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The Cu-Ho (Copper-HoImium)?ysﬁ

By P.R. Subramanian and D.E. Laughlin
Carnegie Mellon University

Equilibrium Diagram

[63Wun] investigated the solid solubility of Ho in Cu in
the range 500 to 1000 °C with metallographic
methods. They observed that the solid solubility did
not show any appreciable temperature dependence in
this range, and that the maximum solid solubility of
Hoin Cuis ~0.02 at.% Ho (0.06 wt.% Ho) at the eutec-
tic temperature. Differential thermal analysis (DTA)
studies on alloys containing ~4.1 at.% Ho (10 wt.%
Ho) revealed the Cu-rich eutectic temperature to be
868 °C, and the corresponding liquidus temperature to
be 1025 °C. [66Wun] redetermined the eutectic
temperature in the Cu-rich region and found it to be
864 °C. There is no other experimental phase diagram
information on the Cu-Ho system, and therefore, the
assessed equilibrium diagram of Fig. 1 is derived from
thermodynamic considerations, as well as the sys-
tematics of Cu-lanthanide systems (see “Ther-
modynamics”). The melting points of pure Cu and Ho
are accepted as 1084.87 °C [Melt] and 1474 °C [78Bea,
86Gsc], respectively. Table 1 shows the various in-
variant temperatures that are expected to occur in the

Cu-Ho system. In Fig. 1, the existence of CugHo2 and
Cu7Hog is proposed solely on the basis of the presence
of similar phases in the Cu-Gd [83Car], Cu-Dy
[82Fra], and Cu-Er [70Bus] systems. Also, there is a
possibility that Cu7Ho exists. A similar phase is found
in the Cu-Dy system, but not in the Cu-Er system, and
because Ho lies between Dy and Er in the lanthanide
series, it is difficult to assess whether this phase will
exist in the Cu-Ho system.

Metastable Phases

[79Mcg] prepared amorphous thin films with the com-
position Cug.56H00.44 by sputtering from arc-melted
specimens, and by thermal evaporation from Cu and
Ho targets, followed by condensation on liquid
nitrogen-cooled sapphire substrates. The resultant
films were 500 to 1000 nm thick.

Crystal Structures and Lattice Parameters

Crystal structure data for the Cu-Ho system are listed
in Tables 2 and 3. [61Dwi] reported the formation of
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Weight Percent Holmium
10 20- 30 40 50 60 70 80 20 100
1600 | I] Il Il 4 T 1 T L Y ]I T 1 . T
1474%C
1400 L e
I""
p
1200 S 3
Floum A
.. ~16.7%,986°C /
€ 100d - __’mf"\c-_. s i
A - ~, - S ’
e 1 N oA Bi8C, - ~. /s
= L 878°C v’/ Lcsm; -D’- BISC ___ .
3 ~00Z 05 | FEY0C ~arapesE 830°c X -
© 800 = |! 700 i
— :;' ] {
o H o
& €[ 2
[}
3 (¥ 30 32 34 36 38 3
e & P& 1000 ey
Q
< 3:2" i o 0] o S .- S
[l it LY 2 e
400_"'_(6“) 6 s 5 ng: 9804 .~ m—c:Cu,Ho'_ (Ho) —=
8|0 5} 5] - groec -
970 3
i aCugHo 1FCu,Ho
1 960 A
200 : 14 15 16 17 18 19 20 3
i
]
1
1
D T 'T T T T T T T
o 10 20 30 40 50 60 70 80 80 100
Cu Atomic Percent Holmium Ho
PR.Subramanian and D.E. Laughlin, 1988,

Bulletin of Alloy Phase Diagrams Vol. 9 No.3a 1988

365



" Cu-Ho

Table 1 Special Points of the Assessed Cu-Ho Phase Diagram

Compositions of the
respective phases, Temperature, Reaction
Reaction at.% Ho °C type Reference
(Cwle L, 0.0 1084.87 Melting [Melt]
point
L« (Cu)+ CuysHo............ 95 ~0.02 16.67 875 Eutectic (a), (b)
L + CugHo2 « CusHo....... ~15.7 18.18 16.67 985 Peritectic (b)
L« CugHog..................... 18.18 990 Congruent (b)
L +» Cu9Hogz + CuzHo...... ~314 18.18 33.33 870 Eutectic (b)
L+« CugHo.....ccoovvnrnrnns 33.33 915 Congruent (b)
L« CugHo + CuHo ......... ~35.2 33.33 50.0 875 Eutectic (b)
L« CuHo.......coovverenee. 50.0 1010 Congruent (b)
L «» CuHo + (Ho) ............. 70.0 50.0 ~100 830 Eutectic (b
(Ho)e> Lo, 100 1474 Melting [78Bea, 86Gsc]
point

