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Equilibrium Diagram

The equilibrium phase diagram for the Cu-Y system ig
presented in Fig. 1. The equilibrium phases in this sys-
tem are as follows: (1) the liquid; (2) the:face-centered
enbic terminal sotid salution hased on copper, with neg-
ligihle (<0.04 at.%) selubility of Y; (3) the close-packed
hexagonal terminal solid solutisn based on yttrium,
with marginal solubility of Cu {maximum between 0.07
and 0.14 at.%; and stable up to 1479 °"C; (4) the
body-centered cubic terminal solid solution based on Y
between the («Y} = (BY) transition Lempcraturc at
1479 °C and the melting point of ¥ a
presumably having: negligible solubility 01
the compound Cu,Y, stable up to the per 1tc«,txc
decomposition temperature of 910 + 5 °C; (6) the com-
pound Cu.Y, stable over a compositional ficld whose
houndaries are not determnined and p to the congraent
melting temperature at 975 * 5 "C:i7) Lthe stoichiomet-
ric-compound, (u;¥y, stable 'up. o the. peritectic
decomnposition temperature at 920 = 5 °C; (8) the stoi-
chmmetnc compound Cu,Y, stahle up to the cotgruent

melting temperature at 935 + 15 °C;.and (9) the stoi-
chiemetric cempound CuY, stablc up to the-congruent
melting temperature at 935 = 15 °C,

The. most recent work on this equilibrium diagram is
20 years old. The available information on the system
i incomplete with regard tothe entive liquidus, and the
different transition temperatures are also not accu-
rately -determined. Barring these limitdtions, the
diugram iy otherwise fairly complete with regard.to the
establishment of the different coexisting equilibrium
phases. The equilibrium diagram shown in Fig: T is
derived primarily from |1}; with several modifications
incorporated from {31, [11 used metallography; X-ray
and incipient fusion techniques on arc-melted alloys of
99.89% Cu and 99% Y. The main impurities in Y were
0.25t00.50 wt.% Zr,0.15t0 0,20 wt.% Ti,0.125 wt.% O,
0.10 wt.% Fe, 0.03 wi % each of Ni dand N and
0.02 wt.% C..Y used by 13} was of much higher purity,
namely 99.9 wt.% or 99.5 at:% Y, with impurities
0.24 al O, 0.085 at.% C, 0.075 &t.% ¥, 0.03 at.% Fe
and 0.0035 at.% N.
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Fig..1. " Cu-Y.Phase: Diagram
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Considering the: low purity.of the Y used, the résults of |

[1] are in fair aceord with those of [2] with regard to
both the:number and the: staichionietry of the com-
pounds, with the exception that the compound CusY is
indicated by [2{to be formed by syntectic rather than by
congruent reaction as found by [1]. The purity of Y used
by (2] is not reported but, in all likelikiood; may not be
mich-different from that of [1]; considering the conters
.. porary nature-of the two werks,

The oceurrence of the. compound CusYy was missed by
bath- {1] and 2] The thermal arrest at the peritectic
decomposition temperature of the compound at 920 °C,
naoticed by j2}, was ‘misinterpreted to represent the
syntectic.reaction for the formation of Cu,Y. Thé clari-
fieation of this point came from the careful DTA studies
in this composition-region by {3], who' alse confirmed
that Cu.Y is formed by congruent rather than by
syntectic reaction. Tlie uncertainty in the: récorded
temperatures by {1} is rather large, which is further
augmented. by -the large ‘interstitial impurity content
in Y. Even if the distribution of the equilibrium phascs
remains unaltered, the temperature scales.in-thedia-
gram are expecled to undergo some revision in future
studies:using higher purity Y metal. Some of these
changes hdve been ineorporated from 13], in view of the

better temperature aceuracy (£5°C) and the use of.-

higher parity material.

