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ABSTRACT
The temperature and strain rate dependence of the flow stress of
ordered and disordered polycrystalline CusAﬁ was investigated in the
rénge 20° - 420°K. A thermally activated deformation mechanism was
observed at temperatures less than ~ 100°K and ~ 340°K for the ordered
and disordered material respectively. For ordered CugAu, the experimental
data were shown.to correldte well with the requirements of the Pelerls
mechanism over the entire thermally activated region; for the disordered
material, good agreement was only thained at temperatures less than
~ 120°K; and it appeared that deformation was by the intersection
mechanism in the temperaturevrange n 220° ~ 340°K.
It is suggested that a pseudo~Peierls mechanism occurs in ordered
CuzAu at temperatures less than n 100°K, and in disordered CusAu at
temperatures less than n 120°K, due to splitting of the cores of séreﬁ

dislocations on several planes.
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- I, INTRODUCTION

:In anvinvestigation of the influence of long-range order upon>
strain-hardening, Davies'and Stoloff (1965) showed that the eritical
resolved she;; stress for yielding of ordered CujAu remained approximately .-
constant as the temperature was decreased toward 77°K, whereas that for
disordered CujAu exhibited a rather pronounced increase for a face
centered cubic material. This suggests that the loﬁ temperature deform-
ation mechanisﬁs for fhe disordered CuzAu might be significantly
different from that for face centered oubic alloys in general, and also
from that ooerative in the ordered state. Consequently, the present
invesﬁigation wasvundertaken with the specific objective of obtairing
detailed information on the activation energies and volumes for the low . .
temperature deformation mechanisms of both disordered and ordered Cu3Au}
The results to be presented strongly support the thesis that the low
temperature behavior of fhese alloys follow the Peierls mechanism, and
that, in addition, the disordered alloy obeys the intersection mechanism

at intermediate temperatures. At higher temperatures, both states

exhibit the usual athermal mechanical behavior.

II. EXPERIMENTAL TECHNIQUES
The alloys were prepared in the form of 0.125 in. diameter-drawn
rods-containing 50.85 * 0.05 weight percent Au.‘ Specﬁrochemical analjses
gave_0.0h weight percent Ag as the only detectable impuriﬁy; theobalance
was Cu. Two inch long test specimens were machined from the rods to
give a 0.68 in. gage section having a diameter of 6.085 in.

‘The disordered state was achieved by annealing under argon at 1000°K v
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for 30 minutes,'slqufurndcé cooling to. 725°K and tﬁen water quenching;
. Specimené for the ordered'étate Were:also annealed ﬁnder»argon at 1000°K I
for 30lminutes, furnace cooled below the orderiné_tgmpérature (663°Kj
to 643°K, held‘af this temperature for 85 hours, énd fhen slowly cooled
(v 3°K per hour) to 473°K and rapidly cooled (n 100°K per hour) to room
temperature. Roessler et al. (1963) have shown'thatvsuch treatment
produces & high degree of long-range order, with a long-range order
parameter of S n 0.87. Metallographic examination following etching with -
a 50% aqueous solution of I, in KI revealed that both the disordered N
and ordered states had the same equiaxed grain size‘of n 630 grains per
centimeter. |

All specimens were tested in tension using an Instron machine.
For tests above room temperature the spécimens were tqtaily immersed
in a silicone oil bath controlled to an accﬁracy of * 0.5%K. Over the
rahge from 273° to T7°K the specimens were tested while fully immersed
in coﬁstant temperature baths. Tests belowv77°K were carried out in a
.specially designed .helium cryostat. . - - :}lb‘é

