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ABSTRACT 

Aiming to reduce the fuel consumpHon and exhaust emissions of Internal combustion engines, 
nano-ceria (CeOz) based Fuel Borne Catalyst (r}FBC) developed by NanoScience Innovation Pte Ltd, 
Singapore has been directly blended with Vietnam's market diesel fuel in tfie ratio of 1:5,000. TNs 
blended diesel consists of more than 99.99% diesel, less than 0.01% surfactant (hydrocmbon), and 
less than lOppm (lOmg/llter) of CeOi nanopartlcles. 

Comparative experiments were cx)nductedon single cylinder research engine AVL 5402 to find 
the impacts of this r)FBC additive on engine's performance, exhaust emissions and combustion profile. 
The experimental results show that there are no adverse effects on the engine after 56-tiours rurvung 
with rjFBC. The reduction of fuel consumption increases gradually and reaches 7.7% after 56-hours 
running with T]FBC additive. The soot concentration has dedined on the averaged of 10-20%. The 
carbon monoxide (CO) emission has Increased signlTicantly In the early engine running stage (less 
than 20-hours) which might be due to the burning off the deposited carbon throu^ catalytic cleaning 
effect. However, after 20-hours running with rjFBC additive, the CO emissmn has decreased 
dramatically. The total hydro-carbon (THC) emission has decreased by more than 10% in various 
operating regimes. However, nitrogen oxides (NOJ emisston reduction has not been as signifKant as 
expected. The peak of combustion pressure profile has moved chser to firing top dead center at the 
positive crank angle regime after adding qFBC into the fuel. This phenomenon has been obsenxd 
most Imminent at low engine speed (1,400rjmi). However, at higher engine speeds, the time point of 
pressure peaks has not changed significantly. 

Keywords: Nano fuel's additive, combustion characteristics, single cylinder diesel engine. 

T6M TAT 

Hu-6fng tdi giim ti§u thv nhl6n Hiu vi phit thii die h^i cOa ding ccr cUt trong, xOc tic rOti^ fi^ 
di/ahdnccrsd 6xlt xiri d^ng nano (r)FBC). phit triin b&l Cing ty NanoScience Innovation, Singapore'^ 
ikivc trdn vdi nhiSn Hiu diesel thj tnrdng & Viit Nam vdit^H 1:5.000. HSn hcyp diesel niy bao g^ 
trin 99,99% cBesel, du<ri 0,01% chit bi m$t (hyOti cicbon) vi du6i lOppm (lOmg/llt) h^t ixft xiri 
d^ng nano. 

Cic thCr nghiim Oil c/«>ng dUxjc thi^ hiin W n Oing ca tHu chuin AVL 5402 nhim dSnh ^ 
i/jh hudng cOa ph{i gia rjFBC din tinh nSng, phit thii vi diin blin ip suit tivng xilanh ding ccr. C f e 
kit qui thvc nghlim cho thiy, ding ccr vin hinh dn djnh v6i phi^ gia r\FBC; tiiu thv nhl§n Hiu ffiia 
din vi a9t 7,7% sau 56 gl& v$n hinh; di m& khdi giim tivng binh 10-20%; phit thii mdndxlt cicboif. 
(CO) chl glirn sau 20 gl& v$n hinh, frwSc thdi gian niy CO tSng m^nh do hliu i>ng Iim s^ch buinM^ 
chiy cOa chit xQc tic; phit thii hycM cicbon ting ^im trin 10% Oil wW hiu hit dcchidivin 
hinh. Tuy nhiSn, phit thii WO, khing dlfpc cd/ thiin nhir di/ tfnh. Thdi aim ip suit eye 091 trong 
xilanh duvc dfch chuyin tiieo chiiu hudng gin vdi diim chit tr6n trong hinh binh gi&n n& khi cd m9 
phv gia riFBC. Hiin hn?ng niy (A/pc thi hiin r6&t6cai vdng quay thip cOa d^ng ccr (1400 v/ph), tuy 
nhiSn, iftOcOi quay cao, thdi aim 6p suit ci/c d$i khing c6 nhiiu thay dii khi cd sO dvng phv gfa 
r}FBC. 

