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Kostyantyn Korniyenko

Introduction

For many problems in nuclear technology, information about phase relations in multicomponent systems
containing actinide (in particular, thorium) carbides is of a great interest. Of particular importance in this
context are ternary systems involving the transition metals, which are the most frequently occurring fission
products, the main constituents of the cladding and structural materials and potential alloying elements
[1975Ho0l]. Experimental results concerning the ternary C-Ru-Th system are represented by isothermal
sections at 1200°C [1975Hol, 1977Hol, 1984Holl, 1984Hol2] and 900°C [1995Wac] and the crystal
structures of the ternary phases [1971Hol, 1977Hol, 1990Aks1, 1990Aks2, 1995Wac]. The experimental
methods used together with the temperature and composition ranges studied are presented in Table 1.
Information relating to the phase equilibria of the C-Ru-Th system is incomplete. In particular, experimental
data for the Th corner are in need of further refinement. Future investigations of phase relations in the
C-Ru-Th system need to be concentrated on obtaining information relating to the conditions of alloy
crystallization as well as continuing the study of alloy behavior in the equilibrium state at different
temperatures.

Binary Systems

Data relating to the forming C-Ru, C-Th and Ru-Th systems are accepted from [Mas2].

Solid Phases

Crystallographic data relating to the known unary, binary and ternary phases are listed in Table 2. In the
C-Th system at high temperatures, a continuous series of solid solutions between (o Th), the i phase and the
yThC, phase are present (labelled as ). All of these phases possess a cubic structure but of differing space
groups and prototypes. It was established that at temperatures of 1200 and 900°C, three ternary phases, T,
T, and 13, exist [1971Hol, 1975Hol, 1977Hol, 1984Hol1, 1984Hol2, 1995Wac], but the temperature ranges
of their stability were not determined. These phases do not possess visible homogeneity ranges.

Isothermal Sections

Figure 1 presents an isothermal section for 1200°C covering the whole range of compositions, taken from
the data of [1975Hol, 1977Hol, 1984Hol1, 1984Hol2] with amendments in accordance with the refinement
of the compositions of the t; and 1, phases ([1990Aks1, 1990Aks2, 1995Wac] data compared with the data
from earlier publications). In the boundary binary C-Th system, homogeneity region of the 7 phase stretches
from 50 to 100 at.% Th, but in the ternary system, this phase probably does not possess a visible
homogeneity with respect to ruthenium content; as in the boundary binary Ru-Th system. The positions of
the three-phase regions T+ y + 6 and 7 + 0 + € need to be refined.

The isothermal section for a temperature of 900°C covering the whole composition range taken from
[1995Wac] is shown in Fig. 2. The constitution of the boundary Ru-Th binary system, according to the
accepted [Mas2] data, is well established for temperatures above 1000°C. For this reason, it is accepted that
the stoichiometries and homogeneity regions of the Ru-Th binary phases at 900°C are the same as those at
1000°C. In the C-Th system, a two-phase field between («Th) and | phases is present, but its position was
corrected after comparing with [1995Wac] data. Therefore, the positions of the («Th) + u + vy, 0 + vy +0
and p + O + € three-phase fields were also corrected (marked by dashed lines).
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Thermodynamics

The free enthalpies of formation of the t; and t3 phases in the ternary system at 1473 K (1200°C) were
estimated by [1977Hol] using binary Ru-Th data for 1020 to 1170 K (747 to 897°C) [1974Kle], binary C-Th
data [1975Kub, 1977Hol] and by taking into account the observed phase equilibria. From the reactions
4e + 6(aThC,) = 7u + 11 and t; + 6Th = 5u +4e, the free enthalpy of formation of the t; phase at 1200°C
was estimated to be —824.80 to —464.73 kJ'mol . From the reactions B +3n=3ettyandt3 +30=9¢+p,
the free enthalpy of formation of the 5 phase at 1200°C was estimated to be —226.09 to —117.23 kJ ‘mol L.
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Table 1: Investigations of the C-Ru-Th Phase Relations, Structures and Thermodynamics

Reference Method/Experimental Technique Temperature/Composition/Phase Range
Studied
[1971Hol] Arc melting, annealing, X-ray studies, 1200°C, the ThygRuyCy alloy
metallography, microanalysis
[1975Ho0l] Experimental techniques 1200°C, whole range of compositions
[1977Hol] Arc melting, annealing, X-ray studies, 1200°C, 1300°C, whole range of
metallography, microanalysis compositions
[1984Hol1] Experimental techniques 1200°C, whole range of compositions
[1984Hol2] Experimental techniques 1200°C, whole range of compositions
[1990Aks1] Laue, rotation and lines layers scanning ThyRugCs
techniques
[1990Aks2] Annealing; Laue, rotation and lines layers Th;;Ru;,Cg
scanning techniques, powder X-ray
diffraction
[1995Wac] Arc melting, annealing, EDX, Guinier 900°C, whole range of compositions

