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Zinc Oxide Varistors with Praseodymium Oxide
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Abstract - Zinc oxide varistors which contain
rare earth metal oxides have been developed.
These Varistors are widely used for low voltage
surge-protection devices and high voltage
arresters for electric power stations. The
characteristics of varistors with praseodymium
oxide as a principal additive are discussed. A
two-phase mictrostructure with an intergranular
phase between the ZnO grains.

1.4 2

ul2] 28| (varistor)= Variable resistor®] %2
Ao A Rt dgtel et WsEsE 54
(Highly nonlinear current-voltage characteristic)-&
7H R0tk & wiEl2He 1 AN A Usts
Tt Aol " ERZFEAD] =gy A7t
A 492 ezt gE AL oj2d A
7] EAZ ddste 5A4S zFed oz 42s
ol g-3td Wi, A543 E& switching ZL g
84 A% €A Aoy AYF
F Alad B2 AAIE Biste £29 39
TEA WY GAge] AHgdd

ZnO w2 oy vy AF-AY &
Ao digk A7+ 19503 o M.S.Kosman®°] 9
B Hx2 olFojx o, Matsuokayr ZnOd] o7
7HA MRS ol uFAMAQ ARK-HY 54
W4 Hold vig)l28E ARG 21 F A%
of AZ|H 44& AMAA Fe G F7d H
7FEEo] BASUTN AZFAY HHYHPE o]F o
AT

Zn0 2AE H7MEY AR waA v222i
e AERA 22 EREY HEFAE Zn0
AR E} o] E:4 AASY 2¥AR Y=Y,
sjaB27AE ZnO 2R Y, 443 12891 2949
33Ae F2E e JAEFAE 29dE 24
%7 & vl Arle YAE FEAUF

o] &3 HlFALo] vj2ExAd waAa =] 9
of A2A AL F] AMYG(TED ZnO
Ao dAAFE HASE a7 @ FAZ
A% F7F T2 FRAAMAALE AAZTH
o dEsy] dEd] 4B E FAFLEM 229
AFAT FARAALE F7HE.

2 dFdH e HJEFANA dutxez AR
PriOnst CosOs& H7Este] oldl yetube wlAF
z9 ANHEAQA VA e 9GS AT

o o o e

2. 484 H

2.1 HExYy

ZnOE 7j8o 2389 4 AL 3mol% PreOun,
Z244 B¥ 3mol% PreOn-3mol% Cos0s, =4 Ce=
1mol% PreOn-1mol% Cos0.2 71E} A48 EE A7t
ste]  AZ3HE oWl AlE&E  AsEE Zno,
Cos0s= Y89 Junseirl, PrsOnd Aldrichr}e] &
FAFE AHEEH

2.2 dzo B &§

Zgsdegrid 4 AsEn Xzader BE
¥u qegs dAZHY 100mpmols 2473 &
$3x AFA2A 5% PVAS ¥3 20 EFS
gl Azzvol & A A 105C dry ovendl
A 24X B 283 AzxEPch A2avel
AA gl AT B4 EESH 0.14%m sieveR
Zzyssgh

2.3 49 o 22

24 %8 £2¢ A% 20me SK BE5Be=
HE 458 ¥l ¥3 500kg/crd) HoIM Q
@y JYstdo

A2 4¥Y 4¥E ¢Fvy pEC ¥a 4
eVl AviRelN Y2t o] HmE:

1200T, 1250, 1300TC, 1350°ColA 1413 &43)
At

~1342~



A& — 700TC : 100C/hr
700C -» 900 : 25TC/hr
900C — 1200T : 100TC/hr
Socking Time @ 2hr

Cooling

o W

2% 2 AESEE

2.4 2MxA

dxo 4L 473 AHY Zug gelyor
SA =X F ot2d|vHAs U WYL AL
4393, 249 A8 vATZE FFEI] 9
3t AR FW-& SiC @viAl 9 diamond paste, &
Frg oz AuigE 1150TAA 308
thermal etching3¥ SEM(Scanning Electron
Microscope, Hitachi S5-2700,
EDX(Energy Dispersive X-ray
Kevex, delta-5, USA)E o] &3}
=g BAsig. 2243 AHAAN A48 2R
of o3 #FLE XRD{X-ray Diffractometer,
Phillps PW 1830 generator, USA)E o] &34t
EY AHE 07~-08m7 HEZE Avstd silver
paste® AL&3le AR 11mE AFE 4R o8
A Fvld  AlHE  Current-Voltage Source
/Measuring Al 8 7](Keithly, model237, USA)E o]
23 -V B4 L 2453

