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Characterization of Proton Exchange Membrane Fuel Cells
with Catalyst Layers Obtained by Electrospraying
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Electrospraying of Pt/C-Nafion-alcohol dispersions was employed as a new method to deposit catalyst layers on Nafion mem-
branes for hydrogen/oxygéair) fuel cells. It is shown that single cells with catalyst layers obtained by electrospraying exhibit
good initial performancéca. 1 A/cn?@ 700mV) at 80°C and 300 kPa without the need for hot-pressing of the electrode layer.
Analysis of polarization losses reveals a significant contribution of mass-transport losses to the fuel cell performance for hydrogen/
air fuel cells. We suggest that control of electrospray processing parameters can lead to tailored electrode structures where such
mass transport losses are mitigated.
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Electrostatic polymer processinglectro-spraying, electrospin- MEA preparation—Nafion 112 membranegfrom DuPonj
ning, and combinations of the twaepresents a new and highly were cleaned by heating in 5%,8, (Aldrich) solution at 70°C for
versatile approach for the fabrication of polymer-based electro-1 h followed by rinsing in high purityMilli-Q ) water. The film was
chemical device componentd Electrospraying and electrospinning treated then in 0.5 M k50, (Aldrich) at 70°C for the same time
can afford particles and fibers with diameters of 100 nm or less,duration. To remove traces of sulfuric acid from the membrane, it
suggesting that nanostructured electrolytes and electrodes may heas heated repeatedly in water.
obtained by judicious choice of materials and electrostatic process- Electrospraying of the Pt ink was performed with the following
ing parameters. Moreover, these electrostatic processing approachparameters: spraying voltage, 20 kV, distance from the membrane to
may have applicability to a wide variety of polymer-based electro-the tip of the syringe needle, 5 cm, ink flow rate, 5 mL/h. After
chemical devices, including fuel cells, batteries, capacitors, andelectrospraying, the membrane with a catalyst layer on both sides
electrochromic and electroluminescent displays. We believe thatvas dried in the oven fol h at80°C to remove residual alcohols.
electrostatic processing could be used for the construction of arThe final film consisted of 70% of Pt/Vulcan XC-72 and 30% of
entire proton-exchange membrane fuel €EEMFQ), including the Nafion (dry basé. Pt loading was confirmed by inductively coupled
membrane, electro-catalyst layers, and gas diffusion layers. Particslasma optical emission spectroscogalbraith Laboratories,
larly appealing is the potential ability to control composition, poros- Knoxville, TN).
ity, and wettability of these fuel cell components. . .

As a first step in the development of this technology, Nafion was_  Electrochemical measurementsSingle cell tests were per-
electrosprayed from solution to afford thin films and subsequentlyformed with 890C Fuel Cell Test Systef8cribner Associates, Inc.
characterized as having physical propertiemter uptake, dimen- Catalyst coated membrane v_\nth _10 Tactive area was placed be-
sional changes, electrical conductivitgimilar to those of Nafion ~ tween ELAT noncatalyzed diffusion layet&-TEK) and mounted

117 films? Following that, electrochemical properties of half-cells into a single cell test fixturéFuel Cell Technologies, Inc. The
with commercial Nafion 117 and catalyst layers obtained by electro-2node served as both a reference and counter electrode, and cathode

static processing were characteriZed. was a working electrode. To achieve the best level of performance,
The present research is focused on evaluation of PEM singléhe cell was preconditioned as follows. First, the cell was maintained

cells with catalyst layers obtained by the electrospraying techniqué/Nder open-circuit potential for 1 h while being purged with humidi-
on commercial Nafion 112 films. fied hydrogen and oxygen. After that, the temperature was raised to

60°C and multiple cycling of potential was performed until stable
Experimental

Electrospraying setup—The electrospraying experimental setup 2
is shown in Fig. 1. It consists @l) a high-voltage power suppl{?2) ¥
a syringe pump(3) a 5 mL syringe containing Pt ‘ink'see below _
with 21-gauge electropolisheths described in Ref.)3injection
needle that served as an anode, &f)ca grounded aluminum plate
(made from aluminum fojlthat served as a cathode. The aluminum
plate was placed on top of an acrylic plastic plate and Nafion 112 3 1
film (5) was placed on top of this plate. The polymer film was / ¥
exposed to the spray through a Teflon mask that had square opening
(3.2 X 3.2 cnd) in the center. After applying a high voltagwith I
respect to a grounded electrode the syringe needle, Pt ink drop-
lets were ejected from the tip of the needle toward the counter elec-
trode.

