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ABSTRACT

Recent economic development in Indonesia, as in other ASEAN countries, has resulted in improved prosper-
ity as reflected by the significant increase in the numbers of motor vehicles, particularly in big cities. This growth
in car population and traffic is unfortunately accompanied by increase in not only of the country's energy con-
sumption but also increased air pollution. Almost 70% of atmospheric pollution in big cities is reported to be con-
tributed by motor vehicles.

In view of this situation, the Government of Indonesia has launched the "Blue Sky program” and introduced
unleaded gasoline. Indonesian manufacturing industries have responded also by designing "national automobiles”
to be fabricated in Indonesia, and to run with unleaded gasoline. Some of these vehicles will be equipped with
catalytic converters to reduce exhaust gas emissions.

In support of this program, LEMIGAS R/D Center for Oil and Gas Technology is developing its-own cata-
Iytic converters that can be fitted inio these cars.

The work carried out toward this end is outlined briefly in this paper.

L. INTRODUCTION
Indonesia, as a developing country, has enjoyed a

in Table 1. The growth in car population can be expected
to increase even faster because of the current program of

relatively high economic growth, and this is reflected by
the increasing prosperity of the people. One of the effect
of this growth is the significant increase in the number
of motor vehicles particularly in the big cities. The an-
nual increase of the car population in Indonesia is shown

the Indonesian government to build the car industry
through the "national automobiles" program.

The increased prosperity in country has had not
only a positive impact but also a negative impact to the
people, as evident from the increase in fuel consumption

Table 1
Motor vehicles population in Indonesia (1991 - 1994)

Source: Central Bureau of Statistics

* presented at ASCOPE 97, October 20-29, 1997, Cebu, Philiphinnes
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and the aggravation of air pollution. In addition, such
growth in the number of motor vehicles will aggravate
traffic jams which reduce the efficiency of the fuel con-
sumed.

Motor vehicles have been viewed as one of the main
sources of air pollution. It is estimated that 70% of air
pollution in the big cities is due to motor vehicles ex-
haust emission. Motor vehicles exhaust emission of
carbon monoxide (CO) and unbumed hydrocarbon
(UHC) in Indonesia from year 1991 to 1994 are shown
in Table 2 and 3, respectively.

Since 1993 Indonesian government has issued the
clean air policy which is known the Blue Sky program
as an expression of its concern over the air pollution. It
has decreed Law No. 14/1992 on Road - Traffic to pre-
vent air pollution due to emission of motor vehicles and
enforced that they mect the emission standard. Pollution

caused by lead which is contained in leaded gasoline
can be eliminated by using unleaded fuel. Since August
1995, the government, through its State Oil Enterprise
PERTAMINA, has launched unlcaded gasoline which
called Super TT for automobiles.

Although lead compound can be eliminated, emis-
sion of exhaust motor vehicles such as CO, UHC, and
NOx still exists. These emissions can only be reduced
by using catalytic converter , which is fitted into car's
exhaust pipe, to convert CO and UHC to CO;z and at the
same time reduce NOx to N2!”). Unleaded gasoline and
catalytic converter have been used in developed coun-
tries such as USA, Europe, Japan and also in some AS-
EAN countries to overcome exhaust motor vehicle
emissions,

In support of the effort to solve the pollution caused
by motor vehicles exhaust emissions in Indonesia,

Table 2
Emission of CO from motor vehicles source in Indonesia for year 1991 to 1994

CO, kg/Year

Source: Central Bureau of Statistics

Table 3
Emission of UHC from motor vehicles source in Indonesia for year 1991 to 1994

UHC, kg/Year

Source: Central Bureau of Statistics
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LEMIGAS R/D Center for Oil and Gas Technology has
carried out catalyst research for catalytic converter.

II. MOTOR VEHICLES EXHAUST
EMISSIONS®

A. Origin of motor vehicle exhaust emission
Emissions are, basically, the direct consequences of
incomplete combustion in the engine. Complete oxida-
tion of the hydrocarbons presents in the fuel leads to the
harmless reaction products such as COz and H20 vapor.
Since all material conversion processes, much like en-
€Igy conversion processes, are incomPlete, these proc-
esses originate a number of pollutants % |
» Uncombusted hydrocarbon such as paraffins, ole-
fins, and aromatics
e Only partly combusted hydrocarbons such as
carbon monoxide, aldehydes, and ketones
e Numerous products of thermal cracking such as
soot and polycyclic aromatic hydrocarbons
e By products such as nitrogen oxides and lead ox-
ide (if using leaded fuel).
Most of those emissions detrimentally affect human
health.

Generally, the emissions of motor vehicle are

strongly influenced by the following factors (.

