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MOTIVATIONS

C A high concentrationof carbonmonoxide(CO)in the gasmixture entering a FuelCellcan poisonthe
noble metalswithin the cell, which cansignificantlyreducecell performance

C To circumvent this problem, current practices call for utilizing spectral analyzersto monitor the
concentrationof CO,sothat the inlet gascanbe diverteduntil lower COlevelsare present

C Inadditionto their highcost,spectralanalyzersare bulkyandlimit the sel-containmentof the cell.

OBJECTIVES

The main purposeof this researchis to use NanomechanicaCantileversas a portable, accurate,ultra-
sensitive and selfcontainedsensorfor reaktime COconcentrationmonitoringin FuelCells Theoperation
conceptof these sensorsis basedon coatingthe cantileverswith a proper material that can selectively
adsorbCQ Asaresult of this adsorption,the sensorexperiencesa shift in its natural frequencywhich can
be measuredandrelatedto the concentrationof COin the gasmixture. Thespecificobjectivesare:

C Test the hypothesis thafuYzeoliteis a good adsorbent of CO dficrocantileverSensors.
C Find a suitable technique for coatiycrocantileverSensors witlfCuYzeolite
C Experimentally analyze the sensitivity and selectivit¢ o¥zeolite in detecting different concentrationg

of CO in a gas mixture by measuring the resonant frequency shift ditrecantileverdue to CO gas
adsorption.

Figurel. Microscopic images aficrocantileverbeams a)without coating b) witiCuYzeolite

RESULTS AND DISCUSSION
. PREPARATION OF COPPER Y ZEOUWYTE (

C CuVYzeoliteis preparedusingan impregnationtechnique,whereincommercialHYzeoliteis impregnated
with copperusingthe incipient wetnesstechniqueand a 1M Cu(NQ), solution The solution is added
slowlysoasto just wet the zeolitebefore dryingat room temperature Finally, CuYzeolitesare calcinedat
450°C. Thesameprocesgsrepeatedto prepareY zeoliteswith 10, 13,19 and24 wt %Cucontent

Cu(NQ),+ HY > U 80cih . CuY+ NQ (9)

C To characterizethe crystal structure of CuY zeolites,
powder X-ray diffraction (PXD)analysisis utilized As
shownin Fig 2, PXDresults illustrate that original and
CuloadedzeoliteshavesimilarPXDpatterns Thisimplies
that there isno significantchangein the zeolitestructure
during copper loading However,the peaksassociated
with Culoadedzeoliteoccurto right of the originalpeaks 7'%4\53

which indicates some structural changeshave occurred | | | |
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. CO ADSORPTION

C To determine CO adsorption capacity of the zeolite, CO Tablel. Run conditions of CO adsorption process
chemisorption experiments were carried out using a
Micrometrics ASAP2010 Chemisorptionapparatus Run
conditionsfor thesetestsarelistedin Tablél.

Task Namg Gas | Temperature (| Time (min)

Evacuation 27 30

C To activate the metal doped zeolit€uYwas first Flow N 426 120

exposed ta\, gas at 426°C. After coolingCuYwas Flow N, 27 30
exposed to CO at a constant temperature.

Evacuation 26 30
C To characterize the effect of copper loading and | Evacuation 26 30
temperature on the adsorptioncapacity,the experiments Analysis | CO - e

were carriedout underdifferent loadingconditionsand at
differenttemperatures

Effects of Copper on CO Adsorption

C COadsorptionisothermsfor the CuYzeoliteswith

10, 13, 19 and 24 wt% Cuareillustratedin Fig 5. These
Isotherms show that the volume of adsorbed CO
changeswith variationsin pressureat 40°C

C It isshownthat COadsorptioncapacitydecreasess
the CucontentincreasesAs aresult, CuY(10 wt% Cu)
hasthe highestCOadsorptioncapacity

Figure 5. CO adsorption aCuYzeoliteswith 10,13, 19 and 24 w % Cu
content

& CO ADSORPTION OF CuY (10%) ZEOLITE AT DIFFERENT
TEMPERATURES P

Effects of Temperature on CO Adsorption

C In this experiment, powdered CuYzeolite (10 wt%
Cu)was exposedto COgasat different temperatures
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Figure 6. CO adsorbed oBuY(10 wt% Cu) at different temperatures

