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HYDROGEN PERMEABILITY OF MEMBRANES BASED ON NIOBIUM AND
TANTALUM FOILS IN THE ATMOSPHERE OF TECHNICAL PURITY HYDROGEN

Abstract: The paper presents the results of measuring the hydrogen permeability of membranes from niobium and tantalum foils with 40 

followed by isothermal aging and under conditions of cyclic temperature variation. It is shown that the temperature and the magnitude of 

reduction in hydrogen permeability. The increase in hydrogen pressure shortens the period until the maximum of hydrogen permeability 
is reached. This indicates that an increase in the gas pressure loss accelerates the saturation of the membrane with hydrogen. The val-

is longer compared to that observed in membranes with a smooth temperature decrease followed by isothermal aging. This phenomenon 

change in temperature leads to a decrease in the average concentration of hydrogen in niobium and tantalum and, as a result, increases 
their plasticity. Under conditions of cyclic temperature change, the optimal hydrogen permeability and the period before destruction of the 

and 300-500 kPa. Investigation of the surface of membranes after contact with hydrogen showed that the main cause of their breakthrough 
are microcracks, which arise when crossing folds formed during membrane dilatation. It is assumed that the creation of conditions to pre-

leads to a decrease in hydrogen permeability over time. 
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Introduction. Analysis of literature data shows 
that today in the world the most promising way to 
produce ultrapure hydrogen is the process of separa-

2 2, formed during the 
steam conversion of hydrocarbons. The separation of 
hydrogen is carried out using inorganic membranes 
based on palladium and its alloys. The high cost of 
such membranes and the relatively short period of 

-
drogen. In this regard, the development of the hydro-
gen industry requires the development of new highly 

-
branes. Metals of the 5th group, in particular tantalum 
and niobium, are substantially cheaper than palladi-
um and are characterized by high hydrogen-absorbing 
ability [1-4]. This allows them to make membranes 

-
drogen embrittlement and activity against such gases 
as CO, O2, H2O at hydrogen diffusion temperatures, 
the membranes from these metals change their char-
acteristics and fail. As a result of interaction with re-
active gases, as well as surface segregation of oxygen 
dissolved in the lattice, the surface of these metals is 

the catalytic dissociation of hydrogen molecules nec-
essary for the absorption of hydrogen on the surface 
[1-5]. At operating temperatures (> 520 K) in contact 
with the components of a gas mixture containing hy-

However, if the pressure of the chemically active 

not formed on its surface. Moreover, it is known that a 
-

tivity state along atomic hydrogen and more energy 
hydrogen particles [1].

In view of the fact that in typical gas mixtures, 
the pressure of such chemically active components 
as H2O, CO2, O2, CnHm is large, it is required to pro-
tect the surface of the hydrogen permeable membrane 
from oxidation. It is believed that the most promising 
is a coating of palladium and its alloys, up to a few 
microns thick. Composite membranes based on met-
als of the 5 th group, coated with a thin layer of pal-
ladium, have been developed for a number of years 
[6-14], but they have not yet found commercial appli-
cation. One of the problems facing the use of compos-
ite membranes from niobium and tantalum is the low 
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-
cient obstacle to embrittlement of niobium and tan-
talum membranes at operating temperatures. Thus, it 
was found [9] that even at T> 723 K, membranes from 
palled niobium become brittle if the concentration of 
dissolved hydrogen H / Nb exceeds 0.25-0.3. In or-
der not to exceed this maximum allowable concentra-
tion at the required pressures, the temperature should 

10 atm. T> 1100 K for niobium.
The problem of using niobium and tantalum as a ma-

terial of hydrogen permeable membranes is very acute. 

on the development of hydrogen energy in 
the world. This makes it necessary to con-
duct more in-depth studies of the behavior 
of membranes based on niobium foils and 
tantalum under various conditions.

Experimental part. 
Experiments

on the determination of the hydrogen 
permeability of niobium and tantalum 
foils were carried out by the method and 
on the equipment described in [15]. The 
niobium foil (99.5 wt% Nb) and tanta-
lum (99.92 wt% Ta) foil thickness 40 ± 

Plant JSC were subjected to testing. The 
foil was supplied in a roll of 120 mm 
wide tape. The area of   the membrane 
subjected to the study had a round shape 
of o 80 mm.

Measurement of hydrogen permeabili-
ty was carried out at an excess pressure of 
hydrogen of grade B (GOST 3022-80) at 
300, 400, 500, 600, 700 kPa and at the beginning of the 
experiment 550, 565, 580 °C under conditions of uni-
form temperature decrease followed by isothermal aging 
and under cyclic conditions temperature changes with 
oscillations up to ~±20°. Simultaneously with the value 

which the membrane adhered. The tests were carried out 
before the membrane burst. Hydrogen was additional-

chilled to -40 °C aluminum chips.
Results and discussion. The results of measuring 

the hydrogen permeability of membranes from niobi-
um and tantalum under conditions of modulated tem-
perature decrease followed by isothermal aging and 

-
bles 1 and 2. As follows from the data obtained, with 

a modulated temperature decrease, hydrogen perme-

500 s from the moment of contact of the membrane 
with hydrogen, and then decreases to certain values, 
the value of which under isothermal holding condi-

of time. In a number of cases, the destruction of the 
membrane occurs even before the stabilization of hy-
drogen permeability. 