To insure uniformity from specimen to specimen, and to place them

in substantially the same state, each specimen was first prestrained

to a fixed flow.stress at,300°K at a shear strain raté of vy = 3.64 x 10;5
per sec. The standard states were selected to be a flow stress of T.23
x 108 and 5.10 x 108 dynes per square centimeter fér the disordered and
ordered states respectively. Immediately foilowing the préstrain, each
sbecimen was brought to the desired temperature and pulled in tension

at either vy; = 3.64 x 106 per sec or y, = 3.64 x 10™* per sec. Stresses

“
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and temperatures are estimated to be w'i’c,hin.i 0.1 x 108 dynes per

square centimeter and * 1°K respectively of the reported values. The
shear strain rate was taken as ; = 3/h ¢ andvthé applied shear stress

as 1 = 0/2, where e and o are the tensile strain rate and tensile stress
respectively. The shear stress corresponding to the point at which flow
was initiated was determined by taking a y = 1 x 10™% offset from the

modulus line,

III. EXPERIMENTAL RESULTS

The stress-strain curves for the disordefed and ordered material,'
of which typical'ekamples at different temperatures are shown in Fig. l;
revealed a sharp increase in the flow stress for the disordered material
at temperatures less than about 340°K and for the ordered material at
temperatures less than about lOO°K.. This is clearly revealed by plotting
the experimgntally determined flow stresses, T, as functions of'temperatﬁre 
and strain rate, as shown in Fig. 2. In the present investigation,
both the ordered and disordered states exhibit a thermally activated
dislocation mechanism over thg lower témperature range, as revealed by
the fact that their flow stresses decrease with increasing temperatures
and decreasing stréin rates. Over the higher temperature range, howé&er,
their behavior is athermal, as documented by the gfadual linear decrease

in flow stress with increasing temperature and the insensitivity of the

flow stress to strain rate. Above about 360°K, the disordered alloy

" exhibited a serrated stress-strain curve (Fig. 1) indicating the intro-

duction of the Poftevin—Le Chatelier effect. For the same test conditions,

the flow stress for the disordered state always exceeded that for the
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ordered state. .
Over the athermal_range, the flow stress, Tpo Varies with temperature,
T, in a manner that parailels the variation of the shear modulus, G,

f

according to

G
Ta(T) T TA(365%K) 67'21" o : (1)
> Gagsox.

where 365°K is a‘tehperaturé chosen to be within thé athermal region.
Applying the single crystal data obtained by Flinn et:al. (1966), for
G on the (111) pléne in the [110] direction as a function of temperature,
gave the straight lines shown through the higher temperatufe flow stress
data of Fig. 2. It is obvious that Eq. (1) is well—satisfied.over the -
athermal region. The somewhat low value of the yield stress at about
L410°K for the diéordered state is probably due to recévery.

The effective stress requifed to assist thermal activation‘of the f.

rate controlling mechanism, t*, defined by

™* =1 -~ Ta o (2)

is given in Fig. 3 by subtracting the athermal stress from the total flow
stress.
At low temperatures, each thermally activated dislocation mechanism

is-usuall& well represented by a relationship of the form

Y=y, exp (-U{c*}/kT) | (3)
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where &0 is a frequency factor, U is the activation energy and kT has
the usual meaning of the Boltzmann constant times the absolute temperature.

In general the activation energy depends on ﬁhe effective stress, t¥%,

and on the shear modulus of elasticity, G, according to

CU{*} = (G/Go) UO{T*} (4)

where the subscript zero refers to the absolute zero of temperature.
Whereas.the activation énérgy is independent of substructural details
for some mechanisms (e.g, the Peierls), it depends on'such_factprs in
other mechanisms (e.g. the intersection mechanism). The frequency
factor, ;o’ is linearly related to the.density of the mobile dislocations
énd is always insensitive to T and usually independent of the effective
stress, t¥.

One feature of significance in identifying mechanisms is the functiéhal
dependence of the activation energy on ;*. The apparent activation energy

is defined by

3 4ny ' ‘a(G/Go)
q = 5_‘(‘17%1:5' = (6/G) U {r*} -~ T ——=—U {r*} = U _{r*}  (5)
where the second eqﬁality follows upon introduction of Egs. (3)'and (L),
and the third results from the well-known approximation that G - T3G/ T =
GO. The dpparent activation energies deduced from the data of Fig. 3
are shown as functions of t¥% in Fig. L.
A partiél check on the internal consistency of the above assumptions

(

can be made by ascertaining whether U{1*} increases linearly with T
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aﬁ-a constant strain'réte v as required by'.Eqf (3);‘ For this purpose,
U{T*}-was determiﬁed from the valués of Ud{r*} given'in Fig. 4 vy
application of Eq. (4), and plotted as a funcfion of T as shown in
Fig. 5; Whereas fhe ordered Cu3Au exhibits the theoretically Justified
linear increase of U{1*} as a functidn of T, the disordered alloy exhibits
two liﬁeaf regions (I and II) with a tmansition between them. Since
the‘slope of the U{rf} ~ T lines is k 2n &O/Q, it follows that 90 is
appreciably smaller for Region IIlthan for Region I. This suggests
that a traﬁsitibn occurs in the disordered alloy between 120°K and'225°K
from a lower tempefature mechanism to a higher temperature mechanism
having a smaller value of %o' Additional evideﬁce-for this transition
will be presented later.

