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MARTENSITE IN CU-12.0% AL ALLOY

G. Thomas and M, C. Huffstutler
Inorganic Materials Research Division, Lawrence Radiation L‘aﬁoratory
' University of California, Berkeléy 4, California, U, S. A, |
| _ABSTRACT

Thin foils suitable for transmission electron microscopy have been pre-
pared from bulk specimens of Cu - 12, 0% Al alloy quenched from 800°C to
produce martensite, The martensitic structure consists of long lentiéuiar '
plates which are twinned on 20;-50A scale. The twin planes in the martensite
are shown to be {1oi2} . There is evidence that this structure is ordered as
expected for a transformation from an ordered parent lattice. vExp'erimen_:ts
using a high temperature stage show that the decomposition of the martensite
on tempering can be followed directly, but the martensitic transformation did

not rezcarr on cooling. ' n



1. Introduction

. The martensitic transformation is usually deﬂned as a phase transfor-
matioxi which occurs by atomic displacements gonstituting homégen_ouq defor-
mation (shear) and is accompanied by a shape change in the crystal, A de-
tailed review of the crystallogrephic aspects of martensitic transforzhations
has been given by Bilby and Christian (1958), while the .thermodynwc and
'kine‘_tiof approach has been 'summarizedﬂby Kaufman and Cohen (1958).'" Since
the change in shape does not account for the change in cryétél structure
produced by the transformation, the shear procéss hés been deduced to con=
sist of two components; 1) a macroscopicuuy homogeneous shear. pro-—
ducing the shape change, ‘and (2) localizad homogeneous shear (Bowles and
‘Mackenzie 1954, 1987; Wechsler Bt al.. 1953; Bilby a;_;d Christian, '1655), -
The second shear produces the required etom movements to form thé mar-
tensite lattice, The deformation produced by the second shear has been
thought to occur either by slip or twinning, Asa result of the_e#aminatior&
of martensitic structures using the technique of transmission electron micros=
copy, it has been shown quite clearlly»th'az in carbon steels (Kelly and Nufting
1960), and FeC, Fe-N, and Fe-N{ alloys (Pitech 1950 a, b), the martensitic

structure is in fact twinned on a scale of 16-500A, In Pitsch's work, however,

since the transformations occurred in vé‘ry thin foi_ls, the cr&étanographid |
features were not typical of those found_ufoxv' transformétions in bulk material,
The reason for this is the lack of three~dimensional conét_raint in specimené
6nly ~ 100023», so that it 1s necessary to examine specimens prepared from

transformed bulk material, In order to obtain more experimental resulfa
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concerning the nature of the second shear (and consequently a more general
picture of martensitic transformations), itwwas decided to mvestigaté non~
ferrous martensitic reactions since no'e'leétron microscopic work has been
reported in this area, Because there is considerable general background
data on the 1éotherma1 énd athermal traﬁsformations in the copper~aluminum
alloys (e g., Greninger, 1939, Isaitschew et al,, 1938, Tarora, 1949
IIaynes, 1955, Hunger and Dienst. 1860), the martensitic B . (hcp) phase of
the Cu-Al system was chosen for this work, |

1,1 Structures in-Cu'-l'a,O,% Al Alloy, .

Above the eutectotd temperaturs (565°C), the alloy exists as a random
bee wolid solution, designated 8. ’Upcm rapm‘l cooung, the eutectoid de¢om~
position is auppressed and at sbout 530"%’3 a0 ordered phaae, also bcc, desig~
nated {31, is formed after a short delav (during an iaothermal transfarma’cion)
Haynes (1955) has reported that the orientation of £ 1a dictated by that of the
.pmor 6. B eince the transition Ls not one oi’ the lattice itself but rathe;v a re-
arrangement of the solvent and. eolute atoms among the lattice sites. During
rapid cooling from above 565’(3 the martensitic reacfion . |

