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I. INTROLUCTION

.. number of theories have been proposed to explain the
plastic behaviour of ordered solid solutions. hMost of them
try to explain the observed data on yield stress, but very
few deal with the work hardening behaviour of such alloys.

The present review is intended to correlate.the diffe-
rent theoretical and experimental data published up to now,
and to comment on future research on both the yield stress
and work hardening behaviour of some ordered f.c.c. latti-

ces,

IXI. THE YIZLD STRESS

In a solid solution where Long Range Order (LRO)
exists there are, in general, equivalent lattice points oc-
cupied by the constituent atoms of it. For example, 1in ﬁ
brass (body centered cubic) the (O000) and (%3%) crystallo-
graphic sites are either occupied the former by Cu and the
latter by Zn, or viceversa., The symmetry of the lattice is
reduced, then, to simple cubic. There is & possibility that
two regions - one wWith the Zn atoms in (0O0J) sites and the
other in (43%3%) sites - coexist within the same ordered crys
tal, The two are then out of phase in what in respect to
the position occupied by atoms of the same species. The 1i-
mit between the regions being one where the bonding <takes
place between like atoms, is therefore a region of high
energy. Bach type of ordered region is known as a antiphnsc

domain (LFD) and the limits between them antiphasc domain

boundaries (4PB). It is generally assumed that the LRC ta-

Kes place by the growing of the .LFu, the AP5's diminishing



progressively. .. well znnealed crystal shall have, 2s we
will see below, ..FB's only in association with the c¢xistent
Gislocntions. These domains have been observed in several
ordered solid solutions, by means of electron microscopy by
Marcinkowski and co-workers (1-6) and Fashley and Presland
(6,7).

The movement of a normal 4 location in a well orderecd
lattice produce a change in bonding pairs creating LFB's in
its wake. Taking .016 e¢.V. as an approximate value for the
energy involved in the change of bonding, the surface ten-
sion K associated with the 4PB is of the order of 70 dynas/
c¢m. The shear stress necessary for the movement of the dis-

location is therefore:

¥

9
T = BNSXIO dyn?«S/c"‘2

where b is the Burgers vector,

Apparently, Koehler and Seitz (&) were the first to
suggest that the energy of the system could be lowered if
the movement of dislocations, in the ordered lattice, occur
red in pairs in the same slip plane. The second disloca-
tions being able to restoure the order to the region of the
slip plane whecre the first one has produced disorcered in
its wake., An equilibrium situation is thus cr. .ted between
the elastic strain forces of the two dislocations involved
and the surface force of the 4PB between them. Tais configc
ration is called a "superdislocation'" (9) and its compo-
nents "superpartials" (10), to differenciate them from nor-
mal partials of extended dislocations in the f.c.c. latticc.
"Superdislocations" have been observed by Marcinkowski and
co-workers in ordered Cu_su (2), (4), (5), Cusu (4}, N13Mn

3

(1), Fe_ 41 (1), (3). The equilibrium separation of superpsr
3 ? =



tials has been calculated by: Hermann and 3rown for Q brass
f1.', Flinn for f.c.c. and b.c.c. structures (11) and by
Marcinkoweki 2t al. in the above mentioned papers.

But the :introduction of the "superdislocations” did
not explain the observed behaviour of the yield stress. Cot
trell (12) pointed out that the existence of APB's can pro-
duce arn increase -in yield strength under certain conditions.
For a given annealed domein size, the movemeat of superdis-
locations »roduces an increas2 in the quantity of AP3's 1y
siip intersection. Tais » .11 make more difficult a further
movement of the "cuperdislocations'", and as & restlt the
yield strength increases. ~s domeins grow bigger by annec-
l1:ng, the probability for intersection diminishes, tnere”o-
re, decreasing the yiel:¢ strength after haviag passed
throught a m.ximum. According to Cottrel. the yield stress
™ is related to the mean diameter of the domains X pv th-
eg tior
2

(1 - 242

L
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1ith & maximum yield stregs for b4 =38k
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were 5 is the surface tension associated with thc AF3, a is
the interatomic specing aﬁdqﬂ a constant (~6) which depends
on the geome.ry of the domains.

