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• Two non-noble metal catalyzed DOCs

were prepared.

• New DOCs were effective in reducing

particle number emissions.

• Biodiesel emitted higher particle num-

bers than diesel downstream of new

DOCs.

• CMD shifted towards lower particle

sizes for new DOCs with diesel.

• No significant change in CMD of partic-

ulate from KB20.
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Two new formulations of non-noble metal based diesel oxidation catalysts based on Co\\Ce based mixed oxide

(DOC2) and perovskite catalysts (DOC3)were prepared and retrofitted in a 4-cylinder diesel engine fueled by die-

sel and Karanja biodiesel blend (KB20). In this study, their effectiveness in reducing raw exhaust particulate

emissions vis-à-vis a commercial diesel oxidation catalyst (DOC1) was evaluated. Emission characteristics such

as particle number-size distribution,mass-size distribution, and surface area-size distribution, total particle num-

ber concentration and count mean diameter as a function of engine load at constant engine speed were evaluat-

ed. Variations in total particle number concentration as a function of engine speed were also determined. The

prepared DOCs and the commercial DOC showed varying degrees of performance as a function of engine operat-

ing conditions. Overall, effectiveness of the prepared DOC's appeared to bemore fuel specific. For diesel exhaust,

overall performance of DOC1 was more effective compared to both prepared DOCs, with DOC2 being superior to

DOC3. In case of KB20 exhaust, the overall performance of DOC2was eithermore effective or nearly comparable to

DOC1,while DOC3 being not so effective. This showed that the DOCs based on Co\\Ce basedmixed oxide catalysts

have potential to replace commercial noble metal based DOC's, especially in engines fueled by biodiesel.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

In recent decades, diesel engines have become the most important

power producing units in the transportation sector. Higher particulate

emissions is the main environmental and health concern from these die-

sel engines, although these are more efficient compared to gasoline en-

gines. At present, most global emission legislations are based on

particulate mass measurements. Several studies in open literature

(Burtscher 2005; Kittelson 1998; Tan et al., 2014; Zheng et al., 2011) em-

phasized that particle number emissions should also be a major criterion

for future emission regulations. One characteristic of diesel engine ex-

haust particles that makes it different from particulate generated by

other combustion sources, is emission of nano-particles (Kittelson

1998). Adverse health effects due to particulate are far more severe for

smaller nuclei mode particulate because of their ability to penetrate

deeper into lungs (Agarwal et al., 2013). Diesel engines emit particles in

range of 3–300 nm, which can be easily inhaled into the human body

through the lungs. Nano-particles are normally considered as particles

in the size range of 1–100 nm. Nano-particles comprise of a significant

portion of total particles emitted by diesel engines. Nano-particles are

not formed during in-cylinder combustion process, but in later stages,

when exhaust cools down and gets diluted, causing gas-to-particle con-

version. Higher concentration of particles leads to higher surface area

availability, providing greater adsorption area for condensation of heavier

hydrocarbons. Diesel nanoparticles have been declared as ‘carcinogenic’

by WHO.

Alternative fuels such as biodiesel are emerging fast therefore they

also need to be investigated for utilization in diesel engines. Due to scar-

city of petroleum fuels, biodiesel has potential to partially replace diesel

and this is being explored worldwide. Hence, it is important to charac-

terize particles emitted by biodiesel for its potential environmental

and health compatibility. Some studies have reported particle number

emissions from diesel engines fuelled by biodiesel blends and baseline

mineral diesel (Agarwal et al., 2011; Jung et al., 2006; Kawano et al.,

2006; Puzun et al., 2011). Puzun et al. 2011 investigated particle num-

bers emitted by a common rail direct injection (CRDI) system equipped

diesel engine fuelled with rapeseed biodiesel blends andmineral diesel.

It was observed that particles emitted were below 300 nm in size. Bio-

diesel exhibited bimodal particle number-size distribution with higher

particle number concentration of nano-particle size range. Another

study showed higher particle number emissions, when an engine was

fueled by B100 compared to mineral diesel. Comparable particle num-

bers were observed when the engine was fueled by KB20 (Agarwal et

al., 2011). Jung et al. 2006 reported significant reduction in particle

number emissions from a diesel engine fueled by soy biodiesel com-

pared to mineral diesel. Reductions of 38% and 82% in accumulation

mode particle numbers and particle volume respectivelywere obtained.

