
PLASTIC PROPERTIES OF F.C.C. ORDERED SOLID SOLUTIONS*

M. Victoria

July 1963

+Progress Report
- — * ........ - .r ... - - - g .......  ■ ■

CENTRO ATOMICO BAIULOCHE

COMISION NACIONAL DE ENERGIA ATOMICA

INSTITUTO IJE FISICA “ Dr. J. A. BALSEIHU” 

UNIVERSIDAD NACIONAL DE CUYO

SAN CARLOS DE BARILOCHE, RIO NEGRO - ARGENTINA



íLASTIC PR0PBRTIB3 OF F.G.C. GRljBRBD SOLIL SOLUTIONS

M. Victoria

4*

Centro Atómico 3ariloche 
(Comisión Nacional de Bnergia Atómica)

Instituto de Física "Dr. José A .3alse iroJI 
(Universidad Nacional de Cuyo)

S.C. de Bariloche, Río Negro, Argentina

July 1963

Frogress report



N O T E

This work was performed with the support of 
the Army Research Office of The United Sta­
tes of America, under Grant N° — ARO -49 
- 092 - 63 - 12.



1
1

4
4
5
6
7
7
7

10

12
14
16
17

20

22

24

Conté nts

Introduction ............................... .
The yield stress ..........
a) Change in the type of crystallogra- 

phic structure ...... ................ ... .
b) Change in lattice parameter ............
c) L»ifferent types of ¿-PB ...... ...........
Effects of order on the work hardening .... 
a ) Low tempe r a ture ............... .
b) Intermedíate temperatura ................
c) High temperature .........................
Some previous results with the alloys to be 
used in the present investigation .........
1) Ni Fe ........... .........................3
2) Ni Mn „............... .................3
3 ) Cu^Au ................................. . . .
4) Fe -Ai..... ...............................
Experimental apparatus to be useü for the 
present investigation .... .................
Future research progr^m .....................

Re f e re nce s



-  1 -

I. INTRODÜCTION

number of theories have been proposed to explain the 
plástic behaviour of ordered solid solutions. Most of them 
try zo 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,

II. THS YI3LD STRB33

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, in 
orass (body centered cubic) the (000) and (-ü"i) 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 a possibility that 
two regions — one with the Zn atoms in (000) sites and the
o the r in (iM) 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 specias. The li- 
mit between the regions being one where the bonding takes 
place between like atoms, is therefore a región of high 
energy. Bach type of ordered región is known as a antiph?se 
domain (--F-D) and the limits between them antiphase domain 
boundaries (.¿P3) . It is generally assumed that the LSO t*u- 
kes place by the growing of the APD, the AFaí’s diminishing



progressively. well annealed cryatal shall have, as we 
will see below, **F31 s only in association with tiie existent 
dislocations. These domains have been observed in several 
ordered solid solutions, by means of electrón microscopy by 
¡víarcinkowski and co-workers (1-6) and Fashley and Presland 
(6,7).

The movement of a normal d location in a well ordered 
lattice produce a change in bonding pairs creating .»I'31 s in 
its wake. Taking .016 e.V. as an approximate valué for the 
energy involved in the change of bonding, the surface ten­
sión ^ associated with the AP3 is of the order of 70 dynas/ 
cm. The shear stress necessaiy for the movement of the dis- 
location is therefore:

% 9 , 2T ~ -^3x10 dynas/cm b
where b is the Burgers vector.

Appajrently, Koehler and Seitz (8) were the first to 
suggest that the energy of the system could be lowered if 
the rr.ovement of disloca tions, in the ordered lattice, occur 
red in pairs in the same s ü p  plañe. The second disloca- 
tions being able to restore the order to the región of the 
s ü p  plañe where the first one has produced disor&eretí in 
its wake, An equilibrium situation is thus cr. ted between 
the elastic strain forces of the two dislocations involved 
and the surface forcé of the between them. Tliis configu.
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 tóarcinkowski and 
co-workers in ordered Cu^Au (2), (4), (5), CuAu (4), Ni^íán
(1), Fe Al (1)., (3). The equilibrium separation of superpr.r 3
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tials has been calculated by: Hermann and Brown for $  bra&s 
(1^' , Flinn for f.c.c. and b.c.c. structures (H) and by 
Marcinkowski et al, in the above mentioned papers.

