Available online at www.der phar machemica.com

\ Scholars Research Library r\«a‘”‘a Cé_l

N 3.
Scholars Research ) S
Der Pharma Chemica, 2015, 7(12):56-61 & i
http: //der phar machemica.conmvar chive.html
(http://derp ) I =w=

I SSN 0975-413X
CODEN (USA): PCHHAX

Ecofriendly catalytic converter to reduce biochemical effect of exhaust gases

Jitin Malhotra, Mohit Bhandwal, R. K. Tyagi, Anirudh Kalia, Sajal Pandey
and Agnivesh Rahul

Department of Mechanical and Automation, Amity University, Uttar Pradesh

ABSTRACT

This research focuses on reducing the harmful emission from the engine. As with the escalation in the number of
vehicles, the emission is also increasing significantly, which results in the growth of human diseases like asphyxia,
coughing, asthma, choking of lungs and many more. The discarded components of the catalytic converter produce
an eco-friendly device. The experimental method reduces the harmful pollutants such as Carbon Monoxide (CO),
Nitric Oxide (NOx) and Hydrocarbons (HC) in a remarkable way, which helps in dropping some disease that
originate due to emission by automabiles.
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INTRODUCTION

Mobile sources generate air pollution that is afagrconcern for global warming in the world. le fast 60 years,
the vehicle count has increased exponentially fd@million to over 700 million and has been progetto rise to 2
billion by the year 2030 [1]. Due to the environrtarand biological impact automobiles emission risaaea of
concern [2]. The primary pollutants from the cahaust include CO, HC, and NOx. CO accounts forh@ilé of all
the anthropogenic air pollutants in the urban aaed contributes around 64% of CO pollution in deped
countries. Emission from diesel engines comparegketool engines is more dangerous and so is a m@ti@ajor
public concern. As per WHO report, Delhi is the mualluted city in the world in comparison to Baijj [3].

The harmful effects on the environment and human lied to various researches and inventions toceethese
vehicular exhaust emissions from internal combusegngines. Catalytic Converter is the most efficidavice
utilized in the exhaust system to reduce exhausstoms that work on chemical reactions. In Indizgs mandatory
to use converters in the exhaust system of vehicles

CO widely known as cellular asphyxiate a colorlesiriess and tasteless gas; produces a conditiaspbyxia by
binding to hemoglobin in a reversible manner. Tightpartial pressures of ntagonizes the binding of CO to
hemoglobin. CO is toxic as it interferes with thénmary production of Oxyhemoglobin (as shown in &iipn 1)
and also it has almost 200 times more affinity itellio hemoglobin than Qresulting into Carboxyhemoglobin (as
shown in equation 2). It further blocks the humaxy@®n delivery system by stopping the other oxygeund to
the hemoglobin resulting in a condition of asphyiab, 6].

Hb(aq) + 4Q(g) — Hb(G,) +4(aq) ....ueeevnnen. (2)
Hb(aq) + CO(g)~» HbCO(aq) .......ccevvvvvnennnn. (2)

Other pollutant NOx having its chemical name asitNiDxides, usually including various combinatiafsNitrogen
and Oxygen in different proportions (excep\ Laughing Gas). It is a reddish-brown, highlyatese gas that has
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a suffocating odor and an adamant oxidizing behla¥ie causes irritation to eyes and throat, helaglanausea.
Prolonged exposure can cause violent coughing,tiirepproblems and cyanosis. The further harmfééas$
include acid rain, depletion of ground-level ozoaleg smog formation [7].

Hydrocarbons, usually exist in the form of Partital Matter in the emission and environment. Itsrifiak effects
include Asthma exacerbations, increased respirgillems, and the decrease in lung function. TiResécles at
a micro level associated with aerosol particlesadready present in the environment, including Ba&janthracene
(BaA) and benzo[a]fluoranthene (BbF), which is Imgva tumor initiating behavior. These particles swesmall in
the size that it accumulates in the nasal regioddings that result in the choking of the windpie9].

The literature review shows various methods foucaty the toxic levels of pollutants. Use of Bioglireduces a
significant level of CO and HC, but the NOx showsdnsistent behavior [10-12]. Another method inekidhe
modification in the fuel injection system, whichosts the reduction in the HC, NOx [13, 14]. Othertimoels
include the adaptive fuel injection techniques, &xt Gas Recirculation (EGR), and some mathematioakling
shows the exhaust gasses after treatment proce4d9]1

If world will pay attention on un-conventional eggrcradles than diseases originated due to exlgagsts, mitigate
completely [24].

This research focusses on the development of afri&edly device from the discarded automobiles eathparing
it with this new device and without it. The catahg action of the new device provokes the emissiodisintegrate
further into some harmless gasses.

MATERIALSAND METHODS
2.1 Experimental
The setup as shown below in Figure 1 consists afiesel engine with its complete exhaust system and

hypothetical Eco-friendly device attached at thd.en

This Ecofriendly device is designed in such a matmeeduce the emission by passing the exhausegahrough
it by doing the oxidation and reduction of the ex$tagasses.

