...

m'ifl¥lftO~ij'A'iilN~'ofoou'u lOltJ~ (FeNb04) nlNln~tu't1lJjj 900 °c lrJUI1~n 4 i1111~

~tl~lfln::M\l101iC)fO ftl\lftlll1J¥lNn'lInlJlft~OOO 'C)f~ (PbO) ~iifl1111U1qfl( ~ ~~1fJli mnh

1.lgn1fJ11un'tl11::"o~u~~'u6~nri1U'i::'t11H Illft"o~ PbO flO111ft"o~ FeNb04 l~U 2:1, 2.1:1,

2.2:111ft:: 2.3: 1 ~ll1~h~1J \l10tJijn1fJ1'i:m1H PbO nu FeNb04 mll'VIq'}J~\l::llo\l'fO~'i1~hu 111ft

~ cv ..:lIJU 2: 1 fl~n'lIm'ifl 4.1

2 PbO (s) + FeNb04 (s)

\l10m'ifl~fto~hiLi~lul,;u,fU'Vfu'hO~'i1~i1u 111ft'i::'t1'h~ PbO nu FeNb04 nU~O~nri1U

, 1" ..• ..:..•... '" '1 cv' A 12.1 ~o 1 \l:: 't1N~ft::LOfJ~Pb(Fel12NbI12)03 flllfl11111J'iq'VI1i~\Iml 'I..IO~nn'1'1..1Nn'1I0'l..luon

.:!I ~ , ~ , 1 1 0 ., •••- ••• 1 "' ...n~lfln::'t1N~lft~ O'iOOU U Ol1J~ ¥lfJm'if111Jl)mfJ10U 'I..In'tl11::"O~"O~U"~"O~PbO ou FeNb04

\l::l(tN1f~tu't1lJnl'1..1m'ilN1\l\lfl1-1 1000 °c \l::fi111fiim~~ty't11fJ'tJ"0-3 PbO n10~\l1011~fll~Ofl

''':.1 ° 0 1"'" , ,.1": 0 •• 0 ~ ~"o~ PbO \l::O~fllJ'i::1I1tu 780 C fl1 't111PbO 1JHn'1'1..1qty't11fJ1J"tu::flfl1m'ilN1N~\l~\llllJUflO~

1.1l0 1 1 ~ , ,"'" ~ 1.1l ••• , 0 '" ..: •••'IJ\llU1U lIft"O~lft¥lOOO C)f¥l~~m12 lf11lftOUOfJUft:: \11 'IJPbO 1I1mOU 1I\l::fl1 't1PbO flLOU

.... , 1 '" ~ ..1 A ..:,'"1I1l0¥l1Jl)mfJ1 Un'tl11::"O~1l"\IlIJUlnn'OUfl lI~O\lm'i (pyrochlore phase)
JI

\llm.r'l..l1fo~nri1'1..1111ft"O~ PbO nu FeNb04 1UO~'i1ri1U 111ft2.1: 1 1I11J~lumoufllrJ'I..I

I1ft12 i1111~1'1..1LOfl1UOftllft::ii1'tJOU~120 °c lrJUl1ft12 ,t1111\1't1ft\l\llmruii1'lIlN1~~tu't1lJii

400°C, 500 °C, 600 °C, 700°C, 800 °C, 900 °c lrJUl1ftl 2 i1111~ Uft::iil'1I1lfln::MNft~1fJ

A ~ ~"' ••I •• 1 1'" ~lmO~LOOC)fl'W~nUn'iOfllll~O'i
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- i _ 4 "1 l' - i i_ •.I •.I .,4.2.2 Hamnlfl11Z't1H,lla~ Itl1flflU IU fllUflPllUltlflUfllflflOIU1Uftnlln1fl"U

...'" .1'111".4 ~ ~"'..I ~I '1'''' ~~lU1~U'U VI "lf1'HHmnC)fL'W~nLln'inln1JL91fl'i (X-ray Diffractometer, Philips PW 1700)

1'UmnnlflHffrl'l'IJfl'lN.:ua~'fl{08'U''U1f)1tJ91~f2Wl1tJn 400 QC, 500 QC, 600 QC, 700°C, 800 °c

° 0 '" ~ ~ 1 ••. ~ , ~ , 1 d '" ~1&la:: 900 C 9l11Jal~tJ 11J'Unal 3 "1 1J'INam'i11ml::l1FH1a~ 0'i80U 'U 01'U91nff'lLfl'i1::11 ~U
.,

1iYn{Lc;UaC)ft)al~a~1UL'Vlfliiflm nCJfL'irr~~Ll~'i ni'U~::1~u tJtJ061'l m'i LaU11tJ'U'U8'1i''1ffm nCJfLlff~'1

'" .Id~'11IJn4.9

•

)0

•

JCllDl!J PILE NO. 3200S22

~.5 Nl.uJ0.3M1iil pa-
]0

•

10

•
•

so

•

60

28 (degrees)

,., .
ltJn 4.9 l1JUtJtJfl1'ilaU1LtJ'Ui''1ffmnCJf'IJ0'lN'Im~ '8{88'U''U 1~)l'U91LN1Vif2Wl1tJn400 QC, 500°C,

600 QC, 700°C, 800°C ua:: 900 °c 9l11Jih~tJ 1~'Una13 -H111J'I
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.•• "J! "" "" .•••.1 •• 1 ""J! • J d J!~lflF-/ft fll'S11fl'S 1::11 'fI1tu V1fl\J fUOflCJtl'Stlfl n Un 'Sfl'll'\J ~:: 'fIU'U'UOtl1.:1fll 'S1fttl1l'UUVI ffOfl fl aO.:l

nmJU1'S!1\J JCPDS ~uihJlft'U~ 32-0522 "'4'lJ11ldmF-/1~tlWl1fJij 900 °c ~::'~l~ff'UO.:l

cl ~ ~ 0 .; d cud 0 '_1 ..; , ...Pb(Fel12Nbl12)03 VlffJJ\!'SW ~lfl\J\J\J1F-/.:IVllF-/1V1tlWl1fJJJVI 900 C 1J11111ft1V1111JJ1::a'JJ \Jfll'SlF-/1flO

o , ..; ~ 1 0 '" • '_I"" " J! .•• "" .••••\ _.1 '" .4\J1 1JlF-/1V1l1ft1 1, 2 un:: 3 1111 JJ.:I~lJJn1fl'UUn::U1 1J"llfl'S1::11'f11mVlfl\Jfl16flCJtlHlflnUn'SOlI1\J 91'.:1

Ufffl.:lF-/n'\Jl1J~ 4.10

•

--.III

.§
I -.• 1I ••

.g

--.~(I)5-e~

10 20 30 40 50 60

29 (degrees)

1tJ~4.10 l1JU'U'Ufll'SlilJ11'U\J;.:IU16fltJ1'UO.:lF-/.:Ilftfl 'O!VV\J'\J 16l\J~~1F-/1F-/.:I~tlWl1lJij 900 QC, l~\J

l1ft1 1,2 Uft:: 3 i11JJ~~lJJ~1~'U
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...
.• " 1" 1" .•'" "1 .•.• " .•.•\11flNft O1nlfln::11 N.:!lftfl 6'HH)'U 'Ul61'U ~'VIff -3lfl11::11 f1tJ1ti'nUll:JftJfttlJ16ftl\1ftfllN1N-3

t201'l11Jij400 cC, 500°C, 600 cC, 700°C, 800°C ua:: 900 °c ~lmh~tJ lrJ'Ul1a1 3 oi111J-3~1tJ
JI ,

lflflUfll6fl'11l' 6~'WUl'h floi'U \1::'~utJtJ6dH fll'lfttJ1l1J'U;t\1::ff11J1'O 1~ff1J01n'6.:! Swartz ua::

)!I '" " y. •• .cl aJ , "'" a.1 .cl,. ~Shrout 111f1111J'" 1J'n'Uti" 6-3f1111Jl,,1J"6 -3'nflflU fffl.:!ln ffl'n 6' 6'n ff fl~ omnfffl 1J~6.:!M' \11fl

