Thesis
- Platinum mobility in a regenerative fuel cell system

1) Introduction

a) Background

i) History

ii) Applications

iii) System Operation

b) Problem Statement

c) Objectives

i) Trace the movement of Platinum in a regenerative fuel cell system

ii) Quantify the catalyst in the mobile phase.

iii) Model the system operation and alteration in overall efficiency

d) Research Approach

i) Utilizing power production as a basis for evaluation, perform catalyst utilization scenarios for the system operation.

2) Experimental Scheme

a) Proton Exchange Membrane Fuel Cell (PEMFC)

i) Electrode Composition and Membrane and Electrode Assemblies (MEA)
(1) Composition

(2) Construction

(3) Experimental Analysis

ii) Cyclic Voltammograms and Roughness Factors
(1) Technical Background

(2) Active Surface Area of Electrocatalyst

(3) Roughness Factor calculation based on smooth platinum comparison

(4) Relative weight losses compared to particle size of the catalyst, with respect to the catalyst particle surface area.  (Catalyst surface area is based on X-ray diffraction).  E-Tek Reference.

iii) Power output

(1) Power density graphs, basis for alteration are catalyst; all parameters are held constant during parameter alterations.

(a) High temperature and high pressure.

(i) Sweep and Cyclic

(b) Standard operating conditions 

(i) High pressure

(ii) Low pressure

(iii) Atmospheric conditions

(c) Low temperature and atmospheric conditions

iv) Cathodic product water catalyst analysis vs. time. 

(1) ICP-MS 

b) Proton Exchange Membrane Water Electrolyzer (PEMWE)

i) Catalyst loading, based on weight determination

(1) Membrane and Electrode Assembly post fabrication weight

(2) Membrane and Electrode Assembly as component weights

(3) Resulting Catalyst weight, based on loading.

ii) Power output

(1) Power density graphs, basis for alteration are catalyst; all parameters are held constant during parameter alterations.

(a) Standard operating conditions 

(i) Atmospheric conditions

c) Gas Storage

i) Low Pressure Head Gas.

ii) Product Gas Analysis with GC

d) System operation 

i) Proof of principle 

3) Results 

a) Proton Exchange Membrane Fuel Cell (PEMFC)

i) Catalyst loading, based on weight determination

(1) Membrane and Electrode Assembly post fabrication weight

(2) Membrane and Electrode Assembly as component weights

(3) Resulting Catalyst weight, based on loading.

ii) Catalyst utilization based on Cyclic Voltammerty

(1) Roughness Factor calculation based on smooth platinum comparison

(2) Relative losses based on particle size of the catalyst, with respect to the catalyst surface area.  (Catalyst surface area is based on X-ray diffraction)

iii) Power output

(1) A power density graph, basis for alteration is catalyst; all parameters are held constant during parameter alterations.

(a) High temperature and high pressure.

(b) Standard operating conditions 

(i) High pressure

(ii) Low pressure

(iii) Atmospheric conditions

(c) Low temperature and atmospheric conditions

iv) Mobile Catalyst analysis based on time 

(1) ICP-MS 

b) Proton Exchange Membrane Water Electrolyzer (PEMWE)

i) Catalyst loading, based on weight determination

(1) Membrane and Electrode Assembly post fabrication weight

(2) Membrane and Electrode Assembly as component weights

(3) Resulting Catalyst weight, based on loading.

ii) Power output

(1) In a power density graph, the basis for alteration is a catalyst; all parameters are held constant during parameter alterations.

(a) Standard operating conditions 

(i) Atmospheric conditions

c) Gas Storage

i) Product Gas Analysis with GC

d) System operation 

i) Proof of principle 

4) Economic Analysis

a) Relative loading in comparison to current market value of catalyst

5) Conclusions and Recommendations
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