V. CO DETECTION

Monitoring Resonance Frequency Microcantilever

A set of experimentaltests are utilized to demonstrate
the ability and effectiveness of zeolitecoated
microcantileversn detecting COIn a gasmixture. The
experimentalsetup consistsof PolytecMSA400 Micro
SystemAnalyzer,PhysikinstrumentéP|)P-753.11c PZT
driven nanostager Pl E500 Modular Piezo Control
System,PI G809.40 4-channelserveamplifier Motion
/O interface, and dSPACBP 3104 controller board as
shownin Figurey.

Figure7. Experimental setup for monitoring resonance frequency of

microcantilevers FREQUENCY SHIFT DURING CO ADSORPTION
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C SEManalysisshownin Fig 3 illustratesthe morphology
of CuYzeolite particles Hexagonalstructuresare obtained

for both original and coated zeolites suggestingthat

copperdoesnot modify the morphologyof the originalHY

zeolite

C Although the modest structural changesin the CuY
zeolite were observed, the particle size of the zeolite
remainedlargelyunchanged As such,Cuwas assumeadnot
to playa significantrole in modifyingthe morphologyof the
zeolite Thus,it islikely presenton the surfaceof the zeolite
andshouldplayanactiverole in the COadsorptionprocess

Figure2. XRD pattern dfuY zeolite. (10, 13, 19 AND 24 %) indicates
the weight fraction of Cu irzeolite

C Figure8 illustratesthe resonancefrequencyshift of
the microcantileversdue to CO adsorption Results
are measuredevery 5 minutes up to equilibrium
Threesampledhaving3, 6, and 8 coatinglayersof CuY
zeolitewere utilizedin the experiments
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Figure 8. Frequency shift @hicrocantilevers

state, which occursafter 35 minutes It is alsoshown
that the frequencyshift of the samplecontainingthe

CO SENSITIVITY OF MICROCANTILEVERS

Figure 3. SEM images péoliteCuYparticles

l. COATING MICROCANTILEVERSOUNMEAEOLITE

Spin_Coating Method

C 2-8 drops of CuY solution are used to
completely cover the surface of the micro-

Dip CoatingMethod

C The microcantivelersare immersed in a CuY
solution for 2 min. Subsequentlyall samples are

cantilever The microcantilevers are then calcinedat 400°Cfor 2 h.
mounted on a spin coater rotating at 2000 rpm
for 30 sec to remove excess water
Subsequentlyall samplesare calcined at 400 °C
¢ SameCuVYzeolite solutionsare usedin both methods

"7 C SEMimagesshownin Fig 4 illustrate the distribution
.. of zeolite particleson the microcantileversurface It is
‘S0 evidentthat usingthe spin coating method causesthe
zeolite to be uniformly distributed over the entire
SO . cantilever surface whereas, the dip coating method
o sl m i yieldssporadicregionsof zeolitecoatedsurface Assuch,
e, the spin coating method was used in all subsequent
experiments

Figure 4. SEM images of coatadcrocantileversurface using
a) dip coating method , b) spin coating method

largest number of layers (8 coating layers)is lower = n " ua =
thanthe otherssuggestinghat there existsan optimal
numberof coatinglayers

CO SENSITIVITY (%)

C Figure9 depictsthe sensitivityof the sensorto CO
adsorptionindicatinga maximumsensitivityof 2.64%
obtainedusing6 layersof the CuYzeolitecoating
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Figure 9. Sensitivity of thenicrocantileversensor to CO gas.

CONCLUSIONS

C PXD and SEM results show that Cu doped Y ze@uwdswere successfully prepared. In addition, SE
results indicate that the spin coating method yield more uniform and dense coatings than the dip co
method.

C CuY(10 wt% Cu) zeolite represents a promising adsorbent for coatingpcantileverso monitor CO
concentration. High CO adsorption can be achieved at a temperature°@f. 40

ting

C Themicrocantileversexperienced a measurable and repeatable shift in their resonance frequency ¢ue

to CO adsorption.

C The maximum sensitivity of thmicrocantileversensor was recorded &@.64% using 6 layers of the
CuYzeolite coating .




