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ABSTRACT

A polymer based Amperometric hydrogen sensor has been
developed for measuring Hydrogen in Argon. Polyvinyl alcohol-
phosphoric acid serves as the solid electrolyte for proton
conduction. The electrolyte is sandwiched between two palladium
films. Short circuit current between the film at room temerature
is measured and is found to be linearly dependant on hydrogen
concentration in argon to which one side of the film is
exposed. The other side is exposed to air. The response time of
the sensor is found to be improved on application of a D.C.
potential of 200 mv in series. The sensitivity of the sensor is
in PPM range. This may be sufficient for monitoring cover gas
hydrogen in FBTR. Work is underway to improve the long-term
stability of the sensor.
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Polymer based Amperomatric Hydrogen Sensor

+C. Ramesh/ *P. Shankar, + G. Periaswami and +C.K. Mathews

Detection and measurement of hydrogen in process streams and

ambient atmosphere is a critical requirement of modern

technology, especially nuclear technology(1). Monitoring

hydrogen in the cover gas of fast reactor coolant circuit is

essential for detecting leaks in the 3team generator. These leaks

have to be detected at the very initiation before they can

enlarge to cause explosive sodium-water reaction. Hydrogen gas

used in nuclear reactors can also leak and cause explosion.

Hydrogen accumulation in containment building of PHWR3 during

accident conditions has to be reliably detected and dealt with.

Weld metal hydrogen assay is another area demanding a cost-

effective hydrogen sensor (2).

The conventional system widely used for analysing hydrogen in

gases is the thermal conductivity detector(3). But this has

limited sensitivity and requires elaborate sampling system with

the associated pumps/ valves and piping. On the other hand, the

alternate pellistor type sensor for hydrogen is quite compact and

suitable for direct mounting in the atmosphere to be

monitored(3). But this can function only in presence of oxygen.

The other widely reported system is based on the palladium gate

MOSFET. Although well established, this system is affected by

radiation and hence not suitable for application in areas having
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radiation fields.

Sensors based on proton conductors have made their appearance

in recent years(4). A large number of room temperature solid

electrolytes have been identified which can conduct protons and

render themselves suitable for constructing hydrogen sensors of

the Nernst type. Almost all of them are hydrated salts and can

give stable output only in the presence of moistened gas. They

have been used for constructing both Nernst type sensors and

amperometric sensors. While Nernst sensors function on the

principle of concentration cell/ the amperometric sensors

measure the short circuit current with air as the counter

electrode. This sensor is self driven thus avoiding the need for

an external power source and rendering it compact. The current

signal is quite suitable for transmission over good distances as

may be required under many conditions.

Among the various proton conducting electrolytes available

the polymer electrolyte based on Poly Vinyl Alcohol and H_P04 is

the only one which can operate even in the absence of moisutre.

However, this has not been used so far in amperometric type

sensor. In this work the construction and successful testing of

such a sensor is described.

Principle: The proton conducting polymer prepared from

PVA-H_P04(5) is sandwiched between two palladium films. This

system is configured such that hydrogen to be measured is present

on one side while the counter electrode at the other side is

exposed to air. The two films are short circuited through a

current integrator (Fig. 1).



The following reactions occur :

+
2H + 2e (Hydrogen side)

2H + l/2O2 + 2e -»- H2 O(Air side)

The short circuit current is measured and found to be

dependent on the concentration of hydrogen.

Experimental :

a) Preparation of proton conducting polymer.

PVA is dissolved in water and phosphoric acid is added such that

the ratio of the PVA repeat unit to acid is four. The solution

is poured into a cylindrical cup fixed to a teflon sheet with

adhesive (Torrseal, Varian, USA). A grid of nylon is provided

on teflon to give sufficient mechanical strength to the polymer

film that is formed on the teflon sheet. On evaporating the

solution for a few days, a dried proton conducting polymer film

is formed, which is then pulled out from the teflon sheet.

b) Assembly of the sensor: The polymer preparation method is

suitable for direct coating of palladium film on both sides of

the polymer film. This is done by physical vapour deposition.

Care is taken to avoid development of hot spots on the polymer

during film deposition. Electrical connections were taken from

the film by using a room temperature curable silver paste. The

conductivity of the polymer was measured (Fig. 2) with a

frequency response analyser (Model 1255, Solartron, UK).

c) Measurement of hydrogen concentration:

Mass flow regulators (Model 5850, Brooks, USA) controlled by a



control console are used to let in Ar/H mixture of known
2

composition and pure argon into the transducer. (Fig. 1).

The short circuit current is measured using a current integrator

(Model 439, Ortec, USA).

A D.C. potential of 200 mV is applied in series supporting

the generated potential to obtain faster response. The analog

output from the integrator is fed to a chart recorder after

amplification while the digitised output can be counted by

electronic counter (Model EC5104 of ECIL, India).

Results and discussion:

When Ar/H2 mixture is substituted for pure argon in the sensor

chamber/ there is an abrupt rise in short circuit current. The

current reaches saturation in a short time (approximately

6 minutes) (Fig. 3). The saturation current is found to depend

on the concentration of H~ (Fig.3/ and 4). When the Ar/H_ supply

is cut off and pure argon gas is let in there is a sharp

decrease in short circuit current which reduces to baseline level

over a period of time. The applied D.C. potential is found to

reduce the response time considerably. Hence the plateau current

practically observed at high concentration is also found to be

enchanced compared to that observed witout D.C. potential.

(Fig.7) indicates the cathodic and anodic polarisation

curves for such a cell (4). At the anode/ oxidation of

hydrogen occurs and this process is dependent on supply of

hydrogen at film-electrolyte interface. Hence the anodic

current is dependent on potential and also the rate at which

hydrogen diffuses through palladium film. Beyond a value of



the anodic potential/ the current become totally diffusion

controlled. At the cathode/ the current decreases with

increasing positive potential. The process occuring here is

the reduction of proton which cannot be limited by an applied

anodic potential. Hence log (i) for cathode varies linearly

without saturation. The open circuit potential is indicated as

E . When ciruit is closed, the open potential at both
open

electrodes try to equalise and move towards Equilibrium potential

E_ . Anodic potential tries to shift to a direction favouring
bq

oxidation and cathodic potential towards reduction.

Reduction of protons get more favoured at cathode and

oxidation at anode. Anode current is predominantly diffusion

limited and hence linear with respect to hydrogen concentration.

The applied potential seems to improve the kinetics of oxidation

at anode and reduction at the cathode. Hence the time taken to

reach the steady state become less and a sharper response is

obtained with increasing applied anodic potential. Further work

has to be carried out on optimising the film thickeness, polymer

characteristics etc.,

Conclusion:

PVA-H_PO. polymer film can be used for making sensor for

hydrogen which can function in amperometric mode. It is found to

have sufficient sensitivity in ppm range. Response time is

found to improve when a DC potential is applied.
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