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ABSTRACT

Carbon dioxide emission control from automobiles termed to be the vast activity and various techniques were under
research to overcome this problem. One of the way to reduce the CO,from automobile is implementation of ZSM-5
Zeolite in the exhaust flow chamber. Here the zeolite was preheated to increase its porosity and ability to capture
the carbon emission through exhaust. A separate chamber is designed with the aid of CATIA and analysed for
optimized back pressure using STAR CCM and FLUENT. Parameters such as pressure drop, pressure, pressure
flow, static pressure and turbulence were analysed and optimised to control the flow of exhaust gas through solid
adsorbent, to increase the rate of adsorption and to enhance the retention time and porosity. Emission testing were
taken out with the aid of AVL 444 N di-gas analyser in the presence of flow meter, testing results showed 5.89%
reduction in CO, and 9.44 PPM reduction in HC emission. Testing results were supported by lime water test for
confirmation.
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INTRODUCTION

Vehicles powered by diesel engines were commeyciadled on large scale because of their reducedwarb
emission and energy consumption on comparing witboline engines. However, utilisation of gasolimgiees
were common among peoples for their personal thsphere is an urge to reduce the emission froterinal
combustion engines in order to overcome environaléssues such as global warming, icecaps, risemperature
and air pollution. To reduce emission from interoaimbustion engines various emission methods waenwed
such as fuel modification, engine modification eohtthrough exhaust. The most viable and econommid a
economic way of controlling the emission to achipegtial zero emission is through emission conyplexhaust,
presently SCR, NCR, catalytic converter and mufflere employed in exhaust tailpipe in order to cargmission
through exhaust. Current researchers, researchmd mbplementation of ZSM-5 zeolite in after treatm process
to evolve the reduction of carbon-dioxide throughast emission.

The following are the equation described the dififee between the formation of carbon-dioxide bytégcal and
practical application

Theoretical combustion,
Fuel (HC) + Air (Q+N,) = CO, + (H,0) + N, 1)

Practical combustion,
Fuel (HC) + Air (Q+N,;) =VOC's + NQ + CO + CQ + H,0 (2)
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Among the various adsorbent materials such as AlamZeolite, Charcoal, NaKA, MoF, Limestone, Littmu
hydroxide ZSM-5 found to have favourable Carbonxitie adsorption capacity through which regenerapinacess

can be employed by which the absorbed carbon cam-bélised for other chemical process.Yayat enatheir
paper Lampung Zeolite utilisation as gas emissaisoebent on charcoal making process investigatedrption on
charcoal making process investigated adsorptigyaefemission in charcoal carbonisation furnace.rébelt shows
positive lights of decreased Carbon-monoxide emisby 20 percentages, nitrogen by 85.9 percentagkcarbon-
dioxide by 15.6 percentage. Additionally, on intwothg Tio,also shows additional 10 percentage decrease in
emission due to large pore volume. They comparefdc area with pore total volume and average p@tance
with every sampling. Also they experimented zeditisorbent with various Ti{12].

Sang et.al researched about various Adsorbentstén meatment process which has optimal abilityatssorb
carbon-dioxide the research shows zeolite has fabbe adsorption property. Their study shows zediipported
spinal oxidecatalyst with ferrite and magnetite in presencerofpane and methyl benzene exhibits better emissio
control property through surface adsorption metfidd. Ocean et.al in their paper adsorption kirefwr carbon-
dioxide for highly selective NaKA and NanoNaKA dissed about Carbon-dioxide removal through SAP twhic
will reduce the cost of carbon capture and stor@igey thoroughly discussed about property of zedliaKA with
K*/(K*+Na") and their effect on carbon-dioxide and nitrogelsaaption is proportional to apertures. He used IR
spectroscopy, TFT, to qualify carbon-dioxide adsorpand quantum chemical calculations. Nano NakKaves
apparently lower adsorption ratethan Zeolite NaKi8][Rajadurai et.al in their paper materials fotoauwtive
exhaust system thoroughly discussed about varioaterials employed in exhaust system such as SUS441N
&SUS310 etc in order to robust their physical, cleminand mechanical property also optimised theatfof after
treatment chemicals in the exhaust material inrot@erovide high warranty condition [14,15].

