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ABSTRACT 
 
Nanogold catalysts are very active for CO oxidation at 

low temperatures, showing great potential in air purification 
and CO elimination at ambient environment. Recently, the 
usage of gold catalysts for CO removal in gas masks has 
been commercially available, including ours. Based on 
previous technique, we have developed a newly designed 
alumina-based Au catalyst which has similar activity and 
better stability than our previous one. The on-site testing by 
industrial parters demonstrate very possitive  results for 
application of  the catalyst in CO2 laser. We are likely to 
provide sample for any occasion testing for removal of CO 
and formaldehyde, even water purification. 
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1 INTRODUCTION 
 
Au catalysts are superior to other noble metal catalysts 

(Pd. Pt) for ambient temperature activity and more tolerant 
to moisture than Hopcalite catalysts (the mixture of 
manganese and copper oxides) [1]. They can oxidize CO 
even at -77 oC in a wider range of concentration [2] and be 
activated by moisture [3]. Few Au catalysts have been 
successfully applied in gas masks for CO removal via the 
CO oxidation reaction [4, 5], including ours [4].  

Au nanoparticles on Al2O3 (a popular commercially 
available support material) show surprisingly high activities 
for CO oxidation when properly prepared [6]. Our 
proprietary catalyst, Au deposited on a ferrite-modified 
alumina prepared by a modified deposition-precipitation 
method [6-9], very comfortably satisfies the EN 403 
standard for application in gas masks. 0.20 g of the catalyst 
can completely convert 1.0 vol. % CO in the temperature 
range 248 to 258 K and is stable for 500 hours at room 
temperature in a feed of 1.0 vol. % CO in air with a space 
velocity of 15900 h-1. In addition, it is stable after 2 months 
direct exposure to air and stable for more than 7 years when 
stored in a desiccator. A better newly designed alumina-
based Au catalyst has been reproducible prepared and 
showed very good performance in CO2 laser [10]. Herein, 
A comparsion was made between the newly designed 
catalyst (Au/FLA) and the basic catalyst of Au/Al2O3. Their 
catalytic perfermance for CO oxidation in oxygen-rich, 

water-rich, CO2-rich and on-site testing results are 
presented  as below. 

 
2 EXPERIMENTAL 

 
Al2O3 beads (surface area: 196.4 m2/g) was purchased 

from Shandong Alumina Company, China and calcined at 
750 oC for 4 hours before further use.  

The gold catalysts were prepared by a modified 
deposition-precipitation method [6-9]. A given 
concentration of HAuCl4.xH2O solution with the pore 
volume of the alumina was adjusted to pH of 9 using 1.0 M 
KOH solution. 50 ml of aqueous ammonia solution (pH = 
11) was then added after the mixture was placed for 12 
hours. The resultant solid was washed extensively with 
deionized water until the supernatant was free of chloride 
ions, as indicated by aqueous solution of AgNO3. The 
catalyst precursor was dried at 333 K overnight and 
subsequently reduced in flowing hydrogen at 573 K for 2 
hours.  

The amounts of gold in the catalysts were measured by 
atomic adsorption spectroscopy using a Shimadzu AA-2670 
spectrophotometer. The actual gold loadings of Au/Al2O3 
and Au/FLA are 1.01 and 1.02 wt. %, respectively. The size 
distributions of gold particles were observed with a JEOL 
JEM-2100 transmission electron microscopy operated at 
200 kV. High resolution transmission (HRTEM) images 
and high-Angle Annular Dark-Field (HAADF) images were 
obtained on numbers of catalyst pieces. 

N2-adsorption-desorption isotherms were determined 
using a NOVA 3000e automated surface area and pore size 
analyzer (Quantachrome, USA). The samples were first 
outgassed at 393 K for 3 hours, and the isotherms were 
recorded at liquid nitrogen temperature. 

The catalytic activity and the on-line stability in dry (1.0 
vol. % CO, 21 vol. % O2 and 78 vol. % N2) and wet (adding 
3.1 vol. % water vapor into dry feed) gaseous reactant 
mixtures, as well as in the mixture with a simulatied 
composition inside of CO2 laser (1 vol. % CO, 0.5 vol. % 
O2, 10 vol. % He, 60 vol. %CO2, 28 vol. % N2) was 
evaluated in a small fixed bed continuous-flow reactor 
without pretreatment of the catalysts. The reactor effluent 
was on-line analyzed with a GC-950 gas chromatograph 
(Shanghai Haixin Chromatograph Instrument Co. Ltd, 
China) equipped with a thermal conductivity detector (TCD) 
and a molecular 5A column. 
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3 RESULTS 
 

3.1 Size distribution of nanogold particles in 
the catalysts 

HRTEM images (Figure 1) show that gold nanoparticles 
are homogeneously dispersed in Al2O3 and FLA support 
and  the average sizes of gold nanoparticles are 3.3 and 2.2 
nm respectively for Al2O3 and FLA supported gold 
catalysts. From HAADF observations (Figure 2), we may 
see that the majority of gold particles are very smaller (1-2 
nm). This indicates high dispersion of gold particles on 
these two catalysts. 

 

 
 

Figure 1 TEM images andsize distribution of gold 
nanoparticles in Au/Al2O3 and Au/FLA 

 

 
Figure 2 HAADF images of gold nanoparticles in Au/Al2O3 

and Au/FLA 
 
3.2 Textural information of the catalysts 

To clarify the difference in texture structure of 
Au/Al2O3 and Au/FLA samples, we did N2 adsorption–
desorption isotherms and the results are shown in Fig. 3. 

