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MODULATED STRUCTURES IN (Cu—I/Zn)3Al £LLOYS

II. -FCRMATION OF AN Tl PHASE WITHIN

THE Cu3A+ SIDE PHASZ

* .
M. Bouchard and G. Thomas

Denartment cf Naterlals Sciénce and 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 Cu3Al-Cu2MnAl decompose

inside & miscibility gap by forming composition moduletions rich in

the CujAlAand Cu,MnAl, At temperatures near the miéiéiﬁilif&mgaﬁ;ﬁfhé T

Cu,Al-side modulations, possess the DO atructure whereas at temperatures

3 3
well inside the miscibility gap, the structure becomes that of L.O:
The results are interpreted in terms of an L phéSé’field within the
binary-rich end of the miscibility gap. The proposed L.O phase results
' from the ordering of one set of {220} planes of the ordered matrix. ;
There are twelve possible L o variants that can be classified into three .
_sets of twin rélated‘vérianfs coherént with their aﬁitphasé related
counterparts. The two twin related variants concurrently grow in Dlate;-'
lets parallel to the {100} plane of the matrix that contains the two
C axes. ‘The antiphase related.variants‘afe beliesved ﬁo form a long

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

‘gap, the Cu Al—rich.phase possesses'a tweed-like texture which suggests

3
' -
the presence of a device array of small L o particles ccherent with the

DO3 matrix.

Present address: Communication Research Center, P. O. Box h90 Statlon A
: Ottawa., Ca.ne.da
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1. INTRODUCTION

The éiloys along the éompoéition—line Cu3Al-CuéMhAl isothermally
decompose inside a miscibility gap into a Cu3A1—riéh phase and a Cu,!mAl-
rich phase. The metallographic characteristics_of;the alloys decomposed
at temperfurés close to the miscibility gap are descfibed in paper I.
At temperatures Qell inside the miscibility gap,.électron diffracticn
and microscopy revegl the presence of a new phaée‘havingbdvstructure
vhich.appearsbto be that of LI (Cu-Au I type).

The .present paper_discussés the formation of thé 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 ih Table I of the

former paper.



/3. RESULTS

3.1. The LloiPhése

The diffraction patterns of alloys aged weli‘inside the miscibility
gap show extra reflections, whose diffuseness inérgases with-inc%easing
aging temperature (240°C to 300°C). Typical examples of discrete and
diffuse exfra reflections in alloy 0.8 are sﬁown in Figs. 1 and 2
respectively. A comparisén of Figs. 2a and b'revéals-that'the intensity
of the extra reflections in the (001) diffraction'pattern increases when
thé foil‘is slightly tilted from the exgct (001)~6rientation, and’such
tilting experiments are necessary to determin the‘diétribution of the |
extra reflections in the reciprocal space. If was found that the étruc-
ture of the new phase was best [ritted to that éf the Llo superstructuré
(the Cu-Au I structure) and this new phasé'will be called the Llo phase
in this papér. |

Figure la,b shows the (011) and the (110) diffraction patterns from
the alloy 0.8 aged at 2ko°C for lb,OOO min. The difffaction patterns
contain matrix and precipitate reflections and the lattef ére'indexed
in Fig. le,d tgrms of the proposed Llo structure. .Selécted dgrk field
experiments.reveal that the Llo reflections in ﬁhe (001) matrix dif-
fraction pattern in Fig. la come from two Llo variants having mutually
orthogonal ¢ axes. The two variants are marked (1) and (2) in Fig.A2.
The LIO reflections iq Fig. 1 are elongated ig a direction normal to P
the ¢ axis~of‘the Llo vhase, It was also found that the LloAreflect;ons'
iﬁ.the (110) matrix diffraction pattern in Fig. 1 come from only one

Llo variant.



diffraction experiments. The results are schematically shown in

. ¢) - Measurements from diffraction patterns revesaled that thare

The Llo—matrix orientation relationship was determined from many

The so0lid lines .indicate the unit ceil of the crdered DT matrix and

(A

»

the dashed lines indicate the unit cell of the proposed Llo phase.

The labeling of the Cu and Al atoms in Fig. 3 refers only to the DO3
structure. The important'featuresAof the proposed Llo-phase are sum-
marized as follows:

a) The L1, structure consists of alternate stacking of A and B {100}

‘planes perpendicular to the (tetragonal) ¢ axié.