But the introduction of the "superdislocations" did 
not expía i n the ob ser ved be haviour of the yield stress. Co_t 
trell (12) pointed out that the existence of APB *s can pro­
duce ar. increr.se i- n yield strength under certain conditions. 
For a given annealed domrin size, the movamtat of superdis- 
locations produces an increase in the quantity of APB 1 s 1.y 
Sxip intersection. Tnis v .11 malee more difficult a furLttr 
movement of the "ruperdislocations", and as c re&vlt the 
yield strength increases. As domains grow bigger by antier.~ 
ling, the probability for intersection diminishes, tneredo­
re , decreasing the yielJ strength after haviag passed 
throught a m...ximum. According to Cottrelx the yield stress 
T is related to the mean diameter of the domains J(. oy th~ 
eq 1 1 i o r

r , í (i - *t) 
l i

'•r.ith a máximum yield streos for £ —%'a.jí.%
•y = (£ -40 X)1 m -.¿a

i,ere ^ is the sur f&ce cension associated with the ÁP3, a is 
the interatomic specing and a constant ('*'6) which depenr's 
on the geoire ~ry of the domains.

Logie (13) has made a more de¿ailed calcula .ion of the 
structural change producea by ŝ -ip, obtaining s’.miiar r~- 
sults to those of Cottrell. Bxpe^imentally, the above me ni: i o 
ned predicción;.; have. been tested by Biggs and Broom (á .̂i anci
by Ardley (15). A máximum in the yield strength was found by

l,the former authors for domain size of apprcxima cely 50  ̂ m



- 4 -

¿iameter. On the basis of the results of 3iggs ¿ná -reo.'. 
Logie's calculation gives about two atomic distances ror 
the width of AF3.

The results of «rüley for single crystals also show 
again a máximum yield stress in the región of 15-30 Co_ 
main diameter. Similar characteristics were observed in 
j; brass by .-.rdley and Cottrell (9).

Finally several other models have been proposed to 
explain the yield stress behaviour in some particular u3_ 
loys. These are:
a) Chango in the type of crystallographic structure 

Jaumot and Sawatzki (15) studied the Cu-?d system, 
where a transformation fron f.c.c. to tetragonal lat­
tice takes place or ordering.
In this case the observed increase in hardness is ex­
pía i ne d as a result of the internal stresses set up 
by the misfit produced by the tetragonal pliase in the 
disordered f.c.c. phase. These internal stresses Ín­
ter fere with the movement of dislocations. 3xtreme c_}_ 
ses woulo be the f.c.c. or tetragonal puré phases, c 
máximum in hardness woulo correspond to máximum mis­
fit in an mixed structure.

b) Change in lattice parameter
Ordering decreases the distance between nearest neigíi 
bors, increasing the number of unlike atom at the s - 
me t ime .
Sumino (17) calculates the interaction between the e- 
lastic stress field of dislocations and ordering.. He 
points out that in places where the elastic field
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tends to increase the atomic distance, ordering docro?.- 
ses, and ad'tíitional energy is necessary for the cisor- 
der procíuced by the dislocation movement. máximum in 
y ioló stgca¿tU • is pro^icteu :¡ t t; ¡’i? er . -v.r s 3 *oar the 
critical ordering temperature, The movement of screw 
dislocations i» easier than that of edge dislocations 
in the ordered lattice, because of the difference in 
the strain energy.

c) 3ifferent types of AP3
,'irown (13), (19) has stuúied in detail the effect of 
■ .PB' s on deformation. Me argües that --aF-j- produced oy 
slip are different from those produced 3t thermal equi­
librium, the former being sharp, while the latter are 
cifrase. Because of this difference the second "super- 
partial" fail to reorder completely the aisoroer produ- 
ced by the first. This diffused boundary will became 
sharp at 0 pX . The stress to move the "superdislocation" 
in the brass ty.pe superlattice is calcúlate^ by Brown 
as : o

T = NbT3*/4b

where N is the density of atorns in the A?3, k. is the 
3oltzmann's constant, T is the absolute temperature and 
3s is the initial degree of oruer.
The máximum stress is found at an intermedíate stcte oi 
order, because for T]>Tc there is no LRJ, ano at 1 = 0 
there is no difference between both types of --F3.



