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ABSTRACT 

The huge amount of fly ash produced in the coal industry has caused environmental 

problems. This research presents the performance of catalytic converters manufactured from 

coal fly ash for the reduction of gas emissions of a motor vehicle. At idle engine speed and 

0.1 MPa air pressure, the presence of activated fly ash as a catalytic converter could reduce 

the emissions of hydrocarbons (HC) and carbon monoxide (CO) up to 48 and 45%, 

respectively. The increase in the length of catalytic converter could further decrease the 

emissions of HC and CO. By increasing the engine speed, the emissions decreased with or 

without catalytic converter. The optimum air pressure was obtained at 0.1 MPa. The 

minimum emissions of HC and CO were observed at the engine speed of 2000 rpm, catalyst 

length of 9 cm and air pressure of 0,1 MPa with the value of 1,260 and 8,510 ppm, 

respectively. Therefore, the utilization of fly ash as catalytic converter in the exhaust system 

motor vehicles can minimize several environmental problems such as fly ash waste and gas 

emission. 

Keywords: Catalytic converter, Coal fly ash, Motor vehicle, Gas emission, HC, CO 

 

1. Introduction 

Approximately, 50 million vehicles are annually produced and worldwide over 700 

million vehicles are currently operated. The volume of vehicles is projected to reach about 
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1300 million by 2030 [1]. Emissions resulted from the fuel combustion of motor vehicle 

contribute to environmental air pollution, human health concern and global warming [2]. On 

the other hand, the state regulation particularly in the developing countries is not strictly 

enforced in which many old vehicles are still permitted to function. The incomplete 

combustion obviously increases with to the age of engine [3,4]; incomplete combustion 

results in more hydrocarbons (HC), carbon monoxide (CO) and oxides of nitrogen (NOx) 

pollutants. Many researchers have investigated physical, technical and chemical means to 

reduce the pollutants from the exhaust emission [5]. One of the most effective ways to reduce 

the pollutants is by using the catalytic converter [1]. 

The utilization of three-way catalytic converters is developed based on the noble metal 

catalyst (Platinum group: Pt, Pd and Rh). It is because the catalysts are capable of efficiently 

converting the pollutants of HC to CO2 and water, CO to CO2 and NOx to nitrogen [6]. The 

noble metal catalysts, however, have a number of limitations regarding the high cost, low 

availability, activity reduction and sintering at high temperature [7,8]. To reduce the amount 

of the noble metal catalysts, supports such as alumina, silica or ceramic buffer have been 

used. This technique could achieve quite high conversion about 80%; however, the method is 

quite expensive in fabrication and less suitable to be applied in countries having or supplying 

gasoline with high Pb [7]. 

One of the potential materials for catalytic converter is developed from the waste 

materials. Fly ash is an industrial waste generated from the steam power generator industry. 

The fly ash is generally disposed-off in landfill or just dumped in industrial area in huge 

amount. With time, fly ash will accumulate in the location and may cause certain 

environmental problems. Therefore, the utilization of the waste of fly ash as a catalytic 

converter in reducing waste gas emissions of motor vehicles might be a promising option. It 
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is also a way simultaneously to solve the environmental problems of raw materials and to 

minimize the cost of catalytic converter. Fly ash contains about 42-53% silica, 22-30% 

alumina and 4-5% Fe [9,10]. It is reported that materials containing high alumina and silica 

(about 35 and 51%, respectively) show a particularly low thermal expansion coefficient and 

high resistant to fracture due to the thermal shock [11]. The material that contains high Fe can 

also withstand at high temperatures due to its high melting temperature up to 1500 °C [12]. 

The objective of this study is to explore the performance of catalytic converter based on 

the activated fly ash catalyst embedded in the exhaust system of gasoline machine purposely 

to reduce the HC and CO pollutants. The effects of air injection, engine speed and length of 

catalytic converter are also studied. The characterization results of X-ray fluorescence (XRF), 

Fourier-transform infrared spectroscopy (FTIR) and Brunauer–Emmett–Teller (BET) are 

described to explore the role of the component inside the catalyst. 