31 T'ﬂ"

\

stm{s at approximately 390°C,. fandti?aﬂgfc:irmation pfcmas or'xlr;y'v'with cone .
tinued reduction of temperature, i e.; 11; is not an isothermal transformation. )
Early work done by X- ray techniques on the crystallography of the Bl wﬁ T
transformation (Greningar, 1939) Tamra, 1949) indioate;l that the ﬁl phase is '
ordered bee (a_ = 5,82 A, see Fag. 9). \ Owing to the hmited stability of the [3‘
phase with respect to the gquilibrium eutectoid const:.tuenta a (f«;:c:) and ';2 (hcp)

accurate determinations of its struoture and unit cell dimensions hava not been |



possible, Isaitchew, et. al, (1838) and Greninger, (1939) showed that the B
martensite is distorted hep with the transformation mfollovﬁi.ng the orientation

relationships:
(110) B"” (0001) g
i111]‘B-' ”110101 B'

‘However the unit cell dimensions of the B ! have not been established with
complete certainty, Hunger and Dienst (1960) using X-ray and electron
diffraetion techniques gwe a=b. 16A ¢ = 8, 55A with c/a= 1,25, whereas
'I‘arora (1949) gives a = 2, 59A and ¢ = 4, 198A with c/a = 1,62 for Cu-13,5%
Al martensite- (in the latter case deslgnated as 'y', also having a distorted

hcp structurc) ’Ihese discrepancies are possibly due to compositwn differ-_

ences tw:!nning, and confusion in the interpretation of the electron d.affrac- -

tJ.on patterns associated thh superlattice reflectiona. 'I‘aking this into con-
sideration, Hunger and Dienst s electron diffraction data can be interpreted

('I‘homas and Huffstutler, 1961) to gzve a = 2, 62A (it is not possible to obtain'

a value for 'che o~oxis dimenaions i’rom thexr electron dlffractmn patterns smce these

were all basal-plane reflections). In view of these difficulties, it was found o

necessary to. obtain the a and. c. axea for the martenaitic s’cructure observed
in the w.o_rk mpo.r_ted here, .

A}

z Experimantal Procedure

Polyerystaliine specimenﬁ (~011004" thick) of high purity Cu-Al alloy, -
analyzed as 12,03 wt, % A) quenched in 1ced brine after hot rolling within the

B range, were lightly polished with e'ner;y paper before electro-thinning,
‘Figure 1 shows optical micrographs of the quenched a'lloy;s the atructure is-

typically martensitic. Thin specimens were prepared using the usual bath

N



for copper alloys (Swann and Nutting, 1960), namely one part conc. HNOg

to two parts absolute methanol at ~-26°C, The resulting foils were examined

in a Siemens Elmiskop I and a Hitachi H, U, 10 electron microscope operated
st 100KV, and electron dift’faeﬁoﬁ patterns were obtained using the selected-
area téchnique. Indexing of thé ‘diffré'otioﬁ patterns and determination of the
twinning relat‘ionéhips were fac‘ﬂitg’cad by comparing the electron micrographs
with the aSBOc'iatéd diffraction pattérn on'the same plate (the diffraction Ip_a'tte.rn
is rotated only about 5° with réspect to the micrograph uéing the Hitachi H, U '
10), | o
 To confirm the findings from electron diffraction, énd to 6btain thé |
unit cell dimensiona, electro~polished specimens were mounted on an XRD- ‘
X-ray spectrometer to record the high-angle diffraction ma.ximum for filtered

Cu K, radiation,

i RESULTS

3, 1 The Structure of £ Martensite

Although it 18 thought that g martenslte is hexagonal clcse~packed. in«
dexing of the gélected-area. djxfraation patterns could not be done until coms.
parison X*ray and electron diffraetion patterns were obtained from the same
specimen. The results obtained did not fit those quoted by Hunger and Dienst
Q1 960), who also ‘worked. with & eimllar alloy. possibly for reasons which are
discussed elsewhere (Thomaa axzd Huffatutler, 1961). The data were, however,‘l
in agreement with those reported by Tarora (1649) for the ao~oalled ! marten-«
site, It is unlikely therefore, that there s a px-onounced atmctural difference
between Tarora’a v martensite a.nd the B! martensite examined in the present
work, The electron diffraction pattems were extremely complicated by the

appearance of meny extra reﬂections and because of aaaymmetry in tha baaal—

plane orientations (the a; exes was slightly larger than the a, and a, axes),



Howevei', the X-ray results gave spacings such that an average value of a = 2, 57A
was obtained while the c-axis was unambigiously found to be 4. 21;"_&. Using
these values, the electron diffraction patterns could all be mdexe-& consistently;
Tob'le 1 shows a summary of data obtained from six different foils,