III. EFFECT3 OF 0R32S ON THE WORK KARD3NING

Various investigators have reported an enhanced work 
hardening rate in the ordered alloys (11), (20) - (23).

Flinn (11) has made a detailed calculación O j?  the e- 
nergy associated with ¿FB1s in both f.c.c. and b.c.c. lat 
tices. According to his results, the configuration oí: mí­
nimum energy in general is such, that the common plañe of 
the superpartials is not a s ü p  plañe. In the case of or­
dered L1 (Cu ¿u) type of structure he concludes:6 vi
i) For puré screw dislocations, the common plañe chan- 

ges from (111) to (001), loworing therefore the APB 
energy because of vanishing neighbors energy.

ii) For dislocations in the [i ü ] direction máximum re- 
¿ucíiJú Djc-.rs if con/sor. 1̂. e.i f r on 
(111) to (113). -c the elastic term appearing for 
this orientation has a minimum in (011), the equili- 
brium position will be between (113) and (Gil) pla­
nes .

iii) Puré edge dislocations in Ql 12̂  direction have a mí­
nimum sur face tensión in (111) but the correspon-

*ding elastic energy has a máximum there. This is a 
position of metastable equilibrium for a hump is 
found between the relative minimum in energy at 
(111) and the absolute minimum in (110).
Similar results were obtained for 3^ (^ brass) type 

of structure.
On the basis of the above considerations Flinn anal¿¡_ 

zes three cases for deformation:



a) Low tempcrature (no diffusión)
Before c. , f r : ;:i takes place,, fiisiocations are ei- 
ther at stable or .metastable positions, be-cause those 
in unstable positions dissapear during ordering, whi- 
le diffusión is possible» Only in orientations noar 
to 112 (puré edge) will both ''superpartials" be oa 
the same s ü p  plañe., This "superdislocations1’ or por 
tions of them with this orientation will be preferreú 
to move and will bccame sources by the Frank—Reau me — 
chanism.
The principal obstacle to the movement of dislocation 
in this model of deformation are the APB.

b) Intermedíate temperature
Portion of dislocations will now be able, by diffu­
sión, to change to a more favourable configuration. 
The creati'n of new AP3 makes further deformation di_f 
ficult. The flow stress should increase with tempera- 
ture in this range.

c) High temperature
Again "superdislocations" will be in stable -̂r meta — 
stable position. The flow stress will be controller 
by the movement .of "superdislocations” which c.o not 
have their common plañe oa the s ü p  plañe, croating 
a viscous flow.

The rapid work hardening was attributed by Flinn te 
the reduction of the antiphase domains by s ü p  intersec- 
tion, the nowly created ¿P3 making further deformation 
more difficult. In this case the work hardening rate 
should be dependent on the initial domain size.
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Marcinkowski and I.iiller (22) have observe d in Ni i':.n
KJ

that ordering produces an incroase in the stacking fault 
energy. The immeüiate consequence of this is that eross— 
slip and douMe cross-slip should be easier in the ordi- 
red than in the disordered alloy. Further úiscussion on 
this work is given below.

Strain aging tests were performed by Vidoz, Lazare- 
vic and Gahn (23), particularly in Ni Fe alloys. TheyO
found not only an increased rate of work hardening for 
the ordered phase, but also that the work hardening is 
greater, the greater the previous deformation.

