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Abstract 

The oxidation of carbon monoxide (CO) is essential in maintaining life and safety in various 

specialized environments like submarines, underground mining works and space missions, where the 

buildup of the poisonous gases may cause serious complications. Moreover, the discriminatory 

oxidation of CO in gas streams with hydrogen is required to have the efficient functioning of the fuel 

cells, as any traces of CO may greatly impair their performance. CO oxidation at room temperature 

is a complicated chemical process; its practical significance is hard to overestimate. Elimination of 

the dangerous pollutants, especially carbon monoxide and unburnt hydrocarbons, in the atmosphere 

is one of the most urgent environmental issues of the day. Such toxic gases are emitted in several 

industrial and combustion-related processes, and they lead to air pollution as well as health risks to 

people. A good and sustainable method to remove these pollutants is by catalytic total oxidation, which 

transforms them into less harmful substances such as carbon dioxide and water. The given research 

is devoted to the CO oxidation in ambient conditions and discusses the main parameters that determine 

the catalyst activity. It also talks of the various methods of preparing the catalysts, the types of catalysts 

used, the source of materials and the various applications of these catalysts in practice. When these 

aspects are addressed, the work would seek to support the development of catalytic technologies to 

help in achieving environmental protection and enhancing the quality of air. 

Key Words: Carbon monoxide oxidation; Catalysis; Ambient temperature reactions; Air pollution 

control; Toxic gas removal; Fuel cell efficiency; Preferential oxidation (PROX); Catalyst activity; 

Environmental protection; Clean energy technologies. 

 

Introduction 

The oxidation of carbon monoxide (CO) is vital for human safety and survival in extreme environments 

such as submarines, underground mining operations, and space missions, where toxic gas 

accumulation can be fatal. In addition, selective removal of CO from hydrogen-rich streams is essential 

for efficient fuel-cell operation, as even trace amounts of CO can severely poison fuel-cell electrodes. 
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Although CO oxidation at room temperature is chemically complex, its environmental and practical 

importance is considerable. The removal of toxic air pollutants, particularly carbon monoxide and 

hydrocarbons, has become a major global concern. Catalytic total oxidation provides an effective 

method for converting these harmful gases into less hazardous products. Increasing emissions of CO, 

hydrocarbons, nitrogen oxides, sulfur oxides, volatile organic compounds, and particulate matter have 

intensified research into catalytic CO oxidation under ambient conditions. Carbon monoxide, often 

termed the “unrecognized poison of the 21st century,” is colorless, odorless, and non-irritating, 

making detection difficult (Université de Bourgogne, France, 1998). Large quantities of CO are 

released worldwide from transportation, power generation, industrial activity, and domestic 

combustion, driving continued interest in low-temperature catalytic oxidation as a cost-effective 

pollution-control strategy. 

1. Sources of CO emission 

 

Nearly 90% of hydrocarbon and carbon monoxide emissions measured during a vehicle test drive 

occur during the cold-start phase, when the engine and catalytic converter have not yet reached optimal 

operating temperatures (Tang et al., 2009). During this stage, incomplete combustion leads to the 

release of large quantities of unburned pollutants until emission- control systems become fully 

effective. Carbon monoxide sources are not limited to vehicles alone. Elevated CO exposure may occur 

in warehouses and fruit-packing facilities using propane-powered forklifts, as well as on construction 

sites where small gasoline-engine equipment is operated. Kerosene space heaters, natural-gas cooking 

appliances, and propane- driven floor polishers also emit CO. While outdoor use is generally safe, 

operation in enclosed or poorly ventilated spaces can rapidly result in toxic or fatal CO accumulation, 

often without warning due to its colorless, odorless, and non-irritating nature. 
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Fig. 1. Diagrammatic representation showing Common sources of CO. 

 

2. Effects of CO 

Carbon monoxide (CO) is extremely toxic to aerobic life and is rapidly absorbed through the 

respiratory system (Ernst & Zibrak, 1998). Even low concentrations can cause cellular hypoxia, 

neurological damage, and potentially fatal outcomes. Individual susceptibility to CO exposure varies 

and is influenced by factors such as physical exertion, ventilation rate, metabolic activity, altitude, and 

underlying medical conditions, including cardiovascular disease, anemia, and blood disorders (Raub 

et al., 2000; Carbon Monoxide, 2008; Lipman, 2006; Env. Heal. Crit. 213, 1999). Continuous exposure 

to levels at or above 100 ppm poses serious health risks (Prockop & Chichkova, 2007). The toxic 

action of CO arises from its strong binding to hemoglobin, as first demonstrated by Claude Bernard. 

Occupational exposure limits established by OSHA restrict long-term exposure to 50 ppm and require 

immediate removal at 100 ppm (Kao & Nanogas, 2006; OSHA Fact Sheet, 2009; Carbon Monoxide-

1917.24, 2010). Long- 

term exposure is linked to cardiac injury and reduced lifespan, and CO poisoning remains the leading 

cause of fatal air poisoning worldwide (Henry et al., 2006; Omaye, 2002). 

Table 1. The acute effects produced by carbon monoxide relative to ambient concentration in parts 

per million are listed [Goldstein, 2008; Struttmann et al. 1998]: 

3. Emission testing 

The state of California became the first state to use a standardized cycle of vehicle emission testing in 

1966 to measure the tailpipe emissions in parts per million (ppm). Since then, the development of 

monitoring techniques has changed the way the emissions of vehicles are measured. Emission 

detection system: A laser-based emission detector invented by Dr. Donald Stedman of the University 

of Denver is used in many cities. This new technology enables the measurement of exhausts outside 

the car as the cars are working in real conditions on the roads, and the participants do not have to visit 

special inspection and testing facilities. The laser- related remote sensing technique that was initially 

developed by Stedman has gained prevalence in cities to measure the level of on-road vehicle 

emissions because of its effectiveness and non-invasive characteristics (Swayne, 1999). 

 

Fig.2. A remote sensing device for CO emission testing. 
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4. CO emission checking: 

The room temperature oxidation of carbon monoxide is of paramount importance in the respiratory 

protection applications where extremely efficient oxidising catalysts are needed to lower the CO 

concentration to very low levels and maintain this activity over long durations. 

Turning carbon monoxide into carbon dioxide is also one of the most effective approaches to the CO 

in the air-pollution control system. The invention of catalytic converters has also been a great 

provocation in the research on metal catalysts in the last five decades. A catalytic converter is a device 

that is fitted in the exhaust system of a vehicle to convert hydrocarbons, carbon monoxide and nitrogen 

oxides into less harmful gases using platinum, palladium and rhodium. Three-way catalysts have the 

capacity of storing oxygen at low air-fuel lean conditions (Brandt et al., 2000). In the case of diesel 

engines, diesel oxidation catalysts make good use of the excess oxygen in exhausts so that CO and 

hydrocarbons are effectively oxidised with a maximum conversion efficiency of 90 percent. 

5. Chemistry of CO 

Carbon monoxide is made up of an oxygen atom and a carbon atom, which are bound together by a 

triple bond. This bond comprises two covalent bonds and one dative covalent bond. It is the simplest 

oxocarbon. The carbon monoxide in coordination complexes is known as carbonyl. There are three 

resonance forms of carbon monoxide as indicated in fig 3. This is one of the explanations with regard 

to its outstanding adsorption characteristics and reactivity on metal and oxide surfaces. 

:C-  O+  :C O:  :C+ O:- 

Fig. 3. Resonance structure of CO. 

6. Catalysts for CO oxidation 

Commercially available carbon monoxide catalysts fall into three types: 

1. Hopcalite is an effective catalyst for CO oxidation, but it becomes inactive in the presence of water 

vapor. 

2. Supported platinum (Pt), palladium (Pd), and tin dioxide (SnO2) catalysts resist water but require high 

amounts of Pt and Pd to be effective at high CO concentrations. 

3. Gold nanoparticles supported on oxides are very active at high humidity, but they have only recently 

become available on the market (Mintek in Randburg, South Africa, and 3M). 

All CO oxidation catalysts can be grouped into two categories under normal conditions: 

1. Plain metal oxides 

2. Mixed metal oxides 

Here are a few brief descriptions. 

a. Plain metal catalysts 

The current body of literature relating to the oxidation of carbon monoxide over base metal oxide 

catalysts can be broadly divided into the two stages, which are (a) an early phase of high scientific 

activity between the years of about 1965 and 1980 before the introduction of base metal catalysts into 
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automotive exhaust treatment; and (b) a revival phase of interest in the area over the last few years 

since the year 1980 which has seen catalysts of the second generation employed to replace the noble 

metals, which are generally considered to be cost. 

 

i. Cobalt oxides 

1. Unsupported cobalt oxides 

Even though one of the first materials to be used in terms of carbon monoxide oxidation was cobalt(III) 

oxide, spinel phase Co3 O4 is the most catalyzed one. Such oxide bears two oxidation states, (+2 and 

+3). Which add to its high redox activity. At a temperature of about 350 C to 900 C, Co 3O 4 is 

thermodynamically stable, but at higher temperatures it loses its oxygen and is reduced to CoO. 

In 1974, Yu Yao explored the oxidation of CO and hydrocarbons on different unsupported 

Co3O4 catalysts and established that they were very active. Nevertheless, it was discovered that these 

catalysts were extremely susceptible to sulphur dioxide poisoning, and that even a few parts per million 

of SO2 would lead to a total deactivation of the catalyst at low temperatures. Recently, Xie et al. 

(2009), have noticed that Co3O4nanorods had extraordinary CO oxidation activity in ambient 

conditions. Complete conversion of CO at room temperature resulted in almost 60 hours of stay and 

high activity, which indicates both high activity and maximum stability in the presence of a limited 

amount of moisture. 