Most nano-particles are composed of organic compounds, formed due

to incomplete/partial combustion in the combustion chamber.

Diesel oxidation catalyst (DOC) is a device, which effectively reduces

organic fraction of particulates (Johnson and Kittelson 1996). Noble

metals like Pt, Pd are used as catalysts for such after treatment devices,

which makes them expensive. Some of the transition state metal and

perovskite based catalysts have exhibited good potential for application

in DOC. Non-noblemetal based catalysts have not been investigated ex-

tensively for application in DOC however some studies in literature

showed their potential applications for oxidation of soot and regulated

exhaust gases (Eyssler et al., 2012; Fino et al., 2003; He et al., 2001;

Jarrige et al., 2015; Li et al., 2011; Masuda et al., 1998; Song et al.,

1997; Teraoka et al., 1996; Yuan et al., 1994). Re2O7, MoO3 and V2O5

showed higher catalytic activity compared to higher melting point cat-

alysts such as Fe2O4 and Co3O4 for carbon black oxidation under

NO2 environment (Liu et al., 2002). MoO3 and V2O5 were also investi-

gated on different support materials. MoO3/SiC exhibited the best

performance (Liu et al., 2002). Kim et al. (2003) investigated the effect

of V2O5 on the catalytic activity of Pt-based DOC for SO2 oxidation

suppression. Catalytic activity of ABO3 and K2NiF4 (A2BO4) catalysts

were investigated for simultaneous removal of soot and NOx (Teraoka

et al., 1996). It was opined that appropriate substitution of ‘K′ in

the site ‘A’ of perovskite resulted in superior performance for simulta-

neous reduction of soot and NOx. He et al., 2001 investigated perovskite

type oxides La(1 − x)SrxMO3(M = Co0·77Bi0.2Pd0.03) for three-way

Fig. 1. Schematic of the engine experimental setup.
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catalytic performance. A decreasing order of activity for C3H6 elimination:

La0·2Sr0.8MO3 N La0·8Sr0.2MO3 N La0·4Sr0.6MO3 N La0·6Sr0.4MO3 N LaMO3

and a decreasing order of activity for CO oxidation,

La0·8Sr0.2MO3 N La0·2Sr0.8MO3 N La0·4Sr0.6MO3 N La0·6Sr0.4MO3 N LaMO3

were obtained. In the present study, two non-noble metal based DOCs

were prepared, retrofitted and investigated for their performance in re-

duction of particle numbers in the engine exhaust using Karanja biodie-

sel blend (KB20) vis-à-vis baseline mineral diesel and the results were

compared with the commercial DOC.

2. Experimental

2.1. Engine setup

A four cylinder diesel engine (Tata Motors; Indica 475) was used for

experimental investigations of the DOCs. Engine was equipped with a

rotary fuel injection pump having electric stop solenoid, which facilitat-

ed fuel injection. Engine was provided with an EGR system which opti-

mized the emission characteristics of the engine by reducing NOx

emission. For the cooling of the engine, awater supply linewas connect-

ed. Cooling water supply was maintained at a constant flow rate of 480

LPM and the water temperature was maintained at ~25 °C for all oper-

ating conditions. Fig. 1 and Table 1 show schematic of the experimental

setup and specifications of the test engine, respectively.

Test enginewas coupled to an eddy current dynamometer and a dy-

namometer controller, which was used for loading and unloading the

engine. Eddy current dynamometers are electromagnetic loading de-

vices. The engine being tested spins a disk in the dynamometer. Electri-

cal current passes through coils surrounding the disk, which induces a

magnetic resistance to the motion of disk. Varying the current varies

the load on the engine. Experiments were performed using diesel and

20% (v/v) Karanja biodiesel blend (KB20) at different engine loads at

rated engine speed (2500 rpm). To beginwith, the enginewas equipped

with a commercial DOC (BASF) for baseline experiments, followed by

experiments with two newly developed non-noble metal catalyzed

DOCs. Emissions were measured both upstream and downstream of

DOCs. The design of the canister and physical structural configuration

of DOCs were same for the tested DOCs. Ceramic substrates used in

the study were flow through honeycomb monoliths and the pressure

drop across the DOCwas ~40 Pa, which is negligible andwill be ignored

in the experimental investigations. This pressure drop was observed to

be the same at all test conditions for all DOCs.