Liquidus; Solidus and Soivus. The liquidus; shown by
dashedlines in Fig:1,is tentative because the incipient
fusion technique used by {11 is suitable only for deter-
mining the solidus accurately. The compositions at the
various invariant. points- are, however, reasonably
well determined by “suitable seleetion -of alloy com:

positions [1]: Four eutectic reactions that ocetr in the
systém are énumerated below. Details of the composi-
tion -and temperature data. from differefit -authors
are shown in“Table 1. All the liguid composition data
are accepted -from {11, in view of their. selection”of
clasely.spaced alloy eompositionsnear the incongruent
points. The eutectics are:

® The liguid of composition;, 9.3 at.% Y, in equilibrium
with (Cw) and CusY at 860 °C. The temperature
datur’is taken from {51 because. 6f the aceuracy and
eomparative recentness of measurement and of ‘its
reasonable agreement with that of: | 21:

The Hauid of composition, 28 at.% Y, in‘cquilibrium
with Cu;Y; and Cu,¥ at 840 = 15 °C. The tem-
perature is taken from-[1]; becanse the details.of the
accuracy of measurement by [2] are not known.

» The liguid of composition, 42 at.% Y, in equilibrium
with. CusY and Cu¥ at-830.+:15.°C, The same com:
ments- apply fot-the. selection of temperature as
in-ahove,

" The Jiguidiof compositien, 67 at:%- ¥, in equilibrivm
with CuY and (Y)-at 770 °C. The temiperature is
takeri from [6], because it falls' within: the scattér
limit-of the data by |1} and(2]

The- accepted - melting temperature of Y is 1528 °C17
Applying the.Clausius-Clapeyron-.approximation’ for
dilute alloys with negligible’ terminal solid solubility;
thechunge in the melting pointofY is~23 °C peratomic
percent solute. The melting point quoted by 111 for.the
99% Y is 1545 1 I5 °C; approximately 23 “Crmore
than that for.Y, This surprising agréement: with the
caledlation is perhaps fortuitous, considering different,

. ‘solutés and- theie eonflicting influence. oni- raising- or
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Provisional Cu-Y
Table 1 Evitectic Compositions and Temp es (a)
= 11} 14 12 15

Phases in equix g iti I

librium with L at.% Y. €L at%yY | . “C e S
Cuwr CuY . 890 % 10 8 850 868 860+ 2.5
€urYy CuY . 840 =15 25.0 842 g
Cu,Y CuY. 230 = 15 60 836
Cu¥ (Y).. 78015 63[6] 770 (6] 782
Note: - All poraposition data are taken frém [1}for reasofis explained in the text.

Aa) Ascited by various authors,

Table2 Phase Equilibriaand Transformation Characteristics for Cu-Y, Including Intermediate Phases

Temperatare,
"C. =Y G at% Y \ " Type
(Cu) L Cu, Y. =0.04 9.3 os14.3 Butectic
L CusY, Cu,Y ? 14.3 ~18 Peritectic
L Cu,Y k 20 20 7 B Congruent
Cu,Y Cur Y L 20 22.2: . Peritectic
CuyY, L CuY 22.2 98" 23.3 Eutectic
CuY L 33.3 33.3 Lo Congtruent
Cu.Y. L £ Cuy 33.3 42 50 Eutectic
CuY L e 50 50 s Congraent
Cuy¥ L (@Y) 50 8T =999 Butectic.
L @¥) (BY) ~97.5 =99.9 =99.9 Métatectic

lowering the. fusion point.. [3] also observed similar
agreement for L4 at.% Cu inY; where the liquidus was
depressed to 1495 °C. Likewise, the & — g transition
temperature of Y, presurnably of similar purity asin [11,
measured. by 8], shows close corresponderice with the
thermodynamic value, being 24 °C lower than the pres-
ently accepted valueof 1479 °C [91. At the copper end of
the diagram, where 'a number of intermetallic

