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ABSTRACT

Deformation mechamsm map of Langdon-Mohammed type for YBa;CuyO;-, superconducting ceramic was
constructed by considering mechanisms of Nabarro-Herning, Coble, and power-law creep and grain boundary
sliding (GBS) with an accommodation by grain boundary diffusion. The map was found consistent with experi-
mental results, nat only ot the creep hut also of the superplastic deformation. It shawed the transition from
mterface reachion-controlled to the grain boundary diffusion-controlled GBS mechanism at aboul 1 ym grain
gize and 100 MPa [low stress. in agreement with the experimental results.

Key words: Ceramic superconductors, Deformation mechanism map, Plastic and superplastic deformation, Diffusional
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Table 1. Previous Studies on the Plastic Deformation of YBa,Cuy(J:-, Ceramic Superconductor.

References | Temperature | Grain Size n* p* o Remarks
() (um) (kJ/mel)
1 870~980 20—100 1.0 - 800 100 C
2 B850~980 7~76 10 28+ 06 970+ 130 C
3 800~890 - 1.25 565~1220 C
4 750~950 10--50 2.5 - 201 C, H 1 GPa
b 850~~960 — 2.5 ~ 1080 cY
6 900950 - - — - C Y
7 930 3 - — — C, P
a8 840~-900 - - - — C, Y
9 800~-950 13 — - - C Y
10 25—800 40~50 - - - C, H 1 GPa
1t 25 — — — - C, H, 04~0.7 GPa
12, 13 775~ 8540 0.5~14 20X 0.3 27+07 7454 100 C, S, Strain 110%
14 800~~850 1 - - T, 5, Strain 80%

*n: stress exponent, p: grain size exponent, {: activation energy

** . compression, T: tension, S: superplasticilty, H: hydrostatic pressure, P
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Table 2, Physical Constants Used for Constructing the Deformation Mechanism Map of YBa,CuzO:—,®.

Symbol Constants Values Unit
a alomic volume 1.74%107# m®
b Burgers vector 387x10° " m
5 GB thickness 7.74>10 m
G shear modulus at 850°C 227 GPa
Dy volume ditfusion coefticient 13 10 g 0000RT m’s~!
D, GB dilfusion coeflicient 13 10% o THSDRVRT ms !
n stress exponent in power-law creep 3 -
A constant in power-law creep equation 3 -
B conslant m N-H creep equation 40 -
(atomic volume), D& A F4AE, D= YA 24k, o (MPa) 1| L 1P00
ke EB2glk A, 3= gdAle] 59, ne 58, 6=
ARG biz W72 E 9] dolo)u, ne $YAFE 5 T80
syl Ap|2e] A4 3~52 & gdeth PLC (n=3)
MY T elel @ 7ol Ml Al de/du>de/dt, NHC
dedi>dejdiel 2, F97 Foie A dovdt= S0 R
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Fig. 1. Deformation mechamsm map for the creep of
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Table 3. Various Mechanisms for the Superplastic Deformation of Polycrystalline Materials.

. - Deformation parameters
Deformation mechanisms References
n D Q
= Gram boundary sliding with accommocation
at grain boundary
* by dislocation 2 1 Q Langdon
« Grain boundary sliding with accommodation
at triple pomt
« by dislocation
* by latlice dislocation 2 Qa, Ball, Hutchison™
= by lattice dislocation Qs Mukherjee?!
* by grain boundary dislocation 2 Qo Gilking™
* by diffusion
* by lattice dislocation 1 2 ] Ashby, VerralP?
* by grain boundary dislocation
* diffusion controlied 3 Qu Ashby, Verrall®™®
* interface reaction controlled 2 1 - Ashby, Verrall®!

Qi Activation energy for the lattice diffusion

Qg Activation energy for the grain boundary diffusion
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Fig, 2, Deformation mechanism map for YBa,CuzO;.-
including superplastic deformation mechamsms.
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Fig. 3. Resuits of superplastic deformation in YBa;Cuy
0;_. ceramic at 800 and 8507, Note the change
in the slope and siress exponent as the flow
stress iNCreases.
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