 

Supported cobalt oxides CoOx/Al2O3 catalysts 

When cobalt oxide reacts with alumina, its catalytic performance is greatly increased, but a significant 

reduction in its catalytic activity is seen when alumina is impregnated with cobalt nitrate. However, 

when impregnated with cobalt acetate or cobalt ammine precursors, the catalytic activity is 

significantly greater. Also, the thermal stability of cobalt oxide is increased by physically combining 

Co3O4powders with alumina, and its catalytic activity is further increased. Co3O4/γ-Al2O3 serves as 

a highly active catalyst for low-temperature CO oxidation. However, when the reaction occurs at room 

temperature, deactivation is common due to strong CO adsorption on cobalt oxide and the formation 

of surface carbonates. 

 

ii. Copper Oxide Unsupported copper oxides 

Compared to Co₃O₄, unsupported copper oxides are less commonly applied in CO oxidation. This is 

mainly because cobalt oxide contains both Co²⁺ and Co³⁺ species, whereas CuO and Cu₂O generally 

involve only Cu²⁺ or Cu⁺ ions. Copper oxides also exhibit lower stability, with oxidation states 

changing during reaction conditions. Early systematic studies by Bray, Draper, Garner et al. (1952), 

and Jennings and Stone (1957) demonstrated the activity and kinetics of Cu₂O in room-temperature 

CO oxidation. 
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iii. Ceria-supported catalysts 

Ceria is widely incorporated into automotive emission-control catalysts because of its high oxygen 

storage capacity and its strong promotional effect in carbon monoxide (water–gas shift) and 

hydrocarbon reforming reactions in the presence of steam. It also enhances metal resistance to 

sintering. When combined with catalyst supports, ceria alters reaction kinetics through a cooperative 

dual-site mechanism, where CO adsorbs on metal sites. At the same time, oxygen is activated on 

adjacent ceria sites, reducing competitive adsorption. 

 

iv. Other oxides 

Titanium dioxide is generally considered ineffective for direct carbon monoxide oxidation; however, 

it is an excellent support for several metals, particularly gold (Christmann et al., 2010). Recent studies 

have shown that finely dispersed Ir/TiO₂ catalysts display high catalytic activity for CO oxidation at 

room temperature (Zhang et al., 2005). Similarly, size-controlled supported gold nanoparticles exhibit 

strong low-temperature activity (Haruta et al., 1993; Valden et al., 1998). The catalytic performance 

of Ir/TiO₂ is highly dependent on pretreatment    conditions and the nature of the support, with metallic 

iridium formed by hydrogen reduction being significantly more active than its oxidized form (Zhang 

et al., 2005). 

 

b. Mixed metal oxide catalysts 

i. Perovskite (ABO3) 

Perovskite-type metal oxides with the general formula ABO₃, where the A-site is occupied by a rare-

earth element and the B-site by a transition metal, have been extensively explored as alternatives to 

noble-metal catalysts for controlling automotive exhaust emissions (Voorhoeve et al., 1977). These 

materials offer several advantages, including lower cost, good thermal stability, and adjustable redox 

properties. However, only a limited number of perovskite compositions reported to date exhibit 

significant catalytic activity for carbon monoxide oxidation under ambient or near-ambient conditions. 

Meilin et al. (2011) reported that gold- supported lanthanum manganite (Au/LaMnO₃) demonstrated 

notable low-temperature performance, achieving approximately 60% CO conversion at 50 °C. This 

finding indicates that appropriately modified perovskite catalysts have promising potential for low-

temperature CO oxidation applications. 

 

ii. Hopcalite 

For several decades, hopcalite, a mixed copper–manganese oxide, has been regarded as one of the most 

effective catalysts for carbon monoxide oxidation (Taylor et al., 1999). Its high low- temperature 

activity was first reported by Lamb et al. in 1920. Hopcalite is largely amorphous at room temperature 

but loses activity above 773 K due to spinel CuMn₂O₄ formation, although crystalline CuMn₂O₄ can 

also be catalytically active (Schwab & Kanungo, 1977; Veprek et al., 1986; Kanungo, 1979, Singh & 
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Prasad, 2016). Improvements through metal-oxide additions have been modest (Haruta & Sano, 1983; 

Jaworska-Galas et al., 1994). 

 

Chemistry of Hopcalite 

In CO oxidation, its high activity is typically attributed to the resonance system Cu2+Mn3+/Cu+Mn4+ 

and the strong adsorption of CO on Cu2+/Mn4+ and O2 on Cu+/Mn3+ [Fortunato et al. 2001]. The 

catalyst exhibits high activity in its amorphous form, even at room temperature, but its performance 

declines above approximately 500 °C due to crystallization into CuMn₂O₄ (Kanungo a, 1979; Kanungo 

b, 1979). Its exceptional oxidation activity is attributed to electron transfer between multiple valence 

states of copper and manganese within the spinel structure. This charge-transfer mechanism has been 

widely discussed, although determining the precise structure and oxidation states remains challenging 

(Padalia, 1973; Dollimore & Tonge, 1970; Radhakrishnan & Biswas, 1977; Vanderberghe, 1978). 

 

a. Gold-based catalysts 

Bulk gold has long been considered catalytically inert. However, in recent years, it has been highly 

active in low-temperature CO oxidation when it is finely dispersed on appropriate oxide supports 

(Gomez et al., 2009). After the breakthrough realised by the pioneer study of Haruta et al. (1989), gold-

based catalysts are remarkably active and tolerate moisture (Date et al., 2004; Oh & Hoflund, 2007). 

Addition of gold to hopcalite forms new active sites and stabilises catalyst reducibility; the more active 

the catalyst, the greater is the mobility of lattice-oxygen (Cole et al., 2010). Again, La2O 3 -

supported Au 3 + complexes and newlydeveloped 3M nanogold catalysts also reveal the ability to 

remover CO effectively under humid and low-temperature conditions. This is usually because the 

surface gold atoms are under-coordinated, which is believed to be the high activity of gold (Min & 

Friend, 1994). 

Table 1: CO Oxidation Catalysts Performance 

. 

CO 

oxidation 

Catalyst 

Temperature Activity in 

presence of 

moisture 

Reaction 

conditions 

% CO 

conversion 

References 

Metal 

oxides 

          

Ag/meso-

SiO₂ 

30 °C – 1 atm, 50 

ml/min 

100 Liu et al. 2008 

α-ZrP-

Rh₀.₄₂ 

9 °C – – 0.60 mmol Date & Haruta, 

2001 

Co₃O₄ Room 

temperature 

Active (3–

10 ppm); 

1% CO + 

2.5% O₂ + He 

100 Merrill & 

Scalone, 1921; 
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Deactivated 

(<1 ppm) 

Yu et al. 2009; 

Xie et al. 2009 

20 wt.% 

Bi₂O₃–

Co₃O₄ 

Up to −89 °C – – 100 Lou et al. 2011 

CeO₂–

Co₃O₄ 

45 °C – 5% CO + air; 

66.7 mL 

min⁻¹ 

100 Xu et al. 2006 

 

Table 2: Supported Pt/Pd/tin oxide catalysts 

 

Pd-Cu-

Clₓ/Al₂O₃ 

27 °C Active – 100 Dongsheng et al. 

2010 

Pd/ZrO₂ 41 °C – – 50 Faticanti et al. 2005 

Table 3 : Nanoparticle gold on oxide support 

 

Au/Co₃O₄ Below 0 °C Active CO/O₂/He 100 Haruta et al. 1993 

2.9% Au/Mn₂O₃ −62 °C – 1% CO + 20% O₂; 

50 cm³ min⁻¹ 

50 Wang et al. 2009 

Au/TiO₂ 0 °C; up to 

−70 °C; at 

room temp 

Active CO/O₂/He (1:2:25) 90 Yan et al. 2006; 

Boccuzzi & 

Chiorino, 2000 

Au/γ-Al₂O₃ 0 °C Active CO/O₂/He 100 Juan et al. 2005 

Au/SBA-15 

(mesoporous 

silica) 

Below 0 °C – – 100 Zhu et al. 2006 

Au/Fe₂O₃ Up to −70 

°C; 43.2 °C 

Active – 90 Ruihui et al. 2010 

Au/α-Fe₂O₃ −50 °C; ~10 

°C 

Active CO/O₂/He 90; 100 Haruta et al. 1993 

Au/CeO₂-x 5 °C – CO/O₂/He 100 Juan et al. 2005 

0.52 wt.% 

Au/CeO₂ 

nanoparticle 

0 °C; 20 °C – CO in air; 48,000 

mL h⁻¹ g⁻¹ 

80; 100 Han et al. 2010 

Au/La₂O₃ 25 °C – CO/O₂/He 100 Juan et al. 2005 

Au/La₂O₃/Fe₂O₃ 28.9 °C Active – 90 Ruihui et al. 2010 

Au-Fe₃O₄/C 50 °C – – 100 Yin et al. 2008 
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Au/NiO Up to −70 

°C 

Active CO/O₂/He 100 Haruta et al. 1993 

Au/Be(OH)₂ Below 0 °C – CO/O₂/He 100 Haruta et al. 1993 

Au/Mg(OH)₂ Below 0 °C – CO/O₂/He 100 Haruta et al. 1993 

Au/ZnO −13 °C – CO/O₂/He 100 Boccuzzi & 

Chiorino, 1994 

 

7. Applications of CO oxidation catalyst 

a. As emergency breathing masks 

The principal applications of carbon monoxide (CO) oxidation catalysts operating at ambient 

temperature are emergency respiratory protection devices and life-support systems used in confined 

environments, including spacecraft cabins. For land-based emergency breathing masks, hopcalite has 

traditionally been employed due to its effectiveness in CO removal. However, during the 1970s, NASA 

selected a catalyst consisting of 2% platinum supported on carbon for use in the Space Shuttle. This 

material was preferred because it demonstrated higher catalytic activity and greater resistance to 

deactivation by water vapor compared to hopcalite (Nalette et al.). 