Pt ink preparation.—To prepare Pt ink, 107.8 mg of 20% plati- 5
num on Vulcan XC-72 carbofE-TEK) was mixed with 1 mL of 5% R —
Nafion solution(Aldrich) and 4 mL of ethyl alcohol, and was ultra-
sonically dispersed for 2 h.

4
* Electrochemical Society Active Member. -
?Present Address: Department of Chemical Engineering, Case Western Reserve . .
University, Cleveland, Ohio 44114, USA. Figure 1. Electrospraying set-ugl) power supply,(2) syringe pump,3)
? E-mail: oabaturina@vcu.edu syringe needle(4) grounded aluminum plate, aril) membrane.
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Figure 2. SEM of the catalyst layer/Nafion 117 cross-section obtained with | 0l O. o
resolutions ofa) 2500 andb) 50000. The arrow in Fig. 2a shows location of DD[LOQ\ u u .
Nafion 117. 0.6 % | =

0.5 O
cyclic voltammogram was obtained. Measurements were performec ) ) ) ) )
on cells operating at 80°C and 100% relative humidity with stoichio- 0.0 0.5 1.0 1.5 20 25
metric H,/O,(air) flows of 2/9.5% Anode/cathode loadings were | Alcm2
0.2/0.09 and 0.2/0.36 radcn?. ’

Hydrogen crossover current was determined as it was suggested

in Ref. 4- the value of 4.8 mA/cffor 80°C and 300 kPa was Figure 3. Stationary polarization curves for D, (solid symbol$ and
obtainéd’ ' H,/air (open symbols single cells utilizing Nafion 112 membrane for

two different cathode loadings-0.09 (square symbo)s and
Impedance measurementsCell resistance at constant current 0-3€circles mgs/cn¥. 80°C, 300 kPa and 100% RH.
was determined from high-frequency impedance measurements per-
formed using a 1260 Sl impedance analy@wolartron, Ing.

Microscopy—Scanning electron microscopg$6EM) of freeze-
fractured cross-sections of catalyst coated membranes was per-

formed with JEOL JSM-820 microscope. the state-of-the art fuel cells produced by .
Contributions of different losses in the performance of single
Results and Discussion cells were analyzed accordingsto
Microscopy—SEMSs of an electrocatalyst layer on Nafion 117 Ecell = Beq ~ Morr ~ MHor ~ Mix — IR [1]

