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Abstract

Water management is essential for performance enhancement of a PEMFC because proton conductivity depends on hydration of tt
polymer. An external humidification method is used in a fuel cell experiment. Humidity and temperature of the gas are measured using
humidity and a dew-point transmitter. An E-tek electrode and a Nafion 115 membrane was used to check the relationship between humidit
and performance of a fuel cell. The Fuel cell performance experiment was carried out using a control program that is made in laboratory
using HP VEE. Humidity data on the steady state was used to understand the effect of humidity on fuel cell performance. An experiment
was performed to improve fuel cell efficiency at lower humidity and temperature condition. The relative humidity of hydrogen gas was
lower by about 10-15% than that of air or oxygen but the temperature was higher by abtit 2.5
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction prevent drying of the membrane that result in performance
degradation. Various humidification designs such as internal
Environmental concerns and increasing dependence onhumidification, external humidification, and direct injection
imported fuels suggest alternative energy sources, and betmethods are used in the PEMFC to maintain hydration level
ter utilization of existing energy sources are needed. The of the polymer membrane.
proton exchange membrane fuel cell (PEMFC) is a promis-  Porous membrane is located between the gas channel and
ing alternative energy source because of the simplicity of its the water channel in the internal humidification metti@ld
design and operation. Some attractive characteristics of theWater droplets permeate through the membrane from the
PEMFC system are lightweight, high energy density, no or water side to the gas side. The heat produced in the stack
low emissions and low temperature operation. could be used as an energy source for vaporizing water in
Perfluorinated ionomer membranes are used in thethis method. If the water side is not purged after system is
PEMFC as proton conductor with the following chemical shut down, water permeate through the membrane and form

formula[1]. stagnant water on the gas side. The stagnant water could
cause a flooding problem during fuel cell start up.
_(CF2CF2)x_(CF2C|F)y Gas is passed through a water column of a humidifier
O-(CF5-CF-O)p,~(CF,CF7)~SO5H bottle in the external humidification method. The humidifier
CF; bottle temperature controlled independently from cell fixture

) ] o temperature to get the desired gas temperature and relative

This type of membrane requires water to maintain pro- pymidity. The external humidification method is widely used
ton conductivity. Water management is essential for perfor- i, small scale laboratory fuel cell experiments due to its
mance enhancement of a PEMFC because protons transsimplicity.
ferred from anode to cathode as hydronium ionﬂﬁ) and An additional amount of liquid water is injected directly
proton conductivity depends strongly on hydration of the jntg the fuel cell in the liquid injection design. Lately, direct
polymer [2—5]. A continuous supply of water is needed t0 yapor injection and humidification with a porous dipolar

plate have been studigd-9].
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or small size stacks. Experiments have been performed toThe remaining water in the hygrometer vessel could be re-
check the influence of the humidifier bottle temperature, moved with a purge gas that flows into the top of the ves-
gas flow rate, and the type of gas on relative humidity. The sel. The temperature of the hygrometer vessel is controlled
humidifier bottle temperature on the anode side showed morewith a thyristor power regulator (TPR) and a flexible heat-
influence on cell performance than the cathode side. Theing tape. Relative humidity and temperature of the humidi-
relative humidity of the hydrogen gas was lower than that fied gas measured and stored automatically at regular time
of oxygen gas due to the difference in heat capacity. intervals through a personal computer connection.

2.2. Performance test
2. Experimental
An E-tek electrode with 2mg Pt/cirand a Nafion 115
2.1. Humidity test membrane was used to make a omembrane and elec-
trode assembly. A current vs. potential experiment was per-

As shown inFig. 1, the external humidification test sys- formed automatically using a control program. A personal
tem was composed of a humidifier vessel from which the gas computer was connected to a Hewlett Packard electronic
received humidity and a hygrometer vessel in which relative load (HP-6060B) and perform control and data acquisition
humidity and temperature of the humidified gas was mea- in the fuel cell experiment.
sured and the data was stored in a computer file. The humid-
ifier bottle size was 1600 cirfor a single cell experiment.
Gas goes through the diffuser to be distributed as small bub-3. Results and discussion
bles. The temperature difference between the outlet gas from
humidifier and the water in the humidifier could be reduced 3.1. Steady state performance
when the humidifier volume was increased to 1506 ¢
give enough residence time for the gas. The mass flow con- A stability test was conducted to measure the humidifica-
troller (MFC) is used to control the gas flow rate. tion value at constant temperature and gas flow rate in order

The humidity and temperature of the gas were measuredto insure reliability of data for the external humidification
accurately using a humidity and dew-point sensor. A few method. Steady state performance is showfim 2 The
types of gas inlet and outlet schemes were tested to insuregemperature of the external humidifier is controlled equal to
less fluctuation in the humidity reading. The gas outlet is the hygrometer vessel, and the flow rate of gas was kept at
positioned in the bottom for easy removal of water residue. 11/min. Various gases such as oxygen, air and hydrogen are
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Fig. 1. Humidity measurement system.