 

 

 

 

 

 

 

b. Destruction of carbon monoxide 

For light gaseous pollutants such as H₂, CO, and CH₄, which cannot be effectively captured by activated carbon, 

catalytic oxidation is considered the most efficient removal technique. This method converts these gases into 

CO₂ and H₂O, which can be readily eliminated. Hopcalitehas long been used for this purpose, particularly in 

submarines, though it has notable limitations. Recent studies have reviewed hopcalite catalysts for low-

temperature CO oxidation, focusing on activity, reaction mechanisms, and deactivation causes (Jiling et al., 

2007; Maier & Saalfrank, 2004). The lowest CO oxidation temperature reported is approximately 220 K using 

Au₄/TiO₂ catalysts. 

c. Ozone removal 

Ozone is a highly reactive and corrosive gas that can damage a wide range of materials, including most 

plastics, rubber, and non-stainless metals. Continuous exposure to ozone pollution is associated with 

adverse health effects and can also reduce tree growth and agricultural productivity (Clear Air Counts, 
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2003). To remove ozone from gas streams, a composite catalytic material has been developed using a 

support matrix coated with fine hopcalite particles, primarily containing manganese oxide. As ozone 

passes through a manganese dioxide catalyst bed, it is converted back into oxygen in a heat-releasing 

catalytic reaction. This thermal-catalytic destruction process does not consume the catalyst, allowing 

the catalyst bed to remain effective for one to five years, depending on operating conditions and the 

carrier gas. 

d. Oxidation of ammonia 

The accumulation of biologically generated ammonia in closed cabin environments poses a serious 

health risk during long-duration missions. Urine is the primary source of ammonia, and although 

control measures are applied at the source, trace amounts still enter the cabin air. To maintain a safe 

atmosphere, spacecraft trace contaminant control systems must effectively remove ammonia. Catalytic 

oxidation is a preferred method, converting ammonia into water and nitrogen. NASA supported 

research at Texas Tech University (NAS 1-9506) to examine ammonia transformation pathways in 

catalytic oxidizers, where conversion to nitrogen is favored due to the toxicity of nitrogen oxides 

(Johnson, 1972). 

 

e. Volatile organic compounds (VOCs) abatement 

Volatile organic compounds (VOCs) are widespread pollutants found in residential environments and 

numerous industrial sectors, including dry cleaning facilities, food processing units, petroleum 

refineries, airports, service stations, and chemical and electronics industries. These substances 

evaporate easily into the atmosphere and contribute significantly to air pollution, while rainfall and 

snowmelt can transport them into soil and groundwater (Rusu & Dumitriu, 2003). VOC exposure poses 

serious risks to human health, vegetation, and wildlife (Minnesota Dept. of Health, 2003). In catalytic 

converters, oxidation reactions involving CO and hydrocarbons are complex, and extensive research 

has focused on the total oxidation of alkanes—particularly methane—due to its role as a major 

greenhouse gas (Prasad et al., 1984; Zwinkels et al., 1993; Zwinkels et al., 1998; Choudhary et al., 

2002; Gelin & Primet, 2002). 

 

i. Propane oxidation 

Controlling dioxin emissions from waste incinerators remains a major environmental challenge 

(Balldvhmiter et al., 1986; Buchert & Ballschmiter, 1986). Conventional methods, such as increasing 

exhaust-gas temperature to enable catalytic oxidative decomposition, are effective but involve high 

capital costs and complex mechanical systems, making them 

unsuitable for small-scale incinerators (Duwel et al., 1990). An alternative approach involves catalytic 

oxidation of dioxins at the dust filter stage. Studies show that ternary catalysts such as Au/Fe₂O₃–

Pt/SnO₂–Ir/La₂O₃ exhibit significantly enhanced activity for o-chlorophenol and dioxin oxidation at 

423 K, with Ir/La₂O₃ acting as an effective promoter despite its low standalone activity (Okumura et 
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al., 2003). 

 

ii. Oxidation of thiophene 

Sulfur-containing volatile organic compounds (VOCs) are major contributors to offensive 

odors in the environment and are increasingly recognized for their potential health risks under 

prolonged exposure (Kosmider et al., 2002; Le et al., 2004). Growing public concern and complaints 

regarding odor emissions from industrial and municipal sources have intensified research into effective 

odor-control technologies. Among the available approaches, catalytic oxidation has emerged as a 

promising method for the removal of odorous gases from the atmosphere (Wang & Weng, 1998; Wang 

et al., 2002). Commercial catalysts used for VOC combustion typically include supported noble metals, 

metal oxides, and hybrid systems combining noble metals with metal oxides (Garetto et al., 2004; 

Malley & Hodnett, 1999; Kim, 2002; Ferrandon & Bjornbom, 2001). In particular, both conventional 

hopcalite and hopcalite modified with noble metals such as platinum, palladium, and gold have been 

investigated for thiophene oxidation, showing promising catalytic performance (Szynkowska et al., 

2009). 

 

iii. Oxidation of halogenated hydrocarbons 

Purifying air that contains a variety of low-concentration contaminants has become 

increasingly important, especially as people spend long periods in enclosed spaces. Nineteen 

halogenated hydrocarbons mixed with air were tested using a Hopcalite catalyst in a laboratory-scale 

catalytic burner under conditions similar to those in submarine burners. 

 

iv. Low temperature oxidation of ethene 

Several studies have focused on developing catalysts capable of achieving complete oxidation of 

volatile organic contaminants at relatively low temperatures. In particular, catalysts used for carbon 

monoxide oxidation have also been evaluated for the removal of ethene in fruit storage environments, 

where ethene accelerates ripening. A range of catalysts was tested using a mini-reactor coupled with a 

mass spectrometer and a total hydrocarbon analyzer. Under reaction conditions of 300 ppm ethene and 

0.6% oxygen in nitrogen at a fixed space velocity, all oxide catalysts exhibited activity at temperatures 

above 300 °C. Platinum on asbestos and palladium on alumina achieved 50% ethene conversion at 

approximately 145 °C. In contrast, platinum- and palladium-supported zeolites reached complete 

conversion at around 100 °C. HZSM-5 also demonstrated excellent performance, achieving full ethene 

oxidation at 200 °C. The PtCsNaY(T) catalyst maintained stable reactivity even after processing 5 g 

of ethene per gram of catalyst (Parker & Patterson, 1994). 

 

f. Study of the adsorption of water vapor and carbon dioxide 

Previous studies have demonstrated that manganese dioxide, either alone or combined with other metal 

oxides, functions as an effective oxidation catalyst. Although these catalysts may vary in composition, 

they are generally characterized by a highly porous structure, which enables efficient adsorption of 
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gaseous vapors. This porosity enhances catalytic performance 

but can also create vulnerability under conditions of high moisture. When gases contain elevated levels 

of water vapor, catalyst deactivation may occur if liquid water condenses within the pores. For this 

reason, it became essential to investigate the adsorption behavior of various substances, particularly 

water vapor and carbon dioxide, better to understand their influence on catalyst performance and 

stability (Lanning, 1930). 

 

g. Water gas shift reaction (WGSR) Activity 

The water-gas shift reaction was discovered by the Italian physicist Felice Fontana in 1780. In this 

reaction, carbon monoxide reacts with water vapor to produce carbon dioxide and hydrogen: 

CO (g) + H2O (v) → CO2 (g) + H2 (g), ∆H = -41.09 

kJ/mole. 
This reaction is significant in industry. It is often used alongside steam reforming of methane or other 

hydrocarbons, crucial for producing high-purity hydrogen for ammonia synthesis. The reaction is 

slightly exothermic, releasing 41.1 kJ (10 kcal) per mole. 
 

 

Fig. 7. Schematic diagram showing use of catalyst in WGSR & NH3 synthesis. 

The reduction of Cu–Mn spinel oxides to form copper–manganese oxide catalysts has been widely investigated 

to improve the performance of copper-based systems in the water–gas shift reaction (WGSR). Optimized Cu–

Mn spinel catalysts have demonstrated excellent WGSR activity under high carbon monoxide concentrations, 

similar to conditions encountered during hydrocarbon reforming. However, the presence of carbon dioxide in 

the reformate gas was found to suppress WGSR activity at temperatures below 200 °C, whereas stable CO 

conversion was achieved at 200 °C in the absence of CO₂ (Tanaka et al., 2003).In related studies, noble metals 

supported on various oxide materials have been evaluated for high-temperature WGSR. Platinum exhibited 

enhanced catalytic performance when supported on U₃O₈ and CeO₂–ZrO₂, while rhodium showed superior 

activity on Fe–Cr oxide and Cr₂O₃ supports. These improvements are attributed to increased reaction rates 

occurring at the interface between the promoter metal and the oxide support, highlighting the importance of 

metal–support interactions in WGSR catalysis (Science Daily, 2011). 
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h. Photocatalytic reactions (Water Detoxification) 

Photocatalytic water purification using semiconductor materials has emerged as an advanced oxidation 

technique and has undergone significant development over the past two decades (Hsiao et al., 1983; Pruden & 

Ollis, 1983; Nguyen & Ollis, 1984; Al-Ekabi & Serpone, 1988). Titanium dioxide (TiO₂) has attracted 

considerable attention due to its strong photocatalytic properties. The incorporation of metallic gold onto TiO₂ 

surfaces further enhances photocatalytic efficiency by preventing reaction-rate decline at higher phenol 

concentrations. During photocatalysis, phenol is progressively degraded and completely mineralized into CO₂ 

and H₂O. Consequently, Au/TiO₂ catalysts demonstrate superior performance compared to pure TiO₂ in aqueous 

phenol removal (Dobosz & Sobczynski, 2001). 

