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TWO-PHASE NICROSTRUCTURES OF cx-Fe-Al ALLOYS IN 
THE K-STATE 

* H. Warlimont and G. Thomas 

UCRL-l86l0 

Inorganic' Haterials Research Division, La1;vrence Radiation Laboratory, 
Department of~faterials Science and Engineering, University of 

California, Berkeley, Californi~ 

ABSTRACT 

Electron diffraction and microscopy have been utilized to investigate 

the Fe-Al sys tem up to 20 a L ~~ AI. I t is found tha t alloys a t and above 

10 at.% Al aged at low temperatures consist of two phases as indicated by 

coherent particle strain contrast images and by electron diffraction. At 

18 aLi. Aland above the particles are identified as the Cl
1 

phase exhibiting 

D0
3 

type structure. Thus, the so-called K-state and other abnormal proper­

ties attributed previously to short range order in these alloys are associ-

. . 0 

ated with very small ordered particles (SOA or less in diameter). Outside 

the conventional two-phase field growth of these particles is severely 

limited. 

*. 
Permanent Address: Max-Planck-Institut fur Meta1lforschung, Institut fur 

Meta11kunde, Stuttgart, Germany., 
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INTRODUCTION 

" * I ron':' aluminium solid solutions 5 to 19%1 Al exhibit an increase in 

electricalresfstivity when quenched and aged, and a decrease when quenched 

'and deformed. [1,2] This abnormal beha:vior is not observed in pure metals 

, and most dilute alloy solid solutio,ns, but has been found in numerous con-

centrated alloy solid solutions, has been called the "K-state". [3] Further 

investigations of pertinent Fe-AI alloys have shown that aging of quenched 

states results in up to 0.03% volume contraction, formation of broad x-ray 

superlattice reflections compatible with the. DO~ structure, and an increase 

of up to 25% in ,the 0.05% proof stress. [4]" Some authors have ascribed 

these effe~'ts" to the occurrence of short range order or clustering, whose 

physical nature has not been revealed, however. 

It is useful to relate the observations pertaining to sqortrange 

ot:der to the constitution of the alloys as given in the phase diagram. The 

iron-rich part of the Fe-AI system has been revised recently based on elec-

tron microscopic observations and on a re-evaluation of published data. [5,6] 

The equilibria in the range of temperatures and compositions pertinent to 

the present study are shown in Fig~ 1. Anomalous chang~s of physical and 

mechancial properties have. been observed: in the shaded region marked A, as 
.. 1: 

well as in the Fe-rich; part of the r:J. + r:J.
l

' two-phase region. [1,2,4] 

In this investigation, Fe-AI alloys have been studied by electron micro-

scopy and electron ,diffraction because it has been shown that these methods 

are well suited to yield information on the structural nature of short rangii! 

ordered alloys [7-9] which cannot be derived from measurements of bulk phy-

sical properties. 

* All compositions are given in atomic percent. 

l' 
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While this investigation was underway; D. Watanabe et ai. [10] have 

published some pertinent electron microscopic observations. The authors 

interpret their micrographs to indicate .. that the "K-state" in Fe-Al alloys 

containing 19.60 and 20.02% A1 is related to the inhomogeneous formation 

* of small "domains" of D03 type structure. These authors suggest that the 
I 

I~ 0 

maximum in resistivity corresponds to a cr'itica1 domain diameter d
m 

<50A • 

. They did not distinguish, however, between alloys in region A and in the 

(X + (Xl two-phase,field. 

EXPERIMENTAL PROCEDURES 

Alloys containing 1, 9.9, 15.5, 17.8, 18.7, and 20.5 at. % Al were 

chosen for this investigation in order. to cover the (X solid solution and 

region A exhibiting anomalous behaviour, as well as the conventional (X + (Xl 

two-phase field.' The metals of 99.99% purit,y were induction melted under 

100 torr He pressure and chill-cast into copper moulds~ The alloys were 

rolled at 1000° to HOO°C into strips 0.3mm thick, which were re-heated 

after each pass. Samples of these strips were used for wet chemical analy-' 

sis whose results were accurate to within + 0.2 at. % AI. All specimens 

to be investigated microscopically were first sealed in quartz tubes filled 

with He to give a pressure of 760 torr at the annealing temperature. They 

were annealed for about one hour at l380°C and quenched in water by crack-

ing the tubes immediately after submerging them. The specimens were then 

sealed in glass tubes filled with He and aged for different times at 200°, 

250°, and 300.o C. Some specimens were cold-rolled to approximately 5% elonga-

tion prior to the aging treatment. Thin foils for electron microscopic in-

vestigation were prepared by electro-polishing using the Bollmann technique. 

