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The.Cu-Th phase diagram is characterized by the oceur-
rence of four oongruently meltmg intermediate phases
that are two terminal solid
solution phases, (Cu) and (Th), with negligible homoge-
neity ranges, and five eutectic transformations. A metas-
table phase, 2s well as metastable extension of solubility
of Gu-in. (Th), were observed on splat cooling. Reports on
the ‘crystal ‘structures were . ‘Ther

¢ the fee terminal solid solution, («Th), stable below about
1363 °C, with presumably negligible solubility of Cu

 the bee terminal solid solution, (8Th), stable between
1758 and approximately 1363.°C

» the orthorhombic phase CugTh; stable below: 1055 °C

‘® the hexagonal phase Cu,Th, stable below 1052 °C

® the hexagonal phase Ci1;Th, stable below 1015 °C

measurements presented negative enthalpy and Gibbs
energy of formation values for the compounds, indicating
strong compound forming tendencies in this system.

Equilibrium Diagram

The assessed equilibrium diagram of the Cu-Th system is
presented in Fig. 1. The equilibrium phases in this system
include:

® the fcc terminal solid solution, {(Cu), stable below
1084.87 °C, with selubility of Th of less than 0.01 at.%
at 900 °C

* the 1 phase CuThy, stable below 1007 °C

The erystal structure and lattice parameter values for
Cu-Th phases, accepted from[71Sch], are listed in Tables 1
and 2, All the intermediate phases appear to have negli-
gible homogeneity ranges and have been represented as
line compounds in this evaluation.

Literature on the Cu-Th system has been contradictory
with regard to both the compounds and the associated
transformation reactions (see.[Hansen, Elliott, 58Roul).
This controversy arises from the extreme reactiveness of
metallic Th with O and othér élements, and from the
resulting contamination effects during specimen. prepa-

Fig. 1 Assessed Cu-Th Equitibrium Diagram
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ration and Th-rich compounds are p;
and dxsmtegraoe in air, or even under- partlal vacuum
(107 Torr) [61Bro}, and react with S0, tubes at high tem-
peratures to form stable oxides. Progressive changes in
composition also occur during annealing, chernical anal-
ysns, or XRD, because of oxidation. [65Tho] ebserved a
of the eutecti in a Th-rich Cu-Th
alloy by 50 °C because of a 2% Fe impurily. Melting
specimens- eithéer under inert atmosphere er in a non-
reacting liquid metal was used to avoid contamination
{61Bro, 72Ber}.

£ ion

p and ition values for
in this system, reported by various authors, are presented
in Table 3

The assessed Cu-Th diagram has been based primarily on
the detailed and. careful studies of {718ch). Alloys were
made from 99.999% Cu and 99.97% Th in a gettered Ar
atmosphere by arc melting, and were annealed in a Ta
crucible under vacuum (5 X 107° Torr). The liquidus and
the solidus isotherms were determined by DTA, and the
eutectic points; by DTA and metallography. The accuracy
of the DTA data is hard to judge, because both the scan-
ning rate and whether the measurements were done
during heating or during cooling are not mentiened. The
crystal structure and lattice parameters were obtained
from single-erystal and powder data; and the solid solu-
bility of Th in (Cu), by the X-ray parametric method.
Solidus and liquidas dyata from [71Sch] are presented
in Table 4.

[72Ber] studied the formation of the Cu-Th compounds by
powder and single-crystal XRD and by isothermal equili-
bration between 200 and 700 °C. The alloys were made
from Cu and Th, both of 99.9% purity, in liquid Na. Accord-

Table 1 Cu-Th Crystal Structure Data

wu-1n

ing to [72Ber], the solubahty of Na in-both (Cu} and {Th) is
negligible. Thermody ; however, im-
miscibility is not possible, and the impurity effects, if very
sensitive, can still alter the phase equilibria. Whether thxs
was I ible for the ot of the

CusTh (see.Table 5), as opposeéd to CuseTh, reported by
{71Sch] and [74Bail, is not clear. {43Rau) made one of the
edrliest detailed studies of the Cu-Th phase diagram,
hased on thermal analysis, XRD; and metallography. The
solid solubility of Th-in (Cu) was studied by XRD, re-
sigtivity, and microhardness. Their reported invariant
temperatures and compositions, shown in Table 3, are in
close agreement with those of {7I1Schl:-However, the pro-
posed stoichiometry of the compounds, except for CuTh,
differed considerably from those of {71Sch] (see Table 5).
Selected liquidus data from their thermal studies ‘are
shown in Table 4, and Fig. 1. The eutectic transformation
for the most Th-rich liquid, which'was also very reactive,
was studied by [65Tho], based on-the: metalography of
annealed and quenched samples made from jodide Th and
spectrographic grade Cu by arc melting {se¢ Table 3).