Although the sﬁapes of the T* —.T curves of Fig.r3 and the UO{T*} -
% curves of Fig. 4 are dependent on the.operative mechanisms, they o
bseldom permit a unique identification of fhe mechanism per se. A more
detailed insight is obtained from the apparent activation volume, v, 
defined by

82n§
. 10 3U{T*} | (6&)

at¥ aT¥

v = kT 20X _ o
‘ atT¥

or the true activation volume, v¥, defined by

. L y¥® o=

EH%%;l _ | L V(6b)

When, as is generally true for low temperature dislocation mechanisms,

Yo is insensitive to t¥, the true activation volume can be deduced from

either
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% = qp 280Y . o 3Uult¥}
vE = KT = or v¥ Py , (6c)

Activation'volumes obtéined in these wayé are presented as functions of

™ in Fig; 6, with one ordinate marked in terms of b3,_where b, the Burgers
vector, is taken as a/2[I110]. The agreement between VX and vg is good

for the ordered alloy over the entire range. For the disordered alloy

the agreement is good at the higher values of 1%, but there appears to be
some deviation at the lower values corresponding to the transition

region of Fig. 5.

The low activation volumes obtained for the ordered CuzAu, and fbr
the disordered alloy over Region I, are suggestive of either a Peieris
mechanism (Peierls 1940) 6r the Fleischer mechanism of interactions
between dislocations and impurity atoms (Fleischer 1962). Fleischer
suggested that the rapid increase in the yield strength of b.c.c. metals‘
with decreasing temperatures, and the small acti#ation volumes they
exhibit, might be ascribed to appropriately dilute concentrations of
impurity atoms; with some exéeptions (Koo 1963, Stein and Low 1966,

Stein 1967), however, the weight of current evidence suggests that the

™ - T and v* -~ 1% relationships are independent of impurity concentrations.
Although these observations appéar to disqualify the operation of the
Fleischer theory, they are wholly in agreement with the requirements Qf

the Peierls theory. It is highly unlikely that the low temperéture
behavior of the ordered and disordered CuzAu alloy under study heré might

- be ascribed to impurity effects. Furthermore, such impurities, if present,-

should have approximately the same concentrations in the ordered and
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dis§rdered staﬁe;  Obvioﬁsly the observed differenées between the low
temperature ¥ -VT'curyesvfof the ordered and disordered alloys cannot be
‘rationalized in terms of interactions between impufity atoms and dislocations.
However, as will be demonstrated later, thé]bw temperature behavior of
ordered CusAu; and the disordered CuszAu in Region I, is in good agree-
ment with the Peierls mechanism.

The difference in behavior of disordered CusAu (vide Fig. 5) in
Region II as conirasted to Region I is further reflécted in major
differences.in the activation volume. As shown in Fig. 6, the activation
volumes for the disordered alloy over the lower values of'r* (of higher |
values of T) are much'gréater'than permiésible for the Peiefls mechanism.
In fact, they_begin to approach those that might be expécted for the
dislocation intersection mechanism. |

Additional insight into low temperature mechanisms is obtained by
studying the effect of straining on v¥. Typical examples bf the vafiation:

A

of VX with strain, as deduced from kT ARn%/Ar by éhanging the strain
rate perilodically during deformation, are shown in Fig. 7. The solid
symbol,.at vy = 0, represents the value from the yield stress data

as given in Fig. 6. In all exaﬁples this agreed well with the values of
v¥ obtained at low strains by periodic changes in ;i "The value of VX

' for ordered CuzAu and that for the disordered alloy over Region I was,
excepting ‘for some scatter, independent of the strain. This is consistent
with the concept that the Peierls mechanisﬁ controls the deformation o?er

the pertinent ranges. In contrast, the activation volume for the

disordered alloy in Region II, and for the transition region also,
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deéreased significantiyvwithrstraining. - This obviously infers that
.the.effective barriers in Region IT for‘théﬂdisqrdered alloys are
localized and that their number increases with strain. The most likely
prdcess in this region.is the thermaliy activated cﬁtting of forest

dislocations.