Taoka et al. (24), (25), using electrón microscopy 
and Vidoz et al. (23) in uptical (phase contrast) micros 
copy, have shown in a series of alloys that cross-slip, 
both, simple and double, occurs in the disor^ered struc- 
ture. The ordered alloy exhibits evidence of fine slip, 
with a regular spacing but no croas slip. Taoka and c - 
workers concluUeu that this type of slip is chr.ractcris- 
tic of the bulk specimen, being homcgeneous, that is, 
with deformation localized in each ban .

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

The "superdislocations" will became jogged on its 
intersection with forest "superdislocations". These ^ogs 
will, in general, not be aligned. If a jogged "super ,is- 
location” moves, it will produce tubes of AP3. An addi- 
tional energy will be needed, therefore for the tubc fo_r
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mation. The energy associated with the APB ribbon is

2ribb = ; const*
independent of the degree of order and the domain size.
If the same jog density is present in both the ordereú 
and disordercd lattices the úifference in the
flow stress of both types of lattices at a given strain

X.
should be proportional to £ s, which is in agreement
with experimental results.

The higher the prestrain, the higher the number of
forest dislocations, therefore increasing the number of
intersections per unit strain and therefore the work
hardening. Baseó on this moüel Pampillo (26) has been
ablfe te stablish the relation

R = 9 _ _ o r d e r ./G d i s o r . ii ‘ II
>etween the work hardening cocfficients of the orderec’ 
and disordered alloys. The constant valúes of R founú 
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) presentec some data
for Cu_Au that would indicate that domain size does ha- 3
ve an influence on the strain hardening. But the domain
sizes given by the author (at which the effect is obse_r
ved) seem to be much too big, even thought his samples
were annealeu for very long time. ívlarcinkowski (1) oL-
served Cu.Au domain sizes of the order of 500 A in con- 

3 3 5 0trast tú the valúes of 2,5.10 - 10 A given by líordon.
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IV. SOME PREVI0U3 RESULTS WITH THE 
ALL0Y3 TO BE USEj IN THE PEB- 
SENT INV2STIGATI0N.

1) Ni Fe
A superla ttice of the L1 type (Cu áu) existsU

the Ni/Fe alloy at compositions near to Ni Fe. TheO
critical temperature for ordering is 503-506 °C.

O
Máximum domain size is given as 30 A by Lyashenko 
et al. from neutróndiffraction data while the data 
of Wakelin and Yates (28) seems to indicate a doma 
in size of a few hundred angstroms.

The ordering kinetics have been studied in áe_ 
tail by Iioa (30), (31) using calorimetric analy- 
sis. His results indicate that the process of orde_ 
ring takes place first s Short Range Ordering (SI?
0) for annealing times up to 10 hours, LSO cieve- 
lops for longer annealing times to up 60 hours at 
490 °C. No changes in internal energy are founo to 
take place for longer annealing perioCs, although 
structure dependent properties still show changes 
for annealing periods well over the 60 hours. i.he 
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 degre.e of order, a di.sconti_ 
nuity taking place in the creep rate versus 1/T
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curve near tho critical temperature. Creop rate is uccei¿
rated below Te for both the ordereá and disor^ered states.
From their resuxts the authers concluded that a elimo ne-
ehanism is rate controlling, the acceleration of creep be-
ing due to an enhanced c ü m b  rate because of ordering. At
the same tiñe, vacancy dii rusion is more üifficult in th
,'rdered phase, being preíerential in the s ü p  bands. This
process, in the authors point of view, accounts for the
jbserve-d ¿Sepe ídence on stress.

The above conclusions are disputed by Davies (33) who
concluded, from similar evidence (lot , creep rate V'rsus
log. stress curves) that the noncouservative motion of
jogs is r te controlling. The discrepancias between the
above mentí oneO results are due, accorüing to Davies, to
the fact tbit Suzuki and Yaramoto were not measuring stea-
úy state creep, but rather a state of traasient creep.