Togie (13) has made a more de:ailed calcula.ion of the
structural change produced by siip, obtaining simiiar r.-
sults to those of Cottrell. Experimentally, the above meniio

ned prediciionu have been tested by Biggs and 3room {12, ans

by Ardley (15). 4 maximum in the yield strength was found by

- (l -
the former authors for domain size of apprcximacely 50 ~ in



i{iameter, On the basis of the results of 3iggs =nd _~roon
Logie's calculation gives 2about two atomic distances for
the width of AF3.

The results of ardley for single crystals also show
again a maximum yield stress in the region of 156-30 2 co
main diameter. Similar characteristics were observed in
ﬁ brass by 4rdley and Cottrell (9).

Finally several other models have been proposed to
2xplain the yield stress behaviour in some particular al

loys. These are:

a) Change in the type of crystallographic structure
Jaumot and Sawatzki (15) studiedvthe Cu-rd system,
where a transformation from f.c.c. to tetragonal lat-
tice takes place or nrdering.

In this case the observed increasc in hardness is ex-
plained as a result of the internal stresses set up
by the misfit procduced by the tetragonal phase in tae
disordered f.c.c. phase, These internal stresses in-
terfere with the movement of dislocations. IZxtrewme ct
ses woula be the f.c.c. or tetragonal pure phases, «
maximum in hardness would correspond to maximum mis-—
fit in an mixed structure.

b) Change in lattice parameter

Ordering decreases the distance between nearest neigh
bors, increasing the number of unlike atom at the s -
me time.

Sumino (17) calculates the interaction between the c-
lastic stress field of dislocations and ordering.. iHe

points out that in places where the elastic field



c)

tends to increase the atomic distance, ordering docrea-~
ses, and additional energy 1s necessary for the cisor-
der produced by the dislocation movement. .. maxiimum in
yield strecasth 1o previcted 1t tziger.tur:is mesr tiae
critical ordering temperature. The movement of screw
dislocations ie easier than that of edge dislocations
in tne ordered lattice, because of the difference in
the strain energy.

Zifferent types of &4P3

3rown (13), (19) has studied in detail the effect of
..F3's on deformation. e argues that LFs produced DYy
slip 2re different from those produced st thermal equi-
librium, the former being sharp, while the latter are
Ciffuse. Secause of this difference the second "super-
partial" fail to reorder completely the disordger proaua-
ced by the first. This diffused boundary will became
sharp at O °X. The stress to move the "superdisloczation"
in tae ﬁ brass type superlattice is calculated Dy Zrown
as:
-
T = NoT3,/4b

where N is the density of atoms in the =73, K is the
30ltzmenn's constanti, T is the 2bsolute temperature ond
S, . 1is the initial d¢egree of orcer.

The maximum stress is found &t an intermediate state ol

order, because for T»Tc there is no LRAC, cnc at T = J
’ b

there is no c¢ifference between both types of ~F3.



III. EFFECT3 OF ORLUIR ON THD WORK H@aRUINING

Various investigators have reported an enhanced work

hardening rate in the ordered alloys (11), (20) - (23).
Flinn (11) has made a detailed calculation ol the e-

nergy associated with 2PB's in both f.c.c. and b.c.c. lat

tices. 4ccording to his r.sults, the configuration of mi-

nimum energy in general is such, that the common planc of

the superpartials is not a 3lip plane. In the case of or-
dered LlQ(Cuzéu) type of structure he concludes:

i) For pure screw dislocations, the common plane chan-
ges from (111) to (V01), lowering therefore the 4LPB
energy because of vanishing neighbors energy.

ii) For d¢islocations in the {ZIT] direction maximum re-
Lueetlon ozz.rge 18 ki corwen Lira:z o 2hoa_so fron
{111} to (113). -> the elastic term appearing for
this orientation has 2 minimum in (C1l1l), the equili-
brium position will be between (113) and (Cll) pin-
nes.

iii) Pure edge dislocations in ﬁlé} direction have = mni-
nimum .a surface tension in (111) but the correspon-
ding elas%ic energy has a maximum there. This is =
position of metastable equilibrium for 2 hump is
found betwcen the relative minimum 1in energy at
(111) and the absolute minimum in (113).

