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CALCULATIONS ON THE KINETICS OF
OXYGEN SOLUTION IN TANTALUM AND NIOBIUM

IN  A LIQUID -SODIUM ENVIRONMENT

by

T. F. Kassner and D. L. Smith

ABSTRACT

The parabolic rate constants for oxygen solution in
tantalum and niobium in low-oxygen sodium have been cal-
culated as a function of temperature, oxygen concentration
in sodium, and initial oxygen concentration in the refractory
metals. The results were obtained for temperaturesbetween

•                    500 and 80006, oxygen concentrations in sodium from 1 to

20 ppm, and initial oxygen concentrations in the refractory
metals from 0 to 0.10 a/0 oxygen. The activation energyfor·
the solution process was less than the activation energy for
oxygen diffusion in the refractory metals.  At low oxygen
concentrations in sodium, plots of the logarithm of the para-
bolic rate constants versus reciprocal temperature were
nonlinear for low initial oxygen concentrations inthe refrac-
tory metals. Also, 9n the basis of phase equilibria calcula-
tions inthe Ta-0-Na and Nb-0-Na systems, we have predicted
the conditions of temperature and oxygen concentration in
sodium over which the phases tantalum and Ta205, and nio-
bium, NbO, and Nb02 are thermodynamically stable in sodium.

I. INTRODUCTION

Those engaged in sodium technology know that predictive capability
in the area of sodium corrosion is very limited.  Most of the existing knowl-
edge has come from empirical tests designed primarily to give results on

specific metals or alloys under the test conditions.  In many instances, be-
cause of the contemporary "state-of-the-art," the workwas performed under

inadequately defined experimental conditions, and consequently its useful-
ness in establishing a predictive capability is limited. The results have
indicated that impurities such as oxygen, nitrogen, and carbon have a sig-
nificant effect on the corrosion and mechanical properties of structural

materials in alkali-metal-cooled reactors; however, the mechanisms by
.

i.
which these impurities interact are not well understood. Rapid progress in
this important area will require a more fundamental knowledge of the chem-
istry of sodium-impurity systems.  For the present, careful control of ex-

perimental conditions, coupled with accurate measurements of impurity
concentrations in sodium, is a minimum requirement.

1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      -
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*                        The refractory metals have practical interest because of their favor-
able high-temperature properties. In addition, these metals are a good
choice to test corrosion models based upon impurity reactions for the fol-
lowing reasons: First, from an experimental standpoint, the reaction rate
for the material should be highly dependent on impurity concentrations in

liquid sodium. Second, in view of the relatively high oxygen-diffusion rates
and oxygen distribution coefficients for the refractory metals, it appears
that the overall process of oxygen solution in the solid can occur rapidly
enough for diffusional processes in the liquid to be rate controlling.  This
affords the opportunity to experimentally observe a shift in reaction con-

trol (e.g., from liquid diffusion to mixed reaction control), which can be of
great use in deducing reaction mechanisms.

Before initiating experimental studies, we made preliminary calcu-
lations, based on thermodynamic  data, to determine the degree to which

system variables must be controlled to obtain meaningful results.  We also

explored the range over which the parameters should be varied and the
types of reactions anticipated under the various conditions.  In this report,
we· have restricted our attention to interactions of oxygen in sodium with
niobium and tantalum. This restriction Was imposed mainly by a present
lack of free- energy data for the appropriate metal-impurity compounds

- and solubility data for the other impurity elements in the refractory metals
and in sodium. The investigation of reaction processes in a system with
more, than one impurity (e.g., carbon and oxygen) may have greater prac-
tical implications, but is even more intractable at present for the reasons
cited previously.