compounds oceur; ideal solution approximation fails to-

predict the liguidus, which falls-at a faster rate with
temperature -on addition of Y to Cu. There are three
cengruent points in the liquidus, corresponding to the
decomposition of Cu,Y at 985 = 15 °C [1] or at
975 £ 5 °C.131, of Cu,Y at 935 = 15:°C [1| or at 895 °C
2] and of Ca¥ at 935 + 15°C {1] or at 952 °C [2]. The
congruent temperature for Cu.Y is taken from [31 be-
cause of better témperature accuracy and higher purity
¥ used; and those for CuzY and CuY from {11, as the
ertor limits for the data by |2} are-not known. In addi-
tion,-two peritectie invarianis occur in the solidus,
i eorresponding to the. decomposition of Cu,Y at
930 0 *C il and 910 £ 5°C 13} and of Cu;¥, at
920 =5 °C [3L

The maximum terminal solubility of Cuiini Y isbetween
0,07 -and-0.14 at.%, according {0 the unpublished

dataof [2}and thatof Y in Cuis less than 0:04 at. %51,

The high temperature ¢ — B transformation of Y at
1479-°C/is difficult to.determine because of its proximity
to the melting temperature. However, metallographic
evidence of precipitation of a second phase in Y solid
golution at this temperature has been found inseveral
- systems bl Y with. very iimited:solubility of selute,
sugigesting that the transformation takes place by a
peritectic or a.métatectic reaction 191 Report of the
effect of Cu on « -~ B.transitionan Y comes. from3],
who by careful IJTA study observed ‘the (ransition
temperature to decrease from 1478 “C for Lhe arting
¥ metal to 1470 C for the aloy with 1.47at.% Cu. Thus,
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the transformation of (BY)rto (@Y and Y-ricki 1iqﬁid.~
apparently occurs by a metatectic reaetion at. 1470 °C.

intermetallic Compounds. Of the five internietallic
compounds in this system, CuY, CuzY and Cu- Y. occur :
at ‘stoichtometry: CuiY is indicated by (1] to exist.over
a.broad composition range; the same-also is likely
with CugY:

[3Tobserved a two-phase structure at-CusY-and-a single-
phase structure at CussYs tomposition, suggesting a
Cu,Y, stoichiometry of the compound, or alternatively,
an off-stoichiomeétric extension of the Cu,Y phase fidld
to higher Cu: [13] also,failed to detect a single:phasge
compound at Cu,Y compesition, whereas {1] did. The
apparent. discrepancy. of |3/ and 113} with [1) may be
telated to the stabilization effect due to tmpurity, which
is higher in"Y used by 41] (1% vs 0.1 wt.% for bath {3]
and [13]). Therefore, the  Cu,Y 'phase field is indicated
extended on the Cu side, with the boundaries ten-
tatively at Cu,Y and CugY, compogitions.

That CueY occurs at stoichiometry was:confirmed. by
{1, {31and | 131. 113] reported the occurrence of anether
compound, ‘CusY, of hexagonal CaCu, prototype, The
therinal decomposition behavier of €u.Y. is; however;
very différent from other CizR compoinds- with rare
earths, and the composition. of Cu,Y also les at.lower
than stoichiometrie Cix, as noted by {13} It is likely
that CusY is net a separate compound but results from
arrextension of CuiY- phase fleld to higher Cujevels, as
suggested also hy |3]. Accordingly, CusY phase ficld is
shown with: an off-stoichiometric extension on the Cu
side to about. 12.5 at.% Y.

Table 2 summarizes the different phase equilibria,
| transformation characteristics and temperatures for
the system, including those for the intermediate
phiases.
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Cu-Y:

Metastable Phase

Although equilibrium solubility of Cu'int Y-is very re-
stricted, metastable- extension -of the solid solubility
limit up to 20 at.% Cu was. obtained by {10] by ultras
rapid quenching of melt atthe rate-of ~10° °C/s fo iorm
foils of 0.1 10 5.0 wrn thickness;

