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ABSTRACT

Peculiarities of plastic deformation and crack initiation wit-
hin a tilt boundary bveing ''attacked" by screw or edge disloca-
tions in isoaxigl LiF bicrystals with various misorientation
anzles ok =2-15" at 293 and 77 K were studied by the single slip
method. Cracks proved to appear at shear strain inversely pro-
portional to the angle & in the first case, and not depending
on & in the second case. Based on dislocation structure of de-
Fformed spescimens, pabttern and shape of cracks tne counclusion

is drawn, that crack formation occurs due to accumulation of
grain boundary dislocations with differential Burgers vector,
or due to opposite pile-ups arising at the boundary as a result
of plastic deformation.

PAYSORDS

LiF bicrystals; tilt boundary; fracture; screw, edge disloca-
tions; dislocation pile-ups; dislocation wall.

I , INTRODUCTION

During plastic delormation of polycrystals elastic snd plastic
compatibilities of various grains are of great importance (Hau-
ser and Chalmers, 1981). If srains are incompatible interior
stresses may develop between grains, and also in a grain boun-
dary region. In some cases this leads to fracture of polycrys-
tals within a zrain boundary. In earlier experiments the model
of retarded shear (Strow, 1957) was suggested to explain crack
initiation within the boundary. Later (Iandenbom, 1961; Das and
darcinkovski, J. Appl. Phys. and Acta iletallurgica, 1972; Li-
: khachev i Rybin, 1973) attention was paid to crack initiation
i at the passage of deformation across the boundary due to accu-—
¥ mulation of zprain boundary dislocations with differential Bur-
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gers vector. However, since the details of dislocation structu-
re forming at the boundary depend on mutual orientation of Bur-
gers vector, misorientation vector, and the vector normal to

the boundary, an interpretation of experimental results on poly-
crystals can only be speculative. In this connection experiments
with bicrystals tested when the mentioned vectors are known,

and their mutual orientation can be changed are of great inte-
rest. Such experiments were started by (Smirnov i Snezhkova,
19775 Smirnov, Snezhkova i Khannanov, 1979).

EXPERIMENTAL

The isoaxial Lif bicrystals investigated (Fig. 1) contained a
plane symmetrical tilt boundary parallel to the specimen axis
[001] and torming the angle O&/2 with the (010) planes. Bi-
crystals were grown from special constitutive seed crystals by
the Kiropulos method. Final specimens have a dimention of about
4x5x15 mm. .

Before deformation bicrystals were prepared for single slip
(Smirnov,1968), what for they were X-ray hardened with the exep—
tion of a narrow zone 2 mm high and oriented along the direc-
tion of slip. In the present work two versions were examined.

In the first case (Fig. 1,a), further called case 4, the boun-
dary was attacked by screw dislocations, and the Burgers vector
formed the anwlefv450 with the vector of tilt boundary and the
angle ‘P”o(/2?5_' with the boundary plane. Two such slip systems

Fiw. 1. A schematic picture of the deformation of blcrystals
by sinszle slip in case A (a) and in case B (b). The
zone of plastic shear is marked ofr by circles.

CDEF - & bouadary of bicrystal, PTRO - a slip plane
in crystal 1, ABSO - a slip plane in crystal 2.
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exist: (101) [101] (Fig. 1,a) and (101) [101], though they
don't differ from each other due to the symmetry of tne boun-
dary. In the second case (Fig. 1,b), case B, the boundary was
attacked by edge dislocations, and the Burgers vector 10{med
the angles ~45° with the boundary plane ana the vector oI ?h§
boundary inclination. There also exist two slip systems: §011)
o111, (Fig. 1,b) and (011)[011] . after preparation for single
slip the specimens were tested in compression along the axis.
Dislocation structure of deformed bicrystals was revealed Dby
the selective etching method.