A number of heterogeneous processes are possible in refractory
metal-sodium systems when additional components such as oxygen, nitrogen,
and carbon are present at low concentrations. For example, in the niobium-

oxygen-sodium system, we can consider the following processes: (1) disso-
lution of niobium in sodium, (2) solution or dissolution of oxygen in niobium,
(3) formation of a protective 9xide film on niobium (NbO or NbO»Tb02) with
oxygen solution in the metal, (4) nonprotective film formation with metal
removal by oxide spallation, and (5) complex oxide formation (sodium
niobate).

Under a given set of experimental conditions (i.e., temperature,
total pressure, and oxygen activity of the sodium), more than one of the
above processes may decrease the free energy of the system. However,

depending upon the rates of inteffacial reactions and diffusional transport
of reacting species in both the liquid and solid phases, one process may
predominate.

, .
From thermodynamic data for the binary refractory metal-oxygen

and sodium-oxygen systems, we can predict the range of temperature and
oxygen concentration  of the sodium over which the phases niobium,   NbO,
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and Nb02 can exist. In addition, when appropriate diffusion data for oxygen
in the refractory metal and for the refractory metal in liquid sodium are
available, the kinetics of relatively simple processes, such as oxygen solu-
tion in the solid and dissolution of the solid in sodium, can be predicted
from analytical solutions to transport equations under boundary conditions
wherein surface equilibria are assumed. Calculations of this type yield an
upper limit for the magnitude of the rates for the above processes.

The results of calculations for the partitioning of oxygen in the
niobium-sodium and tantalum-sodium systems have been used to determine
the oxygen concentration in sodium required for oxide film formation in

both systems as a function of temperature.  Also, the kinetics of oxygen
solution in niobium and tantalum have been predicted for the limiting case
where oxygen transport in the liquid is not controlling, film formation does
not occur, and there is negligible dissolution of the refractory metal in the

liquid. These conditions can be approximated in an isothermal closed sys-
tem with a fixed low oxygen concentratioil iri the sodium.

II. PARTITIONING OF OXYGEN

The distribution coefficient, whichis the equilibrium ratio of oxygen con-
centration inthe refractorymetal to oxygen concentrationin sodium, is derived
by equating thepartial molal free energies of oxygeninthe two metals.  To cal-
culate the distribution coefficients, we mustknow the standard free energy of
formation of the oxide phase in equilibrium with the oxygen-saturated metal and
the equilibrium solubility of oxygen, as a functionof temperature for eachmetal.

W6 surveyed the literature to obtain free-energy and solubility data
for the systems of interest. Figures 1-3 show the equations we determined
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550 500 450 400 350 300 250 200 175 150 125

5000 -
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X
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g   500 1                                                                    -
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h. 2II"IIII1I1Ill0

1.2    1.3    1.4    1.5    1.6    1.7    1.8    1.9   2.0 2.1 2.2 2.3 2A 2.5

•                                                                                         1000/T,  °K-'

Fig. 1. Temperature Dependence of the Solubility of
Oxygen in Liquid Sodiuml,2
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Fig. 2. Temperature Dependence of the Solubility
of Oxygen in Tantalum,3
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Fig. 3. Temperature Dependence of the Solubility
of Oxygen in Niobium4-6

and the data we believe to be most reliable for the solubility of oxygen in
each of the three metals. The low-temperature data for the solubility of
oxygen in sodium are the results of a recent studyl and are considerably
lower than values previously reported. The gtandard free energies of
formation for the oxides (calories per mole of oxygen) were obtained from
Bureau of Mines 'Bulletin 542 for sodium oxide (Na20),

8F° = -100,120 + 34.6OT,                                  (1)Na20

b. and from Worrell's7 data for tantalum oxide (Ta205) and niobium oxide (NbO),

8F° = -96,320 + 19.44T                                (2)1/8 Ta205
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and

6Fo - -100,350 + 21.42'r.                                   (3)NbO

Although several oxides of tantalum have been reported in the literature,8
there is evidence that only Ta20 5 is stable. Worrell' has also reported9-11

that no extraneous lines were observed in X-ray diffraction patterns of
Ta-Ta205 and Nb-NbO electrodes used in the thermodynamic studies at

temperatures between 1050 and 1300'K. This observation, plus the stability
of emf values found by Worrell, demonstrates that suboxides of tantalum
are not stable at these temperatures.

