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Moreover, the H2 gas have high energy density source. This
trait makes it a promising fuel source to be used within
internal combustion engine. H2 produces energy of 122kJ/kg
which had potential to substitute hydrocarbon fuel. In order to
generate electricity, the H2 implemented into fuel cell [1].
However, the side product produce was water only which
proved the H2 gas are green energy source. Hence,
purification technologies of H2 gas had developed.

Abstract
Hydrogen (H2) gas produce from biological process also
contains impurity gases. In order to enhance the H2
production, the biohydrogen undergoes a purification
techniques as electrochemical method which known as
polymer electrolyte membrane (PEM). By applying direct
current to the (PEM), protons are moved across membrane
from anode to cathode. The selectively transportation of
protons across the membrane enable the separation of H2 from
the impurity. In this investigation, the effects of electric
current (0 – 2.5A), feed flow rate (90 mL/min – 300 mL/min)
and temperature (25°C and 50°C) had studied and the
optimum operating conditions are determined. The gas
mixture H2/CO2 with composition 50 vol.%: 50 vol.% at
pressure 1 atm had fed into the anode side of the H2
electrochemical purifier. Purity of H2 gas is determined from
the concentration of carbon dioxide (CO2) at cathode that
measured by CO2 analyser. The purity of gas and recovery is
at the maximum value 93.62% and 60.45% when current, I,
equal to 2.5A. Yet, performance of purification process is
decreasing with the rise of amount of feed flow rate. The
purity and the recovery of H2 gas are higher, 93.36% and
75.83%, respectively at 90 mL/min. Moreover, at 50°C the
purity of H2 gas is higher compared to 25°C which increased
from 93.32% to 96.27%. However, the highest H 2 flux at
0.429 mL/min∙cm2 occur at temperature of 25°C instead of
50°C. The relatively simple electrochemical method in
purification process had preferred as required less energy and
able to produce H2 gas with high purity (> 90%). This is very
important for the fuel cell application because fuel cell require
continuous supply of high purity H2 to function orderly.

There are a few existing methods to purify H2, which are
pressure swing absorption (PSA), absorption, cryogenic and
electrochemical method [5, 7]. From the comparison above,
PSA, absorption and cryogenic are challenging to implement.
PSA and cryogenic are both energy intensive, which reduces
their deployment flexibility. Besides, PSA, absorption and
cryogenic technique have extreme operational temperature
which requires as low as -80°C during the purification process
[5].
In contrary, the mechanism of electrochemical method is
simple and efficient. Electrochemical method consumes very
low energy as low as 1V during its operation [6]. Despite
having advantages during operation, it requires further
optimization until commercially ready.
Electrochemical
hydrogen purifier, which also known as electrochemical
hydrogen pump is the key component in electrochemical
method [7]. Electrochemical hydrogen purifier is designed to
perform electrolysis. Hence, electrical current is supplied to
the purifier.
During the purification, gas mixture of H2 and CO2 is inserted
at the anode end at low pressure (PA). Pt catalyst within the
electrochemical hydrogen purifier will separate H2 to proton
(H+) and electrons. Then, proton (H+) is transported through
PEM selectively from anode to cathode, while electron flows
through the external circuit. In the end, electron will rejoin H+
and H2 gas is formed at the cathode [8].

Keywords: Gas purification, biohydrogen, electrochemical
cell and PEM.
INTRODUCTION
Biohydrogen produced from biomass fermentation contains
two types of product which are major product (H 2 and CO2),
and minor products (carbon monoxide (CO), hydrogen
sulphide (H2S) and methane (CH4)) [1,2]. The minor product
also known as impurities. The CO and H2S from the impurity
gases cause poisoning of Pt catalyst, which degrades the
efficiency of fuel cell [3].
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Figure 1. Schematic diagram of experiment setup.
temperature on the performance of electrochemical cell.
Figure 1 shows the schematic diagram of experiment setup.
Whereas, Figure 2 indicate the real application set up. Gas
mixture H2/CO2 with composition 50 vol. % :50 vol. % is fed
into the Büchner flask. Büchner flask is filled with distilled
water and known as gas humidifier. Then the gas humidifier
had fed to the anode of electrochemical cell. Then, the
operating temperature parameter for gas mixture H2/CO2 in
the humidifier varied by heated the gas with hot plate. The
power supply switch on and the reaction occurred to separate
the H2 gas from CO2 gas. The CO2 analyser connected to the
cathode. The CO2 analyzer used to measure the change of
concentration of CO2 gas with time in the duration of 30
minutes. Data for the concentration of CO2 gas recorded
automatically in graph form by using the computer. Then, the
cathode connected to the water displacement system for 30
minutes to measure the volume of gas discharged from the
cathode.