[42Grul studied the system up to 21.5 at.% Th by thermal
analysis. Phase diagram studies were also reported by
(61Bro}, {46Will, and [40Gue).

Intermetallic Compounds. Like many other metals, Th
forms a number of compounds with Cu. A list of these
compounds in the chronological order of their reportirg is
shown in Table 5. Based on the present state of knowledge,
the following four compounds are believed to be stable in
this system:

® CusTh, reported by [43Rau} and confirmed by [70Bus],

{71Sch}, and [72Ber)
® Cu;6Th, reported by {71Sch] and confirmed by [73Bai)

Approximate
homogeneity, Pearson Space Strukturbericht
at.% Th symbol group designation Prototype
oF4 Frm3m Al Cu
oP287 Pnmala) B CeCuq(b)
Hexagonal P6/mic) .. .
hP3 P6/mmm(d) €32 AlBye}
q12 14/mem(c) C16 Al;Cule)
¢ Im3m A2 w
cF4 Frn3m Al Cu
oC8 Cmem B, CrBif)
(@)60Crol.  (b)[70Busl.  (©)81Chil. {(d)(61Brol.  {e)[52Flal.  (f}{74Giel
Table 2 Cu-Th Lattice Parameter Data
Approximate
it r Lattice nm 4
2 < Comment Reference
0.36147 - - At 18°C [Landolt]
0.8110X7) 0.50817(3) 1.01046(6) - {715ch]
1,1812(8) - 0:8844(9) {73Bai]
0.4383(4) 0.3496(3) [718¢h]
0.730(1) 0.580(2) e [71Sch)
0.411 o (a) [54Chi]
050845 e [Pearson2]
Metastable phase
CuTh...,.......... 50 (74Gie)

{8) At 1400 * 25 °C, 99.8% pure Th,
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Table.3 Rep d p es and Comp d of Cu-Th.f
Liquid
Renction Temperature, composition,
Reaction type ¢ at.% Th Methiod Reference
L= {Cu) + CigTh........ Butectic 935 * & Tx1 DTA; optical microscopy {7tSch]
946 ‘ ~8(a) Thermal analysis, X-ray, (43Rau)
optical microscopy
940 7.6(by Thermal. analysis [426ru)
L & CucTh + CuyTh. . .. .Eutectic 1620 = 10 DTA, vptical microscopy. [718ch]
1020 Thermal analysis [43Rau]
‘L = CuseTh + CusTh.... Eutectic i 980 = 5 DTA, optical microscopy 1715¢h}
Thermal analysis {43Rau]
L = CusTh + CuTh,...... Eutectic 880 * 5 {718ch}
883 Thermal analysis {43Rat)
L=t CuTh; + («Fh).......Eutectic 1000 * 5 DTA, optical microscopy [715ch]
1002 . (43Rau}
940 46Wil}
940 [58Rou)
1037 165Tho}
L=CuTh............... Congruent 1055+ 5(7) DTA (718ch]
1062 Thermmal analysis [43Rau}
L = Cuy Th -Congruent 1052 = 5 DTA {718ch]
L= Cu Th, -Congruent 1015 = 5 DTA [718ch)
L& CuTh,. .Congruent 1007 = & DTA {71Schj
960 [58Rou}
BTha=L + aTh
L+ aThe aTh........ Metatectic/peritectic ~1363 {This work}
©ugTh 7= (€u) + CuaeTh . .Eutectoid ~700 [This work] ()

Note: Accepted results have been taken from {71Schl

{(a)Indicated as 8.4 at.% TH in the figure and as 7.6 at.% Th in the text by [43Raul.  (b) The coexisting phases.are L (Cw),and Cu,Th. ¢} Between £,
CuTh, and CugTh.  (dyBeiween L, CugTh, and CusThy. ~ ¢e) Between L, GugThy, and unidentified Th-rich compound. (1) Based on the experimental
data-of [T4Bail.

