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SUMMARY

X-ray, electrical resistance, thermal and metallographic methods

“were used to determine the phase diagram of the thorium-tantalum

system. The diagram is of the simple eutectic type with a eutectoid
reaction associafed with the thorium e-p transformation. The eutectic
point occurs‘ at 1565+10°C and 4.040.5 wt % tantalum. No evidence of
intermetallic compoulnds was found and only slight terminal solid solu-
bility was found at either end of the diagram, even at elevated tempera-
tures. The solubility of tantalum in thorium at the eutectic temperature
is about 0.4 wt % and below 1340°C is less than 0.2 wt %. The solubility
of thoriﬁm in tantalum was found to be less than 0.2 wt % at the eutectic

temperature.

INTRODUCTION
This investigation was undertaken in order to establish the constitu-

tional diagram of the thorium-tantalum alloys and to increase the
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knowledge of thorium and tantalum metallurgy. Chiottil has reported
that thorium has a face centered cubic structure at temperatures up to
1360_}_10°C and a body centered cubic structure from 1360°C to the
17504£10°C melting point. The lattice spacing .fo.r the face centered cuBic
form at room temperature is 5.0843 A according to Evans and Raynorz.
Williams and Pechin’ report that tantalum exists in the body ce‘nteréd
cubic form up to. the 2940°C melting point.

“The behavior of tantalum upon alloying with thorium and other
elements is prédicted by Miller4. The collective results from several
considerations predicted that thorium is a marginal case for liquid
immiscibility with tantalum. - Also, the size factor of thorium is un-
favorabie'for lsc;llid solution formation and compounds’ are unlikely to
form with ‘t”antalu‘rn'. That -the thorium-tantalum alloy system is most

probably of the eutectic type was deduced from the diagfams of the

thori'u'rn-‘groﬁp V-B alloy systems as compiled by Rough énd BauerS.

' PREPARATION OF ALLOYS

Component metals

Tbeltantaiulrn used in the preparation of the alloys was supplied by
the Faqéteél Me;éllurgical Corporation and was specified as high purity
sheet.. The impurity content of this metal and that of the thorium is °
given in Table 1. . The crystal-bar thorium used in this investigation
was prepared by McMasters in the Ames Laborat.ory. The iodide process
as described by Veigel, et al. 6 was duplicated on a 200-300 gram batch

basis.
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TABLE I

ANALYSIS OF THE COMPONENT METALS

Impurity Content in Content in
element tantalum(ppm) thorium(ppm)

PP PP
Carbon 16™ 75-100*
Oxygen 507%% 50-150**
Nitrogen 22%* 75-150"
Hydrogen 1** 47
Iron . _ 40%* <20

*Chemical analysis,
**Vacuum fusion analysis,
Spectrographic analysis for: (1) tantalum,. Ti and Si <20 ppm,
Mg and Nb - faint trace; (2) thorium, Mn, Al, Be, Ca, Mg, Si,
Zr, and Ni - below lower limit of standards, usually <20 ppm,

Melting and homogenizing

-A‘tungsten-electrode arc-fgrnace, as described by Levingston and
Willianié7,; was uSed to rﬁelt the alloys. Charges of intended composi-
tions were rriéiteci seAvera‘l times and were turned over between melts
in an attémpt to rﬁake ‘them homogenevus. Weight losaco during the |
meltiné proccdures'weré negligible and the data from this investigation
are based on the intended compositions. The large difference between
the melfing points of the cémponent metals made melting and homogenizing
: of.the alloys difficult. Splattering of the molten charge necessitated
power reduc.tibns in thé arc in order to avoid sample losses and to facili-
tate ingot shéping. The resulting ingots were not homogeneous since

the lower melting eutectic constituent tended to form a shell around



the higher melting center portion which was dendritic in nature. Cold-
working and homogenizing heat treatments usually preceded the taking
of data.

Fabrication

Melting point bars, as shown by Williamss, were prepared by
milling. Resistance-temperature specimens were prepared by swaging
0.250~in. diameter arc-cast rods into 0.030-in. wires. Flaking of the
dendritic phase during swaging of 10 mil wire to be used for x-ray dif-
fraction- specimens was avoided by choosing samples in the 1.0 to 10

and 90 to'-99 wt % Ta-Th composition ranges.