The distribution coefficient for oxygen in the tantalum-sodium-

oxygen system is. 0btained by setting the partial molal free-energy change
equal to zero for the reaction

QNa = QTa;   AF = FQTa - FQNa'                             (I)-

where QNa denotes oxygen in solution in sodium, and QTa is oxygen in
solution in.tantalum. The free-energy change,   AF, in Reaction I is equiv-
alent to the sum of the free-energy changes for Reactions II, III, and IV:

2Na(£) + QNa = Na20(s);                                                     (II)

-        Na20(s) + 2/5 Ta(s) = 2Na(£) + 1/5 Ta205(s); (III)

1/5 Ta205(s) = 2/5 Ta(s) + Q'ra· (IV)

The free-energy changes for the above three reactions are

ao (Na)AFII  =  -RT gn . -      .,                                                              (4)
2 (Na)

AF AF° - AF°                               (5)
III

-
1/5 Ta205 Na20'

and

ag(Ta)AF - RT En                                           (6)
IV                                     a (T a)

where the superscripts on the activities in Eqs. 4 and 6 refer to oxygen in
the standard state, i.e., the saturated solution in equilibrium with the lowest

'

M, oxide phase.  When the free-energy expressions in Eqs. 4-6 are inserted
into the equilibrium relation,

L
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AF = AFII + AFIII + AFIV = .0,                                    (7)
the result is

.

AFo - 8Fo
aQ(Ta) * a (Ta) Nazo 1/5 Ta205                     (8)exp RTag (Na)         a (Na)

If the solutions are assumed to obey Raoult's law (asi = NQ), the distribution
coefficient in terms of atom fraction of oxygen is

NO(Ta) N (Ta) Na20 1/5 Ta205AFo -  A Fo

expKA = NQ(Na) - Pro               RT                  (9)
NQ(Na)

When the relations for N (Na) and N (Ta) from Figs. 1 and 2, respec-

tively, are insertedinto Eq. 9 withthe free-energy relations from Eqs. 1 and
2, the distribution coefficient, KA' becomes

KA = NQ(Ta)  = 61.62 exp ·10 98;    a/0 Q in Ta (10)

NQ(Na) a/0 Q in Na

For comparison with experimental data, it is more convenient to express
the distribution coefficient in terms of weight distribution of oxygen:

CQ(Ta) 1098 ppm Q in Ta
(11)KW =

= 7.829 exp -T-'
CQ(Na) ppm Q in Na

A similar development for the niobium-sodium-oxygen system, with NbO
as the oxide phase in equilibrium with oxygen-saturated niobium, leads to
the following expressions for the distribution coefficient in terms of atom
fraction and weight distribution:

NQ (Nb) 2545 a/0 Q in Nb
KA= = 31.63 exP  T

'

  _   ;        (12)NQ(Na) a 0 0 in Na

CQ(Nb) 2545 ppm Q in Nb
KW -

=     7.8 2 6   exp  -T       ;                                                          ·                                                     (1 3)

CQ(Na) ppm Q in Na

Figure 4 is a plot of the calculated distribution coefficients, KW,
as  a function of temperature for the two systems. Experimental values

.

for the tantalum-sodium system have been reported by Raines et al.12
Their values ranged from 2 to 20 at 500°C and 1 to 10 at 650°C, compared

'              to our calculated values of 32.4 and 25.8 obtained from Eq. 11 for the two
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temperatures. Only qualitative agreement between the experimental  and
calculated distribution coefficients is expected since the oxygen concentra-

tions in sodium were not determihed accu-
T, °C rately in those experiments.   We have

800 700 600 500 400
500    I                        I begun experimental work to verify these

 1 400
_

distribution coefficients under closely con-
      300  -
- trolled conditions.