Similar results were obtained for 32 (e brass) typ2
of structure.
On the basis of the above considerations Flinn analy

zes three cases for deformation:



a)

b)

c)

Low temperature (no diffusion)

Before <«.f . p. . :..n takes place, dislocations are ei-
ther 2t stable or metastable positions, beczuse those
in unstable positions dissapear during ordering, whi-
le¢ diffusion is possible. Only in orientations ncar
to 112 (pure edge) will both "superpartials” be ua
the same slip plane. This "superdislocations” or por
tions of them with this orientation will be preferred
to move and will bccame sources by the Frank-Read me-
chanism,

The principal obstacle to the movement of dislocation

in this model of deformation are the APB.

Intermedizte temperature

Portion of dislocations will now be able, by Giffu-
sion, to change to a more favourable configuration.
The creati-n of new AP3 makes further deformation dif
ficult. The flocw stress should increase with tempera-
ture in this range. .

High temperature

Again "superdislocations"” will be in stable ur metz-
stable pousition, The flow stress will be controllec
by the movement.of "superdislocations" which <5 not
have their common plane oa the slip plzne, crenting
a viscous flow,

The rapid work hardening was attributed by Flinn to

the reduction of the antiphase domains by slip intersec-

tion, the ncwly created 4P3 making further deformation

more difficult. In this case the work hardening rate

should be dependent on the initial dJomain size.



Marcinkowski and Liiller (22) have observed in Ni .=
that ordering produccs an increase in the stacking fault
energy. The immeciate conscequence of this is that cross-
slip and couble cross-slip should be easier in the orde-
red than in the dJisordered alloy. Further discussion on
this work is given below.

Strain asging tests were performed by Vildoz, Lazarce-
vic an<? Cahn (23), particularly in NiSFe alloys. They
found not only an increased rate of work harcening for
the ordered phase, but also that the work hardening is
grecater, the greater the previous Jeformation.

Taoka et al, (24), (25), using electron microscopy
and Vidoz et al. (23) in uptical (phase contrast) micros
c>py, have shown in -~ series of alloys that cross-slip,
both, simple and Jdouble, occurs in the <isorceéred struc-
ture. The ordercu alloy exhibits cvidence of fine slip,
with = regular spacing but no cross slip., Taoka and ¢ -
workers concludeo that this type of siip is characteris-
tic of the bulk specimen, being homcgencous, that is,
with deformation loc2lized in each ban. ,

In order to explain the Gifferencés in work harde-
ning between ordered and Iisordered alloys, Vidoz and
Brown (10) developed the following model:

The "superdislocations'" will became jogged on its

intersection with forest "superdislocations”. These jog

[0}

will, in general, not be aligned. If a jogge< '"super.is-
location"™ moves, it will prodluce tubes of 4P3. in addi-

tional energy will be needed, thercfore for the tubc for



mation. The energy associated with the APB ribbon is

n / 2
Eoibb = (X/fh)”(gb : A= const,

independent of the degree of order and the domzin size.
If the same jog density is present in both the ordered
and disordercd lattices the difference 8% in the

flow stress of both types of lattices at a given strain

b

should be proportional to Qf, which is in agreement
with experimental results.