In the current research pre-activated ZSM-5 zegplitiiets of high porosity property were utilisedatasorb carbon-
dioxide from exhaust gas through after treatmeat@ss. A separate reactor chamber was designegl Qatra V5

and analysis were carried using FLUENT and STAR-CiaMrder to optimised back pressure and exhaast. fl
Emissions were measured using AVL444N Di-gas aealy&dditionally, lime water was carried out in whithe

results shows rate of limewater test was carriedimwhich the result shows rate of limewater camien was

reduced after the implementation of ZSM-5 zeoldsabent.

EXPERIMENTAL SECTION

Preparation of solid adsor bent

ZSM-5 zeolite solid adsorbent of density 720kyi8.8 percentage @15RH and 22.7 percentage @75Rét wa
adsorption capacity with 2.45mm pore diameter at wAs taken for experimental analysis on absorbartyan-
dioxide from exhaust gases through after treatrpeatess. Initially ZSM-5 zeolite pellet was subgzttto pre-
activation process viz heat treatment in which Zsmeolite pellets was heated continuously at nélthgerature
about 45-68 in order to activate the adsorption capacity.|&dbshows the physical property of ZSM-5 Zeolite
employed for adsorption process. Figure 1 Showslthee capture of ZSM-5 Zeolite pellets.

. ‘Zﬁ ;gj)\:;.

Figure 1. Close Capture of ZSM-5 Zeolite pellets

Table 1. Physical Property of ZSM-5 Zeolite employed for adsor ption process

PROPERTIES VALUES
Pore size (nm) 0.5-1.5
Pore volume (crifkg) 0.3
Thermal stability Very High
Physical state Fine Pellets
Bed crushing strength 98%
Tapped bulk density (kg/fn 720
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A dedicated iso-cylindrical reaction chamber wasigleed in order to hold the ZSM-5zeolite pelletskeal Inconel
600 fine wire mesh to withstand high temperatureabsorb carbon emission from exhaust gas. Theioeact
chamber was featured with SUS 441N SS and abidlityithstand at 1500.

A separate connection was designed in order toemimeactor chamber with exhaust tailpipe to cauy after
treatment process. A flowmeter of 60000LPH was ected in series to calculate the air mass flowxitera in
order to calculate the amount of emission per velwhair flow. The experimentation was carried iouFord-Eco
sport and AVL444N DIGAS analyser were used to measmissions

RESULTSAND DISCUSSION

The design calculations and design validation éaiction chamber and emission results and calcokte@re to be
discussed as follows

Design of reactor chamber

Based on catalytic converter used in sport veto€l@500cc was taken as a base design for draffihg.reaction
chamber for after treatment process. Analysis vwoamied out in CFD fluent and STARCCM for the reedi
boundary conditions to calculate the required bpodssure, pressure flow, and turbulence insideré¢lagtion
chamber in the presence of adsorbent materialr&ig18,4 represents the various cross sectionagticen chamber
in CATIA [1].

Figure 2. Design of Wire mesh for reaction chamber

g
Figure 3. Catia model of reaction chamber

Figure4. Integrated structure of reaction chamber
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Design calculation

For the current reactor design base, calculatiom® wptimised from the existing design in ordewtthstand the
back pressure and turbulence created due to peesdrsolid adsorbent in the path, main parametagested to
evaluation were as follows volume flow rate andccteavolume [2].

The space time required by volume of fluid to psscene reactor is known as residence time. Here tiken per
volume is coined as space volume. Standard spdceityeof 30000ht readings was calculated. Volume of flow
depends on engine cylinder parameters.

Space Volume = (Volume flow rate) / Reactor volume 3)

By using the formula (ii) volume flow rate is calated and identified as 70.8°mwith respect to cylinder swept
volume and intake strokes perhour.

Volume flow rate = Swept volume / Number of intateokes per hour (4)

3.14* (bore/Z)* stroke length* N/2* 60
3.14 * (0.079/3)* (0.0765) * (6300/2) * 60

Volume flow rate = 70.8 th

Reactor volume stands as the main calculationrtd @iut the volume of exhaust gas that can flowughothe
reactor chamber in the presence of packed peBgtdt[is calculated using the formula (iii) consrthg the above
calculated volume flow rate and space velocity.