Fig. 2 . Cu-Th'Phase Diagram with peri and Calculated Data
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o Cu,Th, repoited by [48Run] and confirmed by {52F1al,
[556Murl, (56Bae), [61Brol, [71Sc¢h], and [72Ber]

¢ CuTh,, reported by {47Run] and confirmed by {52Flo],
[55Mur]; [56Bae}, {(61Mat], [71Sch], and {72Ber]

Each of the four compounds was observed to melt congru-
ently, and the melting témperatures accepted in-this
evaluation have been taken from [71Sch] (see Fig. 1 and
Table 3).

The phases in the two-phase fields in the solid state were
identified by (718¢h} with XRD and microscopy.

Liquidus-and Solidis. The accepted liquidus boundaries
and the four compounds have been based on the thermal
data of (7lSch] afew selected data from {43Rau] and the

d results of th arniic performed
in this evaluation, The {Cu) hqmdus ig ili defined because
of the limited -and ‘scattered nature of the thermal data,
and the (Th) liquidus has not been determined experi-

Table 4 Cu-Th Liquidus and Solidus Data

Cu-Th

mentally. In both, the
mated with the thermodynamic model dxscusscd ‘below.
The liquidus curves have also-been constrained to be com-
patible with-the thermodynamically predicted initial slope
values at the pure metal lifits (see "Thermodynamics”
section fordetails). The melting point of Cu'(1084.87 °C)is
taken from [Melt}, and Th (1755 °C) is taken from {85Pet].
The allotropic transition temperature of Th (1360 °C) has
been taken from [84War). The (Th) liquidus proposed by
[71Sch] is at variance with the calculated liquidus andthe
theoretical limiting slope requirements (see Fig. 2). The
liquidus .data from thermodynamic.calculations in this
evaluation are presenoed in Table 4. For the eutectic

ints in thi tem, th com-
positions of the corresponding eutectic liquids have been
taken: from [71Sch] (Table 3).

Solidus boundaries, representing the reaction isotherms,
have been. obtamed from {7 lSch] and are shiown in Table 3.

or vely, a tr

r -Expeti — fr=—————Calculated [This work} w—w——
Liquidus Solidus Liquidus
G it isotherm, it
at% Th °c K] Boundary © at% Th
From [71Sch] S P (o) DO 935 7.1
41.. 933 960 63
938 1000 4.7
- 1040 . 2.9
1010 L+ CuwTh...ooveiiit.l. 935 7.0
1018 950 7.5
1025 990 8.9
1020 1020 10.4;18.4
1025 1030 111, 1%7
980 1050 13.5, 151
981 L+ CuseTh.oooinniiyinnn 980 26.3
982 1020 18.6, 25.0
e 1040 19.5, 24.1
879 150 200, 236
880 L +CuTh................ 880 49.0
880 920 46.3
872 960 431
881 980 262,411
881 1000 285,385
- 1010 30.2, 36.5
1000 L+ CuThg.enoeneniinnn.. 830 . 490
1000 51.9
55.7
946 58:4
942 60.2
s 62.8
1019 L + (aTh) 70.0
1023 73.3
e 76.9
870 80.9
876 L + (8Th 85.2
884 89:2
881 93.4
880 955
1002 97.6
98.7

Note: The accepted liquidus boundaries have been drawn based on the calculated results [This work), complemented by the thermal data of {71S¢hl, {43Raul,
and meiting. 'poml data from [Melt) and [85Pet], shawn in bold-face type. For the Cu; ¢Th liquidus, only the data of [T1Sch] have been used.

Buileti
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Table 5 Rep Cu-Th Comp Table 6 -Reported Lattlce Parameters

Reference Compound of Cu-Th Compounds

{40Gue] . .-CuyTh y—— Lattice par;meler-,' nm—y
a e

{42Gruf : CuTh
CueTh, CusTh, CusThy, Th-rich compound

{(43Rau]} .

(47Run, 48Run] . : CuTh,, CuTh

(71Sch} CueTh, CuzgTh, Cu,Th, CuTh,
[?72Ber} CugTh, CusTh, €u;Th, CuTh,

oceurs, depending on whether the Th & ¢Th transforma-
tion temperature in (Th) is lowered or raised, respectively,
relative to that of pure Th [83Mas) {see Fig. 1).

