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Récently, Chang and Grahaml calculated the Peierls hills for an
edge [111] dislocation lying in the (110) plane in Fe. They used
relaﬁation techniques with a two atom anhormonic interaction pétential
so adjusted as to giJé the known second andthird order elastic properties
of Fe. AE, the energy per identity distance along such straight
dislocation, is plotted in Figf 1 versus the distance moved in the y
direction;'the hills have twc equal peaks and primary and secondary
minima. If I'(y) is the line tension of the dislocation, periodic in the
y direction with a period equal to the Burgers vector b = 1/2[111], the

plot can be analytically fitted by the equation

» _ Tetlo | Te-To (a 2ny  «o Ly |
F(y) = > + 5 [h + cos 5 E—cos —E—J, (1)

with AE = (T'(y) - TI'o) 2/2 b, and o = 3.865, TI'(y) = T'o at y = 0, T'(y)
= Tc at y = b/2. More generally, for a > 1, such an equation represents
_camel-hump types of hills. Im, the maximum value of T(y), is related

to l'o and Tc by the relation:

. 1 o
—2Tm—lo(l—-§&"—'2—)
e = ] - (2)
1+—‘+ -2--
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On the basis of the Dorn-Rajnak theory, the kink energy under
_zero stress, U,, and the energy to nucleate a pair of kinks on a perfect

dislocation moving beyond the hills under en applied stress t*, U ,

n
are given by
v
+b/2 - 1/2 ’
U, =To | {I%Xl-— 1} ay ' (3)
/2 o .
ye . /2
u =2 [ {r(y)% ~ [1*bly-yo) + I'(yo)]?} dy (b)) :
yo }
The Peierls stress,* rp, is given by
= {Te=To) (34 TT8a7) Voo® — 2 + 271 + Bl ()

P 16b2q

In the computations, R = %%—and o were used as independent variables.

T_b? :
Figure 2 shows the variations of —TE~———7-with o, and the variations
oU T . m{T'ec-To
of 7o With a for R = 1.01. The dotted lines for -1 < a < 1 correspond
2U :
to sinusoidal hills type, Dorn and Rajnak.2 oo is closely proportional
to YR -~ 1. :
: _ Un
Figures 3 and 4 respectively show the variations of Eﬁ—-and v¥
_ U K
552'(v* being the activation volume defined by v¥ = -§¥g) as a function
K : ' , ' .
.of the applied stress t*, for some values of a, and R = 1.01. For a '
: ' S T
given a and ratio t¥*/t _, U /2U, and v¥* ;wE-were found insensitive to
P n K LUK

physically acceptable ranges in R (i.e. 1.01 >R > 1.00k).

¥From Fig}‘l a Peierls stress of 53.6 kg/mm2 is deduced for,§ron, in
good agreement with experimental values, Wynblatt and Dorn.
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Curves of Figs. 3 and 4 are broken for 0.1 < %-< 0.3. In this

: p
range of stresses the disloeation can lie in the intermediate valley.
The present data refer to the cese of a single activation for surmounting

the double hump; the plotted activaticn energy is obtained by adding the

two partial activation energles necessary to overcome each hunp. Never-

" theless the strain-rate, in fact, consists of three terms (one for each

partial jump, and one for the previously considered single Jump) .
Because the densities of dislocation lying in the deep and intermediate

valleys are different, and likewise the areas swept out and the double

.kink widths for each partial jump, the formulation of the strain-rate

no longer follows the simple form of a sihgle thermally activéted process.
For these réasons the.plots of Figs. 3 and 4 in the range 0.1 < T*/Tb < 0.3
are probably approximate.

As outlined by Guyot and Dornh the curves of Figs. 3 .and L aiffer
appreciably from the éorresponding curves for sinusoidal hills at high

stresses. ‘For a.Peierls mechanism Un is proportional to the absolute

_ temperature, and therefore, as shown in Fig. 3, a zero slope stress-

temperature is predicted at the absolute zero.
Similar analyses will be done in the future from the knowledge of
the potential barriers for screw dislocations and edge dislocations of

other orientations in body-centered cubic metals.
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Figure 1. AE veréus distance moved in the [111] direction
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Figure 2. Kink energy and Peierls stress. R =-1.01
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
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or usefulness of the information contained in this
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with the Commission, or his employment with such contractor.






