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Abstract

Generally PbTiOs; is manufactured in a form of thin films which is useful for the
application of infrared sensors and non-volatile memory devices. Moreover PbTiOs has
a characteristic of adsorption for organic acid as well as electronic property. Organic
acid adsorption properties of PbTiOs powder prepared by sol-gel method was compared
with the powder purchased from Aldrich Co. Crystallization and particle size of PbTiOs3
are influenced by process variables, such as dilution of sol solution, catalysis,
calcination temperature, calcination time, etc. As the size of PbTiOs power decreased
until several nanometers, adsorption of acetic acid and formic acid was increased

1.5-fold and 1.2-fold respectively.
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1. M2

E] gtk (PbTiOs) 2 ferroelectic & &
Az Bug F 42 38 AHogd A4 2 F
F44 719 2, Qg FAS 2 224 AR
29 AE T dwtHez go] AEHWA,
fine ceramic A& %2 vtk ¥4 Fo BAs}S B
2 A7t o] FojA 112131

3, Keigo Hirakata®) Qo <93}d Elgit
@G olgld AH A ek, o FHAA fF
N4E FFste AE L 73 Qlgo] dEA
t}. Keigo Hirakata® ElgHibd WA, metal
oxide?] hydroxyl group®} +714k9] carboxylic

« QYT et ST A
o Zelojstam vietel sheb3sts) waln
exn ZRlO)tE et @A, FouA}

acid & ester groupE7te] 7hEE] Wrgsoz
A3, metal carboxylatel ROO-M(M :@ metal
ion)e] 7ZE ¥AIA, sFgFAS P4t A
o2 Pastn UcHd4]

2 AgeMEe, S4YE o8t Yxzvg
gebahds Alzeta, AzE eleghabde f7]4kel
3 F3AA4 5 & AdrichAle] Elghabga v asle
L-R-ie= 2

2. 012

2.1 ZAWol o8 PbTIO e M=
FAYo|d FEAY QMM A FHE Qols|
= FRE EFste JEeld, L 10~1000A2
716l sAl A7} Aol Barslel gy Aeoltt
[5].
oleid @etel Arje) & wgo] A&Hol @
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gt Bard A ExMgo] neA3 slo] d43Ql
S %e A dH
$2 FE F& IFA]
tE 7 dFe EF 898
‘\’}%E );} e 971 i“ﬂ HtstA gt olw
duty ol EFAlolzs EI A Holx Yorm
FTEEAQY ¢2L A o #UI =25 A
2o, 28| st 2 ey d45Hd &

o ol AbstEo] nExE Ho] & AdefdA

o
=]
A ez

dolshz A 318 oA ok
IR tgANE YRGS} £ wad
o 4@}71% A RAEE 4RE WA
At 7 6H°ﬂ S8 AT FLHE E dE

T 471 g sotel 1
sg Ade Y o)
e 23 ¥Fapo=g vl
%, &9el pH, $vhsl 27 2 % § e
Jel 1 WeEE % HF FRES T2/ Y

:al dwrgoz FAAAT HEE(T), A
EasE0SH 2e AolFEol, AZohE(Ge),
GPYES AFAelme AT AFAI=F

g ugAdol % GH T Fol dHEe) LA
L Ef F48 BEse daE gAAs o o

AlF s 71"]751_—-—- E0dd AsEg dAE
o} 2o, F4 4atslEe wgAHE AsHAI7]7]
s, dihAlEe Holrt 2, T <dFAol=¢
AFA7E dEAOCH)Y ANEA(OCHs) 52
2 AFAA, Bo) FALAEZE FFsy A @
Zol BHEEEE WE 4 i, HF acetylacetone
3 7o ZHoEANE AIEstd wg AHPHS %
A 5 A6

AAz Ao ALEW titanium isopropoxidet
ZH o) EAA acetylacetoned AJslo], ofale} 7
e FxE gA3A dh

T )
RO —Ti —OR +

0
OR R’

- -

AL, $23F, oA

A=, Eghad & 892 Payne? Rama-
murthi®l @53 ZAatel] 9 &) Pb-precursor® Ti-pre
cursor® AE3l3, FELUE 2-methoxyethanol &
A3 A3 oen e Fxz dAEY EHv 2

dxigel os FHF F7I8o] AA sHol, PbTiOs
Powder& & 4 iAI®CH7].

