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II. 'FOP1,rATIOl'! OF Ali Ll PHASE, ~HTHIN 
o 

THE Cu
3
Al-SIDE PHASE 

* 1,:. Bouchard and G. Thomas 

Departoent of Materials Science a~d Engineering, 
College of Engineering and Inorganic Materials Research Division, 

Lawrence Berkeley Laboratory, University of California, 
Berkeley, California 94720 

ABSTRACT 

Alloys along the composition tie-line Cu
3
Al-Cu2MnAl decompose 

inside a miscibility gap by forming composition modulations rich in 

the C~Al and Cu2MnAl, At temperatures near the rdsi'~ibility gap, the 

Cu
3
Al-side mociu.l:ltions.possess the 00

3 
structure wtereas at temperatures 

well inside th~ nliscibili ty ga.p, the structure becomes that of L 
0 

The results are interpreted in terms of anL phase field within the 
0 

binarJ-rich end of the miscibili tygap. The proposed h 0 phase results 

from the ordering of one set of {220} planes of the ordered matrix. 

There are twelve possible L variants that can be classified into three , 0 

sets of twin related variants coherent with the:!.r !l.:.'1itphase related 

counterparts. The two twin related variants co;'!currently grow in plate-

lets parallel to the {lOO} plane of the matrix that contains the two 

C axes. ,The antiphase related variants are believed to fOr!l1 a long 
, 

, 
period superlattice. ,In alloys aged near the top of the miscibility 

gap, the Cu
3
Al-rich phase possesses a tweed-like texture which suggests 

• the presence of a'device array of smallL particles coherent with the 
o 

D0
3 

matrix. 

* Present address: Communication Research Center, P. O. Box 490~ Station A 
Ottawa, Canada. 
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1. INTRODUCTImr 

The alloys along the composition-linc Cu
3
AI-Cu

2
MnAI isotherreally 

decompose inside a miscibility gap into a Cu
3
Al-ri2h phase and a CU21mAl~ 

rich phase. The metallographi c characteristics of the alloys decomposed 

at tempertures close to the miscibility gap are described in paper 1. 

At temperatt~es well inside the miscibility gap, electron diffraction 

and microscopy reveal the presence of a new phase having a structure 

which appears to be that of L1 (Cu-Au I type). 
. 0 

The .present paper discusses the formation of the LIo phase during 

isothermal aging inside the miscibility gap. 

2. EXPERIMENTAL 

The experimental procedure has been described in paper I and the 

compositions of the alloys studied have been given in Table I of the 

former paper .. 

,",. 
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3. RESL'LTS 

3.1. The il Phase 
o 

The di f'fraction patterns of alloys aged well inside the rrJ:scibili ty 

gap show extra re flections, whose di ffus.eness increases with ir:creasing 

aging temperature (240Q c to 300°C). Typical examples of discrete ~d 

diffuse extra reflections in alloy 0.8 are shown in Figs. 1 and 2 

respecti vely. A comparison of Figs. 2a and b reVeals that the intensity 

of the extra reflections in the (001) diffraction pattern increases when 

the foil is slightly tilted from the exact (001) orientation, and such 

tilting experiments are necessary to determin the distribution of the 

extra reflections in the reciprocal space. It was found that the struc-

ture of the new phase was best fitted to that of the Ll superstructure 
o 

(the Cu-Au I strul~ture) and this new phase will be called the Ll phase 
a 

in this paper. 

Figure la,b shows the (011) and the (110) diffraction patterns from 

the alloy 0.8 aged at 240°C for 10,000 min. The diffraction patterns 

contain matrix and precipitate reflections and the latter are indexed 

in Fig. lc,d terms of the proposed Ll structure. Selected dark field 
o 

experiments reveal that the Ll reflections in the (ool) matrix dif­
o 

fraction pattern in Fig. la come from two Ll variants having mutually o 

orthogonal c axes. The two variants are marked (1) ~~d (2) ~n Fig. 2. 

The LI reflections in Fig. 1 are elongated in a direction normal to 
o 

the c axis of the Ll phase. It was also found that the Ll reflections o 0 

in the (110) matrix diffraction pattern in Fig. 1 come from only one 

L1 variant. o 
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The Ll -matrix orientati'on rel:J.tionship ,{as det2rcG.ned :~rom man:, 
o 

diffraction experiments. The r·::-sults are scherr.atically ShOwTL in Fig. ~. 