Sofld Solubilities. The solid solubility of Th in (Cu) was
studied by [40Gue), [42Grul, {43Rau], and {71Sch].
[40Gue] and (42Gru] reported a maximum solubility. of
0.56 to 0:84°at.% Th and 1.1 at.% Th at 900 °C, respec-
tively; these values are very high and must have been
caused by impurities. [43Rau) reported d maximum solu-
bility of 0.03 at.% Th at the sutectic temperature, which
they reported as 946 °C. This eompares well with the re-
sults of {71Sch}, who obtained, from X-ray parametric

on samples hed from 900 °C, a maxi-
mum solubility of less than 0.01 at.% Th. No data per-

Compound . Reference

CucTh..... 0.81103(7). 0.50817(3) 1.01046(6) {71Sch]
0.81063(4) 0:50672(3) ' 1.0119%6) (72Ber]

0.8115 05078 122 {70Bus}
0.8844(9) . {73Bai}
0.3496(3)  (715ch]
0.34877(8)  {72Ber)
0.3472(1)  {61Bro}
0,345(1) [55Mur}
. 0.347 {56Bae, 48Run]

© 0
CuTh..... 0.730(1).

0.580(2) - [71Sch}

0.73120(3) 0.57944(4). (72Ber)
0.728(1) 0:575(1) [61Mat]
0.728(1) 0.575(1) (556Mur]

0.728 s 0.574 {56Bae, 47Run}]

These and other values, obtained by several other authors
{(71Sch, 72Ber, 61Bro, 61Mat, 48Ruri, 47Run]), are listed
in Table 6.

Thermodynamics

Th f

taining te the solubility of Cu in (Th) were available, but
the solubility is expected to be very restricted, as repre-
sented in the phase diagram presented by [71Sch].

Metastable Phases

Metastsble phase formation and phase extension in the
Cu-Th system were studied by splat tooling. [74Gie] ob-
served the formation of the metastable compound CuTh,
having the CrBtype of structure. The terminal solid solu-
tion phase, (Th), was found to extend to 15 at.% Cu.

Some of the reported compounds that do not appear in the
equilibrium diagram could-also be metastable phases, un-
less they were the product of stabilization by impurities.er
resulted from compositional changes during chemical
analysis.

Crystal Structures and Lattice Parameters

Crystal structure information and lattice parameter val-
ues for the different phases are listed in Tables 1 and 2.
The lattice parameters of the compounds were measured
by several authors. These compare well with the data of
[718ch), as shown in Table 6.

CueTh. The phase was first identified by {43Raul, but no
structure related data were presented. [70Bus] reported
the crystal structure as CeCug type [60Cro). This was con-
firmed by (71Sch} and {72Ber].

CuasTh. The crystal structure of this phase was identified
by {73Bai] to be analogous to that of GdAgs ¢ (71Bail. This
interpretation was based on a comparison by (73Bai] of
Debye-Scherrer patterns of samples provided by [718ch)
with those of GdAgss, which showed good agreement.

Cu,Th and CuTh.. {52Flo] suggested that Cu.Th is. iso-
structural with AlB,, and.CuTh; is isostructural with
CuAl,. No lattice parameter data were given for either
phase. Thesé structures were confirmed by [56Bae}, and by
{55Murl, who also measured laftice parameter values.

The Gibbs i

(AcGY, enthalples (AcH®), and entropies {A¢S°) of Tor-
mation of Cu-Th compounds were studied hy solid electro-
lyte (CaF.) emf by [69Mag] and {74Bai). [69Mag] reported
data for the phase assumed to be Cu,Th at 973 K. [718ke]
recalculated these results for the revised stoichiometry
©ugTh, because Cu,Th was shown not to be a stable phase
in'this system. {74Bai] made detailed measurements in the
temperature range 729 te 1219 K and reported data on-all
four compounds: CueTh, Cu, ¢Th, CusTh, and CaTh,. The
alloys were made from 99.999% Cu and 99.97%Th by arc
melting under purified Ar. The ArH ° and 4+S° values were
estimated from the slopes and. intercepts.-of the tem-
perature variations of the Gibbs energy of formation
curves. These, as well as the A;G°® values at the average
temperature (973 K), relative to pure solid Cu and pure
solid Th as standard states, are presented in Table 7. Simi-
lar results for A:G®at 1000 K, plus the correspondmg par-
tial molar quantities for A, H® and A;S°, were also
presented in the compilations of {81Chi].

Thermodynamic Modeting. Although A:H° and A¢S°val-
ues were known for the various totnpounds ifi the Cu-Th
system, the liquid phase thermedynauiic: functions were
not known. For the modeling analysts in this evaluation,
the known liquidus in equilibrium with (Cu)-and (Th) has
been used to model thermodynamic parameters for the
liquid. These results, in conjunction with other phase dia-
gram -data, have been used to calculate the thermo-
dynamic paraineters for the four compounds, which have
been then compared with the experimental results of
[74Bail. The model parameters have been. used to re-
produce the [(Cu) + (Th)] liquidus and sohdus curves as a
check for and also to

regions of the liquidus.