(a) Terminal solid solubility is from [63Wun]. (b) Compositions and temperatures were estimated from the systematics of Cu-lan-
thanide systems, in conjunction with thermodynamic modeling (see text).

Table2 Cu-Ho Crystal Structure Data

Composition, Pearson Space Strukturbericht
Phase at.% Ho symbol group designation Prototype
(CU) oo, 0 cF4 Fm3m Al Cu
CusHo(HT).............. ~16.67 hP6 P6/mmm D24 CaCus;
CusHo(LT)............... ~16.67 cF24 F43m C15; AuBej
CugHo..................... ~33.3 ol12 Imma CeCuz
CuHo........ccvreerrene, ~50 cP2 Pm3m B2 CsCl
(Ho) oo, 100 hP2 Pé3/mme A3 Mg

CusHo with the hexagonal CaCus-type structure, with
lattice parameters @ = 0.4960 nm and ¢ = 0.4016 nm.
In contrast, [69Bus] reported the occurrence of the
cubic AuBes-type structure in alloys with the
stoichiometry CusHo. This was based on X-ray inten-
sity measurements on alloys annealed for 2 to 3 weeks
in the temperature range 700 to 800 °C. For the Cu-Gd,
Cu-Tb, and Cu-Dy systems, both structure types are
present, with the hexagonal type stable at high
temperatures and the cubic type stable at lower
temperatures. Accordingly, it can be concluded that
CusHo is also present in two allotropic modifications,
with the hexagonal form reported by [61Dwi] as the
stable phase at elevated temperatures, and the cubic
form reported by [69Bus] as the stable phase at lower
temperatures. The temperature range of stability of
the hexagonal CusHo is expected to be limited.
[83Gsc] noted that a plot of the reduced temperature
(the melting point of the compound divided by the
melting point of the pure lanthanide metal) always
results in a straight line that decreases with increase
in atomic number. This observation can be extended to
include the allotropic transformation temperatures as
well. Therefore, a comparison of the trend for the
reduced melting temperature (Tn,[CusRE)/Tm[RE])
vs atomic number with that for the reduced transfor-
mation temperature (T'Tr[CusRE])/Tm[RE]) vs atomic
number shows that the cubic — hexagonal transfor-
mation temperature for CusHo should lie close to 970
°C. :

[63Sto] determined that CugHo crystallizes with the
orthorhombic CeCug-type structure; lattice para-
meters reported by [63Sto] and [86Sme] are in good
agreement. The equiatomic phase CuHo forms with
the cubic CsCl structure, and lattice parameter data
reported by [64Cha] and [65Ian] are in good accord.

Thermodynamics

No thermodynamic data are available for the Cu-Ho
system. Eutectic and melting temperatures in the Cu-
lanthanide systems have been shown to vary sys-
tematically across the lanthanide series (see “The Cop-
per-Rare Earth Systems,” in this issue). On this basis,
the terminal eutectic temperatures at the Cu- and Ho-
rich ends were estimated to be 875 and 830 °C, respec-
tively. The eutectic compositions at the Cu-rich end
and the Ho-rich end were assumed to be ~9.5 and
~70 at.% Ho, respectively. These compositions were
inferred from experimental data for the Cu-Gd
(83Car], Cu-Dy [82Fra], and Cu-Er [70Bus] systems.
The integral Gibbs energy of mixing of the liquid phase
was derived from the interpolated eutectic data (9.5
at.% Ho, 864 °C and 70 at.% Ho, 830 °C), with the as-
sumptions that mutual solid solubilities are negligible
and that the liquid behaves like a subregular solution.
The equilibrium temperatures of known Cu-Ho inter-
mediate phases were obtained by interpolation of cor-
responding data for other known Cu-lanthanide sys-
tems. The Gibbs energies of formation of the Cu-Ho
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Table3 Cu-Ho Lattice Parameters