TCr kh6a: phg gia nano cho nhiSn ll$u, d§c tfnh chfiy. dOng ca diesel 1 xilanh. 
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1. INTRODUCTION 

Cerium Oxide, CeOj, has been known for 
its redox (reduction and oxidation) catalytic 
effects in various internal combustion engines 
and has been studied over the last decade. 
When nano-ceria (Ce02) based Fuel Bome 
Catalyst (T|FBC) is mixed in fuel at veiy low 
concentmtion, they can oxidize caibon-soot (C-
soot) and total hydrocarbons (THC) at lower 
temperatures to become CO2 and HjO. 
Furtiieimore, C-soot attached to engine's wall 
can also be removed through burning due to the 
catalytic activities of CeOj, allowing the engine 
to woric more efficientiy. Very littie amount (5-
lOppm) of T̂ FBC with size of 5-lOnm would 
have sufficient surfiice area fiir catalytic effect 
to reduce fiiel consumption and all types of 
emission fixim the internal combustion engine. 
This series of tests is done on diesel internal 
combustion engine. This type of fuel additive 
is considered as one of the most advanced 
nanotechnology additive available which is 
being developed, tested and used in several 
coimtries like UK, USA, Sing^ore, and 
AustraUaete[I]. 

Figure 1 shows the particulates 
distribution fixim a standard diesel engine 
exhaust. It is observed that sigiuficant amount 
ofparticulatesisinnano-scale (<50iun) [2], So 
the additional of lOppm î FBC would not 
significantiy change the nanoparticles 
population. However, its effect on reducing 
these carbon based particle is significant. 

Fig. I The size distribution of typical diesel 
exhaust particles ranges from nano-scale 
particles up to coarse soot particles [2], 

2. BACKGROUND OF CEOj CATALYTIC 
EFFECTS 

It is beneficial to discuss the roles that 
T|FBC plays in each reaction which may 
influence the fiiel consumption, COj, CO, NO ,̂ 
THC emissions and opacity separately and 
concurrently. 

It is well known that CeO^ nanoparticles 
provide the catalytic activities on oxidation and 
reduction which can be expressed in the 
following reaction equations [3],[7]: 

2Cc02 <=> CejO, + Vo* + 0* (1) 

(2x+y)Ce02 + Ĉ Hy => [(2x-i-y)/2]Ce203 + 
xCO + y/2Hi0 (2) 

2Ce0i -I- Coot => CeiOj -i- CO (3) 

4CeOi -t- C„.„ => 2Ce203 + COj (4) 

2Ce02 + CO => CejOj + CO2 (5) 

CeaOj + NO^ => CcjOj^ + I/2N2 (6) 

Eq-1 describes oxygen storing/releasing 
effect of CeO; nanoparticles. These oxygen 
(O*) are m atomic foim, reside on sur&ce of 
Ce02 nanoparticles and is more active than 
molecular oxy%zn in air (O2). 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 
NOx to Nj. However, NO^ can be also fomied 
through combining Nj and oxygen fiom either 
air or 0* firom Ce02 at elevated temperatures. 

Under normal circumstances, the engine 
wall temperature is lower than tiie caibon 
combustion temperature, part of the unbumt 
carbon would deposit onto wait when the 
engine runs. This wall deposit would slowly 
accumulate leading to engine performance 
degradation. With the presence of CeOi in the 
system, the catalytic effect would lower the 
carbon combustion temperature which leads to 
bum-off the carbon deposit on the wall. In 
other words, the CeOj nanoparticles would 
deposit on and clean the w^l. The Ce02 
deposition would reach an equilibrium amount 
and the engine is then eiqiected to run in more 
efficient mode. 

From the processes described above, 
detailed analysis of combustion process 
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involving CcO^ becomes very complex as the 
Ce02 particles can cither participate in 
oxidation or reduction reaction. Concentration 
of the various exhaust emissions such as CO, C-
soot, THC and NOx ^rc expected to fluctuate 
widely, especially in the early stage of the test. 
The stability of the exhaust can only be 
established after relatively long hours of 
operation until some kind of equilibrium 
between the surfaces of combustion chamber 
and the combustion process. This is one of the 
purposes to make 3 different measurements at 
different time frame in this test. 

hi general, CO. C-soot, THC can be 
classified in a same categoiy and oxidation 
reaction is favorable in terms of energy 
oxidation of these gases to become CO2 is one 
way reaction (releasing energy) at all woricing 
temperatures. In other words, by adding the 
CeOj nanoparticles, these emissions will 
decrease eventually and they occur either inside 
or outside the combustion chamber. 

