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ABSTRACT

Effect of agglomeration of Nb;Os of the same primary particle size on formation reaction and
sintering of Pb(Mg,sNb2;3)0; was examined. Both solid state reaction and molten salt synthesis were
adopted. With decreasing agglomeration of Nb,Os increased the rate of formation reaction of
perovskite PMN in solid state reaction, but had little influence in molten salt synthesis. It was
concluded that the increase in the inhomogeneity of the dispersion state of intermediate pyrochlore with
increasing agglomeration of Nb,O; retarded the formation reaction of perovskite PMN in solid state
reaction, while had little influnce in molten salt synthesis due to its solution — precipitation mechanism

—mainly depends on powder surface area.
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Table 1. Characterization of raw materials

Tap Pressed g\‘\/;r‘ag:_

Powder Density* | Density** | primary part-

] (g/cm®) (g/cm?) |icle size( zm)
. PbO 3704 | 625 1.22
MgO 0.435 1.34 0.31
Nb,O5(F) 0.914 2.30 0.5

Nb.O5(C) | 0.795 2.12 05 |

F —Fine, C—Coarse
*Tapped for 500 times at 5¢cm height

**Forming pressure : 500kg/cm?
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Fig 3. XRD Pattern of calcined powder

54

ettt vwke PbO o35 H)ws)
ol Al Nb:Os 42 AHE3S o
S3E NbOsYAE A 88 S o Ho, o
%3 PbOs| o] 9ol Mrﬂ“* o= MA vehd
< ¢ F7F ded, o 9 Nb:OYAE
Arg e o) %’é}% Nb,Os Y4AE A& E
o) Bt} %= Pyrochlore®] A wkgo] wgs v}
Bl Aol 800T o4 1027 #HgA17 A
55 Nb.0so] &FAel #Aglel Pb/Nbul7}
1.5%] Pyrochlore’do] ZF7HHAE 2 ZA 50
g ko] Perovskitedro] &<l Hiv) Z1u,
SHE NbOs & 9RRAZ AL Aeode
Al NbyOs ¥4 K.t} perovskite’d ] Ao o)
gl ouke PbOY} Awdd = 3re o

T

e}

q

-3

t}.
4=

al
I

-{) i)

Fig. CMOY 2 MSS wHoll A & AaATh

)
3
o

80

60

Amount of Perovskite(%

a : CMO(Fine)
“or ® | CMO(Coarse)
20k o o0 : MSS(Fine)
O  MSS(Coarse)
o 745 500 500 1050
Temperature('C)

Fig 4. Effect of agglomeration of Nb,Os on the
formation reaction of PMN, calcining
time at 2h

=

.

=
=

g 2Azte 7 & stA

o] MAES xA}
T R 2 48 Ea Nb,Os o
A glo) perovskited9] AA &S FA
7kl wel A g7A F7 £ 100% 0] 8o
A ZAdE BEFE Bk WA CMO ¥y
A1 NbOs &4 &4 Aejoll 2|3 perovskite

EER
3

pil

=

#H
Az}
X9

ew

o

w ® 8

[¢]

perovskite} 2]

|

o
[

2]

o



ARE A Nb0sol g 84487 Pb(Mgi Nby )09 4 AInkg- gl 4,

el g ge HEke v 2d, &3 vy
NbO; 24 & AH&3 447 e $8 2127}
800CZA &3 NbQ, Aol 900C R} ste
W e gAE £ 80%HERA §F NbOs
Ao 60%AEEY F& & F . olell
vl MSSHHH el 7 9& NbOs of &3 el
Aglol 900°C7 A perovskiterdel A wbg
AP}, 1 ol 2xeME &ws T
& 4 gk w@ 900Col A HE A
CMO #¥le] &3 NbOs ¥A9 4%
Fou, &8 32 NbO, ¥A R

Q]
A

ol oo B oo
0 g oto ot
oo ot

A

FHREAG e FF

)

w0l ?g\@—\ﬂ
//
s
60’— //

, &  CMO(Fine)
/

wr / ® . CMO(Coarse)
o : MSS(Fine)

