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phase trensforms to the y phase of‘composition'near,Cu

-  LBL-2296

VODULATED SmRUCmURES In ORDVR“D ("u-MnhAl ALLOYS,
. III-FOPMATIOD OF THE Y DHACE :
M. Bouchard and G;_Thomas
Department of Materials Science and Engineering,
College of Engineering and Inorganic Materials Research Division,

Lawrence Berkeley Laboratory University of Callfornla,
Berkeley, California 9kT120.

- .ABSTRACT
The alloys along the composition tieéline:qu3Al-Cu2MnAl have
been studied by electron microscopy. The alloy.Cu2 SMhO SAl situated

near the centre of the misc1bility gap decomposes at 300°C iato: ordered

- phases rich in Cu Al and Cu,MnAl. Durlng overaglng, the Cu Al-rlch

3 2 3

( 9Alh; end plate-

like precipitates form in the Cu MhAl-rich phase,:fThe latter

preclpitates resemble those found in the Cu U, 2MnAlo'_a alloy. Further

~decomposition wlthin the inltlally modulated phases suégest a decomposi-~

tion tie-linebclose to the Cu9Alu—Cu MnAl0 8 line for the as-quenched

symmetrical alloy. This is in agreement with the observed volume

"~ fraction of the'observed phases. The various mlcrostructures of the

aged asymmetrical alloys studied suggest a rotation of the decomposition

~ tie-line with composition along Cu Al-Cu MnAl.
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1. INTRODUCTION

In the previous paners.l-it was shownfthat'the alloys-alon? th=

- line Cu3Al -Cu MnAl order durlng the quench to an ordered solid solution

.based on tne;DO3 structure of Cu3Al.and the closely related L2l structure

of CuaMnAl, 'DUring isothermallaging at temperatures below 350°C,ethe .

'31ngle phase decomposes.intOTe'Cu Al-rich phase and a Cu MnAl-rich,

3 2

phese. The microstructures of the decompositlon possess all the metal-
lographic characteristlcs of a“splnodal decompositlon.2v3’h After
prolonged eging at 300°C of the alloy Cu2 5Mn0 5Al having a composition
half way. between Cu3Al and Cu2MnAl the mlcrostructures clearly show
an equal prOportlon of the two phases. However, the proportion-of the
Cu3Al—rich phase_to ‘the Cu2MnA1-rich phase estimeted using the lever.
rule along the compositioh line of study“is‘closer to 2 to lvfor this
alloy. . Thls dlscrepency between the expected and the observed volume

' frectlon of ‘phdses can be explalned by the rotatlon of the decorp051t10n
tie-line'with respect to the llne'of study. Thls'iS'supported by the
fact that w1th1n a ternary mlsc1b111ty gap, the decomp051t10n tie-line
is not restrlcted bj st01ch10metry whereas 1n51de a blnary m1=c1bility
gap, the decomposition_tie;line corresponds to the binary'side of the

Gibbs triangle.’

The purpose of this work was to study the‘continued transformetions :

that occur in the modulated microStructures of (Cu;Mn) Al alloyS'using
electron mlcroscopy in order to estlmate the decomp051t10n tie-lines

'of the alloys studled and to check on tha dlscrenanCJ dlscussed ‘above.



’.composition near Cu

2. EXPERIMENTAL .
The experimental procedure has been descri_b‘ed'prev_iously.1 The
atomic compositlons of the Cu3 MnxAl alloys studied are summarized
in Table 1 of naper I |

. 3.. RESULTS .