2. Materials and methods 

2.1. Preparation of catalytic converter 

Fly ash as catalyst was obtained from coal waste of steam-electric power plant (PLTU 

Asam-Asam) in South Borneo. It was washed with distilled water and dried at 60 °C until 

reaching a constant weight. The fly ash was further activated using 9 M H2SO4. Five hundred 

grams of fly ash poured into a flask were added with 1.5 L 9 M H2SO4 and then annealed at a 

room temperature for 24 h. The solution was filtered and the fly ash was washed with the 

distilled water up to pH 7. The fly ash was then dried at 110 °C for 3 h. This last material was 

called as the activated catalyst and later sieved in 100-mesh (0.15 mm). The catalyst was then 

molded in the circle shape using a pipe-mild steel with the diameter of 50 mm and length of 5 

cm. To prepare the catalytic converter with the length of 7 and 9 cm, the amount catalyst of 

700 and 900 g were used, respectively. Cement was used as the adhesive for fly ash molding. 
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The molded catalyst was then embedded in the muffler of motor vehicle exhaust system as 

the design shown in Fig. 1. The muffler length of 15 cm was set. In case of the 5 cm length of 

catalytic converter used, the 10 cm length of free catalyst was conducted. The metal pipe of 

mild steel/ST37 was used for muffler. 

2.2. Characterization 

The catalysts before and after activation were characterized using XRF, BET and FTIR. 

The identification of the element content in the catalyst was performed through a 

characterization using XRF (Minipal4, PANALYTIC, USA) equipped with a rhodium anode 

tube including a helium purge at a maximum voltage of 30 kV and power of 9 W. 

Characterization using BET (NOVA 1200E, Florida, USA) was applied to explore the surface 

area, average diameter and volume pore of catalyst. It was applied with nitrogen adsorption 

measurements. The identification of functional group in the catalyst was conducted using an 

equipment of FTIR (Shimadzu IR Prestige-21 FTIR-8400, Kyoto, Japan) recorded over the 

range of 500-4000 cm-1. 

2.3. Experimental process 

The performance of catalytic converter embedded in the muffler of motor vehicle 

exhaust system was carried out by connecting it with an old motor vehicle of Toyota machine 

type 5 K (1600 cm3, 4 strokes and 4 cylinders) made in Japan and after more than 20-yr 

operation (production year of 1995). The air-fuel ratio used for the experiments was 14.7:1. 

To study the effect of engine speed, the engine was run at the idle engine speed at around 700, 

1000, 1500 and 2000 rpm. The air was also injected into the muffler system corresponding to 

the absolute air pressure of 0.05, 0.1 and 0.15 MPa. To explore the effectiveness of the 

catalyst, the length of catalytic converter of 5, 7 and 9 cm embedded in the muffler was 

applied. The muffler without the catalyst as control was also operated. The HC and CO 
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contents as the main parameters were measured using an exhaust gas analyzer (Technotes 

model, Italy) connected with the motor vehicle exhaust system.  

2.4. Analysis and method 

Triple experiments were conducted with the average results presented. The statistical 

analysis was performed based on the significance level of p = 0.05 using ANOVA of SPSS 

(Statistical Package for the Social Sciences) software. The values of p was calculated and 

evaluated for HC and CO concentration to determine the effect of engine speed, air pressure 

and length of catalytic converter and their interactions. 

3. Results and discussion 

3.1. Characterization of catalyst 

Table 1 shows the composition of fly ash catalyst before and after activation. The 

activation using sulfuric acid was intended to remove the impurities banded with H+ in the fly 

ash. Hence, the sulfuric acid played a role in the substitution of H+ with impurities and further 

formed the acidic group of Bronsted [13]. The percent of Fe and Ca significantly dropped 

after the activation from 58.8 and 13.3% to 29.4 and 6.5%, respectively. It was possible due 

to the substitution of Fe+ and Ca2+ with ion H+ during activation. On the other hand, the 

impurities in fly ash contained iron oxide in the form of hematite and magnetite [14]; hence, 

the drop of Fe content after activation elucidated the removal of impurities during activation. 

