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Crystallization of Coprecipitates Prepared from Lead Nitrate and Titanium Tetrachloride

Byung-Cheul Choi and Moon-Ho Lee
Department of Metallurgical Engineering, Yeungnam University
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Abstract The crystallization behavior and structural change of amorphous PbTiO; precursors prepared
by coprecipitation method were investigated by XRD, Raman spectra, TEM, and RDF. The precursors
were prepared at 45C and pH of 9 from a mixed solution of lead nitrate and titanium tetrachloride
derived using H;0, or NHNO; as an Ion stabilizer.

The activation energy and temperature for crystallization of the coprecipitate prepared using NH,NO;
as an ion stabilizer were lower than that derived from the solution containing H,O, stabilizer. The amor-
phous coprecipitate transformed to transient phase and then to crystalline PbTi0;. Average interatomic

distances of amorphous states decreased with increasing heat-treatment temperature.
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NHNO;Z o] & ¢t A 2 AL &3l P9, H.0. 8
ALg-stel Alzd E/}FENF NHNOE A
3t Azxd EF FEYJLERH 5 FH
o FTAE(I F FHY THES AF
COP, SOP2 AfH & Axsded, A=A

& g2 #oh Pb(NOy), AHFE FHF
%?SH"W% 1Mo} #gdS A FR3txm, TiCl, #

29 WS (chilled water)el] HH3d] FH71sk
1M} EEditany) =8 A& Azt
T Fgde EFI A 18(mol)e] PbTIOs
o sl 1.1&E9 H,0,5 73 F, o] &
3 892 5ml/mine £ET 2 ¥rLY)
(reactor)oll FF3HA FAle] NHOHE 3
SIAA w@kAdlol FHE(COP)S AzRdAe
d, ojm w8712 45T, pHI9, AAEH7=
4. NS g FIEEOP)S 129
PbTiOse) tiste 10E2 NHNOE H7sgt
+) ACS reagent, Alfa, Danvers, MA, US.A.

T pEAoz R AR on, wEx
2 COPg #A4g A9 sdaudt. &
AEEL isopropyl alcohol& A 0446}
o 60~70TCoN A 72417 B¢ AF AZAH

Hrﬁ

*

dxged wE yuHe 2R AFTE AL
371 st FAEEE 350~700Ce Al 0.14]
T EE TUIEA A EMYsiATh A EEY
e X-A 3'ﬂ’%’“lfﬂ(XRD)"‘ 2}2k(Raman) ¥ %
o ESAAEN RS S ok B
gyt BFE A 100 ~1500cm™'e] ¥ <)o)
A Ar(514.5nm) laser& o] &3l¥t}h =3 X-A
A A8 2HE G(r)(reduced radial distribution
function) & Altraled ARt Btel T2 W
38 ZAEE T G(r) g At AbgE X-A
AD AEE CuKe(154194)2F Ni g8 a8lx
Mo Ke(0.7094) 8 ZrdejE Aj43le 20=4~
140° F-7¥ol A step scan mode(step width ; 0.2°,
step time ; 50sec) 2 F&} t}

3. 41 ¥ nF

Fig. 12 FXE(COP¢ SOP)< 10°C/ming]
TLEEE 380~700°CY &% It 014
%t EQ EXEF Aol wFE e A
WA PbTIO; e 7 dojuts 3e BoF
= XRD ZAilolt}. COPY 7o 410°C o)A
A3 uAgA o)A, 440CAHM= 2F
7t o ojFold A& HeFy glow,
SOPe] 7S+ COP2 ZAgud ¢ ve
410CoNE ZAS/ REHoZ dojyth
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*) D-500 Diffractometer, Siemens, Germany
**) JASCO NR-1000, Japan Spectroscopic Co., Japan
***) Hitachi H-600, Hitachi Electric Co., Japan
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Fig. 1. X-ray diffraction patterns of coprecipitated
PbTiO;(COP, SOP), calcined for 0.1h.
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Fig. 2. Variation of X-ray diffraction patterns
with calcination time for coprecipitated PbTiO,
(COP) calcined at 410C.
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Fig. 3. Activation energies for the crystallization.
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Fig. 4. Raman spectra of coprecipitated PbTiO,(COP, SOP), calcined for 0.1h.
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Table 1. Phonon energies in Raman spectrum of PbTiO;,

L7} 500CH 700CY A %o vAA A
= 2 9} PbTiO & AXstd F, dx
217 By @A el A A Y ury
PbTIO 2 FHe 7} dojup e et
A0 PbTIO, 24w ##d ZHoloh oty
410~470Col A dx2 =9, A4 YA
PbTiO; & HiEHoz AAsrt Yojupn, &
A7 TR Fol 4o RRAow A
dstd AU A PbTIOE ##3" ot 562.
S5em™, 200cm™!, 180cm '2] peak S o) Al e} A
WA A Zo] el 635, 515, 220, 153cm”!
o] peakE S z+z} A (3TO)Y, ETO)* !, E
(2TO), Ai(1TO) 2] modedl] a5 =), o=
< 4¥AF PbTIO® T. moder} #wA
PbTi0s2  Awei7} dojubd Al splitting
mode& ol vt 1#d T,&  Raman
inactive modeo] 22 vt A#HEH Ao g
3 5 gldh gdabA] 562.5cm ), 200cm™"',
180cm™'9] peak & 1A PbTiOy9} T &t
FRHow AARSH AU PbTIO. 2
He #AVE 9= transient phase® Aleld®
th 700CoM EHPA 7] Bdo] of 5o
A ¥ Raman shift 5S¢ g A7R59
wemvel A Table 1o VERIQ 0w, C7y,
FLTE M A PhTIOo A 7]t & &=