The isotherms of both catalysts are similar and can be 
classified as the IUPAC type H4 hysteresis with a large 
loop at the P/P0 range of 0.6–1.0. The pore size 
distributions show a wider region centered in the 
mesoporosity. The corresponding BET surface areas, pore 
volumes, and pore diameters based on the BJH method are 
174 and 102 m2/g, 0.50 and 0.41 ml/g, and 3.3 and 3.9 nm, 
respectively. The newly designed catalyst of Au/FLA has 
larger pores than the basic one of Au/Al2O3.  

 

 
 
Figure 3 Nitrogen adsorption–desorption isotherms and 

pore size distributions of the catalysts of Au/Al2O3 and 
Au/FLA. 

 
3.3 Activity and stability of the catalysts for 
CO oxidation in dry and wet air 

 
Figure 4 CO conversions at 303 K in dry air over 

Au/Al2O3 and Au/FLA as a function of reaction time with 
100 ml/min of feed and 0.20 g of catalysts 

 
The on-line catalytic stability of the Au/Al2O3 catalyst 

and Au/FLA catalyst was evaluated for the CO oxidation in 
dry and wet reactant feeds. As depicted in Figure 4, 0.20 
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gram of Au/ Al2O3 catalyst can completely convert 1 vol. % 
CO with 100 ml/min of dry gas feed for 450 hours while 
the same amount of Au/FLA for 505 hours. This may 
account for more active sites in Au/FLA catalyst than in 
Au/Al2O3 catalyst.  

In order to compare their intrinsic catalytic activity and 
stability, smaller amount of Au/Al2O3 and Au/FLA with 
200 ml/min of dry gas feed were tested to adjust the CO 
conversion lower than 100%. It was observed from Figure 
5(A) that in the dry atmosphere, Au/FLA shows higher 
conversion rate than Au/ Al2O3 at 303 K, indicating that the 
Au/FLA catalyst is more active. However, both CO 
conversion and its conversion rate decrease steadily with 
time on stream over two catalysts. The rate of activity 
decrease is similar for them. 

 

 
 

Figure 5 CO conversions and its conversion rates at 303 K 
as a function of reaction time with 200 ml/min of feed over 

Au/Al2O3 and Au/FLA in (A) dry and (B) wet air 

Figure 5(B) presents the CO conversions and its 
conversion rates at 303K in wet air over Au/ Al2O3 and 
Au/FLA as a function of reaction time. The reaction was 
performed by passing the gas feed through water at 303 K 
before entering the reactor bed. In comparison with Figure 
5(A), it is evident that both catalysts have higher initial 
activity in the wet air. The initial CO conversion rate was 
enhanced almost by two fold. This is due to the positive 
effect of moisture on the catalytic activity of gold catalyst 
for CO oxidation as previously reported [11]. However, 
with the prolonged time on stream, the rate of CO 
conversion over the Au/ Al2O3 catalyst decreases more 
markedly than that over the Au/FLA catalyst, indicating 
that the catalyst of Au/FLA is significantly more stable than 
the catalyst of Au/ Al2O3 in wet atmosphere. In addition, 
our unpublished data shows that 0.2 gram of Au/FLA 
catalyst can continuously completely convert 1 vol. % CO 
for more than 720 hours in presence of saturated water 
vapor at 303 K. 

 
3.4 Activity and stability of the catalysts for 
CO oxidation in CO2-rich atomsphere 

From above data, we know that our newly designed 
catalyst of Au/FLA is more active and stable than the basic 
one of Au/Al2O3 in both dry and wet air. In order to expand 
the application of Au catalyst into the CO2 laser, we 
measured the activity and stability of Au/FLA catalyst in 
the simulated atomsphere with inside of CO2 laser. The 
content of CO2 is high up to 50 vol. %.The corresponding 
results with respect to different reaction temperatures is 
given in Figure 6.  By comparing with Fig 5A, it is clear 
that CO2 depresses  the activity and speeds the deactivation  
rate at lower temperature like 303K.  A good thing is that at 
higher temperature (343-423K), the working temperature 
range of CO2 laser, the activity is somehow enhanced with 
much better stability. 

 

 
Figure 6 CO conversion rates at different temperatures 

as a function of reaction time with 200 ml/min of feed over 
Au/FLA in CO2-rich atomsphere that simulated with inside 

environment of CO2 laser. 
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 Figure 7 Power output of CO2 laser as a function of time 

with and without loading Au/FLA catalyst  
 

  
4 CONCLUSIONS 

It was observed that the newly designed Au/FLA 
catalyst has smaller surface area but larger pores than the 
basic catalyst of Au/Al2O3. We have known that the 
decrease in the surface area does not affect the dispersion 
and distribution of gold nanoparticles in the Au/FLA 
catalyst which even has smaller size of nanogold particles. 
The Au/FLA not only shows the enhanced catalytic activity 
for the CO oxidation wheneven in dry or wet air, but also 
appreciably improves the catalytic stability over time in the 
wet atmosphere for low temperature CO oxidation. The 
great potential of the Au/FLA catalyst in usage in CO2 laser 
is confirmed by lab testing and industrial trial.  
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