.cl I .1 "d " •.1 1 ".. , I '" tJ •• 1 ..1 1 "ff1Jfll'f1 4.2 'ntJ11lu6'll:Jf'UfllnfflYt6'6'nff flfl1JfI1lfl1fltJfl111Jl"1J"6':!'nfl 'Ulnffl'n6'6'nff flfl

tT1'Uf1111Jl.u'1J"6 -3\1fI 1'Ul'Wffl'n6 'i 6 'nff' mltJ 1flfl111J l,tj1J"6 ~fifI 1'Ul'Wff~ 1~II6 ~01'it] W~1tJ 100
'" cl

Uff~HNafl.:!f11n.:!f1 4.4

(4.2)

SI .:t d 1 "0 ,
lperovskite = f1111Jl"1J"6.:!l1f1f1Ufffl~l'WfflYt6'6'nff fl~ (f11U11'U~110)

Ipyroch'ore = f1111Jl,tj1J"6-3;;f11'Ul'Wff~'~~6-3fll' (9;'U11U.:!222)

t2W11lJij~Hf1'Ufll'lN1 (Co) % l'Wffl'n6'i6'nff1flfl

500

45

600

63

700

85

800

90

900

100
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4.2.3 'n'm1"13t1'h~QflIllWZ"O~N~It'l~ 10iOtlU1UitlltJfI

~ •.• 11 d I ••• .l .•• ''''m'Jnmnft01:ltu:: lm,uh H'Il'Ul~LftOUft::ltJn~ft01:ltu::'Ilij"t1'm'Vl'Vl'UN1N"Lft~t)'Jt)t)'U 'U

1 l' tI P "•••d I I A It)1tJ~ ~w 'VOUt)"'ftfl'J'Jff'Ut)LftO~'Jt)'UU1J1Jt1't)"O'jl~(SEM, LEO l'U 1450 VP \l10u'J::Lflffff'l1'Jl'V

t)ltul~O'j) '~NftUt1'~"A"1tJ~ 4.11

•••• .r v 1II.r IIIT4.2.4 Nt'lmnlfl11Z"m1fl1Zmtlfll"tl~tl~fI1fl"O~N~La~ I01tltlU IUItl!1Jfl

.... " ... '''' 1 d •••. 0 ~m'J1Lfl'Jl::'I1m'J0'j:\l1t1m'llt)"N"Lft~ t)'Jt)t)'U 'U t)1tJ~flLN1N"~tu'l1lJ1J900 C LlI'UL1ftl3

~111J"~1t1Lfl~O"1~'Il'Ul~Uft::m'J0'j:\l1t1~1'1lt)"t)'4mfl (Particle size analyzer, Malvern S Ver2.19)

'~NftUt1'~"A"ltJ~ 4.12

1M

'if. 90i 80
5 70i:

.~ 010

~ 30

§ 20
U 10

o
.1 .5 5 10 so 100

Particle size, IJ.m
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••• "at .et l' 1~4. 3 Nafl1nlfl11~111116~fllJ1~n6tJnHlf'lJJ'Ut)~N~la~t)16t)'U 'Ul61tJVI
" , .

f),.~n~atHU'~,jlN.:jLa~ 'ijfijijU'U lijL1J~liLN1~W'HlJjj900 °c L~Umn 3 i'111J-1ua::ij1J

'1fu1f-1~qW'HlJjj 120°C lrlUl1al 2 ~111J.:j1J150 mg Ut\'1a~altJ~1tJmR'81~'i~ijij;f)lln~mR

'U~;f) 'U'U1~1~tl;1J1~'i'UU1R500 cm3 lla~l~mn.:J 10 L,h~~'~f'I111JL~1J~U'Uij.:JPb(Fe1flNb1fl)03 0

• '01 d' , Qf'I1l'n1f)1J1 ppm (pert per million) C)f.:J'H1J1tJfl111J11Ua'l'in~altJ'Uij.:j Pb(Fel12NbI12)03 1 ppm ~~1J

fl111Jl~1J~U'Uij.:j91~~11rlU1 ppm f'I111Jl~1J~U'Uij.:jl'tfgf)0.5 ppm Ua::f'I111Jl~1J~\Jlllij.:j'UlijlUtJ1J0.5

~o ••• " y.y.p A", ell 1 1""ppm 'Il1f)UUU11Jl1Lfl'il::'H'Hlf'1111JL'U1J'UU~1tJlfl'iij-31~m'i~RflaUUO'-3~tltl~~tl1J (AAS) ~tl1~t11

ell ~ cf, 1 Q '" dm'i~~f)auuO'.:j'Uij.:jO'l'ia~a1tJ1J1~'iJ1U'Uij.:j~~fl1mafl U ijl1JtJ1JUO'R.:jR-3~1'i1.:Jn4.5, 4.6 ua~ 4.7

o Q •.I '" .Id ~ ••• " Y. Y.ua::Ul1l1L'UtlUflnn2J1~'i.1UUO'~-3~-3'i1Jn4.13, 4.14 un:: 4.15 'Il1flUU11t1n~'H'Hlfl111JL'U1l'UULm::.. "

fllU1W'Hlij-3ti',j'j::m)1J'YI1-31flii'Uij.:jN-3m~iijfijijU iu ltll1J~ i~NaUO'R-3'U~1'JH~4.8 ua~ 4.9

fl111JLf1Jfu'Uij-30'1'ia~a 1tl1J1~'jJ1U~::~1
I ell

fllm'i~~f)auuO' -3

(ppm) 0.50

0.101

1.00

0.214

1.50

0.314

2.00

0.412

2.50

0.617



0.50

0.450.400.35
~ !: 0.30;i 0.25

'IC
e::cs:

0.20cs:> ~ 0.15
•...

e::•..."(5:
0.10

0.05

62

fl'l11JIflJf'\.l (ppm)

ml1J L.fJ1J.fJU'IJfl~ ffl'S ll::ll lV1J 1~'S! lUL'Hg fl
' 4

fllfl1'S~~flllUUff ~

(ppm) 0.20

0.09

0040

0.19

0.60

0.294

0.80

0.397

1.00

0.441



0.50

0.450.400.350.300.250.200.150.100.050.00
0.0

0.1

63

0.2 0.3 0.4 O.S 0.6 0.7 0.8 0.9 1.0

f1111J1.u'1J'U'U (ppm)

,
••• I 4 1 1 ..."l1HTl4.7 fI1m'itl~mn.JUff-3'1l6-3ff"H':::t'llfJ1J1mJltJ tJ 611JfJ1J

ml1JL.ff1J.fftJ'Il6-3ffl'it'l:::t'llfJ1Jlm!ltJ 1tJ16LUfJ1J
I 4

f11f1l'itl~flt'ltJUff -3

(ppm) 0.20

0.1

0.40

0.2

0.60

0.29

0.80

0.39



0.50

0.450.400.350.300.250.200.150.100.050.00
0.0

0.1

64

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

fl111J1;J1J.ull (ppm)
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,
"" ..•
~1t:WHffl'i'YI

...
'" ..•

flHYl1

, ..
fllm'i~~nl1\.!LLff~

•. .
'" ..•

flHYl2

0.212

0.252

0.247

0.213

0.243

0.238

0.213

0.247

0.237

0.213

0.247

0.241

,
••••••• " "-I ••• '''' 1f111HYI4.9 Nl1m'i1Lml~,","10~fllJ'i~n01JYlHLflll'IJtNPml1~ moo\.! \.! m1J~

fl111lL;11l;1\.!'Ilo~1i19J'\.!ffl'itJ'i~m}1J Pb(FeJ12NbI/2)03 (ppm)

1i19J

ff~'i 1~'~
••

Pb

1 0.99

Fe

0.5 0.51

Nb

0.5 0.48
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"" J u "" , J "14.4 NOmnltl11Z't'i't'ilOn1tWzlilfflZ"tl.:uanUJfllOA tl1tltlU IU tll1JfI