* In this paper regions of order in a disordered matrix are called "particles", 
whereas contiguous regions of order which are antiphase to one another are 
called "domains". 

'Ill 
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Thee1ectt~lyte consisted of 1 part .nitric acid and 2 parts methyl alcohol. 

Polishing co~di:tions were: 5 to 6 V, -5 td -15°C. 

RESULTS 

The alloys examined in this investigation, which lie within the region 

marked A in Fig. 1, showed contrast effects ("tweed patterns") in bright-

field and dark-field images of (fundamental) reflections which can be inter-

preted in terms of a profusion of weak localized strain fields with an 

overall alignment predominantly ih(110), but also in (100) depending on 

the foil normal and on the: operating reflection. Similar effects have been 

'observed, e.g., duri.ng ordering in Nb-O [11], Ta-C [12], and during preci--

pitation in Cu-Be [13]. These features, a~ well as diffuse diffraction 

phenomena, are illustrated in Figs. 2-4. Such effects are not observed in 
. " 

pure iron nor in Fe-1% A1 .and are not attefacts resulting from specimen 

preparation. The results can be explained, however, if precipitation of 

coherent particles hfls occured. In the latter case, under appropriate con-

ditions of imaging, coherent particles are expected to show strain contrast 

-+;t- -+ 
images if the strain fields are strong enough and when g.K. :/: 0, where g 

-+ . 
is the operating diffraction vector and R is. the displacement vector associ-

ated with the particle. lYhen individual particles are resolved (as in Fig. 

4c), the two beam dynamical theory can be applied to interpreting the nature 

of the particles from the .appearance of the strain contrast images, e.g., 

the intensity distribution of the black-white contrast lobes with respect 

-+. 

to the direction of g [14-16]. Hoy;rever, complications can occur [15] when 

the volume fraction of particles is so high that strain fields overlap, and 

when the particles are too small to be individually resolved (as in Fig. 2). 

When the strain contrast is considered in detail it becomes impossible 

:.tointerpret the iln<;lges in terms of simple displacements [14-16]. For example, 
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Figs. 2a-e indicate that there is no unique relationship between the strain 

, , -+ 
contrast images and the direction of the diffraction vector g. In regions 

where particles can be resolved, the black-white images typical of coherent 

, particles with strain fields around them are sometimes parallei to, normal 

-+ " 
to, or at an angle to g (see Figs. 2b, c and Fig. 4c). This means that 

; 

p~rticles cannot be clearly distinguished as being spherical, disc-shaped, 
i 

n~r rod-like '[15]. Similar difficulties in identification have beenencoun-

ter,edin specimens containing very large numbers of small point defect 

clusters, e.g., after quenching or irradiation (see e.g., Ref. 16). Another 

difficulty in resolving particles is associated with the weakness of the 

strain contrast images (compare the matrix strain fields with those due to 

dislocations in Figs. 2a, b). 

Up to Fe-18% Al there was no change in the" type of image from those 

shown in Fig. 2, neither when the composition was changed nor when the time 

of heat treatment 'was varied (aging ranged tip to periods of one week at 

200° and 300°C respectively). That is, it was not possible to coarsen the 

structure by particle growth thus enabling individual particles to be res(:>l-

ved. Particles could only be resolved in alloys containing more than 18% 

Ai as is shown in Fig. 4. Even though in Fig. 4a particles can be seen in 

the dark-field image of the superlattice reflections, now resolved in diffrac-

tion patterns (Fig. 3g), the corresponding bright~field images are not 

different from those in Fig. 2. However, when alloys within the conventional 

two-phase (a + a
l

) field are observed, e.g., Fe-20% Al (Fig. 4b, c), particle 

growth c~n be accomplished and strain contrast images are more clearly re-

solved. 