Table 2 shows the experimental matrix. Measured fuel properties

namely calorific value, viscosity and density of diesel and KB20 are

given in Table 3.

Size-number distribution of particulate emissionswas characterized

by an Engine Exhaust Particle Sizer™ spectrometer (EEPS) (TSI Inc.;

3090). The EEPS provides both high temporal resolution and reasonable

size resolution using the same basic technique as that of a scanningmo-

bility particle sizer (SMPS) system but with multiple detectors working

in parallel. EEPS is designed specifically tomeasure PMemitted fromen-

gines and vehicles. It measures particle sizes ranging from5.6 to 560 nm

with a size resolution of 16 channels per decade (a total of 32 channels)

up to a maximum concentration of 108 particles/cm3 of the engine ex-

haust. Number concentration of particulate in the engine out exhaust

is higher than themaximummeasuring range of the EEPS, hence the ex-

haust was diluted 560 times prior to measurements, using a rotating

disk thermo-diluter (Matter Engineering; MD19-2E). Concentration of

particulate was measured in the diluted exhaust and concentration in

the actual exhaust was calculated by multiplying the measured values

with dilution factor.

2.2. Preparation of DOCs

Cylindrical substrates were chosen in this study because of ease of

their retrofitment in the exhaust tail-pipe. Specifications of the ceramic

substrates procured from Corning Inc. for this experiment are given in

Table 4.

Support and catalyst coatings are important processes in preparing

DOCs. The two DOCs evaluated in this study were prepared at NEERI,

Nagpur, India using different compositions of non-noble metal catalysts

namely (i) Co3O4\\CeO2 transition state metal catalyst and (ii) Lantha-

num-Manganese based perovskite catalyst (LaMnO3). Preparation of

the DOCs was done by following certain steps which are explained in

detail in our previous publication (Shukla et al., 2016). For simplicity

of explanation, nomenclature used for identification of the test DOCs

is given in Table 5.

3. Results and discussion

The prepared DOCs, in comparison to commercial DOC, were evalu-

ated for their effectiveness in reducing particulate emissions in the ex-

haust of the engine fueled by diesel and Karanja biodiesel blend

(KB20). Regulated gaseous emission characterization were also per-

formed for these DOCs, and the results are reported in detail in a previ-

ous publication from our group (Shukla et al., 2016). Detailed results

related to particulate characterisation are included in this manuscript.

Table 4

Specifications of ceramic DOC substrate.

Make Corning Inc.

Material Cordierite

Cell density 400 cpsi/6 mil

Shape Cylindrical

Diameter/length 143.8 mm/127 mm

Table 3

Important test fuel properties.

Property Diesel KB20

Specific gravity 0.846 0.848

Kinematic viscosity (cSt) @ 40 °C 2.60 3.39

Calorific value (MJ/kg) 42.21 41.42

Flash point (°C) 52.0 79.0

Table 2

Experimental matrix for DOC evaluation at 2500 rpm.

Engine load

(%)

Diesel without

DOC

KB20 without

DOC

Diesel with

DOC

KB20 with

DOC

0% √ √ √ √

25% √ √ √ √

50% √ √ √ √

75% √ √ √ √

100% √ √ √ √

Table 1

Technical specifications of the test engine.