IV. ANALYSIS

The experimental results étrongly suggest that the Pelerls mechanism
is operative in ordéred and disordered CuzAu at temperatures less than
A 100°K and n 120°K respectively. Although a number of models have been
suggested for the Peierls process,-the analysis presented here will be
confined exclusively to the Dorn and Rajnak model (1964); this model
has been shown to agree well with the experimeﬁtal results obtained for
a numbef of b.c.c. and h.c.p. materials (Guyot and Dorn 1967).

In the theory, as modified slightly by Guyot and Dorn (1967), the’

shear strain rate is given by

. 2 ‘ '
y = @%lexp (-U_{r*}/k1) (7)

where p = density of mobile dislocations,
L = mean length swept out by a pair of kinks ﬁefore they become
arrested at an obstacle;
a = distance between Peierls valleys,
b = Burgers vector,
v = Debye frequency7
Un = critical energy for nucleation éf a pair‘okainks,

w = width of a pair of kinks at the critical energy Un'
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Over the thermally activéted region,_T*:décreases with increasing
temperature 'and becomes zero-at a critical temperature‘TC. At this
tempergtufe, Un = 2Uk whére Uk is the eﬁergy of a single kink,'and
Eq. (7) becomes

. 2y

y = EEEB;J& exp (-2U /kT_ ) (8)
> 2 k [ -
W

At absolute zero, the Peierls stress.rg is the stress needed to

initiate deformation. At higher temperatures, the Peierls stress is

assumed to vary with temperature as does the shear modulus, and thus:

TP = (G/GO) T;‘ o o (9)

According to the theory of Dorn and Rajnak (1964), there is a

- relationship between 1* and Uk such that, at constant &,

¥ ¥ U T
=10 (6,/0) = 1z ) = £(7) (10)
e p k c

A,rq

. ) L . .
It is not easy to obtain precise values for T; directly from Fig. 1,

its evaluation requires an extrapolation from about 20°K to 0°K.

Although the values of the‘critical temperatures can be obtained directly
for thebordered alloy; tﬁey cannot be méasured directly for the disordered
alloy because of the intrusion of the intersectioﬁ mechanism over Region II.
A method used by Lau et al. (1967) was therefore employed, in which the
~theoretical curves for sinusoidal Peierls hills of %*/Tp vs. Un/EUk

(= T/Tc) wefe plotted on lbgarithmié scaléé. Fér éach étrain rate, the

values of T*(GO/GT) were then plotted on the same scale, and superimposed
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to give the bestvcoinéidence for the érdefed and disordered material
respectivelj."The deduced values for T; and Tciare'showp in Table I.

For the orderéd material, good agreement was obtained over the whole
thermallyfactivated:region; for the disordered material, however, there
was a deviation from the Peieris mechanism at the higher temperatures,

as shown in Fig. 2 where the low temperature region has been extrapolated

to the vélues for TC and_TC2 for the assumed Peierls mechanism.

1

Uk was also determined from the values of the critical temperatures

at the two different strain rates, since, as shown by Eq. (8),

v; .exp (-2U, /kT_,)(G,/G )
Y, exp (-2u,/xT_,)(G,/G )

(11)

where G1 and G, are the shear moduli at Tcl and 'I'cz respectively. These
values are shown in column 4 of Table 1.

