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Carbon — Thorium — Uranium

Kostyantyn Korniyenko, Nathalie Lebrun

Introduction

Thorium carbide is one of the most favorable chemical forms of fuel for nuclear reactors because of its high
thermal conductivity and high thorium density, while the mixture with uranium carbide is considered to be
a practical chemical form for use in a reactor [1987Nam]. Therefore, the study of the phase relations in the
corresponding ternary system C-Th-U is of great interest. Information about phase equilibria in this system
is presented in the literature via a quasibinary section ThC-UC [19820go], isothermal sections at 1800°C
[1975Hol, 1984Hol], 1700°C [1961Ben], 1330°C [1984Hol] and 1000°C [1961Ben, 1984Hol] as well as
by a temperature-composition section for ThC,-UC, [1966Hen]. Phase content of the alloys and crystal
structures of the intermediate phases were studied by [1957Now, 1958Cir, 19581Iva, 1958Lau, 1959Now,
1960Bre, 1961Ben, 1961Ival, 19611va2, 1962Kat, 1966Hen, 1966Lan, 1971Pet, 1987Jon]. Data on
thermodynamic properties were obtained experimentally by [1962Kat, 1989Koy, 1991Yam]. Electrical
properties of the thorium carbide-uranium carbide solid solutions were reported by [1969Aus]. The
morphology of the C-Th-U alloys was studied by [1964Keg]. [1965Kel, 1965Pet, 1965Wym] studied
aspects of the application of sol-gel processing to the production of carbon-thorium-uranium particles. The
synthesis of thorium-uranium carbides using the method of carbothermic reduction was carried out by
[1987Nam]. Experimental methods used in the above works are presented in Table 1. Short assessments of
the literature information related to the C-Th-U system were published by [1966Bar, 1975Hol, 1984Hol].
However, knowledge of the phase equilibria in the C-Th-U system is incomplete. In particular, the
conditions of the invariant four-phase equilibria need to be established. Information about the constitution
of the liquidus, solidus and solvus surfaces is lacking. Future investigations of phase relations in the C-Th-U
system should be concentrated on the continuation of studies of alloy properties in the equilibrium state at
different temperatures.

Binary Systems

Data related to the boundary C-Th and Th-U systems are accepted from [Mas2]. The constitution of the C-U
system is accepted from [2001Che], who presents essentially the same phase diagram as [Mas2].

Solid Phases

Crystallographic data relating to the known unary and binary phases are listed in Table 2. No ternary phases
having crystal structures different from those inherent in the unary and binary phases have been found. At
high temperatures in the C-Th boundary binary system, a continuous series of solid solutions between
(«Th), the 8ThC phase and the yThC, phase are found. All of these phases possess a cubic structure but of
different space groups and prototypes. In the ternary system, a continuous series of solid solutions exists
between these phases and the normal pressure modification of the SUC and 6UC, phase (labeled as A).

Quasibinary Systems

The crystal structure of the alloys along the ThC-UC section have been studied by [1957Now, 1958Cir,
1958Lau, 1959Now, 19611val, 19611va2] revealing the presence of a continuous series of solid solutions
between the ThC and UC phases. The interaction parameters and the energies of mixing in the quasibinary
ThC-UC system have been calculated by [19820go] from the atomization energies, melting points and
lattice parameters. From the energies of mixing thus obtained, the liquidus, solidus and solid solution
decomposition lines have been calculated applying the regular solution approximation. The formation of a
continuous series of solid solutions is confirmed. It was calculated that the liquidus and solidus curves in
the quasibinary section possess a minimum at 2195°C and 26.19 at.% U, and decomposition of the A solid
solution takes place at temperatures lower than 1593°C. This section is presented in Fig. 1. Some further
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experimental studies are needed because the melting temperature accepted by [19820go] is higher than that
accepted by [Mas2] (2670°C and 2500°C, respectively).

Isothermal Sections

Several isothermal sections have been determined over the temperature range 1800-1000°C [1961Ben,
1975Hol, 1984Hol]. The isothermal section reported at 1800°C is based on experimental results obtained
by [1966Hen] and [1971Pet]. In order to maintain consistency with the accepted binary systems, the
isothermal sections at 1800°C (Fig. 2), 1700°C (Fig. 3), 1330°C (Fig. 4) and 1000°C (Fig. 5) were redrawn.
The presence of a miscibility gap in the A solid solution has been also taken into account at 1330 and 1000°C
along the quasibinary system ThC-UC. The corresponding phase equilibria associated with this miscibility
gap along the binary edge have been presented as dashed lines. The partial isothermal section for 1000°C
proposed by [1961Ben] for the carbon-poor region was not retained in this assessment since the C-Th binary
system proposed by [1961Ben] does not reflect the formation of a continuous series of solid solutions
between the («Th) and the dThC phases. All the presented isothermal sections are in need of further
experimental verification.