- b) The ¢ axis of the'Llo phase lies nearly pafallel to one of the

(110 directions of the matrix, thus producing six ﬁbssible

Llo variants corresponding to the sixA(llO) directions of the
 matrix. For example, thelg axis of variants (1) and (2) shown in
Figs;'lﬁz lie near the'[QEO] and the [230] matrix directions
respectively. Variants (1) and (2) ere twin related and the

twin plane is the (100) plane—Of the matrix. Because of the cubic
symmétry, two additional sets of twinvreléted variants héve their
¢ axes in the (100) ana the (Qlo):planegsof_ﬁhe matrix. In
add;tion;veach of the six variants can be AP3 r;lated to another
variant possessingAthe‘same orientation_of ifs’é axis. ‘This

produces a total of'twelve'possible'LlO variants.

is a near correspondence of atomic positicns between the Llo
structure and the matrix structure. The dimensions of the Llo

unit cell estimated from the Cu,MnAl matrix unit cell are:



A= 4.2k A
B=2.97A
C=bL.oh A

The C axis is normal to the A3 stacking sequence and does
not correspond to the shortest dimension of the unit cell.
It was calculated that for the proposed le structure, the

following hk® reflections are allowed:

h, k and & unmixed  F = 2(f, + fB)--'(fundamental)

f

h and k unmixed and

rsy
it

2(f, = £_ )+ shnerlattice
h, k and £ mixed s ( A B) (_=‘ )

where F is the structure factor associated with the hk2 reflection and -

t, and f_ are the electron scattering powers of the A and B atoms (Cu '

A B
and Al) respectively.

The morphology of the LlO phasg was studied by selected dark
field-micrdscopy.‘ The bright field micrograph of the‘alloy 0.8 aged
at 240°C for 10,000 minutes shown in Fig. lLa reveals the preférential
polishing neér the edge of the foil of a componeﬁt‘having a plate-.
iike morphology. The image shows_gréy~dotted cont;aﬁt believed to.he
causgd by contamination of the sample since it was.observed only in
one s;ﬁple. This is consistent with the observation thaﬁ the dottéd
contrast does not disappear when the foil is tilted. The dark field
' ﬁicmgraphé iﬁ b) and c¢) [from the same foil as in a)] were obtaired

using the (201). and (201), L1 reflections in Fiz. la) and show the
2 0 .

1

variants (1) and (2) respectively. The two dark field micfograpﬁs of

the same' area show that each Llo variant consists of small elongatad
particles héving their long axes parallel to their respective c axis.

LY
2,
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The élongated shape éf the particleé'produces s¢me.streaking of the le »
diffracted spots in directions normal to the c(a')éis.l (See Fig. la).

- The dark field micrographs in Fig. hE and-c also show that the
particles of each Ll0 variant generally forn groupé and that the groups
of the twin related particles (1) and (2) are located within the same
area of fhe foil. This suggests a highly interconneqted arrangement
of the twinbrélated particles. If was found that within eaéh group
of particles, the space unoccﬁpied by variant (1) in Fig. Wb is
partially occupied by variant (2) in Fig. kc. | | |

The relative volume fractions of'each.variant di ffer markedly from
area to area in the foil. This is shown in the two dark field micro-
gfaphs-of the alloy 0.8 aged at 2L0°C for 10,000{minuxes in Fig. 5a and
b obtained froﬁ the same area. The morphology of variant (1) in a
éan,be best described as irregularly shaped platelike.pérticles. The
surfa¢e of the plates isfirregular and contains numefous valleys a#d
‘hills.v Clearly, variant (1) haé a larger volume fraction than variant
(2) in b. ' The latter is distribuxed in a denée_array,éf,small particles
showing white dotted contrast in a dark‘}ield. In faét, thé small
particles of variantv(Z) in b are aligned in fows parallél“tb a (11Q
‘direction of the matrix. These rows are lo;gﬁed:in thé valleys of
varianﬁ-(i). This is illustrated by the parficles of variénﬁ (2)
indiéated by arrcws'in b and the COrreépbnding valley in the platefl
shaped vériant‘(l) in a. |
In [110] fqilé; normal to fhe direction of ci,_?pg particles of

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

|




the (001) plane of the matrix. The dark field micrograph from a (110Q)

foil in Fig. 6 was obtained using the L1 (110)

o sraflaction in Fig. 1lb. .