Amount of Perovskite(%

20~
O : MSS(Coarse)
N | ! | | 1 L1
% 1 2 3 4 5 3 7 8 o

Time
Fig 5. Effect of agglomeration of Nb,Os on the
formation reaction of PMN, calcining

temperature at 900°C

MSS(F

ine)

Fig 6. SEM photographs of calcining powders
in 900°C/2h

55



Fig. 558 %2
perovskite4} e A4 &2 vErd Aot
NEE Ao RE AT 300C 2
o 900Cel £ F A Al

o fa‘%oif—; Fig. 49} #&

% % ek % CMO W elA %@%
Ag A& 73-1‘7} <3 ¥ NbOs
7391t} perovskite’d 2]
a3 MSS WA= NbOs
A9 ¢g&s ¢ F Yo
CMO el A& Z4HE NbOs
ol 147 AxEA "

<)

Q-

Al

o]

.

pu

o,
<)
z3
BAE
Nb,Os & AFEFE we) 2ATET #wEglo
), MSS WAl e NbOs o 23 Aejo] #
Aglol 24102 ZSk)

Fig. 62 900CoIM 243 3423 EAY
SEM ApAlg eI 2 CMO #
ol s g4 EA7E MSS e FR
o Ao AHE & 4 Jdoh ®EI CMO
9] A9 NbOs &9
BA 9 1x §J7A ol AAE
A NbOs o SFHEY 7t
Bale 13 AL A9 2ot 1
ZhAEe 4 4 drh

olg} o] CMO WHoME ¥a A NbOs
3 ga7 FEARA JGeEA S, MSS
qMe 1 ZFHE Ae JEYA e ol

% 2o ddy w3y or dWd

[

=

o
of
o%

A&
o
Bl

igoz.iiotoﬂﬂ
>
o

o
a1

e wo N

é

°i‘~

(e

z{ 131-24

2~
T

et A4
S =7

3PbO+ 2Nb205'—‘> PngbAO\s
Pngb4O13+ PbO—> 2szszO7
szNb207 + 1/3Mg0—> Pb(Mgl/SNb2/3)03 +

1/3PbsNbyOyge-eveveet (5)
PMN 44 23 ¥ NbO; & AH&3 CMO
Wye AgolE (3) 4 (A wgow &

A€ pyrochlore Ato] A= x
(5)21 7 W& stA=HE

ol zlo}l MgOs}
2% ¥ pyrochlorey]

[e)

=2

56

zkel MgOeotel HFHo|A He Z1 5y
Hu=z FEHo] A NbOs & AlE3S dxr
& EoE57 R perovskited ] WA & o)
AstHEe ez ALRH. 3tE MSS dbd e
olgt Afole § A9 RSOl £§A&oAM
deEAs & - &Aoo sl IR H
=i ]-4 gz g vEHA
B S84 Nb.Oso] $Hde
o2 294 BEuA ¥ R A}
g2Hg8].

BF-g-o]

3.2. ﬁ:g
Fig. 7¢&
4% Aoz RE
el
#2F Nb,Os

B

Tolx 247k
g AZAA

_1.

perovskite

o)t
R

2
Lo

A

o3

perovskite4t 2]
o, sta 2
vk3] MSSH # Nb:O;s
WHor AT EAg Z-:é*ﬂ«] ¢
LT = 900 C 7R perovskitee] Al g o]
AERZ Z7eu, 84 &£x7F 1000C =
AW 23y TAIAG. o] ARG Fig. 49
B 29 perovskite WA &l Axtel

o=
fio

| —

0%
Mo

b1
L oox A g

of

ul
=

olo

80%
lz.o],

o
>

Oz

=

Tul

z

E

g I » : CMO(Fine)

S er ® : CMO(Coarse)

‘é ol o : MSS(Fine)

g O . MSS(Coarse)

< L ] | - 1
700 800 00 1000

Temperature(C)

Fig 7. Effect of calcining time on the amount
of PMN sintered specimens,
sintered at 1200°C for 2h

in the



224 NbO;2)

Hiwas] 29, st4 &% 900TCeolste A9 X
4 % % pyrochlore(PsN,) ¢} pIvkg MgO
92 PbOe] wkS-of oA perovskiteAte] A
o] FNESTE & 4 Ak oo wlE &x
S%7F 1000CE FotN®H sth &A1 x4
A o] perovskited o] A& AY L G&
NEE ¢ F Asd, ol A F vvkg
PbOe] (2], BA 4= A& =& 4A4

