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SCALING OF COLUMBIUM IN AIR

H. Inouye

ABSTRACT

The scaling of columbium in dry air and in air containing 18 6 mm of water
vapor was determined between 400 and 1200 C

In dry air at 400 C, the oxidation proceeds by short periods of rapid oxi

dation followed by longer periods of slower oxidation, but after an interval
of 21 hr, the rate becomes linear The presence of water vapor greatly ac

celerates the linear oxidation rate

In dry air at 600°C, the oxidation rate is linear The presence of moisture
in the air reduces the oxidation rate and causes a deviation from linearity.

The explanation of this is that an increased surface area results from uneven
oxidation when the runs are made in dry air Above 600 C, the presence of

water vapor does not affect the oxidation, the rate is linear
Both black and white oxides were formed at these temperatures and have been

identified as Cb-O. Three modifications of the pentoxide were found, the

temperatures at which they are stable are not necessarily those found byBrauer
Rate constants were calculated for each temperature investigated, and an

Arrhenius plot was made A straight line was obtained when the logarithm
of the rate constant was plotted vs 1/T An inflection of the curve occurs

at 900°C, which corresponds to the temperature at which the scale undergoes a
modification of its form Energies of activation were calculated to be 13,400

cal/mole between 600 and 900°C and 4350 cal/mole between 900 and 1200°C

INTRODUCTION

The investigation of the scaling of
columbium was undertaken to determine

the high-temperature properties of this
metal The basis for the consideration

of columbium as a constructional

material is its high melting point
(2415 C), its comparatively lowneutron
cross section, and its relative ease
of cold fabrication. The ultimate

use of this material is justified only
when its high-temperature properties
permit its use at temperatures greater

than those for which conventional

materials are now considered.

Unlike molybdenum which is charac
terized by brittleness at low tempera
tures, columbium is ductile to the
extent that it is always fabricated
at room temperatures Furthermore,
joining of the metal produces no
brittleness in the heat-affected zone

as it does in the case of molybdenum
For these reasons, the metal offers
attractive properties as a high-

temperature structural material A
disadvantage of the metal is its
reactivity with gases at elevated
temperatur es.

The scaling of columbium was deter
mined in order to clearly define the
conditions of operation in its ultimate
use. It was especially desired to
determine its reaction rate, for infor
mation of this kind leads to a clearer

understanding of the nature of the
scale formed.

Thus, the formation of a dense
adherent scale retards the reaction

rate between the metal and the gases
because the process is governed by the
diffusion of the reactants through
this scale. The reaction rates charac

teristic of this type of scale are
parabolic, logarithmic, and, less
frequently, cubic Such scales are
said to be protective In contrast,
when the growth of scale or the amount
of material reacting is proportional
to the time of exposure, a linear
oxidation rate is observed, and the



scale formed offers no protection to
the underlying metal This is called
a phase-boundary reaction in which
diffusion processes occur instan
taneously (1) In alloys containing
molybdenum and vanadium, an acceleration
of the oxidation rate was observed.^2^
This is attributed to the formation
of volatile oxides with low melting
points

CONCLUSIONS

The use of columbium in air at high
temperatures will, of necessity, in
clude the application of a protective
coating or the development of oxidation-
resistant alloys Unlike molybdenum,
which is also being considered for
high-temperature applications, the
columbium oxide formed is not volatile

up to the temperatures investigated.
The amount of metal which reacts with

air in 15 min at 800°C is 0.2500 g/cm2
for molybdenum and 0 0125 g/cm2 for
columbium.

PREVIOUS WORK

Gulbransen and Andrew^3^ determined
the reactions of columbium in vacuum
and in oxygen, nitrogen, and hydrogen
in the temperature range of 250 to
375 C A parabolic oxidation rate was
found for the reaction between oxygen
(at a pressure of 76 mm) and columbium,
and the energy of activation was
calculated to be 22,800 cal/mole
The amount of oxide formed during a
period of 2 hr was negligible (80
Mg/cm2)

Three oxides of columbium with a
small range of homogeneity have been
found by Brauer *4' The lower oxide,
CbO, is face-centered cubic, has a
lattice constant of 4.203 A, andean be
prepared by the reduction of Cb205
with hydrogen

C Wagner, "Methods of High Temperature
Oxidation Testing and Evaluation of Observations,"
High Temper ature Properties of Metals, p 93,
American Society for Metals, Cleveland, 1951