Kornilov (34) reported maxima Ivirdnefs and yield
strength near che Ni Fj composition. For samples homogr li-3
zed rt 950 “C and annealec1. at 450 *C 'and 550 °G creep 
tests in a centrifigal creep machine showed maxima in 
creep resistance at the Ni Fe composition, being the peakO
sharp for* the first aunoaüng temperature and flattened
by the 650 °C anroal, According to Kornilov, the first
peak is due to the presjnce of Short Rangc Order.

Josso and Wache (35) compared 'the hardness of Ni Feü
samples which had been ordered, after quenching from a 
high temperature with the hardness of samples highly e l '  
w^rked and ordered. They found that in the latter case, 
the hardening was much more pronounced than in the former.
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That is, the hardening of the ordered phr.se cepends on iho 
~ny in whirh the ^nitial disordered otate is se* in. Tnis 
übsv.rvatLcn prompted an exte nsivo invest:'gation by Viooz 
et al. (23) on the strain aging phenomena in this -Hoy.
"n measurements of haruness ari teusile properties, two 
offeets wer„ Cundamentally examined
a) Short '•.nnealinp perioos (up to 120 minutes) • Samples an 

nealed ai, below ar?d abo ve Te (43, °C to 52b °C) saow ,> 
an lacrease i a hardnrss ’.uring the f irot two minutes . 3 
p nneali.ng an-’ wh_cli f s higfcer, the higher the previous
coid WOxk.
In the case uf ^ensile tests it was found that the íi- 
creraenc in yield stress incoases with prestrain and 
thzt the work hardening after aging was cnly slightly 
changed. The effect v. >pendent on grain size ano sufc
red to cisapp,ar por coarso grain size crystais (.02 
mra. initial grain diameter to .8 mm. final diameter) .
A high temperatura qvenching or a previous de forra ti .;n 
,jê  e both necessary condi cions for the effect t - be pro 
se nt.

b ' Long term aardening (up to 120 hours ar.nea." ing time) .
In tuis case, ra ir.crea-je xn hardness was foi nd for the 
alloys which ce /elope. Long Rango Order when annealed.
I11 the tínsile teats it was obsorved that the ordered 
alloys work hi rdened more rapi ily than the disorderec 
ones and that a prejtrain before ordering enhancod jho 
work hardening r.ate , being the effect more pronounced 
the hi£ her the prestrain,. Repea ted .-';rain r.'-cing treat-
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repeatedly enhancec the work hardeninj.
^nother interesting effect found was that disorderec!, 
coid worked Ni Fe will order but not recrystallize onO
annealing. Only if the annealing tempera cure was aboye 
Te, woulo the lloy reeryscallize. This effect seems to 
be relateC to the fact that the new grains growing in 
the coid worked matrf.x must at the same time, become or 
dered. Since this reqrires very co^plicated atomic rear 
rangement, the orderinr; seerr. 3 to inhibit ^rain growth.

None Oí the pro;.ose¿ explanations for the short term 
hardening (SEO, segregation of solute to dislocations, coni 
figura tions of quencheo out vacancies or antiferromagnet:c 
spin ordering) can fully a^count for all the experimental 
observa tions..

On the cther hand the e.v erimental results on the long 
term hardening car be explained in terms of the theory of 
Vidoz and Brown (10) already outlined in sección B.

Recently Fayar^ and 3ehot have pointed out, as a e n -  
sequence of their results in transmission electrón micros- 
copy, that both the ¿tai:ing fault and AP3 energies are low 
for this alloy. They have also found, in contraliction to 
the observations of Vidoz et al., that ordering does not im 
Dede recrystallizatj_on, e 'en though they do not mention the 
composition of the alloy at which the effect was observed. 
It shouló be pointed out here, that Vidoz et al. found re- 
crystallization at temperature of 480 °C and 470 °C but at 
compositions ort of stoichiometry, where the critical tempe 
rature becares lpwer.
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2) Ni Mn 3
This alloys apparently behaves very similarly "o