RO //;Li\\ OR Tb OR
RQ\\\//PR ﬁR
RO Ti OR Tb OR
RO OR OR
Catalysis
; . PbTi03 Powder
Calcinatio

2.2 PbTiOs2 X4y A

Z49¢ 58 dojd PbTi0s 44 Aty
o7 3xde] WESZE st vt o ‘1‘1°
ARz 2D Yol Hesh obyl, Ao £
24, WES AT A4 Soelde Ak de 4
ele] AR Ho|7t o]Foxjn, 7] FuljAlele 714
7} @-2(highly branched) A& Ho|7} o]Fojzic}
[8]. olzig Ayt aw F, XN E sHAHS,
250C~300C Alolol A F2Fe #71& AA =
a7t olFoJA 2], olF 450C HF A
tetragonal’d & B A &, 490C~500CNAE cubic
o zol Adol AFEE HAFA Hch EE 70
0T ~900TCNAN  YAF/NEL AAHZD, &F
PbTiOs Powder® 4-& & A 29

3. ¥

DS.

uhy

3.1 PDTIOs & 89 % Powder XM=

B oA = AldrichAl9]  lead acetate
trihydrate(Pb(CH3COO)2 - 3H»0, 99.9%), titanium
isopropoxide(Til[(CH3):CHOl4, 99.9%), 2-methoxy-
ethanol(CH30OCH2CH>OH, 99.9%), acetylacetone
(CHaCOCH:2COCH3, 99.9%)8 Algsle 894
A z3qct.

PbTiO: & £ 92 Fig. 13 & #A= A=xs}
Qo AxE Fig. 2904 B9z glo

- 134 -



AWl g% HEE AZ D FI4 FA5Y

Lead acetate trihydrate® 2-methoxyethanolel
=0 ¥ 110CeA S/ o)F AaEH7
St A} Az titanium isopropoxide®} acetylac-
etone EFEL H7IE F, FAES AAs] o
3 fofo] Fg wrix 7tdExn, FF #HHLS A
A Aoz YAANAY, HEHOZ 2-methoxy
-ethanol$ #7}slo] PbTiO; 8442 <AL

2ol F L F1, A o8 HrElo g
A2 & 3tAl Sed, PhTiOss oF 490°CH 2ol A
Aozt doun2[2], tABE Hal 450TNA
550CAle] 9] 445522 1T/mne g stgey, &
A2EE 800C9 900CoAA 2z 1At 8 38ty
powderE 4}

A Z % PbTiOs powdere 4£242% 2 ZujAl g
friol @2 AASEE #sr] Ysl, Aldrich
AF9] PbTiOs powder®t #H4l X-ray diffractiono
2 dvun EHsgen, =3 4Z4A7 € PbTiOs
Egqe AMu zeln, Z4 R kb Fojo w
& particle sizeE <olx7] &, Particle Size
Analyzer(Brookhaven Instrument Corporation)&

LS

Dissolve lead acetate trinydrate
In 2-methoxyethanol
at 80°C in 3-neck flask

Distillation at 110°C / 90min

Cooling to 60°C

Add titanium isopropoxide & acetylacetone

Distill at 140°C to remove by-product / 250min

Reflux to solution

Add 2-methoxyethanol

PbTiOs sol solution obtain

Fig. 1. Flow chart of Sol Gel process

)

M

H

1. Cooling Water 2. Stiring Hot Plate
3. Thermometer 4. Nitrogen Gas
5. Condenser 6. Trap

Fig. 2. Schematic diagram of
Sol-Gel processing

3.2 PbTiOs2 organic acid & A8,

F&g Agd AIEE AEaE 24AYE B9 o
ol PbTiOs powderd 900ColA 2417y 424 A7)
PbTiO3 1g(0.3m)=, AldrichAF2] PbTiO; powder
Z} 1g(5m)& Abg8tg e acetic acid ¥ formic
acidoll Wigt F&AA4 5 & vwsgh

Fzdgel A" AAE Fig. 37 o] Fn
83, dgede] sxE 27 4, 8 12, 16, 20wt%
2 &, 30T, 40C, 50C ZHNAH, v @ &5
of }Z FaFL EA43A,

g 12wt%9 sxZzANA AdrchAle] PbTiOs
powders} A =% PbTiO; powder? JFHI}ATE
) 1 3} o},

z} g9 EAL gas chromatographyd o]&

dgon EAxAL Table 10] vhebuich,

Table 1. G - C analytic condition

Model SHIMADZ GC 14-B
Packing material Porapak Q
Detector TCD

Injector : 240°C
Detector : 240°C
Column : 220C
- Carrier gas flow Helium, 40mé¢/min
Sample Amount 1.0

Temperature

- 135 -



1.Isothermal water bath 2. Thermometer
3. Immersion circulator-heater—controlier
4. Test tube for adsorption