The¢ higher the prestrain, the higher the number of
forest di_locations, thercfore increasing the number of
intersections per unit strain and therefore the work
hardening., Based on this mocel Pampillo (26) has been
able te stablish the relation

R = QIIorder./OIIdisor.

retween the work hardening coefficients of the ordered
and disordered alloys. The constant values of R found
in the polycrystalline case would indicate that the sa-
me process is responsible for the differences in work
hardening in all the alloys investigated,

On the other hand, Hordon (27) presented some data
for CuSAu that would indicate that domain size does ha-
ve an influence on the strain hardening. But the domain
sizes given by the author (at which the effect is obser
ved) seem to be much too big, ce¢ven thought his samples
were annealed for very long time, Marcinkowski (1) oL-
served CusAu domain sizes of the order of 530 A in con-

3 5 ¢ _
trast tu the values of 2,5.10 - 10 A given by iiorcon,.
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IV. SOME PREVIOUS RESULTS WITH THE
ALLOY3 TO 3E USEL IN THE PRE-
SENT INVIESTIGATION.

NisFe

A superlattice of the ng type (Cu3Au) exists
the Ni/Fe alloy at compositions near to NisFe. The
critical temperature for ordering is 503-506 °C.
Maximum domain size is given as 30O Z by Lyashenko
et al, from neutrondiffraction data while the data
of Wakelin and Yates (28) seems to indicatz a doma
in size of a2 few hundred angstroms,.

The ordering kinetics have been studied in de
tail by Iica (30), (31) using cz2lorimetric analy-
sis. His reéults indic;te thaf ;he‘process of orde
ring takes place first ~s Short Range Ordering (SR
0) for annealing times up to 10 hours, LRU dGeve-
lops for longer annealing times to up 60U hours at
490 °C, No changes in internal energy arce founc to
take place for longer annealing periocs, although
structure dependent propertics still show changes
for annealing periods well over the 60 hours. The
author assumes that another type of mechanism is
responsible for such changes.

Creep tests were performed on both the orde-
red and disordered alloys by Suzuki and Yamamoto
(32). They observed an increase in the activation
energy with increasing d<egree of orcder, a disconti

nuity taking place in the creep rate versus 1/7T



curve near the critical temderature. Crecp rate is wccelds
rated beclow Tc¢ for both the ordered and disoruered states.
From their resuits t*e authcrs concluded that a climb ne-
chanism is rate controlling, the acceleration of creep be-
ing due to an enhaanced climb rate because of ordering., At
the same time, vacancy diffusion is more c¢ifficult in th-
»rderel phase, being rreferential in the slip bands. This
process, in tne authors povin® of view, azcccunts for the
observed Jepeadence on stress.

The =2bcve conclusions are disputed by Davies (33) who
concluded, from similar evidence (lo.. creep rate v rsus
log. stress curves) that the noncounservative motion of
jogs is r.te controlling. The dJdiscrepancies between the
above mentioned results are due, according to Davies, to
the fact that Suzuk. and YaramOoto were not measuring sten-
4y state creep, but rather a state of transient creep.

Xornilov (34) reported maxima -7 Lirdness and yield
strength ncar the Ni3F; componsition., For samples homog: 1i-
zed o+ 950 °C and annealed at 450 *C 'and 650 °C creep
tests in a centrifrgal crecp machine showed maxima in
creep resistance at the NisFe composition, being the peak
sharp for the first auncaling temperature and flattened
by the 650 °C anr>»al, According to Kornilov, the first
peak is due to the pres:2nce of Zaort Range Order.

Josso and Wache (35) compared the hardness of NisFe

samples which had been ordered, after quenching from =z

©
-

high temperature with the hardness of samples highly
werked and orderced. They found that in the latter case,

the hardening was much more pronounced than in the former.
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That is, the hasdening of the orlered phase devnends on Lac
"y a2n whiech the initial disordered state is se* in. nis
ubs.rvaticn prompted an extonsive investigation by Vidoz
et al. [23) on the strain aging phenomena in this =1lloy.
"1 measurements >f haruness arl tcusile properties, two

offects were Zundamentally examined

a) Short -nnezaliag periods (up to 12C minutes). Samples i
nealed ail below and above Te (43. °C to 525 °C) snow:.
an iacrease ia hardness luring the first two minutes 7
raneal:ng an' wh.och s higher, the higher the previous
cold wo.k.