The oceurrence of the stoichiometric.compound of CiisY
has beeti feported by. [11] and {12} Under the rapid-
- solidification conditions of splat_cooling, [13] succeed-
ed in-synthesizing single-phase:€u,Y compound at the’
stoichiometrie composition, thus conﬁrmmg its oecur-
rence as a-metastable phase. The d-spacing values for
the CusY strugture reported by [11] correspond closely
. 'to those. for-Cu,Y listed . by [1], 'who ¢onfirmed that:
the- compounds ‘Cu,Y and CuY -oecur as équilibiium
phases in the composition region of CuY. [1], however;
also reported some difficulty in interpréting X-ray evi-
dence in the vicinity of CucY composition. Apparently,
equilibrium - conditions are - difficult to ‘attain in this
composition range, being strongly sensitive to the
thermal history of specimens; and the metastzable CusY,
phase can precipitate out to coexist with the equilib-
rium phases.

Y, like the rare-earth eléments,. is very reactive and
may-be contaminated by gases, such as H and O [14].
Minor impurities-may alter phase’equilibria consider-
ably in these systems {15]: Apparently, the presence of
impurities and rapid solidifieation eonditions favor the
kinetics of the formation of CusY compound over that of
the-equilibrium phases-Cu.Y .and CugY. In the two re-
ports,-[11] and {12}, where CiisY phase was obtained
directly in the .ingot; neither used Y of the purity
(99.9%) employed: by [13]; in the work .of [12]; rapid
chilling' of :the: melt. on .a copper - erucible could-have
further aided the furmatian of the metastable, phase.

The question remains if Cu.Y is at all an eq\uhbrmm
phase. Certainly, it: ition does hot
the stoichiometry, Cu,Y; [3} reports it at Cuy ¢Y and

Table 3 Crystal Structures

Provisional

even[1}, who d'this stoichi Ty, observed its
occurretice :at-about 81 at.% Cu (75 wt.% Cu). If .the
phase-is stabilized by impurities at lower than ethb—
rium’ Cu Jevels;-as the work.of [13] suggests; then the"
equilibrium occurrence..of Cu,Y- is in ‘question (also
ngte, both CuiiY und Cu;Y arereported to-have the samie
crystal structure; see below). Studiss usmg high purity
“ ¥ between the.compositions Cu,Y and Cu.,Y should kelp
- -clarify this point.

‘Crystal Structureand Lattice Parameters

Considerable. confusion prevails regarding the crystal
structure of two'of the highest Cu compounds; i.e., CusY.
and Cu ¥, Both {117 and [12] reported the occurrence of
a, CugY. compound and identified it.as. the hexagonal
CaCus-type structure However ds mentioned earlior,
“CuYisa 2 Mi

tion of alloys in: the CuéY composition rangs by [1] left
no doubt that the équilibrium phases ogeurring are the
cofnpolinds -Cia,Y- and, CusY. The d-spacings for CusY.
by {1].correspond closely te those. for Cu;Y by [11}
and, therefore, [15] attributed the reported CaCus struc:
ture for CusY to-CiY:

Beveral other Cu,R comipounds, where B is'a rare-arth
element, are afso known to have the'CaCun type struc-
ture: To resolve: the apparenit stoichiometric*disagrees
ment, [16]and [17] proposed ‘thatthe aetual composition
of the compounds is R, .Citys, 50 that the unit. cell con-
tains 1.2 formula units and; thus, six atoms. It was pro-
posed that electron transfer between R.and €u, atoms
leads to the partial equalization of metal valeney and
atomic radii, and accountsfor the 0.2 R-atoms, which
normally have much. larger atomic radii than the Cu
atorns, to occupy one of the two copper positions'togeth-
er with the 4.8 Cu atoms. On this basis, the CaCuj-type
structure may-be attributed to. the. Cu.Y compound.
{13}, on' the other hand, reported that théy did not ob-
serve this structure type for the formula composition of
the. R Cuy. compound. (R = La, Ce, Nd; Gd, Y}, thus