obtained by electrostatic processing are shown in Fig. 2. As seen in
Fig. 2a, catalyst particles are well dispersed and the catalyst layer
appears to be reasonably homogeneous throughout its thickness. Where Eq is equilibrium potential for reaction of water generation
addition, adhesion of the catalyst layer to the Nafion film appears towhich depends on temperature and partial pressure of oxygen and
be uniform. Figure 2b shows individual support particlgically hydrogen;morr and nyor are overvoltages for oxygen reduction
40-50 nm in diam bound to each other with Nafion. The catalyst and hydrogen oxidation reactions, respectivejy;is concentration
layer has a porous structure that is expected to facilitate gas accegmlarization and R stands for ohmic cell resistance that includes
to the catalyst particles. Porosity of the cathode catalyst layer wagrotonic resistance of the membrane and ionomer in the catalyst
estimated as the ratio of void volume to the total volume of the Jayer and electronic resistances of diffusion layers, catalyst layers
catalyst layer. For two cathode loadings 0.09 and 0.3g/cy? and interfaces between catalyst-diffusion layers and diffusion layers-
porosity was found to be 84 and 77%, respectifepnsidering the  bipolar plates. The overvoltage of the hydrogen oxidation reaction is
error in thickness determination, we can assume that porosity of theonsidered negligible due to the fact that exchange current density
catalyst layer does not depend on loading for our technique of fabfor hydrogen oxidation reaction is five orders of value higher than
rication of catal¥st layers. Compared to other techniques describegor ORR?®
in the literature’” electrospraying affords the prospect of fabrication  The ohmic resistance of a single cell was determined by direct
of electrodes with higher porosity. For example, the porosity valuejmpedance measurements; in the current range of 0.1-2 Atleen
from an air-brush spray technique was found to be Ewbile for ~value of resistance was almost constant and changed from sample to
the state of the art GM electrodes fabricated by the decal technlquesamme from 60 to 90 mOhm &n
the value of~30% was reported. Figure 4 depicts IR-corrected cell voltags current density,
Evaluation of initial fuel cell performance—Figure 3 shows correcte_d fo_r hydrogen-crossover current, extracted from curves pre-
performance of hydrogen/oxygen and hydrogen/air single cells fors€ntéd in Fig. 3. As seen from the figure, all curves have a linear
two cathode loadings. As seen from the figure, a 4x reduction inPOrtion that ranges up to 1 and 0.1 A&#or hydrogen/oxygen and
cathode loading results in 60-80 mV and greater voltage reductioffydrogen/air conditions, respectively. The slopes of the liigsand
both for oxygen and air over entire current density range. Switching®® MmV) obtained for two different loadings suggest that slow kinet-
from oxygen to air dramatically decreases fuel cell performancelCS Of ORR is the rate-determining step in these regions of current
indicating significant diffusion limitations in the course of oxygen densities. The Tafel slope values are close to the theoretical value

reduction. 2.303RT/F = 69.9 mV (at 80°Q and are in agreement with the
At 1 Alcm? H,/O, single cells with loading 0.2/0.36 rpgcm? values of 60-70 mV observed for ORR in PEM fuel célls.
yield voltage of 0.74 V which is~30 mV less than performance of The difference in cell voltage between#, and Hy/air fuel

cells in the kinetic region at a given current density can be estimated
on the basis df

4t was supposed that density of Nafion, carbon and platinum was 2.0, 1.8, and
21.45 g/crd, respectivel)? ®Conditions -80°C, 270kRg, 100% RH.
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Ty current densities higher than 1 and 0.1 Afdior H,/O, and Hy/air
single cells, respectively. Therefore, our future efforts will be con-
centrated on the analysis of the nature of diffusion limitations, and
current work is focused on the reduction of thickness of diffusion
layer by switching to higher Pt loadings in the Pt/C catalyst.
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Conclusions

An electrospraying technique was employed to obtain catalyst
0.55 i 0.55 ! | I
1E3 0.01 0.1 1 0.01 01 1 coated membranes for hydrogen/oxyg@air) fuel cells. It was

I+1y, Alcm? I+1,, Alcm? shown that single cells with catalyst layers obtained by electrostatic

processing exhibit good initial performance at an operating tempera-

Figure 4. Polarization curves corrected for both IR losses and hydrogenture of 80°C and pressure of 300 kPa without optimization of elec-
crossover for H/O, and Hy/air single cells at two different cathode loadings: trospraying parameters. Kinetic regions for oxygen reaction were
a - 0.09 mg/cn?; b - 0.36 mg/cn?. 80°C, 300 kPa and 100% RH. observed up to 0.2 and 1 A/énfor hydrogen/air and hydrogen/
I,-hydrogen crossover current. oxygen fuel cells, respectively. Analysis of polarization losses re-
vealed significant contribution of mass-transport losses to the fuel
cell performance for hydrogen/air fuel cells. Current efforts are fo-

0.60

RT Po, cused on analysis of the nature of diffusion limitations and charac-
ABoair = Eo, = Ear = 2.303nlog| [2]  terization of microstructure of catalyst layers.
air
wherem is reaction order for the ORR. Assuming that= 1;%° Acknowledgments
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