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Misorientation of Blocks and Crystalline Solids
Resistance to F racture

V.L Betechtin, A, I. Slutsker, A. L. Petrov,
S. A. Ivanov and A. N. Bachtibaev
A. F. Ioffe Physico - Technical Institute, Academy of Sciences
of the USSR, Leningrad, USSR

For the problem of strength of great importance is the
study of the influence of the structural elements common
for a wide range of materials on the resistance to frac-
ture. Polycrystalline solids as well ag single crystals
with metallic, ionic and covalent types of interatomic
bonds are characterized by the formation of mosaic
structure in the process of loading, Thig structure is a
nomuniform distribution of dislocations in the medium,
The maximum dislocation density occurs in the sub-bounda-
ries and determines their misorientation,

In the present work an attempt was made to study the
influence of block misorientation on the registance of
crystalline solids to fracture, The experiments were
carried out on pure polycrystals (Al, Zn, Ni, Cu, Mg, Ag)
and single crystals (NaCl, Ge),

1sMechanical test. To evaluate the registance of erystal-
line solids to fracture the dependence of the rupture
time (lifetime T ) on the applied stress (G) and test
temperature (T) was studied. The lifetime was measured
for the uniaxial tension at constant stress, i.e., under
creep conditions, The experiments were carried out within
a wide range of T and G i The relationship between T y P
and G~ being described here by an equation common for all
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where k is the Boltzmann constant; T or Uy & are the
constavt coefficients. Only % is the fu.gction of the
material structure, Different initial structures were
formed by vurying the regimes of thermal and mechanical
treatment of the specimens or by changing theip crystal-
lographic orientation (for single crystals)., For avery
materisl scveral sets of samples each get having its own
initial structure weére prerared, For the samples of eve
set the dependence of lifetime on stress and temper.-z.ﬂ:ur«la‘y
wés obtained which emabled us to determine the range of
and T within .
T Uy 8 ks an oxmmpt Flpny aon gt SO0EELcionte
Tvs. G and T for some material ionte ot
8. The coefficients of
eg.{(1) for these materials are ligted in Table 1. It
gives also the values of the rupture stress ( G ) at
fizxed test; temperatures (18°C for Al and 400°@ for NaCl)
and lifetimes (1gT =1). It is easily seen that G "~¥ "'
Sf‘rom ©g.(1) it follows that G = (Uo—kfl‘ln(t/’t )§ = 4s
T, and U, are colstant and ‘T , T are fixed weoobtain:

G = const ).

2(. Resu?.ts of structure investigations, Misorientation of
blocks ir the srecimens was studied during the longevity
test Ly the taell-sngle X-ray scattering method (5] (po~
lyerystals) and by the analysis of the Kossel lines {4,5}
(single crystals). For both methods the accuracy of measu-

1.0¢; 8 =b/P where b is the Burgers vector, £ was
determined by the transmission electron microscopy for the
samples the misorientation of which had been earlier
estimated by X-ray analysis. For example the value of Q
obtained both by X-ray analysis and electron microscopy

was 42’ and 46' (A1) 6] and 23" and
20 (g _
tively. (Ge) {5}, respec

The structure investigations have shown that for all the
investigated materials 8 in the longevity test varies
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in accordance with the same regularities. The interrela-
tion between 8 and € being taken into account these
»egulariries can be formulated as follows: a.The forma-
tion of dislocation sbtructure (refinement of blocks and
the increase of their misorientation) ends as the steady-
state creep incepts. At steady-state creep which contribu—
ted to the total lifetime B5-90 percent in our experi-
ments the average density of dislocations im sub-bounda-
ries (8~ € ) did not change until the rupture of the
specimen occureds b.N is independent of the tes’h conditi-
ons ( G, T) and is only determined by the materisl ini-
tial statbe,

3.The coefficient § in eq.(1) is also independent of the
experinental condiVions. It is determbned by ths matarial
initial state only.

Thus for single crysbals as well as for polyerystalline
solids with metallic, ionic and covalent btypes of inter-
atomic bonds there is a close connection between % which
is inversely proportional bto the rupture stress O~ and
the misorientation of blocks. The resistance to fracture
is a linear function of the block misorientation, i.e.,
of the dislocation demsity in blocksM(Fig.3) {7,8).

The resistance to fracture as a function of the misorien-
tation of blocks is described by the equation G '~ / x=A06
The coefficient A varies from one material to another and
is constant for every materiasl. The correlation bebween

4 and the Young’s modulus (E) for the corresponding ma-
terials is observed: the larger is E, the larger is A,
i.e., the dependence of the resistance to fracture on the
migsorientation of blocks is more pronounced.

4,To analyse the nature of the established dependence
mention should be made that according to §1,2f the co-
efficient has the significance of the time-mesn value
of the local overstresses in the loaded solids. \( may
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solids ig according to
overstresseg,

equal to x 10-10° for C¢rystalline
1,2} the characteristic of local

crease of the average value of local overstresges neay
the bloek boundarieg, (For instance, the blunting of the

leads to deceleration of fracture and to the increase of

the rupture strength,
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