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ABSTRACT

Catalytic Converters are extensively used for réidacof the pollutants released from various
sources to the atmosphere. These converters beefi®etive in minimising the pollutant
concentration only after they achieve their opergttemperature. During this cold start period
hydrocarbons are released untreated to the atmagplihis paper deals with the oxidation of
hydrocarbon acetaldehyde, a VOC during the coldtgp@riod. Mathematical modeling is a
good way of analysing the converter behaviour withperforming very expensive and time
consuming experiments. A one-dimensional computdehthat takes into account the mass and
the heat transfer between the gas phase and tladystis considered. The equations form a set
of ordinary and partial differential equations, whi are non-linear and coupled. These
equations are solved using Runga kutta and Backapticit scheme.

Keywords: Acetaldehyde, modeling, converter, quasi steadg statalyst loading.

INTRODUCTION

VOC'’s are important air pollutants in urban atmaseh They are defined as organic compounds
with high vapor pressure that are easily vaporizeder an ambient temperature and pressure
conditions [1] They are released mostly from vehicular exhaust endustrial processes.
Ethanol-fueled passenger cars are found to prodigteemissions of aldehydes in comparison
to gasoline-fueled cars [2].

Use of catalytic converters has proved to be a geigd way of reducing emissions from the
vehicular exhaust. Modeling of converters as comeghaio experimental testing is not only
inexpensive but also time saving [3]. The monob&haviour during warm up period can be
adequately predicted by using a one-dimensionalehdd
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In the present paper modeling for VOC acetaldehigdeonsidered in a ceramic cordierite

converter. A one dimensional model is used to saeulthe thermal and conversion

characteristics of the converter operating undenwap conditions. The change in acetaldehyde
concentration due to catalytic oxidation reacti® dnalysed with respect to operating
temperature and the effect of catalyst loadingemtucing cold start period is analysed.

MATHEMATICAL MODEL

In one-dimensional modeling only axial gradiente aonsidered for gas concentration, gas
temperature and catalyst temperature.

Assumptions made during modeling include [5]:
« An irreversible oxidation reaction of VOC acetalgeé is considered to be taking place:
e CHCHO + 2Q— 2CQO + 2H0 (2)

+«+ Catalytic reactions are assumed to be first ordefuél concentration and zero order with
respect to oxygen concentration under lean comditie represented by [1]:

+ (-r)e.T.)=kexg ¥R C, 2)

where pre-exponential factor knd activation energy E are taken as 46.18 m/s3&3d4
J/gmol.

¢ A cylindrical channel is considered in which theadgtic reactions take place.

« Washcoat is assumed to be very thinpfh0in thickness) and diffusion in wash coat is

neglected.

Accumulation of mass and energy in the gas phasegkgible.

As compared to convective transport, the axialudiin of mass and heat transfer in gas

phase is very small, therefore neglected.

Noble metal concentration is kept constant aloedéhgth of the converter.

Catalyst does not deactivate.

Monolith is assumed to be adiabatic.

Heat transfer by radiation within the channel iglaeted.

Heat exchange between the substrate and the sdimngsnat both the inlet and the outlet

faces of the monolith is neglected.
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For a quasi steady state model the time derivaéiias in gas phase mass and energy balances
are neglected.

~ac,
l.e., F =0 (3)
oT
and 720 (4)
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Mass and ener gy balance equationsfor gas phase:

oC, Y

V(_ax j+kgs(cg C.)=0 (5)
0T, 4

—Vngpg(EJ hsT, -T,)=0 (6)

Mass and energy balance equationsfor solid phase:

a(-r)c.T.)=k,S(c, -C) ()
| e = al-an)-o)e.r) sl - O ®

Initial and boundary conditions:
Entering acetaldehyde concentration at all times

c,(0t)=C¢ (9)
Entering gas temperature at all times

T,(0t)=T2 (10)
Solid catalyst temperature at the start

T, (x0) =T (11)

Lagging solid catalyst at entry and exit

x:O,E:O (12)
ox

x=L 9 - (13)
ox

The governing Egs. (5) to (13) are made dimensssnley using the following dimensionless
variables:

X ._t
50

(14)

—
—
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Dimensionless mass and ener gy balance equations for gas and solid phase:

("ai = -y, Celore) (15)
VA

oT, o

(a—zg =-a,(1.-T,) (16)
T n o aT.

( A8 } =-a,Cel @™ q [T T, )+ d{;j (17)

where, )i a2 a3 aszandds aredimensionless numbers as shown in Table 1.