Myl

Raman Shift [em™']
Mode :
Blum'? Burns'® Frey™ Cerdeira'® Meas.
E(1TO) 86 89 88 85+0.3 -
A(1TO) 142 127 147 11743 153
E(1LO) 128
A(1LO) 215
E(2TO) 213 221 220 205+3 220
E+B, 287 295 289 289+0.5 295
A(2TO) 337 364 359 350+1 350
A,(2L0O) +E(2LO) 445 450
E(3TO) 504 508 505 501+0.6 515
A,(3TO) 613 651 646 634+1.5 635
E(3LO) 717 720
A,(3L0O) 797 775
quast phonon 106 109 109
Sample Form powder single crystal powder single crystal powder

+) Aimode : A9 C(EL 2)&S
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Fig. 5. Electron diffraction pattern of coprecipitated PbTiO3(COP), calcined for 0.1h at (a) 410°C and 440°C.
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Fig. 6. X-ray diffraction pattern indicating amor-
phous nature of coprecipitated PbTiO;(COP) cal-
cined at 410°C for 0.1h.
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Fig. 7. Reduced radial distribution functions of
coprecipitated PbTiO,(COP, SOP) calcined for O.
1h at (a) 380C, (b) 410°C, and (c) 700TC.
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uwpebag 2] (2l A gk HK)YE o] §-abo], KT
(K)—1]Z Fourier &30z G(r)g T8
Atk 380°C, 410°C, 700CA) A B
ol dvisted X-4 abdt AE25E 3 Gr)

& 9 rofl sl A YGERWH Fig. 7] Hohor
& HWUA peako] A2 A W nearesi-

neighbour distanceZ, r,e A4 peakl $%]

2 4] next-nearest-neighbour distanceZ ¢} v gt
ok 380Cel A Exeld Ao COP2| rt r,
= 247} 24, 3854, SOP9] ri} r 747t 2.
45, 39A 0.2, COPol wsle] SOP7} mu
P o] dRrAEE Rk v A A I
9 G(r) =2A oA static disorder®} thermal
disorderd] 7]91% o] 1st peak Bt} 2nd peak 2]
Zo] ¢ WA vehtEd, 380C, 410CA
Y3 A9 GI)FAANME ol A& #E
& 4 St

KKYe 2 (D3t o] partial interference
function, Ii{(K)# %374 5 (weighting factor, W;
KNE 33 A gto=z FE 12 AP

I(K) =22 ZLi(K) - Wi(K) (7

o} uj o] weithLing factore v #o] A
ol &,

CO0) 1+6)

Wi(K) = - 8
(K) 1K) o (8)
(K)e ta3 2o gdHTh
© sinKr
I)](K):1+J. 4ffr2[(,0i1(r)/cj)'ﬂo] dr (9)
0 Kr
A7) A CoF G 7+ 19 & 94y F=
olt}. Table 26 YEld FAHLALEQ ol &ntk
7 (ionic radius) @] (D) FFAFE FA
of mesd, (MAomNE GGr) FMe

peakEel Wg=HE W (atom-pair) & A
e 5 Qo F 3 e dARAsE AW
55 o] €A% d [(K)e »nu e
Kgtell A AW A peak’} WEIUEE, DER
B G(r) 49 Fe Kola x4 vebd
peake] h&He ARG FAT 4 9don,
K7} 0A'dwe W, (0)o grozyE E5F
HAAGol et peake] EAE AFFH
1tk 0-09) 7 %o D= 7 maAx 9 Wi(0)

Table 2. Weighting factors and interionic distances
of atom-pairs for the Pb-Ti-30 system

;;r;i;‘r at(;mic mass [constituent| DIA]
|amu)
T Pb-O0 | 2232 2.60
Ti-0 63.9 2.08
CPb-Ti | 2551 | 0. 1.88
“Pb-Pb | 4141 i 0.2887 | 2.40
Ti-Ti 95.8
00 | 320 | o3 2.80

o] 7wy} ofF Aoma G(r) FAA
peak7} “tERUER] & Aog fdukdt. Pb-
O W, (0)7} 7t& WA D & & 7}
AnZ G(r) FAoA AAA peakE LEI}
), Pb-Pbel 74 %] W,(0)s Dy Pb-Ownth
= AR g2 AR azid FHA
peak & UERLIT, Ti-0 &2 Pb-Tis 2 th&
o] peakZ@ UElE Aolth. v A A Aejo] U
g G(r) FAelA WA, FHA peakE
2o WS WA deided, oy feAl o
ek oEiNe] YR Ed W-gEE peakE
1 M2 A vEd Zles Az4d 5
Ak 1y BE G(r) ¢ peake] FHAE
AARES FH3 T+ Fv glov, Ho
= Dyot Wi(0)el gtol ©2 A S vlatd
453 2 Pb-O d#%4E 9 peakel] %
HE H2H ol dAMeR B 4 s A
olthk. Pb-Ocl thgt o] 2wtA o] 33} metallic
radiuse] & 747t 2.6, 2.35A <04, o] FE
o] Abolef ri(2.4, 2454)°] EAFE & &
A TH.