Ni Fe. Marcinkowski '"nd Brown (37) found that the oruered 3
phase consists of LRO in a matrix of SRO. For well annea- 
led samples below Te ( 540 °G) the size of túe antiphase

o
domains is apprcxima tely 500

Marcinkowski and í.Iiller (22) have investígated the 
plástic properties of this tlloy. They calculated the se- 
paration betunen "superpartials" as a function C l both 
the stacking fault and APB encrgies, and the degree of or_ 
der. Their valueo for the soparation of "superpartials" 
in the fully ordered alloy are bigger by 25% than the ob-

O
served ones in electrón "icroscopy (170 a). high densi- 
ty of stacking faults was observed. Ordering produces, as 
it was alroc.uy mentioned, an increase in the stacking 
fault energy. This is due to the surface energy associa- 
ted with the ^F3 between "superpartial". They have calcu- 
la te ó for the AP3, the stacking fault energy as a functicr. 
of the de ;ree of order as:

3f<6' - ‘5f + 3 2  eok/2>
where 3^ is the stacking fault energy for the disordered
lattice and E is the AP3 energy. The higher valué for OR
the stacking fault energy increases the probability for 
simple an'. double cross-süp . higher yield point was 
observed for the ordered than Cor •. isorcereu alloys.

The higher work hardening rate observed for the 
red alloy was thought to be due to a decrease of uomain
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size with deformation. Plots of the flow stress versus 
cuenching temperature for different strains, show a ir.axi-

o
mum near Te. As the domain dianietors are at least 500 A 
for the annerüng treatments used, Cottrell's mechanism 
or a similar domain mechanisrr, are nct appücable. The 
existence of 3R0 coexisting with LRG and introducing re- 
sistance to the movement of " suoe rdisloca t ions11 was tho- 
ught to be responsible for the effe.:t. - similar explana- 
tion was 'íiven for a small broad máximum ooserved in °l.ow 
stress versus annealing time (at 400 °C) for approximate- 
ly 200 hours of annealing. It should be pointed out roga_r 
ding to this expíenation that, according to Cottrell (12) 
and Fisher (38) the energy per unit area of the s ü p  pla­
ñe associated with 51.0, is less than ^ , the surface ten­
sión of the APB. For an a ü  _>y with SRO the stress neededt 8 2for the movement of dislocation is "**10 dyn&s/cm being

9 . 2-'10 dynas/cm for the fully ordered. ^ possible pile-up 
in the same s ü p  plañe would reduce this difference, but 
still the LRO should be rate deterrnining for the deforma­
tion procesa.

For annealing at 4'S5 °C a broad máximum in flow 
stress was founc after 8 hours of annealing. i.ccording 
to the authors it was due to the difficulty to the dislo— 
catión 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.
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3 i CV “
As alreaóy discussed in section II, the resulte of

Biggs arid.Brown (-4) and Ardley (l”-) showed maxima in yiela
stress versus ¿oraain size in Cu Au, These were explained on3
tne basis of Cottrell'c theory, In the work of Ardley (15)
on Cu Au sirg.1 3 crystals, a second maxim-’.m was found at terr. 3 —
perature above Te, which was dependent on strain rate.

Th'? results of Kuczynsfc-, I/oyama an-l fine (21) show 
again an incre-s') in yield stress at Te (395 °C) in spe-"‘i- 
rr:3ns anneule i at various temperatures and quenched to room 
temperature, Slight discontinuities are also found at 590 
°C and at 350 °C. The disrontinuity at 590 °C is attribute;. 
to Fisher’s S30 mechanisr.. An increase in the work harde­
ning rate was also obserVed at temperatures near Te and so- 
mewhere be^-reen 500 *C a ni -c00 °C.

