Low-Temperature Electronic Conductivity in Cu-doped CeO, Nanoparticles
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Motivation Results Conclusions

Cerium oxide, or ceria, (CeO,) is a ceramic material with noteworthy (a)
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electronic properties. Doping this material with copper has shown to 0 [Cu] = 0.04
be useful in the catalysis of several reactions, including the high- ] ~@- [Cul=0.08
temperature reverse water gas shift reaction, and as a component in 5 s ]
solid oxide fuel cells. In this project, we synthesize nanoparticles of N
copper-doped ceria (Cu-Ce0O,) and measure their conductivity using o5
electrochemical impedance spectroscopy (EIS). N
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Two mechanisms of electronic conduction have been hypothesized = S
to occur in cerium oxide. At high temperatures, positively-charged | > > 1oooff4<|<—1) >
oxygen vacancies formed by aliovalent doping or intrinsic Schottky Y ~02] /\ i S ;
. . Fig. 5. Arrhenius plot of the three compositions measured.
defects can diffuse through the solid. At low temperatures, small 0. SRS © P
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polarons (distortions in the lattice caused by an extra electron in the o o e bl 3. b . .
. . . . . able 3. Pre-exponential factor, activation energy, and the
4f orbital) are mobile due to activation by optical phonons. At the Fig. 3. Nyquist plots for (a), 2% Cu doping, (b), 4% Cu doping, mobility, jump rate, and charge carrier density at 200 Celsius
temperatures measured in this experiment, the latter is most likely (c), 8% Cu doping. (d) is a magnified version of (c). The AC for different doping concentrations
. .- . otential used was 10 mV, and the frequency was swept
responsible for the conductivity observed. Eetween L MHz and 1Hz. aueney P Cu (at. %) | o0 (K/(Qm)) | Ba (V) | 1(200°C) (cm?/Ves) | T (200°C) (s-) | 7 (200°C) (m?)
2% 1.34 0.05 6.4+102 8.87+10'! 1.90-10%2
_ _ 4% 138 0.21 1.3+1073 1.75¢10% 4.16-10%
Table 1. EIS results for each doping concentration at each — - ”
. . 8% 4376 0.34 5.210 7.22°10 1.96°10
temperature measured. (When the lattice resistance and
rain boundary resistance were similar in magnitude, the . .
el e Chazged 0 a single parallel resistor—CPgE) Future work could involve broadening the range of dopants tested
T T T and testing at finer temperature increments. More care could also be
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Nanoparticulate 4% Cu-CeO, EIS results for various temperatures

Synthesis & Preparation

. AMS roughness (Sa):  108.4

MOdellng (<))() Nanoparticles were synthesized in a 1310-minute co-precipitation
R R o o oo reaction. Particles were centrifuged, dried and powderized. Samples
grain grain boundary ii s ekl 5. 072 were pressed into pellets without binder using 5000 psi of uniaxial
s pressure for 10 minutes and heat treated up to a maximum
wame - asoum temperature of 350°C for 8 hours. Prior PDF analysis done by Haolan
e oiod Sun showed the particle size ranged from 50 A to 30 A depending on

x 15 um Scan e dscropancy. 1051 10" the Cu concentration.

Fig. 4. Sample AFM micrograph of heat-treated pellet surface
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Table 2. Relevant pellet dimensions

Composition | Electrode SAy,, (mm)? | Electrode SApotiom (Mmm)? | SAagjusted (mm)? | Pellet Thickness (mm)
2% Cu-CeO, | 100 106 115 0.30
4% Cu-CeO, | 95 102 110 0.30

Fig. 2. The EIS equivalent circuit used. Both lattice and grain
boundary resistance and capacitance contribute to the AC

The AFM, optical microscope, and electrode contact paste used in this project were provided by the MSE Teaching Lab.
response. Curve fitting was done in ZView. 8% Cu-CeO, | 98 103 113 0.30 References:
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