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STUDY ON THE PLASTIC DEFORMATION DURING CLEAVAGE 
ON MgO SINGLE CRYSTALSt 

By Koji FuTAGAMI* and Yoshito AKASHI** 

MgO single crystals with ~106 dislocations/cm2 and~ lmm2 sub-grains 
are cleaved at room temperature and observed mainly by limited projection 
topography. The fresh disloca_tions nucleated near the cleaved surface are 
found at large cleavage step of ~30µ in height. They are straight edge 
dislocations in the (100) direction with separati9n distance 14 µ, average 
length 0.3 mm and penetration depth from the surface~IO µ. The configu 
ration of these dislocations supports the mechanism of fracture proposed 
by Gilman and Kitajima, that the movement of these nucleated dislocations 
contributes to the plastic deformation near the fracture surface during 
the propagation of cleavage crack. On the basis of the theory developed 
by Burns et al., the increment in the effective surface energy during clea
vage is estimated to be several percent of the intrinsic one, which is much 
smaller than that measured on LiF. 

1. Introduction 

The discrimination between the brittle mode and ductile mode in crystal 
fracture is predicted theoretically from the relation between the shear stress and 
the fracture stress, breaking an atom-to-atom bond, in an ideally perfect crystal. 
However, phenomena of fracture are not the uniform deformation of crystal, 
but are the propagation and the development of fracture surface 'Yhich appears 
locally. When we discuss the mechanism of fracture, we have· to consider not 
only the characteristics inherent to a crystal but the contribution of lattice de
fects to plastic deformation. To elucidate the mechanism of fracture, the study 
of this plastic work during the nucleation and propagation of fracture is import
ant. It is necessary to study experimentally effects of various factors concern
ing to this mechanism one by one. For it is impossible to estimate the plastic 
work in localized part theoretically. 

For this purpose, cleavage fracture is studied in this report, because this is 
usually accompanied by a little plastic deformation and is relatively reproduci-

t The essential part of this paper was reported in the Japanese Journal of Applied 
Physics. [Vol. 11 (1972) pp. 1265-1272] 

* Associate Professor, Research Institute for Applied Mechanics, Kyushu University. 
** Research Associate, Research Institute for Applied Mechanics, Kyushu University. 
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22 K. FUTAGAMI and Y. AKASHI 

ble. As one of the typical specimens, MgO single crystal is taken. Crystal 
structure of MgO is of the sodium chloride, and it is relatively simple to eluci
date the mechanism of fracture. Besides it has some nature of covalent crystal 
and is not an ionic crystal in a pure sense. The results will give some clues 
to understand the superior properties of ceramic• materials as follows. They 
have high melting point, high acid resistance and relatively high strength. at 
high temperatures. 

So far much have been studied to clarify the mechanical properties of 
MgO, 1- 5> but little systematic studies have been made on the plastic deformation 
which appears on the fracture surface during cleavage. While, on ionic crystals 
such as semi-ductile LiF, 7- 14 > many studies on this problem have been made. 
In the theoretical investigation to explain the brittleness of crystals, Tyson15> 

and Cottrell et a/; 15> calculated the stress required to break an atom-to-atom 
bond in ideally perfect crystals and gave the characteristic values which show 
the brittleness of crystals. 

In this report, the plastic deformation which occurs on the cleavage surface 
of MgO single crystals cleaved at room temperature are mainly observed by the 
X-ray diffraction topography. Comparison are made between the results on 
MgO and LiF: By substituting the present results into theoretical equations 
derived for LiF by Burns et al., 12· 13> the increment in the effective surface ene
rgy caused by plastic deformation is estimated. 

2. Experimental Procedures 

MgO single crystals of specified spectroscopic grade purchased from Norton 
Chemical Company were used. They were about 7 x 7 x 7 mm3 and have grown
in dislocation density ~106/cm• within sub-grains of about 1 mm•. MgO single 
crystals can be cleaved well along the {100) planes even at relatively high tem
peratures. The blocks were cleaved into specimens of 1 mm thickness at room 
temperature by a chisel with a sharp knife edge. The average speed of cleavage 
cracks generated by a blow on the chisel should be very high. 