Because both the {Cu) and (Th) phases display virtually
zero solubility, they have been assumed to be line phases,
and their melar Gibbs energies represented by their re-
spective lattice stability parameters. The latter value for
(Cu) has been taken from (Hultgren, E}; those for (Th)
have been chosen from the drop calorimetry data of




Cu-Th

Table 7 Thermodynamic Properties-of Cu-Th Compounds at 973 K

Gibbe encrgy, liguid  Gibba energy, solid  Enthalpy, liquid Enthalpy; solid Entropy
1-AGL, [~aGtal], {-aHL), [~aH {A8),
Compound Reference kd /mol kdfmol kd{mol J/mol - K
CugThi...... (74Bail 13.68 = 0.04 10.46 * 0.50 3.31 = 0.54(b)
[This work] 1701 1260 o7 .4 ~5.20(a)
CuseTh ... [74Bail 20. ss o 08 17, 24 = o 87 3.68 = 0.84(b)
[This work] 19 61 lB 60 1.04(a)
CugTh........ {74Bail 26. 36 £ 0 17 25: 95 = 1 46 0.29 + 1.84¢b)
[This work] 27 99 104 os .57, ~12:43(a)
CuThg........ 74Bai 26 75 B 0 21 27,24 x 0 21 ~0.46 = zos(b)
(This work] 2485 3940 ~14:96(a)

(a) Beferved to pure liquid Cu and pure Hquid Th as standard states.

(b) Referred te pure solid Cu and pure solid Th as étandard states.

[66Levl, as accepted by [760et] and (84War], in preference
to the corresponding values in [Hultgren, E] (see Table 8).
The Gibhs energy of the liquid has been app d by

Table 8 Cu-Th Thermodynamic Parameters,
J/mol, T-in K

a polynomial:

N
AGL) =X(1 - X) 3 (@fX ' — T - b§X*Y  (Eq 1)
=

where af and b7 are, respectively, the coefficients of the
enthalpy and entropy functions of the liquid and X is the
atomic fraction of Th. The coefficients have been assumed
to be independent of temperature. The number of ¢’ and
b terms derived from the standard multiple least-squares
regression analysxs of the phase coexistence data has been
limited to a minimum, as a compromise between the re-
producibility of the caleulated diagram and the simplicity
of the model.

For the initial analysis, the experimental (Cu) liquidus
and the proposed (Th) liquidus {71Sch] were used to model
the thermodynamic parameters for the liquid and, in turn,
for the compounds. However, comparison of the A(H° and
A¢G° values for the compounds with the experimental re-
sults of [74Bail showed large discrepancy. Apparently the
liquidus, in particular for the (Th) end, was not correct.
This interpretation was confirmed further from a consid-
eration of the limiting slope of the liquidus near pure Th.

Lattice stability parameters

AGE" = 13054 — 9.613T {Hultgren, E]
AGK: = 13807 — 6.80T = 1255 [86Levi
AG'TEE = 17405 - 9.00T [66Lev}
AGH® = 3600 - 2.20T = 120 [66Lev}
Gibbs energy {This work]

G(E) = X(1. = X)(~94200 + 50050 X)
+RTXInX +(1 -X)In{l - X))
G(GugTh) = ~22065 + 5207
G(Cus6Th) = -18600 ~ 1.04 T
G(Cu,Th) = ~40075 +.12425T
G(CuThy) = ~39400 + 14.955T"
Note: X = atomic fraction of Th; ml for campounds refers to respective

atomic units as elementary entities; standard states are pure liquid Cu and
pure liquid

subregular solution model has been adequate to reproduce
the phase diagram satisfactorily. The resultant-expression
for the AG*(L)).is given in Eq 3:

AG(L) = X(1 - X)(-94200 + 50050 X) J/mol
(Eq 3)
value of AH (L) according to Eq 3 'is

Because the (Cu) and (Th) phases have negligible h
neity fields, the limiting slopes for the liquidus in both
cases should obey van’t Hoff’s relation:

AT/X} = -[R(TPPI/AH; ™ {Eq2)

where AT/X} is the hmmn% slope of the liquidus, 77" is
the melting point; and AH} ™" is the enthalpy of fusion for
the component j. The value of AT/X%, calculated from
Eq 2 with T%, = 2031 K, AH# " = 13807 J/mol (66Lev]
and R = 8.314 J/mol - K, is —24.8 K/at.% Cu, compared
with 12 = 2 K/at.% Cu, obtained from the liquidus pro-
posed by [71Sch]. The corresponding value of AT/X¢&,
for T, = 1358 K and AHE" = 13054 J/molis —11.8 K/
at.% Th, which is slightly lower than that obtained from
the experimental liquidus of (71Sch). Therefore, the (Cu)
liquidus has been modified to be compatible with the theo-
retical limiting slope, by imposing an additional small
negative curvature. The Th.end of the liquidus proposed by
{71Sch] has been rejected, except for the data point at the
eutectic temperature, 1000 °C. Instead, two liquidus tem-
peratures in the dilute range (<1 at.% Cu) consistent with
the limiting slope have been used, along with other lig-
uidus data from the Cu end, to model the enthalpy and
entropy of the liquid. Approximation of the liquid by a

. .
=17827 J/mol at X = 0.417, and the corresponding
AG™(L) value, estimated at 1000 K, is —23475 J/mol.

The Gibbs energy of CueTh, expressed in theform A + BT,
has been estimated from a least-squares fit of the coexis-
tence data for CusTh + L at 935, 1055, and 1020 °C, corre-
sponding to the liquid compositions 7, 14.29; and 18 at.%
Th, respectively. For these calculati Cu{l‘h has.been
assumed to be a line compound. In a similar manner, the
Gibbs energies of formation for Cu;¢Th, Cu,Th, and
CuTh; have been estimated from a least-squares fit of the
liquidus data at the following temperatures:

 CugeTh: 1020, 1052, and 980 °C
® Cu,Th: 980, 1015, and 880 °C
 CuTh;: 880, 1007, and 1000 °C

The Gibbs energy expressions. for these phases, relative
to pure liquid Cu and pure liquid Th, are presented
in Table 8. For comparison with the measured. data .of
{74Bail, the-estimated A G° at 973 K and A:H® values for
all the compounds were normalized relative to pure solid
Cu and pure solid «Th, as shown in Table 7. The calculated
AcH? values agree within 2 t0'20% of the measured values,
except for the AcH® of Cus¢Th. The large discrepancy in
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the latter case implies some uncermmty m e\ther Lhe
phase 1ib or the thermody

with this compound. It is otherwise d\fﬁcult 1o explain
such an-isolated large variation in the calculated result.
No comparison has been attemptéd for the A¢$ parame-
ters, because of the large variations and ‘uncertainties in
their reported values [74Bai). Intefestingly; the enthalpy
and the Gibbs energy values for the four compounds, caleu-
lated using the lattice stability parameéters for oTh ard
BTh {Hultgren, E], were an average 2-to 6% nearer to the
experimental values of {74Bai] than those obitained when
using the parameters of [66Lev]).

The calculated liquidus is shown by plus (+) marks in
Fig. 2, and is tabulated in Table 4, for quantitative com-
parison with the imeasured data. The agreemént among
these results is very good.

The rmutual stabilities of the four compounds with respect
to the (Cu) and (aTh) phases has been examined by consid-
ering the relative changes with temperature of the Gibbs.
energies of these phases. For this analysis; the experi-
mental data of [74Bai] have been used in preference to
the calculat.ed results in the present evaluatwn, because
of in-the d thermody par-
ameters for CuysTh. The calculations have shown that
the CusTh phase decomposes at. abou 700 "C mto
(Cu) + Cuy¢Th, in with similar

{81Chi), who éstimated the decompesition temperature of
CueTh to be 679 °C. The eutectoid transformation is indi-
cated in Fig. 1 and 2 and in Table 3.

Suggestions for Future Experimental
Work

® The (aTh) liguidus and the (8Th) liquidus should be

det.ermmed Thls will help in assessmg the mhablhty of

1l d Tiquidus obtained in thi: jon, and
also in deriving a more accurate thermodynamxc expres-
sion for the liquid.

® The (8Th) — (oTh) transition temperature for the Cu-
Th alloys should be determined accurately. This weuld
indicate whether a.peritectic or a metatectic type of
transformation occurs.

® The experimental }iquidus should be.checked in the re-
gion of CuyeTh, to ascertain if the observed: inconsis-
tency in AcH° for the compound is because of inaccu-
racies in the experimentally determined liquidus.

@ The predicted decomposition. temperature of CusTh
should be investigated to check for accuracy of the ex-
perimentally determined ArH° and A,8° values of the
compounds CugTh and CujeTh.
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