In the case ovf *ensile tests it was found that the ia-
cremenc in yileld stress increases with proestrain an’
th2t the work hardening after aéing”was caly slightiy
changed. The effect vasg *pendent on grain size anc soue
r2d to <.sapp.ar for coars2 grain size crystais | .UZ
mm, initial groin dicmeter to .8 mm. final Jdiameter).
A kinsh temperature quenching or a previous dJdeforrati.@n
Ae¢.2 both necessary conditions for the effect = be pro
sent,

t) Zong term Lavdeaning (up to 120 hours arnealing time).

In this case, #u ircreace in hardness was fourad fur the
ailloys which cevelope Long Range Order when annealed.
In the t>insile 'tests it was obsoerved that the ordiered
alloys =work herﬂened more rapiily than the Jdisordercel
ones and that a prestrain before ordering enhanced Che
wor% harde ~ing rate, being the effect more pronounced

the higher the prestrain. Repeated .7r-nin nkcing treat-



repeatedly c¢nhanced the work hardening.

inother interesting effect found was that disorderced,
cold worked Ni3Fe will order but not recrystallize on
annealing., Only if the annealing temperacure was 2bove
Te, would the 10y recryscallize. This effect seems to
be relatcd to the fact that the new grains growing in
the cold worked matr’x must at tie same time, become or
dered. Since this requires very complizated atomic rear
rangement, thc ordcering seems to inhibit grain agrowth,

None ol <“he progosed explanations for the short term
hardening (SRO, segregation of solute to dislocations, con
figurations of quenched out vacancies or antiferromagnet:c
spin orcdering) can fully account for all the experimental
observations.

On the c¢ther hand the ¢r erimental results on the long
term hardening car be 2xplained in terms of the theory of
Vidoz and Brown (10) already outlined in seccion B,

Recently Fayar. and 2ehot have pointed out, as a cca-
sequence of their results in transmission electron micros-
copy, that both thre staliing fauit aad APB energies are low
for this alloy. They have also found, in contral.iction to
the observations of Vidysz et al., that ordering d-es not im
pede recrystallization, een though they o not mention the
composition of the alloy at which the effect was observed.
It should be pointed out here, that Vidoz et al. found re-
crystallization at tempgerature of 480 °C and¢ 47C °C but =
compositions ovt of stoichiometry, where the critical tempe

rature becares lower,



NisMn

This alloys apparently behaves very similarly o
NisFe. Marcinkowski ~nd Brown (37) found that the ordered
rhase consists of LRC in a matrix of SKRO. For well annea-
led samples below Tc ( 540 °C) the size of the antiphase”
Gomains is aprnczimately 509 a. |

Marcinkowski and Killer (22) have investigatudl the
plastic properties of this clloy. They calculate< the se-

saration betwzen "superpartials" as a function ¢l both

(]

the stacxing fault znd APB encrgies, and the degrec of or
der. Their value. for the suparation of "superpartials"
in the fully ordered allcy are bigger by 25% than the ob-
served ones in e¢lectron ~icroscopy (170 Z). 4 high densi-
ty of stacking faults was observed. Ordering produces, =2s
it was alrowdy mentioned, an increase in the stacking
fault energy. This is due to the surface energy associaf
ted with the aFB between "superpartial". They have calcu-
lated for the AP3, the stacking fault energy as a functuor

>f the de-ree of order as:

< (s8) o 2
25 = (.,F + 5 EOR/Q)

where E_ is the stacking fault energy for the disordered
F

lattice and EOR is the 4P3 energy. The higher value for

the stacking fault cnergy increases the probability for

simple an< double cross-slip. & higher yield point was

observed for the ordered than for Jisordered alloys.

