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3. PROJECT OBJECTIVES AND SCOPES 

To develop a new class of permselective inorganic membranes, we have identified 
electroless plating as potential a route to deposit a thin metal film on porus substrate. 
Electroless plating is a controlled autocatalytic deposition of continuous film on the surface 
of a substrate by the interactions of a metal salt and a chemical reducing agent. This method 
can give thin films of metals, alloys and composites on both conducting and nonconducting 
surfaces. The objective of this project is to develop thin film palladium membranes for 
separation of hydrogen in high temperature applications. We plan to use electroless plating 
to deposit thin palladium films on microporus ceramic and silver substrates. We plan to 
characterize the membrane in terms of permeability and selectivity for gas separation. To 
accomplish the research objective, the project requires three tasks: 

I .  Development of a Process for Composite Membrane Formation 

The work will involve the selection of methods for thin metal/metal-alloy film deposition 
on inorganic and ceramic microporus substrates. To assure reproducible film, optimization 
of the electroless deposition will be required. This step will involve determination of the 
optimum configuration of the plating bath, which consists of studying the effect of parameters 
like pH, temperatures, concentrations, type of reducing agent and sensitizing solution on the 
rate of deposition of the film. 

ii. Characterization of Fabricated Composite Membrane 

The work for this task will start with the fabrication of composite membrane. The 
membrane will be characterized by measurements and evaluation of physical properties of 
composite (film composition by EDAX, film thickness by SEM). The measurements will also 
include permeability and steady state diffusion, and the effect of thermal cycling. 
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iii. Development of Theoretical Model For Hydrogen Gas Separation 

The work for this task will be to f i d  or develop a suitable model to describe the 
permeation of hydrogen gas through a thin palladium film on a porus support. Models 
developed in the literature deal only with the permeation of gases through a metal membrane. 
These models may or may not be applicable to our composite case. The applicability of the 
model will depend on the role of the porus support in permeation of gases. It is well known 
that the permeability of gases through porus ceramics increases at higher temperatures. 
However, the behavior of hydrogen permeation through a palladium film is much more 
complex. It is believed that the hydrogen molecule dissociates into hydrogen atom at one end 
and reassociates at the other end. A theoretical model will be developed to facilitate prediction 
and interpretation of data obtained in the permeation experiments. Permeation through the 
porus substrate will be analyzed in terms of Knudsen and binary gas diffusion as well as 
surface diffusion. In case of Pdhubstrate composites, a model will be developed that accounts 
for the kinetics of hydrogen diffusion. 

4. TECHNICAL HIGHLIGHTS AND MILESTONES 

This report covers the quarter ending February 28, 1997. During this quarter we extended 
our single-staged complete-mixing and cross-flow models to design a Two-Unit-Series (TUS), 
a Two-Stage Counter-Current Recycle Membrane Cascade (CRMC) and a Five-Stage CRMC 
arrangements. These designs have been used to study the performance of membrane modules 
for the separation of hydrogen through Palladium-ceramic composite membranes. The results 
show that for high-selective membrane, the effect of flow arrangement is of no consequence. 
Multi-staged cascading significantly improve the product purity and product separation. We 
conducted a detailed parametric study using complete mixing model for the design of a Two- 
Unit-Series (TUS), a Two-Stage Counter-Current Recycle Membrane Cascade (CRMC) and 
a Five-Stage CRMC arrangements 

During the upcoming months we plan to investigate the cocurrent and countercurrent flow 
configurations in the performance of high-selective palladium-ceramic composite membranes 
for hydrogen separations. In future reports we will highlight these modeling results. 
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