8. Epoxidation of Styrene 
Controlling dioxin emissions from waste incineration plants remains a major challenge in environmental 

protection (Balldvhmiter et al., 1986; Buchert & Ballschmiter, 1986). Although increasing exhaust-gas 

temperatures to promote catalytic oxidation has been applied (Duwel et al., 1990), the high capital cost and 

mechanical complexity limit its use in small incinerators. A more practical alternative is catalytic oxidation at 

the dust- filter stage. Ternary catalyst systems such as Au/Fe₂O₃ combined with Pt/SnO₂–Ir/La₂O₃ exhibit 

significantly enhanced activity for oxidizing o-chlorophenol and dioxins at 423 K, indicating a strong 

promotional role of Ir/La₂O₃ (Okumura et al., 2003). 

 

Fig. 8. Conversion of styrene to styrene oxide using CO oxidation catalyst. 

9. Oxidative decomposition of Dioxins 
Controlling dioxin emissions from waste incinerators remains one of the most serious challenges in 

environmental protection (Balldvhmiter et al., 1986; Buchert & Ballschmiter, 1986). Existing control methods 

include increasing flue-gas temperatures to promote catalytic oxidative decomposition; however, high capital 

costs and mechanical complexity limit their applicability in small-scale incinerators (Duwel et al., 1990). An 

alternative strategy involves catalytic oxidation directly at the dust-filter stage. Ternary catalyst systems such 

as Au/Fe₂O₃–Pt/SnO₂–Ir/La₂O₃ exhibit significantly enhanced activity for oxidizing o-chlorophenol and dioxins 

at 423 K, indicating a strong promotional role of Ir/La₂O₃ despite its low standalone activity (Okumura et al., 

2003).As Biological Probes 

Bond and co-workers proved that the supported gold catalysts are quite active in hydrogenation reactions of 

olefinic hydrocarbons (Bond et al., 1973; Bond & Sermon, 1973). Specifically, impregnated gold catalysts 

supported on silica or 300 C alumina were identified to be useful in hydrogenating 1-pentene at 373 C (Bond et 

al., 1973; Bond & Sermon, 1973; Sermon et al., 1979). These are findings that emphasised the possibility of 

using gold as an active catalytic material, despite the age-old belief that it is chemically inactive. Chen and 
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others have also reported further progress in this by producing a new Au/SiO 2 catalyst and were able to use 

this catalyst in the reduction of a variety of aromatic nitro compounds; this is evidence of the generality of the 

gold catalytic system (Chen et al., 2006). 

 

Fig.9. Electrospun ZnO/TiO2 composite nanofibres exhibited excellent bactericidal performance against 

E. Coli, S. aureus with and without light irradiation. 

10. Hydrogenation reactions 

Bond and co-workers established that supported gold can be a good catalyst to perform hydrogenation reactions 

with olefinic hydrocarbons (Bond et al., 1973; Bond & Sermon, 1973). Silica or 3-alumina supported gold 

catalysts synthesised by impregnating with gold are found to have high activity in the hydrogenation of 1-

pentene at temperatures of 373 K (Bond et al., 1973; Bond & Sermon, 1973; Sermon et al., 1979). Increasing 

the use of gold-based catalysts, Chen and co-workers eventually came up with a new type of catalyst, Au/SiO2 

and were able to test its ability of the reduction of various aromatic nitro compounds (Chen et al., 2006). 

11. Poisoning and Masking of Catalyst 

Various factors can negatively influence the performance of a catalytic system; these are mechanical vibrations, 

abrasion due to the presence of particulate matter, catalyst poisoning, surface masking, and thermal ageing. 

Catalyst poisoning happens when a chemical reaction between catalystic sites and phosphorus, halogen or heavy 

metals is experienced, and the resulting compounds are inactive, resulting in the loss of activity. On the other 

hand, masking is a physical barrier to the active sites of the catalyst caused by deposition of solids upon it. These 

deposits could either be of airborne dust, metal oxides or carbonaceous residues in which the reactor is under 

insufficiently low temperatures (Kohl & Nielsen, 1999). 

12. Conclusion 

Although numerous catalysts have been explored for carbon monoxide oxidation, many suffer from serious 

limitations such as moisture-induced deactivation, high costs associated with noble metals like platinum, 

palladium, and ruthenium, and concerns regarding long-term stability and availability. These challenges have 

intensified the search for efficient CO oxidation catalysts that can operate under ambient conditions. In this 

context, gold-based catalysts have attracted considerable interest. When properly prepared, gold catalysts 
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exhibit superior low-temperature CO oxidation activity compared to conventional noble metals and show strong 

resistance to sulfur poisoning, particularly when dispersed as nanoparticles on transition-metal oxide supports. 

13. Future Aspects 

The role of water in the increasing oxidation of carbon monoxide over various catalyst systems is a phenomenon 

that is still open and under active discussion, and is probably going to be an issue of research in the future. 

Nevertheless, very few studies have been conducted so far to monitor the behaviour and impact of trace 

levels of ammonia incatalytic oxidation systems, despite its possible application in the real operating 

conditions. Experimental data also show that CO oxidation can be greatly accelerated by the presence of 

moisture, which implies that water can either be a direct or an indirect participant in the mechanism. Catalysts 

made of gold-based material have been observed to hold great promise as they are very active catalysts at 

ambient temperature. Simultaneously, there has been an increasing interest on non-noble metal catalysts because 

they can serve as a cheaper substitute of precious noble metals and can also present a more sustainable way 

forward in future catalytic research. 

References 

A. B. Lamb, W. C. Bray and J. C. W. Frazer, The Removal of Carbon Monoxide from Air. Ind. Eng. Chem. 12 (1920), 

213-221. 

A. Dobosz and A. Sobczynski, Water Detoxification: Photocatalytic Decomposition of Phenol on Au/TiO2 Monatsh. 

fur Chemie, 132 (2001) 1037-1045. 

A. Ernst, J.D. Zibrak. "Carbon monoxide poisoning". The New England Journal

 of Medicine,(1998) 1603–1608. 

A.L. Kohl and R.B. Nielsen, Gas Purification (Fifth Edition) 1997 (1155). 

A.L. Pruden, D.F. Ollis, Photoassisted Heterogeneous Catalysis -

 the Degradation of Trichloroethylene in Water, J. Catal. 82(1983) 404-417. 

A. O’Malley & B. K. Hodnett. The influence of volatile organic compound structure on conditions 

required for total oxidation. Catalysis Today, 54 (1999) 31–38. 

A. O. Rusu, E. Dumitriu, Destruction of volatile organic compounds by catalytic oxidation. Environ. Eng. Manag. J. 2 

(2003) 273-302. 

A.S. Kireev, V. M. Mukhin, S. G. Kireev, V. N. Klushin, and S. N. Tkachenko, Preparation and Properties of 

Modified Hopcalite. Russ. J. Appl. Chem. 82 (2009), pp. 169−171. 

A.Tvedt, H. Kjuus. Chronic CO poisoning. Use of generator gas during the Second World War and recent research. 

Tidsskr Nor Laegeforen , 117 (1997) 2454–2457. 

A. V. Grigorieva, E. A. Goodilin, K. L. Dubova, T. A. Anufrieva, L. E. Derlyukova, A. S. Vyacheslavov, Y. D. 

Tretyakov, Titania nanotubes, nanorods and nanopowder in the carbon monoxide oxidation processSolid State 

Sci. 2010, 12, 1024 –1028. 

http://content.nejm.org/cgi/pmidlookup?view=short&pmid=9828249&promo=ONFLNS19


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 49 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

A.Xu, X. Xu, J. Su, Y. Ding, Research on unsupported nanoporous gold catalyst for CO oxidation. 

Journal of Catalysis, 252 (2007) 243-248. 

B.D. Padalia, V. Krishnana, M.J. Patnia, N.K. Radhakrishnan*, a and S.N. Gupta X-ray spectroscopic investigation of 

some spinel structures, J. Phys. Chem. Solid 34 (1973) 1173-1178. 

B. K. Min and C. M. Friend, Heterogeneous Gold-Based Catalysis for Green Chemistry: Low- Temperature CO 

Oxidation and Propene Oxidation. Chem. Rev. 2007, 107, 2709-2724. 

B.L. Moroz, P.A. Pyrjaev, V.I. Zaikovskii, V.I. Bukhtiyarov, Nanodispersed Au/Al2O3 catalysts for low-temperature 

CO oxidation: Results of research activity at the Boreskov Institute of Catalysis. Catal. Today 144 (2009) 292– 

305. 

B. Solsona, G. J. Hutchings, T. Garcia and S. H. Taylor. Improvement of the catalytic performance of CuMnOx catalysts 

for CO oxidation by the addition of Au. New J. Chem., 28 (2004), 708– 711. 

B. Solsona, T. Garcia, S. Agouram, G. J. Hutchings and S. H. Taylor. The effect of gold addition on the catalytic 

performance of copper manganese oxide catalysts for the total oxidation of propane. Appl. Catal. B: Environ. 

101 (2011) 388-396. 