Fig. 3. Schematic diagram of

adsorption apparatus

4. AEAT

4.1 H =" PbTiO:& XRD #E % X375

(1) SHjo] otz EZY9 XA

494 A= F particle size?] B4 A3, Table
201A Roxe uie} Zo] AEE PbTIO: &
el QA7) titanium  isopropoxide(TI)ed
acetylacetone(AC)2l €4¥|7} 1:29 9 3~53m =
718 7FAH, 1119 "W 51~87mZE titanium
isopropoxide$} acetylacetone2] EH]ol] 2]t g3

Table 2. Sdjo] g ZEN9 AX37|

gL, 2%, oY

& ol & ¥ F AU

ol & AFA], titanium isopropoxides}
acetylacetone &) #L w7z 7143 ¥ &
F BA3E AxEe FAHA, Lao)EAQ acetyl-
acetoned titanium isopropoxide®] FW¥ ZH&7|d]
A&t titanium isopropoxide?] & WA LS A
ot QES A Hed, AFHHom P9
acetylacetone2 ©| 28& o] Aoz F3PF
oz Jetd Adz 398 & Adot6l.

£, EE999 dAVE HEWE FEse I
Aol 4SS WA =Hed, 2ntol A 25mE %o
ZrhehA, 9AA7)E 9.1~269mol A 5.1~8.7m
2 Zolyg B F Ak At FHeopAle A ¢
dx, L9 YAV BE £ Folme AR
& dg F AU

(2) 289 s5iAMu L
powdere| }X}37|

Egde] Y Fvje] FHFol W PbTIOs
powderd] <SIAAZIE LolRr] Y3, Fad
nitric acid®} 2F4FQ! acetic acid® ZvlE AFE3}
o dojx A3E Table 39 YehdAch

4, 44l wEg dnE vg L8495, T
F&ojel 2-methoxyethanol®] 3] 4ju}7} 1:20] A
1:62.2 F7ksldEAM, AAE PbTiOs powder?] €
22712 3434mel A 2125mE o ZolAlE A}
B AE 7 A, E84d99 FA4uvE AAA
HY, 2 JAEY Eito] © F o] Foj2 A ¥ o]

2 2D 2N ME FAHAE AL AX3d ¢

Zojo] o PbTIOs

B Preparation (mol) Add (m&) particle
LE : ME TI : AC H0 ME HNOs size(nm)
1 001 : 02 0.01 : 0.02 15 15 2 3~53
' 001 : 0.1 0.01 : 0.01 20 20 25 5.1~87
0.01 : 05 0.01 : 0.01 20 20 2 9.1~269
Table 3. E89%9 344 L Zujo] o}E PDLTIOsz powder2| {1 Xt3J|
PT-sol:Me:water(m¢) |Calcination temp(C)|Calcination time(hr) Catalysis Particle size(nm)
1:2:1 900 2 Acetic acid 129.2
1:2:1 900 2 Nitric acid 343.4
1:6:1 900 2 Nitirc acid 2125
Table 4. 2&ZA|Zto] 2 PbTiOs powdere| &X}=7|
T ® HNO3 lhr 2hr 3hr
o % 11~20 03~05 0.3~05
Paricle size (ym) ) 15~25 10~21 10~2.1

¥ PT-sol : ME : Water=1:1:1(mg), 900C 472
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A 8 BRI A P FIN FHEA

e 27)9 powderd A stABT}

T3, Fule ZFH wE ARV E AHRY,
7441 nitric acidell vl3] 2FAHQ] acetic acidE A}
£33 o024 3434molA 129.2mE ¢F 200nm © =}
& PbTiO3 powder® €& 4 AATh

(3) 2ZA|Zlo]l olE PbTiOs powderel 24xt=7)|

AZA A7) & PbTiOs powder? dAzZ7| &
Table 491 VEF AT 24 Azho] 1A1ZHA 24]
Zrez Eoligd we dxtel AVlE 11lmolA
03mz o FolAx ok AAAIZe] 247k
A 3A7te 2 Zold A4 03mE A W3t
e B & £ AAnk 27 AL 22F A
of vl 241z 2FF He) o FHL AZIE #A
He ofe 422 AL AANE B UEEY
F7182 300C AFoA A AA S, BF
F71E2 ol AA Hu, o FF F7180 L2
o)A A|7ko] Ao wat A A= o] particled] 27
7} Eolse ARE BHAFA Fd. 28, o] I
F A71EL 2A% Fete 2FEAACNA e 3
AMAS S 3AzF AZAIY particle 27} FFS
oAz 4SS ¢ 5 JoHI0]l =F Fug AlE
gozs 1molA 03m= o 22 dAE 4&
£ eon QJAEe AV|EE I HAI) Fof
e e 48 7 Ui