The solid UrLes indicate the' '..illi t c~ll of the o:::-.:1ered IY::~3 r::.atrix and. 

the dashed lir:es indicate the unit cell of the proDosed. L1 "Chase. 
- 0 -

Tl.e labeling of the eu and Al atoQS in Fig. 3 refers only to the D03 

structure. The important features of the proposed Llphase are sum­
o 

marized as follows: 

a) 

b) 

The Ll, structure consists of alternate stacking of A and B {IOO} o . 

planes perpendicular to the (tetragonal) oS. axis. 

The c axis of the Ll phase lies nearly parallel to one of the o 

<110> directions of the matrix, th:us producing six possible 

L1 vari ants corresponding to the six ( 110) directions of the o 

matrix. For example, the .£ axis of variants (1) and (2) shown in 

Figs. ~2 lie near the [220 J and the (220] matrix directions 

respectively. Variants (1) and (2) are twin related and the 

twin plane is the (100) pla."1e of the matrix. Because of the cubic 

symmetry, two additional sets of twin related yariants have their 

c axes in the (100) and the (010 ) planes of the matrix. In 

addition, each of the six variants can be APE related to another 

variant possessing the same orientation of its c axis . This 

produces a total of twel ye possible Ll variants. 
o. 

c) Measurements from diffraction patterns revealed that there 

is a near correspondence of atomic positicr:s between the Ll 
o 

structure and the matrix structure. The dizensions of the Ll o 

uni t cell estimated from the Cu
2

tvlnAl mat ri x u.'1it cell are: 

1\ 
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• = 4.24 A H -! 

B = 2.97 A 

C = 4.24 A 

The C axis is normal to the lG stacking sequence and does 

not correspond to the shortest dimension of the unit cell. 

It was calculated that for the proposed Ll structure, the 
o 

following hk~ reflections are allowed: 

h, k and ~ unmixed 

h and k unmixed and 

h, k and ~ mixed 
F = 2(f = f ) .. ·{suoerlattice) s A B • 

where F is the structure fa~tor associated with thehk~ reflection and 

fA ~d fB are the electron scattering powers of the A and B atoms (Cu 

and Al) respectively. 

The morphology of the Ll phase was studied by selected dark 
o 

field microscopy. The bright field micrograph of the alloy 0.8 aged 

at 240°C for 10,000 minutes shO'..fn in Fig. 4~ reyeals the preferential 

polishing near the edge of the foil of a component having a plate-

like morphology. The image shows grey dotted contrast believed to be 

caused by cont8.!!lination of the sample since it was observed only in 

one sample. This is consistent with the observ~tion thet the dotted 

contrast does not disappear when the foil is tilted. The dark field 

micrographs in b) and c) [from the same foil as in a)] were obteined 

using the (201)1 and (201)2 110 reflections in Fig. la) and show the 

variants (1) and (2) respectively. The tvo dark field micrographs o-r 

the same area show that each L1 variant consists of small elongated 
o 

particles having their long axes parallel to th~ir respective c axis. 

,-
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The elongated shape of the particles produces scme streaking of the L1 
o 

diffracted spots in directions normal to the c aXis ,1 (See Fig. 1,1.). 

The dark field micrographs in Fig. 4b and c also show that the 

particles of each Ll variant generally for~ groups and that the groups 
. 0 

of the twin related particles (1) and (2) are located within the same 

area of the foil. This suggests a highly interconnected arrangement 

of the twin related particles, It was found that within each group 

ot particles, the space unoccupied by variant (1) in Fig. 4b is 

partially occupied by variant (2) tnFig. 4c. 

The relative volume fractions of each variant differ markedly from 

area to area in the foil. This is shown in the two dark field micro-

graphs of the alloy 0.8 aged at 240°C for 10,000 minutes in Fig. 5a and 

b obtained from the same area. The morphology of variant (1) in a 

can be best described as irregularly spaped platelike particles. The 

surface of the plates is irregular and contains numerous valleys and 

hills. Clearly, variant (1) has a larger volume fioaction than variant 

(2) lnb •. The latter is distributed in a dense .arr~. gf.small p~icles 

showing white dotted contrast in a dark field. In fact, the small 

particles of variant (2) in b are aligned in rows parallel to a (110) 

. direction of the matrix. These rows are located in the valleys of 

variant (1). This is illustrated by the particles of varia.x:.t (2) 

indicated by arrows in b and the corresponding valley in the plate-

shaped variant (1) in a. 