RESULTS
Deformation Parameters

It was found that yield resistance for bicrystals tested in the
way described above (5,8 HPa for 293 and 17,5 iPa for 77 K)

was equal to that of monocrystals within the limits of errow.
However, their plastic aueformability may considerably diftfer.
while monocrystals could be deformed up to several tens perscnt
without crack formation (8Smirnov, 1963), in bicrystals visible
macrocrack may appear at yield point. In case a the crit@oal
deformation before crack initiation Ee varied with the mis—
orientation angle. The dependence of €c¢ on A in that case at
293 and 77 K are shown in Fig. 2,a. In Fig. 2,b the same data
are represented on the Ec — 1/& coordinates. They can be 0b-—
viously regarded as linear and described by an equation:

Ec=K/d <)

K being 13-10_3 and 6,5-10"3 for 293 and 77 X, correspondingly.
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Fiz. 2. 4 dependence of the deformation before fracture Econ
the misorientation angle & (1-293, 2-77 K). Arrows
on full circles mean that the deformation degree
before crack initiation in the boundary is higher,
but compression was stopped at that point because
of the fracture from the ends of specimens.
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In case B cracik initiation occurs at a low&e ,Eac not depend-

ing on o within the limits O =5-12° (Table :

TABLE 1 A Dependence of Shear Deformation facimafore frac—
ture on iisorientabion Anile ek For casc B

A (deg.) Ee

2 240
(o] D92
10 T
e j“",}

Crack Parameters

within thne boundary plane. In case A one edge of a crack coin-
cided practically with the definite edge of the deformation
zone (WN line in Fig. 1,a), while the orpack itself propazated
along the boundary throughout the zone sng could transiress
it's limits. An angle of the crack cpening {7 near s line can

be cetermined by means_of pattern observed with an interference

microscope. The angle was found to be independent on mis—
orientation angle & (Pable 2).

TABLE 2 A Dependence of the Ancle of the Crack Upeanins

on wmisorientation angzle for case A
cA (deg.) Y (min.)
T=293 K 79 K

5 29 15

3 B 19
10 30 25

12 27 e

R 28 9

Tn case B first cracks visible with s 1isnt microscope were
shaped as sharp extensive horizontally airected wedges (iiize. 39
with angle o » thelr spike always lying on the coavex part 2
bicrystals (WMN line in Fig. 1,v). In otaher woIas, weadg;
cracks in their pattern are similar to ROG trianzle in =
b, formed by lines of intersection of slip planes in crystals
1 and 2 wita the boundary plane. At subsegueat deformation
cracks increase in size and join tozebther cceupying gradually
the whole zons i
boundary plaae.

S
Lr. and even transgressing it's limits in th

b (8%

Dislocation Structure

In case A the slip was single; slip lines approacned the Loun-—
dary from one crystal, passed throuzh it and propasated into

Cracks were formed in the single slip zone of dGeformed crystals
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i i ing red by method
er. The shear in slip ban@s, being measured by
?ggigggv and Efimov, 1966), was independent on the d}st%ﬁ;i
from the boundary. Basing on tpi cgqsiangzigissgizrngg L
it is believered that mobile disloce e
E;Bihétbtindary. The density of dislocations near the boundary
is distance independent.

o
Fig. 3. Cracks in a boundary plane for case B (e =10")x300.

ii i > def d crystals in the
ase B dislocation structure.oi geformeﬂ S : "
g?i; zone was represented by slip lines and bands Wlth“4f5r§ed
shear on AB line. Far from the ?oundary cry§tals were %i Od>n—
along the single crystallographlctﬁlagg syiggﬁ gg11gé boind;ry
i 1 i incr i irec 5
sity of dislocations 1nciea§? in f?nZ o Al
gonal and inclined (101) and (101) slip sy ems were s
gigggggg near thé boundary. It was shown vy dlslocgtlop ?oﬁgan—
graphy in the grain boundary region (Sml;nov,~Snezngovaq1= b
Eanov, 1979) that slip lines occur gn's}lp P1§965 Oitﬁctgés
ing crvstals, and their lines of intersec ion w :
%gﬁiég%ycfarm wi%hin the boundary tw9 systems pi paralli} lines,
inclined at the angle of misorientation ol . The schgmaF;i -
pattern of these lines within the boundary is shown in ¥ig. >.