APPARATUS AND PROCEDURES

Melting point -détéfrﬁjnations

T'h,e‘ Aa'ppa‘.'rgtus énd pfocedure use‘d to obtain solidus data have been
describe'dA‘b'y Williamss. The éutectic tempe\rature data obtainedvfrom
the nécked:—db.wn‘ba‘.r ép‘ecimeris were determined by observing the
température at which the molten metal disrupted the black-body con-
ditions by cauéing a dark spot to appear at the bottom of the pyrometer
sight hole. The. liquidu:s lines were located by observing the tempera-
ture at which the specimens melted in two. Since only surface tempera-
tures are available above the solidus, the liquidus temperatures were
corrected for emissivity by extrapolating the black-body versus surface
teﬁper;tufe data obtained below the solidus. The extrapolation required

th'e'assum'ption.that the surface temperature dependence of the emissivity

is the same both below and above the solidus temperature.



Electrical resistance versus temperature

The appar;tus, basic circuit and procedure used to obtain resistance-
temperature data are reported by Rogers and Atkinsq. Two specimens,
usually one thorium and the other a thorium-tantalum alloy, were conn.écted
in series with a standard resistor .and a 6-volt storage battery. Ten mil
diameter tantalum potential leads were spot welded, under a helium atmos-
phere, to the specimens. The specimens were heated under vacuum in
an electric fufnace having silicon-carbide resistance.heating elements.
Reéis‘tance' vaiué‘s were determined by measuring the voltage drop acréss
the speciméns and tbe standard resistancé. The temperature was measured _
by a Pt-Pt+13% Rh t_'he‘rrriocouple giving data over a range from 30°C to
1425°C. '

X-ray diffraction methods -

Pdwdé'rs ,"\"ve‘r'é," filed from the melting point specimens and given a
stress-relief anneal at 650°C for 36 hours. Thin sheet specimené
prepar.‘e'dv'bAy.' rolling We"re,aﬂ' stress-relieved by heat treatments prior to
quenching <aﬁd wéfe' use,d:in cdnjunction with a focusing Back-reﬂection
. camera. A &i-{;:actdrﬁeter was used for phase identification in some
me'tallb'graph:ici \é'pecimeﬁs using standard procedures.

The more 4sigr;ificarit x-ray data were obtained from quenched wire
specimer;s using a DeBye-—Scherref camera and copper K, radiation.
Ten mii (Vi"i'amet'e'r,’ \ﬁire specimens were heated by their own resistance
betweeﬁ two w‘ater.;coobled‘ copper electrodes and quenched by thermal

conduction when the power was turned off.



Métallography

The polishing and etching procedures were complicated by the nature
of the alloys. The eutectic constituent is more readily attacked by
etchants than is either dendritic phase, thus ‘leaving the dendrites in
relief. An electropolish was used in the final stages in order to avoid
the scratches produced by the mechanical polishing. .

0

A cathodic etching apparatus described by Carlson, et al. 10 yas

used for some of the metallographic specimens.

EXPERIMENTAIL RESULTS

Solidus and liquidus data

M.'eltihg ébint detérminations were used to establish the temperature .
ofltt‘ie“_'eute'c"tic. "reactio_n isotherm and to approximate the position of the
liquidu's, linés. - The d_ata listed in Table II and plotted in Fig. 1 placed
the euteétic tlemperatgre at 1565+10°C. The liquidus data are listed
in Table II :afnd'the iiqﬁidus lines appear as dashed lines in the diagram,
since t‘he_ciata wére_only reliable to about +50°C.

- Effects 'éi_tantalum _oj_1_ the transformation of thorium

Resistance-temperature,d;ta and x-ray diffraction results were
used to ,d’etér_brnin'e t'h:e nature of the reaction associated with the allotropic-
tranéforffxa.tion of'thori\.‘lm.v This portion of the diagram is shown in the
insert in .Fi'g‘.A 1.