The slip system of MgO single crystals is {110)(110), where one slip plane 
corresponds to one slip direction. Two groups of slip bands may be seen on 
{100) planes as shown in Fig. 1. One. of them consists of four 45° bands or 
screw bands, which make an angle of 45° with {100) planes and the other two 
90° bands or edge bands, which make an angle of 90°. When the chisel is plac
ed on the (OTO) with direction of the knife edge along the [001] and an im
pact is given to it in the [010] direction, the specimen is cleaved on the (100) 
plane. In such cleavage, the active slip planes are exclusively the 45° bands, 
as discussed in section 4.2. 

X~ray diffraction topography, the limited projection type11 - 1 •> was mainly 
used. Fig. 2 shows a shematic diagram of this method. To take the limited 
projection topographs, the limiting slit is inserted in a position between the 
specimen and the plate. By the setting position LS 1 in Fig. 2, we obtain the 
topographs of limited portion inside the crystal lying within the layer of ABCD. 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 
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Fig. I The crystal orientation and the slip system of MgO single crystal. 

Limiting 

Slit 

Plate 

Fig. 2 Schematic diagram of experimental arrangement for the limited 
projection topography. Limited portion of the specimen parallel 
to scanning direction is taken using limiting slit whose position 
and width are variable. 

And by LS 2 that within EFGH. 

To resolve the individual dislocations in a crystal with 106/cm• is the limit 
for ordinary X-ray diffraction topography, and studies have been almost made 
by transmission electron microscope or etch pit technique. But the limited 
projection topography makes it possible to 'observe clearly individual disloca
tions in the crystals even with 106 dislocations/cm•. A typical example is shown 
in Photo 1. Besides the three-dimensional configuration of lattice defects can 
be determined taking a series of limited projection topographs with a change 
of setting position of the limiting slit. 
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24 K. FUTAGAMI and Y. AKASHI 

The (010), (001), (011) and (0il) diffraction planes which are perpendi
cular to the cleaved surface were taken. Moka 1 radiation was used under the 
operating condition of 45kV and O. 7 mA. The effective focal size of X-ray 
source was 50µ x 50µ. In this experimental condition, µt was about 1 where µ 
is linear absorption coefficient of MgO and t is its thickness. Sakura nuclear 
plates El (emulsion thickness 50µ) were used and the exposure time was 4 
hours/mm. Stereo topographs were also taken. Detailed observations of river 
lines and steps on cleaved surfaces were made with optical and interference 
microscope, respectively, to determine the direction of crack propagation and 
the height of cleavage steps. Etch pit technique was also used. Specimens 
were etched with hot ortho phosphoric acid for 8 sec and 15 sec and with a 
solution consisting of H2S0.1 and NH,Cl (ratio 1 : 1) for 1. 5 min and 5 min. 
After being washed and dried with methyl alchohol, they were observed by 
optical microscope. 

3. Experimental Results 

A typical limited projection topograph of MgO single crystal cleaved at 
room temperature is shown in Photo 2. This was taken with diffraction vector, 
g= [001] and the width of limiting slit 35µ. The effective thickness of the 
specimen was about 100µ. Photo 2 (b) shows an enlarged view of a part of 
(a). Parallel dislocations aligned in the [010] direction with separation distance 
14µ and average length 0.3 mm are observed near the step, or the black line 
running downwards obliquely from left to right. The black contrast indicates 
the enhanced diffraction intensity. In (010) topograph as shown in Photo 3, 
dislocation lines run in the [001] direction, i.e. perpendicular to the direction 
of the dislocation lines shown in Photo 2. [010] dislocation lines cannot be ob
served in this topograph. Photo 4 shows a topograph taken with g= [011]. 
Both the dislocation lines found in Photos 2 and 3, namely, the [010] disloca
tion lines and the [001] dislocation lines, are observed, though their contrast 
is inferior to that of Photos 2 and 3, because of diffraction conditions. Similar 
topographs were obtained when .g= [011]. In these topographs the density of 
the fresh dislocations aligned in parallel array is about 1400 cm/cm'. Their con
figuration is markedly different from that of grown-in dislocations. Noticeable 
change of the density of fresh dislocations is not found in the vicinity of sub
grain ·boundaries, where the density of grown-in dislocations is high. There
fore, it is likely that these fresh dislocations were nucleated by concentrated 
stress at the crack tip during the propagation of cleavage fracture. 