Reactor Volume = Volume flow rate / Space velocity (5)

= 70.8/30000

Reactor Volume = 0.002356°’m

The Shell is the central cylindrical part betweba tnlet and outlet cones. This part comprisedgtitly packed
ZSM-5 Zeolite pellets inside the honey comb shap@émesh. Calculations were made for the volumeteil
using the following formula (iv)

Volume of catalytic reactor = min

Where D — Diameter of the Reactor L — Lengtkthef Reactor (assume L=3D)

Volume of catalytic reactor = 0.7853 *P3D (6)
0.002356 = 0.7853 * 3b

D =0.1000m = 10cm; L = 3D = 3*10 = 30cm.

Design validation

Initially reaction chamber modelled in CATIA wasbgected to pressure analysis, velocity analysid, tarbulence
flow analysis. The analysis was carried out in otdeovercome the failure in after treatment preces

Validation of pressure analysis

Validation of pressure analysis was carried oltdth STAR-CCM and supported by fluent results friva figure
5. It can be predicted that maximum velocity wasualb4.776m/s at exit whereas very less at theaaodr of about
0.08m/s. When the gas flows through the adsorlienwelocity stands between 13.20m/s to 25.559mi&0 the

gradual drop and increase in velocity was obseatadlet and exit of the reaction chamber at 0®083.02m/s and
51.83 to 64.77m/s [4].
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Figure5. Design Validation of Pressure drop

From figure 6 we can calculate the pressure, tesgure flow and static pressure inside the readimmber.
Pressure seems to increase about 7.78 MPa atsbebadt material due to rapid accumulation andesessad rate of
flow through solid material with enhanced retentimne which is essential for better adsorptiorcah be noted that
at the entry gas possess medium pressure of 3.6@MRat the exit of 1.60MPa [5].

Figure 6. Pressure Validation of exhaust gas through reaction chamber

When pressure flow is manipulated, flow is higtbath openings of about to 5.87MPa to 7.83MPa duestoflow
of exhaust gas whereas the pressure flow drogwibady of the reaction chamber by 3.27MPa dubd@tessure
of solid adsorbent restricting the flow increasmate of adsorption by increasing the relation tfimehigher space
volume. Figure 7 shows the pressure flow validaf&jn

2.35e+

1.96e+

1.57e+01
1.18e+01
7.84e+00
3.92e+00
3.22¢-03

Figure7. Pressureflow Validation of exhaust gas through reaction chamber

On accounting the static pressure from figure 8 wueapid accumulation at the body of the reacttbamber, it
seems to have lesser static pressure at entryxéindue to higher pressure flows, where as bodghaimber possess
higher static pressure. Due to lower pressure #ivwabout 6.65MPa where as entry has 1.91MPa tdviRa3and
exit possess -4.58MPa to 1.44MPa [7].
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6.65e+01

-2.83e+01

Figure 8. Static Pressure Validation of exhaust gas through reaction chamber

Validation of turbulence analysis
In order to optimise the back pressure to avoidk v of the exhaust gas, turbulence inside thaendber is to be

calculated since the pressure drop is high andrietegic pressure. Turbulence was created dueetprdsence of
solid material in the flowpath. It was examinednfrohe figure that the turbulence was observed mamirat the
backstage of the reactor body of about 9.8bar, @dwit was about 2.31bar to 4.11bar in the middéeGa04bar at
the entry of exhaust gas. Figure 9 represents tineulence validation [8].

Figure9. Turbulence Validation of exhaust gas through reaction chamber

Emission result validation
Here main objective is to reduce the emission thinoexhaust gas with the aid of pre-treated ZSM-&liepellets.

Readings were taken before and after the implertientaf solid adsorbent in the exhaust tail pipsoathe
validation was supported by lime water test. Tegsinvere carried out in AVL444N Di-gas analysehléa2 shows
the specification of the analyser [9].