-
ciently on the temperature of the start of the experi-
ment and the pressure. 

Under conditions of cyclic tests, the period of 
change in hydrogen permeability coincides with 
the period of temperature change of the membrane 
with a slight shift of the curves relative to each oth-
er. Obviously, this is due to the inertia of the tem-
perature measurement. Practically in all the cases 
considered, active hydrogen evolution occurs at 
the stage of membrane heating and slowed down 
upon cooling. In some cases, hydrogen cooling 
completely stops when the membrane is cooled. 
Advantageously, after the expiration of ~2000 s 
from the moment of contact of the membrane with 
hydrogen, the average value of hydrogen permea-
bility decreases slightly. With increasing tempera-
ture, there is a tendency to decrease the duration of 
the membrane operation until the moment of de-
struction, and an increase in the excess pressure of 

Excess
hydrogen
pressure,

kPa

Temperature 
of experiment 
start and iso-
thermal sec-

Maximum
of hydrogen 
permeability

-10,
mol/s m Pa0.5

Time of 
reaching the 

maximum
of hydrogen 
permeability, 

sec

Hydrogen per-
meability

-
der isothermal 

conditions,
mol/s m Pa0.5

Time to 
destruc-
tion of 
mem-
brane,
sec.

Niobium foil 40 micron

500 575; 525 1,35 700 0,55 - 0.62 4200

500 578; 561 
(destruction)

3,4 400 3 at the time 
of destruction

680

600 585; 552 
(destruction)

3,1 350 2,35

Tantalum foil 40 micron

500 480; 350 1,17 750 0,02 Has not 
destruct-

ed to 
12,300

700 565;527
(destruction)

6 200 2,7 1100

500 585; 557 3,3 420 2,4 1530

Table 1 – Hydrogen permeability of membranes under conditions of modulated 
temperature decrease followed by isothermal section
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hydrogen practically does not affect this. In a num-
ber of cases, tests under identical conditions lead to 
different results on the duration of the membrane 
operation prior to its destruction.

An analysis of the data obtained indicates that the 
-

gen permeability of the niobium and tantalum mem-
branes. A decrease in temperature causes a reduction 

in hydrogen permeability. In this case, the hydrogen 
pressure has an indirect effect on the actual tempera-
ture in the chamber. Since the value of the thermal 
conductivity of gases directly depends on the pres-
sure, then with increasing hydrogen pressure, heat 
transfer increases when it contacts the water-cooled 
units of the installation. This leads to a decrease in the 
temperature inside the chamber in comparison with 

the preset. 
On the temperature curves, this manifests 

itself in the form of a drop in the temperature 
in the chamber immediately after the hydrogen 
inlet and its subsequent stabilization at a lower 
level (Figure 1 a). During cyclic temperature 

the mean temperature and the amplitude of the 
oscillations decrease (Figure 1 b). 

Increasing the hydrogen pressure short-
ens the period until a maximum of hydrogen 
permeability is reached, at which the mem-
branes are smoothly cooled (Table 2). This 
indicates that an increase in the pressure 
drop of the gas accelerates the saturation of 
the membrane with hydrogen.

When comparing the values   of hydrogen 
permeability and the duration of the mem-
brane before destruction, their direct depen-

through the membrane, the faster it breaks 
down.

The membranes under conditions of cy-

prior to destruction, in comparison with 
those observed under conditions of smooth 
temperature decrease followed by isother-
mal aging. At the same temperature range, 

-
ly independent of the type of heating. The 
increase in the membrane operating time 
before destruction in conditions of tempera-

-
ity in tantalum and niobium on temperature. 
Thus, according to the state diagram of the 
Ta-H system, the solubility of hydrogen at 
500 °C is 22 at.%, And at 600 °C, 12 at.%. 

-
parently, helps to reduce the concentration 
of hydrogen in tantalum and niobium during 
thermal cycling, which provides a higher 
level of their plasticity.