.:!/ ~ , ~ , 1 1"'" ~..• I •••d~lflfl1'Sll-3lfl'il~'HN'3lU~ 6'S66l..1 l..I 611J~ ~tJl1i TtlWlftJU9f6UL~UTt1J11flW 'H1J1I1'I1'H1Il~a'1I

dl'Hi'1Jfl1'SLN1N-3IU~'6!66l..1'U 16L1J~fi6~flW'HlJjj 900 °c lfi'UL1Ul 3 i1111-3 ~~'ln~a'ITt6'S6YU"

, ~ : 0 , ~ , 1 d ~.:,:., , ~.1'.l ., ,fl~ 100 % ~lflU'U'U1N-3m~ 6'S66l..1 'U 611J~1'Iff-3lfln~'H1Il"'-3l..11'Hl..Ifl 'tf 1i'l1J'S~lI1W2.0 m1l~tl

,}16VHUN'UL9fnjj flUU~iJ11ll0~UN'UI9fnjjflU"'UNltjl..l6flU H 1.2 19f'U~11I~'SUU~iJlhhN11~ltJ'l1

.•• ,~, do,""" oI,il" ~ ':'d d1I1U~66 fl 9f~ 'U"W~fl1'S IN1LTt6 I'll 'HIfl~1J 'S'StJlfllff"6-3~~fll M fl'Ufll'S ~OJlll fJ"tl-391~fl11116INl1'l

flW11lJij~-3 ';1fl1'SIN1;fl..l1U~flW'HlJij 950°C, 1000 °c, 1050 °c, 1100 °c UU: 1150 °c Irll..InUl

2 i1111-3~11l~h~1JUu~Yilfl1'S91'S1~a'61J~fl'NW~I~'Wl:'lJf)-3UNl..IL9f'S1jjfl

"" J "" " 1 'i' 11 "" J ''''' • .1 _.I u4.4.1 NOmnlf'l"ll::'tfIGJf1nJflUl~ t)'St)t)U UIt)I1JfI~ltllTltlUfllt)nGJfI·n.l~nUn1n".u

o I ••• ~ ~ , 1 d J .I~tl ~.l ~ ~l..I1UNl..Il9f'S11lflla~1f)'Sf)Ul..Il..I m1J~VlLN1'IJl..I'S1JI 9ln~a'f)1J111a''lJU,:jLU~ &f)'Sf)f)l..I
••

, 1 .1' "" ~ ~"'.J •.1 '" ••• '" ..r~.1'1" d ••••.•••.1 •• 1 1 "" ~l..I m1J~~J1mVlfll..lfllf)fl9fI'SfJ~l1Ul1'Sfl"'l..I ,:jll..ll~tJl..Il~1 "'Lfl'if),:jmfl9fI'StJ~l1Ul1'Sfl Vl1I191f)'S(X-my

. '" tld , d "" J 1.1Dlffmctometer, Philips PW 1700) Ua'~,:j~,:j1 VI4.16 ~lflfll'S1'I~UtHTt1Jll1'l'lflflW'tf 1J1Ifll'SIN1"'U 1
JI ••

UNl..Il9fniifllU~ 'Oftl6l..1 'l..Iltll1J91~~ 'IU1J1Jf)VHfl1'SliitJll1Jl..Ina'f)~fl«f)-3tl1J1Il~'S!1'U JCPDS n

.'-I d.6~ "I~ ..l"''''Un1lIU'lJl132-0522 9f-3IU'U100 % ITtU'Sf)'Wa',fl~ll1a'fll1Jfl'IJU-3 Pb(Fe1rlNbJ'2)03
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.e
cl)
s:::
Q)

d
.....

10 20

•
~
H..
'\..

30 40

2e (degrees)

• •

50

•!i

60

_/..l _/ J ••..••0' ••• , 0' , 1 ..;"f..; .••ill'rl 4.16 IlJU1J1Jfl1·HfltJ111J'UHtYL6fl'Jflllij-3.CJrn2Jmfl~ ij'HlO'U 'U Ol'U~V1.Nllll'Ult.lVI~t:ln1tJ2J

950°C, l000oC, 1050 °C, 1100 °c Ufl:: 1150 °c .r1'Ul1fll 2 oi112J-3
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4.4.2 Nam1f11flllJJflUll1,.h."8~ICJ11ijmaPl '8188U'U 1811JV1

40' "" , •• " ~ J ~ "" ° ° °11JOU1UNUICJ:mJm~~ O~OOU U OI\J~l1lN1'UU,U'YIqWfllJ1J 950 C, 1000 C, 1050 C,

1100 °c Uft:: 1150 °c lrtUl1~12 i111J-3 1Jl111ml1Jl1Ullnlu'U0-311~UICJ~lnfl~1tI~lIfl1~U'YIU~Jl

o 1'''''' .."" 1P'" ~1l~::fl1U1W All 'trl1~fl'UO-3l11~fl1JAft'(Archimedes' principle) "lN~Uft'A-3A~911~H'YI4.10

ldo' H'fl111J~OUUril~A' of OOU 1 U, Ol\J~\)::jjfl1~ ~qJ111tJ 1U 'UO':U~AOOfl 'CJf~'~\)l fl

ftqAmnJfl1'HN1~ultJ1CJfnnfll~A 'of8f)U'u lfJltJ91~qw 111Jn~H ~ ~jjN~~f)fl'l11Jl1U1UUU

ft'l1JU OI;;tJU m 1'" 11ft'A-3fl111Ji1J iU -fi~ ::1111-3qw 11IJntltJ IUOflci1u ~fll11J 11U lUU U9111J'YIq)jQUft'A\I

~-31U~ 4.17

""

fl111Jl1Ul11UU (g/cm3) % fl111J% ml1Jlrtu
qWl1lJ1Jfl1~INl

ml1J

;fu,u (oC)

., , •••

:ct : .cl:.dl1U1UUUl1U1UUU9111JlYC1Ul\lfttJflH'YII
flH'YI2fl~~'YI3

~ 3

•••
l\l~tJ (g/cm ) 'YIq)jQ

950

7.427.417.347.3987.4212.6

1000

7.487.467.477.4788.3711.6

1050

7.947.907.877.9193.486.5.

1100

8.108.108.108.1095.824.2

1150

7.837.777.797.8092.197.8



.-----

93Q !-
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94c- s:
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-fC ~- ffi

84.

900

900 1000
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1000 1100 1100
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" "..... ,
nU6..:J1u""ftU6lUflfl, 6Ull tJtJD'6..:Jn'1~

~ Q,I ~ d 'Q,I A Q,m~"mni1 nllw: 1f1~'Uh WIlUlAli1nUi1::1t1n~i1nllw:'Il0~n'mf •.nuFn'll6~lO)f~1

ijmi1A'6166U'Ul0l1J~~lNlf2Wl1.fJii 950°C, 1000QC, 1050°c Ui1: 1100 °c l~Ul1i11 2 ~111J~

1 '" p •••••d, • tIAV ')fnt10~~i1n~HYUOmn~~OUU1J1Jn'tHmlA (SEM, LEO 1U1450 VP ~l1n ~::n'lftn'l1n')f

61Wlio'S) '~N~Uln'~~~~lt1~ 4.18-4.21

Scan Speed = 12 WOa 10n'In SlgnIIA-set

Mat" 12.00KX EHTaI5.00kV PhcllliND.-342

_•..\ , ... , .. , 1 d.f t1d ••• ° !It11J" 4.18 mTUl1tl SEM 'Il6~lCJfn1Jmi1~6'S66U U 6l1J~lNln'llUl nf2Wl1.fJ1J950 C lIJUl1i11 2

~111J-3
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Scan Speed = 11 wo- IS_ SijJllIIA-sel
Mag = 15.00 KX EHT-IS.OO1t\l Pl1GllI.No. -371

_," · ... , ~ , 1 .f _,d .•. ° !:It31J'YI 4.19 fIlffmU SEM "O~iCJl'n1Jflm~ 01001..1 1..1 Oi1JfllN'''Ul1J'YI~tul1-t!1J1000 C lIJurun 2

~111J~

3,j~4.20 1l1'tUl1USEM '\ltHlCJl'nijmfl~'01ijijU'U liji1JfllN,;fu11J~~Wl1kJij 1050 °c l~Ul1fl' 2