<

The micrograph shows that the platelets paraileivtb the (OQl) plane cf
the matrix are 100-200A thick and 400-500A apari; ‘The particles of
variant (2) are believed to be loczted between thése.of variant (1)
and within the same platelet. The areas near the-edge:of (001) foils
may con£ain only one platelet of the twin related variant (1) ana (2).
In thicker aréas of the foils, overlapping.plateieté'may be observed.
The three dimensional distributién of LlO partigies is best studied by 
étereo microscopy. The dark field pair of sterec micrograbhs iﬁ Fig. 7
reveal that the particles of one variant are distriﬁuted in platelets
locatedbat various'depths in the sample.

From the above dark field aralysis, it is Béii-ev'ed that the L1
phase form three sets of platelets parallel to the cube planes of the
 matrix. Each {001} platelet contains the two twin.félated Llo:variants'
with their ¢ axes parallel to the two (110) directions of the matrix |
thatAareﬁpé;allel to ﬁhe blatelets. This three dimensional distribution
of the three sets'of twih related variants is schematically illustrated

in Fié. 8.l
| There are twelve possible transformation variants generatzad from
the matrix. The twelve fariants can be divided intb three pairs of
twin related variants coherent with their antiphase (AP) related
counterparts. The AP related variants share the same direction of
-their C axes, but their interface is characterized Byvthe,wrcng
stacking sequencevof AB planes ABABBABA forming AP3S. This situation

is similar to that found in Cu-Au and may result in a long period



superlattice:LPS.2 The interface between two APB’;elated variants
is a 1/2a (101) or 1/2a (011) APB of the L1 s’tructufe In dark field |
microgréphs obtainqd using a sﬁperlattice L1, re;lectlon [e.g. (201)1,
the APB is expected to show dark contrast since a, the phase angle
across the:APB'= 2lig'R = H(2Ql)'(101) = H.BY-Weibélieve that the closely
spaced dark fringes in the dark_field photograph”in Fig; Ja ié evidence
of the LPS in the'L.lo phase. The éoﬁtrgst at APst is very sensitive
to the diffraction conditions and the nature of the:contrast may change‘
from dark to white by small deviation from the exaéthragg condition,3 1'
and the contrast - of the’clbsely épaced dark ffinges vanishes when the
foil is tilted. This observation.furthér Supports that the fringes are:
caused by APB contrast inside the L1_ particlés. 'As shown earlier,
the-widef dark bands are valleys in variant (l)'thﬁtiare at least
pértiallyvdccupied by the twin related variant.(2); and cdnseQuently
this contrasﬁ does not vanish when the foil is tilted slightly. It
| was found that the period of the LPS’ is constant w1th1n ‘each platelet
of the L1 phase but varies between 60A to. llOA from platele* to
platelet. R |

| In order to determine the éomﬁonent.responsiblé for the aﬁpearance .
of the L1 phase (Cu3Al-rich or CuzMnAl—rich) the symmetrlcal alloy
;0 5 was first aged at 300°C for 18,000 minutes aad further aged at
.2LO°C for 1300 minutes. The flrst ag;ng!produces the double cublc
structufe- whereas at lower temperatures, one of the two’ components
transfdrms.:iTwovcharacferistié feétures of the l§w température t;aﬁs- ”
formation #ere observéd. Firstly, the microstructuré'is-characterizéd_

/
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by the presence of & high density of martensite plates shown in Fig. 10a

in the phase labelled B. It is believad that these2 martensites plates

are formed in the Cii Al-rich phase as this is consistent with previcus
3 : :

observations in Cu-Al alloys. The secord charactéristic feature is

observed in small areas of the foil not transformed to martensite (e.g.

Fig. 10b).  Instead, the component latelled B nbwiéhows a modulated

structuré.in bright field similar to that caused by the LlO structure in

asymmetrical alloys. Selected dark field microsécpy using the closely
spaced spots has shown that the transformed ccmponent possess the

smaller. lattice parameter associated with the Cu_Al-rich phase. One

3
such experiment 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 and ¢ spots in the diffracﬁion
pattern in b; This result suggests that at temperatures well inside
ﬁhe miscibility gap, the aecomposition proceedé by the formation of
compésitional modulations of cubic CuzMnAlfrich regions coherent withv'

,Cu3Al-rich fegiods which have. the Llo structure.