Using the values deduced for the critical temperatures, the plots
of~T*/r;_x G(0)/G(T) vs. T/Tc, as calculated from the original data,
are shown in Fig. 8, together with the theoretical curve for the Peierls
mechanism. The agreement with the predictions arising from the Peierlsv
mechanism is good over a wide temperature range, but cléarly deviates
in the disordered material at the higher temperaturés where the inter-
section mechanism ié obtained. A somewhat similar deviation from the
dictates of the simple Peierls theory over a higher temperature range hés

" been reported in Fe (Keh and Nakada 1967), in sbme Fe alloys (Wynblatt
et al. 1965, Wynblatt and Dorn 1966, Rawlings and Newey 1967), and, to

a minor degree, in Mo (Lau et al. 1967). In the case of the Fe alloy
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"(Wynblatt and Dornbl966)} thever, the higher temperature mechanism
was shown not'to arise from the intersecfion of glide with forest
dislocations.

Since several other mechanisms also reveal somewhat similar t* - T
curves, the Peierls:mechanism cannot be confirmed from Fig. 8 alone.\
The most distinctive characteristic of tﬁe Peierls mechanism is a small
activation volume which increases somewhat %ith decreasing T*’(Fié. 6)
and is independent‘of strain (Fig. 7). The theoretical expression for
the activation volume in the Peierls mechenism is given by

oU 2Uk a(Un/QUk)

* = oy o |
Vp =- (ar*) - TP 3(?*/t§) , (12)_

A direct comparison of the experimental results with the Ddrn and Rajnak
model is possible by plotting (TP/QUk)V§ against T*/T; (corrected for
the change in shear modulus with temperature). Using the values of

. -
r; and U, shown in Table 1, and the values of v¥ from Fig. 6, the result

k A
is shown invFig. 9, together with the theoretical curves for sinusoidal.
Peierls hills (o = 0) and perturbations therefrom (a = +1, -1). The
agreement with theory is good, except for the disordered material at
low values of t* (i.e. in Region IT1).

A further check on the correlation wifh the theoretical model is
possible,jby compafing the line energy PO of a dislocation which,
according to. the theory, is related to Uk and Tp by

21U . T¥ab

K _ 567\ 2o | (13)

nl
o
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with the Nabarro estimaté of Fo = Gob2/2; as shéwn in columns 5 and 6
respectivély of Table 1. The values of QI'O/GOb2 are slightly greater
than unity, and a similar trend has been bbservéd for other materials
(Guyot and Dorn 1967); this suggests that Gob2/2 underestimates the line
energy, prqbably because it makes no allowance for énisotropy and does
not include the energy of the dislocation core. Reasonable agreement
between Fo and'GOb2/2 is only realized if the Burgers vector is taken as
that of the undissociated dislocation. Taking the Burgers vector for
a partial dislocation (b = a/V6) yields very high values for 2I‘O/Gob2
(v 124 for the disordered material), which suggests that the two partials
of the dissoéiatea disloﬁation move together as a unit, |
The Vélueé of pL/w? in fable 1 were calculated from Eq. (8), using
the Debye temperature of Fliﬁn et al., (1960). According to Guyot and
Dorn (1967), w may be considered a constant approximated by

2ar_ 1/2
" .
vE 5.( bt ) : (14)

The values of pL calculated from this relationship have a reasonable
magnitude, as shown in'Table l, and are intermédiate‘between these
greviously reported for a Mg - 14% Li - 1.5% Al alloy (0.9 cmul)(Abo-el_
Fotoh et al. 1967) and AgMg (227 cm !)(Mukherjee and Dorn, 196k ).

In every respect the thermally activated.mechaniSms of slip in
ordered bu3Au and in the disordered alloy over Region I therefore agree
well with the requirements of the Peierls mechanish;

The behavior of the disordered CujzAu over Region II appears to be
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controlled by the inoersecoion mechanism; fhe_evidence fovoring this
conclusion.centefs'pfimafily about tho reasonable'mégnitude of the‘.
activation'volumé'aﬁd'its appropriateldecfeasé with strain, The rénge
of conditions, both T and T*,.over which this mechapism is controlliﬁg,
hoﬁever, Waé too limitod_to“pérmgt‘g sufficiehtly detailed investigafion
. to pfovide'a compiete pioturo of the mechanism, Assuming that the
-mechanis@ is that for intersection of dislocations,-i£ is anticipated
that the fofcé—displacement diogram will. involve that for-oonstriction"
of the parﬁiairdislooations bluS'that for forming a jog. - Conseqpently?'
fhe activétion energy ﬁillvnot'decrease iinearly with j*. As a crude ’
estimate, ﬁherefore, we migﬁt suggest that the activatioﬁ volume.for