The higher work har<ening rate observecd for thae ~r..

rc. alloy was thought to be Zfue to a Jecrease of womain



size with deformation. Flots of the flow stress versus
¢z2enching temperature for different strains, show a maxi-
mum near Tc. aAs the domaoin diameters are at least 500 3
for the annes~ling treatmeats used, Cottrell's mechanism
o>r a similar domain mechanism, are not‘applicable. The
existence of 3RO coexisting with LRO and introducing re-
sistance to the movemint of "sunerdislocations" was tho-
ught to be responsible for the effeut. .. similar explana-
tion was ~iven Zor a small broad maximum ouserved in Tlow
stress verstus annealing time (at 400 °C) for approximate-
ly 200 hours of anneeling. It should be pointed out regar
Jing to this explcnation that, according to Cottrell (12)
and Fisher (38) the energy per unit area of the slip pla-
ne associa*ted with 3510, is less than ¥ the surface ten-
sion of the 4PB. For anm 2l.,y with 5SRO the stress needed
: 8 2

for the movement of dislocation is 10 <Jynas/cm  being
mlOgdynas/cmg for the fully ordered. .. possible pile-up
in the same slip plane would reduce this difference, but
gtill the LRO -should be vrate Jdetermining for the leformu-
tion process.

For anncaling at 455 °C a broad¢ maximum in flow
stress was founc aftce 8 hours of annealing. according
to the zuthors it was due to the difficulty to the dislo-
cation motion produced by S.R.O.

Pile~-up were observed (1) in the ordered phase. They
cross several domains, indicating, therefore, that at

least in the stage II of the work hardening the domain

structure is not important for the deformation process.



3)

CusAu

As already discussec in section II, the results of
3igge arnd Brown (24) and Ardley (17} showed maxima in yiela
stress versus domaih size 1in CusAu, These were explained on
*ne basis of Cottrell's theory, In the work of Ardley (15)
on Cu3Au gingl2 crystals, & second maxim'm was found at Zem
perature above Tc, which was dependent on strain rate,

Th? results of Kuczynsk_, Loyama an4 Fine (21) show
again an incre~se in yield stress at Tc (395 °C) in spe~i-
rm2ns annealed at various temperatures and quenched to room
temperature, Slight discontinuities are also found at 590
°C and at 359 °C. The discontinuity at 590 °C is attribute:
to Fisher's SR¢ mechanisii. An increase in the work harde-
ning rate was also observed at temperatures near Tc and so-
mewhere be*Jeen 500 °C an< <00 °C.

The influenc: of <cold-work on this alloy has been ¢*“u-
“ieG in detail oy Cohen anc Bever (39) anag Roessler and se-
ver (4Q). In the first paper the influeuce of room temper: -
ture coldé work on different physical properties was studiced
Farticularly they observed that having similar initial harg
ness for the -~rdered anl] aisordered alloys, the hardness in
crease wita cold work was greater for the ordered case;
This is an indicziion of the higher rate of work hardening
of the ord=red alloy, Simi’ar effects were observed in
yield stress, In tae second paper the deformation and obser
vation of various properties wvere made at 78 °K, lleasure-
ments made in this way were compared to those observed at
room temperature. Observations of stored energy at 78 °K

would indicated the prresence of defects at 78 ?X that coulc



not been annealed out at that temperature. In the case of
crdered specimens, curves of stored energy versus resisti-
vity were plotted, for equal deformations at 78 °K and
room tempera*ure. It was found that both curves were com—
pletely coincident, indicating that the mechanism of defor
mation was not dependent on the temperature, Such a mecha-
nism could have been the reduction of the antiphase domain
size by slip intersection. No superposition in the curves
for 79 °¥ and ccom temperature was found for the disorde-
red alloy,

Marcinkowsiki et al, (2) showed in this alloy for the
“irst time the existence of APB's and "superdislocatiomns".
The separation between superpartials was found to be 130

o
A, in good agreement with the theoretical calculation. Fur

ther observazions by Marci:.xowski ans Zwell (4) on near
stoicheometric Cu3Au composition have shown the existeunce

f two types of ordering and preponderance a of screw dis-
location in the ordered alloy.
FesAl