When the particles 'themselves can be directly imaged, viz., when super-

lattice reflections are observed and their dark-field images can be obtained 
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, 
.• ~i, 

.,. 

(Fig. 4), they are not regular but appear ,roughly isometric in shape. Their 

o 

sizes vary up to about 100A; these particles are the ('(l,:phase, Le., Fe
3
Al 

[5,6]. 

All of these results indicate that the shape of the particles is adapted 

on pr~cipitation to accomodatestrains. Whilst the transformation a + a
l 

is cubic to cubic arid the strains are thus purely dilat:Lonal, due to the 
I 
, 

anisotropic nature of this alloy, an isometric particle shape is not realized. 

A 'complex shape adapting to the strain energy relief as well as to inter-

facial energy restrictions is thus not unexpected. 

A similar situation exists in Cu-Be alloys [13] when discs have preci­

pitated in {l00}. Strain patterns in (110) are observed due to {nO} (110) 

shear strains when the ,volume fraction is so large that strain fields overlap. 

In the Fe-AI alloys, it may be similarly concluded that the strain patterns 

observed are due to overlapping {110} (110) shear strain fields as a result 

of a very large volume fraction of small particles. A large volume fraction 

of precipitate appears to be essential for the described shear strains to 

arise [13a]. In these cases, strain contrast theory as presently developed 

for individual strain centers [14-16] is no longer applicable. 

In analysing the alignment of image contrast as a function of foil 

orientation and operating reflection, it is found that most images exhibit 

I 

striations along (no) (e.g., Figs. 2a, 2c), in some images no alignment is 

clearly distinguishable (e.g., Fig. 2d), but with an [001] foil normal and 

+ 
g = 200 Cas in Fig. 2b) individual centers of contrast can be recognized 

whose overall alignment is along [100] and [010]. We conclude that this 

pattern corresponds to the actual alignment of the particles. The appear­

ance of the contrast in Fig. 2b can arise from overlapping displacements 
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aS,a result of combinations such as it = [110] + [110]. Such effects are 

expected to be strongest in [001] foils such as shown in Fig. 2b. 

The above considerations are also supported by the electron diffraction 

patterns (Fig. 3), which show the following effects: All specimens produce 

"short range" streaking in directions close to (lID) and (211) which is 

"observed 'most strongly at slight deviations from low-index zones. Sometimes 

diffuse streaking in these directions is extending from re1point to relpoipt, 

Fig. 3b; this "long range" streaking is found in freshly quenched specimens 

and also in 8110ys wi thin the conventional two-phase field ('\.19% Al - 25%' 

AI), Fig. 3. At 15.5% Al and above superlattice reflections of the D03 

s,tructure' are, resolved, Figs. 3c, 3e-g. 

The "short,range" streaks observed in the diffraction ,patterns (Fig. 3) 

are probably due to the elastic strains set up by the ordering transforma-

tion. This may be deduced from the facts, that 'these streaks were not obser-

ved at the origin and that their length increases with increasing order of 
.:" 

the reflection. Shape factor streaks which are produced as a consequence 

of relaxation of Laue conditions due to particles of small dimensions may 

also be present. The more continuous streaks seen predominantly in diffrac-

tion patterns from freshly quenched foils (Fig. 3b) could indicate very 

small plate-like (or rod-like) particles which grow on aging to ,a rather 

more isometric shape. 

From these observations, we conclude that in alloys within the region 

A of Fig. 1, two phases, one disordered (a.) and one ordered (0.
1

) are present; 

but, the particle size of the ordered phase is too small to be clearly resol-

ved in alloys containing less than about 18% AI. The results give no indi-

cation of the degree of order in the 0.
1 

particles~ As shown in Fig. 4, 

direct evidence of the presence of ordered particles may only be obtained 
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froIn' appropriate dark-field images of diffuse, or superlattice reflections. 

The observation of strain fields is the only way of deducing that alloys 

contain two phases when non-fundamental reflections are not resolved or have' 

Insufficient intensity. The appearance of superlattice reflections may 

be cort-elated with precipation of a
l 

which has reached a volume fraction 

an~ degree Of orderi sufficient to produce visible superlattice reflections 
, I 

at' abou.t 15.5% AI. This is in accord with X:-ray investigations by Davies 

who found broad a
l 

superlattice lines at 17.9% Al [4]. 