DISCUSSION

Case A

A3 = i f torn vertical
in feature of case A 1s the iormat;on o
Egilmg%nedge dislocations with differential Burgers vector )
b=b,~-b,, as a result of screw dislocations crossing the bouﬁezz
B Auréng deformation'(Fig.l%)i (3 a§3d2§2 giiet%EeBgz%izsof
tors of _dislocations in crys als -
q;(c(/JZ)b, as geometry of slip shows, (b is the Burgers vector
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of mobile dislocations). The lower end of such a dislocation
wall is under perpendicular tension stresses, that may cause
a crack in this region. According to (Indenbom, 1961), if the
wall is between M' and K' ‘I'K'=h), the L-sized crack’will

stretch from x, to x, (x=0 in M', Qex,<I<x diiuInvicase L>>h. it
following estimation“holds, (Indénbom? 196%): i

- G 21,2
la -'§2Eﬁ72::3yir— E; }1 (2)

where G is shear module - a wall misorientation ang -
Poiasson coefficient, B; fasurface energy. Brey 9

a
' —

M4

i

o

A2

Fig, 4. 4 torn wall of edge dislocations (' ') and crack
Tormation (X.X,), (a schematic picture). Vector

ba is the diffErential Burgers vector of grain
boundary dislocations.

?hg misorientation angle of the boundary dislocation wall is
determinable from the value of deformation € in the zone:
@ =ba/1l, where 1 is the distance between dislocations in tie

wall; 1:b/€ , hence
69==GX/V2§)EE (3)

Comparing (3) with (1) for critical deformation &.cone can de-
duce the value of the critical wall misorientation angle as:

69c==l</QEi )

K:consp. Thgrefore it occurs that crack development in bicrys-
tals with dlfferernajci values takes p&ace at Oec =const, the
Bc value being 0,5 for 293 and 0,25° for 77 K. .

Obtained experimental results obviously correspond to the mo-
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del (Indenbom, 1961), represented in Ffig. 4. Really, cracks
always extend to tension stress region from a grain boundary
dislocation wall. A crack doesn't cover the whole deiormation
zone, it starts at some distance from MN line, The angle oi the
crack opening {7 in xy for 293 & is about 0,5  (Table 2), and
coincide practically with the critical wall misorientation
anzle at different o values. Quantitative accordance is also
quite good. According to (2) visible cracks several m%llimetres
in size must form at @€ 0,5 , while I=1 nn, (6@ =0,3" while
L=4 mm), as it is experimentally ascertained. The increase of
Oc at 293 X in comparison with that at 77 & may be caused by
partial stress relaxation in dislocation wall due to a sscon-—
dary slip.

Hence in case A fracture experimental results on bicrystals is
in gualitative and quantitative accordance witi the model of
crack initiation within the boundary dus to accuumulation of
grain boundary dislocations.

Case B

The main feature of case B is that lines
of intersection of slip planes with the boundary in the neigh-
bouring crystals don't coincide (¥ig. 1,b), but form tae angle
ol . Therefore a slip propagation from one crystal to another
may perform either by edge dislocation crossing the boundary
along 0S8 line with formation of steps with linear density
n=tge({/b on dislocations or by a retardment of primary aislo-
cation on OS line with subsequent nucleation of aislocation
loop and formation of opposite-signed dislocation on CR line
or parallel to it. The observation of slip lines motion near
the boundary ascertained. that dislocations are retarded by the
boundary, and slip develops along the slip system of the neigh-
bouring crystal. Since the dislocations at the different sides

TED
4
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Fis. 5. An intersection of slip planes in neishbouring
crystals with the boundary plane MNLK “a sche-—
matic picture). ©® -~ tension zones, @ - com-
pression zones.




2700

of the boundary are opposite-signed, corresponding zones
between slip bands within the boundary will also be under dif-
ferent stresses, according to Fig. 5, (tension or compression
perpendicular to the boundary).Since shape and position of ex-
perimentally observed initial cracks (Fiz. 3) correlate with
shape and position of the tension zones TFig. 5), it is sug-
gested that just that tension leads to crack initiation and
growth.

On the basis of the data obtained the conclusion is drawn that
in case B crack initiation within the boundary occurs due to

opposite pile-ups arising at the different sides of the boun—
dary. An estimate of stresses needed for crack initiation can
be done from the model of a single pile-up (Strow, 1957), and
also from the calculation of opposite parallel pile-ups (Vla-
dimirov i Kanannanov, 1973). The calculation of the single pi-
le-up approximately conform to the experiment (Ttheor ~6 ,0 Pa,

Texp ~5,8 LiPa); as for the opposite pile-ups crack initiation

stresses are less by 1-2 orders of magnitude.
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