X-ray diffraction

Table 2: Crystallographic Data of Solid Phases

Phase/ Pearson Symbol/  Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
(GX0) hPA a=246.12 at 25°C [Mas2]
<3827 + 50 P6s/mmc c=670.9
(sublimation point),  C (graphite)
1.013 bar
(C) 1) cF8 a=356.69 at 25°C [Mas2]
> 60.78 bar Fd3m
C (diamond)
(Ru) hP2 a=270.58 at 25°C [Mas2]
<2334 P65/mmc c=428.16
ThRuy_,Cy Mg x=0,0 5y x<0.03,1940°C [Mas2]
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
(BTh) (h) cl2 a=411 [Mas2]
1755 - 1360 Im3m
W
Thy_ ,Ru,C, x=0,05yx0.09,1707°C [Mas2]
Y, Th7Rus hP20 30 at.% Ru [V-C2]
1412 - at least <1000 P63mc
Th,Fe, a=996.9 [1963Tho]
c=630.2
a=997.1 Ru rich side [1974Kle]
c=628.8
0, ThsRu, - - 40 at.% Ru [V-C2]
1425 - at least < 1000
e, ThRu 0oC8 50 at.% Ru [V-C2]
1462 - at least <1000 Cmcm
CrB a=387.8 [1963Tho]
b=1129
c=407.1
a=390.3 Th rich side [1974Kle]
b=1127
c=404.6
a=38738 Ru rich side [1974Kle]
b=1126
c=406.9
n, ThRu, cF24 66.7 at.% Ru [V-C2]
1500 - at least < 1000 Fd3m a=764.9 [E]
MgCu2
a=1765.7 [1963Tho]
a=765.4 [1974Kle]
BThC, (h)) tP6 63 to 66 at.% C [V-C2]
1495 - 1255 PAy/mmc
a=4235 [S]
c=540.8
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
aThC, (1) mC12 66 at.% C [V-C2]
<1440 C2/c
(xThCZ
a=06533 [H]
b=424
c=656
B =104°
a=669.2 [1987Ben]
b=4223
c=6744
p=103.12°
a=669.1 [1964Gan]
b=423.1
c=674.4
B=103.83°
w, ThyCs - a=2856.09 to Metastable [1996Vel]
1325, 865.13
3.5-107* bar
7, Thy_, ,Ru,C, x=0,0.22 sy 50.66,2000°C [Mas2]
x=0,0.04 sy £0.50,0.62 s y < 0.66,
1500°C [Mas2]
x=0,0.33 sy 50.50, 1100°C [Mas2]
x=0,0.41 sy 50.50, 800°C [Mas2]
x=0,y=0.355[S]
(aTh) (r) cF4 a=>508.42 at 25°C [Mas2]
<1360 Fm3m
Cu
i, ThC cF8 a=>530.1 x=0,y=0.382[1996Vel]
<2500 Fm3m a=5303 x=0,y=0.495[1996Vel]
NaCl a=534.6 x=0,y=0.5[1962Kem]
a=>534.6 x=0[E]
a=>533.8 x=0[H]
a=>534
yThC, (hy) cP12 a=>580.8 at 1500°C [1964Hil]
2610 - 1470 Pa3
F682
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Phase/ Pearson Symbol/ Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
* Tl ThHRuIZClg C{* a=1078 at 12000C, labelled as
143m “Th_p27Ru_ 30C-0.43” and
Thy Ruy,Cyg “Thy,Ruy ,Cs”
(x =0.3) [1971Hol], “Th _3Ru_4C_5”
[1977Hol]
a=1076.4 X-ray powder diffraction [1990Aks2]
a=1075.4 single crystal [1995Wac]
* 15, ThyRugCs tP* labelled as “ThRu;C; 57 [1971Hol,
P4/mbm 1977Hol]
ThyRueCs a=9113 single crystal [1990Aks1]
c=418.6
a=909.6 single crystal [1995Wac]
c=417.74
* 13, ThRu3C cPS a=421.0 labelled as “ThRuyC_,” (0 <x<0.1)
Pm3m [1971Hol, 1977Hol]
CaTiO;
a=422.7 single crystal [1995Wac]
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Data / Grid: at.%
Fig.1: C-Ru-Th. Axes: at.%
Isothermal section at
1200°C
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Fig.2: C-Ru-Th. Axes: at.%
Isothermal section at
900°C
20 80
(O+HRu)+1,
aThC, (C)+1,+0ThC,
(oTh) n R
Th (oTh)+y Ru

MSIT®

Landolt-Bornstein
New Series IV/11C4



	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Book Front Matter
	Title Page
	Authors
	Institutions
	Preface
	Contents

	Introduction
	Data covered
	General
	Structure of a System Report
	Literature Data
	Binary Systems
	Solid Phases
	Quasibinary Systems
	Invariant Equilibria
	Liquidus, Solidus, Solvus Surfaces
	Isothermal Sections
	Temperature - Composition Sections
	Thermodynamics
	Notes on Materials Properties and Applications
	Miscellaneous
	References

	General references

	Index
	Non-Ferrous Metal Systems
	C - ...
	C - Fe - Pu
	System Report
	References
	Tables
	Figures

	C - Fe - U
	System Report
	References
	Tables
	Figures

	C - Mo - U
	System Report
	References
	Tables
	Figures

	C - Pd - Pu
	System Report
	References
	Tables
	Figures

	C - Pd - Th
	System Report
	References
	Tables
	Figures

	C - Pd - U
	System Report
	References
	Tables
	Figures

	C - Pu - Rh
	System Report
	References
	Tables
	Figures

	C - Pu - Ru
	System Report
	References
	Tables
	Figures

	C - Pu - U
	System Report
	References
	Tables
	Figures

	C - Pu - Zr
	System Report
	References
	Tables
	Figures

	C - Rh - Th
	System Report
	References
	Tables
	Figures

	C - Rh - U
	System Report
	References
	Tables
	Figures

	C - Ru - Th
	System Report
	References
	Tables
	Figures

	C - Ru - U
	System Report
	References
	Tables
	Figures

	C - Th - U
	System Report
	References
	Tables
	Figures

	C - Th - Zr
	System Report
	References
	Tables
	Figures

	C - U - Zr
	System Report
	References
	Tables
	Figures





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