The amount of strain resulting from the transformations may be estima-

ted from the' difference in lattice parameter of the two phases if it is 

assumed that the pertinent two phase field consists of region A and the 

conventional a + a
l 

region. Based on this assumption, the composition of 

a is 'VlO% AI, whilst that of a
l 

is 25% Al at 300°C,. From the lattice para­

meter data of Taylor and Jones [17], the strain is found to be 

e: = 2(aa _aal)/(a(J. + a( 1)''VO.5%, which is small compared to strains aris-

ing during preCipitation in systems such as Al-Cu [18] and .Cu-Be [13]. 

This small strain accounts for the weakness of the strain contrast'images, 

Fig. 2. The particle size must exceed a certain value for the effect to 

be observed at all. 

In the specimens containing incipicient precipitation after quenching, 

which had been cold-rolled prior to aging, dislocations were observed to 

be uniformally distributed, Le., cell-formation was not detected. At 20.5% 

AI, the dislocation lines are predominantly straight and parallel to (Ill) 

directions, Fig. 5. This alignment was found to be less pronounced the 

lower the Al content. 

I' 
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DISCUSSION 

Microstructural Observations 

Ihe electron micr<;>scopic observations have shown that a fine disper-

sion of particles, i.e., a two-phase microstructure is present in all Fe-AI 

alloys heat treated in (or quenched into) region A as well as in the con­

* ventional a + a
l 

two-phase field as delineated in Fig. 1. The particle 

i 

arrangement, size and shape can be estimated from Indirect evidence even 

though the particles cannot be--resblved.· individually by the methods employed 

in this investigation, until the Al content is equal to or greater than 18%. 

Below 18% Al where the particles can only be observed by strain con-

trast, it may be derived from the image contrast such as in Fig. 2b, that 

no dimension of an individual particle is longer than the average particle 

spacing. However, if the phases present in region A are referred to a two-

phase field. comprising region A and the conventional a + a
l 

region, the 

strain due to the difference in lattice parameters referred to 300°C is 

< % € - 0.50 as derived above. This comparatively low value lea.ds to isometric 

° 
particle shapes in Ni-Al alloys [20] where particles up to d = 100A in 

diameter were found to be isometric if € :: 0.5%. In the present case, how-. 

ever, the strain contrast in the images and the streaks due to directional 

strains in the diffraction patterns indicate that considerable anisotropic 

strains prevail. This anisotropy is related to the 'pronounced elastic ani-

sotropy A 2C
44

/(C
ll 

- C
12

) of Fe-rich Fe-AI alloys [21] which ranges from 

A (IO-at. % AI) = 3.2 to A (25 at. % AI) = 6.S at room temperature. 

These relatively high values (compare to A (AI) = 1. 2, A (Fe) = 2.4, 

A (Ni) = 2.5) suggest that the particle shape may not be spherical because 

* In this context the term particle is chosen as a convenient way of describ-
ing the observed diffraction effects. ~t is realized, that the existence 
of finite gradients of concentration and degree of order in the interfaces 
cannot be excluded nor proved in the present work. 
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,of configurational stress minimization. This conclusion is supported by 

the observation of 110" strain maxima in Cu-Be ~lloys containing coherent 

precipitates on {001} [13] where this effect may be uniquely related to a 

high value of the elastic flnisotropy. Alternatively the observed strain 

contrast can equally well be 'explained as due to overlap of individual 

particle strain fields when the volume fraction is very large. 

. The particle size in region A may be assessed on the assumption that 

region A and the conventional a + a
l 

region are the effective a + a
l 

two­

phase field. The volume fraction of the aI-phase f al is then given by 

f
ql = ( o· a) I( al a) b a ai ' c - c c - c ,where c , c , and c give the AI-concentrations 

of the alloy and of the phases , respectively, If the particle spacing is 

D, the particle diameter d = D(fal)~/3. From counts on 11 microgr'aphs of 

a,Hoys containing 15.5 to 17.8% Al and held at 300°C for different times 

° the average lateral dista;nCe of strain centers was found to be 100 < D < 200A 

irrespective of composition and aging time. If this observed value is taken 

to correspond to the average particle spacing we obtain with f al = 0.33 

° 
(viz. Fig. 1), the particle diameter to be 70 < d < l40A. It will be dis-

cussed further below that this value is to be considered as a theoretical 

upper limit of the actual particle diameter. 

