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Low-temperature CO oxidation in environmental
and industrial catalysis

r Engine-out emissions control for advanced vehicles with
homogeneous charge compression ignition (HCCI) engines

r Reformer product purification for polymer electrolyte fuel cells

r Indoor air cleaning

r Gas sensors

r Gas masks

r Prevention of the deactivation of CO2 lasers
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The need of low-temperature CO oxidation
in fuel cell road applications

Hydrogen-fuelled polymer electrolyte membrane fuel cells, representatively
proton-exchange membrane fuel cells (PEMFCs), have been recognized to be
the most environmentally-benign energy conversion system for road vehicle
applications in the near future. The on-board production of H2 from less
explosive gaseous or liquid hydrocarbons using a systematic combination
of catalytic steam reforming processes with a water-gas shift reaction needs
to overcome some technical barriers associated with the distribution and
storage of H2 for commercialization of the fuel cell systems.

The reformer gas products contain large amounts of CO (typically 0.5 – 2%)
by which anodic Pt electrocatalysts in the fuel cell systems are known to be
significantly deactivated. In an attempt to lower CO in H2-rich gas streams to
acceptable levels less than 100 ppm, preferential oxidation (designated to
“PrOx”) of CO has been extensively studied using a variety of catalysts that
must possess high activity and selectivity in the temperature range of 70 –
300°C because the PrOx catalysts are placed between the reformer and the
fuel cell system operated at the respective temperatures ranging from 70 –
130 and 200 – 300°C.
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Schematic of fuel cell system
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Pathways of producing H2



Unit cell structure of PEM fuel cells



How do PEMFCs work?

Fuel Cell StackFuel Cell Stack

Single Single 
Fuel Fuel 
Cell Cell 

Fuel Cells produce electricity through 
the electrochemical oxidation of H2
over Pt-based electrocatalyst.



Stack structure of PEM fuel cells



An integrated fuel processor for PEMFCs applications
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Typical end products of fuel reformers for PEMFCs

Gas composition and operating
temperature window

PEMFC

CO (%) 0.5 ~ 2

H2 (%) 45 ~ 75

CO2 (%) 15 ~ 25

H2O (%) 15 ~ 30

a Unconverted or burned.

NOx (ppm) n.d.

HCa (%) trace

PM (mg/m3) n.d.

T (oC) 70 ~ 300

- Reforming reactions of HCs and alcohols are required to produce H2 for PEMFCs.

- The concentration of CO from the fuel reformers must be less than 100 ppm to prevent
and/or lower the deactivation of Pt-based electrocatalysts in the PEMFCs.



Energy density of typical fuels

Fuel Energy produced during combustion
(kJ/g)

Hydrogen gas (H2) 143

Methane gas (CH4) 56

Petrol (Octane, C8H18) 48Petrol (Octane, C8H18) 48

Coal (Carbon, C) 33

Ethanol (C2H5OH) 30

Methanol (CH3OH) 23

Carbohydrates (e.g. C6H12O6) 16

Carbon monoxide gas (CO) 10



Hydrogen refueling station in Germany



Fear of hydrogen’s explosiveness

0 Seconds• Comparison of fuel leaks

• Hydrogen fuel leak with

all fail safes disengaged.

3 Seconds

Hydrogen Fuel Leak, 3.4 lbs   
175,000 BTU

1 Minute1 Minute 30 Seconds2 Minutes 20 Seconds

Gasoline Fuel leak 5 liters 
70,000 BTU

The safety in handling 
and storages is a big 
challenge to the 
widespread use of H2.



PEM fuel cell anode feed gas specifications

Amphlett et al., Int. J. Hydrogen Energy, 12 (1996) 673.



Catalysts employed for CO conversion

Avgouropoulos et al., Catal. Today, 75 (2002) 157.

Total surface area by BET measurements

Metals surface area ?



Volumetric adsorption technique for metal 
surface area measurements

Kim et al., J. Catal., 204 (2001) 348.



How has a Pts fraction been determined to date?

H2 adsorption: Pts +  ½ H2 ->  PtsH

- One-to-one stoichiometry.
- Independent of Pt crystallite sizes.

O2 adsorption and H2 titration: Pts +  ½ O2 ->  PtsO  +  3/2 H2 ->  PtsH  +  H2O(ad)

- O/Pts = 1 (O/Pts = 0.5).
- Dependent on Pt crystallite sizes.

CO adsorption: Pts +  CO  ->  PtsCO

- COirr/Pts = 1 (COirr/Pts = 0.5).
- Dependent on Pt crystallite sizes.



Determination of metal dispersion and surface area

Kim et al., J. Catal., 204 (2001) 348.



Effect of CO2 on the catalytic CO conversion

Basical conditions:

[CO] = 1%,

[O2] = 1.25% and

[H2] = 50%.
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Effect of H2O on the catalytic CO conversion

Basical conditions:

[CO] = 1%,

[O2] = 1.25% and

[H2] = 50%.
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Solid lines: w/o H2O
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Basical conditions:

[CO] = 1%,

[O2] = 1.25% and

[H2] = 50%.

Avgouropoulos et al., Catal. Today, 75 (2002) 157.

The water gas shift reaction 
occurs on the supported Pt 
metals:

CO  + H2O   ->  CO2 + H2

Solid lines: w/o H2O
Dotted lines: w/ H2O



CO oxidation over a 1 wt% CuO/CeO2 catalyst

Reaction conditions:

[CO] = 1%,

[O2] = 1.25% and

[H2] = 50%.

After calcination at 773 K in air for 2 h

Reaction conditions:

[CO] = 1%,

[O2] = 1.25% and

[H2] = 50%.

Martinez-Arias et al., Appl. Catal. B, 65 (2006) 207.

-The deactivation is associated 
with:

accumulation of hydroxyls on
the interfacial active sites and/or

- sintering of CuO sites.



CO oxidation over CuO/CeO2 catalysts

Reaction conditions: [CO] = 1% and [O2] = 1%.

After calcination at 450oC in air for 4 h

Tang et al., Catal. Today, 93 (2004) 191.