In. [110] foils, normal to the direction of c l .t ~he p~rticles of 

variant (1) are clearly seen to be distributed in platelets lying in 

"" 
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the (001) pla.'1e of the oatrix. Th~ dack field rTii~rograph from a (110) 

foil in Fig. 6 was obtained using the Ll (llO)l'r~flectio:1 in Fig. lb. o ~ 

Tne micrograph sh(Jws that the pl3.telets parallel to "the (001) pla.t~e of 

the matrix are 100-200.\ thick and LOO-500A g,part.. The particles:)f 

variant (2) are believed to be lcc::.ted between th(:se of yari~t (1) 

and within the same platelet. The areas near the edge of (001) f:lils 

m~ contain only one platelet of the twin related variant (1) and (2). 

In thicker areas of the foils, overlapping platelets may be observed. 

The three dimensional distribution of Ll particles is best studied by 
o 

stereo microscopy. The dark field pair of stereo microg~aphs in Fig. 7 

reveal. that the particles of .one yariant are distributed in platelets 

located at variollS depths in the sample. 

From the above dark fteld analysis, it is believed that the Ll 
o 

phase form three sets of platelets parallel to the cube planes of the 

matrix. Each {ool} platelet I_'ontains the two twin related 11 variants 
o 

with their c axes parallel to the two ( 110) directions of the matrix 

that are parallel to the platelets. This three di!rrensional distribution 

of the three sets of twin related variants is schematically illustrated 

in Fig. 8. 

There are twelve possible trans:'ormation yariants generated from 

the matrix. The twelve vari ants can be di vi jed into three pairs of 

twin related variants coherent with their &~tiph~e CAP) related 

counterparts. The AP related variants share the same direction of 

their C axes, but their interface is characterized by the wrong 

stacking sequence of AB planes ABABBABA forming APBS. This situation 

is similar to that found in eu-Au and may result ina long period 

.-



-7-

superlatt;i.ceLPS.
2 

The interface between t-..ro APB related variants 

is a 1/28. (101) or 1/2a (all) APE of the Ll structure. In dark field. 
o 

micrographs obtain~d using a superlattice Llo reflection [e.g. (201)] ~ 

the APB is exper.ted to show dark contrast since 0'., the phase angle 

aeross the APB = 2TIg·R = rr(201)'(101) = rr.3 We believe that the closely 

spaced dark fringes in the dark field photograph in Fig. 9a is evidence 

of the LPS in the Ll phase. ,The contrast at APB's is very sensitive 
o' 

to the diffraction conditions ahd the nature of the contrast may change 

,f'romdark to'whi te by small deviation from the exact Bragg condition, 3 

and the contrast' of the closely spaced dark fringes vanishes when the 

foil is tilted. This observation further supports that the fringes are 

caused. by APB contrast inside the Ll pa.rticles. As shown earlier s o ' 

the wider dark bands are valleys in variant (1) that are at least 

partially occllpied by the twin related variant (2), and consequently 

this contrast does not vanish \ofhen the foil is tilted slightly. It 

was found that the period of the LPS' iscotlstant within each platelet 

of the Llo phase, but varies between 60A to 110A from platelet, to 

platelet. ' 

In order to determine the component responsible for the appearance 

of the Llo phase (CU
3
Al-riCh or CU2MnAl~riCh), thesyi!lmetrical alloy 

, 0.5 was first aged at 300°C for 18,000 minutes and further aged at 

240°C for 1300 minutes. The first aging! produces the double cubic 

structure whereas at lower temperatures,. one of the two components 

transforms. Two characteristic features of the low temperature trans-. ' 

formation were observed. Firstly, the microstructure is characterized 

/ 
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by the pre::;en:~e of ::i. high densi ty of rr:artensi te plates snCl;,T, in F::'g. IDa 

in the phas~ labelled. B. It is belie"\-~d that thes-= martensite pl~tes 

are formed :'n the C::...,Al-rich phase as this is consister.t with pre'."ious 
:J 

observations in eu-AI alloys. The se~or:d char'.!cteristic featu:-e is 

observed in small areas of the foil not transforn:ed to !lJartensite (e. g. 