K

PMN iz} &0z mukg MgOel E9j[10]

o 9% Aoz Alm®vh. A MSS wy e
729 700C dtA BA 2dAE
Aol WA o] 50%0]stE CMOuH e #Aon
o 2A deldE ¢ ¢

perovskite

Mol 776°CYS T st 700CAA 8442
ge CMO %7 st 1y, wgeoz 2
PH Ao g Alggch. 28y MSS el A
2, BEE Ao s BEA 9 KClof mAtg-of
o FUAAEY AP Tol HEA F9
perovskiteAt o] AA&& Hojgles oo g
FA4Y £ dout AF3 Al oA 44 e}
A Zadoh

Flg 88 4 &xE 900CHE A s
A AIHE H3AA de EAE 12000T A
2A1Y A FE AQlH 9] perovskitedt o] WA &S

/_\100

R

:_,680"

2

g’ 60 |-

e m  CMO(Fine)

o]

E_‘ a0} ® : CMO(Coarse)

*2 o : MSS(Fine)
20+

é’ O : MSS(Coarse)

<

Time

Fig 8. Effect of calcining temperature on the
PMN in the
specimens, sintered at 1200°C for 2h

amount of sintered

57

331417} Pb(MgiiNb,)0,8) AW 9 nd, §d%4dol oA 4

Fig 9. SEM photographs of sintered specimens,
calcined at 900°C/2h sintered at 1200°C/

2h
et ek dvrd o2 Fig. 59} §UAg %3
S UEgS o 5 9t B3 BA NbO, 2
ol &3 CMO Hwyel Aoz Aostns sfa
Alzbe] 2A A= A A 9] perovskite
o] Aol FUksku, I o4 A Al 7to]

S7hetd e8] ¢hwrs] Zraste] Fig. 5ol o}

Bl &4 E A F9] perovskited o] WAl S



EXY

=, 3

v %3k kg Yellla Ut 2 o] fEE Fig.
79] st x99 JFoIr nEFR] FATL
o} wrg-o] oJa} my¥tg PbOe] 3 2 MgOse]
PMNojj o] ¢ Fol 9% zo2 Atgdch
Fig. 95 900°Co A 2A17t 3 AAH Q&
o] A¥EA =S 1200°C°ﬂ7~1 2AI 7 &S A
A A Fag AR gstele A o8
LH 2ol 73 pyrochlore’z}
Az et A %
%7} MSS¥¥ Hth A&
F ok Ed CMO
FAF Nb,Os A}
A8 BAZ ALE
pyrochloreAt o] <17 o]
ole BAhA AAHE
pryochlore4}t 2] ¢} 74 o] Nb,Os 9] —""8’“’3101] 9]
A4 9e weoe Ads
MSS 9]
7 #A A Ao
SR E
20| ]jA H&EH7]

H
hi

i

2l

zd
Wl
o A~
=

& F

=2
=
76'1 =2

=2

e
T

: CMO(Fine)
: CMO(Coarse)
: MSS(Fine)

: MSSI(Coarse)

J
1000

O o e =

1
800

Dielectric Constant(x1000)

700 200

Temperature(C)

Fig 10. Dielectric constant as a funtion of
calcining tempereture calcining time at
2h, sintered 1200°C /2h

=

3, uhg

58

% 248

Nb:Os ¢ <& Ael7} A4 A ¢ perovskite’d 2]
g gl v = °§6ohﬂf U3 AgogA F
A+ Nb,O: & S NbO; A&
o HAexc A FHES YE
. A, MSS ol A9 dEEA NbOs
o 3 Aeel g Fd g5 Aoje sta
% 800C¢e 1000CaA = o}, 700°C ¢}
900CoAME 2tdx 2A 274 dWg
2 perovskite Aol A&

g AE AEgE
ol atol & wl e
ol EAsE 1 Fol
2AA e vtz 88tz
7] qEo 2 AzrdEr)