~11~H
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Sc8nSpeed= 11 wo- 13mm IllgnoIA-sel

Ma$I= 15.00 I(X EHT-15.l101lV "-No. - 313

t1-- • ..• , •• , 1 ,1.1 d .•• 0 ~1 f14.21 tnl'Ulltl SEM 'IltHIC)fllllflLft~ 6Hltl'J.,l \l 6nJPlINl'll\l11JYlflW11.Q1l 1100 C m\ll1ftl 2

.g111l.:J
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••• , .., , ••• It' It ~4.4.4 Nan1nlfl11::""1n11"AVll"tl~lINUIClJf1u .•maA Itl18tlU IUl81tJVI

4 •••• , •• , 1 .d.l .I.d ••• ° ° °UJ6UllCJ1111Jfllll1l OnHl1J U 0l1JVl111N1'IJUllJl1flWl1IJ1J950 C, 1000 C, 1050 C,

1100 °c ua~ 1150 °c 1~1Jl1a1 2 ~111J~ 1Jl111fll111~fi1"0~UNUlcIf'j1ijfll~tJfln1'f1'UU1f1

.1/' •• • ••••••• .1.1• 4 ~ •••In 1JN1fJUtJfla 1~ua:: fl111111U1'U0~UNU1CJ1111Jflno U1Nlua ~11a ~INl'UU1lJ l't 1J1111.1fUl't lJflW 111J1.1fl11

.1 .1 .cl .1" ... I ••••••• .1 ••. 1 .dlN1'UUllJ~::lJNal11 l1fll111f1V11'U0~UNU1CJ1111JfllJm~~'Uuf1~Un'f1~ 1JVI1n~l1 4.11

~ •• <4 ••••• I •••
V111HYI4.11 11ltl'SICJ1UVlfll111f1m'Utl~UNU1CJ1'S11Jfl

tlWl1flijfll'SlNl~U'Sll (oC )
.......% fll'S111lVl1'Utl~UNU1CJ1'S11Jfl•••••

950

6.43

1000

7.84

1050

8.12

1100

9.25

~lflfll111f1aO~l'ttJ'i11rl(HN1~1Jl1l1CJ1nijfl 'O{OOU'U 10l1JVI~flWl1lJij 950 °c ~::,~
•• <4" '" ~ .,j ~ ••• .l.d ••• ° °11l011CJ1UVlfll111f1V111IJU6.43 Ua~11J0ll't1Jf.2Wl1IJ1J1Nl'UU11l11flWl1IJ1J1000 C, 1050 C ua~

° 0 '" 1.1'.1" <4 •• '" ~ 0 •••1100 C V111Ja1f1tJ~~ ~UlJtl11CJ1UVlfl1'S11f1mlIJU7.84, 8.12 ua:: 9.25 V111Ja1f11J
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•• .r
% lfhn'Vfo'H)YH"'n~%mil1~~1f2Wl1IJJJOlilNl'\lU

% fl11JJ"Ul~O~tl1fl

111(oC)

,
(f.J.m)

l1U1UUU~lJJ
..•

l1f)l:lQ

950

1006.4387.42-3

1000

1007.8488.42-4

1050

1008.1293.52-4

llOO

1009.2595.83-5



,
cl

1JTl115

"ltJ afltJ11fJUt'l~.ualtT'UaU'U~

5.1 crlt1UQ~8ihhlfJHanl1i .uft11~11"8i88U'u18IUfllRfJli.8QI9a
~ ~

lu mn'IAftfJ~u1 ~jjm 'Hi'~lfln::,1 rH'fJffJfJU 1U 181mnnflncrmUVft 1AtJlfft'lHi'~~UI ~u

NbCIs Uft:: FeCI3.6~O Uft::111ft'fll1::~l1nJ1::ft'1JlufllllflAIVft 1~llri f1111J,f1Jfu ~0111fJ~'\lfJ~m1

•••• 1•••••••• ..l1Y.l" !'It' , •• ~lfWI1J{)fl1ml1ft1'tl 'D um1lflAIVft ft'fll1::f1111JI1JUfl1AAH V1flm1'tlAftfJ~'W1111'1J8I'W1Jfl111J

" " ~ ", cl' "'''' '" "'"l'\11J'\IU'\IfJ~ft'lHl~f1 U 1::111H ft'l'HI 'U1UmHJ1'lJ18111tJtIf1ftfl 1Afl11ft'11ft::ft ltJ1fl1fJfJ'lJflftfJ h Av:: 1')j'

. ~
11ft1'um1InA1.Ififl~tJll~'lJ'Vft1.1fltJM VlfU1ftl 41 'lJ1fififl11tll.u'tI.fi'U'UfJ~ ft'lni'~ft'fJ~'~'lJ 0.5

. ~
mol dm'3 11ftlV::ftAft~f111Jih~lJvufl1::n~f1111JI.u'tI.u'U'Ufl~ft'lnl~ft'fJ~I~U 2.0 mol dm'3 v::lfl1ft11u

m'HflAIVft1.l1::tl101 10 u1fi V1flm1'tlAftfl~'W11'h~mltll.fi'1J.u''lJ1.1fJtJfl·i1 0.5 mol dm'3 llft::1J1flfrh

2.0 mol dm'3 v::1lil111J1::1um1InALVft Vlm1d'~lflflallft::afll101::'UfJ~'Vft~1~V1fl1.lgfl~tJ1

'B lA1 'ftCJfft'Uft::1.Infl~tJlflfJULAUlcri'lJ 'W11il~tl~ntY1U 1t1ft'Ufl~ Fe llft:: Nb l1fl '1 tlfl11thuv::

,~ ..l•••'" ~ J! 1 ~: .•. ..s ••• ,~ ••• ~:'" Vft'tlli ft fllltu::mlltJ ~U ft'n U1~1ftllA~tlfl11tl11U A~ ~ LtlfJU11J1fJ11llft::LN1V:: "FH ft::LfJtJAn U1f11ft
~

uA~o~,hmftUA~1.Iu~h

1 ..."'.! lY. A ••• '" '" 11 1 lY. '" IU~lU1VtJUV:: 'DLfI'HI~1LfI11::11m1ft'ftltJfl1m~f111U~fJU (TGNDTA) AtJ 'Dfl1fJtJ1~LVft

1.I,::1J10110-20 mg Nftm1 ft'ft1tJ~1'tlHfl111JffJU'\lfl~L Vft~d' ~1f1n::,11 AtJnllJffJftnlft l'U'lb~~01 111J~
~ .

,j'~U~ 50- 1100 °c Uft'A~~~11.1fi4.1 lUff1Um11'fI11::11~1tJL't1f1iiflL't1f)fl1JUfl11L1Jfli f)::u11ftCift'

(TGA) L~ UL'tlf1ii f1~1ffffl1l1f1111J' ft'OtJ1'tlH f111t1f f)U 'Uf)~ft'111~1tJ1Am 1L1.1a tlU U1.1ft~,1111Ufl'\lfJ~

••• '" ••• ..l •••", 1" 11 ..l I •• "'.1/ "'1ft'l'H'tl tl11 fl11~tu111J1J'\101::'tl1JfJfInm1 11f111t1~f)U fI ~'tl 'W1111V1flm 11' fin:: 11LnUL 'tl f)1 lIU fl1 11

(thermogram) ,1111Ufl'UfJ~LVft'fJffJfJU'U 1fJl1JflV::~qJ111t1'1.IntlJ~111JA1.I1::tlltu 40 % l'U'tb~~ 1

•• .:, 0 ••• ~ : '" !'It A~tu11lJlIfl1fl11 200 C V::tlm1~qJLntl'UfJ~U111UfUVft1.l1::1J1tu 15 % I1JUNftl'lJf)~lIn1flm11::'11t1
~ ..