(4) 28 =xHo| o XRD &

232x 2 EFujAlE {7 mE PHTIOs
powder2] XRDHE & Fig. 4.9 el ot

WA, 800TCAA AZAAZ (29 (4] A5
vl g, 900ColA A4%F (3)9) PbTiOs powder7}
AA 2 intensity® BAFi gouw, FUF 80
0ColA AN AF A4 HrskA &F2(2)el
Hla) 24 M7 PbTiOs powder7t &
intensity® R F1 o}

3k AldrichAt9] PbTiO; powder? XRD i€
ol (I wms) BE, (2), 3), Dy F$ EF
PbTiOz ¢lo) PbTisOr = 34 vetde 2 5 3l
e, oA z7] FHH9 A=A titanium
isopropoxide 7} M2 A{¢E A2 BARH, of
= acetic acid®] 7} 2 acetylacetone2 & o]
7t 7hgskeH11l.

A AZLE 9 Fujo] wE PHTiO3 powder
o] AASEE 90T A2ZA7Ix, 8 HF7}
g 52 S goldE 4 F AU

4.2 PbTiOs2l Organic acid Sx4A s

(1) Acetic acidoll 8t E&ME

FEZY 4~20wt%d W, 2xo mE FIHFL
Fig. 59 JeElullen], 4@ 8He] F=7} 12wt%
d o), A%9 PbTiOs powder(0.3im)e} AldrichAk

2] PbTiOs powder(5im)2] ¥ =3l Fig. 69 4
220 A=

a)

[]
ol
=

(€}

Intensity
]

3

: (4)

2 6’. ( degrée) :

1. PbTiO3 (Aldrich) 2. 800C, lhr, No HNOs
3. 900C, lhr, HNO3 4. 800C, 1hr, HNO;

Fig. 4 XRD-pattern of PbTiOs powder

Fig. 5914, &%7F 30CoIA 50CRE Z7hl
mal, Fage 1.7x107%g0 A 45%x10%go 2 da}
Z7t3le ASgS B 5 Yen, =3 FY %3
0C)N A 357t ZF71g o F2Fx 17X
107%gel X 20x10%g o2 ozt F/HEE UEhS]
th 283 12wt%el A, A =8 PbTiOs powder(0.3
mel A% 31x10%glA 53%x107%ge FEAFL
Ho]&= uk  AldrichAlel PbTiOs powder(5um)<
18%107% 1 42x107% & F&33 glo], Azd
PbTiO3 powder7t 2F 15w o ¥ Ad%& BY
Fi1 Yot

4714, LR F7hgel utek Aol 7t
£ olf, acetic acid®] £FPY FEE 2x9
Z7bol me @ Z7ke7) dEoln, xS 37}
of W2 FAF F7F YAL, EA W acetic acid
BRgo Zyz ERAAGEEI Fts7] o
ol tH12].
w3, AZE PbTiO: powder(0.3um)7} Aldrich
ALe] PbTiO; powder(5um)oll w8 o} % &t
€ Hole olfe YAAVIZ ALFoFE AH, o

M
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AF3E, A8HE, A E,

He EHYE 71Xy WEo R gatgc)

olg|dt FFo AIAL Fig. 6914 RHA =
FE A ZHAME F BoAn Q. £27)
12wt%e] dg4d4L 2x7l ZF78 +£2 PhTiOs
powder ¥l acetic acid7} 3 o @o] &5
Dz Adggded Fre 11.8wt%olA 115wt%ZE
AR it Qom, T3 AldrichAte PbTiO
powderell w3}, AZxQ PbTiOs powderdl A A
Hog & %o #4E HAFH o

>
T

@
T

—— AWt%

—— Bwi%

—h—12wW1%

—— 16Wt% b

—— 20wt%

—— 12w1% (Manut.)
A

Amount of adsorption (gx10 %)
~
¥

30 40 50

Temperature, (T)

Fig. 5. Amount of adsorbed acetic acid
as a function of temperature

Y T T
—&-— 5/@ Adrich.Co. |
==0—0.3/3 Manufactured.

g nwspe -
Z 1nnp -

g N6E5p -

o w
Temperature, {C)

Fig. 6. Concentration of acetic acid as a
function of temperature in solution
(12wi% acetic acid)

(2) Formic acidoll it E=M s

Acetic acidol A ¢} v}@7}A E formic acid®l ¥
E 9 2ko] w2 FAFE Fig 7o dehlde
o, 12wt%el A AZE PbTiOs powder(0.3im)<}
AldrichAte] PbTiOs powder(Sum)e) &% W
Fr7Aae Fig 8 Jehi Aok