00 Oxygen in Niobium. ppm //
    200 -   Oxygen in

Sodium, Ppm//
'-' /

-                                        The oxygen concentration in sodium
,

F 2545 1
Kw. 7.826 exp l-,r J _    required for oxide film formation can be

.         100   -

    80 1   -    predicted by inserting the solubility data
0

E   60 1 -    for oxygen in tantalum and niobium from
   50-                             _Oxygen in Tontolum, ppm Figs. 2 and 3 into the appr opriate expres-
z   40 _ Oxygen in Sodium, ppmo                                             sions for the distribution coefficients,
H   30 -

Eqs. 10 and 12, respectively. Figure 5
Kw . 7.829 exp  I-1QT  1

F
20- shows the temperature dependence of the

0 three-phase equilibrium,  Ta(Q sat)-Taz 5-
1 0 1 1 1 1 1 1 1 9Na' where the oxygen concentration of

0.9 1.0      1.1        1.2       1.3       1.4      1.5

1000/ T, °K-' sodium is reported in ppm.  At 600°C, no
oxide film formation is expected on tanta-
lum exposed to sodium containing less than

Fig. 4. Temperature Dependence of the
23 ppm oxygen.Distribution Coefficient of Oxygen

between Tantalum and Sodium,
and Niobium and Sodium Figure 6 shows the temperature

dependence of the Nb(Q sat)-NbO-QI<la
equilibrium.  At a given temperature, the oxygen concentration in sodium

required for film formation on niobium is considerably less than that for
T,  °C
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Fig. 5: Temperature Dependence of the Fig. 6. Temperature Dependence of the

TaQ sat)-QNa-Ta205 Nb(Qsat)-QNa-NbO and NbO-
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tantalum.  Only 6 ppm oxygen are required at 600°C to form NbO. Evans
and Thorley13 have reported that niobium has acceptable corrosion behav-
ior in sodium at -600°C when the oxygen content of the sodium is below
5 ppm, whereas above -5 ppm the corrosion rate was much higher.

Since niobium forms more than one oxide, the oxygen concentration
in sodium at which the second oxide (Nb02) is expected to form was also
calculated.  The net reaction for the formation of niobium dioxide is

NbO(s) + QNa - Nb02(s);    AF
= FNboz - FQNa'                 (V)

The free-energy change in this reaction is equal to the sum of the free-
energy changes  of the following three reactions:

2NbO(S) = Nb(S) + Nb02(s); (VI)

Nb(s) + Naz (S) = 2Na(£) + NbO(s); (VII)

2Na(f) + QNa = Na20(s).                                             (II)
The free-energy changes for these reactions are

AF - 14,250 - 4.15T (from Worre117); (14)VI

8 FVII - NbO- Na20;- 8 Fo 8F° (15)

ao (Na)AF -   RT  Zn    -                                                                                                                     (1 6)II  -

ag(Na)

At equilibrium, the free-energy change for Reaction V becomes

AF = AFVI + AFVII + AFII = 0, (17)

and with the assumption that oxygen in sodium obeys Raoult's law, the tem-
perature dependence of the NbO(s)-Nb02(s)-QNa equilibriurn is given by

611
NQ(Na) = 0·2017 exp -F;    a/0 Q in Na (18)

or

611
CQ(Na)  =  1404 exp·-g:-;    ppm Q in Na. (19)

L
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c                    A plot of Eq. 19.is shown on Fig. 6, along with the temperature dependence
of the solubility of oxygen in sodium. The intersection of the NbO-Nb02-
QNa equilibrium with the QNa (sat)-Na20 equilibrium at 536°C represents a

- four-phase invariant point in.the systern NbO-Nb02-91'<ra(hat) -Ni20 when
the total pressure renlains constant.