From these results the c¢/a ratio for 8! martensite was obtained as 1.64
which is close enough to the c¢/a ratio for mégnesium (1, 625) to permit the use
of a standard (0001) magnesium stereographic project_iog as the basis for the 4
orientation.plots for the determination of the twinning élane,s in the martensite,
(Section 3.38) | |

3 2 Optmal Metallography

As suggested earlier, (Haynes, 1955) the orientation of ‘31 (and thus B!
within a single grain) will be dominated by that of the prior B because of the _
constraints imposed by ordered structures. As can be seen in Fig, la, in
some grains a single planar system of Bl seems to dominate in producing 8°,
| Whilé in Fig. 1b at least two systems aie clearly in oyidence. The rr.xartensvite
structure can be seen to consist of flat lenticular platje's (e.g., Pig 7a); this
shape is oroduced because of the.vopposﬁg stress fieid's é;_urrounding each plate
and is exactly,ar;alagous to meoh&nical_ tﬁinni_.ng, ‘_Also,y the plates, which in
¢ross ‘séction resemble needles on this scale, have a;j'_oomral_plane, or midrib,
~ where the atxjucture on one side is the mirror image of that on the other, i.e. . |
they are related by simple twm orienﬁations. This waS‘-confirmed by notiog
the extinction angles under polarized Iight. In martensite produced in this way
the stresses produced on opposite sides of the midrib can be cancelled by the
oppositevtotal shape deformation. All f;hese effects are typical of martensitic
‘transformations, | |

3.3 Electron Microscopy

Figures 2-4 are typical examples of the martensitic structure. In Fig, 2

alternate platelets show fine striations of uniform thickness -~ 20A. These



TABLE 1

X-RAY DATA '~ ELECTRON DIFFRACTION DATA

<

d, A Intensity . Plane d(ﬂhﬁ]r“),i , ~ Planes .. .
. ’ky . . !

4,21 (00.1)
2,24 8 (10,00 | 12,22 i1o.o>ﬁ
2.12 | m | (00. 2) 2,11 (002)
2.03 vg‘f C (10.1) | 2,08 :‘..(‘10;‘15

195 s S (10,2) 1,92 (10, 2)

Pt

1,20 - m U (11.0) 1,28 (11,0)

1,08  mw . 10.3)

vs @ strongest 8 ¢ strong .m * medium mw * medium weéak



striations oceur in parallel direétﬁons in every _gth_er hglf-platg but are rqtated_ '
by 120° about the midrib with respect to each successive half{-plate*. The
4'd1ffrac;cion patterns showed that the plates yveré. orier'x‘t‘ed with [.000 1~] aéprox’i‘-
magely parallel to the beam with the traces of the striations parallel to <0110>.
The long axes of the plates lie parallel to <1100> These striations proved to
be narrow bands of twinned crystal within each plate; dislocations were not
observed in any of the specimens, The contrast from the twins avises solely
v irom the orientation differences between the twinned and untwinned parts of |
the pla’ce, and, like thin preeipitates, are seen to best advamage when the twin
plane makes 8 high angle to the foil surface, . Twins are not visible when they
1ie parallel or near].y parallei to the surface. This would account for the poor .
definition of the markings in certain orientations (e g., Figs, 3, 4) In any one
plate, if the twing are oriented close to a diffracting position, they appear |
,-black in the bright~ﬁe1d image and white in the dark-field image; ocnversely, o
Nthe ¢dntra t irom the untwinned parts wifll be in reverse of this, Both varia- i
. tions of these contrast conditions were observed. The most conclusive evidence
‘of twinning was ‘obtained t’rom the electran diffraction patterns. s I‘igure ba is a
‘aelectedf-area electron du‘fraction, pattern of the plate A ahown in F ig. 2. . ’l‘hw
shows a single- crystal pattern of a basai—plane end its twin roflection. The
disiortion in the basal-plane is quite evident and is typical of this orientation
Indexing of this pattern was consistent With the superposition of a [0110] ﬁ t
projection onto & [00011 B! projection as shown schematicany 1n Fig. Bba |
From this the Orientatiqn relationship betweén the tw;nned and untwinned parts
of thé By lattice isu : . . o
| | [0_001] matrix paranela '['Oiiol twin