Bullletin' of Alloy Phase Diagrams

Approximate
composition  Pearson Space Lattice parameters, nin Refer-
Phase @), at% Y symbel Prototype  group. a b c Ceomments ence.
Equilibrium phases
F4 Cu Fm3m  0.36147 S ALISC, 0% ¥ (b}
12:51014.3 ? 0.683 0:407. " Hoxagonal {18}
18.2£020 1PE CaCus?:  Pofmmm? 0.4994 04113 " For16.7at.% Y, [12]
asexplained
3 : it text:
CuY [l 33.3 ol12 CeCuy - Imma - 04305 06800 07315 . Material purity [19]
=0.0005 © +0:0005  +(00005  99.9+%Y and
99.999% Cu
CuY 50 P2 CICs Pmdm 03477 ceany
taY) 997 hP2 Mg Péy/mme 036496, oo 100% ¥; 207 Torr, - [id
. viicuum annealed
filings coritainitig.
00225 wt.% O
B0 2 w Im3m~ 0411 100% ¥ (b
Metastable phase X
CusY in.l 6.7 hPE CaCug  P6/mmm 05005 0:4097:.. By splaticoolimgof - [13]
. - 99.9% pure Y alloy
{a) From the phese di by From [Tandolt-B tein|. 3 o
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Provisional g’ : - ) : ' - Cu-Y.

Table 4 Experimental Crystal Steticture Data:

. Crystal Lattice paranieters, nm .
Phase * ' structure a b . Gt Reference
Cue¥ Vi . “Hexagonal 0.683., . 0.407 18]
) Hexagonal 0.4940 SR N 0.4157 13}, reparted for Cu,Y - .
Cu,Y ..o Hexagonal 3.4984 ='0.0005 0.4117 =-0.0005 [11], quoted for CusY:
Hexagoral 04994 0.4113 [12}; qiioted forCus¥
Hexagonal , 0.496 0:410 . 2]
CwY ol Hexagonal 0.749 i 0:609 4]

Hexugonal ) 0.741 SN : 0:584 18]

Orthorhombic 0.4305 + 0.60056 0.6800.-0.0005" . * 0.7315 = 0.0005 [19]

" Orthorhombic 0.4308 = 0.0003 0:6891:% 0.0008 . 0.7303 +-0.0007 . 120]
JCuYLieo Cubic 0.3474 : {1}

Cubic. 0.354 . . 21

Clsbic 0.3477 (12} -

Cubic 0.3479 {21}
contradieting .[151. They, however, did suggest the 2.J. Haefling and A:F. Daane; unpublished data’ quoted
possibility of an off-stoichiemetric extension of the. ho- by, C.Ei*Lundin in The Rire E_‘urihs‘ F.H. Spedding.
mogeneous phase field of the CaCus-type compound and A.H: Daine, Eds., Johi'Wiley & Sens; Inc., NY,
and, in fact, proposed such an.occurrence betweén CusY p 252-253°(1961): :

«

B.J: Beaudry, private comimunication of unpublished:
resulis of 1966, ' Ames. Laboritory, lowa State University,
Ames, Towa 50011,

and CuqY compositions; This hypothesis, although-ac-
counting for the observance of the CaCus-type structure
at-off-stoichiometric compositions, is-ih seriots vari+

ance with metalographi¢ evidence of the presence of a * i&slé:;?];azezg?glfégﬁ%eddmg, U5, At. Enexgy Comm,
two-phase field in the Cu:Y system by [1], who also 5, V.N. Fedorov, A.A. Zhyrba, Jzo. Akad Nauk S8R,
observed thiat the X-ray patterns for the CusY do not Metally, No. L, p-166-169 (1975):in Russian; translated in
correspond. to the Cu,Y-type structure. Riss: Met:, No.:.1,.p 137-140 (1975).
. B N 6. B: Love; WADD. Tech.-Rept. 60-74, 226 p (1960).