A series of topographs were taken with the change of the position of limit
ing slit in turn and stereo-topographs were also taken by the (iikT) and (hid) 
pairs in order to determine the three-dimensional structure of fresh dislocations. 
In that series fresh dislocations can be observed even with a limiting slit too 
narrow for presenting grown-in dislocations. The depth of fresh dislocations 
from cleaved surfaces is estimated to be about 10µ. The stereo-topographs also 
show that those fresh dislocations run parallel to the cleaved surface. 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

Photo Typical limited projection topograph of MgO with 106 dislocations/ cm2 

Individual dislocations are clearly observed. 

Photo 2 ( a) Limited projection topograph with g = [001], of MgO cleaved at room 
temperature. Parallel dislocation arraies in [010] are seen near the large 
step. The crystal orientation for all topographs are indicated in Fig. 3. 

(Facing p. 24) 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO ii 

Photo 2 (b) 

( b) An enlargement of a part of Photo. 2 (a). 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

Photo 3 Limited projection topograph with g = [010]. Parallel dislocation 
lines in [001] are observed. 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

Photo 4 Limited projection to po graph with g = [011]. Two groups of dislocation 
lines. one in [001] and the other in [010]. are both observed. 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

The Burgers vectors of these dislocations were determined from the in
visibility criterion ; g • b=O. The Burgers vector of the [010] dislocation is 
[TOT] or [101] and that of the [001] is [ITO] or [TlO]. Consequently, the 
fresh dislocations must be edge dislocations. 

The cleaved surfaces were examined with an optical microscope for study
ing the nucleation mechanism of the fresh dislocations. Fig. 3 shows a sketch 
of a cleaved surface. In this case an impact was of applied in the [010] direction 
to produce cleavage on the (100) plane. However, the cleavage front did not 
proceed in [010] direction but deviated toward the [OlT] direction from the 
source of initiation 0. S at the center is a large cleavage step about 30µ in 
height. This step is attributable to the simultaneous propagation of two cleavage 
cracks initiated from different microscopic origins : one cleaved plane began to 
extend a little later than the other so that the former thrusted into the latter 
at the site of the step, as Pl or P2 where optical interference patterns were 
observed. 

The solid lines in Fig. 3 show river lines lying nearly [011]. Photo 5 shows 
a photograph of river lines through interference microscope. The height of 

I 

Fig. 3 Sketch of a cleaved surface. Solid lines, closed lines and dotted lines. are 
river lines, fresh dislocations and sub-grain boundaries, respectively. 0: Ori
gin of fracture. S: large step, A: region of fresh dislocations, P 1 and P2: 
places presenting optical fringes. 
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26 K. FUTAGAMI and Y. AKASHI 

them is measured to be about'thousands A from it. Their density is high out
side the region A, where the fresh dislocations detected by topography are shown 
by the crossed lines. In general fresh dislocations were detected only in these 
regions like A that were located close to the large step and had smooth surfaces 
with no or very few river lines running perpendicular to the step. Both the 
large and small steps seem to have no relations with sub-grain boundaries 
shown by dotted lines in Fig. 3. 

Deformation zones or stoplines owing to low speed of cleavage, u,u, 17> where 
fresh dislocations often observed in the topographs of cleavage surface of LiF, 
were not detected in MgO. In MgO, the fresh dislocation so long and deep as 
to be observed by X-ray diffraction topography are found near the large step 
and no fresh dislocation are found on the cleaved surfaces where no large 
steps exist. 

On the other hand, dense etch pits were observed at small steps, or river 
lines, by optical microscope as shown in Photo 6, where no dislocations were 
observed by X-ray topography. These etch pits may represent small and shal- . 
low dislocations which should be nucleated during cleavage fracture. 

4. Discussions 

4. 1. Estimation for ductility during cleavage 

Two kinds of mechanism are known on the plastic deformation of semi
brittle substances that acts in the neighborhood of the fracture surface during 
the propagation of cleavage crack. Friedel2°> and Tetelman211 attribute the de
formation to the movement of pre-existing dislocations caused by the stress con
centration in the neighborhood of cleavage cracks. On the other hand, Gilman22> 
and Kitajima23> attribute the deformation to the movement of newly nucleated 
dislocation loops during propagation of fracture. 