C. E. Lanning, Study of the adsorption of water vapour and carbon dioxide by samples of manganese dioxide and 

hopcalite catalysts. J. Am. Chem. Soc., 52 (1930) 2411–2415. 

Cheaper Hydrogen Fuel Cells: Utility of Non-Precious-Metal Catalysts Documented, Los Alamos National Laboratory, 

Science Daily (April25, 2011). 

C.-H.Wang & H.-S.Weng, Promoting effect of molybdenum on CuO/γ-Al2O3 catalyst for the oxidative 

decomposition of (CH3)2S2. Applied Catalysis A: General, 170 (1998) 73–80. 

C.-H.Wang, S.-S. Lin, S.-B. Liou & H.-S. Weng, The promoter effect and a rate expression of the catalytic incineration 

of (CH3)2S2 over an improved CuO-MoO3/γ-Al2O3 catalyst. Chemosphere, 49 (2002) 389–194. 

"Carbon monoxide. - 1917.24". United States Department of Labor: Occupational Safety and Health Administration. 

Retrieved 2010-01-13. 

"Carbon Monoxide". American Lung Association. Archived from the original on May 28, 2008. 

Retrieved 2009-09- 14 

C. Jones, S.H. Taylor, A. Burrows, M.J. Crudace, C.J. Kiely, G.J. Hutchings, Cobalt promoted copper manganese 

Oxide catalysts for ambient temperature carbon monoxide oxidation, Chem. Commun. 14 (2008) 1707-1709. 

C. Jones, K. J. Cole, S. H. Taylor, M. J. Crudace and G. J. Hutchings, Copper manganese oxide catalysts for ambient 

temperature carbon monoxide oxidation: Effect of calcination on activity. J. Mol. Catal. A: Chemical, 305 

(2009) 121-124. 

C. Juan, Fierro-Gonzalez, Vinesh A. Bhirud and Bruce C. Gates, A highly active catalyst for CO oxidation at 298 K 

mononuclear AuIII complexes anchored to La2O3 nanoparticles, Chem. Commun., 2005, 5275–5277. 

http://www.sciencedirect.com/science/article/pii/S0022369773802070#implicit0
http://www.sciencedirect.com/science/article/pii/S0022369773802070#implicit0
http://www.sciencedirect.com/science/article/pii/S0022369773802070#fn1
http://www.sciencedirect.com/science/article/pii/S0022369773802070#implicit0
http://www.sciencedirect.com/science/journal/09263373
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10366
http://www.lungusa.org/site/pp.asp?c=dvLUK9O0E&b=35375
http://www.sciencedirect.com/science/journal/13811169
http://www.sciencedirect.com/science/journal/13811169


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 50 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

C.K. Costello, M.C. Kung, H.-S. Oh, Y. Wang, H.H. Kung, Nature of the active site for CO oxidation on highly active 

Au/γ-Al2O3 Appl. Catal. A 232 (2002) 159-168. 

C.K. Costello, J.H. Yang, H.Y. Law, Y. Wang, J.-N. Lin, L.D. Marks, M.C. Kung, H.H. Kung, On the Potential Role 

of Hydroxyl Groups in CO Oxidation over Au/Al2O3 Appl. Catal. A 243 (2003) 15-24. 

Clean    Air    Counts,    (2003),    Low-VOC    Paints,    On    line    at: 

http://www.cleanaircounts.org/defaut.cfm?page=strategies. 

C. N. Xian, H. Li, L.Q. Chen J. S. Lee. Morphological and catalytic stability of mesoporous peony- like ceria. 

Micro. Meso. Mat. 142 (2011) 202–207. 

C.R. Henry, D .Satran, B. Lindgren, C. Adkinson, C.I. Nicholson, T.D. Henry."Myocardial Injury and Long-term 

Mortality Following Moderate to Severe Carbon Monoxide Poisoning" JAMA 295 (2006) 398–402. 

C. Sun, J. Sun, G. Xiao, H. Zhang, X. Qiu, H. Li, and L. Chen, Mesoscale Organization of Nearly Monodisperse 

Flowerlike Ceria Microspheres, J. Phys. Chem. B 110 (2006) 13445-13452. 

C.-W. Tang, C.-B. Wang, S.-H. Chien, Abatement of Carbon Monoxide over CeO2– CoOx Catalysts: Effect of 

Preparation Method, Catal. Lett. 2009, 131, 76– 83. 

C.-Y. Hsiao, C.L. Lee, D.F. Ollis, Heterogeneous Photocatalysis - Degradation of Dilute-Solutions of 

chloromethane (Ch2Cl2), Chloroform (ChCl3), and Carbon-Tetrachloride (CCl4) with IlluminatedcTiO2 

Photocatalyst J. Catal. 82(1983) 418-423. 

D. Dollimore, K.H. Tonge, Journal of the Chemical Society A: Inorganic, Physical, Theoretical, J. Chem. Soc. A 

(1970) 1728-1731. 

D.R. Merrill, C.C. Scalione, The catalytic oxidation of carbon monoxide at ordinary Temperatures, J. Am. Chem. Soc. 

43 (1921) 1982-2002. 

D. S. Stark, M.R. Harris, The application to sealed CO2 TEA lasers of platinum catalysts bonded to 

aluminium-containing ferritic stee, J. Phys. E: Sci. Instrum. 21 (1988) 715-718. 

D. W. Goodman, Catalytically active Au on Titania:” yet another example of a strong metal support 

interaction (SMSI)? Catal. Lett. 2005, 99 (1-2), 1-4. 

E. Brandt, Y. Wang, J.Grizzle, Dynamic modeling of three way catalyst for SI Engine exhaust emission control. 

IEEE Transactions on Control Systems Technology 8 (2000)767–776. 

E. C. Njagi, C.-H. Chen, H. Genuino, H. Galindo, H. Huang and S. L. Suib, Total oxidation of CO at ambient 

temperature using copper manganese oxide catalysts prepared by a redox method, Appl. Catal. B:

 Environmental, 99, (2010), 103-110. 

Environmental Health Criteria 213 (Carbon Monoxide). Geneva: International Programme on Chemical Safety, 

World Health Organization. 1999. 

E. D. Park, J.S. Lee, Effects of Pretreatment Conditions on CO Oxidation over Supported Au Catalysts. 

J. Catal. 186 (1999) 1-11. 

http://www.cleanaircounts.org/defaut.cfm?page=strategies
http://www.sciencedirect.com/science/journal/09263373
http://www.sciencedirect.com/science/journal/09263373


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 51 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

F. Boccuzzi, A. Chiorino, FTIR Study of CO Oxidation on Au/TiO2 at 90 K and Room Temperature. An Insight 

into the Nature of the Reaction Centers, J. Phys. Chem. B 2000, 104, 5414. 

F. Boccuzzi, A. Chiorino, The oxidation and scrambling of CO with oxygen at room Temperature on Au/ZnO. Catal. 

Let. 29 (1994) 225-234. 

G.B. Hoflund, S.D.Gardner, Effect of CO2 on the Performance of Au/MnOx and Pt/SnOx/SiO2 Low Temperature CO 

Oxidation Catalysts. Langmuir, 11(1995) 3431-3434. 

G. C. Bond and P.A. Sermon, Gold Bulletin, 64 (1973). 

G.C. Bond, P.A. Sermon, G. Webb, D.A. Buchanan and P.B. Wells, J. Chem. Soc. Chem. Commun., 1973, 444-445. 

G.C. Bond, D.T. Thompson, Gold Catalysed Oxidation of Carbon Monoxide, Gold Bull. 33 (2000) 41-51. 

G.C. Bond, D.T .Thompson, Gold- Catalyzed Oxidation of Carbon Monoxide. Gold Bulletin, 33(2000) 41-51. 

G. Fortunato, H. R. Oswald, A. Reller. Spinel-type oxide catalysts for low temperature CO oxidation generated by use 

of an ultrasonic aerosol pyrolysis process. J. Mater. Chem. 11(2001) 905–11. 

G.L. Xiao, S. Li, H. Li, L.Q. Chen, Synthesis of doped ceria with mesoporous flowerlike morphology and its catalytic 

performance for CO oxidationMicropor. Mesopor. Mater. 120 (2009) 426-431. 

G. Hutchings, Catalysis: A Golden Future, Gold Bulletin 1996, 29(4)123-130. 

G. M. Schwab and S. B. Kanungo, Catalytic promotion in hopcalite Z. Phys. Chem. NF 107 (1977) 109. 

G.S. Lipman. "Carbon monoxide toxicity at high altitude". Wilderness & Environmental Medicine 17 (2006): 144–

145. 

G.Y. Wang, W.X. Zhang, H.L. Lian, D.Z. Jiang, T.H. Wu, Effect of calcination temperatures and precipitant on the 

catalytic performance of Au/ZnO catalysts for CO oxidation at ambient temperature and in humid circumstances 

Appl. Catal. A: Gen. 239 (2003) 1-10 

H. Al-Ekabi, N. Serpone, Kinetics studies in heterogeneous photocatalysis. I. Photo catalytic degredation of chlorinated 

phenols in aerated aqueous solutions over titania supported on a glass matrix. J. Phys. Chem. 92(1988) 5726-

5731. 

H. A. Jones and H. S. Taylor, J. Phys. Chem. 27 (1923) 623-651. 

H. Buchert, K. Ballschmiter, Polychlorodibenzofurans (PCDF) and -dioxins (PCDD) as part of the general pollution 

in environmental samples of urban areas,Chemosphere 15 (1986) 1923- 1926. 

H. Chen, X. Tong and Y. Li, Mesoporous Cu–Mn Hopcalite catalyst and its performance in low temperature Ethylene 

combustion in a carbondioxide stream, Appl. Catal. A: General 370 (2009), 59-65. 