Even though the orcering characteristics of this al-

icy are not very simple, a study of its tensile properties
could show interesting differeaces with other ordered sys-
tems. Marcinkowski and Brown (3) found that the APB energy

" .

of Fe_Al is low, and therefore the separation between "su-

b B
perpartizlis™ large. They have shown by electron microscopy
+hat dislocations in ordered FesAi do not seem to behave

as "superdis.ocations". Agsin a preponderznce of screw dis
.

location was observed in the ordered phase,



The mechanicali properties of this ziioys have becn in
vestigated by several authors:

Lawley, Coli ard Cahn (41l) found that the creep bear-
viour is critically dependent on the type of ordered struc

ture. Alloys in the Fe_al range showed, at temperature

3
near Tc an inverse transient, creep being accelerated 2u-
ring test, They also founcg a marked change in the activ -
tion energy at Tc. The inverse transient is explained by
the authors on the basis of directional SRO induced by
stress or by the superposition of it with the LRJ. The ae-
cessary change from right (A-3) bonds to the wrong ones
(A-A or B-3) produces an impedment to Cislocation movemen
and leads to viscous flow. The same process was held to be

the mecharism that is rate determining for creep. On the

basis of Weertman expresgion for viscous flow

’

3.2, .
E = T b /f\:;:j
where a4 is a quantity (temperature dependent) which is de-
termined by the viscous flow; ¥ is the stress,p the shear

2
modulus and B = b /2R(1 -V ). Lawley et al, obtain:

é = 0,35'73 Dépgsb

X being the AP3 cenergy, U the diffusion coefficient of wvi-
ther the solute or the solvent. As % decreases with increz
sing temperature, it would produce an extra contribution
to the activation energy and would e*plain the increase in
activation energy at temperature near the critical one,
This explanation is objected by Lavies (42) who observes
that the reasons of Lawley et al. for disregarding the

climb process in their discussion of their results was ba-
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sed on a difference of »10° in the coefficient of diffu-
sion of pure Fe and the Fe-al alloys and the one obtained
from the observed creep tests. Davies found that an extra-
polation of creep rates at lower stress gives the correct
order of magnitucde for both pure iron and Fe-Al zlloys. On
the basis of his experimental results he proposed therefo-
re that climb is rate d<etermining for temperature below
500 °C, and that the higher activation energies observed
in the ordéered state are due to the increased activation
energy for diffusionin ordered alloys. Dislocation climb
in these alloys should be easier because of the observed
low APB energy that produces a very large splitting bet-
ween "superpartials", which behave therefore as "single"
dislocations,

At temperature above 500 °C the non-conservative mo-
tion of jogs seems to be rate determining. This is confir-
med by the measurements of the activation energies and ac-
tivation volumes, which indicated the correct orZer of majg
nitude for a jog mechanism.

FinalLy, Lawley, Vidoz and Cahn (43) have investiga-
ted the room temperature yield stress as function of quen-
ching temperature. They found a maximum in the yield
stress for samples quenched from temperatures near Tc, for
annealing times of 10 minutes or longer. An explanation
for this peak is given on the basis of the 8.K.U. mecha-
nism proposed by Sumino and Fisher, the latter being predo

minant for quenching temperatures higher than Tc.
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V. EXFERIMENTAL APPuRATUS TO BE USED
FOR THE PRESENT INVIESTIGATICN.

The tensile machine. . hard tensile machine (Folanyi ty-

pe) has been constructed. It is shown in Fig. 1 and¢ <.