* Ag suspected from optical metallography, tha midrib is simply a twin axis
parallel to <1100>



~ Almost all the specimens examined were oriented with the basal-plane approxi-
mately parallel to the foil éurface. Presumably this is due to the oreferred.
orientatiOn arising from the hot rolling used to pro,duoe”the specimens in initial

0f, '-'002'!"strip form. A trace analysis of micrograph selected-area diffraction
pa1rs for crystals in [0001] orientation does not allow the twin plane to be deter-
mined uniquely since the normals to all possible planes making the trace are
coincident with the zone axes parallel to the a directions in the crystal. Of
the possibilities, the probably twin planes are {0112} {of11} or {ol10},
with {0112} being the most 11ke)y for twinning in hep crystals Even from
the area shown in Fig. 4 (which is also in [0001] orientation) ‘where cross
twinning is observ.ed,. ‘the traoes being parallel to [1101] and [1010], a stereo- :
graphic 'analysis is ambiguous. However, an orienta,tion was found where the
twin plane could be determined; Fig. ,Ba shows a micrograph and Fig, 6b the -
corresponding selected area diffraction, _pattern in ori_emation [1451]. Figure 7
shows the stereographic projec't.io‘n of this and the traces of the twin pléne and
‘the normals to. all possible pia_nes malking this trace, :""-’»l“hgvis‘projection' (baSed ‘oi;
‘a standard magnesium crystal projec%ioﬁ) is obtained W‘itﬁ a rotjation oi’“83-° as S
shown, It can be seen that the (Oi 12) trace is within 2" of a posmble twin plane,
while . ine (0111) and (0110) are 7° a.nd 27° away from this. We infer from this ‘
analy.»is that the twin pl:me is indeed {0112} as expected foz' hcp structures. B _'
It can be seen from Fig, 3 that the twins run through the thlckness of the plato, :
e.g., at A, This shows a mar‘tensite pute in [0111] orientation tiited 8o tha‘c
the twin packets are observable in projectlon on the top and side of the plate.

the measured angle of 47° obtained from the trace of the twin plane in Fig. o ', ‘

Congidering (1012) mechanical twinning in other hep crystals such as :
those of Mg and its alloys (Raynor, 1959) it is known that {0001] ‘win lies almost



perpendicular to [0001]

matpix- Thus, if the area diffracting in Fig. Ba

included a significant amount of the twinne'_d oxfié_ntation, one would expect

" both basal and prism-plane reflections. Thie 18 exactly what was found

Judging from the clustering of spots and the slightly imperfect symmetry of the

(0001) B ' projection, the structure {8 distinctly distorted from a perfect hexa-

gonal har(x"_angement. The basél—pflane traces of the cross-markings .in Fig. 4
also suggest‘t‘he presénce of twinning on two conjugate (105:2} planes, ’
Examination of the diffraction pafterns (e. g, Figs. 5a, 6b): shows that

the. twin spot's are streaked in a direction norihal to the twin plané. Measure*

‘ment of the leng'th of the streaks (allowing for its projection in the plane of

the reciprocal lattioe) correeponds to a twin thickness of 20 501& which is con~

sistent with the measurements obtained from the micrographs, All thege

results confirm that the second éhgar_ is accompanied by twinning and not by

‘a’i‘ip and 18 in ag.reement with the results obtained by Pit;sc‘hl (1959) and Kelly
and Nutting (1960) on martensitic structures in ferrous alioyé. bAﬂl‘l the‘ -eléctron
diffraction patterns showed extra reﬂections which could nat be- 1ndexed in
te;'ma of_twinned or,»untwinned diffraction spots, hxamples can be seen in