III.  KINETICS OF OXYGEN SOLUTION

The kinetics of oxygen solution in tantalum and niobium exposed to
sodium can be predicted as a function of oxygen concentration in the sodium,
temperature, and initial oxygen concentration in the refractory metal.  The
calculations in this report are applicable to conditions where oxygen diffu-
sion in the solid metal is rate limiting, film formation does not occur,  and
recession of the solid-liquid interface due to dissolution can be neglected.

The solution to Fick's second law, for diffusion into a semi-infinite
slab in which the surfacb concentration remains constant with time, can be
written as

C (x, t)  -  CO                       X= erfc -----, (20)
CS _ CO 2  /ST

where

C(x, t)  =  concentration of oxygen. in the sample, g Q/cm3, at posi-
tion x, and time t;

CS = surface concentration of oxygen in the sample, g Q /cm3;

Co = initial uniform concentration of oxygen in the sample,
g 9/cm';

and

D = diffusion coefficient of oxygen in the sample, cm2//sec..

The total quantity of oxygen, M(t), diffusing into a slab of area A
in a time t can be obtained by inserting the differential form of Eq. 20 into
Fick's .first law and integrating the resulting equation. The result is

/ Dt \1/2
M(t)  =  2A(Cs _ CO)('F) . (21)

The slope of a plot of [M(t)/A]2 versus time yields the parabolic
rate constant, K :

P

KP =  2 (Cs _ Co)2;     gz Q/cm4-sec. (22)
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multiplying by -R, and taking the partial derivative of each term with re-

spect to ( 1/T). The result is

8 En D/8 En K \ /8  Z n  C A

- la (4)99    = -B ,(1) - 2  ta (t)  
(24)

\T/
-Na QNa

or

ca gn KW\

QKP = Op - 'R l 8 (4)  jo   .
(25)

-Na

The distribution coefficient, K , was inserted for Cs in Eq. 25 since both
quantities have the same temperature dependence when the oxygen concen-

tration of the sodium remains constant. An activation energy for the solu-

tion process, QKp, of 22.3 kcal/mole is obtained from Eq. 25 by inserting

the  value  of QD   = 26.7 kcal/mole for oxygen diffusion in tantalum  from
-                Fig. 7 and the value of 8(En KW)/8(1/T) = 1098°K from Eq. 11.

Kof stadzo has shown that when tantalum is oxidized in low-pressure
oxygen, where the surface concentration remains near saturation, the sec-
ond term on the right of Eq. 25 is the temperature dependence of the solu-

bility of oxygen in tantalum,  8[En N8(Ta)]/8(1/r). Whenwe insert the value

of -3434'K from Fig. 2 into Eq. 25,-the activation energy is calculated to be

40.3 kcal/rnole. This value agrees well with Kofstad's experimental value
of 35 to 40 kcal/mole for oxygen solution in tantalum exposed to 0.01 Torr
oxygen pressure. These results indicate that the activation energy for oxy-
gen solution in tantalum exposed to sodium (when Co = 0) is, somewhat less

than the activation energy for oxygen diffusion in tantalum and about one-
half the activation energy for oxygen solution in tantalum exposed to low-

pressure oxygen.

The effect of the initial oxygen concentration of the tantalum on the

parabolic rate constant is indicated in Fig. 10 (Co = 0.025 to 0.100 a/0 Q in
Ta).   These data  show that for high oxygen concentrations in sodium,  i.e.,
above -7 ppm Q, the temperature dependence of Kp for oxygen solution

remains constant. For oxygen concentrations below 7 ppm, the activation

energy for the solution process can be considerably less than the 22.3 kcal/
mole observed at the higher oxygen concentrations. These curves also

show that we can have the same rate constant at two different temperatures.