The exact nature of the short range ordered state has not been uniquely 

established in general. Two different models are commonly utilized, a) a 

statistical model, b) a subdivision of the long range ordered state into 

small antiphase domains (see e.g., Refs. 22, 23). The present results indi-

cate that the short range ordered state is different from both models con-

·sisting of very small ordered particles in a disordered a-matrix~ At 18% 

Al and above, the particles are resolved and identifyableas a
l

. Although 

the diffraction patterns from alloys below approximately 15.5% Al 
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do not show diffuse scattering' effects other than those arising from strains, 

it is reasonable to suppose that particles in such alloys are also a
1 

but 

within which. there may be a variable degree of order depending on composi-

tion and heat treatment. Similar evidence for the particle nature of the 

SRO state has been found by Ruedl et. ale [24] in Ni
4
Mo, and one can inter­

pret the results of Blackburn [25] on Ti-A1 iri like manner. However,· these 

results were obtained from alloys quenched from above T when the possibility 
c 

;of incipient ordering exists. That is, it may be questionable to suppose 

that quenched a11()ys ret~:in the actual short range ordered condition exist-

ing above T. Tanner et. a1 [26] working on Au-Mn and Au-Cr using high 
. c 

temperature electron diffraction (but with·no dark-field imaging) obtained 

results on short range order, at temperature, which contradict the micro-

domain concept if the latter is considered to be merely small regions of 

normal long range order. However, recent work on Ni
4

Mo by Okamoto and 

Thomas (to be published) has resolved this discrepancy and gives added 

support to the two-phase particle model of SRO. 

Correlation with "Previous Observations 

.' 
Region A: of the Fe-Al alloy system has been studied prior to. this 

work by resistivity, [1,2] di1atometric, [2,4] X'::ray [4] and flow stress [4] 

measurements which will now be discussed in relation to the present observa- . 

tions. 

The anomalous increase in resistivity which H. Thomas [3] has called 

the K-state has been observed not only in Fe-A1 alloys, [2,3,4], but also 

in numerous other alloy systems (quoted in Refs. 2-4, 27, 28). Until recently 

the K-state has been attributed to an enhanced scattering when small particles 

have a: siJ!e comparable with the wavelength of the conduction electrons [29]. 

Since in Al alloys this wavelength is too small an alternate explanation in 
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terms of Umklapp-scattering was devised [30]i and was found to yield a. 

quantitative rationalization of the experimental observations on Al alloys 

o 
IV 

[31, 32] where the maximum in resistivity corresponds to d '" 15 ± SA. 
m 

Recently, a theory qased upon Bragg scattering from clusters (e.g., G. P. 

zones) has been proposed [33, 34] which may 'be supported by the present 

observations. It should'~e emphasized in this context that the K-state is 

observed in so-called short range ordered states as well as during the early 

stages of, other precipitation processes. This indicates that short range 

order is characterized by the pre~ence of di~crete second-phase particles 

of a particular size or size distribution. 

It should be noted, however, that in the K-state, the total scattering 

of conduction electrons depends n:ot only on the particle size,' but also on 
I • 

further parameters such as the volume fraction of scattering particles, 

the crystal structures of the matrix and the particles, strainfields,and 

the temperatureot measurements. Therefore, the relations between resisti-

vity and particle size in alloys in the K-:-state do not follow a simple 

functional relationship. For most systems they can only be assessed empiri~ 

cally and qualitatively at present. 

The results of resistivity measurements on Fe-A! alloys in the range 

of the present investigation may be sunnnarized as follows: Upon isothermal 

aging, the resistivity changes correspond to those characteristic of a 

property whose magnitude depends on particle size [2]; the rate of increase 

in resistivity with time increases continuously across the boundary between 

region A and the conventional CI. + <i
l 

two-phase f~eld with increasing Al 

concentration; the increase is particularly pronounced above "'19% Al [2]; 

the steady state resistivity of ah alloy at anyone temperature in region 

A is independent of its thermal history [1]; plasticdefdrmation decreases 



-12- UCRL-186l0 

the resistiv:i,ty of quenched alloys (deformat'ion and measurements at room 

temperature) above 4% Al [1]; the decrease id resistivity due to plastic 

< 
deformation reaches a constant value if the strain -,50% [1]; isothermal 

aging of deformed alloys results in essentially the same resistivity changes 

as those occuring in as-quenched alloys [1]. 