Because of the significant reduction amount of Fe and Ca, the percentage of other 

components increased. In fact, the contents of the compounds (Si, Al, K and Ti) were almost 

constant. It is reported that the quartz such as silica does not react with sulfuric acid and the 

slight change of Al and K indicates some dissolution of impurities in fly ash [13]. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

 

Table 2 shows the characterization results of BET surface area, pore volume and average 

pore diameter for catalyst before and after activation. A significant increase in the surface 

area and pore volume of the catalyst after activation compared to that before activation was 

observed by about 40 and 12 times, respectively. This finding was ascribed to the role of 

sulfuric acid in removing the impurities from the catalyst during activation [15]; hence, it 

caused the opening of new pores [16]. However, the average pore diameter decreased and it 

could be possibly attributed to the blocking of pores by the formation of new functional 

group during the activation process [17].  

Fig. 2 shows FTIR characterization results for catalyst before and after activation. The 

broad absorption in the range of 3300-3700 cm-1 could be assigned to hydroxyl group (-OH) 

[18,19]; the same was observed here at 3408 and 3473 cm-1 for catalyst before and after 

activation, respectively. The stretching mode region of H-OH was assigned to wavenumber 

about 1628 cm-1 [20,21]. The stretching band at 1412 cm-1 was attributed to either C-O or C-C 

[22] or -CH2- [23] or -CH [24]. Nevertheless, the stretching band was not found for the 

catalyst after activation; it indicates that this has been removed during the activation process. 

The bending mode in the range of 1120-1000 cm-1 is due to Si-O [20]. The peak was 

observed at 1030 cm-1 for the catalyst before activation. A stronger peak was detected for the 

catalyst after activation and shifted to 1092 cm-1. This high intensity peak supported the XRF 
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result regarding the increase in percentage of Si content after activation. The broad absorption 

at a range of 900-700 cm-1 was assigned to Ca-O [25,26], while the broad was found at 775 

cm-1. The presence of Fe (Fe-O) was monitored at a wave number of about 466 cm-1 [23,27].  

3.2. Effect of air addition on gas emission 

The catalytic converter embedded in the exhaust system was used to convert the 

remaining CO and HC to CO2 according to the exothermic reaction of Eqs. (1) and (2).  

2 CO + O2 → 2 CO2        (1) 

CxH2x+2 + [(3x+1)/2] O2 → x CO2 + (x+1) H2O   (2) 

The role of additional air in two reactions was evaluated based on the pressure of air injected 

into the system. Fig. 3 shows the effect of air pressure on the emissions of HC and CO at an 

idle speed and 5 cm of catalyst length. It was observed that as the air amount was increased 

from 0.05 to 0.1 MPa, the HC content slightly decreased by 27 ppm and the CO content 

considerably dropped by about 300 ppm. It is reasonable that at lean running system i.e., high 

air injected, more oxidation of HC and CO to CO2 occurred [18]. A significant decrease of 

CO content observed was reasonable due to the lower stoichiometric ratio of O2 to CO (Eq. 

(1)) compared to the ratio of O2 to CH (Eq. (2)). Hence, the dependence of HC on oxygen 

was higher than the dependence of CO on oxygen. The higher pressure led to the higher HC 

and CO emissions. This finding is consistent with the results of HC and CO emissions as 
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obtained by Dec and Sjöberg [28]. On the other hand, it was associated to the reduction of 

average combustion temperature and total heat release; hence, the air excess was subjected to 

less oxidation of HC and CO to CO2 [29]. 