Excess
hydrogen
pressure,

kPa

The tem-
perature
of the ex-
periment

Interval
and period, 
temperature

Interval of vibra-
tion of hydrogen 

permeability
-10, mol/

s m Pa0.5

Time to 
mem-
brane

destruc-
tion, s

hydrogen
permeability
change char-

acteristics

Niobium foil 40 microns

500 545 510-520;
~500

from 0.2 to 1.7 3700 Cyclic
change in 
hydrogen

permeability
with a period 

similar to 
the cycle of 
temperature

change.
Growth in 

the heating 
stage and 
decrease

with cooling.

after 400-
500 s from 
the moment 
of contact 
with hydro-

gen

600 550 512-533
~500

from 1 to 2.3 1500

300 565 537-552;
~500

from 0.3 to 2.5 2350

500 565 525-540;
~500

from 0.6 to 4.2 2100

700 565 512-525
~250

from 0.05 to 1.3 7000
(Has not 
destruct-

ed)

300 585
~500

from 2 to 3.7 1050

400 585 560-570;
~300

from 3.5 to 4.8 850

600 585 558-568;
~500

from 1.1 to 2.7 1350

700 585 555-558;
~350

from 2.7 to 3.5

Tantalum foil 40 microns

500 530 510-537;
~650

from 0.2 to 2.3 8300 Cyclic
change in 
hydrogen

permeability
with a period 

similar to 
the cycle of 
temperature

change.
Growth in 

the heating 
stage and 
decrease

with cooling.

after 400-
500 s from 
the moment 
of contact 
with hydro-

gen

300 565 538-548;
~500

from 0.4 to 3 2400

400 565
~500

from 0.3 to 2.25 1600

500 565 525-537;
~500

from 0.18 to 1.5 
with a decrease 

to 0.1

-

-

300 585 555-568;
~500

from 1.7 to 4.3 2200

400 585 555-568;
~500

from 2.2 to 4.3
from 1.2 to 3.6
from 1.3 to 3.4

1750,
4400

500 585 548-562;
~500

from 1.3 to 3.3
from 0.2 to 1.6

4000
8300

600 585 547-565;
~500

from 0.8 to 2.7 2400

700 585 540 –557;
~550

from 0.2 to 1.7 3400

Table 2 – Hydrogen permeability of membranes under cyclic temperature 
changes
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a

b

a – gradual cooling and isothermal aging, b – thermocycling
1 – hydrogen permeability, 2 – temperature 

Figure 1 – Dependence of the hydrogen permeability of a 
tantalum membrane on the type of heating at a hydrogen pressure 

of 500 kPa

In this case, the optimal hydrogen permeabili-
ty and the period before destruction of the niobium 
membrane show in the range of 535-555 °C at a pres-
sure of 500 kPa, and membranes from tantalum in the 
range of 555-568 °C and 300-500 kPa.

Investigation of the surface of membranes after 
-

gen permeability showed that as a result of dilatation 
they acquire a network of folds that form cells of var-
ious sizes (Figure 2). At the same time, the greater the 
pressure of hydrogen, the more acute folding tips were 
observed in the membranes. Revealing the causes of 
breakthroughs of membranes showed that in the over-
whelming majority of them microcracks appeared at 
the intersection of folds (Figure 2). Since the disso-
lution of hydrogen in niobium and tantalum sharply 
reduces their plasticity, the formation of a crack will 
occur at the point of concentration of stresses, which 
can be both intersecting folds and the area of   contact
with the sealing rings. The appearance of such folds at 
a pressure of 300 to 700 kPa indicates the occurrence 
of very high stresses in the crystal lattice of the mem-

branes causing the foil portions to shift relative to the 
gas permeable substrate. Obviously, the compressive 
stresses that arise under such conditions prevent rapid 
destruction of the membrane. Since the direction of 
the formation of folds under such conditions is not 
predictable, it is impossible to predict the occurrence 
of foci of stress concentration. The creation of condi-
tions to prevent the crossing of folds and their more 

of hydrogen permeable membranes.
The difference in hydrogen permeability of mem-

branes revealed under the same experimental condi-
tions is due primarily to the difference in the prop-
erties of the membrane surface. The main reason for 
this is the formation of an oxide layer that slows the 
diffusion of hydrogen into the membrane. This re-

The stresses arising during the formation of folds are 

layer on the surface of the membrane can occur both 
in the factory environment and directly on contact 
with hydrogen contaminated with oxygen. The latter 

with time, and by a change in the color of the surface 
of the membranes from tantalum. 

Figure 2 – Formation of a crack in hydrogen permeable 
membranes as a result of dilatation

Conclusions. As can be seen from the above, an 
increase in the service life of membranes from foils of 
tantalum and niobium can be achieved by a set of mea-
sures. Providing an increase in the corrosion resistance 
of the membrane surface facing the hydrogen-contain-
ing gas mixture will ensure the stability of the proper-
ties during their operation. The creation of conditions 
for controlled deformation of membranes during dila-
tation will reduce the probability of formation of foci 
of internal negative stresses that cause cracks in the 
low-plastic membrane material. Cyclic temperature 

the membrane in comparison with the isothermal con-
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ditions of their operation. This makes it promising to 
use this method to increase the service life of mem-
brane modular plants for the production of ultrapure 
hydrogen made from metals with a sharply varying 
hydrogen solubility as a function of temperature. 
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