Fig. lOb). Ir.stead, the component labelled B now shm;s a modulated 

structure in bright field similar to that caused by the 11 structure in 
o 

asymmetrical alloys. Selected dark field nrlc!"oscopy using the cljsely 

spaced spots has shown that the transformed component possess the 

smaller lattice parameter associated with the Cu
3
Al-rich phase. One 

such expeJ;"iment is shown in Fig. 11 where the phases labelled A and B 

are imaged in the dark field micrographs in d and c respectively obtained 

from the corresponding closely spaced d a."ld c spots in the diffraction 

pa.ttern in b. This result suggests that at temperatures well inside· 

the miscibility gap, the decomposition proceeds by the formation of 

compositional modulations of cubic CU2MnAl~rich regions coherent with 

Cu
3
Al-rich regions which have the Ll structure. 

. 0 

3.2. Structure of the CU
3

Al Phase 

During aging of the symmetrical alloy 0.5, diffuse streaking and 

eXtra diffuse reflections were observed. The image contrast showed 

"tweed-like" texture. These features are similar to those observed 

in the as-quenched alloys described in paper!. Typical examples of 

the (OOl) dif.fraction pattern and microstructure of th~ alloy 0.5 aged 

at 300°C for 10,000 min are shown in Figs. 2 and 12, (see also Fig. 

12 of paper I). 

'. 
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There are two sources of diffuse intensity in diffraction patterns 

during the early stages of aging. In (001) diffraction patterns~ the 

intersection of some ( 110) diffuse streaks with the reflecting sphere 

produces diffuse intensity near the fUndamental reflections very similar. 

- -
to the cross patee, see paper I. However~ the diffuse cross patee 

appears around all reflections and its shape is independent of the g 

vector whereas the diffuse crosses caused by the intersection of the 

( 110) diffUse streaks with the reflecting sphere near the fundamental 

re£lectioas are more intens~thanthose near the superlattice reflections. 

Moreover, the size of the latter diffuSe crosses increases with in-

creasins order of reflection. This different behaVior of the two tyPes 

of dittuse scattering may be utilized to determine the origin of the 

di ff'use . intens i ty . 

Diffuse maxima are resolved along t~e length o·f the diffUse streaks. 

These maxima are centered around the position of the Ll reflections o 

in reciprocal space. A dark field micrograph obtained using the 

(201)Ll reflection in Fig •. ~ is shown in Fig. l2b)· and compared to 
·0 

the corresponding bright field image in Fig. l2a). "The figure reveals 

that~the phase showing t.ile "tweed-like" texture contains a high density 

of fine .coherent particles as evidenced by the white dotted contrast 

in dark f1eld~ Selected dark field microscopy of two closely spaced 

spots in diffraction patterns of the fully decomposed alloy 0.5 revealed 
. . 

that the component shOwing the "tweek-like" texture possess the smaller 

lattice parameter associated with the Cutl-r~ch ~?ase. This observa­

tion and the results given in the previous section suggest that the 

, .' ,I ~ 
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embedded in a cubic 00
3 

sup-::-!'stru"ture. Si!l'il'.l.r st:rv::turcs ha.':,,= be '2=-, 

4 5 6 observed in a nunber of urder"ed alloys. ' , 

4. DISCUSSION 

Th~ "Tweed-like II Text ure and the L1 Phase 
o 

Our results show the existence of a new phase having a structure 

similar to that of the 110 structure during the decomposition of the 

(Cu-Mn) 3Al alloys at temperatures well inside themiscibili ty gap. The 

Ll structure COIl3ists of the alternate stacking of plal"l.es of A ~d :3 
o 

atoms normal .~ ,) th., C axis. rrtf: C axis of the Ll phase lies pa!"aliel 
o " 

to one of the ( 11·) directions of the DC
3 

transforming crystal. 'Since 

we observe little Jeviation from the exact correspondence of lattice 

sites between the matrix and the Ll structure, we ha'/e proposed an L1 
o 0 

structure having its C axis normal to the smallest diJ:lension of the 

unit cell. 