The presence of a long array of dislocations parallel to the {100} plane 
running in the <IOO) direction, as seen in Photos 2-4, supports the latter view. 
Because the shape of dislocation are straight lines which are characteristic of 
fresh dislocations rather than grown-in ones, and the observed dislocations have 
no trace of interference in the regions of high density of grown-in dislocation 
such as sub-grain boundaries. These facts contradict with Friedel's viewpoint. 
Besides these facts dissent from the conclusion of Tyson et al. 15 •16> They cal
culated the characteristic value/, showing the brittleness of a crystal, where 
/,=d1hl-r1h with the critical normal dth and the shear stress -r1h of a crystal 
lattice. For ionic and covalent crystals with great ductility, /, is nearly equal 
to 1 and is 5~10 for b. c. c. metals which show ductility at low temperature. 
And this value is. 20~30 for f. c. c. metals which scarcely show ductility. Our 
calculation shows that /3 is 1.10 and 1.05 for LiF and MgO respectively. This 
indicates that the brittleness of these crystals is very large and that the plastic 
work is very small in dynamic cleavage. It is hard, then, for dislocations to 
be introduced. On the contrary to this prediction, the experimental results 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

Photo 5 Interference micrograph of river lines. ex 1000) . The height of a small 
step of river line is measured to be about thousands A. 

Photo 6 Optical microscopic view of cleaved surface of as-etched specimen. ex 
600) . Dense pits at small steps as well as isolated ones are seen. 

( Facing p. 26) 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

shows the nucleation of fresh dislocations. 

4. 2. Mechanism of nucleation of dislocations during cleavage 

The mechanism of the nucleation of dislocations in MgO is presumably the 
same as that proposed by Burns et al, 12 • 131 in LiF single crystals. Among the 
possible. slip systems effective ones, on which a large stress concentration around 
the crack tip will result in the formation of dislocation loops, will be examin
ed. Six slip systems, in the case of (100) cleaved plane, of (110} (lIO) are 
shown in Fig. 4. If dislocation loops were induced on 90° bands as (011) [OTl] 
in Fig. 4(a), they must have the [OTl] Burgers vectors parallel to cleaved (001) 
plane. During the cleavage, however, slip planes perpendicular to cleaved plane 
can not be active, so that dislocations with Burgers vectors parallel to cleaved 
surface can not be nucleated. There is no possibility in this case that the dis
location loops like Fig. 4(a) are induced. Actually; no nucleation of long screw 
dislocations was observed in this experiments. Then in our experimental ar· 
rangement, active slip planes are of 45° bands. Fig. 4(b) shows (110) [IlO] 
and (ITO) [ITO] and Fig. 4(c) (101) [TOI] and (lOI) [IOI]. 

In both case, the dislocation which appears on the cleavage surface is a 
screw type and the one dragged through crystal is an edge type. When a crack 
proceeds in the [010] direction as shown in Fig. 5(a), a small dislocation loop 
having the Burgers vector of b=a0/2[I01] will be created on (101) slip plane 
by stress concentration. If the speed of the crack is so high that created dis
location loop is cut by the crack at an instant, the loop will be left on the 
slip plane as a small half-dislocation loop. In this case, small atomic steps will 
possibly remain. 131 If the cleavage crack moves at a comparative speed with 
that of the dislocation, the resulting dislocation loop is also small. Even then 
half-dislocation loops are created in this state, they will be aged by the imag
ing force and 'escape out of the surface, leaving rather high steps. When the 
speed of cleavage is sufficiently lower than that of dislocations, the crack pro
pagation will associate a heavy dragging of the created dislocation loops. As 
a result, long edge dislocations will be nucleated and left behind at some dis
tance from the cleavage surface as shown in Fig. 5(c). The dislocation nucleat
ed by this dragging is parallel to the cleavage surface. Its penetration depth 
was found to be nearly equal to the radius r of the original dislocation loop. r 

is known to depend upon the stress at the crack tip. 

In the region A crack propagation was probably hindered by the large step. 
The river lines show that the direction of crack propagation in this part was 
[011] as a whole. It is decomposed into two components, [001] and [010]. For 
the [001] crack propagation, the two slip planes, (110) and (110), are active 
and edge dislocations parallel to (100) running in the [001] direction were nu
cleated. Also the dislocation array running in the [010] direction were nucleat
ed for the [010] crack propagation. 