(2 )
A deS Brasunas and N J Grant, Trans

Am Soc Metals 44, 1117 (1952)
(3)

E A Gulbransen and K F Andrew, Trans
Am Inst Mining Met Eners 188, 586 (1950)

(4)
G Brauer, Z anorg u allgem Chen 248,

1 (1941)

The three modifications in which
Cb205 exists have been named "T", "M",
and "H" according to the temperature
range in which they are stable Brauer
found that the low or "T" form is
stable between 500 and 900°C, that the
middle or "M" form is stable between
1000 and 1100°C, and that the high or
"H" form exists above 1100°C. This
oxide was found by Zachanasen'S)
to be isomorphous with Ta20 . The
structure of Cb205 is pseudohexagonal
orthorhombic, and the cell dimensions
are as follows

li 6.16 ± 0 03 A,

a2 = 3 65 ± 0.02 A,

a3 = 3 94 ± 0.02 A

The metal atoms are at (0, 0, 0) and
(1/2, 1/2, 0). A calculated density
for Cb205 is 4.95 g/cc.

The structure of Cb02 is similar
to that of rutile, and the lattice

o

constants age as follows a = 4.84 A,
c = 2.99 A, c/a = 0.618.

EXPERIMENTAL

Several methods of investigation are
possible and are described by Wagner.(1J
The advantages and limitations of the
several methods indicated that it was
desirable to determine the course of
oxidation by following the weight
change as a function of time The
incorporation of an analytical balance
with the sample suspended into the
furnace from one arm eliminates the
number of samples required, sample
variations, and errors resulting from
handling This method requires that
the oxides formed adhere to the sample
and that such oxides not be volatile
at the temperatures employed in the
investigation.

It has been reported(6) that the
oxides of columbium are volatile
near the melting point of columbium,

w H Zachanasen, p 11 in Physics Division
Report for Month Ending April 15, 1945, CF-2926
(classified)

Fansteel Columbine, p 5, Fansteel Metal
lurgical Corp , 1946



1440°C ^ ' In order to ascertain the
the degree of volatility of the oxide,
0 5-g samples were heated in air for
18 hr, the results are given inTable 1.
These results indicate that the method

of investigation described above would
not lead to any serious error, since
it was expected that the oxidation
rate of columbium would be rapid and
that the amount of oxide vaporized
would be below the accuracy of the
method

TABLE 1 STABILITY OF Cb2Os
IN STATIC AIR

(0.5-g sample heated for 18 hr)

TEMPERATURE WEIGHT CHANGE

(g)
REMARKS

1000 +0 0001 Starting material
contained a few
black specks

1100 +0 0001 Oxide completely
white

1200 None Oxide yellow

1250 None Oxide yellow

1300 -0 0006 Oxide yellow

1375 -0 0009 Oxide yellow

Test Specimens

The material tested was Fansteel

sheet of the following approximate
dimensions 5/16 by 2 by 0 024 in.
and 5/16 by 2 by 0.048 inch. The
columbium strips were polished suc
cessively on 2/0, 3/0, and 4/0 metal-
lographic paper and were then given an
alcohol wash. Spectrographic analysis
showed that the major impurities were
titanium and copper, however, it is
known that tantalum is not detected
by this method below a concentration
of about 0 2%. The oxygen content of
the samples was approximately 0.25%

Equipment and Test Procedure

The sample of columbium was sus
pended from a weighted 0 005-in

*7)E A Durbin, H E Wagner, and C G Harman,
Properties of Some Columbium Oxide-Basis Ceramies,
BMI-792 (Dec 15, 1952)

platinum wire attached to one arm of
an analytical balance and was lowered
into a vertical silica tube, 1 in ID,
which was heated by a platinum wound
furnace. The lower end of the silica

tube was stoppered, and air was admitted
through a 1/4-in. hole. Two platinum
(10% rhodium-platinum) thermocouples
were incorporated into the stopper,
one was wired to a Micromax controller

and the other was wired to a potenti
ometer About 6 in of A1203 insulating
bubbles was placed in the silica tube
for stopper insulation and for pre
heating the air This left approxi
mately 3 in of thermocouple exposed
The air was taken from a compressed-
air line at a flow rate of 2 liters/min
and was then dried by means of Anhy-
drone and a mixture of acetone and dry
ice The runs designated as "wet air"
were made by passing the dried air
through two bubblers containing a
saturated solution of NH4C1 at 25 C
When the moisture content was checked

by absorbing the air in Anhydrone,
the value agreed within 0 5% of that
calculated. The dew point of the
dried air was -70 F Saturated NH4C1
at 25°C has a vapor pressure of 18 6
mm H20 at STP.