Fig. 5a, and 6b, Frgm Fig. bb it can be‘"’seen that in tpe;twin_,or1entat1on

[naim these extra refieé'tioﬁs (c‘losed'circles) form a Ei‘qés{grid pattern in -

| projéétion on the (0001) untwinxied orienta‘tion.ﬂ This é'uggesta the pdssibility

of ordering in the martensite probably as a result of the retention of the order

| exhibited by the Bl structure during the transformation, this point will be dis- A

'cussed further later (Section 4 ),

8.4 ____gh Temperature Experiments

'Some work was done ueing e high temperature stage in the Hitachi elec-

tron mlcroscOpe.‘ This stage has the facility of bi~axia1 tilting when using a long
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focal length objective pole piece, thus ensbling contrast to be maintained

during heating, However there is & disadvantage ln that the resolution

using this pole piece is reduced to ~50A Figures 8a, 8b and 8¢ show

a sequence of decomposition of 8! at tempelratures 200° Q, -360° €, and' -

500° C after three runs at each 'teh;perature; No change in structure wag R
observed at ZOO;C a.nd the twinned B ' erystais were clearly resolvable

(Fig. 8a), The first stages in deconipoéition (Fig. ‘,'Bll:)'_were" accompanied

by the breakdown of the marteneitic plates into fine needles probably of the

o phase. Owing to the lack of resolution, it is not clear whether or not o
‘ these needles form directly at the twin boundaries; the observations 1ndicate -
they probably _do not, Nucleation was observed along the edges of the B!

plates and there were é_lways at least two orientations of needles 'ebaerv’ed in

& single original 8 ' plate.. This is unlike the behavior of 'te_:ﬁpered marten-

site in earbon:_etee'is where“é'erbide parficle-s.have_been observed to form

along twin interfaces (’Iielly axxd'Nutting, '1960), . Upon further holding, the
larger needles grew at the expense of emaller ones.‘ Atthe higher tempera-~
tures (Fig 8c) thelf"' is completely decomposed and the foll "breaks up" into
a lamellar two-phase structure typical of the a+ ”’.z eutectoid (Cope, 1959).
. .Owing to the reduction in volume associated with the final deeomposition of
B ,' a series of holes are left in the foil (Fi_g.‘ 8c). . This effect occurred each
tifne the temperature we.e raised to 50030 and a‘bm\re.va Uxifortunately, attempts to
"quench in" martensite by switching off the heating current were unsuccessful
When this was done there was no further change in the structure shown in Fig. 8c.
Conseguer_-xtly,., it has not beenpoesible, go far, to observe directly the Bl -13 IR

martensitic transformation. However, these experiments show that phase trens-

.\'1'/"

formations can be observed directly.in the electron microscope and éOxﬁirms'eai‘iie_r

work done on Al-Cu alloys (Thomas and Whelxm', 1961), Owing to the coimplex "‘natur-e
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of the electron diffraction patterns, it was not possible to identify the pro-
ducts of B! decomposition. I“Iowevér, using metallographic etching tech-
niques (1% aqueous chromic acid solution) the structures observed in

" Figs. 8b and 8c could be recognized in the light mi_c’roécop_e and confirm

the findings of Cope (1959). There was no evidence that in thin foils the
max‘tensxte transformation is reversible, but this may be a peculianty of the
thin foil itself, Further efforts are being made to investigate the fine de-
tails of the martensitic transformation in ot_her auoy systems in an attempt
to shed more light on possible dislocation reactions which might accompany
the transformation.