For example, at 1 ppm oxygen in sodium, the rate constant in Fig. 1 Oa has
approximately the same value at 500 and 700°C. The curves in Figs. 9 and
10 for oxygen concentrations in sodium above 5 ppm are terminated at tem-

peratures below which oxide film formation is expected. These temperatures
can be obtained from Fig. 5 for the various oxygen concentrations in sodium.
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Fig. 10. Temperature Dependence of the Parabolic Rate Constant for Oxygen Solution in Tantalum

with Initial Oxygen Contents of 0.025, 0.050, 0.075, and 0.100 a/0 Oxygen. The parabolic
rate constant is in units of g2 0/cm4-sec.
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The results of the calculations are further correlated in Fig. 11,
where the rate constant is plotted as a function of initial oxygen concentra-
tion in tantalum for several temperatures in the range of interest.  Fig-
ure  11  shows the strong dependence of the rate constant on the initial oxy-
gen concentration in tantalum at low oxygen concentrations in sodium.  It
also shows that, with increasing temperature, the rate constant becomes
more sensitive to initial oxygen concentration in tantalum. However, at the

higher oxygen levels in sodium, the rate constant is relatively insensitive to  
the initial oxygen concentrations in tantalum.
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(c)    T    = 7000C (d) T = 8000C

Fig. 11. Effect of Initial Oxygen Concentration in Tantalum on the Parabolic Rate

Constant for Oxygen Solution in Tantalum at 500,600,700, and 8000C.

The parabolic rate constant is in units of g2 0/cm4-sec.

[
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Similar calculations have been carried out for the niobium-oxygen-
sodium system. Figure 12 is a plot of log K  versus reciprocal tempera-
ture for zero initial oxygen concentration in niobium  (Co  =  0). The activa-

tion energy for solution of oxygen in niobium exposed to sodium, as
determined from Eq. 25, is 16.5 kcal/mole, which is somewhat less than
the value of 22.3 kcal/mole calculated for oxygen solution in tantalum.

Comparison of the K  values for niobium and tantalum in Figs. 12 and 9,
respectively, indicates that, at a given oxygen concentration in sodium, the
solution rate constant for oxygen in niobium is about an order of magnitude
greater than for tantalum.

T, °C
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-10

-11                                20ppm  Oxygen in Sodium

Fig, 12                   
        -

-12 - \ 10 ppm

6                                   -     -                     7.0 Temperature Dependence of the Parabolic

0 -13 - --
_ Rate Constant for Oxygen Solution  in  Nio -

4.0 bium with Zero Initial Oxygen Content,
f -X i.e., CO  =  0. The parabolic rate constant « 2.0 is in units of g2 0/cm#-sec.-14 -                                 -

-15 - 11 -
-                              \2-

0.8

-16               lilli            I
0.8 0.9 1.0      1.1       1.2 1.3 1.4      1.5

IOOO/T, °K-'

Figure 13 shows the effect of initial oxygen concentration in the
niobium on the rate constant. The shapes of these curves are similar to
those for tantalum. However, at the same oxygen concentrations in sodium,
the temperatures at which the maxima in the rate constants occur are

higher for niobium than for tantalum. For comparable conditions, the
curves show that the rate constant for niobium is considerably higher than
for tantalum.  Note also that, because of NbO film formation, the rate-
constant curves terminate at higher temperatures for niobium.  The tem-

peratures at which NbO forms at the various oxygen concentrations in sodium
can be obtained from Fig. 6.

The curves in Fig. 14 correlate the data for several temperatures
in the range of interest. Comparison of these curves with Fig. 11 indicates
that, at the same oxygen concentration in sodium, the rate constant is less
sensitive to initial oxygen in niobium than for tantalum. The higher oxygen
concentrations in sodium are not included in these plots because oxide

film formation occurs.
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Fig. 13. Temperature Dependence of the Parabolic Rate Constants for Oxygen
Solution in Niobium with Initial Oxygen Contents of 0.025, 0.050,
0.075,  and 0.100 a/0 Oxygen. The parabolic rate constant is in units
of g2 0/cm4-sec.
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Fig. 14. Effect of Initial Oxygen Concentration in Niobium on the Parabolic
Rate Constants for Oxygen Solution in Niobium  at  500,600,700,  and
8000C. The parabolic rate constant  is in units of g2 0/cm4-sec.
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IV.  DISCUSSION
'.