The influenc: of cold-work on this alloy has been e':u- 
c’ieU in detall by Cohén ano Bever (39) ano Soessler and he- 
ver (40). In the first paper the influence of room tempera- 
ture coid work on different physical properties was studiael 
Farticularly they ODserved that having similar initial harjá 
neps for the ^rdered anJ aisordered alloys, the hardness in 
crease with coid work was greater for the ordered case.
This is an indicación of the higher rate of work hardening 
of the ordered alloy. Simi’.ar effeets were observed in 
yield stress,, In the second paper the deformation and obser 
Vation of various properties were Hade at 78 °K, Lie asure- 
ments made in this way were compared to those observed at 
room temperature. Observations of stored energy at 78 °K 
would indicated the presence of defeets at 78 °S that coule
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not been annealed out at that temperatura. In the case of 
crdered specimens, curves of stored energy versus resisti- 
vity were plotted, for equal deformations at 78 °K and 
room temperature. It was found that both curves were com- 
pletely coincident, indicating that the mechanism of defor^ 
mation was not dependcnt on the temperature. Such a mecha­
nism could have been the reduction of the antiphase domain 
size by slip intarsection. No superposition in the curves 
for 7o, °K and room temperature was found for the disorce- 
red a Hoy.

Marc inkowslti et al. (2) showecl in this alloy for the
"irst time the existence of APB * s and "superdislocatioixs" .
The separation between superpartials was found to be 130 
o
A, in good agreement with the theoretical calculation. 
ther observa tions by Marci:. ’towski ano Zwell (4) on near 
stoicheometrie Cu^Au composition have shown the existence 
f two types of ordering and preponderanee a of screw dis­

location in the ordered alloy..
4) Fe Al 3

Even though the ordering characteristics of this al- 
iry are not very simple, a study of its tensile properties 
could show interesting differences with other ordered sys- 
tems. Marcinkowski and ¿rown (3) found that the APB energy 
of Fe^Al is low, and therefore the separation between "su-

Kj
perpartiels" large. They have shown by electrón microscopy
that Gislocations in ordered Fe ¿i -t do not seem to behave

ó
as ” supe r disloca tions” - Again a preponderance of screw (lis 
location «jas observed in the ordered phase .
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The mechanical properties of this alloys have been in
vestigated by several authorsí

Lawley, Goll and Cahn (41) found that tha creep bea --
Viour is critically dependent on the type of ordered struc
ture. Alloys in the Fe Al range showed, at temperature

ó
near Te an inverse transient, creep being accelerated Ju- 
ring test. They also founo a marked change in the activ - 
tion energy at Te. 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 LRO. The ae- 
cessary change from right (A-B) bonds to the wrong ones 
(A-A or 3-3) produces an impedment to cislocation movemen 
and leads to viscous flow. The same process was held to be 
the mechanism that is rate determining for creep. On the 
basis of Weertman expression for viscous flow

¿ r 3h2 / - fc = T b a

where a is a quantity (temperature dependent) which is de-
termined by the viscous flowjf" is the s t r e s s , t h e shear

2modulus and B = (1 - \> ) . Lawley et al. obtain:

£ = 0.35
^ being the APB energy, D the diffusion coefficient of ei- 
ther the solute or the solvent. As ^ decreases with incre£ 
sing temperature, it would produce an extra contribution 
to the activation energy and would explain 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 uisregarding the 
climb process in their discussion of their results was ba-
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jjsed on a difference of «“10 in the coefficient of diffu- 
sion of puré Fe and the Fe-Al alloys and the one obtained 
from the observed cresp tests. Davies found that an extra- 
polation of creep rates at lower stress gives the correct 
order of magnituce for both puré iron and Fe-Al alloys. On 
the basis of his experimental results he proposed therefo- 
re that climb is rate cetermining for temperature below 
500 °C, and that the higher activation energies observed 
in the ordered state are due to the increased activation 
energy for diffusión in 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
mad by the measurements of the activation energies and ac­
tivation volumes, which indicated the correct oríor of mag 
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 máximum in the yield 
stress for samples quenched from temperatures near Te, for 
annealing times of 10 minutes or longer. An explanation 
for this peak is given on the basis of the 3.R .0. mecha­
nism proposed by Sumino and Fisher, the latter being predo 
minant for quenching temperatures higher than Te.
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V. EXPERIMENTAL APP^RATUS TO 3B US3D 
FOR THE PRESENT INVESTIGATION.