T‘at.)'le III- lists the results obtained from several resistance-

temperature experiments and Fig. 2 is a plot of the data from a typical
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Figure 1. Plot of daté from which the thorium-tantalum diagram was drawn.

o solidus data from melting point determinations

0 liquidus data from melting point determinations
x electrical resistance versus temperature results
¢ data from x-~-ray diffraction patterns’



TABLE II

'DATA FROM THE MELTING POINT DETERMINATIONS

wt % Ta-Th solidus, °C liquidus, °C
thorium melting points of 1700°C\aﬁd 1725°C
R 1563* ’ 1685
5.0 1565* 1640
6.0 1565 1650
7.5 1563 " 1620
9.0 1563 1680
10,6 , S : 1700
15.0 1565 1800
200 1565* 1725
25.0 - 1570%* 1700
30.0 1566™ 1800
"40;0. 1565 1850
fsb.o 1566** 1975
’66;01 ———— 2125
70.0 1573 2230
75. 0 1568 2025 .
80. 0 1568% 2475
90.0 1570 S
95. 0 1570 2750
198.0 1575 I
tantalgi:ﬁ melting point 2940°c*

n”
average of two measurements

skok

yaverage of three measurements

reported by Williams and Pechin

3
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TABLE II1

RESISTANCE-TEMPERATURE DATA

Experiment Composition Transformation Temperature
number ‘ heating, °C cooling, °C
1 Th 1365 S
' 10.0 wt % Ta © 1335 -——-
2 ' Th ' 1367 : 1362
10.0 wt % Ta 1338 -———-
3 Th : 1369 1373
' 20.0 wt % Ta 1339 1342
4 Th 1360 1358
' ' 10.0 wt % Ta 1338 1342
-5 Th 1365 -——-
6. .. Th 1368 1353
"~ 3,2 wt % Ta 1339 1335
7 ‘ 7.5 wt % Ta 1338 ‘ 1333
average for unalloyed thorium 13634£10°C
av:erage for é.lloyed thorium 1338+ 5°C

experiment. The temperature of the transformation in pure thorium was
obtained by averaging the heating curve and éooling curve values from
sevéral runs anld.is 1363+10°C. A temperature of 133845°C was obtained
in a similar manner for the alloyed specimens. The‘ addition of tantalum
to thorium thus lowers ,the' transformation temperature and a eutectoidal
arrangement is strongly suggested. The greater precision of the data

for alloy samples suggests that some of the tantalum may be removing
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carbon from solution in the thorium to give Ta,C 1. While the presence
of'carbon or other impurities may thus be affecting the transformation
temperatures observed, it is not expected that the form of the diagram
is other than eutectoidal. | N |
X-ray diffraction data obtained from quenched wire specimens yielded
éolubili;cy‘valuevs which are in agreement with the sugge.sted eutei:toidal
arrangement. Precautions were taken to minimize the contamination of
the freshly pfepared specimens used in the final analysis. Three x-ray
patterns frorﬁ different portions of each quenchéd wire were measured
and the iatficeparameteré calculated from the individual reflections,
‘~(ahk1)l wére‘aVefag.ed.‘ These average a, , ; values and their 'corresponding
Nelson-Riley'fupcf:ions were used to calculate a, by the method of least
squarés, as descr.ibed by Cullityll. These lattice parameters are listed
in Table .IV'._' ‘_Thé'.‘solubility data given in Table IV resulted from the
ca:.lculatibﬁs'ls_aséd on‘.'"thtle latticé parameter values assuming that Vegard's
Law holdé~for thié'dilute solution cas;e. Calcplations included correction
factors for ,co-o.rdihatipn numbers and for atomic diameter differences.
Solubilities of . Ta in Th are based on the éomputatioh which shows that
1.0 wt % :Ta‘ dissolved in Th pl;oduces a lattice contraction, Aao, of
0.0092 A. ‘A la.ttic"e.parameter of 5.0854+0. 0004 A was determined for
unalloyed ﬂ'jxoij_iurh by averaging values obtained from several specimens
quénché'& .f-rornA various temperatures. Evans and Ra.ynor.z listed a number

of lattice parameters reported by various investigators. and discussed

the necessary precautions that must be taken if accurate values are to '
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TABLE 1V