1Ilf)~ft'116U'tl;6uft::mn::L11t1l1lfJ~,hfiQfltlAilJ'~'U 111LftfJft ';1~fi 2 ';1~~tu11fJ~1::11i1~ 200-
~ ~ A

250 °c U'~Uff1UtT1flqJ1J1mh11UflV::tJqJLatl'1.I1.11::1J1tu 15-20 % I~UNftLUfJ~tl1Vlflm1

LWflft'ft1t11t1LftfJft'\lf)~ft'111.11::flfJ1J6U'tli611ltu::~~0111tJ~~~ 'li1~~ 3 ~tu11tJ~1::11iH 250-400 °c
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t1 JI I •

Y1-3ihhl11!fl9::rjtllliTv1tJtJ1::1l1W 10 % lr!UN,UUfH1J191flfll1i'fll'iV-311JituJa lMli'UfHffl10Ull'i611, ""4 • d Q Ido QI JJ

lMaOO~Ua::llf2WMIJ1Jrj-3fl11UU1MUfl'U0-3ff11afla-3UOV1Jlfl 91mlV-31U (Phule and Risbud,

, A 1" 11' ,: '"1988 :185) ua:: (Griesmar et al., 1990: 1288) lUJ1111J0 Mfl111Jl0UUfl19a'U0-3ffl1 fl'1 U1MUfl'U0.:J

ffU9::afllHtI'i::JJ1W 40 % ~-3ffOflfll(O-3titmafll'illflaO-3~'1l

, ••• "11 ••.••.•• 1 •• 1 ••••• , ••• ~ ••• ..I~ff1Ufll111f1n::MP11V111flUflflnln0l1Ul'ifVal11011JOa O::Ul aCJfff(DTA) 111Ul11flUflllnflln

fI111JU~fl~H'U0.:Jfta'H lU~',"l;;l 1tJ 'i::M 1Hffl'i~161hma::~1V'1-30 -3(reference) llivuti1Jf~W MIJij

..I••• '" , " 1I.d ••••• , •• , 'I' ' I •••'\IW::ll1l0~11fll1 Mfl111110UflUl \llflNafllnlm1::MN~19a 0100U U i011l~ Tf1l11'if1~f2WM.u1J

150-300 ° C 9::1fiflfll11tJgvuutJa.:JTfa-3.:J1UU1IU~flfl111J!OU~ .:Jl~UNa1Jl\11flffa1V~111 HfI111J!OU

•••••••••• I ••• ° ... _•..1 _ • '"'\IO.:Jffl1 lJ 1 ::flO1l0Ull 1vua::'if1.:J~W M.Q1J400-500 C \1::lflA flU llJallUUlJ a -3Tf'H.:JlUU 1111mv

11 d ~ "' ••• '" 1 ~ .f111111OUCJf~ll1UNa1l191flfll1 \l~m U~m'IJD.:J 1ImmUll U ffl10UUll1 1I•

'UflUM11 m .:Jffi'H'UD.:Jffl'i~d' ~1f1n:m11l \11flfllnh1\1 a 1tJ1Nl 1,"1~UN.:J'O{DOU'U 1011lfl

~~WM-tlij 600°C, 700 QC, 800°C ua:: 900°C lrJUl1al 4 i111l-3 Nafll111m1::,1N.:J'ofoou'u

1..1 "'1 - 11 •••••••••. '" '11 ' JO-l1J~ll d'.:Jlfln::M fl1l11iCJfOal\1aPl1V1llflU fll0 flCJfl1Ufl~Uli1 fl'ifU \1:: PlU1I1I0(11-3fll1 la 1I1l1JU'UO.:J

'" ~ •• '" ••..1 0 ..1..1 ••.I ~aCl-lOfll\)f (X-ray Diffraction pattern) Ufffl-3~H1lJl1 4.2-4.5 91flfll1U119a111Nl11f2WM-tl1J~1.:J'111lU
I "

l1al 4 'i111J.:J 1J111ml::111l1mllflufllOfl~116~~U~1fl'iU\1::'1l11111lUoth.:Jfll11~V1l1JU'Uf)-3i'.:Jit

•••••et .I A ..I ••.:, ° ~ .:,1 ..IlOflCJf1Jftfl (peak) tJ11flt)'UU11Jf)lNl11f2WM-tl1J~.:JUfI.600 C LlIUl1al 4 'if1 1J.:J ua::91flflTilNl11

f2WMIJij 600 °c ua:: 700 °c I~Ul1al 4 i111J.:J ftU119::d'.:Jlfl~;;fI'll1li'iflu~~9::tJnflt)fI111Jl~U

••••. .I ..I ••. ° ~ .:,1 ..INafl'Uf).:J FeNb04 lflA'UU \11flfll11Nlllf2WM1J1J 800 C 111Ul1al 4 'if1 1J.:J9::1Jftfl'UfH FeNb04 II
'" '''' ..•... '" , ," ..•..• ..I"" .• d" A'ifA19UU~1I-31Jfl111JU1~ll1i'Uf)-3FeNb04 1JfH 100 % Ua::1Jlnffll 1JflO.:Jfll1lJUlaflUOllua::11l01Nl

..I ••• o!1l .:,1 I A 0 ..I ••• "11 A •••••••• .1 •• 1 1llf2WMIJ1l 900 C lllUl1a14 'lf1 1J.:JTfU1111JOU1Nallfl11\111f111::MPl1mmO.:JlOfll\)f1111AnUn'ifl II
•••••••• '" ..I.At..l'1I 1 11'" '" ~ .1'1Jl~01111llUflU1l1f1'i!lU'U0-3 JCPDS llUl11Jla'Ull 16-0358 PlNa flCllf1V-3flU1l1fl 111Jll-31lJ'iH

'" et ..I ••• .I 4 '" '11' !11 ••• d et et "'..1 ••• .1 11 "' •••afl1:lW::'UO.:J'nfllllflA'UUffl1l11fWUVU Pl1111lU FeNb04 \1H C)f-31J'nflMafllllflfl'UUffOflflClO.:JflUftfl

1Jlf11!lU'UO.:J JCPDS ~uft1Jla'U~ 16-0358 ffltJ 11 fll1 d'.:Jlm 1::MN.:J'ofoou'u l0111f11fl U11lCJfOa

..I ••• ° d•• ~I .d.!' •••••• '" d Inla\1::1Nlllf2WM1J1J 900 C fllJnflt)lnff'UO.:J FeNb04 ""0-3fllma::1Jfl111JU1~ll1irj.:J CJf.:J\1::'nU11
" I

fll1 d'.:Jlfln::,11 flVnCJfOal \1airu \1::1'*f2wM-tIinU fll1 lNl~ilfl11fll 1d'.:Jlm 1::111l111fllniltJ gm V1lu
d ..I .d ••• ° ... ..I.!' ..I.• °fffl11::'UO.:JU'U.:JlllN1N.:Jllf2WM1J1J800-1200 C ua::'iI::lflfllnffll~If)-3fll111lJ1::1l1W 1150 C

(Ananta, 1999 : 1880)
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~lmfuU1N-3~lFm~Wl11Jjj 900 °c 'tl11111al~Ll11Jl::ff1l'UO"ilN1N-3fl6\h'1JlNl~l'ltn 2, 3

.:,1 0 '" 0 '.1 •••• "11 •••• "" ••••~I •.1 "'..& , .1";LLa:: 4 't11 1J-3~11lalA'Uua::Ul 1J1Lml::11~1Ull1flUflLOOC)fL'HlAl1LLl1'i0't1UC)f-3Uff~HNaU11J114.6

• ~ 4 .:, 1 .• 0 cl ~ d'~ ~ Q "tlQ •...f .•• 1 .,ff'U1111all1Ll11Jl::ff1JflO 4 '11111-3 L1JOU1Nal1~'i1~1Lml::11~1t1~1Ull1flUflLOOC)fL'itl~lnUl1'iO'I1U

••• '" ";.At";'1I , 11'" '" : .1' '"Ll1fJ'UO'U1Jl~'i!lU"UO-3JCPDS l1LLl11JLa"Ul116-0358 ~Na OnLfltl-30U1J10'i11J11-311J'iHa01:lW::"U0-3

