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Introduction
“Hydrogen technologies” play crucial role in future sustainable technologies. They 

require  design  and  development  of  new  materials  for  synthesis,  purification,  storage, 
transportation and use of hydrogen. The most effective way for the solution of these tasks is the 
use of  combinatorial  and high-throughput  methods.  This lecture is devoted to  describe our 
strategy and results in the development for new catalysts for CO removal in the presence of 
hydrogen  (PROX reaction). In this presentation results obtained in two case studies (Au/MgO 
and Au/Al2O3) will be presented and discussed.

Materials and Methods
Catalyst design is considered as an optimization procedure in a multi-dimensional 

experimental space. The success in design is determined both by the rate and the certainty of 
optimum search. We have developed a catalyst library design strategy, which is based on the 
combination of a fast optimization method (Holographic Research Strategy, HRS [1]) and an 
information mining tool (Artificial Neural Networks, ANNs [2]). 

The main steps of catalyst optimization are as follows: (i) preparation and testing 
2-3 catalyst generations by HRS, (ii) based on 80-100 real catalytic experiments the activity - 
composition  relationship  (ACR)  is  established  by  using  ANNs,  (iii)  performing  "virtual 
experiments" using ACR and HRS, (iv) final tuning of the catalysts accomplishing additional 
40-60 "real experiments" using HRS. Special care was taken to design the combined objective 
function (OF) for both the activity and selectivity. Two types of supported gold catalysts were 
designed:  Au/MgO  and  Au/Al2O3.  In  both  series  of  catalysts  the  Au  was  modified  with 
different additives such as Pb, Sm, Y, Ce, La, V, Ba, Ag, Cu. The amount of modifiers is in the 
range of 0.5-5 wt %. The PROX reaction was performed at 80 oC. Reaction conditions: PCO = 
7.6 torr, PO2 = 7.6 torr; PH2 = 456 torr; He balance; amount of catalyst = 30 mg, flow rate = 30 
ml/min. 

Results and Discussion
The Au/MgO based catalysts appeared to be very sensitive towards pretreatment 

conditions. The best compositions after two different pretreatments are given in Table 1 [3]. 
The results indicate that pretreatment processes have great influence on the composition of 
catalysts.  All Au/Al2O3 catalysts were tested after reductive treatment in H2 at 350  oC. The 
performance  of  these  catalysts  is  even  better  than  that  of  Au/MgO.  The improvement  in 
performance achieved in each generation is demonstrated by data given in Table 2 and Fig. 1. 
Results show that the conversion of CO is higher than 99 %. Due to the optimization of the 
modifier concentration the selectivity increased from 50 to 75 %. Results clearly indicate that 

fine tuning of the composition is required in order to get both high activity and high selectivity. 
It has been shown that in this type of catalysts Au and Pb form an alloy phase.     
 Table  1.  Comparison   of  the  best  Au/MgO  catalysts  after  reductive  (RE)  and combined 
reductive (CORE) treatments. 

Pretreat-
ment

Composition, w/w % to MgO support

Au Pb V La Y Sm Ce Ag

αCO

%
SCO

% OF

RE   4.0 3.5 0.0 0.6 0.7 3.5 0.3 0.0 92 56 70
CORE 2.6 3.5 2.4 0.0 0.0 2.7 0.0 0.0 90 58 71

RE = reduction in hydrogen at 350  oC for 1 h; CORE = reduction in H2 at 350  oC for 1 h 
followed by treatment in argon at 500 oC for 1 h; (αCΟ = conversion of CO, SCO = selectivity of 
oxygen towards CO oxidation, OF = objective function). 

Table 2. Composition of the best catalyst in each generation (αCΟ = conversion of CO, SCO = 
selectivity of oxygen towards CO oxidation, OF = objective function. 

Gene-
ration

Cata-
lyst No

Composition,  w/w % to Al2O3  support

Au Pb V Ba Ce Sm Ag Cu

αCO

%
SCO

%
OF

1 5 2.0 4.0 0.0 0.5 0.0 1.5 0.5 0.0 97.5 50.1 52.6
2 26 2.0 4.5 0.0 1.0 1.5 1.5 1.0 0.5 99.1 63.9 75.3
3 83 2.0 4.5 0.0 0.5 1.5 3.0 1.0 0.5 99.5 63.0 75.4
4 117 2.0 4.5 0.0 0.0 1.5 3.0 1.0 1.0 99.7 74.3 84.9
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Figure 1. Conversion – selectivity data in four catalyst libraries 

Significance
Results obtained in this study clearly show that combinatorial methods can be used to design 
highly active and selective multi-component supported catalysts with compositions unknown 
earlier. The results unambiguously demonstrate the strength of HRS used in these two case 
studies. It is a good example for knowledge extension. 
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