3.2. Structure of the Cu3Al Phase

Duriné'aging of the symmetrical alloy 0.5,_diffuse streaking and
extra diffuse reflections were observed. The image contrast showed
"tweed,like" textﬁre. These features aré similar to those obgerved
in the as-quenched alloys described in paper I. T&éical examples of
the (OOl) diffraction patterﬁ and microstructure of the alloy 0.5 aged
ét 300°C for 10,000 min are shown in Figs. 2 and 12, (see also Fig.

12 of paperfi).



There are two sources of diffuse intensity ‘in diffraction petterns
during the ea:ly_stages of aging. In (OOl)'diffrection patterns, the
intersection of some <iIO) diffuse sfreaks'with.the reflecting sphere
produces diffuse 1nten51ty near the fundamenta’ reflectlons very similar
to the cross.nggg, see paper I. = However, the diffuse cross Egggg
appears around all reflections and its shape is 1ndependent of the g
vector whereas the'dlffuse crosses caused by the_lntersectlon of the

(110) difque-Streaks‘with the reflecting'sphene near the fundamental
reflections are more intense than those near the-superiettice reflections.
Moreovef,»the size of the latter diffnSe croeses incfeases with in-
creasing order of reflection. This different beneéior of the two types

'of-diffuse’scettering may be utilized to detefmine.the origin of the
diffuseAintensity, | | S | |

Diffuse meximn are resolved elong tne.length:ofxthe diffuse‘streaks;
‘These maxima are centered around,the position of the L1 reflections
in:reciprocal space. ‘A dark field micrograph obtained using the
(201) L1, reflection in Flg. 2b 1s shown in Fig. lEb) and compared to
the correspondlng bright field image in Fig. 12a) The flgure_reveals_v”
‘tham:the phase showing the ﬁtweed-llke"vtextu:e conteins a nigh &ensiti f'
of fine coherent parficies as evidenced by the white‘ootted contrast -
in dark field; Selected dark field microscopy of th closel& spaced
spots in-diffraction natterns of the fully deconposed alloy.O;S revealed}
that the component showing the "tweek—like" texture possess the sma.ler:i
lattice parameter associated with the CusAl-rlch phase This observaele??f

tion and the results given‘in the prev1ous section suggest that'the
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"tweed-like' texturs and tne A1ffuse streaxs afd reflactichs re

a mixture, within the Cu_Al-rich phase,
- embedded 'in a cubic DO3 supzrstructure.  Similar structures have bean

observed in a number of ordered alloys.

L. DISCUSSION

The "Tweed-like" Texture ané the L1 Phase

Ourgresult; show the existence of a new phase having a structure
similar-to fhat of ﬁhe Llo-structure during the decomposition of the
(Cu-Mn)3Al'alloys af temperatures yell inéide tﬁelmiscibility gap; The
Llo structufe consists of the alternate stacking of planes of A and 3
atoms normal_to.the C axis. Tre C axis of the Llolphase lies parallei'

to one of the ¢ [1J) directions of the DO, transforming crystal. 'Since

. | 3 _
we . observe little deviation from the exact correspondence of lattice
sites between the matrix and the Llo structure, we have proposed an Llo

structure having its C axis normal to the smallest dimension of the

unit cell.

3

bee structure te a fcc structure. We believe that the transforming crystal

The DO -LlO transformaticn is one involving transformation cf a

¥

“au

M

has a composition and a structure aspproaching, but different from, t
of the Cu Al—D03 structure, (this is suggested vy ‘the rotation of the

3.
decomposition tie~line discussed in paper III), and that Mn atoms play
an important role in the formation of the Llo structure. If decomposition
inside the miscibility gap is spinodal in nature, it is possible that

thevcompositiOn of the Cu3Alfri:h phase gradualily shifts towards the
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ternary corposition ha?ing the Ll' sfructure._'@t temperatu:eé below
275°C, the Llo phase is stable, wheraas at 3u0°;, it is metastabla ard
produces diffuse LlO reflesctions and a tweed-like’ or two-prase
texture. The "tweed-like" texture of the CQBAlQricn component could
also be produced durlng the quench subsecue 1t tovthe 1sothermal ‘aging.
These observations suggest thebpresence of a‘LlO phase field at the
binary-rich end of the miscibility gap. |