H. D. Draper, The catalytic oxidation of carbon monoxide. IV. The pore volume of the catalysts manganese dioxide, 

copper oxide, copper oxide and mixtures of these oxides. J. Am. Chem. Soc. 1928, 50, 2637 –2653. 

HFCIT Hydrogen Production: Natural Gas Reforming". United States Department of Energy. 2006- 11-08.   

http://www1.eere.energy.gov/hydrogenandfuelcells/production/natural_   gas.html. 

Retrieved 2008-01-07. 

http://www.sciencedirect.com/science/journal/0926860X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235217%232009%23996299998%231536159%23FLA%23&_cdi=5217&_pubType=J&view=c&_auth=y&_acct=C000057646&_version=1&_urlVersion=0&_userid=2508949&md5=f89498f7b7ee770598442e8507a4102e
http://www1.eere.energy.gov/hydrogenandfuelcells/production/natural_gas.html
file:///C:/Users/bhush/Downloads/United%20States%20Department%20of%20Energy
http://www1.eere.energy.gov/hydrogenandfuelcells/production/natural_%20gas.html.%20Retrieved%202008-01-07
http://www1.eere.energy.gov/hydrogenandfuelcells/production/natural_%20gas.html.%20Retrieved%202008-01-07


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 52 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

H. Guo, H. Chen, Y. Liang, Y. Rui, J. Lu and Z. Fu, Direct Synthesis of Diphenyl Carbonate with Heterogeneous 

Catalyst and Optimal Synthesis Conditions of the Support Prepared by Sol-gel Method. Chin. J. Chem. Eng.16 

(2008) 223-227. 

H.Q. Zhu, Z.F. Qin, W.J. Shan, W.J. Shen, J.G. Wang, J. Catal. 225 (2004) 267. 

H. Y. Liu, D. Ma, R.A. Blackley, W.Z. Zhou, X.H. Bao, Highly active mesostructured silica hosted silver catalysts 

for CO oxidation using the one-pot synthesis approach Chem. Commun. (2008) 2677-2679. 

H. Yin, C. Wang, H. Zhu, S. H. Overbury, S. Sun and S. Dai. Colloidal deposition synthesis of supported gold 

nanocatalysts based on Au–Fe3O4 dumbbell nanoparticles. Chem. Commun., 2008, 4357-4359. 

H. Zhu, C. Liang, W. Yan, S. H. Overbury and S. Dai, Preparation of Highly Active Silica- Supported Au Catalysts 

for CO Oxidation by a Solution-Based Technique. J. Phys. Chem. B 2006, 110, 10842-10848. 

I.D. Gomez, I. Kocemba, J.M. Rynkowski, Factors influencing structure and catalytic activity of Au/Ce1−xZrxO2 

catalysts in CO oxidation .Appl. Catal. B 88 (2009) 83. 

J. A. Almquist, W. C. Bray, The catalytic oxidation of carbon monoxide,J. Am. Chem. Soc. 1923, 45, 2305 –2322. 

J. A. Raub, M. Mathieu-Nolf, N.B. Hampson, S. R. Thom. "Carbon monoxide poisoning- a public healthcperspective". 

Toxicology 145 (2000) 1–14. 

J. Barbier, D. Duprez, Steam effects in three-way catalysis Appl. Catal. B 1994, 4, 105–140. 

J. Jansson, Low-Temperature CO Oxidation over Co3O4/Al2O3, J. Catal. 2000, 194, 55–60. 

J. Kosmider, B. Mazur-Chrzanowska, & B. Wyszynski, (2002). Odory, Warszaw, Poland: PWN. 

J. Meilin, L. Xu, Zhaorigetu, S. Yuenian, L. Yunxia, Activity and deactivation behavior of Au/LaMnO3 

catalysts for CO oxidation, J. RARE EARTHS, 29 (2011) 213-216. 

J. Qin, J. Lu, M. Cao and C. Hu, Synthesis of porous CuO–CeO2 nanospheres with an enhanced low-temperature 
CO oxidation activity. Nanoscale, 2010, 2, 2739–2743 

J.Y. Luo, M. Meng, X. Li, X.G. Li, Y.Q. Zha, T.D. Hu, Y.N. Xie, J. Zhang, Mesoporous Co3O4– CeO2 and 

Pd/Co3O4–CeO2 catalysts: Synthesis, characterization and mechanistic study of their catalytic properties for 
low- temperature CO oxidation. J. Catal. 254 (2008) 310-324. 

J.R. Donnelly, Air Pollution Engineering Manual, Van Nostrand Reinhold, New York, 1992, p. 263. 

J. W. Saalfrank and W. F. Maier. Doping, selection and composition spreads, a combinatorial strategy for the discovery 

of new mixed oxide catalysts for low-temperature CO oxidation. Comptes. Rendus. Chimie, 7 (2004) 483-494. 

J. Zhu, Q. Gao, Mesoporous MCo2O4 (M = Cu, Mn and Ni) spinels: Structural replication, characterization 

and catalytic application in CO oxidation, Microp. Mesop. Mat. 124 (2009) 144– 

152. 

K. Balldvhmiter, H. Buchert, R. Niemczyk, A. Munder, M. Swerev, Chemosphere 15 (1986) 901. 

K. Christmann, S. Schwede, S. Schubert, W. Kudernatsch, Model Studies on CO Oxidation Catalyst Systems: Titania 

and Gold Nanoparticles. ChemPhysChem 2010, 11, 1344–1363. 

http://www.sciencedirect.com/science/journal/10049541
http://www.chemspider.com/22421
http://www.sciencedirect.com/science/journal/16310748
http://www.sciencedirect.com/science/journal/16310748


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 53 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

K. J. Cole, A. F. Carley, M. J. Crudace, M. Clarke, S. H. Taylor, G. J. Hutchings, Copper Manganese Oxide Catalysts 

Modified by Gold Deposition: The Influence on Activity for Ambient Temperature Carbon Monoxide 

Oxidation. Catal. Lett. 138, (2010), 143–147. 

K. L. Swayne, Infrared remote sensing of on-road motor vehicle emissions in Washington state,1999. 

L.A. Isupova, A.N. Nadeev, I.S. Yakovleva & S.V. Tsybulya, Mechanochemical Synthesis and physicochemical 

properties properties of La1-xBaxFeO3-δ (0<x<1) Perovskites. Kinetics & cat. 49 (2008)133-137. 

L. Croll, B. Billingsley, L. Brey, D. Fansler, and P. Martinson, Design and evalution of escape and CRBN respirator 

cartridges using nano gold carbon monoxide catalyst, 2010. 

L.-C. Wang, Q. Liu, X.-S. Huang, Y.-M. Liu, Y. Cao, K.-N. Fan, Gold nanoparticles supported on manganese oxides 

for low-temperature CO oxidationAppl. Catal. B 2009, 88, 204 –212. 

L.D. Prockop, R.I Chichkova. "Carbon monoxide intoxication: an updated review". J. Neurol. Sci. 262 (2007)122–

130. 

L.M. Parker and , J.E. Patterson, Catalysts for Low-Temperature Oxidation of Ethene Environ. Catal. Chapter 25 

(1994) 301–315. 

L. Ruihui, Z. Cunman, M. A. Jianxin. High thermal stable gold catalyst supported on La2O3 doped Fe2O3 for low- 

temperature CO oxidation. J. Rare Earths 28 (2010) 376. 

L.W. Kao, K. A. Nañagas. "Toxicity associated with carbon monoxide". Clinics in Laboratory Medicine 26 (2006) 

99–125. 

L. Zhang b, L. Dong, W. Yu, L. Liu, Y. Deng, B. Liu, H. Wana, F. Gao, K. Sun, L. Dong, Effect of cobalt precursors 

on the dispersion, reduction, and CO oxidation of CoOx/c-Al2O3 catalysts calcined in N2. J. Col. Int. Sci. 355 

(2011) 464–471. 

M. Daté, M. Haruta, Moisture Effect on CO Oxidation over Au/TiO2 Catalyst J. Catal. 201 (2001) 221-224 

M. Date, M. Okumura, S. Tsubota, M. Haruta, Vital Role of Moisture in the Catalytic Activity of Supported Gold 

Nanoparticles, Angew. Chem. Int. Ed. 43 (2004) 2129-2134. 

Minnesota Department of Health , (2003), Volatile Organic Compounds (VOCs) in your home, On line at: 

http://www.health.state.mn.us/divs/eh/indoorair/voc/. 

M. Faticanti, N. Cioffi, S. De Rossi, N. Ditaranto, P. Porta, L. Sabbatini, T. Bleve-Zacheo, Pd supported on tetragonal 

zirconia: Electrosynthesis, characterization and catalytic activity toward CO oxidation and CH4 combustion. 

Appl. Catal. B: Envir. 60 (2005) 73–82. 

3M Gold Catalyst AUC-16-1 for Carbon Monoxide Removal, 3M, Data Technical Sheet, 2010. 

M. Goldstein "Carbon monoxide poisoning". Journal of Emergency Nursing: JEN: Official Publication of 

the Emergency Department Nurses Association 34 (2008) 538–542. 

M. Han, X. Wang, Y. Shen, C. Tang, G. Li and R.L. Smith, Preparation of Highly Active, Low Au- Loaded, CeO2 -

Nanoparticle Catalysts That Promote CO Oxidation at Ambient Temperatures, 

http://pubs.acs.org/isbn/9780841228511
http://pubs.acs.org/isbn/9780841228511
http://www.health.state.mn.us/divs/eh/indoorair/voc/


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 54 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

J. Phys. Chem. C 2010, 114, 793–798 

M. Haruta, When Gold Is Not Noble: Catalysis by Nanoparticles. The Chemical Record, 3(2003)75- 87. 

M. Haruta, N. Yamada, T. Kobayashi, S. lijima, Gold catalysts prepared by coprecipitation for low- temperature 

oxidation of hydrogen and of carbon monoxide, J. Catal. 115 (1989) 301-309. 