Cu-Ho

Composition, Lattice parameters,nm
Phase at.% Ho a b ¢ Comment Reference
(CW v, 0 0.36146 At 25°C [Massalski]
CusHo(Ht)............... ~16.67 0.4960 0.4016 - [61Dwil]
CugHo(Lt)................ ~16.67 0.7016 [69Bus]
CugHo.......ccovvevveeee.. ~ 8333 0.6769 0.7280 0.4280 [63Sto, 86Smel
CuHo.............ceeeceee.. ~50 0.3446 [64Cha, 651an]
(Ho) oo 100 0.35778 0.56178 At 25°C [78Bea, 86Gsc])

Table4 Cu-Ho Thermodynamic Properties

Lattice stability parameters for Cu(a)
G%Cy,L) =0
GYCu, fee) =-13054 + 9.613 T

Lattice stability parameters for Ho(b)

G%Ho,L) =0
G%Ho, cph) = ~16 900 + 9.673 T

Integral molar Gibbs energies(c)

GIL)+ X(1-Xn-86738 + 38480X) + RTXInX +
(1-X)In(1-X)]

ArG(CusHo) =-20284 + 3.50 T

ArG(CugHoy) = -335651 + 13.23T

ArG(CugHo) =-17626 + 4.37T

ArG(CuHo) =-37431+ 1026 T

Note: Standard states: pure liquid Cu and pure liquid Ho.
Gibbs energies are expressed in J/mol, and temperatures are
in K. Xis the atomic fraction of Ho. Mol refers to the atom as
the elementary entity.

(a) From [Hultgren,E] (b) From [83Chal; melting point is
from |78Bea] and [86Gsc]. (¢) From the phase diagram [this
work]. :

phases were next determined at the various interpo-
lated invariant temperatures from the Gibbs energy of
mixing of the liquid. In all instances, the phases were
treated as line compounds. Table 4 shows the values of
the various thermodynamic parameters. The calcu-
lated Cu-Ho phase boundaries are shown in Fig. 1.

The enthalpies of formation from the present ther-
modynamic modeling are compared in Table 5 with the
enthalpies evaluated with the Miedema model [80Mie,
83Nie]. With the exception of CugHo2, the Miedema
values are more exothermic than the values from the
present evaluation.
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:The C:Lu ((ﬁ)perfutetﬁn) STM_.stem=

By P.R. Subramanian and D.E. Laughlin
Carnegie Mellon University

Equilibrium Diagram

No equilibrium diagram is available for the Cu-Lu sys-
tem. However, the general features of the Cu-Lu phase
diagram are expected to be similar to those of the other
Cu-heavy lanthanide systems [85Gsc]. Moreover,
melting and eutectic temperatures in the Cu-lan-
thanide systems, in general, are known to vary sys-
tematically across the lanthanide series (see “The Cop-
per-Rare Earth Systems,” in this issue). Accordingly,
the invariant temperatures of known Cu-Lu inter-
mediate phases were estimated by extrapolation 'of
corresponding data for those Cu-lanthanide systems
for which experimental phase diagrams are already
known, using the systematic methods described by
[83Gsc]. The Cu-Lu equilibrium diagram was then
determined from the extrapolated invariant tempera-
tures, in conjunction with thermodynamic considera-
tions (see “Thermodynamics”). Figure 1 shows the

schematic Cu-Lu equilibrium diagram. The melting
points of pure Cu and pure Lu are accepted as 1084.87
°C [Melt] and 1663 °C [78Bea, 86Gsc]), respectively. In
Fig. 1, the existence of CugLu2 and Cu7Lug is proposed
solely on the basis of the presence of similar phases in
the Cu-Gd [83Car], Cu-Dy [82Fra), and Cu-Er [70Bus]
systems. Table 1 shows the various invariant reactions
that are expected to occur in the Cu-Lu system.

Crystal Structures and Lattice Parameters

Crystal structure data for the Cu-Lu system are listed
in Tables 2 and 3. Data for the pure elements are from
[Massalski] and for pure Lu from [78Bea] and [86Gsc].