Thg proposed structure of the le phase maywbébgenerated from the

DO, structure simply by the partial disofdering‘of‘the DO3 lattice to -

3 .
‘the B2 lattice followed by the ordering of only one set of the {110}

-planes of the B2 structure. One possible mechanism performing the

above traﬁsformation is lllustf&ted'in Fig. 13.v Thé mechanism involves
the,gener&tion of non-conservative 1/h a&lll)lAP§‘4 of the D03 structure -
parallel to every (220) planes of the DO3 structure.5 T The conditipn'

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

[uvw]- [bkk] #0

~ where [uvw] is the normal to the palne of the APB and [hxi] is the
dlrection of the APB vector. There are four 00551ble l/4a(lll)vectors
in the DO struéture generating four macroscopically equivalent APB's;

3 .
Since non-conservative APB's are associated with compositional changes

, ax the APB's, closely spaced non-conservative APB's c¢an ﬁherefore
produce local compositional changns approachlng the com3051t10n of a
' new phase. This structural. 1nteror=tat10n of phase relations was

’recently illustrated by Okamoto. and 'I'homas5 in Ni-Mo alloys. In the

DO, structure, the two APB's (220) 1/ba [111] and (220)1/%a[111] are



-13-

SUMMARY

At temperatures near the top. of the riiscibility gap the Cu_Al-rich

3

and Cu2MnAl—rich modulations possess ths BOB”and LZl struztures

respectively. At lower tewmperatures, the Cu3Al-fich modulation

also exhibits a tetragonal structure beliétéd-to be similar
to the Ll0 superstructure,

Al-rich
3 :

modulation shows a "tweed like" texture and=éprrespondingly the

At temperatures near the top of'the miscibility gap the Cu

diffraction patterns show diffuse streaking and diffuse extra

reflections corresponding to those of the Llo structure. It is

suggested that these features arise from a high density of le

partigles cohergnt.with the DO3 structure. |
The.fdrmagion of the Ll0 phase is thought tourgflect the présenéevj
of A‘Llo phase field within the binary-fich_eﬁdvof the miscibility
gap. - | | o
There are twelve'possible Ll§ varianfs that can be classified

into three sets of twin related variants coherent with their

APB”related,counterpérts.

The L1 phase consists of the stacking of A and B planes parallsl

to a {110} plane of the matrix. The twin related variants
concurrently grow in platelets parallel to zhé {100} planes of thé_ 
matrix and the twir plane is of the type\{;OO}. - | “
The near cdrrespondancenof the lattice siteas during the DO3-L1o

transformation produées coherent Llo particles‘such-that the

_ normals to the {110} AB stacking are perpendicular to the shortest

‘dimension of the unit cell.
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7. There are two types of morphologies of the'Llo paftidles: a) small

particles elongated in a direction normal to the AB stocking and

b) plate-shape particles parallel to the {100} planes of the matrix.

8. 'In the-plate-shape particles;‘there-are two type of fringes observed.

The.widef fringes (typiqally th—SOOA) are valleys in the plates
of one variant that are acquoied by small elongéted particlés of
the twin related variant. The éléser fringes_(fy@icaily'60—110A)
are belieye.fo reflect the presence of a long ?eriqd superlattice
in thé.large LlO particles. . |

9. 'The DO-L1_ transformation can be a£c0mpiished by the ordering of

3
" only one set of the {220} type planes in the DO

3

generation of closely spaced non-conservative 1/h a (111 ) APB's

strﬁcture. The

is equivalent to the formation of a small Llotregion coherent

with the DO, structure.

3
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. L.

Micrographs from the alloy Cu
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FIGURE CAPTIONS

(001) and (llO) matrix diffraction patterns from the alloy
Cu, in, gAl (x=0.8) aged at 240°C for 10,000 minutes. The

extra reflections (in parenthesis) are indexed in terms of

' the proposed L1  phase. In a), the two twin related variants

(1) and (2) are diffracting whereas in b), only the variant
(1) is diffracting. The patterns are ihdﬁced in ¢ .and d.

(001) diffraction patterns of the alloy CQQ}SMQO;SAI (x=0.5)
aged at BOooc.fbr 10,000 min. and showing diffuse streaking
and diffuse L1 refiéctions; Notg that thg-diffuse infensity
increases when the foil is tilted slightly from the (001)
orientation in (b). |

Schematic representation or the coherent lattice relationship

between the DO3 structure and thé‘Llé structure.b The atoms at.