" the lower values of T¥ aépfoaches v*l= Lbd,vwhere.L is the meon distancé
between the forest dislocations and d is only slightly less than the
vequilibrium séparation‘of the partial dislocations (& 17 - 36K)(Marcinkowski

1963). Introducing d * 10 b, we obtain the not unreasonable density of

forest dislocations of o

i
|
i

1/12 = v232/v#2 = 5 x 1010 em72,

I £ DISCUSSION

. 0 . . ‘o . ]' . i - .
The conclusion that the deformatlon of ordered CuzAu up to-about 100°
' 3 é i '

and the dlsordered alloy (over Re;lon I) up to about 120°K is controlled
by the thermally actlvated Peierls mechanlsm is 1nev1table in terms of

the suhstanulal ev1dence for this 1nterbretat10n that was marshalled

in the preceedlng sectlons of this report. This conclusion, especially

in the case of‘the deorderédlalloy,.conﬁrasts with the widely dooumenﬁed“

evidence that the Peierls stress for f.c.c, metals is so low that their
deformation at low temperatures is controlled by the_thermally activated
] L ' '
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dislocation intersection.ﬁechanism. The present'authors have uncovered
only one possible exception to this generalization, which is suggested
by the recént report of Zerwekh and Scott (1967) on the low temperature
deformation mechanisms in polycrystalline thorium. .In that work,
however,vZérwekhvdnd.Scott interpréted‘their observafion of a rather
rapid increase in t* with decreasing temperature, low activation volumes
(~ Lo b3) and the invariance of the activation volumeé with strain, as a
result of thefmél activafion of dislocations past strain centers due

to interstitial impurities that were known to be present in their

" material. Oh'the other hand, their data might have been.equally inter-
preted in terms of a Peierls mechanism. Consequently, the operative

low témperature deformation mechanism in thorium appears to .closely
parallel that observed for b.c.c. metals. Recent evidence on b.c.c.
materials (Bowen et al. 1967, Keh and Nakada 1967), however, even more
strongly supports the thesis first presented by Cénrad (1963) that
interétitial impurities sérve_principally to increase the athermal
stress level, and that the effective stress for the thermally activated
mechanism is Independent of impurity content and is determined primarily
'by 8 Peierls mechanism., The issue relative to thorium will only be
resolved following tests to ascertain whefher the ¥ - T curve is reduced,
and the v¥ - 1% curve'is appropriately increased, as a result of
purification., For the Cﬁ3Au allo&s, however, it is much more certain
that the low temperaturé thermally activated deformation mechanisms,aré'
controlled by the Peierls mechanism.

At first sight it is strange that the Peierls stress is significantly
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hlgher for the dlsordered alloy th&u for the ordered alloy. JIf .for
_example, the 1mpur1ty solute atom mechanlsm controlled, 1t would be
‘expected that ™ at O?K would be about the same for both the ordered

‘and disordered sfates. Furthermore;dif a simple true Peierle mechanism
-were Operatlve, the Pelerls stress for the ordered alloy should,

because of the hlgher regularlty of the lattlce, have exceeded that for
the disordered stete. On thls bas1s it seems that the simple pure
Peierls mechanism, where the d1s10catlon core is uniformly spread out
~on the 0peratire slip plane, cannot account for all of the results.

The dlfferences in the Peierls Stresé‘for the ordered and disordered
statee, ﬁoWever, areiqpalitatively consietent.with expectations arising
from the pseudo~Pelerls process (Dorn 1967). This process is based

on the possibility £ha£ the cores of dislocations‘in screw orientation

-: might dissociate on other than the prlmary slip plane and thereby further
lower the energy of the dlslocation. In the ordered alloy the dissociation
oof the core would be more resistricted than in the disordered alloy

since, in addition to the stacking fault energies, the antiphase boundary-

“energy would contribute to reduce the.separation of the partial dislocations.