'" ..; .••. .1 4 '" '11' ~ ..& •••• 1' «ll ~ "1 ....'Wfll1Ln~"UUffl1J1'itltlUtlU ~11lUU FeNb04 C)f-31J11J'il-3NamUULL'U'UOO'i1i'i01J'U0 (Youmee, 2002)

m'iflO1:l1a01:lW:: lflHfffl-3,alllfl (microstructure) LLa::UW!lU111fJl (morphology) "110-3

ffmffi4'u;hulNN-3'01mn.l''U 10L'U~~LN1~~Wl1fJij 900°C lrJ'Ul1al 4 .g111J~ lAtll;;m"o-3

"••.•~ "11 '" .,..; '11",al1'i'i flU OLaO~'iOULL'U'UffO-3O'iUl 'INaUff~-3~N 11J11 4.7 ~lOIllTt tlltl\llOOnO-3,al1 'i'i ffU

••••~ , ..;'"'" .1' ~ .1!' "OlaO~'i OULl'UmnN O'i lAN-30~111fll11Ja01:lW::11J'iHlUUl1'i -3oau"Uu l~L n'UNlfj'UtlOal-3"UlHO~111fl

" I 4; d QI QI ~ • SI .c!!:It Q,lQ'oy 'U'lr1'l 0.2-0.4 f.1m l1'iO 200-400 nm m~mfl'il::1Jm'iLm::~10'\..lLU'U0~1JOO'UC)f'llUUff1J'U~OtlH

..& 1" , 1 ..;'" "'.... ~ '~.I 'l1U'l"UO-3N-3O'iOOO'U 'U Ol'U~111Jff1J'U~fl111JLUUU1Jl11an1Juo~(Youmee, 2002) ~lONam'i

•• " '" " , ..; ~ .1 A1Lfl'il::l1m'i0'i::\lltl~1"U0-30~mfl\l::OY 'U'I11-30.2-1.5 f.1m LLa::o~mfllUatllUU 0.4 f.1m \lln11Jl1JO

-W\l1'if.Ulm'i0'i::\lltl~1"U0-30'4lllfl ff'U110~mfl\l::0'i::~ltl~1'U"l11-3 10 % (dlO) \l::iio~mfl"UU1~

tI'::1J1W 0.20 f.1m m'i0'i::\l1t1~1''U,r1'l 25 % (d2S) \l::iio~mfl'll'Ul~tI'i::1J1W 0.28 f.1m m'iO'i::~ntl

~1'U"l11'l 50 % (dso) \l::iio~mfl"UU1A,.h::1J1W 0.41 ~lm ua::m'im::~ltl~11u,r1'l 90 % (<40) \l::ii

tI , •• " ..;.•• ~ 0 ~ " '"O~mfl'll'Ul~ 'i::1J1W 0.95 f.1m Um'i1lml::11N-30~mfll11J"UU1ALan1Jln\llLu'U\l::~0-301tW

Ll1flUfll~"UU1ALLa::m'i 0'S::~1t1~1"U0-30'4111fl1Jln'UiiuNa~' ~~1OOflO-3,a11'S'Sffuolgn~ 'iOULL'U'U

...! ..& ";'11~ 11 '"nO-3O'il~ C)f-3Nal1t1nffO~flnO-3nU
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_I "_I •..• 4 "4 1~ ~ ..... 4 •••5.2 D'lUUD~8Ilu'lrJNDft1'D'~lfl11~11'NUIA 18188'U 'U18lUPlIArJlfi'W111CJfrJDCJf8DlilD
" •• I

fll'Il1Ra~H1i1'~\11N.:J 'ofoo'U''U 10l1J~ (FeNb04) filNlfi~W11tJij 900 °c 1~'Ul1al 4 <V111J.:J

..a QI " ••••• QI' " ..a •••.•• ..( ~ .•• "" 011ft'.:Jlfl '11::11Vl fll1i CJj'0al Va1JltJRNft'1Jfl1llaROOfl CJj'~ (PbO) 111Jfl1 11JtJ'IQl11i q .:Jtt1V11ifll'I Yl1

tlijn;vl 1'UffIl11::"0.:JU~.:J 1'Utl'~'I1ri1'U'1::11'iH l1Ja'llo.:J PbO ¥io l1Ja"o.:J FeNb04 1~'U 2: 1, 2.1: 1,

2.2:1 ua:: 2.3:1 m1J';'~tJ ~l1fltlijn;fJ11:::11'h.:J PbO otJ FeNb04 ~11JYlq1:lav:::~0.:Jlftl'~1l,h\..ll1Ja

!;It QI ..allJ'U 2: 1 R~ff1Jfl1'1l1 4.1

2 PbO (s) + FeNb04 (s) ~ 2 Pb(Fel12NbI12)03(s) (5.1)
" .

V1flfl1'111~aO~'lhrJ'Ul,j'Uir'Ul'ttJ11tl~11,h'U 11Ja1::1111.:J PbO otJ FeNb04 OtJiltl'''11,h'U

I 1SI .et d.ct.q J '1"" 4 ••2.1 "0 I V::: 11N.:Ja:::LOtJAPb(Fel12NbI12)03111Jfll11JlJ'IQl11itJ;.:Jfll1 'UO"'11ft'l'UNft'1JO'U 1JllV.:J1'U

'lI0.:J Lopatin et al., 1987 Chien and Seshu,1993 un:: Youmee and Phanichaphant, 2004 111'Ufl1'I

QI " '" , 1 1 0 ., ••••••••• 1 d QIft'.:Jlflll:::11N.:Jla~ O'IOO'U 'U OltJ~ ~tJfl1'IYl111Qfl1fJ1fl'U 1.Jft'1l11:::"0.:J"0.:JU".:J"0.:JPbO fltJ FeNb04

v:::~0.:J1f~W11tJm'Ufl1·HN1tJ;.:Jfl11 1000 °c v:ah1..riifl11q~111tJhJ'lI0.:J PbO ldon1fl11'Al~OA

•"';.1 ° 0 1""" • ,.1"'; 0 .t 0 !;It ~'lIO.:JPbO V::O~111J'1:::1J1W780 C 111 111JPbO 1J1.:Jff1'UQty111tJ 1I'l1W:::l1Yl1fll'11N1N.:JvnllU'U,,0.:J

'f~l'U1'U 11Ja'llO.:JlaAoofllcJfA\l.:Jfl'h 2 n;11gflU'OV ua:::V1flllV.:Jl'U (Ananta, 1999) 0'1'41 PbO 1J1fl

.•• '.1 0 1" ...; -, d!;lt" ...;,l~lfl'U lIV:::Yll H PbO l'UO'U1JllflAtlQfl1V1 'Uffll1·J:::'lIa.:JU"~IU'U1Vhyo'UYl 1J"O.:Jfl1'1 (pyrochlore

phase)

~1'U1ivih~flfl~0~LOflci'116~~Ufhflll1ijl9tof (X-ray Diffractometer, Philips PW 1700)

''Ufl1'I1111m~ffrH''O.:JN~la~ 'ofoo'U''U lOltJ"~~W11tJij 400 cC, 500 cC, 600 cC, 700°C, 800°C

° 0 QI!;It ~ 1 .•. " '" , 1 ..a~ "1ua:: 900 C ~l1JalAtJ lu'Una1 3 'lf1 1J.:JNafl1'I11fl'Il:::11'Hla~ 0'100'U 'U OI'U"l1{l~lflll:::11 ~w
"

nl'tlflcvvaG)toal Va~1fJl YlflUflLOflci'n6~~u ~'1 fl<V'UV:::'~UtJtJOth~fll'I laV1lU'U "o~i' ~ffLOflci'Uft'~~

~~lU~ 4.9 l'ttJ·hlrt01N1N.:J~~W11tJij 500 cC, 600°C ua:: 700 °c V:::l~1Jtlllflgl~ff"O~

•.• "" ..a 1 'e.' ° ..a. I .t "" QIPb(Fel12NbI12)03 1.]f~l'tflYl~~U11a1J 'U'lf1~ 2 u'I::1J1W 32 1111'I1flnV::UffA~tHl'tfl11afl'llO~

Il'tO'IOl'tff'fl~ Pb(Fel12NbI12)03''U~hU11U~ (110) ua:::v::ii;;f1''U'tf1.:J 2e U'1::1J1W 28-31° ~l'U1'U 2