Fig. 7oA BW, Z+ sEoA 57} F713H
wel formic acid®] FEHFE 56x107gel A 13.1

2

22, 235, °

’ ’

oid

&

x10%go 2 Ax Z7hste AL Holi Yow,
0CEANA Fro ulE F2AFS ABBY F
E7} Awt%ol A 0wt% 2 Z7betel wap, Faa
E3, 56x107%goNA 62x10%ge2 F2 Frhete
Age & & Ak

5 2 2% o formic acid® JFEFol
Z7hstE Qe 2E7 E7¥E £ & formic
acid?] 234G &£x7t F7187] WEeH, 5%
ozrhgel W APl Frhste olf =@
&5 Z7te]l 799 nAAR, formic acidd &
8ol 2 4% 2IAY £57} 7] o
B9 Ao ek g12].

g3, 12wt%ol A A =8 PbTiOs powder(0.3
me AS 7.69x107%gol M 146%x107%ge] FE =
& Holm & ¥ AldrichAtel  PbTiOs
powder(5um)e 59x107%go A 11.6x107%9 &%
Z& polil o] AZE PbTiO: powder’t B B
of FFge ¥ + Aok

Fig. 82 12wt%olM &5o] 02 274 Y
i ®AL Jehla gl AldrichAbe] PbTiOs

H
v
4

3
T

-—— dwi%
— W% 9
b 12wW1%
—— 16Wi%

Amount of adsarption (gx10 ”’)
©
T

[
T

—— 20wWi% b

—4— 12wt% (Manut.)
A N

@ 50
Temperature (T)

1 4

Fig. 7. Amount of adsorbed formic acid
as a function of temperature

5

T T
&= 5/8 Adrich. co.
———0.3/8 Manufactured. |

3 8 =
& b °
——
\

8
2
N

2
o
M

Concentration of solution {wt%)
> 8
» S
T
N N

b4
&
T
"

[T 5
Temperature, (T)

gk

Fig. 8. Concentration of formic acid as a
function of temperature in solution
(12wt% formic acid)
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zAYel @ Hed Az R F74 FR5A4

powder(5um)e 11wt%ol A 10wt%7hA] 4 sa
ew, HAzg PhTiOs powder(0.3m)s 10.7wi%
A 95wt%E =7t #A4aszm dul olRL ¢
227174 2 A x=¥ PbTiOs powder’t ©l HW&
EHAE 73 glo], 3 & F4AE Hojd, 2%
7} 274842 PbTiOs powderel &5 & formic
acid9l o) ZF7tslr) WEel, 257t F7hEg
gt 55 Zasts A%E 2oAd doh

(3) Acetic acid ¥ Formic acidel &=ta vl

12wt% 9] s XA AldrichAF¢] PbTiOs powder
o] F23lE= formic acid ¥ acetic acid®] Xl
o0& F&%S Fig. 99 Jebliith

Formic acid® A% 2=7} F7t&el ue}, 59
x10%gel A 116x107%ge] F4FE Holn Yo
v acetic acid= 1.8x107%gol A 42x107%ge] &%
g9 Holx 9t}

Acetic acidol ¥l&l] formic acide] &F& %ol <F
25 AT o & AFgS Holx Qled o=
formic acid?} acetic acidell w®l&] £z=277F o
ZFomg e AHG FAss go] HdFez
%27 ol

T Y T

2P —w—Formic acid
o= Acetic acld

Amount of adsorption (gx10%)
@

Temperature,(C)

Fig. 9. Amount of adsorbed Organic acid
as a function of temperature

(12wt% Organic acid solution)

5, dE&

B Aoz £4YE ol &3 PbTiOs powder
o] AZ:A F&A FHAH P Zu] AFH 2%,
A7 AzEe ARSI AV ¥ AAHIEE
o mA= Jgo disl & = YAt

EF F7)4ke) oiF FF APS N Axn
2r W 5o & FHAFEES A ¥ AN
oo AZ¥ PbTiO; powder? YJAA7E Y
712 Aolgo M, acetic acide] 749 < 1.5H,
formic acide 1.2919 F&A4%S F4AH +

Aok o, 2xzs) s 4dded Ze formic
acid’} acetic acidell W3] <F 254 © W2 o
Fde ¢4 + U

olz}g EAYel o3 AxY PbTiOs powders)
714 FHEALL AT F714 AA 5o 3
BA71&o S0l 715 AoE BARL
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