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Abstract A work on the brittle to ductile transition (BDT) in single crystal alumina has been per-
formed to understand and assess the dynamics of dislocation mobility around crack tip of brittle materi-
al. The critical stress intensity factor and yield strengths were obtained from bending test using
precracked specimens at elevated temperatures. It was found that the BDT temperature was dependent
on strain rate and orientation of specimen : for (1120) fracture surface, 1034°C, 1150°C for 4.2 x 1075,
4.2x1077 57! respectively. Under a 4 point bending test, the moving distance of dislocation generated
near crack front in ductile range is determined by an etch pits method. The velocity of dislocation in sap-

phire obtainéd from the double etching method was applied to modelling study.
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Fig. 1. Schematic diagram showing surface orien-

tations and indented mark on tensile face for mea-
surement of dislocation velocity by 4 point bending
test.
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Table 1. The BDT temperature (Tc) and deformation systems for the different orientations

Specimen type Fracture plane

Strain rate(s-1)

Te(C) Deformation System

A (1012)
A (1012)
B (1105)

C (1120)

4.2%x107®
4.2x1077
4.2x1077

4.2x1077

1150£3
1034 +6
1045+ 6

slip(basal)

slip(basal)
slip(basal) +t
-winning (rho.)

1077 £23 slip(prism)

1040°C
1140 °C near BDT
10

X 1028°C
near BDT

1100°C
\
10 % 1052C near BDT

1039°C near BDT

Crosshead deflection

Fig. 2. Load-displacement curves for specimens
(A, B and C) tested below and above the BDT

temperature.
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(b)

Fig. 3. Surface markings resulting from plastic de-
formation at 1052°C (a) slip lines (verticlal) and
twin bands (diagonal) on the tensile face (b) twin

bands (dark lines) are clear on the edge face.
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Fig. 4. Critical resolved shear stress (r) for yield
in bending for all specimens tested at é=4.2x10 7

!, compared with data from the compression

.
tests of Castaing et al."”’(é=1.3x10 *s"'). Speci-
mens of type C shows prismatics slip, and those of

types A and B show basal slip.
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Fig. 5. Variation of stress to fracture with temper-
ature for A orientation sapphire. Tc is the BDT
temperature (a) é=4.2x10 7s™' (b) é=4.2x 10 !
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Fig. 6. Dislocation etch pits in deformed sapphire

(a) on the tensile face of brittle failure speci-
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(b) on the tensile face of plastically deformed
sapphire (A orientation)
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Fig. 7. Fracture surface of sapphire fractured
above BDT, 1160C (a) before and (b) after etch-
ing by borax
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b)

Fig. 9. Dislocation arrangement of on (a) the ten-
sile surface and (b) the surface of a C orientation
specimen at 1170°C. Note that most slip is on the
{1120} plane.
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Fig. 10. Dislocation etch pits aroun” Knoop indent-

ed area, where horizontal line for (0001) slip and
diagonal line for (1150} slip.

Table 2. Length of dislocation arrays around

cracks in fracture tests

Test TemperT Final

Length of Dislocati-

ature(C) |K(MPay m)| on Array (um)
1055 | 20 o
1120 4.0 167
1140 2.4 38
1170 3.77 7L_ 180
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Table 4. Fitting the BDT model (Mode 1) to
sapphire

Temp | Model (Kr(MPa de (am) Pais( 4m
cc) | /Bt | ymy | on
1120 Model 3 140 0.5
1120 Expt. 3.98 167 0.2
1170 Model 3.7 170 0.6
1170 Expt. -3.42 180 0.2
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