3.1.' The Yy Phase
‘ : It‘was found'that.prOIOnged‘aging of ailoys rich in manganese

(x> 0.5) inside and/or outside the miscibility gap results in the

¢

heterogenedus precipitation of a y-type phase. The Yy phase is similar

to that first discovered'in Cu-Al alioys by Bradlev.s_ In the Cu-Al

binary system and the Cu-Ni—Al ternary system, the Y phase has a

Alh 6,7 ‘In the Cu-Mn-Al system, the compositlon

9
of the y phase is also expected to ‘be cent.red around CugAlh

A (o01) diffraction pattern of the-CuéMnAlsrich ratrix and the

Y precipitates is shown in Fig. la. It vas found'that'the‘first order

i

reflections of the Y-precipitates are 1ocated near the 1/3 dlstances

of only the reflectlons inherited durlng the B2 orderinv of the matrit.

‘This results from the s1mp1e cubic symmetry of both the B2 structure

and the vy structure.v

: The diffraction patterns have been indexed according to this

simple cubic structure mhe lattlce parameter of the Y phase estimated

“from’ diffractlon patterns of m1xed m1crdstructures of the y and CueMnAl
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phases is 8.72 ¢ 0.05%. ‘This value is in agreement with that reported

L by Bradley et al.8 for the*Cu’Aln’Yfphase.““

9 - :
The volunme of the Y unit - cell is corposed of +wenty-seven bee
unit cells.6 In the Cu—Vn-Al alIOJs we have found that nlenes of the

Y phase are parallel to those of 51milar 1nd1ces 1n the L2 macrix

1
-(see Fig. la) : The precipitate reflections Just out51de some aatrix
reflectionS'reveal a misfit of about 2%. |
.The.diffraction pattern invFig 1a:was-obtAinedffron.largeVY
particles and shows only one reflection at each Y position whereas
that in Fig. 1b was: obtained from smaller Yy particles after lower
temperature of ‘aging. This pattern shows'satellite spots near all Y.
positions. The»diffraction paﬁterns in Fig. la'ahd b are schematically
reproduced in Fig. 2b and ¢ respectively.aha ﬁhe'presence of the
satellites is'intcrpreted in ferms of double diffractioh;g Figure'Zo'.n
shows the schenatic diffractlon vattern of both the Y phase and the |
.L21 matrix wlthout double diffraction.
| The diagram in Fig. 2c results from double d*ffraction by the vy
phase of.the eight»fundamental reflectlons of the L2= matrix (large
filled circlgsiin Fig; 2&) This diagram corresoonds to the L21 + Y
.4 diffracﬁion pattern shOWn_lh_Fig..lb. In Flg. 24, the doudbly diffracted-'
spots (in parehthesis) are inaexed.accordlng to the'fundamental L21
reflections in a) that cause double diffractlon._ |
Precipltatlon of y was observed in the three alloys 0.5, 0. 8

and 0.9. In the asymme trical allovs 0 8 and 0. 9 the Y phase Porned

during isothermal aging inside and/or outside the miSC1b111ty-gap.
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- presence of a zone free of Cu

Inside it the orecipitation of Y occurs concur ently with +the formation .

of_the-Cu Al-rich minor vhase. The microstruc ures of the asymietrical |

3
alloys-are'therefore~partially determined by the relative growth kinetics

-of the two-cdmpeting'processes;_ A typical exanple‘of-a-microstructure

, obtained from the-alloytb.8 aged?inside the miscibility'gap is shown

in the bright field micrograph of Fig. 3. The micrograph‘shows a
large density of y particles at the grain boundary surrounded by a

zone free of Cu3Alérich.platelets. The density‘of Y'particles'is

lower inside the- grain than at the grain boundary ’ Inside the grains,

both the Yy particles and the Cu Al-rich platelets are 1mbedded in the

3

CuzMnAl—rich matrix. The Cu3Al—r1ch phase is identifled by the lighter

‘contrast and by ‘the presence of interfacial dislocatlons.l

Inside the grains, ‘rows of equiaxed Y partlcles have precipitated
on cube planes and vhich seem to have coalesced‘to‘form needles and

plates of the ¥ phase; This is illustrated‘in the microéraph obtained

‘ " from the alloy 0. 8 aged at 315°C for 1 lOO minutes shown in Flg. k.

