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Abstract

Global warming resulting from the emission of greenhouse gases,
especially CO,, has become a wide spread concern in recent
years. We have attempted to reduce carbon dioxide emission
from gasoline-operated passenger cars using different catalysts.
We have evaluated the absorption efficiencies of activated
charcoals prepared from coconut shell as well as wood. The CO,
reduction by physical absorption on coconut shell charcoal is
approximately 6.8%, whereas the reduction of CO, on wood
charcoal is approximately 9.2%. The physical absorption
efficiency is purely a relative amount depending on the nature of
the charcoal. In order to differentiate physical absorption and
catalytic adsorption, we tried to reduce CO, on lithium silicate-
coated honeycomb. The catalytic activity of lithium silicate-
coated honeycomb is approximately 21.4%, which shows
relatively higher CO, reduction performance. The catalyst layer
of lithium silicate-coating on honeycomb is chosen in such a way
that only chemical bonding and conversion occurs and
clathration and absorption cannot take place. Chemical
adsorption and catalytic reduction certainly is more efficient than
mere physical absorption, as absorption is limited to physical
nature of the catalyst. A detailed kinetic study of adsorption-
conversion-desorption is required to understand the mechanism
Keywords:Catalytic reduction of CO,, Gasoline passenger car,
Lithium silicate, Tubular honeycomb reactor, Wood charcoal,
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1. Introduction

Increasing  greenhouse gas emission due to
industrialization is one of the major concerns faced by the
current generation in the second decade of the 21* Century
[1]. CO, is considered a major anthropogenic contributor
to climate change. Carbon dioxide contributes
approximately 76% of total anthropogenic greenhouse
gases — a third of which comes from burning fossil fuels —
to global warming because of its significant emission
amount [2]. The formation of CO, increases exponentially
due to industrialization, whereas the reduction of CO, by
natural sources is not able to keep pace with the
production due to a large amount of deforestation, etc.
Consequently, a steady and continuous growth of CO, in
the atmosphere is occurring. Figure 1 illustrates the
growing gap between the twoprocesses and the increase in
the residual CO, concentration in the atmosphere.
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Fig. 1 The gap between CO, production and consumption

This demands the need for fixing CO, concentration in the
atmosphere using artificial CO, reduction technologies.
The concept of CO, capture and sequestration has recently
attracted considerable interest in the reduction of CO,
emissions [3-8]. Various CO, reduction technologies
usedare listed in Figure 2.
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Fig. 2CO, Reduction Technologies

We have been continuously exploring CO, reduction by
physical absorption and chemical adsorption technologies
from different CO, sources using different catalysts and
support materials [9-10]. The absorption process, in which
carbon dioxide is physically absorbed and stored, is
attempted using activated charcoals. The charcoals used in
this study are prepared from different sources such as
wood and coconut shell. In the current study, we have
attempted to reduce CO,produced from the gasoline-
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operated passenger car by sampling the exhaust gas at the
tailpipe of the vehicle. Catalytic reduction by chemical
adsorption is also attempted using lithium silicate catalyst
loaded on metallic honeycomb. The shape selective
catalyst layer of lithium silicate-coated honeycomb is
chosen in such a way that only chemical bonding and
conversion occur, and clathration and absorption cannot
take place.

2. Schematic representation of CO,reduction
in gasoline vehicle

The gasoline-burnt internal combustion engines emit
regulated gases such as CO, NOx, and HC. They are
converted into CO,, H,0O, and N, by three-way catalytic
converter (TWC) as described in the equations.

2C0 + 0, > 2C0, (1)
2C,Hy, + (5 +29) 0, > 2yC0, + nH,0 (2)
2NO +2C0 > N, + 2€0, 3)

The products coming out of the three-way catalyst system
contain CO,, H,0, N,, O, etc. The slip stream of the
exhaust gas coming out of the TWC, rich in CO,, is then
passed through a fixed-bed CO, absorption/adsorption
catalyst chamber as shown in Figure 3.
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Fig.3 The Schematic of the CO, reduction in gasoline engine

Heterogeneous catalytic reactions are carried out in a
tubular reactor of one type or another. Fixed-bed tubular
reactor and tubular honeycomb structures are used in the
current study. Lithium silicate-coated honeycomb is used
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in the first type and activated charcoal loaded in a tubular
reactor is used in the second type. Two different types of
granular charcoals, one from wood and the other from
coconut shell, are prepared and loaded in a tubular reactor.

3. Lithium Silicate-coated Honeycomb
Reactor

The tubular honeycomb catalytic reactor is fabricated as
follows. A series of holes are made on the circular plates,
and the plates are welded on the hollow pipe at equal
distance to form a honeycomb. The honeycomb is cleaned
with kerosene and washing soda, and is subsequently
ready for catalyst coating.