3.3. Effect of engine speed on gas emission 

Fig. 4a and 4b shows the effect of engine speed on the content of HC and CO, 

respectively at 0.1 MPa air pressure and 5 cm catalyst length. A comparable value of HC 

content at both engine speed of idle and 1000 rpm was observed; however, the content of 

overall HC and CO decreased while the speed of engine was increased. This finding was 

related to the efficiency of combustion in the engine enhanced by increasing the engine speed 

[29]; hence, this led to the expense of HC and CO emissions. It can be also possibly 

associated with a thermal change within the system. The heat flux from the engine was 

enhanced due to the increased engine speed; thus increasing the temperature of the whole 

cylinder. This implied an increase in a constant of reaction rate and further converting HC 

and CO to CO2.  

3.4. Effect of catalytic converter length on gas emission 

The effect of length of catalytic reaction on the emissions of HC and CO content at idle 

condition and 0.1 MPa air pressure is shown in Fig. 5. The presence of the modified catalyst 

significantly decreased the content of HC and CO by 21 and 23%, respectively. It revealed 
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the role of catalyst in the reduction of HC and CO content in accordance to both reactions as 

described in Eqs. (1) and (2). The catalyst dominantly containing Fe and Si and little amount 

of Ca and Al shows its capability for both reactions. It was reported that Pt, Pd and Rh 

catalysts, their modified catalyst system [30] and catalysts of carbon nano tube [31]; alumina 

nano (n-Al) [32], MnO [33] and CuO [33] are capable of simultaneously converting HC and 

CO to CO2. Some catalysts such as Al2O3 [34], CeO2 [35,36] and FeCl3 [37] are able to 

reduce the emission of HC with less effect on CO reduction. In the contrary effect on HC and 

CO emissions, only few catalysts like nano-silicon (n-Si) [38] were observed. This shows the 

potential material of our developed catalyst to be considered for actual application. Upon 

increasing contact time of HC and CO to the catalyst, the emissions of HC and CO was also 

reduced as shown in Fig. 5. It is customary to obtain a reduction of HC and CO at higher 

contact time [18]. However, a gradual decrease in HC and CO content in the range of 5-7 cm 

catalyst length was observed as compared to significant drop of the content in the range of 0-

5 cm catalyst length. This is because the catalytic reaction was very slow [6]; hence, more 

contact of HC and CO to the catalyst led to less effect. Especially observed for CO emission, 

it was due to chemically slow oxidation of CO compared to HC [39]. 

Tables 3 and 4 present a summary of HC and CO emissions at various effect of air 

pressure, engine speed and catalyst length, respectively. It was observed that the trend results 
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were similar with the previous discussion. The minimum emissions of HC (1,260 ppm) and 

CO (8,510 ppm) were achieved at engine speed of 2000 rpm, catalyst length of 9 cm and air 

pressure of 0.1 MPa. Based on statistical results using ANOVA, significant differences were 

obtained for factors of air pressure (p < 0.05), engine speed (p < 0.05) and length of catalytic 

converter (p < 0.05). The interaction between engine speed and air pressure led to a 

significant effect (p < 0.05); while other interactions showed an insignificant one (p > 0.05). 

High values of emissions obtained here were reasonable due to usage of old vehicle as 

reported that older vehicle has significantly higher rate of emissions [3], especially after 20-yr 

operation [4]. By using catalytic converter, the maximum reduction of HC and CO emissions 

was achieved up to 48 and 45%, respectively, in this work, while the decrease in CO 

emission can be obtained up to 90% (about 696 ppm) as reported [40]. However, they used a 

relatively new motor vehicle and costly catalyst type. Thus, the utilization of waste of fly ash 

as catalytic converter can be considered to be realized in larger scale operation. 

 

4. Conclusions 

 Fly ash can be activated and used as a catalytic converter in the muffler of the motor vehicle 

exhaust system which could reduce emissions of HC and CO. The optimum air pressure to 

reduce HC and CO emissions was 0.1 MPa. Increasing the engine speed decreased the 

emissions of HC and CO. Upon increasing the length of catalytic converter, the emissions of 
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HC and CO decreased. The minimum HC and CO content was observed at engine speed of 

2000 rpm, catalyst length of 9 cm and air pressure of 0.1 MPa, which are 1,260 and 8,510 

ppm, respectively. 