4. DISCUSSION

Since it 1s not possible to retain sny of the bec B, phase during trans-
formation, it is not possible to determine the Crystéxllographic features
""Qf‘the By = B! phase change, 'Thus, in this paper the ‘vdiséussioxi will be con-

cerned only with the structure of the martensite itself, It ia possible to
bbfé.in a model of the transformed lattice if the findings of Gréningér (1938)
and others (e.g., see Bilby and Christian, 1955) are "acéépt‘ed - namely, that
the transformation obeys the orientation reiationships | |
(110) B, parallels (0001) B'
f1i1} By paraums {1130} ﬁ'
and using th@ result that twixming occurs on {1012} B'. Figure 9 shows the
‘structure of the ordered ;31 phase (CusAl after Tarora, 1849) with the unit
cell drawn in broken lines, The basal-plane of the B structure lying on
(110) Bl is outlin ed in heavy lines. Tms model of the pexent atructure is
consistent with the observation of double twinning on conjugate iloiz 3 plenes
(Fig. 4) since the basal-planes corresponding to the twinned crystal are -
related direcfly' to the conjugate il‘l@planes of the B, phase. The new lattice
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resulting from the transformation (110) B, = (0001) Bt drawn out from the
model of Fig, 9 is shown schematically in Fig, 10; 1. e. , if there is no loss
ih order, 'which is probably (’Kurdjumow; 1939), it can be seen that the
zﬁartensite lattice consists of an vordered arrangement of only aluminum
_atoms on every parallel (0110). pia.ne separated by sheets consisting of al-
ternate rows of copper and alummum atoms. This is cornpatible with the
observations made of the electron _dlffraction pa_tterns, e, g. » Fig. ba wheré
the extra reflections could cofrespond to a super‘lattice_ structure of the type
depicted in Fig, 10. However, owing to the cpmpléxity of the electron dif-
fraction patterns, no definite conclusions were obtained to confirm that the
afomic avrrahgements shown in Fig, 10 are a true represen’cation of the B!
| structure, | | ‘ .

Now, 1f the approximateﬁ ' unit clell is drawn with‘ih fhé 'ofdered [31
lattice (i.e., Fig. 10), the unit cell dimensions caleulated from a_ (B,) = 5. 04A
| | 3, = 2,014, a, = ag = 2.524, o = 4.1
The measured diffraction data for B "gi\}e o ‘
| | a=2.578, c=4.21A

Using (a)

| §
mean for the B ' cell drawn within the Bl lattice the volume ratio

v B!in B
: = 1,014
s 7B m measured -

In other words, the transformation produces only & small contraction of the

is

baren‘c lattice when the martensi’cé is formed 8o that the atom moVe_men‘ts in~
volved in the transformation are also very small, This wc:ju1d suggest that
the structure depicted in Fig. 10 is esgentially corféct, and accounté for
the distortion in the basal'-plane which was a feature of 'the selected area

diffraction patterns (e.g., Fig. 5a),

.
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~ The narrowness of the twine suggests thet their structure is essentially
a bundle of stacking faults, i.e., their formation occurs by the motion of
partiai-dislocations in the twinning planes. Qmi‘z B 8ince in the fee é |
| phase in Cu-~Al anoys the stacking fault energy has been shown to decrease
with increasing aluminum content (Howle and Swann. 1961). the poasibmty of
forming faults in the hexagonal Cu~12% A! alloy 18 not unexpected. More axpar£~
" mem‘.s are necessary to decide whether or not thin is truea
| 8. SUMMARY
In eoneluaion, the results obtained from this investigat on Arés
Asin othar martensite structures, the 8! Cu-Al martensita eonniatn
of thin lentieuiar plmtes twinned ona 30«503 aeaie. “The twirming mechaniam
for the second shear in martensmc transformatlonm mvolving & degeneracy in
lattica aymmetry thua seems to be a general phenomenon,
3, The twin planes in the martensite are pmbably {10123
8. Tha transformation B" ~B ' probably retains the same degree of
- order that exiated in the B1 struuture, ‘and the Small Wlume change aecompanw
ing the transi'ormation accounts for the. distorﬂcn in me hcp g mtttce. -