"" ...;, I QI "" ..a 0 I ° !;It ""l'tflYl 1J\l~1Jlfl'Ufl Vlfl'IltJ~l'U'lIO~ Jenhi et al.,1998 l'tflYl"lU11'U~ 29 V::lu'Ul'tfl'llO~ PbO (222)

I ~ ...; •• , I ° QI'" ••• .1 1 .•. U.•.••.•• IUff~~11t1llN1N.:JYl~W11IJ1J 'U'lfl~ 500-700 C V:::V~f1~1JPbO IflA'lI'U 'Ufll1Ifl~ nfl'IV11::111H PbO

otJ FeNb04 ua:artOlNl~~W11lJij 900 °c V::'~;;f1~~lII11U~¥il~ ~ 6 ftfl11nfl"O~ 2e l'U'tb~ 10-

° .• O'U'" QI ...; _~...; I ••60 11J0'U1 111VtJfltJ1J1m!1'U'lIO~ Pb(FeI/2NbI12)03'lI0.:!JCPDS YlUl11Jla"Yl 32-0522 l'ttJ11L1J0
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.••• 1' "" .•• ..I .•• .s oS "" ,p, ~ , .. , .. , 1W~1'HU111J1Hafl\olW::'\l6~l'tfl'YIlOA'\l'IJff1111'HW'IJ6'IJ i'l11l1J'lJLl't616l'tff fl"LaA 6166'IJ 'IJ 6L1J"

~~l't6ffltJ'~11L~'IJ Pb(Fe.nN"b.12)03 1'IJltJflafl'\l6~mJ1Jfhijfl (cubic) ~iimillffll1l1"'L~'IJ PR3m ii

fi1fl~~'\l6~'t1'1h6L'lfaftL~'IJ 4.074 A (Griesmar, 1990: 1288)

Q ~~ Cl -' ~Q ..,,~ ' J d ~~1flfla f11'J'1Lfl11::'t1i'l1VL'YIfl'IJflL6fl'lfL'J'VA"'U"''J' fl'tr'IJ~:: i'l11UU 6VH fl1'J'LaV1LU'IJ'YIff6Afln6~

OU1l1"'!1'IJ JCPDS ~U~lILa'\l~ 32-0522 l'tU11Lrl6Lfl1~~W't1lJij 900 ° C ~::'1l1"'ff'\l6~

..I •• : • ..I ..I .••..1 ° '.1 ..I 1 oSPb(Fel12NbI12)03 'YIffll\l'W ~lfl'IJ'IJ'lJ1f1~'YIlfl1'Y1~W't11J1I'YI900 C lJ'l1na1'Y11't1111::ffll 'LJf11'J'lfl1fl6

'1h'Ulfl1~L1a1 1, 2 ua:: 3 .g1111~"111th~U11a::'1h'U1Lfl'J'1::,.r~1tJl'YIflUflLOflci'l'J'tJA"'U"''J'fl<i'IJ ci~

1 .1..1 ,..I oS':' 1 A • ..I ..• ,,~~ ...llffA~f1a 'LJIlJ'YI 4.10 l'tU1111a1'Y1L't1111::ffllfl63 'tr1 1I~ UJ6'LJ1f1a'YI"'J'1~1lfln::'t1i'l1V"16L'YIfl'LJfl

•••••••• J ~I "" ••• "" ..I AI ..I ,~ 1 ~.•. ""LOfl'lfl'J'mlnlln'J'fl'tr'IJ 1'YIVUflU1I1"'J'!1'LJ'\l0~ JCPDS 'YI11nllla'\l'YI 32-0522 "f1a flnlflV.:Jfl'LJ1I1n

: .1' "" ••• ..I .•• .s oS "" ••• .1" ~ •• 1 .6 .••• 1' ""!'Itnll'YI.:JllJ 'J'H a fl1!lW::'Il0~l't flVUflA 'Il'IJff1111'J't1V'IJl.I'IJL"11L1J'IJInff Pb(F e II2Nb112)03'If.:J1I11J':i1'1Nam1J'IJ
......

llUUfl11Jfl (Griesmar, 1990 : 1288)

...•. '" , 1 ..I"" "1 ....•.•..•• ..I ..I~lflflaf11'J'1lfln::'t1f1~LaA 6'J'06'IJ 'IJ OL'LJ"'YIff'1lfl'J'1::'t1 AV11il't1'J'1'lfVa'lfOal~a'YILfl1f1.:J'YI

~W't1lJij 400 QC, 500 QC, 600°C, 700°C, 800 °c ua:: 900 °c "llllh~u l~'lJl1a1 3 i1lu~ ~16

••• " ••••••J ••1 ""'~ ' ,: ..I 1;;l'YIfl'LJflLOflCJrl'J'VAnUn'J'fl'tr'IJ~::"llUUOl.lHfll'J'laV1L1J'IJ'YI~::ff1111'J't1 ffllf11'J''Il0'l Swartz ua::

"" "" " p. ••• ..I ..1 , •• "" •• 1 ..I""Shrout 't11fl1111ff1jl't'IJ1i'llD.:Jfl1111L'1111'116.:Jl't fl'YIUff A.:JL11ffLl'tD 'J'Dl'tff fl~flU 111~V1 1I"6.:Jfll'J' ~lfl

od • -' d ., , tll!l:t, I.., ,}! 4 , ••ffllfll'J' 'YI 4.2 vtU11lUD'J'LCJr'LJ"l "'fflvt D'J'Ol'tff fl" 11tlll 'YI1flUfl1111L'1111'110.:Jl'tfl1'LJl"'ffll'tO'J'Ol'tff flfl

a'1Ufl1111L~1I'\l6.:Jnfl 1'lJL"'ffLl'tD16vt ff 1flflu 1flfl1111L~1I'1l6.:Jnfl1'LJL"'ff~ 1~~0~f11'J't1W~1V 100

~ "" 1 11 ~ .1' "" ,l .•• , •• ,f111nflll1afl1!lW:: fl'J''1ffl1~'IIU1ALafl11a::llJ'J'l.:Jaflllw::'IID~fftl1l'tvt'IJfl1f1'UaA O'J'OO'IJ'LJ

10L1J"lAv';;fllto~,aVl1'ffuoLgfl"'6ULL1Jua'0~m1A '~f1auffA~fi~ltJ~ 4.11 ~lfltl1l'trl1l.1~lflfllt6~

.....~ · "" , .. , 1 1' !'It,a'YI1 ~ff'IJ6Lafl"'0'IJ11UU ffO~fl'J'lA a flllW::'IID~f1.:JO~tl1flLaA 0100'LJ 'IJ OLU" lIa flllW::llJ 'J'l'l1lJ'IJ

Y1Hflall'\l'IJ 1ALtf'IJfhtr'IJ6fla1~'\l6~6~tl1fl6 d1'LJ',b~2-3 f.lm 6~mfl ~::ii f111Lf11::9l1n'LJL~'IJmjll "6U

..••.•.. '1 ' ..I !'It.lflfla1Lfl'J'l::11f111m::~ll.1"1'11D~0~mfl~::0~ U'tr1~ 0.2-20 f.lm lla::o~mflmaV1lJ'LJ 6

.1 A Q QI , QI 1 ' .•.f.lm ~lflllJLlIDl't.11W1f111m::~16"1'\l6.:J6~mfll'tU116~mfl~::m::~16"1 'LJ'tr1~10 % (dlO) ~::1I

6~mfl'll'IJ1AtJ1::1l1W 2.36 f.lm fl".m::~169l11'IJ,b'l 25 % (d2S) ~::ii6~mfl'\l'IJ1AtJ1::1I1W 3.76

f.lm f11'J'm::~169l1''IJ,r1~ 50 % (dso) ~::iiO~tl1fl'll'IJ1AtJ1::1l1W 5.94 f.lm lla::fl".m::~16911''IJ,r1~