* The motor vehicle class, i.e., cars, trucks, busses,
two or four-cycle engines, gasoline or diesel en-
gines.

e The model year of the vehicle, due to changing
design affecting emissions.

e The condition of the vehicle,

e The conditions of operation of the vehicle, ie.,
starting, continuous versus discontinuous opera-
tion, stop and go traffic, and individual attributes
of the driver.

B. Alternative fuel

Various efforts have been carried out to reduce ex-
haust motor vehicle emissions, i.e. using clean fuel or al-
tzrative fuel such as gasecous fuel (natural gas) or
reformulated gasoline B3.67] Many believed that, to meet

the low emissions levels specified, alternative fuels
would be required. However, such fuels show that the
certain emission will be increased while another de-
creased. For example, according to the work of Shell Re-
search, which used variation in gasoline composition
(MTBE, aromatics, olefins, and using paraffins to bal-
ance), emissions will be affected by the variables of fuel
composition 6] The results show that:

e Inclusion of MTBE (and removal of paraffin)
vields HC and CO reduction benefits in both non-
catalyst- and catalyst-equipped cars.

« MTBE effects on NOx are small and no clear
trend is apparent.

e The apparent effect of reducing aromatics content
is to reduce tail pipe HC and-CO emissions fur-
ther, but the accompanying volatility changes in
the fuels make the reasons for this effect uncer-
tain.

e Reducing aromatics content increases NOx emis-
sions,

Similar results were also reported by Koehl ef. al in
their work with Auto/Oil Air Quality Improvement Re-
search Program, AQIRP e Adding oxygenates to the
fuel decreased benzene but increased aldehydes. Oxy-
genate effects have been found to vary among control
technology systems,

In another work, Schoonveld and Marshall reported
that the effect of reformulated gasoline on vehicle emis-
sions showed significant reduction of CO, UHC, NOx,
and benzene but increases formaldehyde emission Lol

According to US 1990 Clean Air Act Amendment
there are five specific toxic compounds to be considered
in evaluation of reformulated gasoline, namely: formal-
dehyde, acetaldehyde, 1,3-butadiene, benzene, and poly-
cyclic organic matter.

Comparison of the emission between natural gas
and conventional gasoline is shown in Table 4 131

ITL. CATALYTIC CONVERTER

Catalysts have been widely used to lower carbon
monoxide (CO) and hydrocarbons (HC) in the exhaust
of motor vehicles since 1975 in the United States '),
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Table 4
Comparison of natural gas and
conventional gasoline emissions !

Then catalyst research for NOy emission has been car-
ried out more intensively and as the result, the three-way
catalyst which simultancously reduce HC, CO and NOy
emissions have been founded. Such catalyst system,
called catalytic converter, is installed in the tail pipe
(exhaust systems) and controls all three pollutants to-
gether.

The principle of the catalytic converter is to convert
the pollutants to be harmless emissions. The most im-
portant catalytic reactions in the catalytic converter 'l
are :
* Oxidation of the unburned hydrocarbons (HC):

HoCm + (m+Y4n) 02 > r ™+ 15 H20
* Oxidation of the carbon monoxide (CO):

CO+2 072 - COz

CO+H20 - CO; +H;
¢ Reduction of the nitrogen oxides (NOy):

NO+CO - N2+ CO;

NO +H2 - Nz +H;0

The desired products of the reactions are Ny, CO3,
and H20.

Although the catalyst is the key ingredient, a vital
clement in converter design is the manner in which the
catalyst is supported. Three different physical forms of
catalyst have been introduced, ie. pellets, ceramic
monolith, and metal monolith %],

The "pelleted" catalysts are in the form of ex-
trudates, spherical particles, or cylindrical pellets of
about 1/8 to 1/10 of an inch in diameter. It is well suited
for a large volume, low speed engines with relatively

low exhaust gas temperature. Unfortunately, the "pel-
leted” catalysts have encountered a mechanical design
problem after a period of time in customer use which has
resulted in loss of power and drivability of the vehicles.

The ceramic monolith is presently the substrate of
choice in the world market because its cellular design
provides the following benefits: a high degree of geo-
metric surface area, fast catalyst light off, low exhaust
gas back pressure, compatibility with the catalysts and
coatings, low cost. and high temperature resistance

Monolithic ceramic substrate have almost entircly
been produced from cordierite. Ceramic monolith have
been produced in various cell densities and geometrics.

Monolithic catalyst supports of metallic alloys have
been under development for a long period. This catalyst
offers a number of potential advantages for various rea-
sons as reported by Harkonen ef af!'%] They are basi-
cally the cellular design of ceramic monolith but the
honey comb is formed normally by spirally wound alter-
nate sheets of flat and cormugated metal.