The screw (&) of a very accurately cut thread, is helc

5 s . -t
1’ 2)

has a hole along its complete length. .i worm wheel (3)

centrally in the framework by ball bearings (

locked at the top end of the screw, is used to transmit
the movement to the screw. The fixeéd framework consists

of two steel plates (C,) (Cg)held together by six paral-

i

1 to Db)' The turning of the Lead screw

produces the linear displacement of the cross head (E).

lel steel bars (D

The cross head has only one degree of freecomallowed by
constraining it to move along bars Dl and 32 of the fro-

mework, The rods (F F2) are attached to the cross-head

l)
and run through holes with brass bushing situated in the
lower. plate of the framework. The. tie rods are connec-
ted by a small plate (G) which carries the lower speci-
men grip.

The power is supplied by a constant spPeed motor with =
réduction gear box (Hl, Hg) and transmited by using
chains and sprockets (1l). The lower sprocket Il is con-
nected axially with a screw shaft, which run in b&ll ra-

ces, (I 13), and transmites power to the locked worm

2)
wheel (B).
The load is measured by means of a strain gauge bri.ge

(J) attached to the framework at one end and at the o-

ther end connected to the tie rod (K) which runs through



the hole in the lead screw and has on the lower end the

top specimen grip (62).

Strain is measureud with linear transcucer (L) bpetween
the cross head and the framework,

3oth signals, the one of the transducer and of the
strain gauge bridge are fed into an X-Y Speedomax Recor
«er in order to obtain directly the stress-strain curve
on the recorder chart., On figure 3 are shown the X-Y reg
corder, the 1 Xc¢ power source for the transducer (cons-
tructed at our Zlectronics Division Laboratories) and
the controls of the strain gauge bridge (according to
€ircuits shown).

The teneile machine has been testec up to 500 Kg. loacd
showing complete linearity in this range. The constant
strain-rate is 10_4 mm/mm/min,

The vacuum furnace. The oxidation of Ni/fe zlloys makes

necessary the use of good vacuum or a protective atmos-

phere during annealing. Two furnaces were constructed

to make the heat treatments:

a) Figure 5 shows a furnace designec for temperature up
£> 1.600 °C which will be used for the growing of sin
gle crystals of Ni-Fe =zlloys. It is an electriczl rg
sistance furnace, with Mo windings. The power sus;lyis

I a 220/45 Volts, 5 XW transformer. The vacuum is bet-
ter than 10_5 mm., Hg.

b) Figure 6 and 8 show 2 quenching furnace, designed sO
to be able to quench.the samples from a vacuum high

temperature treatment (up to 1000 °C) into different



quenching substance. The samples are placed in tube 4,
the vacuum chamber, and they are helé¢ by means of a
thin metal wire, When the desired heat treatment is
complete, & current is passed through this wire, cut—
ting it, the samples being quenched through a thiwe my-
lar membrane (3) placed at the botton of the furnace

tube 1into the quenching medium,

VI. FUTURE RESE:ARCH PROGRAH
.
Detailed investigation of the short term hardening in

NigFe alloys.

4 study will be made of the influence of different
factors on the effect, for prestrains of 15 - 17%, The
effect of different annealing temperatures andé annea-
ling times will be observed, For the values for which
the above variables have the maximum effect, hardness
and tensile tests will be made at temperature. Under
the same concitions the effect of grain size also will
be studied,

It is expected that the data obtainedé should give
enough‘information to permit a better understanding of
the charzcteristic of the effect.

The possibility of magnetic annealing will be al-
so taken into. account, The possible influence of inte-
raction between ferromagnetic domain walls and point
defects.on the deformation process will be investiga-

k]

tedc,
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Quenched samples will be also used and hardness mea-
surements should be made with special enphasis on the ef-
fect of different quenching velocities,

Yield stress versus ordering ~nnealing time will be stu-
Gied to scek the possible effects of APB interaction. The
se results should give useful data for the work hardening
investigation,

An investigation of the work hardening characteristics of
single crystals as a function of test temperature and of
different strain rates will be started soon. These data,
should yield information regarding the validity of Vidoz
and Broén's jog model and should give a better picture of
the deformation process in ordered alloys.

Tests will be made in other alloys as i% is mentio-

ned in section III,
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