100 D. Hyun, J. Kim/Journal of Power Sources 126 (2004) 98-103

100 flow rate of 11/min. As the hygrometer vessel temperature
is increased, the relative humidity of oxygen is decreased
accordingly.

It is necessary to analyze not only relative humidity but
also vapor pressure at various temperatures. Vapor pressure
could be calculated with the temperature of hygrometer ves-
sel and relative humidity data. The amount of water supplied
to fuel cell at a certain flow rate could be calculated with
Eq. (1) The subscript A and B iftq. (1) represent water
vapor and dry gas, respectively:

_ PAnPeVB  PaVB

80

60

40+

Relative humidity (%)

1)

A= Ps RT _ RT
20!t ——0, whereN is the water phase (mol/min, the vapor pressure
Ta (mmHg), V the input gas volume rate (/minR the gas
J constant (ImmHg/molK) and the absolute temperature
1 1 1 1 (K)
oo 5 10 15 20 25 Even though the hygrometer vessel temperature is differ-
Time (min) ent from that of the humidifier, the vapor pressure was kept

within a tolerable range as shown kig. 4. The hygrome-

ter vessel temperature could be controlled higher than that
of humidifier to avoid water formation in the hygrometer
vessel.

Fig. 2. Transient response of relative humidity (temperature:G5Qgas
flow rate: 11/min).

used. As shown ifrig. 2, the steady state of humidity value
was achieved within a few minutes. The humidity data of
steady state was used to understand the effect of humidity
on fuel cell performance.

The humidity value became unstable if water condense
inside hygrometer vessel. This problem could be avoided
by increasing the hygrometer vessel temperature compare
to that of humidifier vessel. As shown axis of Fig. 3,
the hygrometer vessel temperature was controlled in range
from —5 to 10°C compared to humidifier temperature that
is controlled at 30, 50 and 7@. Oxygen is supplied at

3.2. Gas flow rate effect

As shown inFig. 5 measurement of the humidity and
temperature was conducted at various flow rates with oxy-
en, air and hydrogen. Both hygrometer and humidifier ves-
Cgel temperature were kept at 8D. Relative humidity was
increased as gas flow increased. However, the increment of
Selative humidity was not directly proportional to the flow
rate, and the tendency of increment was a small reduction at
higher flow rate. A peculiar phenomenon was observed be-
tween gases. The relative humidity of hydrogen was lower
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100 90 Table 1
Heat capacity parameters of gases
A B x 1C° C x 10° D x 107
80 .
175 Air 3.355 0.575 - —-0.016
Hydrogen 3.249 0.422 - 0.083
g _ Oxygen 3.639 0.506 - -0.227
> 60} e
5 g . A
E leo 2 capacity of the gases. Humidified gas passes through the ex-
F — . . . o ’-é ternal humidifier and can be expressecdEas. (2) and (3)
§ a0} @ i
K] = H2,A humidifler HZ,B + aHo0 (2)
—eo— 0O, 145 humidif
L i umidifier
2 an O2a — Oz +aH20 3)
whereq is the amount of humidified water (g/min).
o pys - e 20 Py The subscript A and B represent dry gas at room temper-
'  Gasflowrate(Umin) ' ature and humidified gas at higher temperature. In this pro-
cess, an enthalpy change occurs which could be expressed
Fig. 5. Relative humidity, temperature and gas flow rate a&tG0 by Eq. (4) [121
AH = | CpdT + aH, 4
by about 10-15% than that of other gases but the tempera- / POl + ath,0 “)

ture was higher by about 2°€, as shown irFig. 5.

| Fié:;. GShOV\I/s the ra].mOlént of h(;:midified wate(rjthat is calcu- (J/mol K)

ated from relative humidity and temperature data at various X , .