Temperature — Composition Sections

The results of X-ray diffraction and microstructural studies of the alloys located along the Th-UC and
ThC,-UC, sections are presented in [1958Iva, 1961Ival] and [1960Bre, 1966Lan], respectively. The
reaction of thorium with the UC and UC, compounds at 1000°C were studied by [1962Kat] using the
diffusion couple method. The formation of the A phase and uranium was noted. The
temperature-composition section constructed as a result of an investigation of alloys with about 66.67
at.% C in the presence of about 1 mass% free carbon was reported by [1966Hen]. The excess carbon was
added to reduce the presence of oxide impurities in the uranium and thorium powder starting materials. This
section needs further experimental study, in particular, at the UC, side because at the temperatures below
~1500°C, the UC, phase does not exist in the C-U boundary binary system, according to the accepted data
of [2001Che].

Thermodynamics

Calculations of the Gibbs energy of formation AG of the A phase in three-phase equilibria involving the
participation of metal-rich phases were carried out by [1961Ben]. Good agreement with the literature was
noted. [1962Kat] carried out a comparison between the observed reactivity of the UC-Th and UC,-Th
systems and thermodynamic predictions based on simple displacement reactions whose products were
uranium and a metal carbide. Thermodynamic predictions were based on the corresponding standard state
reactions and values of free energies of formation of the carbides. According to the results, both phases must
react with thorium, as is observed experimentally. Vapor pressures over the A phase were measured by
[1989K oy, 1991 Yam] using Knudsen effusion mass spectrometry at temperatures ranging from about 2000
to 2200 K (1727 to 1927°C) (Table 3). The activities of thorium and carbon in the ThC,, , phase were
derived from the measured vapor pressures of thorium. Based on the vapor pressure measurement over the
A phase, the Gibbs energy of formation of the phase was derived as a function of uranium fraction. The
values obtained are plotted in Fig. 6 as white circles. The A;G° of the A phase decreases continuously with
decreasing uranium content and was smoothly extrapolated to the values of A¢G° of the d phase previously
obtained by M. Yamawaki et al. These values are shown in Fig. 6 by filled circles.
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Notes on Materials Properties and Applications

Carbides of thorium can serve as alternative fissile materials for nuclear breeder reactor systems. The
monocarbide is particularly interesting on account of its high metal-to-carbon atomic ratio, high thermal
conductivity and wide compositional homogeneity range. The uranium-thorium mixed monocarbide
(U,Th)C, according to the opinion of [1991Yam], may be a better choice than pure thorium carbide.
[1969Aus] have investigated alloys of the ThC-UC quasibinary system with uranium contents of 3, 8 and
15 at.%. Plates were pressed and annealed under vacuum at 1800°C for 6 to 10 h. The compositional
dependence of absolute thermoelectric power, Hall coefficient and electrical resistivity are shown in Figs. 7,
8 and 9, respectively. An estimation of the chemical state of various fission products in irradiated
uranium-thorium mixed monocarbide fuel pins was performed by [1991Yam] using the SOLGASMIX
computer code. In carbide fuel pins, more fission product-containing secondary phases were predicted to
form than in oxide fuel pins. Thus, the chemical interaction between fuel and cladding will be much less in
thorium carbide fuel pins as compared to oxide fuel pins.