According to Fig. 1, the hydrogen recovery fraction of
electrochemical can peak at 90%. However, it drops
significantly below 60% when the feed flow rate of gas
mixture increases [9]. In order to make this technique to be
commercially ready, the recovery fraction of hydrogen must
be consistently high to ensure continuous delivery of H2 gas to
fuel cells. The performance of electrochemical hydrogen
purifier correlates to its operational parameters. Hence,
limiting rate analysis can be done to optimize its operational
parameters.
Most of the researches focus on a few parameters, which are
the types of membrane used, thickness of membrane,
humidity problem of membrane, as well as temperature, gas
composition, electric current and voltage, while flow rate of
gas mixture and pressure are less concerned.
Thus, this research optimizes a few operational parameters of
H2 purification in room temperature. Not only the optimum
electrical current and voltage, but the optimum gas mixture
flow rate and pressure will be identified as well in the end of
this study. Finally, the relationship between electrical current,
voltage, gas mixture flow rate and gas mixture pressure will
be discussed further.

The gas mixture had fixed to feed at 90 mL/min for effect of
different operating current. The operating conditions was at
ambient temperature (25°C) and pressure (1atm). In this
study, the galvanostatic mode had used to operate the H2
electrochemical purifier for measured the cell voltage. Then,
the current varies between 0.0A to 2.5A. The concentration of
CO2 gas contained in the cathode stream measured by using
CO2 analyser. Recovery of each applied current had
determined by the volume of H2 gas produced for 30 mins
collected using water displacement method.

EXPERIMENTAL
A. Electrochemical Cell
The electrochemical cell consists of MEA, gasket, anode,
cathode, bipolar plates and end plates. The size of the
electrochemical cell used was 14 cm (H) x 10 cm (L) x 3.3 cm
(W). The MEA chosen was Nafion®117 with an active area
32 cm2 and 0.183 mm. This structure ensures the stability of
Nafion in the process of oxidation and reduction for a long
time [7]. Both anode and cathode loading 5 mg/cm3 catalyst of
platinum-ruthenium, Pt/Ru and Pt/C, respectively. The anode
is fed with the gas mixture H2/CO2 with composition 50 vol.
% :50 vol. %. All experiment will be conducted for one hour.

The effect of different flow rate had investigated by varied the
value of feed flow rate in the range of 90 mL/min to 300
mL/min. The operating current then fixed at 2.5A. After all,
the concentration of CO2 gas contained in the cathode stream
measured by using CO2 analyser. Then, the recovery of each
applied current determined by the volume of H2 gas produced
for 30 mins by collected using water displacement method.

B. Electrochemical Cell Operation
The important of the experimental work were to investigate
the effect of electrical power on the H2 purification process
and to study the influence of feed flow rate with operating
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RESULTS AND DISCUSSION
A. Effect of Current Supply
The cell voltage is a driving force of the system. Whereas, the
current density refers to the rate of H2 gas production at the
cathode. Therefore, in the galvanostatic operating mode, the
current density had assigned. While, the cell voltage had
measured.
Figure 3 indicates the graph of concentration of gas CO 2
versus time at different applied current. Current varied
between 0.0A – 2.5A. The concentration of CO2 gas was
constant at the initial stage. After that, the concentration of
CO2 gas increased and reach a constant value. Nonetheless,
the time to reach the constant value varied for each applied
current. For an instance, for current, I = 0.5A, the time
required for the CO2 gas to reach the constant value was after
25 minutes; for current, I = 1.0A, then, the time required was
15 minutes; for current, I = 2.0A and I = 2.5A, the time
required was only 12 minutes. From the figure, CO2 notable
as high concentration, 25.42% in the product stream when
there is no current supplied (0.0A). Hence, the flux of CO2
across the membrane and also reduce the performance of
separation [8]. Generally, the concentration of CO2 gas
contained in the discharge from cathode decrease with the
increasing of applied current.

Figure 2. Actual photo for an experiment setup
The effect of different temperature had been studied in this
research. The optimum operating voltage and flow rate that
obtained from previous study are used in this experiment. The
temperature varies between 25°C and 50°C. The concentration
of CO2 gas in a function of current had measured. Next, the
recovery of each applied current had investigated by the
volume of H2 gas produced for 30 mins collected from water
displacement method.

