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Goals and Objectives 
 
The goal of this work is to develop an efficient hydrogen separation process based on a new 
type of composite material. There are two main objectives: The first is to produce a sol-gel 
encapsulated metal hydride packing material that will a) absorbs hydrogen selectively and 
reversibly, b) not break down to fines, and c) be resistant to reactive impurities. The second 
objective is to evaluate the hydrogen separation properties of these composite samples in a 
laboratory scale separation column. 
 
Status of Progress 
 
Several composite samples have been produced and two of them tested in a small-scale 
separation column for separating hydrogen from a hydrogen-nitrogen mixture. Separation tests 
using other gaseous mixtures have been planned will be conducted soon. 
 
Background 
 
For a hydrogen economy to become a reality, hydrogen production will have to be greatly 
increased from what it is today. According to U.S. DOE 1994 fuel use numbers, U.S. household 
transportation fuel use is a hydrogen equivalent of 0.55 billion lb/day. This is about 6 times the 
total U.S. hydrogen use of 0.1 billion lb/day today. Where will all the hydrogen come from? 
Definitive answer to this question is not yet known. One probable answer may be that hydrogen 
must come from multiple sources. These sources will include renewable (solar, wind, hydro, 
biomass and etc.) and non-renewable (fossil, nuclear and etc.) One sure thing is that hydrogen 
will have to be recovered from all kinds of gas streams. Many of them will contain low levels of 
hydrogen and undesirable impurities. Today’s hydrogen recovery processes include the most 
commonly used pressure swing adsorption process, the cryogenic process, and the membrane 
process. Their use for low concentration feeds and to reach high recovery are not efficient. New 
hydrogen recovery process is still needed. This work is targeted at a new hydrogen recovery 
process that will be suited for hydrogen recovery from low concentration gas streams. 
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Metal Hydrides for Hydrogen Absorption 
 
When hydrogen content in a feed stream is high (more than about 50%), it is efficient to adsorb 
the impurities separating them from the hydrogen. This is the principle of the pressure swing 
adsorption process.  When the hydrogen concentration is low (less than about 50%). It will be 
more efficient to absorb the hydrogen instead. However, a practical absorbent for hydrogen is 
not yet available. In the 1970s metal hydrides became a very well known group of material for 
they absorb hydrogen reversibly at moderate conditions. One example is LaNi4.25Al0.75: 
 

2 LaNi4.25Al0.75 + 5 H2 ↔  2 LaNi4.25Al0.75H5 
 
Each bulk liter of this material can absorb up to 18 moles of hydrogen reversibly. The hydrogen 
can be absorbed and desorbed by changing the hydrogen pressure, the temperature or both. 
This group of material would have been well suited for hydrogen recovery from low 
concentration streams if not for two practical problems. Metal hydrides in general breaks down 
to fines after repeated hydrogen absorption and desorption. The fines are in the micron range 
that makes them very difficult to use in separation columns. Metal hydrides are sensitive to 
reactive impurities like oxygen and carbon monoxide. Levels at hundredth of a fraction can 
render them inactive toward hydrogen. Past efforts to deal with these problems can be 
represented by the works of Sandrock et al [1] and Suda et al [2]. 
 
Encapsulate Metal Hydride 
 
In this work metal hydride particles are encapsulated in a porous silica matrix to form a 
composite material. The composite is break up to granules of desired size for packing 
separation columns. Each granule is a matrix of porous silica with metal hydride particles 
uniformly distributed in it. The porous matrix are strong so that hydrogen absorption and 
desorption of the metal hydride particles does not cause breakage. The porosity of the matrix 
permits hydrogen to reach the metal hydride particles but prevents the larger size impurity 
molecules to penetrate. The composite granules can therefore withstand hydrogen 
absorption/desorption without generating fines and tolerate reactive impurities. 
 
The fabrication of encapsulated metal hydride involves 3 main steps. 1) Break metal hydride to 
fine particles and stabilize the fines for handling in open air. 2) Encapsulate the metal hydride 
particles in silica with the sol-gel method. 3) Treat the composite with heat to obtain desired 
strength and porosity. The steps are illustrated in Figure 1 below. Micrographs of the composite 
is shown in Figure 2. 
 
Hydrogen Absorption Property of Encapsulated Metal Hydride 
 
Samples of encapsulated LaNi4.25Al0.75 were tested for hydrogen absorption in a gas manifold 
with hydrogen from a know volume. The results showed that the encapsulated sample was 
easier to activate than the non-encapsulated metal hydride. The hydrogen absorption capacity 
of the encapsulated metal hydride did not change significantly. The encapsulated sample also 
retained its activity better than the non-encapsulated sample after exposure to air. After 
repeated absorption/desorption the granules did not generate fines as metal hydride did. See 
Figures 3 and 4, and Table 1. 
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