Make/model Tata motors/Indica 475

Engine type Water cooled, compression ignition engine

No. of cylinders 4, inline

Bore/stroke 75 mm/79.5 mm

Cubic capacity 1405 cm3

Maximum power output 39 kW @ 5000 rpm

Maximum torque 85 Nm @ 2500 rpm

Compression ratio 22:1

Fuel injection system Rotary pump with electric stop solenoid
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3.1. Particle number-size distribution

Fig. 2 shows the particle number-size distribution frommineral die-

sel and KB20 fuelled engine's exhaust upstream (raw) and downstream

of DOC1, DOC2, and DOC3 as a function of engine load (no load to full

load) at 2500 rpm. Particle number emissions in raw exhaust were

high at no load, which increased at 25% engine load. At low engine

loads (no load and 25% load), exhaust temperature was relatively low,

which led to particulate formation due to higher degree of incomplete

combustion. However, particulate formation decreased at intermediate

engine loads and then increased slightly at higher engine loads (75 and

100% load). At 50% engine load, exhaust gas temperature attained a cer-

tain level, at which particulate oxidation occurred, leading to reduction

in particle numbers. As engine load increased, fuel injection quantity in

the combustion chamber also increased, which led to reduction in rela-

tive air-fuel ratio (λ).

Lower λ increased the degree of incomplete combustion, which in

turn increased particle numbers at higher engine load. Similar trend

was also observed for KB20. However, KB20 showed slightly lower par-

ticle numbers compared to diesel at identical engine loads. It has been

reported that use of biodiesel leads to slightly higher particulate oxida-

tion. Kawano et al. 2006 reported that particulate number-size distribu-

tion of diesel and RME was uni-modal and this distribution mostly

covered accumulation mode particles at all engine loads. Size distribu-

tion of accumulation mode particles of RME shifted towards smaller

sizes compared to diesel and peak particle number-size distribution

was almost constant at varying engine loads. An increase in engine

load increased peak particle number concentration for diesel but re-

duced the peak particle number concentration for RME. These findings

were in agreement with other studies, suggesting that biodiesel partic-

ulate mostly comprised of organic matter, which was destroyed inside

the combustion chamber at high temperature conditions, typically

Fig. 2. Effectiveness of DOCs in reducing particle number-size distributions in diesel and KB20 exhaust at 2500 rpm.

Table 5

Nomenclature used for DOCs.

Diesel oxidation catalyst Nomenclature

Commercial DOC DOC1
Co3O4\\CeO2 mixed oxide based DOC

(1) CeO2 as support

(2) Co3O4\\CeO2 mixed oxide catalyst

(3) Pd promoter

DOC2

LaMnO3 perovskite based DOC

(1) CeO2 as support

(2) LaMnO3 perovskite catalyst

(3) Pd promoter

DOC3
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prevailing at higher engine loads. As far as theDOCs are concerned, their

effectiveness in reducingparticle number-size distributions increased at

higher engine loads. It can be observed that DOC1, DOC2 and DOC3were

not effective at no load for both test fuels, diesel and KB20. However,

their effectiveness improvedwith increasing engine loads. This was pri-

marily because of increase in exhaust gas temperature with increasing

engine load. Elevated exhaust gas temperature is suitable for optimum

activity of catalyst present in DOCs. For diesel exhaust, DOC1 showed

higher reduction in particle numbers and was the most effective DOC

at higher engine loads. Effectiveness of DOC2 andDOC3 for particle num-

ber reduction was also good at intermediate and high engine loads. For

KB20 exhaust, DOC1 and DOC2 gave superior and near comparable per-

formance in terms of particle number distribution reduction (Fig. 2).

This indicated that DOC2 is effective in reducing particle number distri-

bution in the exhaust of KB20. The efficiency of PM reduction by both

DOCs increased with increasing engine load due to elevated exhaust

gas temperature, which favored higher degree of soot oxidation. Studies

have shown that diesel and KB20 particulate have different characteris-

tics (Agarwal et al., 2015). The interaction of Co3O4-CeO2 mixed oxide

catalyst with biodiesel particulate favor their higher oxidation. Some

specific characteristics of biodiesel particulate such as presence of oxy-

genated unburnt hydrocarbons, oxygen content etc. contribute to supe-

rior performance of DOC2. Agarwal et al. 2015 reported that particle

number emissions for B100 were higher than baseline mineral diesel.

However, these were comparable for diesel and KB20 at lower loads.