The present results combined with the results of the resistivity mea-

surements may be rationalized as follows: In all alloys with more thart about 

4% AI, quenching to room temperature results in the nucleation and incipient 

growth of Ci.
l 

particles. Upolfiag:i,rig
J 

these particles are rev~aledby electron 

microscopy through strain contrast. When passingl through a critical range 

of sizes during growth, th~y cause an increase in electrical resistivity 

" 
(abovk that of a random solid solution) due to the K-effect. These 'particles 

n\ay be destroyed by ·.plastic deformation resulting in a decrease in resisti .... 

Yity. If the particles are allowed to grow by isothermal annealing, they 

reach a constant volume fraction. Moreover, they reach an equi+ibrium size 

when annealed in region A, while they are subjected to continuous coarsening 

when annealed in the conventional eL + Ci.
l 

two-phase field. These conclusions 

may be drawn from direct observation as well as from the fact that resisti-

vity changes in region A lead reversibly to steady state values. 

The eql#librium size and volume fraction of eLl particles in region A 

depend on the Al concentration and aging temperature. This is reflected 

by the present observations as well as by the resistivity measurements which 

indicate, that the K-effect increases with increasing Al concentration [1,13] 

and decreasing aging temperature. [1] A quantitative correlation is not 

possible due to the variation in the temperature coefficient of resistivity 

wi,th the state of precipitation [2] and the lack of sufficient accuracy in 
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direct observations. 

Dilatometric tneasurements have shown that quenched specimens contract 

upon subsequent aging, [4] and that the rate of contraction during isother-

tnal aging decreases continuously until a final value is reached, while the 

resistivity of the same specimen passes through a maximum [2]. 

The contraction of qu~nched alloys upon aging in region A is due to 

the decrease, of the Al concentration accompanied by a decrease in lattice 

. parameter [17] of the a phase during precipitation of the (assumed) a
l 

phase. 

The decrease is, however, compensated for in part by the a
l 

phase which has 

a larger lattice parameter than the average. parameter of alloys below i9% 

AI. 

The X-ray observations [4]· have shown that quenching of an alloy c~n-

taining 17.9% AI, Le., in the range of region A results in the development 

of one broad maximum of diffuse scattering, while aging produces rather 

broadsl,lperlattice reflections of the D03' structure exhibiting increasing 

intensity with decreasing aging temperature. These results are compatible 
; 

.wi th incipient growth of~l particles during quenching and an increasing 

amount of a
l 

phase to be formed with decreasing aging temperature. In view 

of the present results, the broadness of the X-ray reflection is interpre-

ted to be due to small particle size as well as to strain fields. 

The increase in flow stress due! to annealing of an alloy cpntaining 

·16'.5% Al in region A [4] was originally ascribed to the presence of a very 

small domain size [4]. The present results show, however, thatthe·effect 

is due to dispersion strengthening by coherent particles as in s·ystems such 
I 

as Al-Cu, [18], Cu-Be, [13]. 
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GENERAL CONCLUSIONS 

The present findings in combination with the results of previous investi-

gations indicate that the actual a + a
l 

two phase field in Fe-AI alloys com­

prises region A as well as the conventional a + ct
l 

region a~ shown in Fig. 1. 