G(r) ZMo| A peakE 9 Y& 700°Col A
g8 ® A7t 380, 410CoN A ExEH 7
Qo HlEte] AL r2mo g olFHol gt} o
e vAE ezt 27l Hlste WiRe #
£-E3) (free volume)7} A7] wjFo o2 4
Ak A7y AA e RAelw®, EH 9
A2 EE g golz xo EXdle WUAE
7hA el FaAE onlste v A el
grol @A 2=/t Fotdel wep Zad A
& BERE, AA37F dojue Bt AT
A Fxe FFe] dolds & & Ad. w
AN R eR ARY HAZE PbTIO e 24
A AEL =3 QR (atomic structure)

]



YA - 0| BH
oA WS xEe HER Wele BAEY Aol
t}.
3tH, 473l
& A g e oo
o7l WA, COPyx w487}
Aol #AEHAo ¥
HolzA ¢kopu}. wak COPej
S oA Ayt deolkton,
o] &dgloll A m Aok ol cmw1m1
o SOP7F vl g2 Hejolld o & Hit o]
Az A g HABR, A de] Bt
HolstH 7] WEA Aotk

4.8 B

Ak Apgste oy
H]-.Q_ZH oﬂ k] 7/(]1}4 o 2
PbTIO, A7 4o o skel
gAFH T2 e
w2 HEE 9

D olestgA HOE 488 3% no
NHNOsE AHg38te] Alzdl 3ol o 4

E] 45C, pH 9¢9]
Aze wRA
elo] mE 4%
FANE A, e

o emolA AR ARH, Aol B
Aok AUAE o e ke A, ol
Mk 2 Bt ol% 94 A A v

AA due] fxH B4 vlE jlog W
=3

T Eo] WA PbTiOR dAst7t o
= %¢td| transient phase”} vEbC}
3) dAxlglewel Zvle] wil HiF o]

FSl

L2
LE\J

AL Avje Fastnz, AR Aol
= gote] Ayl Fxel $Eo] dojde ¥
& gk

2oz s

1. D.W. Johnson, Jr., Ceram. Bull,
221 (1981).

2. S.R. Gurkovich and J.B. Blum, Ferroelectrics,
62, 189 (1985).

3. M. Takashige, T. Nakamura, Y. Aikawa,

44, 77

60(2),

and M.S. Jang, Ferroelectrics Lett.,

Ay AgstE o 2 R AxE ¥R

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. M.H.

47435 549

(1982).

. 0. Yamaguchi, A. Arai, T. Komatsu, and

K. Shimizu, J. Am. Ceram. Soc.,
c256 (1986).

69(10),

. R.W. Schwartz and D.A. Payne, Mat. Res.

Soc. Symposia Proceedings, April 1988.
Lee and B.C. Chot, J. Am. Ceram.
Soc., 74(9), 2309 (1991).

. B.C. Choi and M.H. Lee, Korean J. Cryst.,

3(1), 1 (1992).

CREACEL, BARSHERH A,  531-534
(1972).
. J. Thomson, Jr., J. Am. Ceram. Soc., 53

(5), 421 (1974).
H.E. Kissinger, Analytical Chem., 29(11),
1702 (1957).

T. Nakamura and M. Takashige,
Ferroelectrics, 52, 123 (1983).
J.B. Blum, Mater. Lett., 3(9, 10), 360

(1985).

G. Burns and B.A. Scott, Phys. Rev. B:
Condens. Matter, 7(7), 3088 (1973).

R.A. Frey and E. Silberman, Helv. Phys.
Acta, 49,1 (1976).

F. Cerdeira, W.B. Holzapfel, and Bauerle,
Phys. Rev. B: Condens. Matter, 11(3),
1188 (1975).

N.E. Tornberg and C.H. Perry, J. Chem.
Phys., 53(7), 2946 (1970).

G.R. Fox, J.H. Adair, and R.E. Newnham,
J. Mat. Sci., 25, 3634 (1990).

B.E. Warren, X-ray Diffraction, pp.116,
Addison-Wesley Pub. Co., Mabsachusetts,
1969.

C.N. J. Wagner, Amorphous Melallic Alloys,
edited by F.E. Luborsky, pp.58, Butterworth &
Co., London, 1983..

S.R. Elliott, Physics
Materials, 2nd ed., pp.74, John Wiley &
New York, U.S. 1990.

of Amorphous

Sons, Inc.,



