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Abstract Compression tests were performed in order to derive the optimum deformation conditions of
superplasticity in YBCO oxide superconductor at initial strain rate ranging from 1.0 x 107 %s™ ' to 1.0 X
107 7s™" at the test temperatures from 800°C to 930°C. The strain rate sensitivity exponent was 0.50 +
0.01. This indicates that the high temperature deformation behavior of YBCO superconductor is
superplasticity which resulted from the grain boundary sliding. The flow stress influence on grain size
could be expressed by exponential relation as gocd’ *<°* and it means that the elements diffuse through
the lattice corresponding to Nabarro—Herring creep during the deformation. The activation energy for
superplastic deformation was determined to be 571 £30k]J/mole. Under the compressive deformation con-
ditions, the relationship on the strain rate, flow stress and grain size could be described by e=Ag* "™
d™' #=%%exp( 571 £30k]J/RT). From the experimental results the optimum deformation condition for
superplasticity was temperature of 860°C and initial strain rate of ~1.0x107%s™".

1. M = sliding, GBS)& & W3 7|77 E sle 244

' wWajo] ofd gy YWY o2 e WHY

Y-TZPY} ALOs, 59 Alete] ABeA % Follm A sy wAgs Belzm gt
a4 Agel En'He w2l YBa.CusOr-x ek F e JYun®™' So] mlAy 244

(YBCO) 4tgE =HZ A o9 244 5
A& ol izt o] digt Ayt FuE
2P glck dal YBCO AstE 2HEA
o I HEYEAF FE d7e E 19 2
o g QAFAETVe] 1R YHAIHS &
3t} 7)1AH BEAE BAsty 12 HY| T
E #Met et 2y dREY ne W
A Fo] AAHA vjza A(grain boundary

(fine grain superplasticity )] 7] 879 ¥
A &3 21x BLg ol&sld 100%
ol el A4 WYL dL&oT 4 YBCO %
HAEANHE 2aAdo] vebdS #Halstsich
ELAE T2 A doubs 4224 ulA
313 AAYHE g= AMEE EHYGd9Y
2=2(T) R &z (e)2 WA GBS 9
2 HygE Holv] ojy WYL E(e) H

@ rfo oft

- 371 —



372 A ae A A5d A3E (1995)

Table 1. High temperature deformation characteristics in YBa,CusO;- «

, Initial grain Temperature Strain rate Strain rate Maximum  Activation , X
Investigator . \ B . ) Deformation mechanism
size{ um) (C) (sec™') sensitivity strain  energy{K]/mole)
Wakail 6] ~10  850~960 10°°~10"* 04~05 ~30% 1080 Intragranular
Stumberg] 2] 20~100 870~980 10°°~10° 10 ~10% 800[P(0O.)=10pa] Diffusion+GBS
600[ P(0.)=10%pa]
Yun[ 9] ~5*  775~875 107°~10"" 057 ~100% GBS
Yun[10] ~1 750~850 .10°~10"* 05~056 ~50% Diffusion+GBS
Goretta[ 3] 7~70  850~980 10 ®~10° 1.0 ~20% 970[P(O,): 10°pa] Diffusional creep
650{ P(O,) : 10°pa]
Bussod( 4] ~20  750~950 107°~10* 04 ~70% 201
800~875 ~107* 0.8 1200( >870°C) Diffusional creep
560( <870C)
Kaibyshev{ 7] 900~950 ~107¢ >03 ~30% Dynamic recrystallization
Hendrix( 8] ~13 800~950 10 ~10°* >03 ~15%
~20** 10°°~10"° <03 ~15%
Kim(11] ~15 890~930 107°°~107* A~0.46 ~126% 580 GBS
GBS : Grain boundary sliding
* T YBCO+25Vol % Ag
** T YBCO+20Vol % Ag
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Fig. 1. SEM and Optical micrographs of (a) calcined
YBa,Cu;O; « powder and (b) as-sintered sample
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Fig. 2 Schematic illustration of an apparatus for the
high temperature compressive test used
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Fig. 3 The stress—strain curves of YBCO with different
initial grain size at 860°C and €,=5.0 x 107 %s™"
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Fig. 4 Logarithmic plots of flow stress vs. grain size
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Fig. 5 The flow stress as a function of strain rate for
YBCO at 800°C, 860°C, 890°C and 930°C .(solid sym-
bols : m>0.3)
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Fig. 6 The log-og plot of flow stress and strain rate in
YBCO at the temperatures from 800°C to 930°C.
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Fig. 7 Strain rate sensitivity exponent as a function of
strain rate for YBCO at the temperatures from 800°C
to 930°C.
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Fig. 8 Strain rate vs. the reciprocal of temperature for
YBCO at stresses of 5, 10 and 20MPa.
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Table 2. Activation energies for diffusion of
components in bulk YBa,Cu;O-_«

Tracer QX KJ/mole) P{O.) dependence
0 93.5+29 No effect
Cu 256 +4 Negative
Ba 890 +125 No effect
Y 1000 £ 200 Unknown
Sintering 190 £ 30 Negative
Creep 970 £130 Negative
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