Miscellaneous

[1964Keg] prepared metallographic specimens consisting of pyrolytic carbon coated as-cast alloys with a
carbon content of about 66.67 at.% and different contents of thorium and uranium. Both vibratory and
mechanical polishing techniques were used. The etchant comprised a solution of HNO5 and H,O in a
volume ratio of 1:1. [1965Wym, 1966Bar] proposed the application of sol-gel processing for the production
of (U,Th)C spheres. An analogous process for the preparation of the (U,Th)C, spheroidal particles has been
developed by [1965Kel, 1965Wym, 1966Bar]. This process consists of four steps: preparation of the oxide
sol; incorporation of carbon in the sol; formation of gel spheroids; firing of the spheroids. [1965Pet,
1966Bar] prepared dense particles of (U,Th)C, from dense sol-gel ThO, or (U,Th)O, microspheres by
dispersing the spheres in graphite flour or lampblack and heating the mixture in a graphite crucible. They
also have developed a process for coating (U,Th)C, particles with carbon films to protect the carbide against
attack by water. [1969Aus] proposed a scheme of changes in the band structure of thorium monocarbide
after the addition of uranium. The result seems to be a lower Fermi level and an increase in the ratio of holes
to electrons. Carbothermic reduction of mechanically mixed ThO, + UO, + C compacts to (U,Th)C has
been studied by [1987Nam] over the temperature range 1470 and 1770°C with an emphasis on the study of
reaction kinetics. The rate-limiting step of this reaction was attributed to the diffusion of CO gas in the
outermost layer of the reaction products. ThO, and UO, were found to react with graphite to produce two
nearly separate dicarbide phases, both of which then reacted with residual ThO, to form a monocarbide
phase. An apparent activation energy of about 320 kJ -mol~! was obtained for this carbothermic reduction.

References

[1957Now]  Nowotny, H., Kieffer, R., Benesovsky, F., Laube, E., “To the Knowledge about the Partial
System UC-ThC”, Planseeber. Pulvermet., 5, 102-103 (1957) (Crys. Structure, Phase
Relations, Experimental, 4)

[1958Cir] Cirilli, V., Brisi, C., “Solid Solutions of UC and ThC”, Ricerca Sci., 28, 1431 (1958) (Phase
Relations, Experimental) as quoted by [1961Ben]

[19581va] Ivanov, V.E., Badajeva, T.A., “Phase Diagrams of Certain Ternary Systems of Uranium and
Thorium”, 2" Int. Conf. on the Peaceful Uses of Atomic Energy, Geneva, Paper
A/CONF.15/P/2043, 6, 139-155 (1958) (Crys. Structure, Phase Diagram, Phase Relations,
Experimental, Mechan. Prop., 2)

[1958Lau] Laube, E., Nowotny, H., “The system UC-ThC”, Monatsh. Chem., 89, 312 (1958) (Crys.
Structure, Experimental) as quoted by [1959Now]

[1959Now]  Nowotny, H., Kieffer, R., Benesovsky, F., Laube, E., “Carbides, Silicides and Borides of
High Melting Point” (in German), Acta Chim. Acad. Sci. Hung., 18, 35-44 (1959) (Crys.
Structure, Morphology, Phase Diagram, Experimental, 19)

Landolt-Bornstein ®
New Series IV/11C4 MSIT



206

C-Th-U

[1960Bre]

[1961Ben]

[19611val]

[19611va2]

[1962Kat]

[1964Keg]

[1965Kel]

[1965Pet]

[1965Wym)]

[1966Bar]

[1966Hen]

[1966Lan]

[1969Aus]

[1971Pet]

[1975Hol]

[1977Hol]

MSIT®

Brett, N., Law, D., Livey, D.T., “Some Investigations on the Uranium:Thorium:Carbon
System”, J. Inorg. Nucl. Chem., 13, 44-53 (1960) (Crys. Structure, Morphology, Phase
Relations, Experimental, 13)

Benesovsky, F., Rudy, E., “Investigations in the System Uran-Thorium-Carbon”
(in German), Monatsh. Chem., 92(6), 1176-1183 (1961) (Crys. Structure, Phase Diagram,
Phase Relations, Thermodyn., Experimental, 19)

Ivanov, O.S., Alekseeva, Z.M., “Investigation of the Alloys Constitution of the System
Thorium-Uranium Monocarbide”, in “Constitution of the Alloys of Certain Systems with
Uranium and Thorium” (in Russian), Gosatomizdat, Moscow, 428-437 (1961) (Crys.
Structure, Morphology, Phase Relations, Experimental, 3)

Ivanov, O.S., Alekseeva, Z.M., “Investigation of the Alloys Constitution in the Systems
UC-ZrC, UC-ThC and ThC-ZrC”, in “Constitution of the Alloys of Certain Systems with
Uranium and Thorium” (in Russian), Gosatomizdat, Moscow, 438-449 (1961) (Crys.
Structure, Morphology, Phase Relations, Experimental, Mechan. Prop., 4)

Katz, S., “High Temperature Reactions Between Refractory Uranium Compounds and
Metals”, J. Nucl. Mater., 6, 172-181 (1962) (Morphology, Phase Relations, Thermodyn.,
Experimental, Interface Phenomena, 21)