M. Haruta, Size-and support-dependency in the catalysis of goldCatal. Today 1997, 36, 153-166. 

M. Okumura, T. Akita, M. Haruta, X. Wang, O. Kajikawa, O. Okada Multi-component noble metal catalysts 

prepared by sequential deposition precipitation for low temperature decomposition of dioxin Applied Catalysis 

B: Environmental 41 (2003) 43–52. 

H. Yu, M.Chen, P. M. Rice, S. X. Wang, R. L. White and S. Sun. Dumbbell-like Bifunctional Au- Fe3O4 

Nanoparticles. Nano Let. 5 (2005) 379-382. 

M. Che, C.O. Bennett, The influence of particle size on the catalytic properties of supported metals, Adv. 

Catal. 36 (1989) 55-172. 

M. Ferrandon & E. Bjornbom, Hydrothermal stabilization by lanthanum of mixed metal oxides and noble metal 

catalysts for volatile organic compound removal. J. Catal. 200 (2001)148–159. 

M.F.M. Zwinkels, S.G. Jaras, P.G. Menon and T.A. Griffik, Catalytic. Materials for high temperature 

combustionCatal. Rev. Sci. Eng. 35 (1993), 319-358. 

M.F.M. Zwinkels, S.G. Järås and P.G. Menon, Catalytic fuel combustion in honeycomb monolith reactors. In: A. 

Cybulski and J.A. Moulijn, Editors, Structured Catalysts and Reactors, Marcel Dekker, New York (1998), 149–

177. 

M. Haruta, S. Tsubota, T. Kobayashi, H. Kageyama, M. J. Genet, B. Delmon, Low-Temperature Oxidation of CO 

over Gold Supported on TiO2, α-Fe2O3, and Co3O4 J. Catal. 1993, 144, 175 –192. 

M. Haruta and H. Sano, in: Preparation of Catalysts III, Studies in Surface Science and Catalysis, vol. 16, 1983,225. 

M. I. Szynkowska, A. Wegli´nska, E. Wojciechowska, T. Paryjczak, Oxidation of thiophene over copper– manganese 

mixed oxides. Chemical Papers 63 (2009) 233–238. 

M. J. P Hopstaken, J. W. J. Niemantsverdriet, , Structure sensitivity in the CO oxidation on rhodium, Chem. Phys., 

2000,. 113, 5457—5465. 

M. Krämer, T. Schmidt, K. Stöwe and W.F. Maier, Structural and catalytic aspects of sol–gel derived copper 

manganese oxides as low-temperature CO oxidation catalyst., Appl. Catal. A: Genaral, 302 (2006), 257-263 

M. Ozawa, H. Toda, O. Kato, S. Suzuki, Solid-state thermal behavior of copper-modified alumina toward lean- burn 

exhaust NO removal catalyst Appl. Catal. B 1996, 8, 122 –140. 

M.S. Chen, D.W. Goodman, The Structure of Catalytically Active Gold on Titania, Science, 306 (2004) 252-255. 

http://www.sciencedirect.com/science/article/pii/S0920586196002088
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235217%232006%23996979997%23619954%23FLA%23&_cdi=5217&_pubType=J&view=c&_auth=y&_acct=C000057646&_version=1&_urlVersion=0&_userid=2508949&md5=98ae1a2844c65fc8590a06eeb2923fba


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 55 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

M. Valden, X. Lai, D.W. Goodman, Onset of Catalytic Activity of Gold Clusters on Titania with the Appearance of 

Nonmetallic Properties, Science 281 (1998) 1647-1650. 

N.K. Radhakrishnan, A.B. Biswas, A neutron diffraction study of the spinel oxide CuMn2O4, Phys. Stat.Sol.44 

(1977) 45-49. 

N. R. Collins, M. V. Twigg, Three-way catalyst emissions control technologies for spark-ignition engines—recent 

trends and future developments, Top. Catal. 2007, 42–43, 323–332. 

N. S. Patil, B. S. Uphade, D. G. McCulloh, S. K. Bhargava and V. R. Choudhary, Styrene epoxidation over gold 

supported on different transition metal oxides prepared by homogeneous deposition–precipitation. Catal. 

Commun., 2004, 5, 681. 

"OSHA Fact Sheet: Carbon Monoxide". United States National Institute for Occupational Safety and Health. 2009. 

P.A. Sermon, G.C. Bond and P.B. Wells, J. Chem. Soc.,Faraday Trans., 1979, 75, 385 

P. A. Wright, S. Natarajan, J. M. Thomas and P.L. Gai-Boyes. Mixed metal amorphous and spinel phase oxidation 

catalysts: Characterization by X-ray diffraction, X-ray absorption, electron microscopy and catalytic studies of 

systems containing copper, cobalt and manganese, Chem. Mater., 4 (1992) 1053-1065. 

P. D. Le, P. D. Becker, A. J. A. Aarnink, , A. W. Jonglbloed & C. M. C. van der Peet- Schwering, (2004). Odour 

from pig production facilities: its relation to diet. Agrotechnology &Food Innovations Report 115.Wageningen, 

The Netherlands: Agrotechnology & Food Innovations 

P. Gélin and M. Primet, Complete oxidation of methane at low temperature over noble metal based catalysts: a review 

Appl. Catal. B 39 (2002), pp. 1–37. 

Q. Dongsheng, L. Guanzhong, G. Yun, W. Yanqin, G. Yanglong, Effect of water vapor on the CO and CH4 catalytic 

oxidation over CeO2-MOx (M=Cu, Mn, Fe, Co, and Ni) mixed oxide, J. Rare Earths 28 (2010) 742. 

R. Burch, Z. Paal, The use of 2,2-dimethylbutane (neohexane) as a probe molecule of metal Catalysts, Appl. 

Catal. A: General 114 (1994) 9-43. 

R.E. Vanderberghe, Comment on neutron diffraction studies of the spinel oxide CuMn2O4, Phys. Stat. Sol. 50 

(1978) K58-K88. 

R.J. Baxter and P. Hu: "An Insight into Why the Langmuir-Hinshelwood Mechanism Is Generally Preferred", J. 

Chem. Phys., 116 (2002) 4379-4381 

R.J.H. Voorhoeve, D.W. Johnson, J.P. Remeika, P.K. Gallagher, Perovskite Oxides: Materials Science in 

Catalysis, Science, 195 (1977) 827–833. 

R. Prasad, L.A. Kennedy and E. Ruckenstein, Catalytic Combustion Catal. Rev. Sci. Eng. 26 (1) (1984), 1-58. 

R. Sharma, R.D. Rimmer, J. Gunamgari, R.S. Shekhawat, B.J. Davis, M.K. Mazumder, D.A. Lindquist, Plasma-

assisted activation of supported Au and Pd catalysts for CO oxidation. 41 (2005) 1373-1376. 

http://www.osha.gov/OshDoc/data_General_Facts/carbonmonoxide-factsheet.pdf


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 56 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

S. Bedrane, C. Descorme, D. Duprez, Towards the comprehension of oxygen storage processes on model three- way 

catalysts, Catal. Today 2002, 73, 233 –238. 

S. Bedrane, C. Descorme, D. Duprez, 16O/18O isotopic exchange: A powerful tool to investigate oxygen 

activation on M/CexZr1−xO2 catalystsAppl. Catal. A 2005, 289, 90– 96. 

S.B. Kanungo a, Physicochemical properties of MnO2 and MnO2---CuO and their relationship with the catalytic 

activity for H2O2 decomposition and CO oxidation J. Catal. 58 (1979) 419- 435. 

S.B. Kanungo b, Symposium on Science of Catalysis and its Application in Industry FPDIL, Sindri, India, 

1979. 

S.H. Oh, G.B. Hoflund, Low-temperature catalytic carbon monoxide oxidation over hydrous and anhydrous 

palladium oxide powders. J. Catal. 245 (2007) 35-44. 

S.H. Taylor, G.J. Hutchings and A.A. Mirzaei, Copper zinc oxide catalysts for ambient temperature carbon monoxide 

oxidation Chem. Commun. (1999), p. 1373-1374. 

S.H. Hwang, J.Song, Y. Jung, O.Y. Kweon, H. Song and J. Jang, Electrospun ZnO/TiO2 composite nanofibers as a 

bactericidal agent. Chem. Comm. 2011. 

S. J. Tauster, Strong metal-support interactions Acc. Chem. Res., 1987, 20, 389–394. 

S. Kim, The catalytic oxidation of aromatic hydrocarbons over supported metal oxide. J. Hazard. Mat. B, 91 (2002) 

285–299. 

S.N. Basahel, E.H. El-Mossalamy, M. Mokhtar, Preparation and physicochemical characterization of thermally stable 

nano-sized hopcalite catalysts. Inter. J. Nanoman. 4(2009) 159-165. 

S.-P. Wang, T.-Y. Zhang, X.-Y. Wang, S.-M. Zhang, S.-R. Wang, W.-P. Huang, S.-H. Wu. 

Synthesis, 

characterization and catalytic activity of Au/Ce0.8Zr0.2O2 catalysts for CO oxidationJ.Mol. Catal. 

A: Chemical 272 (2007) 45–52. 

S. Royer and D. Duprez, Catalytic Oxidation of Carbon Monoxide over Transition Metal Oxides. ChemCatChem 3 

(2011) 24–65. 