Acknowledgement 

The authors extend their appreciation to Directorate General of Research and 

Community Services, Ministry of Research, Technology and Higher Education, Republic of 

Indonesia for funding this research. 

References 

[1] Sharma SK, Goyal P, Tyagi RK. Conversion efficiency of catalytic converter. Int J 

Amb Energ 2016;37:507-12. 

[2] Jena SP, Acharya SK, Das HC, Patnaik PP, Bajpai S. Investigation of the effect of 

FeCl3 on combustion and emission of diesel engine with thermal barrier coating. 

Sustain Environ Res 2018;28:72-8. 

[3] Li YQ, Wang Y, Zi YY, Zhang MQ. An enhanced data visualization method for 

diesel engine malfunction classification using multi-sensor signals. Sensors 

2015;15:26675-93. 

[4] Clark NN, Kern JM, Atkinson CM, Nine RD. Factors affecting heavy-duty diesel 

vehicle emissions. J Air Waste Manage Assoc 2002;52:84-94. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

13 

 

[5] Westerholm R, Hang L, Egeback KE, Gragg K. Exhaust emission reduction from a 

heavy duty diesel truck, using a catalyst and a particulate trap. Fuel 1989;68:856-60. 

[6] Santos H, Costa M. Evaluation of the conversion efficiency of ceramic and metallic 

three way catalytic converters. Energ Convers Manage 2008;49:291-300. 

[7] Irawan RMB, Purwanto P, Hadiyanto H. Optimum design of Manganese-coated 

Copper catalytic converter to reduce carbon monoxide emissions on gasoline motor. 

Procedia Env Sci 2015;23:86-92. 

[8] Patel F, Patel S. La1-xSrxCoO3 (x=0, 0.2) perovskites type catalyst for carbon 

monoxide emission control from auto-exhaust. Procedia Eng 2013;51:324-9. 

[9] Wang MH, Zhao H, Liu Y, Kong CY, Yang AM, Li JY. Removal of Fe from fly ash 

by carbon thermal reduction. Micropor Mesopor Mat 2017;245:133-7. 

[10] Yang T, Yao X, Zhang ZH. Quantification of chloride diffusion in fly ash-slag-based 

geopolymers by X-ray fluorescence (XRF). Constr Build Mater 2014;69:109-15. 

[11] Williams JL. Monolith structures, materials, properties and uses. Catal Today 

2001;69:3-9. 

[12] Heck RM, Gulati S, Farrauto RJ. The application of monoliths for gas phase catalytic 

reactions. Chem Eng J 2001;82:149-56. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 

 

[13] Zhao H, Zhou CH, Wu LM, Lou JY, Li N, Yang HM, et al. Catalytic dehydration of 

glycerol to acrolein over sulfuric acid-activated montmorillonite catalysts. Appl Clay 

Sci 2013;74:154-62. 

[14] Bakharev T. Thermal behaviour of geopolymers prepared using class F fly ash and 

elevated temperature curing. Cement Concrete Res 2006;36:1134-47. 

[15] Ooi CH, Cheah WK, Sim YL, Pung SY, Yeoh FY. Conversion and characterization of 

activated carbon fiber derived from palm empty fruit bunch waste and its kinetic 

study on urea adsorption. J Environ Manage 2017;197:199-205. 

[16] Yalcin M, Arol AI. Gold cyanide adsorption characteristics of activated carbon of 

non-coconut shell origin. Hydrometallurgy 2002;63:201-6. 

[17] Pak SH, Jeon MJ, Jeon YW. Study of sulfuric acid treatment of activated carbon used 

to enhance mixed VOC removal. Int Biodeter Biodegr 2016;113:195-200. 

[18] Putra MD, AI-Zahrani SM, Abasaeed AE. Oxidehydrogenation of propane to 

propylene over Sr-V-Mo catalysts: effects of reaction temperature and space time. J 

Ind Eng Chem 2012;18:1153-6. 

