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ABSTRACT
Alming to reduce the fuel consumption and exheust em. of internal engines,
nano-ceria (CeOy) based Fuel Borne Cetalyst (n£F8C) developed by NanoScit ion Pte Ltd,

Singapore has been diraclly blended with Vietnam'’s market diesel fuel in the ratio of 1.5,000. This
blended dlesel consists of more than 99.99% diesel, less than 0.01% surfactant (hydrocarbon), and
less than 10ppm (10mg/iter) of CeQ; nanoparticles.

Comparaiy wera d on single cylinder research engine AVL 5402 (o find
the impacts of this nFBC additiva on engine’s perfc exhaust emissions and bustion profife.
The experimental results show thal there are no adverse effects on the engine after 56-hours running
with nFBC. The reduction of fuel i¢ e! lly and 7.7% after 56-hours
running with nFBC additive. The soot ion has declined on the ged of 10-20%. The
carbon de (CO) lon has ignil in the early engine running stage (less
than 20-hours) which might be due to the burning off the deposited carbon through calalytic cleaning
effect. However, afler 20-hours running with nFBC additive, the CO emission has decreased
dramatically. The total hydrocarbon (THC) emission has decreased by more than 10% in various

perating regimas. However, nitrogen oxides (NO,) emission reduction has not been as significant as
P The peak of ion p profile has moved closer to firing top dead center at the
positive crank angle regime afler adding nFBC info the fuel. This phenomenon has been observed
most prominent at low engine speed (1,400rpm). However, at higher engine speeds, the time point of
pi poaks has not ch. d
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TOM TAT

Hurémg t61 gidm tiéu thy nhién ligu va phét théi dpc hal cda &Png co Bt trong, xic téc nhidn gy
dya frén co s& Bxit x8ri dang nano (nFBC), phét tridn bdi Céng ty NanoScience Innovation, Singapore’
dugc rn v6i nhién ligu diesel thj tnromg & Vigt Nam véi ty 1§ 1:5.000. H8n hop diesel ndy bao gbm
Zon 99,99% diesel, du6i 0,01% chét b8 mat (hydd cacbon) va cusi 10ppm (10mgAlt) hat Oxit xéri

lang nano.

Céc thir nghigm B} chimg duge thire hign trén ddng co tiéu chuén AVL 5402 nhdm dénh & .
énh hudng cua phy gla nFBC dén tinh nang, phét thai va didn bién dp suét trong xilanh dng co. Céo;
két qua thuc nghiém cho thdy, dong co vén hanh 6n dinh véi phy gia nFBC; tiéu thy nhién ligu gidm'.
dén va dat 7,7% sau 56 gio vén hanh; d® md khoi gidm trung binh 10-20%; phét thdl ménoxit cécbori,.
(CO) cl_;l glém sau 20 gi& van hanh, nréc théi glan ndy CO téng manh do higu lam sach buﬂnﬁ
chdy cia chét xiic téc; phét thal hydré cacbon tdng gldm trén 10% a8/ véi hdu hét cdc ché & vin
hanh. Tuy nh{én, phét thal NO, khbng dupe cdi thién nhur i tinh. Théi diém ép subt cyc dai trong
xilanh &g djch chuyén theo chidu huéng gén véi &ém chét trén trong hanh trinh gi&n nér khi co ma
phy gia nFBC. Hién tuymg ndy o thé hign 15 & tbc & vong quay thép cua &g co (1400 viph), tuy
nl;lﬂeg & tbe &9 quay cao, thdi diém ép sut cyc dai khéng o6 nhidu thay 81 khi c6 st dyng phy gia
nFBC.