[711an] reported the cubic AuBes-type structure for
CusLu. [63Sto] reported the formation of CugLu with
the orthorhombic CeCug-type structure, and [60Dwi]

358 Bulletin of Alloy Phase Diagrams Vol. 9 No. 3a 1988



o
llllxlll||L11||||11|111||111_|]|||1|11|111111||14|l|111;1-!11!.111||; l o
O it B T T . -
- PN i =
L - \\ | L
SR AN ' -
[ 3 \ | _ L
L \ 1 Q [
! AN ! - [
r . ' ~— o
[ \\ ] Lo
g N ' :
: \\ : _uluuullin|un;muuulnmuu» 8 -
. \\ N é : oN ao:: E N
L ~ ] E E o
[ N i ©f 4o °Eo C
» \\ | S]] ﬁo = P 2
o | N ! N S @
- N ' E o, O «Q, i
o [ \\ ' © - OJ|--|-- ~==t 0 L
r ~ M aF /P | — r
[ e ) E s [ g
[ N 1 i Vo : 3 I~ r
s ~ 1 E Vo E e i
- ~ - ~+_F ‘e 4 [ ©
i Jo [l \ 1 3 -
3 i~ E \ ] E L
E L ,I 1 = ! 9| .-52 -
e [ 7 [] ot el o~ o o [
E : ’I : E .5. \\ 3 :,“’ o] L
2 3 N — C
— ®7F A ot A -3
O - / S O rrerre M < :
m i ’ m. IIIIIIIIH:HIIIIII’!I TTITTTTITT — r
[ I} m' o o o o © C
i | e 38 &5 & ‘
- i — 9 | — e @ :
I & ! o
L C o
O ot - i OHND i
- I~ i 1 . L
o I ! L
L bof C
D—| r \\ e} [
L \ oy | L
- - \ m‘ o
< Nl [
) S N ho -
— © %) \‘l"o L
(] H ﬁ/iz s
[ J '
B g Q\ 'z OHanO - o
ot [“C? ep]
0 A0 t
’ /8 -
[ / [
: / gﬁ::g -a—20Y4 .
2 e OH™D 6 =
- Sn OH"M -
i O { T N SRRt Hn) ... r
[ ) i
ot @ \ | g oHSnow '
: 8/Oh TOHmOd :
P‘: o \\ l.o r
o | n I~ > P LS
o E.J ,.24 e} ’, .o; ~~ .
h - ,’ U' = -
L @ ~ ol 2 L
S - ’ Nl L
[ /’
© , [\lo' L
[ = Nt -
O TrrrrrrrrT LELELS LI £ - A O
'I T T Ill Trrri 17171 I TTrrrrrT I-l_" TT T T T T TTT I LI L L L L ITT'I T1T 1T 1T 17 l rTrT T rTrorrorTr .
o o o (] [} o o o o
o o o o o o o o
[Xe} ~f o2 o [0} [Ye) < o
— — i ~—

). 2dnjetaduwis],
PR. Subramanian and D.E. Laughlin

Bulletin of Alloy Phase Diagrams Vol. 9 No.3a 1988

Atomic Percent Holmium

Cu

415



Cu-Ho

np

wIniwioy 1juadiad 1yldiepm

OH

416

08 q& q9 qg OF QS 02 071 0

P P

06

P

00T

o

Temperature °C

i

(=)

o

o
L

002
oo¥v
009
008
—-002T

lllll!l!ll[llllllalllIIjllllllllllllIlj.llllllllll

00%1

WOTETTENE SRR

0097

S T IEE B Sa

0.0~
8
008 ¥B0IL

a o=
e
S’

[TTTTTIIN

i

-
-
-
(-]
-
YTTPTTI TTNTvITn

0¥

Y FPTTTTTITE TR ITTE PPTTTIOR

2,068

ol

ITETEN

e
-
al

|

CuHo

A

[

<— (OH)

ARLLALL! LLLLALLLY LALLLLLA) LLLLY

-

~
y

>

s

0001

Gl

T T f
LT 9T

81

’
Do¥L¥1

0z 61

Al

il

T S B

N
1
0

PN T B

oy

WINIW[OH }U82I9J OIWO0}Y

NI S

f

IIIIYIllillllllli|||ﬁlllrllIIIIllll[il(l[lrllilllll‘{fllllll’lllll!|l(lil

FR. Subramanian and D.E. Laughlin

Bulletin of Alloy Phase Diagrams Vol. 9 No. 3a 1988 -

T

T

|

04

001 06 08

I

02

0e

0S

09