Jung et al. 2006 investigated the effect of biodiesel on oxidation of par-

ticulate using soy methyl ester (SME) and diesel at 1400 rpm engine

speed and 75% load. Accumulationmode particle number concentration

and particle volume distribution for SME were found to be lower by 38

and 82%, respectively. It was also reported that lower particle numbers

existed for SME compared to mineral diesel (for particle size range

above 50 nm). However, number concentrations were observed to be

similar for nucleimode particles below 50 nm. This indicated lower par-

ticle mass for KB20 because of relatively lower soot pyrolysis, primarily

due to presence of oxygen in the test fuel. Higher number of engine out

nuclei mode particles for KB20 was due to presence of large number of

condensed droplets of high boiling point hydrocarbons in the test fuel.

3.2. Particle surface area-size distribution

Fig. 3 shows particle surface area-size distribution for tested DOCs,

which shows similar trend as observed for particle number-size distri-

bution curves.

Particulate surface area is very important from toxicity point of view

because it provides potential sites for adsorption of toxic, high boiling

point organic compounds in vapor phase, which are present in the

Fig. 3. Effectiveness of DOCs in reducing particle surface area-size distribution in diesel and KB20 exhaust at 2500 rpm.
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engine exhaust.With reference to particulate surface area-size distribu-

tion, it was observed that peak particle surface area distributionwas the

lowest at no load and 50% load for raw exhaust (from both diesel and

KB20). At 25% engine load, peak particle surface area-size distribution

was the highest in the raw exhaust for both test fuels. This is because

of slight shifting of peak particle number density towards the right

(Fig. 2) for the same operating condition (25% load). DOC1 was found

to be the most effective in particle surface area reduction, followed by

DOC2 and DOC3 for diesel exhaust. Again, DOC2 performance was supe-

rior compared to DOC1, when engine was fueled with KB20. Toxicity of

particles is considered to be directly associated with particulate surface

area availability. Higher particulate surface area provides base for higher

condensation of volatile toxic organic compounds present in the engine

exhaust. It is therefore desirable to have lower surface area of particles

present in the engine exhaust and newly developed DOCs are quite ef-

fective in the same.

3.3. Particle mass-size distribution

Fig. 4 showsmass-size distribution of soot particles emitted from the

engine tailpipe. It has been widely debated that emission regulations

should also consider particle numbers. Diesel engines are infamous for

higher nano-particles and fine-particles emissions into the atmosphere.

These nano-particles and fine-particles are emitted in large numbers,

however their overall contribution to particulate mass is rather negligi-

ble (Kittelson 1998). (See Fig. 5.)

In the present study, particle number emissions were higher at 25%

engine load compared to no load, in raw engine exhaust (Fig. 2) from

both test fuels. It may be noted that particle mass-size distribution

was evaluated from the particle number size-distribution by assuming

the particles to be perfectly spherical and the particle density to be

1 g/cm3. Particle mass-size distribution was lower at no load and rela-

tively higher at 25% load (Fig. 4). This was due to higher particle num-

bers in larger sizes. Larger diameter particles contribute more to the

PM mass. Particle mass-size distribution was relatively lower at 50%

loaddue to higher degree of combustion and higher in-cylinder temper-

ature. The test DOCs significantly reduced PM emissions in the engine

exhaust. At higher loads, DOC1 and DOC2 showed comparable perfor-

mance in reducing particle mass distribution, when the engine was

fueled by KB20.

3.4. Total particle number concentration

Total particle number emission is an important criterion for evaluat-

ing effectiveness of the prepared test DOCs. It is desirable to have lower

total particle number emissions. Total particle numbers emission limits

Fig. 4. Effectiveness of DOCs in reducing particle mass -size distribution in diesel and KB20 exhaust at 2500 rpm.
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have already been enforced by contemporary emission legislations in

several developed countries of the world. Fig. 6 shows total particle

numbers emitted by the engine fueled by diesel and KB20 with and

without DOCs. Total particle number concentrations were high, when

exhaust was sampled without DOCs. All three DOCs (DOC1, DOC2 and

DOC3) were effective in reducing total particle number emissions.

