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Figure 1 Schematic of a simple fuel cell
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Figure 2 (L eft) Dynamic response of the STR PEM fuel cell for switching the
load resistancefrom20to 7 at 80°C [3]. (Right) The Nafion membrane
pressing in between the catalyst-coated carbon particlesin the electr ode.
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Figure4 CO coverageon a platinum surface as a function of temperature

and CO concentration. H, partial pressureis0.5 bar[5].
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Figure 6 Schematic representation of redistribution of ion exchange
sites which occurson dehydration of the polymer [12].



Figure 7 Threeregions structural model for Nafion [13].
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Dynamic Studies Calorimetric Linear expansion
(ca. 1Hz) Studies' by LVDT[14]
PTFE (Teflon)[15] ca 127
(OH20/SO3H) 111 104+1 122+11°
(3H20/SO3H)? 109

Table 1 Glass Transition temper ature (in °C) of Nafion in its

acid form as determined by different techniques[11]

! The temperature at which the slope of the lines changed (as determined by the intersection of the
extrapolated straight line segments) was taken as the position of the transition or dispersion.
2 Expansion coefficients above and below Tg were estimated as 8.2x10° deg™ and 2.3x10° deg?,

respectively.

% This water content was determined at the end of the experiment
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Figure 8 10-sec modulus (dynes/cm?) vs. temperature for Nafion-H, Nafion-K, PS, PS3.8 (Na)h, and

PS 7.9 (Na)l. Curvesfor styrene and two styreneionomersare shown for comparison[11].

12



Table 2 Physical properties of Nafion membranes. MD standsfor machined direction, TD for
transverse direction, and RH for relative humidity [16]
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Figure 9 Schematic of the cross-section of a fuel cell consisting of the gas-diffusion electrodes,
catalyst layers, and the polymer electrolyte membrane. The gas-diffusion backing
fibers are coated with PTFE so asto be not flooded with water, while the catalyst layers
compriseionomer solution among Pt/C particlesfor proton transport[17].
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Table 3 Descriptions of the thirteen different line combinations
that appear on the mask to be transferred to the silicon wafer.

* Courtesy of Helena Gleskova.
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® Obtained from University Wafers, P-type doping, any resistivity, 380+20 m thick, one side polished
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I Photoresist

Silicon Wafer
Figure 10a Schematic showing layer of photoresist on top of Silicon wafer

I BN BN B B Photoresist

Silicon Wafer

Figure 10b Schematic showing patterning in photoresist after developing. The developer washes
away the photoresist exposed to UV light, revealing the silicon wafer beneath.
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I B BN B B Fhotoresist

Silicon Wafer

Figure 11a Schematic of photoresist and silicon wafer after RIE. The photoresist actsasa mask so
only the exposed ar eas of the silicon are etched.

Silicon Wafer

Figure 11b Schematic of the final etched silicon wafer after the photoresist isremoved.
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Figure 12 Diagram showing sequence of materials pressed on top of each other. Thelinesetched in
the Si wafer are designed to mimic the spacing in the electr ode pressed on the top side of the Nafion.
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ETCH COND PRESS COND
exp etch
Sample time time Nafion Temp Dry/Amb/Wet
1 25sec | 30 min 1110 50°C Amb
2 25 sec 30 min 1110 50°C Amb
3 40sec | 30 min 1110 50°C Wet
4 40 sec 30 min 1110 140°C Amb
5 25 sec 25 min 1110 140°C Amb
6 25 sec 25 min 1110 140°C Wet
7 25sec | 30 min 1110 50°C Amb
8 25sec | 30 min 1110 50°C Amb
9-10 25 sec 25 min 1110 34°C Wet
11-12 25 sec 25 min 1110 60°C Wet
13-14 25 sec 25 min 1110 100°C Wet
15-16 25 sec 25 min 1110 140°C Amb
17-19 25 sec 25 min 1110 100°C Amb
20-21 25sec | 25 min 1110 60°C Amb
22-27 25 sec 25 min 1112 90°C Amb
28-35 25 sec 25 min 1112 110°C Amb

Table 4 Conditions under which each sample was etched and pressed.
All sampleswere pressed at a force of 2,000 Ib; and a time of 90 seconds.
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“AccV SpotMagn Det WD Exp 1 100 m
HhOOkY 30 228x SE 1711

Image 1 Overview of how Nafion-silicon complex appearsin the SEM.
The Nafion ison the top, the etched silicon wafer ison the bottom.
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Image 2 - SEM image of sample 4 (140°C). Nafion completely pressed intothe5 m feature. Nafion
on bottom, silicon wafer on top.
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Image 3 SEM image of sample 15 (140C). Nafion did not pressall theway intothe2 m feature.
Nafion ison the bottom, silicon ison the top.
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Image 4 SEM image of sample 20 (60C). Nafion exhibited no defor mation.
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AccV SpotMagn Det WD Exp 1 10pm
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Image 5 SEM image of sample 27 (90C). Nafion deformation into 2 micron features. Nafion on top
with pieces of thetrench walls stuck in the Nafion.
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Image 6 SEM image of sample 27 (90C). The Nafion did not completely pressinto the 15 micron
feature. Nafion ison thetop, silicon ison the bottom.
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Image 7 SEM image of sample 17 (100C). Glassy behavior evident in the Nafion. Only Nafion is
shown.
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Image 8 SEM I mage of sample 4 (140C): the rever se curvature of Nafion in a 2 micron feature.
Nafion ison the bottom, silicon ison thetop.
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2tD = x?

Figure 13 Einstein's equation relating the diffusion coefficient D
to the Brownian displacement x and time't [18].
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log,,

Figure 14 WLF equation depicting effect of
temper atur e on zer o-shear viscosity
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Figure 15 A plot of Temperature vs. viscosity ratio using the WLF equation.
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Figure 16 (Left) Cross section of Nafion pressed onto a silicon wafer.
(Right) Cross section of Nafion pressed onto an electrode.
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Figure 17 Nafion contacting carbon particlesin electrode at
high water content (L eft) and low water content (Right)
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Appendices



® Note: HMDS improves the adherence of the photoresist to the silicon wafer
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Image 9 SEM Image of 5 micron trench separated by 2 microns pressed at 90C (sample 27).
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Image 10 SEM Image of 10 micron wide trench separated by 2 microns pressed at 90C (sample 27).
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Image 11 SEM Image of a 15 micron wide trench separated by 2 microns pressed at 90C (sample 27)
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Image 12 SEM Image of 2 micron wide features separated by 2 micronsat 100C (sample 17)
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Image 13 SEM Image of 5 micron featuresraised in Nafion
separated by 5 microns pressed at 100C (sample 17)
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Image 14 SEM Image of silicon (top) pulled away from Nafion (bottom) pressed at 110C (sample 34)
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Image 15 SEM Image of 2 micron features separated by 2 microns pressed at 110C (sample 34)
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Image 16 SEM image of 2 micron wide trenches separated by 5 microns pressed at 140C (sample 4)
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Image 17 SEM image of 2 micron wide trenches separated by 10 microns pressed at 140C (sample 4)
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Image 18 SEM image of 2 micron wide trench pressed at 140C (sample 4)
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Image 19 SEM image of 2 micron wide trenches pressed at 140C (sample 15)
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Image 20 SEM image of 2 micron wide trenches pressed at 140C (sample 15)
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Image 21 SEM image of 2 micron wide trenches pressed at 140C (sample 15)
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Image 22 SEM image of 10 micron wide trenches separated by 5 microns pressed at 140C (sample 4)
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