Tir khéa: phy gia nano cho nhisn ligu, dac tinh chdy, ddng co diesel 1 xilanh.
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1. INTRODUCTION

Cerium Oxide, CeQ,, has been known for
its redox ion and oxidation) lyti
effects in various internal combustion engines
and has been studied over the last decade.
When nano-ceria (CeO;) based Fuel Bome
Catalyst (nFBC) is mixed in fuel at very low
concentration, they can oxidize carbon-soot (C-
soot) and total hydrocarbons (THC) at lower
temperatures to become CO; and H0.
Furthermore, C-soot attached to engine's wall
can also be removed through buming due to the
catalytic activities of CeO, allowing the engine
to work more efficiently. Very little amount (5-
10ppm) of WFBC with siz¢ of 5-10nm would
have sufficient surface area for catalytic effect
to reduce fuel consumption and all types of
emission from the intemal combustion engine.
This series of tests is done on diescl internal
combustion engine. This type of fuel additive
is considercd as onc of the most advanced
nanotechnology additive available which is
being developed, tested and used in several
countries like UK, USA, Singapore, and
Australia etc [1].

Figure 1 shows the particulates
distribution  from a standard diesel engine
exhaust. It 1s observed that significant amount
of particulates is in nano-scale (<50nm) [2]. So
the additional of 10ppm nFBC would not
significantly  change the nanoparticles
population. However, its effect on reducing
these carbon based particle is significant.
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Fig. 1 The size dismbution of typical diesel
exhaust particles ranges from nano-scale
particles up 10 coarse soof particles [2]
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2. BACKGROUND OF CEO, CATALYTIC
EFFECTS

It is beneficial to discuss the roles that
WFBC plays in each reacion which may
influcnce the fuel consumption, CO,, CO, NO,,
THC emissions and opacity separately and
concurrently.

It is well known that CeO; nanoparticles
provide the catalytic actvitics on oxtdation and
reduction which can be expressed n the
following rcaction cquations {3],[7]:
2Cc0; <=>Ce;05 + Vo* +0* (1)
(2x+y)CeO; + GH, => [(2x+y)2]Cc,0y +
xCO +y/2H,0 )

2Ce0; + Con => Ce,05 + CO 3)
4Ce0; + Cyon => 2Ce303+ CO; )
2Ce0, + CO => Ce;0; + CO, 5)
Cc,03 + NO, => Cc;044, + 1/2N; (6)
-1 describes oxygen storing i
cffect of CcO, nanoparticles. These oxygen

(0O*) are 0 atomic form, reside on surface of
Ce0, nanoparticles and is more active than
molecular oxygen in air (0;). As a result, O*
can reduce the temperature of oxidation
reaction in Eqs-2, 3, 4, and 5 to as low as
300°C. Eq-6 shows the reduction process of
NO, to N;. However, NO, can be also formed
through combining N, and oxygen from either
air or 0 from CeO; at elevated temperatures.

Under normal circumstances, the engine
wall temperature is lower than the carbon
combustion temperature, part of the unbumt
carbon would deposit onto wall when the
engine runs. This wall deposit would slowly
accumulate leading to engine performance
degrad With the p of CcO; in the
system, the catalytic effect would lower the
carbon combustion temperaturc which leads to
bum-off the carbon deposit on the wall. In
other words, the CeO, nanoparticles would
deposit on and clean the wall. The CeO,
deposition would reach an equilibrium amount
and the engine is then expected to run in more
cfficient mode.

From the processes described above,
detailed analysis of combustion process
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1,800rpm and 50% load before the third 1S
dc cycle test and measurement were

tving CcO, t very 't'. as tl_u:
CcO; particles can  cither  p p in
idation or reduction reaction. C i

of the various cxhaust cmissions such as CO, C-
soot, THC and NO, arc cxpected to fluctuate
widely, especially in the early stage of the test.
The stability of the cxhaust can only be
cstablished  after relatively Jong  hours of
operation until some kind of ecquilibrium
between the surfaces of combustion chamber
and the combustion process. This is onc of the
purposcs to make 3 different measurements at
diffcrent time frame in this test.

In gencral, CO, C-soot, THC can be
classified in a same category and oxidation
reaction is favorable in terms of energy
oxidation of these gascs to become CO; is onc
way reaction (releasing energy) at all working
temperatures.  In other words, by adding the
Ce0, particl. these issi will
decrease eventually and they occur either inside
or outside the combustion chamber.