Total particle number concentration was the highest at 25% engine

load for raw exhaust, which decreased with increasing load but again

slightly increased at full load. This trendwas identical for both test fuels.

It was observed that DOCs significantly reduced total particle num-

ber concentrations and their effectiveness increasedwith increasing en-

gine load. At higher engine load, greater fuel quantity was injected,

which led to higher in-cylinder temperature. Higher in-cylinder tem-

perature resulted in higher exhaust gas temperature, which was suit-

able for higher oxidation of particulate that pass through these DOCs.

KB20 showed slightly lower total particle number concentrations,

when exhaust samples were analyzed without DOC. DOC1 was found

to be the most effective in reducing diesel exhaust particles whereas

DOC2 showed promising results in reducing KB20 exhaust particles

with performance slightly superior to DOC1. Performance of DOC3 was

inferior to DOC1 and DOC2. Support material in DOC2 was CeO2, which

has very good oxygen adhesion, retention and release characteristics

(Kirchnerova et al., 2002). These properties of support material provide

adequate oxygen for oxidation and enhanced catalytic activity in this

DOC.

It has been observed that better atomization characteristics of fuel in

the combustion chamber result in lower particulate mass emission.

However, some previous studies have shown that superior fuel atomi-

zation increases particle number emissions despite of lower particle

mass emissions. Particle number emissions are mainly affected by fuel

atomization characteristics in the combustion chamber. Higher viscosity

and density of biodiesel results in formation of relatively larger spray

droplets, which lead to formation of lower number of particulate.

These are further reduced by DOCs in the present study. However, in-

herent oxygen content of biodiesel enhances fuel reactivity, which re-

sults in reduced particle mass emissions, as explained in our previous

publication (Shukla et al., 2016).

3.4.1. Variation in total particle number concentration with engine speed

Variations in total particle number concentrations were evaluated

both upstream and downstream of the DOCs as a function of engine

load and speed, in order to assess their performance. Figs. 6 shows col-

ored contour graphs, wherein particle number concentrations can be

differentiated by different colors representing a range of particle num-

ber concentrations (107 to 8×107particles/cm3 corresponding to bright

red to violet). For raw exhaust (upstreamof DOCs; top two graphs), sig-

nificantly higher particle number concentrations were observed for

most engine operating conditions. Lowest concentrations were ob-

served at intermediate loads and lower engine speeds.

Particle number emissions downstream of DOCs showed significant

reduction, which are indicated by bright red and yellow contours. DOC1
showed higher reduction in total particle number concentration, com-

pared to DOC2 for diesel with varying load and speed (Fig. 6). However,

DOC2 showed comparable reduction, when the engine was fueled by

KB20. Performance of DOC1 was not very effective at no load condition

for the speed range tested.

Catalytic properties of DOC2 were favorable for oxidation of KB20

particulates. This indicated that KB20 particulate have certain peculiar

characteristics, whichwere utilized byDOC2. DOC3 also reduced particle

Fig. 6. Variations in total particle number concentration with engine speed for different

test DOC's upstream (top two) and downstream (bottom six) for diesel and KB20.

Fig. 5. Effectiveness of DOCs in reducing total particle number concentration in diesel and KB20 exhaust at 2500 rpm.
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number emissions effectively, but not as efficiently as DOC2. This indi-

cated that the catalyst used in DOC2 was superior to that used in DOC3.

3.5. Count mean diameter (CMD)

For comparison of mean diameter of particulate emitted by the en-

gine fueled by mineral diesel and KB20, with and without DOC, count

mean diameter (CMD) was calculated at 2500 rpm engine speed. This

is a measure of mean diameter of particles emitted by an engine,

which provides valuable information about average particle size at a

particular engine operating condition. It is important to evaluate the re-

lationship between total particle number concentration and CMD as it is

not desirable to have higher number of particles with smaller sizes,

which can easily penetrate deeper into human lungs. Following equa-

tion was used for calculating CMD at each engine operating condition:

CMD ¼
n1d1þn2d2þn3d3þ……þnndn

n1þn2þn3þ……þnn
(1)

Here, ni is particle number concentration corresponding to diameter

di.