On the basis of the above facts and the available infor- 7. Bull, Alloy Phase Diagrams, 2(1), p 146 (1981), Guoting
matien, it is proposed that thJe metastahle compound Inelting. points ‘of .elemerits from [Hultgren] and - cor-
Cu,Y and, possibly; CuY, have h rections to the 1968 ITPS scale
CaCus structures. The CusY 'compound also has'a - g CE. Habermann, M.S. thesis, Towa Stage University
hexagonal symmetry. (19607, quoted by B.J. Beaudry and AH. Daane, Trans, *

N qipes N ASM, 53, p-899-903 (1961).
Lattice parameters for the equilibrium phases, Cus¥, * 5" ¢ u 5 Lok 401 ielodt, discussion on the pager of [1],
CugY, Cu,Y and CuY, and for the metastable phase, Trars. ASM, 53, p 899 (1961).
CusY, having the hexagonal CGaCu; prototype structure, . 1 'B'C. Giessen, R, Ray and S:H; Hahn, Phys. Rev. Leil., 26,
are given in Table 3 p 509-51211971).

A collection of various lattice parameter and crystal
structure data for the equilibrium phases obtained by
different authors is given:in Table-4. Selected values,

11 J.H. Wernick and’S: Gellet, Acta. Cryst;, 12, p 662665
{1 ). i v

12, A.E. Dwight, Trans. ASM, 53, p 479-500 fl%l); Trans!
AIME, 215, p-283-286 (19591

from this table, based on reported accuracy of meéasure- 33 g g5 “Buschigw. and® A.S. van der. Goot, Acta Cryet.
ment, consistency with the other: results, and purity of B27(6), p-1085-1088 (1971),

the starting material, ‘are incorporated in Table 3. 15 RH. Spedding and BJ. Beaudry, oJ. Less-Commois Met.;

61-73 (19713,

Thermodynamics 15. K. Astchneldner Jt, Rare Eérth Alloys, D, Van Nostrand

) o, Tic,, Prinseton, N, p 155, 159- 166 and 388-389 (19611,

No thermodynamic: data arve’ available for this sys< © 16 T Hewmann, Nachr Akad. Wiss; Gittengen Math“Physik
tem. For the estimation of change. of ‘melting tem- Chem Abt; 1, -2} (1948).

* perature and'a — § transformation temperature.of ¥, - 17 A Bystrom, P. K!erkegaf\rd and 0. Knop; Acia- Chem,

Scand. 6, p 09 (1952).
18, T.H. Spedding and A:H. Daane, U,8. &t; Eaergy Cami.
18C-1116 (1959); quioted by {15].

the enthalpy-difference values used in the €lausiis-
Clapeyron. spproximation arc. 11.43 kJ/g-at and

5.0 kd fgiat, tespettively [Hultgren]. 19. A.P, Storm and K:E. Benson, Acta Criyst,, 16, p T01-
Cited Ref 762 (1963
- Cited Reterences. 20, PK. Kejriwal and E; Ryba, Acta Cryst. 16, p 853 (1963},
1 'RF. Doniagala, JiJ. Ravsch and G.W. Levinson, Trans. . 21, G. Bruzone'and A. F. Ruggiera, Atti Accad. Nzl Lincei;
ASHE, 53, p 137-155 ad 899-903 11961, Rend Classe:Sci. Fis. Maz. Nat,-33; p 312-314-(1962).
Cu-Yevalbatiofi contribyted by D.J. Chakrabarti und DE. Laughlin; L nf ingi g and M; . Carhegie-

Mellon University. Pittshurgh, PA 15213, USA. Wurk was supporied by the_ Intcrnatiopal Coppet’ Resvireh Association; e RORAY the
Department of Energy through the Joint ngmm onp Critieal Compilation of Physical and Ch Dula coordinated through' the Office of Standard -
Belsrense Data (OSKD, Natioual Bareas of andards: Literathre searchod throuih 1980:Prof Lanighlin 1 the ASM/NBS Uata Prograim's Catcgory
Edsfor for-binary copper.alloys.
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