STC Catalysts Inc. Available from www.stc-catalysts.com [Accessed December, 2007]. 

S. Singh, R. Prasad, Physico-chemical analysis and study of different parameters of hopcalite catalyst for CO 

oxidation at ambient temperature, Inter. J.  Sci. & Eng. Res.,  7  (2016 ) 846-855 

S.T. Omaye. "Metabolic modulation of carbon monoxide toxicity". Toxicology 180 (2002) 139–150. 

S. Veprek, D.L. Cocke, S. Kehl and H.R. Oswald, Mechanism of the deactivation of hopcalite catalysts studied 

by XPS, ISS, and other techniques. J. Catal. 100 (1986), p. 250. 

T. E. Johnson, The oxidation of ammonia on a supported ruthenium catalyst. A Thesis in Chemical Engineering,1972. 

URI: http://hdl.handle.net/2346/21684 

http://www.inderscience.com/search/index.php?action=basic&wf=author&year1=1995&year2=2007&o=2&q=S.N.%20Basahel
http://www.inderscience.com/search/index.php?action=basic&wf=author&year1=1995&year2=2007&o=2&q=%20E.H.%20El-Mossalamy
http://www.inderscience.com/search/index.php?action=basic&wf=author&year1=1995&year2=2007&o=2&q=%20M.%20Mokhtar
http://www.stc-catalysts.com/
http://hdl.handle.net/2346/21684


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 57 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

T. Engel, G. Ertl, Surface Residence Times and Reaction Mechanism in the Catalytic Oxidation of CO on Pd(111). 

Chem. Phys. Lett. 1978, 54, 95–98. 

T. F. Garetto, E. Rincon & C. R. Apesteguia, (2004). Deep oxidation of propane on Pt- supported catalysts: drastic 

turnover rate enhancement using zeolite supports. Applied Catalysis B: Environmental, 48, 167–174. 

T. J. Jennings, F. S. Stone, 47 Kinetics of the Chemisorption of Oxygen on Cuprous OxideAdv. Catal. 1957, 9, 441 -

451. 

T. Nguyen, D.F. Ollis, Complete Heterogeneously Photocatalyzed Transformation of 1,1- Dibromoethane and 1,2- 

Dibromoethane to Co2 and Hbr J. Phys. Chem. 88(1984) 3386-3388. 

T. Nalette, C. Eldridge, P. Yu, Advanced Catalysts for the Ambient Temperature Oxidation of Carbon Monoxide and 

Formaldehyde, American Institute of Aeronautics and Astronautics, 1-11. 

T.S. Kim, J. Gong, R.A. Ojifinni, J. M. White, and C.B. Mullins, Water Activated by Atomic Oxygen on Au(111) to 

Oxidize CO at Low Temperatures, J. AM. CHEM. SOC. 2006, 128, 6282-6283. 

T. Struttmann, A. Scheerer, T.S. Prince, L.A. Goldstein. "Unintentional carbon monoxide poisoning from an unlikely 

source". The Journal of the American Board of Family Practice 11 (1998) 481–484. 

T.V. Choudhary, S. Banerjee and V.R. Choudhary, Catalysts for combustion of methane and lower alkanes 
Appl.Catal. A 234 (2002), p. 1-23 

U. Duwel, A. Nottrodt, K. Ballshmiter, Simultaneous sampling of PCDD/PCDF inside the combustion chamber and 

on four boiler levels of a waste incineration plant, Chemosphere 20 (1990) 1839-1846. 

Université de Bourgogne, France. Proceedings Satellite Meeting IUTOX VIIIth Internationazl 

Congress of Toxicology.“Carbon monoxide: the unnoticed poison of the 21st Century” 1998. 

V. Aguilar-Guerrero, B.C. Gates, Kinetics of CO Oxidation by Supported Gold: A Tabular Summary of the Literature. 

Catalysis Lett , 130(2009)108-120. 

W. C. Bray, G. J. Doss, The Catalytic Oxidation of Carbon Monoxide. III. Catalytic Efficiency of Mixtures of Dry 

Manganese Dioxide and Cupric Oxide, J. Am. Chem. Soc.1926, 48, 2060– 2064. 

W. E. Garner, F. S. Stone, P. F. Tiley, The Reaction between Carbon Monoxide and Oxygen on Cuprous Oxide at 

Room Temperature, Proc. R. Soc. London Ser. A 1952, 211, 472 –489. 

W. F. Maier and J. Saalfrank, Discovery, combinatorial chemistry and a new selective CO-oxidation catalyst. Chem. 

Eng. Sci. 59 (2004) 4673-4678. 

W. J. Zhang, S. PalDey, S. Deevi, Effect of moisture on the active species in Cu–CeO2 catalyst Appl. Catal. A 2005, 

295, 201– 208. 

W. M. Hoskins, W. C. Bray, The Catalytic Oxidation of Carbon Monoxide. II. The Adsorption of Carbon Dioxide, 

Carbon Monoxide and Oxygen by the Catalysts, Manganese Dioxide, Cupric Oxide, and Mixtures of these 

Oxides. J. Am. Chem. Soc. 1926, 48, 1454–1474. 

http://www.sciencedirect.com/science/journal/00092509
http://www.sciencedirect.com/science/journal/00092509
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235229%232004%23999409977%23534571%23FLA%23&_cdi=5229&_pubType=J&view=c&_auth=y&_acct=C000057646&_version=1&_urlVersion=0&_userid=2508949&md5=ebb05135f07fa721af010618d155c682


 

 

 

© Associated   Asia   Research   Foundation (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 58 

 

 International Research Journal of Natural and Applied Sciences  

ISSN: (2349-4077) Impact Factor 8.032  

Volume 13, Issue 02, February 2026 

Website- www.aarf.asia, Email : editor@aarf.asia , editoraarf@gmail.com  

X.-bin Zhang, K.-yan Ma; L.-hui, Zhang, G.-ping Yong, Ya Dai, S.-min Liu, Effect of Precipitation Method and Ce 

Doping on the Catalytic Activity of Copper Manganese Oxide Catalysts for CO Oxidation. Chin. J. Chem. Phys. 

24 (2011) 97-102. 

X. Xie, Y. Li, Z.-Q. Liu, M. Haruta & W. Shen,Low-temperature oxidation of CO catalysed by Co3O4 nanorods, 

NATURE, 458 (2009) 746-749. 

X. Xu, J. Li and Z. Hao, CeO2-Co3O4 Catalysts for CO Oxidation. J. Rare Earths, 24(2006) 172- 176. 

Y.B. Yu, T. Takei, H. Ohashi, H. He, X.L. Zhang, M. Haruta, Pretreatments of Co3O4 at moderate temperature for 

CO oxidation at –80 °C. J. Catal. 267 (2009) 121-128. 

Y. Chen, J. Qiu, X. Wang, J. Xiu, J. Catal., 2006, 242, 227–230 

Y.-F. Y. Yao, The oxidation of hydrocarbons and CO over metal oxides: III. Co3O4 , J. Catal. 

1974, 33, 108–122. 

Y.-F.Y. Yao, The oxidation of CO and hydrocarbons over noble metal catalysts, J. Catal. 1984, 87, 152 –162. 

Y. Lou, L. Wang, Y. Zhang, Z, Zhao, Z. Zhang, G. Lu & Y. Guo, The effects of Bi2O3 on the CO oxidation over 

Co3O4, Cat. Today, 2011. 

Y. Shen, G. Lu, Y. Guo,Y. Wang, Y. Guo, X. Gong. Study on the catalytic reaction mechanism of low temperature 

oxidation of CO over Pd–Cu–Clx/Al2O3 catalyst. Catal. Today (2011) (in press). 

Y. Tanaka, T. Utaka, R. Kikuchi, T. Takeguchi, K. Sasaki and K. Eguchi, Water gas shift reaction for the reformed 

fuels over Cu/MnO catalysts prepared via spinel-type oxide. J. Catal. (2003) 271-278. 

Y. X. Shen, G. Z. Lu, Y. Guo, Y.Q. Wang, Chem. Commun. 46 (2010) 8433. 

Y. Zhang, M. A. Busch, and K. W. Busch, Pre-excitation, catalytic oxidation of Analytes over hopcalites in 

flame/furnace infrared emission (FIRE) spectrometry. Appl. Spect. 46 (1992), 631-639. 

Z. Jaworska-Galas, W. Mista, J. Wrzyszcz and M. Zawadzki, Thermal stability improvement of hopcalite catalyst. 

Cat. Let. 24 (1994) 133-139. 

Z. Jiling, Y. Yanhua, Z. Zhimei, Researches in hopcalite catalyst for carbon monoxide low temperature oxidation. 

Ind. Catal. 15 (2007) 56-61. 

Z. Ma, Francisco Zaera "Heterogeneous Catalysis by Metals" in Encyclopedia of Inorganic Chemistry, 2006, John 

Wiley. doi:10.1002/0470862106.ia084. 

Z. Qu, W. Huang, S. Zhou, H. Zheng, X. Liu, M. Cheng, X. Bao, Enhancement of the catalytic performance of 

supported-metal catalysts by pretreatment of the support. J. Catal. 234 (2005) 33–36. 

Z. Yan, S. Chinta, A.A. Mohamed, J.P. Fackler Jr., and D.W. Goodman, CO oxidation over Au/TiO2 prepared 

from metal-organic gold complexes. Catal. Let. 111 (2006) 15-18. 

 

http://www.sciencedirect.com/science/journal/10020721
http://www.sciencedirect.com/science/journal/00219517
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1002%2F0470862106.ia084