[19] Figueiredo H, Neves IC, Quintelas C, Tavares T, Taralunga A, Mijoin J, et al. 

Oxidation catalysts prepared from biosorbents supported on zeolites. Appl Catal B-

Environ 2006;66:274-80. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 

 

[20] Madejová J. FTIR techniques in clay mineral studies. Vib Spectrosc 2003;31:1-10. 

[21] Putra MD, Al-Zahrani SM, Abasaeed AE. Effect of Sr loading on 

oxydehydrogenation of propane to propylene over Al2O3-supported V-Mo catalysts. J 

Energy Chem 2013;22:778-82. 

[22] Bhandari N, Hausner DB, Kubicki JD, Strongin DR. Photodissolution of ferrihydrite 

in the presence of oxalic acid: an in situ ATR-FTIR/DFT study. Langmuir 

2010;26:16246-53. 

[23] Salehizadeh H, Hekmatian E, Sadeghi M, Kennedy K. Synthesis and characterization 

of core-shell Fe3O4-gold-chitosan nanostructure. J Nanobiotechnol 2012;10:1-7. 

[24] Lim YM, Park HS, Song SH, Park CJ, Ryu H, Jee JG, et al. Synthesis and 

characterization of phthalocyaninatometal (PcM, M=Fe2+, Co2+) complexes with 

monodentate aromatic isocyanide ligands. Bull Korean Chem Soc 1999;20:701-4. 

[25] Parchur AK, Ningthoujam RS. Preparation and structure refinement of Eu3+ doped 

CaMoO4 nanoparticles. Dalton Trans 2011;40:7590-4. 

[26] Zaitan H, Bianchi D, Achak O, Chafik T. A comparative study of the adsorption and 

desorption of o-xylene onto bentonite clay and alumina. J Hazard Mater 

2008;153:852-9. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

16 

 

[27] Sasidharan M, Hegde SG, Kumar R. Surface acidity of Al-, Ga- and Fe-silicate 

analogues of zeolite NCL-1 characterized by FTIR, TPD (NH3) and catalytic methods. 

Micropor Mesopor Mat 1998;24:59-67. 

[28] Dec JE, Sjöberg M. A parametric study of HCCI combustion - the sources of 

emissions at low loads and the effects of GDI fuel injection. SAE Technical Paper 

2003:2003-01-0752. 

[29] Hasan AO, Abu-Jrai A, Al-Muhtaseb AH, Tsolakis A, Xu HM. HC, CO and NOx 

emissions reduction efficiency of a prototype catalyst in gasoline bi-mode SI/HCCI 

engine. J Environ Chem Eng 2016;4:2410-6. 

[30] Lin S, Yang L, Yang X, Zhou R. Redox properties and metal–support interaction of 

Pd/Ce0.67Zr0.33O2–Al2O3 catalyst for CO, HC and NOx elimination. Appl Surf Sci 

2014;305:642-9. 

[31] Basha JS, Anand RB. The influence of nano additive blended biodiesel fuels on the 

working characteristics of a diesel engine. J Braz Soc Mech Sci 2013;35:257-64. 

[32] Kao MJ, Ting CC, Lin BF, Tsung TT. Aqueous aluminum nanofluid combustion in 

diesel fuel. J Test Eval 2008;36:186-90. 

[33] Lenin MA, Swaminathan MR, Kumaresan G. Performance and emission 

characteristics of a DI diesel engine with a nanofuel additive. Fuel 2013;109:362-5. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

17 

 

[34] Basha JS, Anand RB. An experimental study in a CI engine using nanoadditive 

blended water-diesel emulsion fuel. Int J Green Energy 2011;8:332-48. 

[35] Sajeevan AC, Sajith V. Diesel engine emission reduction using catalytic 

nanoparticles: an experimental investigation. J Eng 2013:589382. 

[36] Sajith V, Sobhan CB, Peterson GP. Experimental investigations on the effects of 

cerium oxide nanoparticle fuel additives on biodiesel. Adv Mech Eng 2010:581407. 