temperatures. The amount of water fed to the fuel cell was The heat capacityd) can be calculated witkq. (5}

directly proportional to the gas flow rate. Also, the amount Cp = A + BT+ CT2+ DT 2 (5)

of humidified water appeared to be similar for hydrogen and .

oxygen under the same conditions. The mass of water vaporWhereA’ B, C'and D are the heat capacny pgrameter; of

carried by unit mass of vapor-free gas is dependent only on93ses shown ifable 1 The aT"O_“”‘ of humidified w_a_ter n

the partial vapor pressure in the mixture at fixed total pres- hydrogen and oxygen have similar values as shovﬁgnG._

sure[10,11} The d|ffer§nce of enthal_py.change between two gases is cal-
The difference of relative humidity and temperature be- culated with heat capacitffig. 7shows the enthalpy change

: of gases from 15 to 90C with a gas flow rate of 11/min.
tween hydrogen and oxygen could be explained by the heatEach gas appeared to have a different enthalpy change value

with temperature. The hydrogen gas temperature would be

whereH is the enthalpy (J/mol), an@p the heat capacity
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Fig. 6. Amount of water and gas flow rate for different temperatures. Fig. 7. Effect of gas heat capacity on temperature.
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Fig. 9. Effect of anode humidifier temperature on performance.
Fig. 8. Comparison of vapor pressure and saturated vapor pressure (SVP)

(gas flow rate: 11/min).

increased from 15 to 57 when 1180 J/min is supplied  with 80°C, and 390 mA/cra with 70°C. The performance

as shown inFig. 7. The oxygen gas temperature would be was affected much by the anode side humidifier temperature.
increased to 55C with same energy supply of 1180 J/min. Fig. 10 shows the effect of the cathode side humidifier
This temperature difference of 26 between hydrogenand temperature on fuel cell performance. The cell fixture tem-
oxygen was the same as observed-ig. 5. The heat ca-  perature was kept at 8€ and the anode side at 90 at-
pacity of hydrogen is smaller than that of oxygen. Thus, the mospheric pressure. The performance of fuel cell at 0.6 V
temperature of hydrogen was higher than that of oxygen, was 700 mA/crf with cathode side of 85C, 690 mA/cn?

and the relative humidity of hydrogen was lower than that with 75°C, and 610 mA/criwith 65°C. The performance

of oxygen with same energy supply. little affected by the cathode side humidifier temperature.
An experiment was performed to improve the fuel cell ef-
3.3. Temperature effect ficiency at a lower humidity and temperature of the gas with-

out sacrificing performancé&ig. 11shows the performance

A vapor pressure experiment was performed with various at a cell temperature of 8C at atmospheric pressure. RTD
gas flow rates and temperatures. The hygrometer and humid-
ifier vessel were controlled to the same temperathig. 8
shows the vapor pressure change of the reaction gas with 1?2 07
temperature compared to saturated vapor pressure under a
fixed gas flow rate of 21/min. The vapor pressure increase 104 - 06
as the temperature rose. As showrfig. 8 the vapor pres-
sure was increased 30-40 mmHg while heating from 30 to Yoo Hos
50°C, 30-40 mmHg from 50 to 60C, and 50-70 mmHg 081 -
from 60 to 70°C. The rate of increment for vapor pressure
increased with increasing temperature. The amount of wa-
ter supplied to the fuel cell by the gas was greatly affected
by gas temperature. The relative humidity as well as the
amount of water is important to improve and stabilize the 04f
fuel cell performance. The relative humidity and the amount
of water should be examined separately and then combined I % 90/80/85 °C
to improve fuel cell performance. ‘_:__ gg;gggg Og 701

Fig. 9 shows the effect of the anode side humidifier
temperature on fuel cell performance. The cell fixture tem- 00
perature was kept at 8€ and cathode side at 86 and at-
mospheric pressure. The performance of the fuel cellat 0.6 V
was 700 mA/cr with the anode side 9GC, 445 mA/cn? Fig. 10. Effect of cathode humidifier temperature on performance.
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12 07 is needed to keep the proton conductivity of the membrane
and cell performance. The amount of supplied water to the
10 0.6 fuel cell was directly proportional to the gas flow rate as
shown inFig. 6, therefore improved performance would be
05 &E‘ established by correlation of gas humidity and utilization in
o s future studies.
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