Fig. 7 shows that CMD was maximum at 100% load for both diesel

and KB20. This indicated that higher engine load resulted in emission

of overall larger particles. Remarkably, 25% load (diesel and KB20)

showed highest particle number concentration as well as higher CMD,

whichwas almost similar to that at 100% load. Particle number concen-

trations were drastically reduced by DOC1 and DOC2. CMD shifted to-

wards lower size range at most operating conditions. Reduction in

total particle number concentration in exhaust is favorable, nonetheless

shifting of CMD towards lower sizes is undesirable. Lower CMD indicat-

ed higher surface area available per unit mass of particulate for adsorp-

tion of high molecular weight hydrocarbons, which are carcinogenic.

DOC3was also effective in reducing total particle numbers and lowering

CMD for all operating conditions. However, CMDs for both test fuels

using DOC3 were relatively larger compared to those obtained by

using DOC2 and DOC1. For DOC2, 100% load showed different results

and CMD was high (close to ~90 nm) along-with lower particle num-

bers, which reduced their toxic potential. CMDdid not seem to be affect-

ed significantlywhen KB20was used instead ofmineral diesel, however

total particle number concentration reduced with use of KB20. Signifi-

cantly higher particle number emissions were observed at no load,

downstream of DOCs (diesel and KB20). This indicated that DOCs

were ineffective in oxidizing most particles at no load, primarily due

to lower exhaust gas temperatures, resulting in retarded catalytic activ-

ity under these conditions. Fig. 8 shows the brake specific fuel consump-

tion (BSFC) for diesel and KB20 at 2500 rpm at various engine loads. It

can be seen that BSFC reduces with increasing engine load.

4. Conclusions

Two new DOC based on non-noble metals were developed and used

in engine experiments for reducing exhaust particles from Karanja Bio-

diesel blend (KB20) and baseline diesel and their performance was

compared with commercial DOC. Emission characteristics evaluated in-

cluded particle number-size distribution, mass-size distribution, and

surface area-size distribution, total particle number concentration and

count mean diameter as a function of engine load at constant engine

speed. Variations in total particle number concentrations as a function

of engine speedwere also determined. Exhaust of KB20 showed slightly

reduced emission of total number of particles compared to diesel. In die-

sel exhaust, DOC1 showed maximum effectiveness in reducing maxi-

mum particle number concentration. DOC2 and DOC3 showed nearly

comparable performance at intermediate and higher engine loads.

Overall comparison of DOC2 and DOC3 showed that DOC2 was more ef-

fective in reducing emission of total particle numbers at all test condi-

tions for both diesel and KB20. It may be noted that particle number-

size distribution for exhaust sampled downstream of DOC2 was nearly

comparable to that of DOC1 at 50% and higher loads, when the engine

was fueled by KB20. This indicated that DOC2 performed satisfactory

in oxidation of exhaust particulate. Support material in DOC2 was

CeO2, which showed excellent oxygen adhesion, retention and release.

These properties ensured availability of oxygen for oxidation and en-

hanced activity of catalyst present in DOC2. Good performance of

DOC2 for exhaust of KB20 can also be seen from reduction in total parti-

cle number concentration. Variations in total particle number

Fig. 8. BSFC for diesel and KB20 at different engine loads.

Fig. 7. Effect of DOCs on count mean diameter vs. total particle number concentration

emitted by diesel and KB20 at 2500 rpm (Note: % inside each figure refers to engine load).
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concentration were evaluated at varying engine speed and load. DOC2
used for exhaust of KB20 yielded significant reduction in total particle

number emissions at tested engine loads and speeds. Reduction in

total number concentration of particles in exhaust is favorable nonethe-

less shifting of CMD towards lower size range is undesirable. CMD for

DOC3 was relatively higher compared to DOC1 and DOC2 for both test

fuels. CMD does not seem to be affected significantly when KB20 was

used instead of diesel, yet total particle number concentration reduced

with use of KB20. Overall, DOC2 was as effective as noble metal based

commercial DOC in controlling particulate emission from diesel and

KB20 fuelled engine.
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