In support of, this interpretation it may be pointed out that the boundary 

of region A whenextrapQlated extends approxtmately to the tie line of the 

eutectoidreaction a
2 

-+ 
+ a+ a

l 
and to 0% Al ,at OOK. The latter,is hardly 

realized for the conventional a/a + a
l 

phase boundary. However, whereas , 

the particle size is not limited in the conventional a + a
l 

region, it appears 

to be approaching an equilibrium value at any given composition and tempera-

ture in region A.Thus, it appears that the particle growth in region A 

'is not impeded for kinetic, but for thermodynamic reasons. If this is the 

case, the free energy relations must depend ori strain effects in relation 

to the particle size in s~ch a way that a minimum in free energy of the 

-( . 

system is obtained for a particular dispersion of particles. If this inter-

pretation is accepted, it follows that the lever rule as applied to the 

conventional free energy v.s. concentration curves for ,deriving the volume 

fractions of the phases is not applicable in region A. The free energy 

functions would rather have to be modified to incorporate a strain energy 

term and other terms related to the stable dispersion of particles, e.g., 

to their quasi-periodic array. Consequently, the particle size and the 

strains, arising, during transformation, which have been derived above taking 

the boundary of region A as a conventional phase boundary will only give 

the theoretical ,upper limit of these quantities. 

Thus, it is concluded that the range of what has been termed short 
.", 

range order in the Fe-AI system up to now, is actually part of a two-phase 

field a + aI' but within this field two regions may be discerned where the 
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stability of thea and a
1 

phases is a funct~ion of different variables. 

Corresponding observations were made in the Cu-A1 system [35]. This suggests 

that a general principle may be involved and may require a reconsideration 

of the .present concepts of short range order. 
I . 
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FIGURE CAPTIONS 

Fig. 1 - Part of the Fe-AI phase diagram showing the region of interest in 

this investigation. The region A is delineated as the range over 

which anomalous property changes occur. 

Fig •. 2..,. Strain contrast effects in a-Fe-Al alloys. 

(a) Fe .... 15.5% Al aged one week at 300°C, bright-field image, 

-+ -
g = 110, image normal near [115]. 

(b> As (a), dark-field of g. == 200, foil normal tilted from [001] 

towards [013]. 

-+ 
(c) As (a), dark-field of g = [121], after tilting to near [111] 

orient'ation. 

-+ 
(d) Fe - 15.5% Al aged 1 hr. at 300°C, dark-field, g = 110, image 

normal [111]. 

(e) Fe - 9.9% Al dark-field image using 110 reflection. 

Fig. 3 - Electron diffraction patterns of a-Fe-AI alioys. 

(a) F.e- 9.9% Al aged one week at 200°C • 

. ~. 
(b) 15.5% Al as quenched. 

(c) Fe - 15.5% Al aged one week at 300°C, very weak and diffuse 

100-superlattice reflections, [001] orientation. 

(d) As (c) showing [Ill] zone, notice diffuseness and asymmetry of 

spots and diffuse streaks in (112). 

(e) Fe -17.8% Al aged one week at 300°C (compare to Fig.3f) • 

. , 

(f) Fe 20.5% Al aged 1 hr. at 300°C, [001] zone, showing (110) 

streaks and D0
3 

superlattice reflections. 
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(g) Selected area diffraction pattern corresponding to Fig. 4a; 

[001] orientat{on. 

Fig. 4 - Resolution of the two-phase structure .in Fe-AI alloys. 

(a) Fe ~ 18.7% Al aged one week at 300°C. Dark-field of 100 (D0
3

) 

superlattice reflection showing a.
l 

particles ,(bright) in dis-

ordered a. matrix. 

(b) Fe - 20.5% Al aged one week at 300°C. Dark-field of III (D0
3

) 

superlattice reflection. 

(c) Fe - 20.5% Al aged one week at 300°C, foil tilted off [112] 

+ -
for two-beam g = 220 dark-field. Strain contrast images from 

individual particles are resolved. The lines separating the 

black-white contrast maxima lie parallel to mainly {lID} traces 

indicating displacements in (110'). This gives rise to <'110> 

streaks in diffraction p~tterns such as Fig. 3d. 

,Fig. 5 - Microstructure of a specimen cold-rolled ?% prior to aging for one 

week at 300°C. Fe - 20.5% AI. Dislocations aligned in (111) 

(brigh t-field) • 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 

Neither the United States, nor the Commission, 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 informa­

tion contained in this report, or that the use of any information, 

apparatus, method, or process disclosed in this report may not in­

fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 

resulting from the use of any information, 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 Commission, or employee of 

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

Commission, or employee of such contractor prepares, disseminates, or pro­

vides access to, any information pursuant to his employment or contract 

with the Commission, or his employment with such contractor. 
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