This, in effect, would be equivalent to reduciog the height of the Peierls
- hill end therefore thelPeierls stress;A

- The guestion nod orises as to the kind‘of dissociation that nmust
be considéred in order to account for the observed results. lt is, of"
course, no§ possible to éive an unambiguous answer at thi; tine, sioce
much. more need be;knorn aﬁout dielocation_core splitting before tais

problem can be approached with assurance. It is interesting, however, to

»
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view oné of several possibiiities; not éo much froﬁ the viewpoint that -
it is significant'but mo}e‘that it (and Several others) appear to
need more detailed study, Marcinkowski, Brown and Fisher (1961). have
clearlyVShdwn that an a[iiO]_superdislocation on thel(lll) plané in
the ordered CuszAu splits on its slié plané into two sets of a/2[110]
dislocations separated by an antiphasé boundary. Each a/2[110]
dislocation, however, further splits into the standard partial dislocations
a/6[211] ana a/6[121], separated by a stackiﬁé fault the energy of
which is further augménﬁed by an antiphase boundary energy. The a/2[110]
dislocation in the disordered alloy undertakes the same dissociation
into partial dislocations separated only by a étacking fault, All of
these dissociations take place on the (111) plane and the partial
dislocations are so well separated that the cb:es of adjacént partial
dislocations do nof ovérlap. It therefore appears.that an acceptablé
pseudo—Peierls'mechanism might invblve the dissociation of, for example,
the 5/6[511] dislocation in screw orientation. Although other dissociations
are possible, consider the reaction

» a/6[211] » a/6[200] + a/6[010] + a/6[001]

. , (15)
(111) (011) (102) (120) :

where the dissociation planes are designated below the Burgers vectors
of the digiocationé. Using the usual expression of FO = Gdb2/2, it
appears that the change in energy for the proposed reaction is zero and
therefore, on this basis, cannot take piace. This, however, néed not

be so under special circumstances if the anisotropic line energies were
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eraluated. Furthermore, as mentioned previouSly, the pseudo-Peierls
mechanism is only:coneerned with small»splittinge of the cores of screw
dislocationsron several planes. Thus; such splittings become poesible
_with a reduction in energy even when ﬁhe long range line energy change
might be zero; consequently, the operation of the pseudo-Peierls

mechanism cannot yet be disqualified for the above example of dissociation.

V. CONCLUSIONS

1. Ordered and disordered polyerystalline CusAu exhibit a thermally
activated deformation mecﬁanism at temperatures less than &‘100°K and
. ~n 340°K respectively. |

2. An analysis of the experimental data in terms of the Peierls
mechanism suggests good agreement for the ordered material below the
athermal region, and for the disordered material at temperatures less
than ~ 120°K. Between n 225°K and ~n 3L0°K, it is suggested that thev
disordered material deforms by the intersection mechanism.

3. The‘feierls stress, r;, was estimated fo be 6.4 x 108 and
L.2 x 108 dynes per square centimeter for the disordered and ordered
material respectiyely.

4., It is suggested that a pseudo-Peierls mechanism occurs in CusAu

due to the splitting‘of the cores of screw dislocations on several planes.



" Table 1.

Summary of results

-

o]
N
vy sec™ 1 x 10% - TC°K Uk ergs Po ergs/cm Gob2 pL/w? cm”3 oL cm™}
dynes/cm] ergs
3.64 x 1079 177 ,
Disordered 6.4h2 2.15 x 10713 | 5,46 x 107%| k.5 | 2.87 x 1012 | 1.15 x 10
3.64 x 1074 2kho
3.64 x 1079 86
Ordered .19 1.32 x 10713 | 3.80x 10| 3.0 | 1.38 x 1013 | 6.15 x 10
3.64 x 107 Y 108

- -61-
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FIGURE CAPTIONS
Typical stress'VS. strain curves at differént temperatures.
Flbw stress vs, température, for two differenﬁ strain rates.

Thermally activated component of the flow stress vs. temperature.

Apparent activation energy vs. thermally activated component

of the flow stress.
Activation energy vs. temperature over the thermally activated

range.

Activation volumes determined in two ways vs. thermally

activated compongnt of the flow stress.

Aqtivation volume vs. true strain at different temperatures..
Thermally activated component‘of the fiow stress vs. temperature
in dimensionless units.

Activation volume vs. thermally acti&ated component of the

flow stress in dimensionless units.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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