A comparison of the regions labelled A and B in Vlg 4 showed the .-
3Al-r1ch platelets around the Y particles.

The coexistance of four phases was observed . 1n the alloy 0.9 aged

at 300°C fOr 18, 000 mlnutes. This is illustrated in Fig. 5 show1ng

v; the Cu Al-rlch phase, the Y phase and the Ll phase1 1mbedded in the -

3

Cu MnAl-rlch matrix . The c1rcled area marked B contains Y particles

2

and is the selected area used to form the dlffraction pattern in B. -

~ The Ll diffractlon pattern in C was obtalned Irom the Ll particle in

the selected area narked C. This was confirmed by selected dark field

o



micrOScopy.v;The‘Cu3Al—rich-platelets'were identified hy the‘characteristic

diffraction betterns end the i'nterf‘acial dislocation"network;- Accordinz

to the phaoe rule, the coexlstance of four nhzses 1n a three connonent

system is p0351ble only along an hOrlzontal or ve*tlcal llne throuph
the ternary comp051tion VS'temperature diagran.lq7-.

| In contrast to the asymmetrical alloys, no Y precipltation was
observed in the symmetrical alloy 0.5 prior to loss of coherency at

the Cu3Al+Cu-MnAl-lnterfaces.t In‘the fully decomnosed symmetrlcel
alloy, further precipitatlon of the Y phase occurred within the
Cu3Al—rich phase characterized by & "tweed 11ke" texture.1

illustrated in the mlcrostructure‘in Fig. 6.’AThis micrOgraph reveals

: This is

thet thely phnse grows from‘a-local,region and gradnally consumes the
fCujAl—rlChicomponent. rIt is'believedﬁthet the growth of'r occurs by'b
the’ gradual transformation of the Cu3Al-r1ch nhase from local embryos'
‘through the hlghly interconnected Cu3Al—rich perticles until the Cu3Al-
rich phase is fully transformed. l . S '~effh.v>"‘.‘ L

3.2. Precipitation Wthin the Cu MnAl Phase-

. After prolonged aging of the symmetrlca. alloy x—O 5, plate-like ;
precipitates form in the.CuaMnAl-rlch phase.' Thls is illustrated in
Fig. 12 of peper I where the precipltates marked P are observed
”»exclu51vely in the CuQMnAl-rlch component marked A : The precipltates

were never observed to extend in the Cu3Al partlcles (narhed B)

_characterized by the "tweed-like" texture. The micrograph also reveals

that the precipitatesfsrexlocated neerhthe snrface‘of impinzment of

| two CuMinAl-rich particles. The plate-like morphology and diffraction

.
(33



~patterns of ‘the preeipitates.resemble very.closely those'of the
_ precipitates found'in the alloy Cu, MnAlo 8" 11 For'comparison,’the
micrograph in Fig. 7T shows plate—llke precloitates in the Cu2 2E:!nAl0 8

~aged at 225°C for 18,000 minutes. |
b, “DISCUSSION_

The decomposition of Cu Mn A alloys has been studied by

S3-x

tranSmission electr0n~micr05copy. A total of five phases were found

to occur sequentially upon quenchlng and aging of the alloys. The

schematic diagram in Fig._B illustrates the:sequence of transformations

that occurs in the symmetrical alloy 0.5. o |
Upon prcionged aging of the symmetrical alldy; the Cu3Al-rich.

~ phase transforns to the Y structure based on the Cu Alh binarj

- composition and the CuaMnAl—rlch phase contains plate-like p ecipitates

| resembling those found in the Cu MnAlo 8 alloy.' These further

transfonmations of the two Cu3Al-r1ch and Cu2MnAl-rich phases suggest

that the decomposition tie—line of the as-quenched symmetrical,alloy .

x=0.5 lies”near-the compositions.tie-line’Cu ohl)~Cu, MnAlo é rather

than along Cu3Al—Cu MnAl This estimated decomnosztion tie-line is’

' shown in Fig. 9 and it represents a slight clockw1se rotation with

respect to the Cu3Al-Cu2MnAl line of alloyspstudied. If the symmetrical .