The comiposition of three-way catalyst are precious
metals or base transition metals and their oxides |"*!. Pt
and Pd are the only active ingredients for oxidation cata-
lysts that have proved durable for application in vehicle
exhaust. Rh is used for reduction catalysts. Each pre-
cious metal is combined with one or two others to ex-
hibit a synergism. Other elements (La, Ce) arc added as
promoter and/or stabilizer. All these ingredients (active
metals, promoter) are impregnated into alumina sup-
port | 8141

Vehicle exhaust catalysts or catalytic converer
plays an important role in environmental pollution con-
trols 2131 However, such catalysts can only be effec-
tive when vehicle fuel is unleaded gasoline whereas the
catalysts are poisoned by lead, which causes the cata-
lysts to be deactivated and their performance will de-
creased 17:8:14]

IV. STUDY OF VEHICLE EXHAUST
CATALYST
In support of the program to reduce of air pollution
due to vehicle exhaust emission, "LEMIGAS" R/D Cen-
ter for Oil and Gas Technology participated by carrying
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out a study of catalyst formulation for catalytic con-
verter. To produce catalyst which is relatively good for
controlling vehicle emission. several requirements
needed such as: high activity and selectivity, resistant to
poison, chemically stable, high strength, thermal shock
resistance, low pressure drop, harmless, and long life.

A. Objective of the study

The objective of the present study is to investigate
the influence of preparation condition and addition of
other components to improve the characteristic of the
vehicle exhaust catalysts.

This study is conducted to obtain the catalyst formu-
lation with high activity to reduce the vehicle exhaust
emissions.

The steps of study are as follows: preparation of
catalysts, characterisation, and activity testing with gas
CO.

B. Result and discussion

The first step of the study is to evaluate the poten-
tial of addition cerium (Ce) , lanthanum (La), active met-
als palladium (Pd) and rhodium (Rh) on platinum
(Pt)-contained catalysts with alumina supported in re-
duction of model exhausts emission. Five catalysts for-
mulation have been prepared, their characteristics arc
shown in Figure 1, 2 and 3 for surface area, pore vol-
ume and pore size, respectively. The activity of such
catalysts is shown in Figure 4 and 5 for catalysts that
were calcined at 400°C and 700°C, respectively.

Figure 1 reflects the effect of calcination tempera-
ture in the preparation catalysts, high surface areas are
produced at 400°C calcination temperature. Meanwhile
the effect of addition ingredients La, Ce, La, Pd, and Rh
and calcination temperature on the magnitude of surface
area indicates that the surface area decreased by the ad-
dition of the ingredients except for Ce addition which re-
sulted the small increase.

In contrast, calcination temperature and addition of
La, Ce, Pd, and Rh have indicated insignificant differ-
ence on pore volume for those catalysts (Figure 2). The
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Figure 1
The effects of calcination temperature and

addition of La, Ce, Pd , and Rh on surface area of

Pt/Al203 catalyst
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Figure 2
The effects of calcination temperature and
addition of La, Ce, Pd , and Rh on pore
volume of Pt/Al,03 catalyst
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Figure 3
The effects of calcination temperature and
addition of La, Ce, Pd , and Rh on pore size of
Pt/Al203 catalyst

pore size of catalysts is only affected by the calcination
temperature whereas the pore size increased at 700°C
(Figure 3), since at this temperature sintering or ag-
glomeration of catalysts particles can be expected.

Activity test, using carbon monoxide (CO) as a
model, as shown in the Figure 4 and Figure 5, shows
that relatively no difference in the conversion of CO is
observed for reaction temperatures of 400°C to 600°C.
However, addition of La, Ce, Pd, and Rh gives a signifi-
cant effect on the conversion of CO for the various reac-
tion temperatures. The conversion of CO increased for
all catalysts compared with PV/AL;O3 catalyst. In an-
other words, those elements or ingredients have positive
effect on the reduction of CO emission. Addition of Ce
resulted in high reduction of emission of CO due to its
ability to storage the oxygen (o}

This study is expected to be continued with other
gas models such hydrocarbon and NOx and/or mixture
thereof for their activity test. Further study will be di-
rected for the modification of the catalysts formulation.
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Figure 4
The effect of reaction temperature and addition of
La, Ce, Pd, and Rh on Pt/Al;03 catalysts for CO
conversion. Catalysts are calcined at 400°C
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Figure 5
The effect of reaction temperature and addition of
La, Ce, Pd, and Rh on Pt/Al203 catalysts for CO
conversion. Catalysts are calcined at 700°C
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V. CONCLUSION

Participation of the community and the institutions
are expected to achieve of prevention of vehicle exhaust
emissions, The use of catalytic converter will aid in the
achievement of the goal particularly until the introduc-
tion of unleaded gasoline and to the ABlue Sky@ pro-
gram by the government. Catalytic converter can be
fitted with such fuel. Our study is conducted to support
the program.

Results of this study indicated that preparation cata-
lyst and addition of La, Ce, Pd, and Rh affected the per-
formance of catalysts. Role of Pd and Rh exhibit a
synergism with Pt to reduce CO emission.
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