‘lattice sites refer only,ﬁo.the DO3 structure. The c axis of

the.Llo>phase is normal to its AB stacking-sequence énd normal -
to the B axis representing the smallest dimehsién of the unit

cell., It can be seen that the Llo,strucfure can be generated

- from the DO structure simply by the ordering of one of the

3
(110) planes of the bce disordered unit cell.

) . ]

| o.M, gAl aged at 2&0‘0 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)1Vand (201)2 Lio_réflections marked in Fig. 1(e)

and show the variants (1) and (2), respectively.




Fig. 5.

Fig. 6.

Figo '7. .

Fig. 8.

foil of the alloy Cu
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Same alloy and diffraction contrast as in Fig. L. The’figure

reveals that within the same area, the variant (1) in a) has

a larger volume frection than the variaht'(Q) in b). The
variant (1) has an irregular plate-like morpholozy whereas

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

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

are located within the dark valleys in the platelets of

'varlant (1) (see arrows)

Dark field micrograph showing the L1 variant (1) in a (110)

5. Mny 8Al (x=0.8) aged et 2ko°C for

10,000 minutes. The image was obtained using the (110) L1

~reflection in Fig. 1(b) and shows that the Ll phase grows

in platelets parallel to the cubic plane.fi
Stereo pair of dark field micrographs obtained using the (201)
le-reflection in the alloy Cu2 2Mn0 8Al (x=0.8) aged at 2L0°C

for'l0,000 minutes. The three dimensional distribution of

particles can be observed using = small portable stereo viewer.

The stereo pair reveals that the particles within one group

are distributed at various depths in the thin foil.

Schematic representation shbwing the three dimensional distri-
‘bution of. the 6 possible twin related Ll variants forming

platelets parallel to the cube planes in the euo M Ay sAl \x-O 8)‘- '

alloy.



Fig. 9.

, Fig. 10.

Fig. 11.

~18-

(201) Llo dark field micrographs from the alloy Cu?.ZMHO.BAl

(x=0.8) aged at 2L0°C for 10,000 minutes showinz parallel dary

" fringes (see circles areas) in some areas of the L1 olates.

A comparison of tﬁe circled areas in a) and b) revesls that

the fringe contrast vanishes by cha.ngiﬁ7 slightly the diffraction
conaitions. It is believed that the f;inqés reveal the presence
éf a long period supperlattice in the le phgse;

Bright field micrographs of the alloy Cue;sMno;sAl'(x=O.5)

aged at 300°C for 18,000 minutes and éubsequently aged at
2L40°C for 1300 minutes. The figure shows the transformation

of the Cu_Al-rich component labélled'ﬁ-during the low tempefa—

3

ture aging. In the area in a) the Cu Al-rich component

3

- transforms mostly to martensite whereas-in b) it transforms

mostly to the Ll_ phase.

Alloy Cu, Mn, Al (x=0.5) aged at 300°C for 18,000 minutes

" and subsequently aged at 2L0°C for 1300 minutes. The bright

field microgravh shows an area of the foil ﬁhare the component
labelled(B has transformed to the ilo structure. The
corresponding dark field micrographs in c) and d)‘were obtainad
vgsing_the closely spaced c and 4 feflections__reépectively
marked in b). The figure reveals that the component labelled

B possess the smaller lattice parameter associated with the

Cu_Al-rich component.

3



Pig. 12.

Fig. 13.

~19=

(220) bright field microsraph (a) of trne alloy Cu, an 4]
i, o5

(x=0.5) aszed at 300°C for 10,000 nin. showing the "twaed-lize"

texture of the Cu3Al—rich ccomponent latell=ad B. Th2 corrasponding

dark field micrograph shwon in (

(@

s
o

D
s
-3
D
joN
=
2]
e
3
Ml
ot
i
D

b) was o
difrfuse (201)Ll reflection in Fig. 2(b). llote the wresence
o* the strong white dotted contrast in (b) only in the Cu3Al—
rich component characterized by the "twead-like" texture.
Schematic representation of a possible mechanism for the

Cu Al—LlO transformation by the generation of parallel non-

3
conservative a/l (111 ) APB's at every {220} planes of the

DOé structure. In (a), the five (00L) atomic planes of the

003 structure are represented by decreasing the size of atoms
lying at various (001) d=vths. Note that there is no ordering

of the {220} planes in the DO, structure. The faulted DO,

structure in (b) is equivalent to the L1, structure described

in the text where the (220) planes of the DO? structure order.

-
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LEGAL NOTICE

This report was prepared as an account 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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