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Pb (Mg1iNb2/2)Oa(PMN) |

Lead containing Lelaxor Ferroelectrics

1. Broad Dielectric Constant changed with Temperature
2. High dielectric constant and resistivity
3. Low Sintering Temperature

= Promising materials for ceramic multilayer capacitor
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1. Composition : Pbi.s3Nb171Mgo.2906.39

2. Dielectric Constant
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Temperature (K)

530-650C
3PbO + 2Nb2Os ————— 3PbO - 2Nb20s
(cubic pyrochlore)
600-700°C

3PbO - 2NbaOs + PbQ ————— 2(2PbO - Nb20s) ,

: (rhombohedral pyrochlore)

700-800°C

2PbO - Nb20s5 + 1/3MgO ————— Pb(Mgi1/3Nb2/3)O3

+ 1/3(3PbO - 2Nb20s)
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E PMN Formation Reacrion by Swartz

* 25-650°C

! PbO + Nb20s + MgOQO ————— no reaction

[

| 700-800°C

- PbO + Nb20s + (MgQ) ————— cubic pyrochlore
|
|
|

850-900C
Pyrochlore + PbO + MgO ————— perovskite + pyrochlore

Perovskite(Pb(Mgi/sNbz2/3)03) ————— -
Pyrochlore + PbO(vapor) + MgaNbsOg

® PbO vaporization at the surface of sintered body
=> Formation of Pyrochlore and MgaNb4Og

= |Lowering Diclectric Constant
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Noble PMN Fabrication Technique

1000°C
MgO + Nb.Os ————— MgNb2Os
(coumbite)
800°C
MgNb2Os + 3PbO ————— 3PMN

Ultrasonic Spray Pyrolysis

Starting material : Precursor solution
Fine droplets

Rapid pyrolysis

Spherical particles

-
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ynthesus bY SOI'—GeI Process

:
|
!

Starting materials : Lead Acctate, Pb(CH3;C0OO): - 3H0

Cryatal Phase : 775°C, 2hrs = 98% pcrovskite

Magnsium Ethoxide, Mg(OCaHs)2

Niobium [thoxide, Nb(OCaHs)s
Refluxing Condition @ 125°C, 12hrs

Table 1. Selection of inorganic salt.

NbCls + HCI

Nb(HC.0.)s + HNO,

Pb

Pb(CH4C00)
Pb(NOs) 2
Pb0,

Pb

Pb(NOs) .

O

Mg

MgCl 2

Mg

Mg(NOs) 2

O

O 1O ]0Oxx
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|Pb(N0s)z| {Mg (NO,) 5 611;0]

Solutionl in Ha0

[Nb (HC20.) s* 0]

[Solution] in H:0

1. 2molHNOs Sol.

l Mixing l

Ultrasonic
Spray

|Pyrolysis l

|Calcinationl

Fig. Flow sheet of experiment.

Concentration:0. 0lmol
{Calculated in PMN)

Carrier Gas{41/min)
N2:0:=4:1
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Fig. Schematic diagram of the ultrasonic spray pyrolysis apparatus.
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Fig.4. SEM photographs of powders.
(a) Pyrolyzed, (b) Calcined at 750°C,
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Fig.5. Particle size distributions of powders.
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Fig.7. SEM photograph of fracture surface
sintered at 900°C for Shrs.
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Conclusion

PMN was synthesized by ultrasonic spray pyrolysis and the results are as follows.

I.

Lead nitrate, magnesium nilrate and niobium oxalate as raw malerials were
choosen and dissolved into distilled water with nitric acid.

The obtained powders by ultrasonic spray pyrolysis at 750C consist of mainly
pyrochlore and little PMN. Single phase PMN  powders were cbtained by
calcination of as pyroyzed powders at 7507C.

The particles had spherical shape with narrow size distribution and an average

size of 0.36um,

- 202 -



Eowder by Emuls:on Method j‘

One step process to synthesize Pb(Mgi/3Nbz2/3)O3
- Starting solution : Precursor solution
- Emulsion with organic phase
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® Perovskite 4:1
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XRD patterns of powders prepared with various ratio of organic

phase to mixed solution and calcined at 800TC.
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to mixed solution, 1:2.

- 207 -

Microvolts



04!

A

V. #19,,

(a) SEM photogiaph of dvgedd pocder s poepared by emulsion method.

- 208 -



o2 XRD

& AN
) Pyrochlore
e T

! ’ . 80T |
. L] :
: O
. AN A JJJ .
: M W~M\f
S ‘P/kf"\”” NN VP Y \/\n"\/\ ..,//‘f—"'\/ \\.\.,\_ i
@] f. 70T :

R Sove JL\«/WL i WQMJLM

o / NU. WA o

D aral

0T

~~x\// WW

AT VITIYAIVECOIUAYT IO L0 102 A 0 T A N N A 0 O T O 0 AN 2 R U BN O A A 0 06 4t 0 40 4 B0 Gt B8 4 e (4
lﬂlll!llll]T]IIII]TIIT]!YI!‘I‘ }.I¥I!T1II¥IIII!IV.1!"I.l‘

10. 15. 20. 25. 30. 35. 40. 5. 50. 55. 63 65. 7C

Ffig. 3. X-ray diffractions of the powder h:zicd at various temperatures

prepared in the ralio of organic phase to mixed solution, 1:2

- 209 -



100

w0
o

PMN contents/%

40

T - I - ] T j ' ]
—M— Perovskite
PMN Contents /“‘—-—"—-

n
r
"
| . n : 1 L b1
500 600 700 800 900
Temperature/ C

Fig. PMN contenté of the stoichiometric PMN

powders calcined at various temperatures.
- 210 -




‘0o, ‘69 ‘09 ‘GG 0§ Sy Oy ‘g€ 0E G2 Oc

‘G 0b

L.____‘____________;.___L_______,_____,__________L__________________________.______________________________________v__._. o

e e

L o N °
2.00L "
|
m
/‘ ‘ v < =
2.0S8L (222) % W
5 9
‘ o
® @
.Mw.
. :
Eo,nooh&»__muv
S e . Tmmeg
B 0/ 01 O} zomm J00L H< omzHUJ<u,:mnzza !



| ' 1 T I

—Mm— Perovskite |
100 PMN Contents _

(’5." /
I

PMIE)I contents/%

\ . | . |
700 750 800

" Temperature/ C

Fig. PMN contents of the powders with 2mol% excess
MgO calcined at various temperatures.
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Fig. PMN contents of the powders with 5mol% excess
MgO calcined at various temperatures.
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MgO calcined at various temperatures.
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