Table 2. Specification of flue gasanalyser used for testing emission

M easur ed quality Measuring range Resolution Accuracy
0-10% + 0.02%abs +3%rel
- 0, 0,
CO 0 - 15% volume 0.01% Volume 10.01%.- 15% +5% rel
0-16% + 0.3%abs  +3%rel
- 0, 0,
COo, 0 - 20% Volume 0.01% Volume 16.01%- 20% +5%rel
. 0-4000ppm +8ppm 3%rel
HC 0 - 30,000ppm Volumg _ 20302,;’80'15%”&%(3 4000-10000ppm  5%rel
= <005.A0pp 10001-30000ppm  10%rel
0O, 0 - 25% Volume 0.01% Volume +0.02% abs 1%re
NO 0 - 5000 ppm Volume 1ppm Volume +5ppm 1%rel
Engine speed 400 — 6000min 1min’ +1% of indicated value
Oil temperature 0 - 125°C 1°C +4°C
Lambda 0-9.9999 0.001 Calculation of £4QD,HC,NO

Table 3 shows the emission results before and aiftgslementation of pre-treatment ZSM-5 zeolite.
Experimentation involves 15minutes idling of vebidlefore initializing the reading. Here testingfas varying
RPM for three sets of trials, each trial has ptevdperiod of 15mins and readings were taken. Ftioentabulation
it is clearly concluded that reduction in carbonxdile emission were found to be in steady statelition. The
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result was supported by limewater testing in whicte of limewater turning milky was rapid and higkfore
implementation whereas it is low after implememtai10].

Table 3. Measurement of emission from vehicle exhaust

HC CO CO, (07} NOx

SNO | Trials | Condition | RPM | Massflow rate (LPH) (pm) | (% Vol) | (% by Vo)) | (9% by Vol) | (ppm) Lambda

1 Before 57 0.02 14.32 0.13 1 1.003

After 50 0.02 13.44 0.15 1 1.046

Before 56 0.03 14.34 0.05 2 0.998

! 2 After 700 5800 53 0.02 13.53 0.20 1 1.028
3 Before 55 0.02 14.35 0.04 2 0.999

After 51 0.01 13.57 0.26 2 1.024

1 Before 51 0.02 14.27 0.05 2 1.001

After 44 0.02 13.22 0.15 1 1.005

Before 47 0.03 14.22 0.06 2 1.001

2 2 After 1800 36000 42 0.02 13.35 0.30 2 1.030
3 Before 45 0.04 14.22 0.03 2 1.001

After 39 0.03 13.38 0.09 2 0.999

1 Before 44 0.04 14.19 0.23 2 1.011

After 39 0.03 13.33 0.07 2 0.993

Before 38 0.04 14.15 0.20 3 1.001

8 2 After 2500 60000 37 0.02 13.36 0.45 2 0.999
3 Before 35 0.04 14.09 0.09 3 1.030

After 32 0.04 13.41 0.11 3 0.999

Table4 shows the average reduction in carbon-déeoaid hydro-carbon emission for the respective RIPshows
that carbon-dioxide emissions is high at mid-raRfgM than at lower and higher RPM same for the domiss
Finally, 5.8% reduction in carbon-dioxide emissamd 9.44ppm reduction in emission is achieved.

Table 4. Average reduction of emission from vehicle exhaust

SNO | CONDITION | RPM | MASSFLOW RATE (LPH) | CO,% OF REDUCTION | HC reduction in ppm
1 Before 700 5800 5.74 8.3
After
2 Before 1800 36000 6.46 12.56
After
3 Before 2500 60000 5.48 7.486
After
Average reduction of carbon-dioxide 5.89%
Average reduction of hydro-carbons 9.44 ppm
CONCLUSION

Following outcomes were achieved as a result oésiom control using Pre-heated ZSM-5 zeolite fibaidh as,

» Specialised reactor chamber to hold ZSM-5Zeolitel smsorbent was designed using CATIAVS and anslfgs
supportive design was carried with aid of fluend &TARCCM.

* Design validation for following parameters was @adrout such as pressure drop, pressure flowgcgiagissure
and turbulence for exhaust flow inside the react@mber.

* Results of carbon capture through pre-heated ZSEg#blite shows 5.89% of carbon-dioxide reduction and
9.44ppm of hydro-carbon reduction. It was suppobtgdimewater test in which the rate of limewataming milky
differs before and after implementation.
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