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Figure 5 - Streamlines in a porous 
medium with an embedded 

spheroidal cavity

Figure 6 - Comparing analytical 
solution to solution using Semi-
Lagrangian approach for t=10

Figure 7 - Graphs displaying a visualization for solute transport 
using the Semi-Lagrangian Approach with increasing time. The 

color scheme indicates the tracer concentration with yellow 
indicating 1.0 and purple indicating 0.0.

Introduction

- The purpose of this research is to investigate the properties if solute 

transport in karst formations. The medium of transport consists of 

homogeneous porous media with an embedded cavity. We took a 

Semi-Lagrangian approach, coupling the Finite Difference Method for 

handling diffusion with the Method of Characteristics to handle 

advection. This is to address the common issues with convergence in 

highly advective flow using traditional methods (FDM, FEM, FVM, etc.).

Introduction

Recently studies have been performed to alloy metals with Pd and to 
investigate the effects on the performance in a variety of catalytic 
reactions. For example, Pd alloyed with less noble transition metals 
outperforms pure Pd in reactions used in fuel cells to generate energy. 
Such alloys are typically created with impregnation process with multiple 
metal sources. Electrochemical synthesis has been studied recently to 
create the same alloys through alloy co-deposition.

These studies focused on alloying Palladium with Zinc utilizing co-
deposition from a water-in-salt electrolyte. These consist of a high 
concentration of Zinc Chloride (5 M) and 3 mM of Palladium Chloride. 
These are of interest for the suppression of the hydrogen evolution side 
reaction.
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Figure 1 - CV comparison between the PdZn catalyst, Pt catalyst, and Cu in a 
1:1 EtOH/KOH solution

Experimental

All experiments were 
carried out in a three 
electrode cell with 
removable Cu or Mo 
rotating disk electrodes, 
Pt anode, and Ag/AgCl 
reference electrode.
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Figure 2. CV 
comparison 
between 
solutions 
with 0.1 M 
and 5 M 
ZnCl2 and 
0.01 M 
H2SO4

Figure 3. 
Compositions of 
Alloys formed via 
potentiostatic
deposition at 
several -0.6 and -
0.7 V.
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Figure 4. 
Compositions of 
Alloys formed via 
potentiostatic
deposition at 
several -0.6 and -
0.7 V then 
stripped of Zinc 
at -0.3V.
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Figure 4 – Real world example of 
vuggy porous media1
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