90 % (<40) ~::ii6~mfl'll'IJ1A1.h::1I1W 14.61 f.lm
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• •• "11 ..\ 01 .s 1 ..\ 0~1flNa fllHl ~aO~l1lJ 11fll'l11m 1::11~ 1mfl 'l0~ 1~ fll'l ~~ fla1..lU11'~ ~tJO::~ 0 2JUJ01..l12J1

fh1..l1Ql1110~flU'l:: flOlJl'll~l flij~::' ~ml2Jl ;J2J;J1..I'U6~1i1~ 11..I11'1'lU'l:: f161J Pb(Fe1f2Nb1f2)03 '110~~::~1

'01 d'Q1 'ld 1 J!J!lYl1fllJ 0.99 ppm 111aflll'l1f11J0.51 ppm ua:: 1..1Ol1JU2J0.48 ppm 1..Ifll'lYl~a6~111tl112Jl'U2J'UWUO~

1 .1 11 ••• 01 ••• 1 : ..\ •1i1~ 1..I11'1'lIJ1::f10tJ Pb(Fe1f2Nb1f2)03 "1tJtl'ltl1..lm~fll1~~f1a1..lU11'~ ~tJO::~02J1..I1..It2J01..l12J1111tl112J

tla1~lfl~01..l (error) 11..11U'U6~ml2Jfla1~tfl~01..lff2Jlil'l,r (relative error) ~::111'~~1f1 (tf1~, 2534 :

156)

•• Q,I QI .,

% ml2Jfl111~ltl1101..l1'l'2JVnl1i ..\ ~ ..ml2Jtl111~lfla01..l{l2J\l1Ql x 100

5.3 't)la''''U)llU~

1. d'lijfll111',rlJ11'~1..Il~1..IlJ1..I1itJil6m1~::ijfll1fff11l1t ~a '6{601..l '1..11011J~'UU1::qfl~~

••• 01 ••..\ • , ••1 ••••• ~ •• .4 0 01 d.1 1 .. 1 ~ 01Nl1~tlQlCfl01..l1'lf1..l1111J61111011a2J1J1~ C)f~flla~2JlJ1:: U'lf1..l2Jlfl1..IlJ~'1J1..I

2. fl11ijm1fff11l1tC)fniiflla~ '0 {O61..1'1..I16ttJ~t~6ml1h 'ulfu1:: 1tJ'lfU~~1i'0~01fftJ

t'1 •...\ 11 • ~ •••••• ~ J/tl112J ~ ,tJffl11'mOtJ~1m'J1tJ 111'l'f111'Ua::1ff1f1112JtIJtJ~tJ

3. fl1nn1ili1m1ff~tml::111,n~'U1..I1~t~tJtJ11tJ1'l'tf1a~::iju1:: 1tJ')fUil6~ltJ1itJl'l1~tJl1tJ

lYltl1tJ1av
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1. lfl18.:JJJemfl'Ufl11nftD8.:J

1. Lfl~n-31~m~~~fla'l..luff-31~tm::9ltHJ(Atomic Absorption Spectrophotometer; AAS) ~'I..l

AA-62oo Hft~l~tI'l.I~ir'l'l Shimadzu 1h::L'l'Iff~~'I..l

2. L~ln'l.l(Hot air) i'l..lULE 500 Na~1~tl1h::L'l'Iffffl1i'l..l'fiffl1l1~wi'!Ltln~,j'l..l

3. L~lLNl(Furnace) '\I'1..l1fl1100 °c i'l..lRWE 1100 Ha~l~tI'l.I~ir'l'l Carbotite 1h::L'l'Iff

ffl1~l"mwl~m
..

~ Q.I 0 t 1 .Q - 4Q.1
4. Lmn~'1l'-3(Balance) 2 Hfl:: 4 mU11'\.H:i'l..lPG 2002-S Nfl~ Ifltl'l.l~1:l'l'lMettler Toledo•

tJ~::L'l'Iffff,..nl'1fmWl~m

~ "IQ. d t ,5. mW-3~fl'l'l~Hrmflfl~~n'l..lU'l.I'l.Iffn~mlfl(Scanning Electron Microscope; SEM) 1'1..l

LEO 1450 VP Nft~lfltl'l.l~1i'l'l LEO tJ:i:;L'l'Iffff'YI'ti'l..l,rffl1l1~wi'!ltJn~,j'l..l

A •••••••••• 1 •• 1 1 .6. Lmn-3mflC)tL~tJ~nUn~fl'l'IJJL~n~(X-ray Diffractometer; XRD) 1'1..lPW 3040/60 X'

Pert Pro consde Nft~lfltl'l.l~1i'l'l Phillips tJ~:;L'l'Iffff'YI:il"mWl~m

A .••.•• ~7. Lmn~1Lfln~11'Y1Hfl11JJ")ij'l..l(Thermogravimetrc and Diffferential Thermal

Analyzer; TGA/DTA) 'l.I~ir'l'lShimadzu tJ~::L'l'Iff~~'I..l

A QI ~, 4 QI ••• 1 ~ ~ tI8. Lmn~1~fl11JJL1J'I..lm~~1.:J(pH meter) 'l.I~1:l'l'lMetrohm 1J~::L'l'Iffff1~LC)tn~Ufl'l..l~
A III III

9. Lmnnflm1m::\l1t1~1'lJn~m.pnfl (Particle size analyzer) Malvern S Ver. 2.19

tJ~::L'l'Iffffl1~l'1l'mWl~m

10. L~lLNl(Furnace) '\I'1..l1~1500 °c i'l..lRWE 1500 Na~l~tI'l.I~1i'l'lCarbotite tJ~::L'l'Iff

ffl1n'lfmWl~m
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, 1 ..• , ~ Q 1 Q",1. lJ fll1ltlllfUm nl (Niobium chloride; NbCIs) assay 99 % AR grade Nafl ~WU'nfYI

Aldrich l..h::L'YIft'ffl1i'!flLllim

2. 'flfflfllJfltlfl h~(III) f1afl"~ (Iron(III)chloride-6-hydrate; FeCI3.6~O) assay min

99 % AR grade Nafll~wuili'YI Carlo Erba l.h::l'YIft'O~na

3. La~flfln'.~ (Lead oxide; PbO) assay 99 % AR grade Nafll~tluili'YI Aldrich

1.h::L'YIft'a'11i'!flLlli m

1 ..• , , ~ Q 1 Q",4. Uflll llLlJtlll 8~1fln C)f~ (Ammonium hydroxide; NHPH) 25 % Nafl ~tlUnl'YI

BDH 1.h::L'YImh::L'YIft'ff1111'ti'61tu1i'm

5. Lfl'YIl'l·ma(Ethanol; C2HsOH) assay 95 % AR grade Ni1f11~HJtJil1n Merck

l.h::L'YIft'ff11';lJ1ff11i11tui'! Lflfl1Jj'lJ

, ••• -3 ••• 16. m~ umn (Nitric acid; HN03) 69-70.5 % d = 1.42 kg dm AR. grade Nafl ~fJ

uili'YI BDH 1.h::Ll1f1ff1111'ti'61tu1i'm

7. m~ '81~1~flflin (Hydrofluoric acid; HP) 70 % d = 1.68 kg dIn·3AR grade Nafll~fJ

Uill'YI BDH 1.h:L'YIffffl111'l!61tu1i'm

8. m~ '81~Hlaflin (Hydrochloric acid; HCI) 37 %, d = 1.19kg dm'3 AR grade Nafll~fJ

tJili'YI BDH 1.h::L'YIft'ff1111'ti'61tu1i'm

9. ffl1a::a1tlll1f11!llJfI::~1 (Standard solution of lead for AAS) Nafll~tluili'YI Merck

1h::L'YIft'ff11iu1ff11i11tui'! Lflfl1Jj'u

d ••• 1 ...'"1O. ff11a::a1tlll1f11!llJL11an (Standard solution of iron for AAS) Nafl ~tltJn4'Y1

Merck 1.h::L'YIft'ff11';lJ1ff11i11tui'! lfJfl1Jj'lJ

11. ff11a::altlll1f11!llJ'lJ lflLUtlll (Standard solution of niobium for AAS) Nafll~tluili'YI

Merck l.h::L'YIft'ffl1';lJ1 ff11i11tui'! Ltlfl1Jj'lJ
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