Dimensionlessinitial and boundary conditions:

clot)=10 (18)
g T
T,lot)=2% (19)
¢}
. TS
T.(z0)= 70 (20)
atz=0 = =0 (21)
0z
atz=109 =0 (22)
0z

NUMERICAL SCHEME

The dimensionless Egs. (15) and (16) are ODEs andl¥) is a PDE. As these equations are
coupled; hence they are solved at the same time.(ODESs do not have a time derivative term
but as these equations are coupled with the RR¥Etime derivative present in the later gets
introduced in the iterated results for the ODEse TUDEs (15) and (16) are solved using Runge-
Kutta method of fourth order and the PDE (17) bypgackward implicit scheme [6].
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Table 1. Mathematical expressionsfor the dimensionless numbers

Dimensionless Mathematical
numbers expression
i Lak,
V
a,, SLh
v(p,Cp,)
a, () al?(- AH )k,
9 0
AT,
(o8 Shiz
/]S
0, (pLCp;)L°
Asto

RESULTSAND DISCUSSION

At the start of the operation the converter is C2and exhaust gas entering the converter at
400°C heats the converter. The catalytic reaction starice the converter has attained the
operating temperature. Due to the reaction a dser@athe concentration of acetaldehyde is
observed. The inlet concentration of acetaldehyd®gpm) has a dimensionless value of 1.
Results as shown in Figurel represent the onsetalfytic reaction for acetaldehyde and Figure

2 show the variation in exit concentration of attkthyde with time based on converter catalyst
loading.
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Figure 1. Effect of solid catalyst temperatur e on conver sion of acetaldehyde

Figure 1 shows the effect of solid temperaturerendonversion of acetaldehyde. Initially when
the converter is at 26, there is negligible conversion of acetaldehyde heating the converter
by the incoming hot gas at 4@ the converter finally reaches its operating terapee. The
results show that for the solid temperature of al&0@C conversion of acetaldehyde is only
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0.20. However beyond this temperature, a noticeabteversion of acetaldehyde takes place.
About 50% and 80% conversion are brought abou&ityst temperatures of 2 and 328C
respectively. The results indicate that after tperating temperature is achieved the catalytic
reaction begins and the heat released by the oeadtirther increases the solid catalyst
temperature. This brings about a faster convemsi@tetaldehyde.
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Figure2. Variation of exit concentration of acetaldehyde with timefor different catalyst loading

Figure 2. shows the effect of catalyst loading lom ¢onversion of acetaldehyde. Three different
cases are analysed with catalyst loadings 26®tont, 536 cniPt/cnt and 1072 chPt/cnt. At
dimensionless time 3.40 the exit concentrationacaftaldehyde are 0.9062, 0.8212 and 0.6744
for catalyst loadings 268 émt/cnt, 536 cmiPt/cn? and 1072 chAPt/cnt. More deviation is
observed in the exit concentrations as time ine®a#t dimensionless time 7.50 the exit
concentrations of acetaldehyde are 0.5015, 0.25ib @0633 for catalyst loadings 268
cn?Pt/cnt, 536 cmiPt/cnt and 1072 ciPt/cnt. The results show that higher the catalyst loading
faster is the conversion of acetaldehyde.

CONCLUSION

At ambient conditions the oxidation of acetaldehyslenot appreciable during the cold start
period of the converter, due to low initial temparas of the converter. So some time is required
to preheat the converter to its operating tempegatiiter which the catalytic reactions get
initiated and bring about conversion of acetaldehyBresh catalyst with relatively higher
catalyst loading brings about a faster conversioacetaldehyde as compared to in use catalyst
with lower values of catalyst loading.

NOMENCLATURE

a catalytic surface area per unit reactor volume %(cmr)
C concentration of the species (gmolefgm

Co specific heat (J/K)

E activation energy for catalytic reaction (J/gmole)
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heat transfer coefficient (J/ém K)

heat of reaction (J/gmole)

mass transfer coefficient (cm/s)

rate constant for catalytic reaction (cm/s)
length of monolith (cm)

gas constant (J/gmole K)

geometric surface area per unit reactor volumé/mn?)
temperature (K)

time (s)

gas velocity (cm/s)

axial coordinates (cm)

dimensionless axial coordinates

thermal conductivity (J/cm s K)

density (g/crm)

DTONX<S AN FTFTLT
I

Subscript and Superscript
solid

gas

dimensionless values

0 initial conditions

TQwn
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