The phase equilibria in Figs. 5 and 6 are very dependent upon the
calculated distribution coefficients for oxygen between the refractory metals
and liquid sodium.  The data for the solubility of oxygen in tantalum, nio-
bium, and sodium used in the calculations are reliable, as are the data for
the standard free energies of formation for the oxide phases.  At this point,
any significant error in the calculated distribution coefficients would have
to be attributed to the questionable assumption that oxygen in the refractory
metals and/or sodium obeys Raoult's law. Few solutions behave ideally.
For this reason, the distribution coefficients will have to be determined
experimentally to accurately fix the phase-equilibria curves in Figs. 5 and
6.   Depending upon the agreement between the.calculated and experimental dis-
tribution coefficients, it may be warranted to try to apply thermodynamic
solution models to the oxygen solubility data to determine the degree of
nonideality in these systems. The success  of this latter approach would

depend upon the availability of heats and entropies of fusion for the oxide
-          phases (Na20, Ta205, etc.).

The distribution coefficients would also have to be determined accu-
rately before quantitative significance could be attached to the parabolic
rate constants for oxygen solution in tantalum or niobium. The surface

concentration, Cs, for a given oxygen concentration in sodium was obtained
directly from the distribution coefficient at each temperature.

Although the above limitations are recognized, the results have been
useful in specifying experimental conditions for distribution-coefficient
studies in these systems. The curves in Figs. 5 and 6 provide limits on
temperature and oxygen concentration in sodium for the two-phase equilibria
(metal-sodium).  Also, on the basis of the calculated surface concentrations

for oxygen in the refractory metal, minimum equilibration times can be
estimated for wire samples used in internal friction analysis for nonmetallic

impurities (0, N, C, etc.).

The  results  in Figs.  5  and 6 have further implications  in the design
of both isothermal and athermal corrosion experiments. For example,  if
the temperature de endence of the "corrosion rate" of niobium were deter-
mined  at  10 ppm oxygen in sodium  in an isothermal system, a change  in  the
reaction process may occur at -650°C. Figure 6 indicates that above -650°C
for the above conditions, the sample-liquid interface would correspond to
Nb/QI<la, and below -6500C the sample-liquid interface would be NbO/QNao
Thus, as the temperature is decreased from 700 to 500'C, the predominant
reaction process may change from one of metal dissolution or oxygen solu-
tion in niobium to metal oxidation. A similar situation would exist in an
athermal loop experiment with a hot leg at 700'C and a cold leg at 5000C.
In the high-temperature portion of the system, niobium would be the stable
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phase in contact with the liquid; in the cold regions in the system, NbO
would become stable.  Thus, as the liquid passes to cooler regions in the
system, niobium in solution in sodium could be oxidized to NbO by way of

··                a homogeneous reaction in the liquid phase. A process of this type could
have important bearing on the kinetics of the corrosion reaction in the hot

leg.
1

/

The data for the parabolic rate constants for oxygen solution in tan-
talum and niobium, plotted as a function of reciprocal temperature at spec-
ified oxygen concentrations in sodium, place in perspective the degree to
which the oxygen content of sodium must be controlled to obtain meaningful
experimental results. The curves also indicate the necessity for accurate
determinations of the oxygen content of the sodium. While niobium and
tantalum are reported to lose weight in sodium corrosion experiments, and
weight gain due to oxygen solution in these metals may be of secondary im-
portance, the above observations are directly applicable to studies involving
vanadium and vanadium alloys. These materials have exhibited weight gains

-. as a rtsult of oxygen solution in a low oxygen sodium environment.21  Simi-

lar calculations on the V-0-Na system are not possible at this time because
of the lack of appropriate thermodynamic data for the system.

'

1

./
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