Figure 4 shows the concentration of CO2 gas and purity of gas
H2 versus applied current. The purity of gas H2 increases with
the applied current. The highest purity of gas H 2, 93.62%
occurs at current 2.5A. The purity of gas H2 had been
improved for 26% from 74.585% at 0.0A. The increasing
trend was due to the H2 oxidation reaction at anode. As the
electric current increase, the oxidation rate also raised, hence,
the protons flux that pass through the membrane enhanced by
increasing the applied current. At the same time, gas CO2
which is the impurity penetrate through the membrane without
any changes.

C. Measuring the Purity, Recovery and Flux of H2
The change of concentration of CO2 gas with time had
measured and plotted in a curve. The purity of H2 gas had
assumed as the concentration of H2 gas discharged at the
cathode. Therefore, the purity of H2 in this study calculated
based on the equation below:
Purity of H2 gas = 100% - Concentration of CO2 (%)

(4)

Figure 5, illustrates the changes of recovery against applied
current. The recovery of gas H2 increases when the value of
applied current increased. This can be explained as the applied
current represent the rate of production. Consequently, when
the applied current rise in the value, more protons drove
through the membrane and boost the recovery of gas H 2 from
the cathode.

The recovery defined as the ratio of recovered H2 gas, HR to
the amount of H2 gas fed, HF. However, the recovery of gas
H2 was depending on the volume of gas discharged and the
purity of H2 gas available at cathode side.
𝐻𝑅

Recovery of H2 gas =
Where, HF =
HR =

𝐻𝐹

(𝑃𝑢𝑟𝑖𝑡𝑦 𝑜𝑓 𝐻2 𝑔𝑎𝑠) x Feed flow rate

(5)

100

(𝑃𝑢𝑟𝑖𝑡𝑦 𝑜𝑓 𝐻2 𝑔𝑎𝑠) x Outlet flow rate

Outlet flow rate =

(6)

100
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟−𝐹𝑖𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
30 𝑚𝑖𝑛𝑖𝑡

(7)

The theoretical H2 gas product was a function of current
density only. By assuming H2 gas as ideal gas, where the
molar volume equal to 24.465 L/mole, the formula then
derived further in order to obtain the value of H 2 gas flux.
Flux of H2 gas (theoretical) =

𝑖
2𝐹

𝑥

24.465 𝐿
1 𝑚𝑜𝑙

𝑥

1000𝑚𝐿
1𝐿

𝑥

60𝑠
1 𝑚𝑖𝑛

(8)
Figure 3. Concentration of gas CO2 versus time at different
applied current
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The purity of H2 gas can considered as in the equation (Eq.
1.0). Figure 7 shows the graph of concentration of gas CO 2
and purity of H2 gas at different feed flow rate. The purity of
H2 gas that comes out from cathode decreases as the feed flow
rate at the anode side increases. At the feed flow rate 90
mL/min, the H2 gas purity is 93.32%. However, the H2 gas
purity drops drastically 88.096% when the feed flow rate
increases to 300 mL/min. The purity reduced by 5.6% at the
end of experiment.
This phenomenon had caused by the insufficient supply of
electrical power. In a study by Casati et al. found the
relationship of current density was directly proportional to the
feed flow rate [9]. However, the current density will achieve
stationary phase where the value of current density will
remain constant. This happens when the higher feed flow rate
supplied to the electrochemical system. Due to this, the lower
feed flow rate, current density had dependent on the H2 gas
fed. While, at higher feed flow rate, the electric resistance was
the limiting factor in the purification system.

Figure 4. H2 gas purity at different applied current to the cell

Figure 5. H2 recovery percentage at different applied current
to the cell
B. Effect of Feed Flow Rate
Then, the experiment had carried out under ambient condition
at 25°C and 1 atm. The composition of gas mixture remained
as the same ratio 1:1. The electric power had set at optimum
value where current, I fixed at 2.5A. The feed flow rate varied
in the rage of 90 mL/min to 300 mL/min. Figure 6 shows the
concentration of CO2 gas versus time for different feed flow
rate. The concentration of CO2 contained in the product stream
increase with feed flow rate. Hence, the higher concentration
of CO2 resulted for the lower of H2 gas purity.