Kegley, T.M., Jr., Leslie, B.C., “Metallographic Preparation of Dicarbides of Thorium and
Thorium-Uranium”, J. Nucl. Mater., 13(2), 283-287 (1964) (Morphology, Experimental, 4)
Kelly, J.L., Kleinsteuber, A.T., Clinton, S.D., Dean, O.C., “Sol-Gel Process for Preparing
Spheroidal Particles of the Dicarbides of Thorium and Thorium-Uranium Mixtures”,
Ind. Eng. Chem. Process Design Develop., 4(2), 212-216 (1965) (Phase Relations,
Experimental) as quoted by [1966Bar]

Peterson, S. (Comp. and Ed.), USAEC Report ORNL-3870, Oak Ridge National Laboratory,
November 1965 (1965) (Phase Relations, Experimental) as quoted by [1966Bar]

Wymer, R.G., Douglas, D.A., Jr. (Comps.), USAEC Report ORNL-3611, Oak Ridge
National Laboratory, July 1965 (1965) (Phase Relations, Experimental) as quoted by
[1966Bar]

Barghusen, J.J., Nelson, P.A., “Production of Uranium, Thorium and Plutonium and Their
Compounds - Production of Uranium Oxides - Production of Thorium Dioxide by a Sol-Gel
Process - Thorium Carbide - Production and Properties of Plutonium Dioxide - Production
and Refining of Plutonium”, Reactor Fuel Proc., 9(2), 121-131 (1966) (Phase Relations,
Assessment, Phys. Prop., 39)

Henney, J., Jones, J.W.S., “High-Temperature Phase Equilibria in the Th-U-C System in the
Presence of Free Carbon”, Trans. Brit. Ceram. Soc., 65, 613-626 (1966) (Crys. Structure,
Phase Diagram, Phase Relations, *, 16)

Langer, S., Gantzel, P.K., Baldwin, N.L., “Limited Solid Solutions of UC, and ThC,”,
Inorg. Chem., S, 2033 (1966) (Crys. Structure, Experimental) as quoted by [1984Hol]
Auskern, A.B., Aronson, S., “Electrical Properties of (Th, U)C Thorium Carbide-Uranium
Carbide Solid Solutions”, J. Nucl. Mater., 29(3), 345-348 (1969) (Crys. Structure,
Experimental, Electronic Structure, Electr. Prop., 9)

Peterson, S., Curtis, C.E., “Thorium Ceramics Data Manual”, Vol. 3, “Carbides”, USAEC
Report ORNL-4503, Oak Ridge National Laboratory (1971) (Phase Diagram,
Experimental, *) as quoted by [1975Hol]

Holleck, H., “Ternary Phase Equilibria in the Systems Actinide-Transition Metal-Carbon
and Actinide-Transition Metal Nitrogen”, Thermodynamics of Nuclear Materials., Proc.
Symp., 4" Vienna, October 21-25,1974 International Atomic Energy Agency, Vienna,
Austria, 2, 213-264 (1975) (Crys. Structure, Phase Diagram, Phase Relations, Thermodyn.,
Calculation, Experimental, Assessment, Review, *, 47)

Holleck, H., “On the Constitution of the Systems Thorium-(Zirconium, Niobium,
Ruthenium, Rhodium)-Carbon”, J. Nucl. Mater., 66, 273-282 (1977) (Crys. Structure,
Phase Diagram, Thermodyn., Experimental, *, 18)

Landolt-Bornstein
New Series IV/11C4



C-Th-U 207

[19820go0]

[1984Hol]

[1987Ben]

[1987Jon]

[1987Nam)]

[1989Koy]

[1991Yam)]

[1996Vel]

[2001Che]

Ogorodnikov, V.V., Ogorodnikova, A.A., “Calculation of the Phase Diagrams for
Pseudo-binary Systems of Cubic Transition Metal Monocarbides”, Russ. J. Phys. Chem.
(Engl. Transl), 56(11), 1749-1751 (1982), translated from Zh. Fiz. Khim., 56(11),
2849-2852 (1982) (Phase Diagram, Phase Relations, Calculation, *, 13)

Holleck, H., “Ternary Carbide Systems of Actinoids” in “Binary and Ternary Transition
Metal Carbide and Nitride Systems” (in German), Petzow, G. (Ed.) Gebrueder Borntracger
Berlin, Stuttgart, 73-78 (1984) (Crys. Structure, Phase Diagram, Phase Relations,
Assessment, Experimental, Review, *, 59)