Above discussions are supported by the results : few cleavage steps were 
observed in the regions where dislocations were detected, while steps about 
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Cb) 

y 

(C) 

y 

Fig. 4 Possible dislocation half loops in the slip planes. 
(a) is 90° band which can not act during cleavage. 
(b) and (c) are 45° band. 

thousands A in height were observed in the regions . where no dislocations were 
detected. And at these steps, small and shallow. etch pits were concentrated 
as shown in Photo 6. · This means that, in this part, the crack propagated faster 
than in the part where dislocation array was observed by X-ray topography. 
And this is the case shown in Fig. 5(b). The area of fracture surface where 
fresh dislocations were detected is optically smooth. Similar results have been 
previously obtained by observing the fracture surface of iron single crystals, as 
reported by one of the authors. m 

The ductile-brittle transition temperature of LiF is about 300°C. So cleavage 
at room temperature is reasonably accompanied by a considerable amount of 
plastic work, i.e., a crack hesitates during the cleavage and forms a deformation 
zone increasing plastic work. In the case of MgO, the transition temperature 
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(a) [010] 

[001] 

(b) [010] 

[001] 

(c) [o 1 o] 

Fig. 5 Schematic diagram of the mechanism of dislocation loops nucleation 
along slip trace. 
(a) nucleation at the crack tip. 
(b) crack speed is rather fast and small dislocation loops are nucleated. 
(c) crack speed is rather low and long edge dislocations are dragged 

through crystal. 

is high and the propagation rate of crack is extremely high in the cleavage at 
room temperature. A large amount of plastic work cannot be expected during 
cleavage. The cause of the nucleation of dislocations will be attributed to the 
slowing down of cleavage at large steps. 

4. 3. Stress field around the tip of the cleavage crack 

The mechanism of dislocation nucleation in MgO crystals does not seem to 
differ from that in LiF as the lowering of cleavage speed has an important role 
in both cases. Some simple estimations will be given on the present results 
based on the theory of LiF cleavage developed by Burns et at. 1 1. 12 i If the crack 
velocity is much lower than the velocity of sound, the resolved shear stress, .-" 
that may act on dislocations in the (110) plane with a Burgers vector of a0/2 
[lIO] around the tip of an (100) plane crack moving in the [010] direction has 
been calculated with the help of a formula due to Sneddon25 i for the stresses 
around a crack and the Peach-Koehler equation. "J 
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30 K. FUTAGAMI and Y. AKASHI 

(1) 

where P0 is an effective pressure inside the crack, C half the crack length, r 
the magnitude of the radius vector from the tip of crack to any position in the 
slip plane, v Poisson's ratio and rp the angle between r and the crack propaga
tion direction. 

A necessary condition for crack propagation is that the energy released by 
the elastic-strain field as the crack expands be sufficient to create the new clea
vage surface. Applied as the Griffith criterion, 27 ' this yields for P0 of eq. (1) : 

(2) 

where r 0 is intrinsic surface energy and E Young's modulus. To calculate the 
value of -re, rp can be represented by an effective angle if which can be deduc
ed from experiments. , Then, 

(3) 

We use a value of 45° for ¢ on the basis of an optical examination in ionic 
crystal, 28 ' though Burns et al. 12 ' took 53° for "¢ in LiF in their original study. 
Value of B will be now estimated by using various quantities on MgO. The 
principal moduli of MgO are C1,=28.9x1011 dyn/cm2 and C1,=8.7x10 11 dyn/cm2 

by Durand"' and Chung'°' and its Young's modulus 24.817Xl0 11 dyn/cm2 • Then 
v=0.2313. By Westwood and Goldheim,'1' the intrinsic surface energy at 20'C is 
r0 =1150±80 ergs/cm'. Then the value of B is given by B=2.9 X 106dyn/cm. 
This value agrees with that of LiF. 

Effective shear stress -r applied to the dislocation is given by 

. B Gb 
-r= r112 - rrr , (4) 

where G is shear modulus and b the magnitude of Burgers vector. Equation (4) 
has maximum stress !"max=TCB2/4Gb at r=4G'b2/,r'B 2• 

4. 4. Dislo,cation velocity 

For further steps, the dislocation velocity in MgO have to be given. But 
this is not experimentally given, though measurements of dislocation velocities 
in many other substances were made. Among these substances, 

(5) 

explains the experimental results well. D and m are constants depending on a 
nature and a state of substances, and vD is generally chosen to be lcm/sec. In 
this case D is the stress for dislocation to move with the velocity of lcm/sec. 
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PLASTIC DEFORMATION DURING CLEAVAGE ON MgO 

v=v 0exp(-A/'r) (6) 

can also explain the experimental results."') v0 and A are constants independent 
to -r. 