4. It s possidble to observe directly the tempering of the mmrtenaite by
means of & hot atage in the eiectro:h miéroscope; the tx‘msformnum was not
observed to be reversible. S0 far it has not been posaible to follow élrégfly the
nucleation of martenstte by "quenchinig" the alloy in thé miéroscope hot atage.
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CAPTIONS TO ILLUSTRATIONS

Gptical micrographs showing the microstructure of B *
martensite (polarized light), X 300, -

Electron micrograph of 8! martensite; thin foi.l."prepared

from bulk specimen, Orientation [0001..]' ._.' Notice the |
transverse fwih .markihggf ~20A thick and rotated about the mid- | ,
rib by 120° in each halfof the plate», XI"‘QO‘; 000,

Electron micrograph of martensite ‘pljat;e;s*shdﬂvih.g surface
relief Qrientatiori (ol 1‘:11').para.11e1 to foil 'siurfé.c’e,v The trans- :
verse twinnixxg’ and surface irregﬁlarit’iés 'aré" clearly visible. :
The twin trace makes an angle of 47° w1th the top surface of

the plate, X 80, 000.

- Electron micrograph showmg posaible double twinning, e g,

at A, Orientation appraximate]y {0001}, N X 80. 000.
Electron diffraetien pattern from B

s:alected area diffraction pattern from the area A shown in
Fig. 2, Notice the »distorted hexagonal symmetry (outlined).
extra reflections, and streaking of the twin spots. ‘
Schematie mterpretatien of (a), Here a (0001)3. and (ono>3

orientation (calculated) are superimposed If the atom re-~

arrang_ement ‘wera_proldue_ed by a tw,innmg shear in e single
thin crystal, the multiplieity of {0210} end §1011} relpoints -
would be minimized, aé can be seen in (a), |

Fine structure of g |

Electron micrograph showing dark-and~11ght contrast effects
f-rom transve‘rse twihs in £ 4. '&‘here is. apparently a. surfaee

tilt in the central region of the band,

N/



(b)

Fig, 7

Fig. 8

{b)

(c)

Fig, @

Fig. 10
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CAPTIONS TO ILLUSTRATIONS (cont'd)

Corresponding selected area é‘iectron diffraction pattern from

(a) showing the trace of the twin plane. Ox’-ientétion'[il&l'] B'.

Twin-trace analysis based on Fig, 6. The stereographié pro-
jection of twin traces from a erystal of [1451) g ,orientation
showing that the twin trace is within 2° of that of the (01 12)

plane, ‘

Electron micrographs showing structure produced by temnering
B'ina hot stage in the electron microscope. |

B ' after 30 mmutesa tempering at 200°C Short times at tempera-
tures below 350°C did not result in decomposition of ', X 30, 000,
B ' after 10 minutes at 400°C. Area taken}at edge of foilnear

that shown in (a), This structuré is probably o iieedles vinva'mar’e'ensic
matrix. X 20,000, - -

B I", after 25 minutes at 400°C. This llis_s“imiﬂlar to the equilibrium
eutectoid structure, but notice that the light areas ax."e_in fact holes

in the ‘foﬂ X 20, 000,

Schematic representation of the Bl Cu 3A1 structure (after Tarora,

1949) showing the (0001)13. (heavy lines) - (IIO)B orientation re-
1 .
lationship., The unit cell parameter for Bl is 5. 82A,

: Schematic representation of the hexagonal g structure drawn

out from the lattice of Fig. 9 with no atomic rearrangemants.
Notice the ordered arrangement of atoms on alternate prism
planes, and the asymmetry of the a axes (see also Fig, 9), The

unit cell dimensiong are al o 2 BIA 8, = aq =2, 52A
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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 information con-
tained in this report, or that the use of any information, apparatus, method,
or nraress disclosed in this report may not infringe 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 dis-
closed 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 provides access
to, any information pursuant to his employment or contract with the Commis-
sion, or his employment with such contractor.