The lithium silicate clear solution is prepared from lithium
and silicon melts with Li:Si ratio 4:1. The clear solution is
thoroughly mixed by continuous stirring. The liquid is
uniformly sprayed through the fine nozzles on the
honeycomb structure. The coated honeycomb is heat-
treated at 450°C for 30 minutes and then dried in sunlight
for two days. The honeycomb setup is kept inside the outer
chamber. Flanges are welded on both ends of the
assembly. The isometric view of the final assemblyof the
catalytic reactor chamber is shown in Figure 4.

Fig 4. Catalytic reactor chamber

Positive flow exhaust gas from the automobile is fed from
the inlet to the outlet of the honeycomb reactor assembly.
In the second type of reactor, activated charcoal is loaded
in the tubular reactor.

4. Activated Charcoal from Different Sources

Activated carbon is produced from a range of
carbonaceous source materials such as nutshells, coconut
shell, peat, wood, coir, lignite, coal, and petroleum pitch.
Activated carbon is a micro-porous inert carbon matrix
with a very large internal surface (700 to1500 m?/g).
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It is formed by thermal process at temperatures in the
range of 600-900°C, in the absence of oxygen (usually in
inert atmosphere with gases like argon or nitrogen). This
material is further activated by being exposed to oxidizing
atmospheres (carbon dioxide, oxygen, or steam) at
temperatures above 250°C, usually in the temperature
range of 600-1200 °C. Two types of activated charcoals
are prepared from two different sources such as wood and
coconut shell. A typical granular charcoal is shown in
Figure 5.

Fig. 5 Type of activated charcoals

Experiments were carried out with the help of two
catalysts, coconut shell-activated carbon and wooden coal-
activated carbon. The catalysts were of granular form, with
a size of approximately 300 micron. The mesh was made
with a size of about 50 and 100 micron. The catalyst was
packed inside the mesh and fixed in the tubular-fixed bed
chamber for conducting experiments

5. Exhaust System with CO; Reduction

System

Exhaust gas from gasoline engine is passed through three-
way catalyst to convert NOx, HC, and CO. The gas
coming of TWC, rich in CO,, is passed through a CO,
reduction catalyst chamber as shown in Figure 6. A
constant volume sampling method is used to analyze the
exhaust gas stream. The gas analyzer capable of analyzing
CO, CO,, HC, and NOx is used in this application. Results
are reproduced by repeated experiments under identical
test conditions; samples are taken before and after the
catalytic chamber for quantitative measurement of CO,
reduction.

6. Vehicle Test Assembly for CO, Reduction
Study

The CO, reduction study performed from the exhaust gas
at the tail pipe of the Maruti 800 passenger car is shown in

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 8, October 2014

www.ijiset.com

ISSN 2348 — 7968

Figure 6. The slip stream is taken for the experiments
using a valve.
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Fig. 6 CO_reduction catalyst assemblyat the tail pipe

The quantitative reduction of CO, results of the absorption
and adsorption efficiencies is calculated and summarized
in Figure 7.
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Fig.7 CO, reduction on different catalyst

As shown in Figure 7, the physical capture of CO, on
charcoal from coconut shell is approximately 6.8%,
whereas the absorption of CO,0n wood charcoal is about
9.2%. The catalytic adsorption and conversion in the
lithium silicate-loaded honeycomb is about 21.4%.
Chemical adsorption and catalytic reduction is more
efficient than physical absorption as absorption is limited
to physical nature of the catalyst. A detailed study of the
kinetics of CO, reduction is planned to get the continuous
adsorption and regeneration of CO,. The efficiency of
physical absorption taking place on soft charcoal (from
coconut shell) is more than the absorption of CO, on hard
charcoal (from wood ).
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7. Summary

Carbon dioxide emission reduction from gasoline-operated
passenger cars is attempted using different catalysts. The
absorption efficiencies of activated charcoals prepared
from coconut shell as well as wood show the difference
due to their physical characteristics. The CO, reduction by
physical absorption on the coconut shell charcoal is
approximately 6.8%, whereas the reduction of CO, on
wood charcoal is approximately 9.2%. In order to
differentiate physical absorption and catalytic adsorption,
we tried to reduce CO, on lithium silicate-coated
honeycomb. The amount and catalyst layer of lithium
silicate-coated honeycomb is chosen in such a way that
only chemical bonding and conversion occur, and
clathration and absorption cannot take place.The catalytic
activity of lithium silicate coated honeycomb is
approximately 21.4%, showing relatively higher CO,
reduction performance. Chemical adsorption and catalytic
reduction certainly is more efficient than mere physical
absorption, as absorption is limited to physical nature of
the catalyst. A detailed kinetic study of adsorption-
conversion-desorption is required to understand the
mechanism
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