4110y'o;5 was to decompose along the'CusAl-CuzMnAl tie-line, it is

3Al-rich phase would easily'tranSforn.to'martensite.lz

expected that the Cu
In agreement_with this'interpretation-the martensite transformation was



3
e.deconposed-et 2h0° C. Furthernore,'no plate—like"ptec*pitetes would
' 11- 13 |

~ observed in the Cu.Al-rich phase of the asymnetrical alloy x=0.2

v'_be expected to form in the CuaﬂnAl-rlch phase, |
-The estlmated.llmlt of the>misc1bllitz gad shown ln ?ig; 9 was
obtained by electr0pvmicroscopic.observations of the‘fOUr:alloys 0.2, |
'O'S; 0. 8'an& 0‘9 egedﬁet:300°c Accordlng to the isothermal sectlon
in Fig. 9 and the lever rule, it is expected that the deconnositlon
:of the syometrical.alloy (x=0.5) at 300°C produces a volume fraction .
of the'tuo rhaseS'(Cu Al-fich end Cu MnAl—rlch) close to 2:1 along :
CugAlh-Cu MnAlo 8 and close to 1 l along Cu3Al-Cu MnAl ~ The
_obserVation of a ratio close to 1:1 (see Fig. 12 of “paper I) is in
agteement with the estimated decomp031tion tie-llne in Fig. 9.
Contrary to blnnry system, the decomposxtlon inside a ternary
miscibility &gap is not restrlcted by stoichiometry.s Instead the
decomposition tie-llne can rotate within the»dome-shaped miscibility
gap ln ¢omposition-temperature space. This decomposition tie-line
is determined‘oy Joining the composition of the'non;decomposed allo&”
situated insidevthe‘dome and thercompositions‘of thevtvo components
of the decomposed alloYISituated.on the surface of.theedowe. |
, The compositlons of the non-symmetrlcal alloys studled x=0.2, _
iO 8 and 0.9 do not lie on the decomposit1on tie-llne of th- svmmetrical .
‘alloys x=0.5 This suggests that the decomp051tlon tle—llnes of the
.non-symmetrlcal elloys studied do not c01nc1de Vluh thet of ths

symmetrical alloy. ThlS is 1n agreement wlth the observatlon of

'heterOgenous precip;tates of the Y phase inside and out31de the



[ 3]

miscibility gap in alloys near. the ternary-rich end (Flp. 3, L and 5)

~and the absence of Y preclpitates in an alloy near the b*nar"-rich

- ‘end.

" In the symmetricel alloy x=0.5, the L1, phase forms during

| decompOsitionl'whereas its formation is-heterdgenoue in the asymmetrical

alloy x=0.9 (See Fig. 5). These different modes of formation of the
L1 phase can also be interpreted by a rotation of the decomposition

tie-line of alloys situated along Cu3Al-Cu2MnAl and additionally

9

vsupport the Cu Alh Cu MnAlo 8 decomposition tie-line.



At 300°C, the alloj_near the center of the ter na*" mieeihility gaz

‘.composition of the vy phase is believed to be close to CugAlh

 The transformation of the DO

- studied, the_y precipitation does-not occur. The change in the

-10- .
CSURMRY

Cu2 5Mn0 SAl decomnosea into- nomp051tion~moduiat;ons'?ich in_Ct3Al

and Cu_MnAl. During'further'aging, the DO3 structure of the Cu3Al- ,wf

2

rich phase further transforms to the Y-type struﬂture The

3 structure to the Y'structure is

'aceompanied-by precipitation of plate#like‘particies within the

CuzMnAl—riCh phase. The structure and morpholegy of the precipitaxes

resemble those of the precipitates found in the Cu2 2MnAlo 8 alloy.