The AVL DIGAS 444 Automobile Exhaust Gas Analyzeeanures the emission and displays the values. The

Diesel Engine setup used in this experiment ista Tradica V2 diesel engine (1405cc) having emissiamdards of
BharatStage lII.

| FUEL TANK

Figure 1. Complete Setup of Diesel Engine with Hypothetical Device
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2.2 Catalytic Converter
A Catalytic Converter is a large metallic box hayia dense honeycomb structure inside it. Theseyicongb
structures are of ceramic and coated with the ysttahaterial depending on the chamber. The motivwesimg the
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honeycomb structure is to increase the effectiea af the exhaust gasses so that more emissiomxjdtzed and
reduced to less harmful byproducts [20, 21].

A French chemical engineer Eugene Houdry inventedQatalytic Converter, who further filled his imgi®n in
1950, and received a patent ("US Patent 2,674 Gatalytic converter for exhaust gasses") four y&sies on April
6, 1954.

The catalytic converter has two chambers and isedaas the reduction and oxidation chambers.

The first chamber consists of Platinum and Rhodéwaited ceramic honeycomb structures, which redieeslOx
emissions by acting as a Reduction catalyst. Wheld@x molecule passes through this compartmentdaiecules
break apart into Nand Q [22, 23].

The overall reaction showing the reducing behaofd?latinum and Rhodium are:

2NO > Ny + O, 3)
2NO, Ny + 200 e, (4)

Exhaust gasses now flow through the other chandyerefd by Platinum and Palladium, which acts asxadizing
catalyst. Here disintegration of HC and formatiéiC®, takes place with the extra, @ the presence of catalysts.
The reactions corresponding to the oxidation bedraasie:

2CO+Q2>2CQ i, 5)
CiHay + 2X05> XCO, + 2XH,0...... (6)

2.3 Ecofriendly Hypothetical Device

After prolonged usage, the automobiles get disechrdad the materials from the catalytic converter Platinum,
Palladium, and Rhodium do still have some life infide them, so a new device development anchtggtiocess,
called as an Ecofriendly device is to be done. Teigice has the waste catalyst materials that gfiae through
cleaning process both chemically and physicallgkpged in a new device shell. This device furthetalled at the
end of the exhaust system, reduces the emissienwblking of this new device is similar to a fulkdged catalytic
converter, but the size of this is comparativelyaben and is cost effective as if compared to thigioal.

RESULTSAND DISCUSSION
The experiments were carried out on the dieselnengetup with two conditions initially in the norh@@ndition
Default System and other System after connectiadhyipothetical Eco-friendly device. The resultshaf tests show
a considerable reduction in the emission of CO (¥9VBIC (ppm Hex.) and NOx (ppm Vol.). The valuevarious
RPM values were analyzed and further compareddtr test conditions.

Table 1.Showsthe average values for both test conditions

Default System| System with Hypothetical devicg
CO (%Vol.) 0.287 0.173
HC (ppm Hex.) 33 19
NOx(ppm Vol.) 250 179

The hypothetical device reduces the pollutantgd@, HC, and NOx to a considerable amount.

The percentage decrease in each of the pollutagisén below followed by their corresponding greiph

a) Carbon Monoxide:

The emissions from the exhaust after being passdtbm the eco-friendly device in addition to thaditional one
further acts as an oxidizing catalyst (Platinum &adladium), resulting in the further oxidation@® to CQ. The
following graph shows the values obtained at variBPM values and a considerable 39.72% reductiaheirCO
emission after using this recycled converter.
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Figure 2.The graph indicates the values of CO for both test conditions

b) Hydrocarbon(Particulate M atter):

In this case also the Ecofriendly device acts asdizing catalyst (Platinum and Palladium), réisgl in the
further oxidation of unburned Hydrocarbons and i@, and HO. The following graph depicts the values obtained
at various RPM values and a considerable 42.42%ctinh in the Hydrocarbon emission after using tleisycled
converter.
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Figure 3. Graph showing the values of HC for both the conditions

C) Nitrous Oxides:

In this case also the Ecofriendly device acts agxalizing catalyst (Platinum and Rhodium), resgtin the further
reduction of Nitrous Oxides into Nitrogen fNand Oxygen (§ molecules. Following graph plots, the values
obtained at different RPM values, resulting in asiderable 28.40% reduction in the NOx emissioarafsing this
recycled converter.
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Figure 4. Graph showing the values of NOx for both the conditions
CONCLUSION

A new Ecofriendly device development and testingréalucing harmful vehicular emission. We haveizéd the
waste material from the discarded automobiles @atalConverter to make an Ecofriendly device. Thajaon
benefits linked to this device is recycling the teasaterial. The cost of making this device is gudw in
comparison to a complete Catalytic Converter. Tdesice further performs the reduction and oxidatidrthe
pollutants to reduce the emission to a less harorfiel. The decrease in the pollutants achieved gfrdis new
device is CO by 39.72%; HC by 42.42%; and NO by@%. If total no of car/automobiles implementedhwtitis
device than the reduction of pollutants can beiagmtly large. Therefore, diseases enrichmentlmmitigated by
placing suggested device.
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Abbreviations

CcO Carbon Monoxide

HC Unburned hydrocarbon (Particulate Matter)
CO, Carbon Dioxide

O, Oxygen

Hb Hemoglobin

NOx  Nitric Oxide Gases
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