3. EXPERIMENTAL

The purpose of the test was to
systematically investigatc the time history on
the effect of nFBC on dicsel engine
combustion. It is expected that the engine will
run more efficient and discharge less pollutant
gases. Adversary effects, if any, to the engine
due to the additive will also be reported in this
long duration of running of the engine.

3.1. Test procedure

In the beginning, the engine was fueled
and run with the diesel acquired from
Vietamese open market. Fificen different
engine running modes with various loads and
speeds of 1,400rpm, 1,800 rpm and 3,000rpm
were carried out. The fuel oonsumpuon and
exhaust emissions were and
for reference. Straight afler that, the same
diesel was added with 5-10 ppm of nFBC and
another cycle of the same 15 nmnmg -mode was
carried out on the same engine. Slmxhrly, the
fuel consumption and the exhaust errusslons
were d and ded for
with test running with and without addiu've.

_ Engine was then run for 20 hours
continuously with nFBC added fuel at

=
carried out.

The final 15 running-mode cycle test was
performed after 56 hours of cngine running
with nFBC at 1,800rpm and 50% load.

The data of fucl consumption and
cxhaust cmissions at different speeds and loads
varied widely. Although running parameters
are not exactly the same as standard, it is useful
to average over a standard European ECE R49
protocol. Figurc 2 shows the engine’s
opcrating modes and the weighing factor for
cach modc of ECE R49 protocol.
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Fig. 2 European ECE R49 cycle [1].
3.2. Test apparatus

Test has been done on one cylinder
Austrian made research engine - AVL 5402.
This test bench is controlled by a computer
system with different modules like PUMA,
EMCON [6]. The clectronic brake system -
AMK, can work at maximum power, torque and
speed at 28kW, 150Nm and 7,000rpm

i Exhaust emissions were analyzod
by CEBI] work bench, which is able to monitor
different gases like CO,, CO, NO, NO, and
THC [5]. The control system of the test set up is
presented in Figure 3 and the configuration of
the test engine is presented in table 1.
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Table 1 Specification of the iest engine
AVL5402

pressures also move toward positive crank
angles. This may bc due to both temperature
and residence time in favor for catalytic effects
of nFBC for the low rpm (1,400rpm) opcration
for this particular test engine.
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Fig. 4 Pressure profile versus crank angle at
1,400rpm with nFBC (PCYL!-Diesel w.FBC)
and without nFFBC (PCYLI-Diesel).

4.2. Fuel consumption

The measured fuel consumption was
ighed ge fuel ding to ECE R49

Jiems Values Units
Bore 85 mm
Stroke 90 mm
Displacement 5107 cc
Compression ratio | 17:1 -
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Fig. 3 Control system of the
up.
4. RESULTS AND DISCUSSIONS

4.1. Pressure profiles

expenmenlal set

Figure 4 shows the combustion pressure
profiles for running with and without nFBC at
engine speed of 1,400rpm. The pressure
profiles have changed significantly when nFBC
was added into the fuel. The combustion
pressure has increased and the pressure front
moved forward closer to 0 degree crank anglc.

It is believed that nFBC have catalyzed
the ignition of diesel earlier. The pressure
increment occurs at the positive crank angle
regime where actual useful mechanical work is
done. In this circumstance, the nFBC have
promoted combustion within diescl droplets in
fuel rich environment. Due to their ability to
initate the bustion at lower temp
more fuel would be combusted.

On the other hand, for the case of
1,800rpm and 3,000rpm, the changes arc not
significant although in both cases, higher
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pmwcol and shown in Figure 5. This figure
clearly shows the fuel consumption has reduced
over timc. It is obscrved that, after 56 hrs
running with nFBC, the fuel consumption
1mprovemem rcaches 7.7%.
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Fig. 5 Fuel improvement versus running fime
with nFBC.

The fuel oonsumption improvement
could be considered commg from two froms
i.e. more 1 ion due to oxid:
occurring at lower temperature and the
assuroption on engine cleaning effect.