The formation of the Y phase and plate-like precipitates in the

matrix suggests a~decomposition tie-line close to_CugAlh-Cu? 224nAlc 8

for the as-quenched symmetrical-alloy aged ineide the niscibility

‘In the symmetrical alloy Cu2 SMnO 5Al, the'volume fraction'bf the

Cu3Al;rich and CuMnAl-rich composition modulations is close to
unity. This observation is in agreement with fheeabove estimated

decompos1tion tie-llne.

'In the ternary-rlch asymmetrical alloys studied the Y phase rapidlv o

" forms heterogenouslj whereas in the binary rich asymme»rical alloy --_“ _;)

mode of- precipitation of the y phase in alloys along Cu3AJ.-cu2:-h~.AJ.
suggests a rotation of the deeomposition tie-line with the composition

of the alloys.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. L.

v Fig. 5.

from the allOJ Cu,,
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'FIGURE CAPTIONS. |

-~

’001 diffraction pattern of the Y bhase and-LQ bkase obtainegd

1l

>, 2 Ng . 8 (?“0 8) af°d a) at 375°C for L50 nmin

and b) at 315°C for 1100 min. b). Note the double diffracted

‘satellites near all Yy positions in b).-

Schematie diagrams of the 001 diffraction'pattern of a) the L2l

phase b) the L2l and Y phase and c) the L21 phase, the Y phase

and the double dlffracted satellltes. In d), the satellite

spots (in parenthesis) are'lndexed accqrding to the fundamental

L21 reflections in a) giving rise_to;dbuble diffraction.’
Heterogenous précipitation of the Yy phase dark contrast at

grain boundaries and inside the grains in the alloy Cu2 2Mno 8Al

(x=0.8) aged at 300°C for 18,000 mix. The formation'of

~ Cu. Al-rich platelets llPht contrast is also observed inside

3
the gralns. Note the presence of'a zone free of Cu3Al-r1ch

‘platelets near the grain boundarles.

Prec1p1tat10n of the Y phase in a mlcrosfructure con 51sting

3Al-r1ch platelets and a CuZMnAl—rlch,matrlx. Alloy

Cu, 8-(x50.8),aged at 315°C fof_l,lOO'min. Note the zone

.
2.2"%. , |
free of Cu3Al-rich platelets_around the Y particles.

a) Formation of the Y phase, Cu Aléfich phaée and Llo phase

3
in the CuaMnAl—rlch matrlx of the allo; Cu2 i 0.9 Al‘(x=o.9)
aged et 300°C for 18,000 min. The ﬁlffract;on patterns in

b) and c) were obtained from the selected_areas indicatedkin

the micrograph a).



Fig.

-Fig.

- Fig.

Fig.

€. 1

' transformat1on of the Cu

" cu,

“l4-

Mlcrostructure obtalned fvom the SJmmetrlcal allOJ Cu2 5Jno .Al

. (x=0.5) aoed at 3oo°c for 10, 000 min. and shOW1n7 ‘the

3Al-r1ch pbase (narkﬁd B) to the v .

-structure Uotlce the interfacial- dislocatlons. .

Heteroyenous prec1p1tatlon of plaue-like nartlcles in the allof _

(<]
5. 2MnAlo g aged at 225°C for 18, 000 min..

»Schematlc dlagram showing the orderlnv reactlons upon quenchlng

and the phases resultlng from the isothermal decompo=1tlon aof

the‘symmetrlcal'all9y Cua.SMno.sAl (xéO.S).

The Cu-rich portion of the Cu-Mn-Al Gibb's trianglé'showing

the limits of the'niséibility'gap'estimaﬁed'at 30090_and the

decompnaltlon tie-llne of the symmetrlcal alloy Cu 0 5Al

x=0.5 also estimated at 300°C.
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ESTIMATED DECOMPOSITION TIE LINE AT 300°C

ESTIMATED LIMITS OF THE MISCIBILITY GAP AT 300C
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