SOLUBILITY DATA OBTAINED BY X-RAY DIFFRACTION METHODS

‘Composition Temperature Sag A Aao, A Solubility
i ' before quench’ wt %
+15°C
Thorium 1330 5.0853
R 1375 . 5.0855
5.1 wt % Ta 1330 5. 0846
.. 1318 5.0838
10.0 wt % Ta - 1330 5. 0848
L 1375 5. 0844
o , Ta in Th
Alloyed Thorium 1330 5.0847 0.0006 0.06
- (average) . 1375 5.0841  0.00l14  0.15
Tantalum s 1350 3.3030
: Th in Ta

95 0wt % Ta _ 1350 3.3032 0.0002 0.02

be obtamed ‘The ev1dence of their work pointed toward an 2, of 5.0843 A
as the prefe‘rred lattlce spacing for iodide thorium at room temperature.
The solubility and resistance-temperature data are cons1stent with
the requirements of a simple eutectoidal arrangement but the effort
‘required to-&)i;tain the additional information needed to positively establish
such an ‘arr.a.'ng:‘err.lgnt did not appear to be warranted in light of its limited'
contribu_tic’m to the pfactical'value of the investigation. Thus a simple
eut'écmid‘a.l éffangement was postulated as the most probable form of this

reaction as shown in Fig. 1.
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Solubility limits

~ On the basis of the data of Table 1V, the P to p+Y solvus in the
eutectoidal région of the diagram has been placed at less than 0.2 wt %
Ta-Th. A solubility of 0.4 wt % Ta-Th at the eutectic temperature was
es:timated from diffraction data of a-thorium obtained from samples ’
quenched frofﬁ.1525°C. As indicated by the parameter values, there
is vi‘rt>ua11y' no solid solubility of thorium in tantalum at 1350°C and
~less.than 0,2 wt % Th in Ta at the eutec,tif: temperature was detectﬁed
by use of back-reflection equipment,

Roqrh temperature solubility data-were obtained by x-ray diffraction
methods using poWder specimens. No differences in parameter values
could.bé defe'éted between alloyed and unalloyed specimens, so it was
concluded that'the solubility at room temperature must .l')e less than
0.1 wt % on both s_id‘es of the diagram.

Metallographic results

.Metallography was used to establish the eutectic composition. The
as'-ca.st‘ stxiuct;irgs.of<sa’.mples with decreasing amounts of tantalum were
observed micr,osco'picall'y. The eutectic composition was approached
from the tan‘talun-m riéh side since the gamma tantalum dendrites that
formed on-frégzin'g were easily identified. The eutectic composition
pictured 1n Fig.. 4|-\5;ias -established at 4.040.5 wt % Ta-Th by this method.
The 6 wt % Taj-’iTh microstructure shown in Fig. 3 exhibits a few Y -Ta den~
drites and the 2 wt % Ta-Th microstructure shown in Fig. 5 displays

3
thorium solid solution in a eutectic matrix. A relatively harsh electrolytic
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Fig. 3 - 6 wt % Ta-Th. Gamma Fig. 4 - 4 wt % Ta-Th.
tantalum solid solution Eutectic.
dendrites in a eutectic
matrix.

Above samples etched by swabbing the surfaces for one minute with a
1:5 conc. nitric acid to water solution to which was added 0.25 gm.
sodium fluosilicate for each 100 ml.

Fig. 5 - 2 wt % Ta-Th. Alpha Fig. 6 - 1 wt % Ta-Th. Alpha
thorium solid solution thorium solid solution
(light) in a eutectic plus eutectic (dark).
matrix. X 500. : X 500.

Above samples etched electrolytically. Electrolyte: 1:1 85% orthophosphoric
acid to 90% formic acid. Exposures of 30 seconds at 35 volts and 0.6
amperes.

All samples are in their as-cast condition. X 500.
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etching treatment was required to disclose the thorium solid solution,
while the Y-Ta dendrites were prominent after the application of a mild
etchant for a brief period of time. |

All alloy samples prepared in Ehis inilestigation exhibited two-phas“e
microstructures. TheAmicrostructure of an arc-cast 1 wt % Ta-Th
sample’is éhown in Fig. 6. Samples of compositions 1 wt % Ta-Th and
- 99 wt % Ta-Th which were heat treated at 1300°C and 1540°C for several
hours. d.isplayed’.t.iwo-ph»a'se mi;:rostructures which were not detectably
différerjf from those of the arc-cast samples. Therefore, solubility

limits of less fhan ! wt % at 1540°C were deduced from this analysis.
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