The 00
3
-11

0 
transformation is one in~/olving transformation of a 

bcc structure to a fcc structure. We believe that the trans fOIT'..ing crysta2. 

has a compositLm and a structure a.pproaching, but different fro!!!, tr:.3.t 

of the Cu
3

Al-D0
3 

structure, ( this is suggested ;';y the rotation of t~e 

decomposition ti.e-line discussed in '};)aper III). ar.d.that Nn atorrs play 

an important role in the formation of the L1 str~cture. If decomposition o 

inside the miscibility gap is spinodal in natu:e, it is possible that 

thecomposi tiun of the Cu
T

4.l-ri :::h phase gradually shi i'ts towards the 
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ternary cOrIposition having the Llo structu.re. h.t temperatures beloo,.( 

275°C, the Ll phase is stable, whereas at 300°C:, it is cetG.stable ar.d 
o 

produces di ffuse Ll reflections and a "tweed-like" or t',[o-p!:'3.se 
o 

text ure . The "tweed-like" "text ure: of tl:e Cu
3
Al-rich co:nponent could 

Iilso be produced during the quench st.:.bseq'..l.ent to the isothercu aging. 

These observations suggest the presence of a Ll phase field at the 
o 

binary-rich end of the miscibility gap. 

The proposed structure of the L1. phase may be generated from the o 

D0
3 

structure simply by the partial disordering otthe D03 lattice to 

the B2 lattice followed by .the ordering of only one set of the {rIO} 

planes of the B2 structure. One possible mechanism performing the 

above transformation is illustrated in Fig. 13. The meChaI'lism involves 

the generation of non-conservative 1/4 a( Ill) APB"s of theD0
3 

structure 

parail.el to every (220) planes of the D0
3 

structure. 5 ,7 The condition 

for non-conservative (UVW) (hk~] APB's is 

[uvw]' [hkt] f. 0 

where [uvw] is the normal to the paine of the APB and [hktJ is the 

direction of the APB vector. There are four possible 1/4a< lll) vectors 

in theD0
3 

structure generating four macroscopically equiyalent APB' s • 

Since non-conservative APE's are associated with compositional changes 

at the APE's; closely spaced non-conservat i're APE' 5 can therefore 

produce local ,compositional changes approaching the composition of a 

new phase. This structural interpretation of phase relations was 

recently illustrated by Okamoto, and Thomas5 in Ni-Mo alloys. In the 

00
3 

structure, the two APE's (220) 1/4a [Ill] and (220)1/4a[111J are 
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At ter::pc~rp..tUl·es near the top of tte r..2.sc:bili ty gap the Cu
3
A1-rich 

and CullnAl-rich modulations possess th2 ['03 and. L21 st!"u:!tures 

respecti ve1y. At lower temperatures, tte Culi.l-rich m~dulation 

alsoexhibi ts a tetragonal structure be1ie'.'"edto be siz:rilar 

to the Ll superstructure. 
o 

2. At temperatures near the top of the miscibility gap the CU
3
Al-rich 

3. 

modulation shows a "tweed like" texture a..'1d· cor!"espondingly the 

diffraction patterns show diffuse streaking and diffuse extra 

reflections corresponding to those of the Llstructure. It is 
o 

suggested that these features arise from a high density of Ll 
o 

particles coherent with the D03 structure. 

The format ion of the Ll phase is thought to reflect the presence 
. 0 

ot a Ll phase field within the binary-rich end of the miscibility 
o 

gap .. 

4. There are twelve pos·sible 11,::> variants that can be classified 

5. 

.. 
into three sets· of twin related variants coherent with their 

APB related counte rparts . 

The Ll phase consists of the stacking or A a."ldB planes parallel 
. 0 

to a {lla} plane of the matrix. The twin :elated variants 

concurrently grow in platelets parallel to t.he {lOO} planes of the 

matrix and the twir:. plane is of the type, {lOO}. 

6. The near correspondance of the lattice sites during the D0 3-L1
0 

transformation produces coherent Ll parti':!les such that the o 
i I 

normals to the {llO} AB stacking are perpendicular to the shortest 

dimension of the Unit cell. 

",1," ~ _ •. 