In general, eq. (6) shows better fit over a wide range than eq. (5). In this 
paper as a wide range of dislocation velocities, from very high velocity to low 
one, are treated, we assume eq. (6) to hold in the case of MgO crystals. In 
eq. (6), v 0 is the maximum velocity of dislocation which is assumed to .be 30 96 
of the sound velocity v1• 32 ' The value of A can be evaluated from the follow
ing considerations. When the speed of the cleavage crack reaches approximately 
1 % of Vi, the plastic work takes place suddenly. 12•13' At that time, the velocity 
of dislocations is a little faster than that of crack propagation. Then a value 
of A is determined by the condition that the velocity of dislocations at -r max is 
equal to 1 96 of Vz. The value of A thus determined is 4.836 x 108 dyn/cm• or 
4.928kg/mm'. Fig. 6 shows v--r curves of many substances, 33 ) which have 
been measured, and the calculated curves of MgO. In comparison, the value 
A of MgO is roughly same as that of NaCl, w LiF'"' and Ge36 ) and seems re
asonable. 

When v--r curves are analyzed by eq.(5), the value of m is 3.5 on LiF 
and MgO and 2.7 on NaCl for v>lO', and for v<lO' it is 16.7 on LiF and 

106,----------------~ 
a 

10' 

NaCl(screw) 
'tr. 3.h.1o•exp(-~ 

101 

10' 

Fig. 6 Dislocation velocities as a function of stress of various substances. 
The curve of MgO was calculated by eq. (6) and the other were experi
mentally measured by many workers.'" (a) plotted as logarithm of 
velocity versus reciprocal stress. Eq .. (6) of ionic crystals was also 
shown. 
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b 

HgO (PRESENT) 

4 

-2 

-4 

-6 

-e,Lo,~-------',o·•_j_ ___ L___i,o,...,-----,:'::or--------:',o·• 
't: (9,fm,') 

Fig. 6 (b) 

t_b) plotted as logarithm of velocity versus stress. Data indicated with 
no temperature were measured at room temperature. 

MgO and 8 on NaCL This shows a good agreement between LiF and MgO. 

4. 5. Discussions on various quantities 

Combining eqs.(4) and (5) yields the form 

V=Vo exp ( _!!__-::!!!!__) , 
r112 rrr 

(7) 

where the dislocation speed v nearly equal to the speed of cleavage and r nearly 
equal to the depth of a dislocation penetrated in a crystal from the surface. 
The relation between v and r is shown in Fig. 7. When v is smaller than Vmax, 

for example v = 103 cm/sec, the radius of the smallest dislocation loop is 0.4µm 
and that of the largest is 7 µm. The smaller one escapes out from surface 
because of the imaging force and the only the larger one is dragged. This ra
dius of dislocation is considered to equal to depth rd from the surface. In this 
figure the observed dislocation depth, rd= lOµm, corresponds to the crack ve
locity, vd~5 X 10' cm/sec. 

The work W due to the motion of dislocations, is determined by the fol
lowing equation. 13i 

(8) 

where L is the crack length, taken as equal to 0.1cm. Then we obtain W~3 
x 10-• erg. Effective surface energy is given by13i 

aw 
r=ro+T, (9) 
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l,00:-:l~'---'---:5,........~710:-'-'~~15=----'~~20~~~25~~-='30· 

r (XIO'cm) 

Fig. 7 Relation between the crack velocity and the penetration 
depth of fresh dislocation calculated by eq. (7). 

where a is the fresh dislocation density. The second term of right hand of eq. 
(9) is the increment in the effective surface energy due to the plastic work. This 
increment estimated here is several per-cent of intrinsic surface energy and 
is much smaller than that of LiF. 

It is concluded that generally in the cleavage of MgO crystal the contribu
tion of plastic works to its effective surface energy is very slight at room tem
perature. However, the increment of the surface energy caused by the change 
of the crack speed during cleavage can be sometimes too great to be neglected. 
This is possibly the reason of the discrepancy between the present results and 
the theory of fracture in ideal crystals proposed by Tyson et al, 16> concerning 
the amount of plastic deformation. 
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