Japan) 2
Spectrometer,
AxRxHeie} A

3. d¥Zx nF

B1& AZFL&x 1200C, 1250TC, 13007,
A 1A £22% AHo UYEE 8|wd Aol
A2ALE7 FolASFE WEIL Frkslm glon,
CosO8 ¥e& ZAo] A=7} 2F A Jegyxn
Atk 2¥3e =4 A9 BY -V EAL nvad
Aoltk. o7l sEwel Zo] FEFAGME
Co3047} varistor®] 54& JehFE 2oz B
. ¥4 24 BY 2xHdd g -V 54
24 2x7b F7M¥e]  wEl  breakdown
voltage?}t Z4sted ol ZnO ¢Ale &=/t
Z74g] mE dAE ARV GEA Aoz 4
Aok, =28 107°A/cr B3oA FEolojo] FRol

1350C

C
TE 4% dx 4=
1200C 5.0 4.9 3.5
1250T 5.2 5.2 3.6
1300°C 5.5 5.8 3.8
1350TC 5.7 - 5.0

o, 1200ColA BldEASA ate] HFELS
_]

Aoz Helg 858 =4
79 XRD
B(1350C4Z)9 v 729 images B3
ok, #MFERe EDX

A(1300T4&%) A

TN Zolm, 1¥6.7

,_.
b

FAZ0 8.8wt%

Zn0-91.2wt% Prg0z°]8], A& 5524 6wt%
ZnO-1.1wt% Pr:03-4.3wt% CoOEA Pr o

(1]

[2]

(3]

(4]

(5]

(6]

(7]

-1343 -

R AH CoO¥ FE Zn0O graindl 35

FeERo2 Holv dze] HArle 3~20mE
AL
&= 2 g 8)

T. K. Gupta, "Effect of Material and
Design Parameters on the Life and
Operating Voltage of a ZnO Varistor,”
J. Mater. Res., Vol. 2, No.2, pp.
231-238, 1987
M. Matsuoka, “Nonchmic Properties of
Zinc Oxide Ceramics,” Jpn. J. Appl.
Phys., Vol.10, No.6, pp.736-746, 1971
ADb. Alles, R. Puskas, G. Callahan, and V.L.
Burdick, "Compositional Effects on the
Liquid-Phase sintering of Praseodymium
Oxide~Based Zinc Oxide Varistors”, J. Am.
Ceram.Soc., 76[8] 2098-2102, 1993
Kazuo Mukae, "Zinc Oxide varistors with
Praseodymium Oxide”, Ceramic Bulletin, Vol
66, No. 9, 1987
M. Nakajima, K. Mukae, "Development of
Surge Arrester of GIS for non-effectively
Grounded System”, T.IEE Japan, Vol. 116-B,
No. 10, 1996
K. Mukae, K. Tsuda, S. Shiga, "Zinc
Oxide-Praseodymium Oxide Elements for
Surge Arresters”, IEEE, Vol. 3, No. 2, 1988
K. Mukae, K. Tsuda, 1, Nagasawa,
"Non-Ohmic Properties of ZnO-Rare Earth
Metal Oxide-Co30s Ceramics”, Japanese ],
Vol. 16, No. 8, 1361-1368, 1977



41F

HS#A slagey
A8 7o 200
Prddn.Co0,, i
R
294 -’W;I 3 =
\J 0 A
Zztg:?ﬁ PO 44 % s o sEm L]
Bi0, 9A%5 M9
DETSY
| ! -
Z0¥Y U | Z70yany YA
32 1 o= 22l i
W T T T ——— T T
¥ e 4
-
v E -~ . B
/ /./
§ w} e e :
i} ~ —
v el A E
P
— o
Wk o 1
" " s W " "
L w0t L 0° L o 0 10° w'
Jem)
a8 3 =4 A, B9 I-V §4 Hn
¢ ~T T T T T T T
i 3 4
i@ .
Fg W L p
s F It
w 0
wE - . T
. - _,’«‘
M i -
b 10° ‘;' 1;’ ;;‘ ;:7‘ “:r;‘ 1;’ w0? 10'
Jiaem]
13 4 =4 B 2xY¥ -V S4 vjn

Intensity(arb. unit)

[
lg\ | A fl |
il & ]
? ? Di‘t;radionﬁnj:le ° ?
a3 5 =M A(1300TAaZ)el XRD Ay

pe23see 28 .kVixl.®

a8 6

J

. Pe23569 207 kV x1.

ag 7

-1344-

C L
%

Zd B(1350TC2aZ)e SEM A}

Z

—

=M B(1350TA&)2e SEM ARX