Benedict, U., “Structural Data of the Actinide Elements and of their Binary Compounds
with Non-metallic Elements”, J. Less-Common Met., 128, 7-45 (1987) (Crys. Structure,
Review, 118)

Jones, D.W., McColm, I.J., Steadman, R., Yerkess, J., “A Neutron- Diffraction Study of the
Tetragonal-Monoclinic Crystal Structures of Some Uranium-Thorium Dicarbides”, J. Solid
State Chem., 68, 219-226 (1987) (Crys. Structure, Experimental, 22)

Namba, T., Koyama, T., Imada, G., Kanno, M., Yamawaki, M., “Kinetics of the
Carbothermic Reduction of a ThO, + UO, + C Mixture to Prepare (Th,U)C”, J. Nucl.
Mater., 150(2), 226-232 (1987) (Thermodyn., Experimental, Kinetics, 12)

Koyama, T., Yamawaki, M., “High-Temperature Vaporization of Thorium-Uranium Mixed
Monocarbide (Th;_,U,)C”, J. Nucl. Mater., 167, 122-126 (1989) (Thermodyn.,
Experimental, 9)

Yamawaki, M., “Nonstoichiometry and Relevant Thermochemical Properties of Thorium
and Thorium-Uranium Monocarbides”, Solid State Ilonics, 49, 217-223 (1991)
(Thermodyn., Experimental, Phys. Prop., 17)

Velikanova, T.Ya., “C-Th. Carbon-Thorium”, in “Phase Diagrams of Binary Metallic
Systems” (in Russian), Lyakishev, N.P., (Ed.), Vol. 1, Mashinostroenie, Moscow, 768-769
(1996) (Crys. Structure, Phase Diagram, Review, 7)

Chevalier, P.Y., Fischer, E., “Thermodynamic Modelling of the C-U and B-U Binary
Systems”, J. Nucl. Mater., 288, 100-129 (2001) (Phase Relations, Thermodyn., Assessment,
Calculation, 97)

Table 1: Investigations of the C-Th-U Phase Relations, Structures and Thermodynamics

Reference Method/Experimental Technique Temperature/Composition/Phase Range
Studied

[1957Now] X-ray diffraction studies 1900°C, 50 at.% C

[1958Cir] X-ray diffraction studies 50 at.% C

as quoted by

[1961Ben]

[19581va] X-ray diffraction studies, microstructural ~ 1000°C, 700°C, the Th-UC section
investigations

[1958Lau] as X-ray diffraction studies 1800°C, 50 at.% C

quoted by

[1959Now]

[1959Now] X-ray diffraction studies, microstructural ~ 1700-1800°C, 50 at.% C
investigations

[1960Bre] X-ray Debye-Scherrer powder diffraction  1800°C, 66.67 at.% C

studies, microstructural investigation,
stability tests (moisture, air, oxygen)
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Reference Method/Experimental Technique Temperature/Composition/Phase Range
Studied

[1961Ben] X-ray powder diffraction studies 1900 - 1000°C, whole composition range

[19611val] X-ray diffraction studies, microstructural ~ 1000°C, 700°C, the Th-UC and ThC-UC
investigations sections

[19611va2] X-ray powder diffraction studies, 50 at.% C
microstructural analysis

[1962Kat] Metallography, X-ray diffraction, 1000°C, the Th-UC and Th-UC, sections
diffusion couples

[1964Keg] Optical microscopy Pyrolytic carbon coated with as-cast ThC,

or (U,Th)C,

[1965Kel] Sol-gel preparation of particles 66.67 at.% C

as quoted by

[1966Bar]

[1965Pet] Sol-gel preparation of particles, 66.67 at.% C

as quoted by carbon films coating

[1966Bar]

[1965Wym)] Sol-gel preparation of particles 66.67 at.% C

as quoted by

[1966Bar]

[1966Hen] Thermal analysis, high-temperature X-ray > 500°C, 66.67 at.% C in the presence of
diffraction about 1 mass% free carbon

[1966Lan] X-ray diffraction studies 66.67 at.% C

as quoted by

[1984Hol]

[1969Aus] X-ray diffraction, conventional dc 50 at.% C
methods, density measurements, chemical
analysis

[1971Pet] X-ray diffraction studies 66.67 at.% C

as quoted by

[1975H0l]