[}

2

&2
ro
olfl

o7
o 32 i
rir

L

L

b
Oﬁ HE :3 ;l

2

4.4 B

Ak A e ETEHiAe YEEA NbO;
€4 Aeholl we}l perovskitedo] A&
2ol & B A A g, MSSoME 24 Aejd
utE perovskitede] A geol olrp a4
Az gurh 1 ofE LYNTHAME W
SHEHY 7t EAY SR dFL vHA
7] d&olm, 1 whgol B3 MEIAYo 23
&Y== %*a”’é‘f”"ﬂ’ﬂ“ Wr3ge A H
o, S 20A
Zog AlgHT
AAA 9] perovskite AHe] A&
A5 AMERE AS, A ARED
90%°) el e, &3 YAE A&
—80% A = 2] perovskitedo] A A=Y TH
S5gHY A5 3 Y g
perovskiteAt o] AAAE&E AT E 8007 o)
Joz P& U 80%HEZAM NbOso ST
o G2 A9 Ut FAHWHA F @A
FAeEE 1000C2 HE A 2ZFA9
perovskitedy o] A go] HAMH oz o A
& mdkg PbO9 3 g Mgl &4 9T
Aoz AlmEh

Bl
=

o

X

I

g
oY o &

2o B oo Mo
.

[



HE 24 NbOs9

)

=49 A CMO el A% &
A2 A% NbO: & Al
b sk el MSSHEe) A
,Nb205—°4 SHE G & 2 s
ol nlael Kol
z} 1o Sl2 Aos

it
o o
4o ox
e
oy g T

[‘

B o
A

o)

i
ro mlo SL

o2

’

o},

\___
=
=

[1] T. R. Shrout and A Halliya., “Preparation
of Lead —Based Ferroelectric Relacors for
Capacitors,” Am. Ceram. Soc. Bull., 66
[4] 704—11(1987) .

M. Lejeune and J. P. Boilot,

[2] “Optimization
of  Dielectric  Properties of Lead
Magnesium Niobate Ceramics,” Am.

64[4] 679—82(1985)
and A. L

“Dielectric Polarization

Ceram. Soc. Bull. ,
[3]G. A.

Agranovuskaya,

Smolenskil

of a Number of Complex Compoundsm,”
Sov. Phys. Solid stat, 1, 1429—37(1959)
[4] M.

Process of

“Analysis of the Formation
the PCM
27(1]

Inada,
Piezoelectric

Ceramics,” Jpn. Natl. Tech. Rept. ,

$ 3487 Pb(Mg,,sNb.;)059]

59

xg Auke. gl

(5]

[6]

L7]

[8]

[9]

(10]

2, FHEA vAe 9%

95~102(1977)

“Formation of (Pb(Mg,,sNb,,
3)TiZr)O; Ceramic and Effect of MgO,”
Matsushita Electric Co. Lab
Report IDI—6137(1968)

J. P. Guha, D. J. Hong and H. V.
“Effect of Excess PbO on the
Sintering Characteristics and Dielectric
Properties of Pb(Mg,/;sNby;3)0;—PbTiO;—
J. Am. Ceram, Soc. 71
[3]C—152—C—154(1988)

P. Ravindranathan, Sridhar Komarneni

“Solid — State Epitacial

M. Nagase,

Wireless

Anderson. ,

based Ceramics,”

and rustum Roy,
Effects in Structrally Diphasic Xerogel of
PMN,” J. Am. Ceram. Soc. , 73[4] 1024 —
25(1990)

K. Katayama, M. Abe and T. Akiba,
“Preparation of Pb(Mg,/sNbs3)0; Powder
By Molten Salt Method,”
International, 15, 289 ~295(1989)

J. Chen, A. Gorton, H. M. Chan and M. P.
“Effect of Pgwder Purity and

Ceramics

Harmer,
Second Phase on the Dielectric Properties
of Lead Magnesium Niobate Ceramics,” J.

Am. Ceram. Soc., 6912} C—303—-C—

305(1986)
E. Goo and G. Thomas, “Microstructure
of Lead — Magnesium — Niobate
Ceramics,”

J. Am. Ceram. Soc., 69[8] C—188—C190
(1986)