Figure 7. H2 gas purity at different applied feed gas flow rate
C. Effect of Temperature
The comparison between the performances of electrochemical
purification in the case of temperature had been investigated.
The temperature had set at two different values, 25°C (298 K)
and 50°C (323 K). Figure 8 represents the purity of gas H2
versus applied current at different temperature. At the same
temperature, the H2 gas purity increased with the inclining of
applied current. The increasing temperature had enhanced the
H2 gas purity. At temperature 50°C, the highest purity
achieved was 96.27% while at temperature 25°C, the purity
was only 93.62%.

Figure 6. The concentration of CO2 gas at different feed gas
flow rate
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Figure 9. Recovery versus applied current at different
temperature

Figure 8. Concentration of CO2 gas and purity of gas H2
versus applied current at different temperature
The rise of temperature could be able to reduce the effect of
ohmic and non-ohmic overpotential. Moreover, the membrane
conductivity also can be improved. Membrane conductivity
depends on the water diffusivity across the membrane.
However, water diffusivity across the membrane relies on the
humidity of reactant gas and electroosmosis drag.
Electroosmosis drag refers to transportation of protons
(contain water molecule) from anode to cathode. Hence,
relative humidity (RH) of the reactant gas increases by the
raise of temperature. Normally, the relative humidity of feed
for purification purpose was nearly equal to 100%. Full
hydration of membrane ensures the optimal performance and
long-lasting service of the electrochemical purifier [6].

Figure 10. Flux of H2 gas at different temperature

Figure 9 illustrates the performance of recovery versus
applied current at different temperature. From the graph, the
recovery at temperature 50°C was much lower than the
recovery at temperature 25°C. Table 1 and Figure 10 had
shown the theoretical and experimental flux of H2 gas at
different current. From the table, the theoretical flux of H2 gas
is proportional to the raise of electric current. It is the same as
the experimental result at the temperature of 25°C and 50°C.
Yet, it can be observed that under the same applied current, I
= 0.5A, the H2 gas flux at temperature 50°C is 0.051 mL/min∙
cm2. This value was much lower if compare to the value
available at temperature 25°C, 0.121 mL/min∙ cm2. As the
evidence, the study of Lee et al. 2004 claimed that the flux at
temperature 50°C was more than the flux obtained at
temperature 50°C. The reason of lower recovery at higher
temperature was due to the efficiency drop of H2
electrochemical purifier. Impurity gas CO2 hinder the active
site on the catalyst and impair the active area of catalyst. This
phenomenon was known as degradation of catalyst [10].
While, the major was due to the high or excessive water
content at temperature of 50°C and it cause flooding condition
in electrochemical cell. Due to high water content had blocked
the route for protons transportation and leading to unstable
power supply.

CONCLUSION
The characteristic of voltage-current, purity and recovery of
H2 gas in separation process had been determined through a
series of experiments. The optimum operating conditions
occur at feed flow rate, 90 mL/min While, current, I = 2.5A
produces the best efficiency from other set up, which
contributes 93.62% purity and 60.45% recovery of H2 gas at
the cathode. The purity of H2 gas also enhanced by the rise of
temperature from 25°C to 50°C. For the feed flow rate
parameter, performance of purification process decreased with
the rise of amount of feed flow rate. Then, the minimum
concentration of CO2 was available at the cathode when the
feed flow rate set at 90 mL/min. Hence, the purity and the
recovery of H2 gas was higher at 93.36% and 75.83%,
respectively. Besides, the capability of electrochemical
purification technique can be improved by increasing
temperature. Purity of H2 gas at temperature 50°C was higher
than 25°C. At temperature 50°C, the purity of gas H2 had been
increased from 93.32% to 96.27%. Moreover, the flux of
product H2 that in the function of current density increased
with the current. Moreover, this result had similar trend
between the theoretical and experimental flux product H2.
However, the highest H2 flux at which 0.429 mL/min∙cm2
occur at temperature of 25°C instead of 50°C. The relatively
simple electrochemical method in purification process had
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preferred as it requires less energy and able to produce H2 gas
with high purity (> 90%) and recovery. Therefore, this
purified H2 are very important for the fuel cell application
because the fuel cell required continuous supply of high purity
H2 to function orderly.
Table 1. Theoretical and experimental flux of H2 gas at
different current
Current
(A)

Current
density
(A/cm2)

Theoretical
Experimental flux
Flux
(mL/min∙ cm2)
2
(mL/min∙ cm ) T = 25°C T = 50°C

0.5

0.016

0.119

0.121

0.051

1

0.031

0.238

0.212

0.055

1.5

0.047

0.357

0.276

0.165

2
2.5

0.063
0.078

0.476
0.594

0.311
0.429

0.194
0.245
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