. ~ 
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7. There are two types of I!lornhologies of theLl
o 

particles: a) s~al1 

particles elongated in a direction normal to the AB stocking and 

b) plate-shape particles parallel to the {lOa} planes of the ~Atrix. 

B.ln the plate-shape particles, there are two type of fringes obserred. 

The wider fringes (typically 400-50oA) are valleys in the plates 

of one variant that are accunied by small elongated. particles of 

the twin related variant. The closer fringes (typically 6b-lloA) 

are believe to refiect the presen.c~ qf a long peri9d sUl'erlattice 

in the large Ll particles. 
o 

9 . The D03-Ll~ transformation can be accomplished by the ordering of 

only one set of the {220} type planes in the D03 structure. The 

generation of closely spaced. non-conservatiye l/~ a < Ill) APE ts 

is equivalent to the formation of a small Ll region coherent o 

with the D)3 structure. 

This work was sponsored by the Atomic Energy Commission through the 

Lawrence Berkeley Laborarory •. M. B. gratefully acknowledges receipt of a 

fellowship by Hydro-Quebec and SIDBEC-DOSCO. Montreal, Canada. The 

line diagrams were skillfully drawn by G. Pelatowski. 

:' " 
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FIGURE CAPTIONS 

Fig. 1. (001) and (110) matrix diffraction patterns fr?m the allo:.~ 

Cu
2
.lTn

O
.
8

Al (x=0.8) aged at 240°C for 10,000 minutes. The 

extra reflections (in parenthesis) are indexed in terms of 

the proposed 110 phase. In a)~. the two t"-lin related variants 

(I) and (2) are di ffract ing whereas in b L only the variant 

(1) is diffracting. The patterns are ind.uced in ca..."ld d. 

Fig. 2. (001) diffra.ction patterns of the al?-oy CU2.5~·1nO~~ (x=O.5) 

aged at 300°C for 10,000 min. and showing di ffuse s~rea.king 

and diffuse Llo reflections. Note that the diffuse intensity 

increases when the foil is tilted slightly from the (001) 

orientation in (b). 

Fig. 3. Schematic representation of the coherent lattice relationship 

between the 00
3 

structure and the Llo str1.,lcture. The atoms at 

lattice. s1 tes refer only. to the D0
3

. structure. The c axis of 

the.Ll phase is normal to its AB stacking sequence and normal o . 

to the B axis representing the sm.a.llest dimension of .the unit 

cell. It can be seen that the Llo st~cture can be generated 

from the 00
3 

structure simply by the ordering of one of the 

(110) planes of thebcc . disordered unit cell. 

.Fig. 4. Micrographs from the alloy Cti
2

•
2

Mn
O

. 8Al aged at 240°C for 

10,000 minutes. A typical bright field micrograph is shown 

in a). The dark field micrographs in b ) and c) were obtained 

using the (201\ and (201)2 Llo·reflections marked in Fig. lee) 

and sho'" the variants (1) and (2), respectively. 
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Fig. 5. SaMe alloy and diffraction contrast as in Fi~. L The figure 

reveals that wi thin the saIne area, the varia!lt (1) in a) has 

a lar~er volume fraction than the - variant ( 2) in b). The 

variant (I) has an irregular plate-like morphology whereas 

the variant (2) form rows of small particles parallel to the 

[110] direction of the matrix. The particles of variant (2) 

are located within the dark valleys in the platelets of 

variant (1) (see arrows). 

Fig. 6 .. Dark field micrograph showing the Llo variant (1) in a (1l0) 

toil of the alloy Cu2 •2Hno. AAl (x=0.8) aged at 240°C for 

10,000 minute~. The image was obtained.using the (110) Ll o 

reflection in Fig.l(b) and shows that the 1.1 phase grows a 

in 1l1at~lets parallel to the cubic plane •. 

Fig. 7. Stereope.1r of dark field micrographs obtained using the (201) 

IJ.oreflection in the alloy CU2.2MnO.8Al(x=0.8)aged at 240°C 

for 10,000 minutes. The three dimensional distribution of 

particles can be observed using a s~all portable stereo viewer. 

The stereo pair reveals that the particles r .. i thin one group 

are distributed at various depths in the thin foil. 