1) The tensile machine. A hard tensile machine (Folanyi ty- 
pe) has been constructed, It is shown in Fig. 1 and 2. 
The screw (¿x) of a very accurateiy cut thread, is hela 
centrally in the framework by ball bearings “ 2 *̂
has a hole along its complete length. .» worm wheel (3) 
locked at the top end of the screw, is used to transmit 
the movement to the screw. The fixed framework consists 
of two steel plates (C ) (G )held together by six paral-X ¿1
leí steel bars (lí to D ) . The turning of the Lead screw1 o
produces the linear úisplacement of the cross head (E).
The cross head has only one degree of f reec.om allowed by
constraining it to move along bars D and D of the frr-1 2
mework. The rods (F , F ) are attached to the cross-heaá-1- A
and run through holes with brass bushing situateó in the 
lowor píate of the framework. The tie rods are connec- 
ted by a smaJ1 píate (G) which carries the lower speci- 
men gr ip.
The power is supplieu by a constant speeo motor with a
reduction gear box (H , H ) and transmited by using1 2
chains and sprockets (!)• The lower sprocket I is con- 
nected axially with a screw shaft, which run in D&ll ra­
ces, {X , I_), and transmites power to the locked wormá O 
whee1 (3) .
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
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the hole in the lead screw ana has on the lower end the 
top specimen grip (O^)*
Strain is measureu with linear transducer (L) between 
the cross heac and the framework.
3oth signáis, the one of the transducer and of the 
strain gauge brióge are fed into an X-Y Speeúomax Reco_r 
uer in order to obtain directly the stress-strain curve 
on the recorder chart. On figure 3 are shown the X-Y re 
coroer, the 1 Kc power source for the transducer (conj- 
tructed at our Blectronics División Laboratories) and 
the Controls of the strain gauge bridge (according to 
«ircuits shown).
The tefreile machine has been testec. up to 500 Kg. load
showing complete linearity in this range. The constant

-4strain-rate is 10 mm/mm/min.
2) The vacuum furnace. The oxidation of Ni/fe alloys malees 

necessary the use of goou vacuum or a protective atmos — 
phere during annealing. Two furnaces were constructed 
to make the heat treatments:
a) Figure 5 shows a furnace designeo for temperature up

£? 1.600 °C which will be used for the growing of sic
gle crystals of Ni-Fe alloys. It is an electrical r£
sistance furnace, with Mo windings. The power su^lyis

: a 220/45 Volts, 5 KW transformer. The vacuum is bet- 
-5ter than 10 mm. Hg.

b) Figure 6 and 8 show a quenching furnace, designed so 
to be able to quench the samples f rom a vacuum high 
temperature treatment (up to 1000 °C) into different
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quenching substance. The samples are placed in tube A, 
the vacuum chamber, and they are hele by means of a 
thin metal wire. When the cesired heat treatment is 
complete, a current is passed through this wire, cut- 
ting it, the samples being quenched through a thi* my- 
lar membrane (3) placed at the botton of the furnace 
tube into the quenching médium.

VI. FUTURE RESEARCH PROGRAM
9

1) Detailed investigation of the short term hardening in
Ni Fe alloys.3

A study will be made of the influence of different 
factors on the effect, for prestrains of 15 - 17%. The 
effect of different annealing temperatures anc; annea- 
liñg times will be observed, For the valúes for which 
the above variables have the máximum effect, hardness 
and tensile tests will be made at temperature. Under 
the same concitions the effect of grain size also will 
be studieú.

It is expected that the data obtained should give 
enough Information to permit* a better understanding of 
the characteristic of the effect.

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

2) Yield stress versus ordering annealing time will be stu- 
died to scek the possible effects of AFB interact'ion. The 
se results should give useful data for the work hardening 
investigation.

3) 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 Brown's jog model and should give a better picture of 
the deformation process in ordered alloys.

Tests will be made in other alloys as it is mentio- 
ned in section III.
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