[1984Hol] Phase relations investigation 1800°C, whole range of compositions

[1987Jon] Neutron powder diffraction 66.67 at.% C

[1987Nam)] X-ray diffraction, carbothermic reduction 1470 - 1770°C

[1989Koy] Knudsen effusion mass spectrometry 1723 - 1923°C, about 50 at.% C

[1991Yam)] Knudsen effusion mass spectrometry About 50 at.% C
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Table 2: Crystallographic Data of Solid Phases

Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
(G hP4 a=246.12 at 25°C [Mas2]
<3827 + 50 P6s/mmc c=670.9 sublimation point at 1.013 bar
C (graphite)
(C) ) cF8 a=356.69 at 25°C [Mas2]
> 60.78 bar Fd3m high pressure phase
C (diamond) (> 60.78 bar)
(BTh) (h) cl2. a=411 [Mas2]
1755 - 1360 Im3m dissolves ~9 at.% C at 1707°C [Mas2]
w dissolves 12.2 at.% U at 1375°C [Mas2]
(YU) (hy) cl2 a=3524 [Mas2]
1135-776 Im3m dissolves ~1 at.% Th at 1100°C [Mas2]
W dissolves 0.22 to 0.37 at.% C at
1119 + 1°C, 1 at.% C at 1100°C,
0.3 at.% C at 900°C [Mas2]
(BU) (hy) tP30 a=1075.9 [Mas2]
776 - 668 P4y/mnm c=565.6 dissolves 0.02 at.% C at 772°C and
U 0.05 at.% C at 700°C [Mas2]
(aU) (v) oC4 a=285.37 at 25°C [Mas2]
<668 Cmem b =1586.95
alU c=495.48
dissolves ~6-10> at.% C at 660°C
[Mas2]
BThC, (h)) tP6 a=423.5 63 to 66 at.% C [Mas2]
1495 - 1255 PAs/mmc c=540.8
BThC,
aThC, (1) mC12 a =669.2 66 at.% C [Mas2]
<1440 C2/c bh=4223
oThC, c=6744
f=103.0°
wTh,Cs - a=1856.09 to metastable [1996Vel]
865.13 high pressure phase
(at 1325°C, 3.5:107* bar)
¢, UyCy cl40 a=2808.9 60 at.% C [2001Che]
<1833 143d
PU2C3
eUC, 116 62 to 62.5 at.% C [2001Che]
1780 - 1478 14/mmm a=351.90 U rich [2001Che]
CaC, c=597.87
a=35241 C rich [2001Che]
c=599.62
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
ouUC, cF12 a=>545.0 [2001Che]
2435 -1763 Fm3m
CaF,? actually, “0UC,” phase represents the
UC phase in equilibrium with graphite
[2001Che]
ouUC (II) o** - high pressure phase
(>2.7-10° bar)
A, (U,Th)C solid solution
(aTh) (r) cF4 a=>508.42 at 25°C [Mas2]
<1360 Fm3m dissolves 6.8 at.% U at 1270°C [Mas2]
Cu
yThC, (h,) cP12 a=580.8 at 1500°C [1964Hil]
2610 - 1470 Pa3
FCSZ
ThC cF8 a=>534.6 x=0[E]
<2500 Fm3m a=1533.8 x=0[H]
NaCl
ucC (D a=49597 from 47 to 66 at.% C,
<2515 miscibility gap (critical point at 2050°C,

43.8 at.% C) [2001Che]
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Table 3: Partial Vapor Pressures Measurements of U (gaseous) and Th (gaseous) over the A Phase
Phase(s) Temperature [K (°C)] log (p [Pa]) Comments
UO.lTh0‘9C0,855 [1989K0y, 1991Yam]
U (g) 1960 - 2250 — (28290 +445)/ T Knudsen effusion
(1687 - 1977) +(9.4793 + 0.0093)
Th (g) 2020 - 2250 — (30875 +400)/ T
(1747 - 1977) +(10.3382 + 0.0085)
Up2Thg 5Co.973
U (g) 1960 - 2270 — (25879 +339)/T
(1687 - 1997) +(8.3584 + 0.0073)
Th (g) 2080 - 2270 —(30174 + 239)/ T
(1807 - 1997) +(9.6639 + 0.0052)
Ug.4Th 6Co.973
U (g) 1950 - 2170 —(24346 + 237)/ T
(1677 - 1897) +(7.7685 + 0.0064)
Th (g) 1950 - 2170 —(28932 +312)/ T
(1677 - 1897) +(8.9489 + 0.0064)
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