The samples were lowered into the
furnace at temperature, and the weight
measurement was made while the air

supply was momentarily turned off so
as to avoid the buoyancy of the flowing
air.

TEST RESULTS AND DISCUSSION

Oxidation of Columbium at 400°C

Columbium oxidizes slowly in dry
air at 400°C for a period of about 21
hours. The course of oxidation during
this time proceeds by short periods of
rapid oxidation followed by longer
periods of slower oxidation, as is
shown in Fig. 1. After the 21-hr
interval, the oxidation rate becomes
linear. The oxide scale after a period
of 47 hr is adherent and is shown in

the photomicrograph in Fig. 2. The
'scale consists of a black oxide sur

rounded by a white oxide matrix. The
oxide can be identified as the "T" form
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200

at temperature. Thus, only the ends
of the rod were exposed because the
cylindrical surface was protected by
the Inconel. The oxide is voluminous
and has been identified as "H" Cb 0
(see Fig. 15). The presence of water
vapor did not affect the test results,
as is shown in Fig. 16. The metal
surface remains relatively smooth
(see Fig. 17).

at 1200°C. A deviation from linearity
similar to that mentioned in the
previous paragraph was noted when
sheet material was tested. The
constant-area sample also described
above showed a linear oxidation rate
after a period of 1/2 hr, as shown in
Fig. 18.

The white oxide is dense and con
sists of the "H" form of Cb20s.
Figure 19 shows the test piece im
mediately upon its removal from the
furnace, and Fig. 20 shows the test
piece a few seconds later.

Oxidation of Columbium at 1200°C

Within the limits of accuracy, the
oxidation rate of columbium is linear











data at 700°C were determined on a

sheet specimen and those at 900°C on a
constant-area rod described previously.

X-ray diffraction patterns show
that the oxide formed at 700°C is "T"

Cb205 and that formed at 900°C is a
mixture of the "H" and **M" modifi

cations.

The data at all temperatures in
vestigated are summarized in Fig. 21.
From the slopes of the lines, a rate
constant was calculated and an Arrhenius
plot was made. A stra 1ght- 1 ine
relationship was obtained with an
inflection in the curve occurring at

100

ELAPSED TIME (mm)

UNCLASSIFIED

OWG 20113

Fig. 21. Air Oxidation of Columbium
it Various Temperatures.

900°C (see Fig. 22). It is of interest
to note that the temperature at which
"T" Cb20s disappears corresponds to
the break in the curve in the Arrhenius

plot. The energy of activation for
the oxidation process was calculated
to be 13,400 cal/mole between 600 and
900°C and 4350 cal/mole between 900
and 1200°C.

The oxidized specimens were also
tested for ductility, Fig. 23 shows
that brittleness occurs in the samples
heated at 800°C and above.

100
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_ 7°

O 60

WE 40

TEMPERATURE (°C)
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Fig. 22. Dependence of Oxidation

Rate on Absolute Temperature.

13





Appendix

DATA OF

Radiation Cu K

X-RAY DATA OF Cb205

40 0 C DRY AIR

l< T"Cb2Os

In tens 11 y d

60 3.943

50 3.132

15 2.452

15 1 973

25 1.817

70 1.675

40 1.363

600 °C DRY AIR

•1 T"Cb205

Intens1t y d

55 3.934

82 3.148

28 3.089

20 2 455

12 2.436

10 1.969

14 1.831

8 1.794

12 1.661

5 1 573

700 °C DRY AIR

« T"Cb205

In tens11 y d

66 3.917

90 3.148

30 3.089

24 2.455

14 2.423

12 1.965

15 1.828

10 1 794

13 1.661

10 1.573

400 C WET AIR

tt T" Cb205

In tens11 y d

55 3.917

68 3.164

38 3.100

20 2 442

10 1 961

10 1.831

600 °C WET AIR
i< TMCb2Os

In tens11 y d

50 3.917

86 3.170

21 3.079

23 2 452

8 2.420

8 1.961

14 1.828

9 1.787

10 1.657

5 1.573

800 C DRY AIR, WIRE

Intenslty

70

37

24

15

11

15

3

8

8

6

'T,,Cb205

926

143

079

455

426

965

828

791

661

630

15
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