4.3. Exhaust emissions

Total hyd: was
through hcated ionization flame detector and
the measured and weighed average results are
shown in Figure 6. Ovemll, the THC
improvement is higher than 10%.
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with nfFBC. running time with nFBC.
The d and ighed d also fl over time but small percentage
results 0(' co ermssnon are shown in Flgure 7. of NO, reduction has been measured after 56
C t with and hour engine running.

without r|FBC the results ﬂuctual.c W|dely
from worsen to much i

As discussed on mechanisms of the NO,

e

p!
after the nFBC were added to the fuel (0"’
hour), the CO emission worsen which might be
due to engine chamber cleaning cycle The CO
emission reduces dramatically by 22.5% at 20®
hour of engine running with the additive.
However, the imp! of CO issi

it 1s very difficult to pin-point which
is dommated at the present
Ily. combustion with nFBC

would lower the temperature and hence the NO,
formation through ‘thcrmal-NO," mecchanism
would decrease. On the other hand, the

mechanism

reduces after 56 hours of engine running,

CO emission come from oxidation
process as indicated in Eq-2 and 5. The CeO,
would assist oxidation of C-soot and THC,
especially the carbon deposit on the engine
wall. Therefore, it 1s logical to expect the
increase of CO emission in the early stage of
engine running. However, the engine will
slowly reach its equilibrium state at whxch co

will d: duc to lytic effects
of nFBC over time.

On the other hand, the CO; will not be
cxpected to decline fun.hcr even if the cngine

more efficiently as final products of all
ox:dm.lon reactions lear.l to CO,.

Flgure 8 shows the weighed average of
NOx emission at different stages. The emission

P of O° at the nanoparticles surface
would increase the ‘prompt- NO,’ formation.
The ‘fuel-NO," mechanism is normally
important only for biodicsel due to its nitrogen
content in the fuel which is not quitc relevant
here. These competing mechanisms might play
different roles at different stages of the test.
When correlate to the CO emission data,
the CO emission reduction has caused the NO,
emission to increase. This can be interpreted as
l.hal the temperature ln5|de the combustion
ber has Neverthel in
overall, all emissions have improved over time.
In addition, after the gases discharge
from the combustion chamber, there is another
opportunity of reducing NO, to N, through
reaction described in Eq-6 when the CeO; is
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present. This reaction is commonly used in the

profiles have also shown higher combustion

gine’s y g
Figure 9 shows the avcraged opacity
index improvement of the enginc at different
running stages. The improvement was found to
be more than10%.

5. SUMMARY AND OUTLOOKS

In summary, no adverse effects were
encountered with the cngine running with the
diesel fuel blended with nFBC.

The test has shown the reduction of fucl
consumption and gases emission of the diesel
enginc when WFBC (5-10ppm) are added into
diesel fuel. Fuel consumption reduction bas
eventually reached 7.7% after 56 hour running
with nFBC.

The THC emission has overall declined
under using of NFBC. The CO emission has
increased in the early stage but after running for
a longer duration, it has decreased to below the
level of that in case without nFBC. Although
the NO, emission has yielded mixed results it
seems to be comrelated to CO emission. The
i of NO, emission cor ds to high
CO reduction which may due to somc changes
of the in combustion environment during that
stage. However, after 56 hours of wutilizing
1FBC, the engine emission level is lower than
the emission without nFBC.

at the positive side of crank angle,
Icading toward more positive work donc

From the cmission fluctuation level, 1t
scems that the engine still has not reached its
cquilibrium state after 56 hours of running with
the additive. It is cxpected to take somclimes
for the combustion chamber to be ‘cleaned’
through canalization of the deposited carbon.

Once the cquilibium amount of nFBC
have deposited onto the cngine’s wall, this layer
of nFBC would assist not only in rcmoving
carbon to be deposited on the wall, but also
catalyzing carbon and THC bum-off at as low
as 300°C. This will lead to more completed
combustion inside the combustion chamber and
hence, better fuel cfficiency. A further detailed
study of this effect will be very useful.
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Opacity index, an indirect measurement contribution to this re: h
of particulate matter emission has also shown
more than 10% of reduction. Chamber pressure
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