[37] Kannan GR, Karvembu R, Anand R. Effect of metal based additive on performance 

emission and combustion characteristics of diesel engine fuelled with biodiesel. Appl 

Energ 2011;88:3694-703. 

[38] Mehta RN, Chakraborty M, Parikh PA. Impact of hydrogen generated by splitting 

water with nano-silicon and nano-aluminum on diesel engine performance. Int J 

Hydrogen Energ 2014;39:8098-105. 

[39] Jaffe LS. Ambient carbon monoxide and its fate in the atmosphere. JAPCA J Air 

Waste Ma 1968;18:534-40. 

[40] Zheng X, Wu Y, Zhang SJ, He LQ, Hao JM. Evaluating real-world emissions of light-

duty gasoline vehicles with deactivated three-way catalyst converters. Atmos Pollut 

Res 2018;9:126-32. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

18 

 

 

Table 1 

Composition in percent of catalytic converter before and after activation process 

 
Type of catalyst Fe Si Ca Al K Ti 

Before activation (%)* 58.8 16.9 13.3 4.2 0.9 1.3 
After activation (%)* 29.4 47.7 6.5 5.7 2.1 2.5 

*Compositions of V, Cr, Mn, Ni, Cu, Zn, Sr, Ba, Eu, Mo and Re are < 1% 

 

 

Table 2  

BET characterization results of catalytic converter before and after activation process 

 
Type of catalyst Surface area 

(m2 g-1) 
Pore volume 
(cm3 g-1) 

Average pore 
diameter (nm) 

Before activation 0.36 0.03 313 
After activation 14.6 0.37 102 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

19 

 

Table 3  

Catalytic converter performance based on the HC content (ppm) at various effects 

 

Engine 
speed 
(rpm) 

Air 
pressure 
(MPa) 

Catalyst length (cm) 

0 5  7 9 

Idle 

0.05 1,848 1,474 1,395 1,283 

0.1 1,838 1,454 1,360 1,263 

0.15 1,853 1,485 1,389 1,284 

1000 

0.05 1,835 1,471 1,376 1,270 

0.1 1,833 1,457 1,330 1,250 

0.15 1,838 1,478 1,369 1,269 

 1500 

0.05 1,829 1,460 1,354 1,258 

0.1 1,816 1,443 1,320 1,236 

0.15 1,832 1,467 1,348 1,259 

 2000 

0.05 1,821 1,447 1,346 1,248 

0.1 1,807 1,426 1,329 1,226 

0.15 1,826 1,448 1,350 1,248 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

20 

 

Table 4  

Catalytic converter performance based on the CO content (ppm) at various effects 

 

Engine 
speed 
(rpm) 

Air 
pressure 
(MPa) 

Catalyst length (cm) 

0 5  7 9 

Idle 

0.05 13,087 9,982 9,867 9,570 

0.1 12,607 9,704 9,560 9,119 

0.15 13,000 9,935 9,852 9,483 

1000 

0.05 12,583 9,566 9,436 9,056 

0.1 12,477 9,390 9,365 8,909 

0.15 12,677 9,582 9,536 9,132 

 1500 

0.05 12,380 9,367 9,278 8,861 

0.1 12,373 9,310 9,210 8,545 

0.15 12,470 9,406 9,352 8,912 

 2000 

0.05 12,263 9,202 9,135 8,683 

0.1 12,137 9,078 8,934 8,506 

0.15 12,290 9,231 9,116 8,640 
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Fig. 1. Geometry of catalytic converter of motor vehicle 
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Fig. 2. FTIR characterization results on catalytic converter: (a) before and (b) after 

activation process. 
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Fig. 3. Effect of pressure on the emissions content: (a) HC content; (b) CO content. 
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Fig. 4. Effect of engine speed on the emissions content: (a) HC content; (b) CO content. 
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Fig. 5. Effect of catalyst length on the emissions content: (a) HC content; (b) CO content. 

 

 