Fig. 8. Schematic representation showing the three dimensional distri-

bution of the 6 possible twin related Ll variants foming 
o 

platelets parallel to the cube planes in the Cu2 . 2M ... '10 •S_1'U (x=O.8) 

alloy. 



/ 
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FilS. 9. (201) Llo dark field microf!;raphs from. the 2lloy CU2.ltnO.8f>~ 

(x=O. 8) aged at 240°C for 10,000 minutes shcn .... ing parallel dar:': 

fringes (see circles areas) in so~e areas of the Ll nlate3. 
o 

A comparison of the circled areas in a) and b) reveals t1:18.t 

the fringe contrast vanishes py changing slightly the diffraction 

conditions. It is believed that the fring;es reveal the presence 

of a long period supperlattice in the L10 phase. 

, Fig. 10. Bright field micrographs o,f the alloy CU2.5Mno.~,(x=0.5) 

aged at 300°C for 18,000 minutes' and subsequently aged at 

240°C for '1300 minutes. The figure shows the transformation 

of the Cu
3
Al-rich component labelled Bduring t.he low tenpera­

ture aging. In the area in a) the Cu~4l-rich component 

transforms mostly to mflrtensite whereas in b) it transforms 

mostly to the Ll phase. 
o 

Fig. 11. Alloy Cu2 .
5

Mn
O.

5
Al (x=0.5) a~ed at 300°C for 18,000 min¥tes 

and subsequently aged at 240°C for 1300 minutes. The bright 

field microgra!>h shows an area of the foil , .... hare the corr.ponent 

labelled B has transformed to the Ll structu:e. The o 

corresponding dark field micrographs in c) and d) were obtained 

using the closely spaced c and d reflections. respectively 

marked in b). The figure reveals that the cO!!!"9onent labelled 

B possess the smller lattice :parameter associated ' .. .-i th the 

CU
3
Al-rich component. 

. : , 
i 

I 
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( <t) 0 f tl':e e.lloy C'-12 _~ .nO e,J.J. .. , . ./ 
( 0 5) '" t .... OCoC' 1 0 001"1" " . ...'- II · . d 1·' " x=. a's e,~ a ,j . I OT , 'J nln.3 rlo·.n ng 'J.'le t,",;ee -_l.:':e 

texture of the CU3Al~rict c0r:>.ponent le.c~ ell~d B. Th:! ':!or~e3ponding 

dark field micTo;sraph sImo n in (b) ':Tas oo t e.ined usin J;; the 

diffuse (201)Tl reflecti o n in Fi ,g;. 2('0). !iote t!':e prese:-,-:!e 
D 

o 
0:' the strong -,rhite dottei cor.trast in (b) only in tr.~ Cu

3
Al-

rich component characteri zed by the "t~,leed-like" texture, 

Fig. 13. Sche~atic representation of a possible nechanism for the 

CU
3
Al-Ll

o 
transformation by the generation of parallel non­

con3ervative a/4 (Ill) APE's at every {220} planes vf the 

D0
3 

structure. In (a), the five (001) ato~ic planes af the 

00
3 

'"tnlr.ture are represented by decreasing the size of aton:s 

l:.ring fit 'v"'J.rious (001) ·lr;::r- t. hs. Note that there is no ord.erin..; 

of the {220} planes in the D03 3tructure. The faulted DJ
3 

structure in (b) is equivcdent to the Ll structure described 
,) 

in the text where the (220) planes of the D03 structure order. 
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:RBB 7211-5721 

Fig . 1. 
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Fig. 3. 
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XBB 7211- 5725 

Fig. 5. 
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XBB 7211-5 726 

Fig. 6. 
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XBB 7211- 5727 

Fig . 7 . 
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~--I-Fig.3 and 4 

Fig. 5 

C1 /I <ilo> C3 9' <oii> c5#<iOI) 
Cell <110> C4// <oil> Cs#<IOI) 

XBL 7211-7264 

~· ig . 8. 
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Fig. 9. 



- 29-

Fig. 10 . 
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XBB 7211- 5722 

Fig . 12. 
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(0) DO 3 STRUCTU R E 

(b) L10 STRUCTURE , . 
XBL 7211-7265 

Fig . 13 . 
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r-----------------LEGALNOTICE------------------~ 

This report was prepared as an accoun t of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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