3. EXPERIMENTAL 

The purpose of the test was to 
systematically investigate the time history on 
the effect of iiFBC on diesel 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 

hi the beginning, the engine was fueled 
and run with the diesel acquired from 
Vietnamese open maricet. Fifteen different 
engine running modes witii various loads and 
speeds of I,400ipm, 1,800 rpm and 3.000rpm 
were carried out. The fuel consumption and 
exhaust emissions were measured and recorded 
for reference. Stiaight after tiiat, tiie same 
diesel was added witii 5-10 ppm of TJFBC and 
another cycle of the same 15 running-mode was 
earned out on the same engine. Similariy, the 
fuel consumption and tiie exhaust emissions 
were measured and recorded fiar comparing 
with test tunning with and without additive. 

Engine was tiien run for 20 hours 
continuously witii TJFBC added fiiel at 

l,800tpm and 50% load before tiie tiiitd 13 
rurming-mode cycle test and measurement were 
carried out. 

The final 15 running-mode cycle test was 
perfonned after 56 hours of engine running 
witii TiFBC at l,800rpm and 50% load. 

The data of fiiel consumption and 
exhaust emissions at different speeds and loads 
varied widely. Although running parameters 
are not exactiy the same as standard, it is usefiil 
to average over a standard European ECE R49 
protocol. Figure 2 shows the engine's 
operating modes and the weighing factor fiir 
each mode of ECE R49 protocol. 

^25% 

60 80 
Engine Speed, % ''"^' 

Fig. 2 European ECE R49 cycle [If 

3^ . Test apparatus 

Test has been done on one cylinder 
Austrian made researeh engine - AVL 5402. 
This test bench is controlled by a computer 
system with different modules like PUMA, 
EMCON [6]. The electixmic brake system -
AMK, can work at maximum power, torque and 
speed at 28kW, 150Nm and 7,000rpm 
resfKctively. Exhaust emissions were analyzed 
by CEBn work bench, which is able to monitor 
diflferent gases like CO2, CO. NO, NO, and 
THC [5]. The control system of the test set î ) is 
presented in Figure 3 and the configuration of 
the test engine is presented in table I. 
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Table 1 Specification of the test engine 
AVL5402 

Items 
Bore 
Stroke 
Displacement 
Compression ratio 
Rated power/speed 

Values 
85 
90 
510.7 
17:1 
9/3200 

Units 
mm 
mm 
cc 

-kW/ipm 

Fig. 3 Control system of the experimental set 
up. 

4. RESULTS AND DISCUSSIONS 

4.1. Pressure profiles 

Figure 4 shows the combustion pressure 
profiles for running with and without iiFBC at 
engine speed of I,400rpm. The pressure 
profiles have changed sigrdficantiy when iiFBC 
was added into tiie fuel. The combustion 
pressure has increased and the pressure fi-ont 
moved forward closer to 0 degree crank angle. 

It is believed that TIFBC have catalyzed 
the ignition of diesel earlier. The pressure 
increment occurs at the positive crai^ angle 
r^ime where actual usefiil mechanical work is 
done. In this circumstance, tiie iiFBC have 
promoted combustion within diesel droplets in 
fiiel rich environment. Due to tiieir ability to 
ioitiate the combustion at lower temperature, 
more fiiel would be combusted. 

On die otiier hand, for the case of 
l,800ipm and 3,000rpm, the changes are not 
significant although in both cases, higher 

pressures also move toward positive crank 
angles. This may be due to both temperature 
and residence time in favor for catalytic effects 
of nFBC forthe low rpm (l,400ipm) operation 
for this particular test engine. 

Fig. 4 Pressure profile versus crank angle at 
1.400rpm with ijFBC (PCYLl-Diesel w.FBC) 
and without tjFBC (PCYLl-Diesel). 

4.2. Fuel consumption 

The measured fiiel consumption was 
weighed-average fiiel according to ECE R49 
protocol and shown in Figure 5. This figure 
clearly shows the fiiel consumption has reduced 
over time. It is observed that, after 56 hrs 
running with tiFBC, the fiiel consumption 
improvement reaches 7.7%. 

Fig. 5 Fuel improvement versus running time 
withriFBC. 

The fiiel consumption improvement 
could be considered coining fiom two fix)nts, 
i.e. more complete combustion due to oxidation 
occurring at lower temperature and the 
assumption on engine cleaning effect 

4.3. Exhaust emissions 

Total hydrocarbon emission was measured 
through heated ioruzation flame detector and 
the measured and weighed average results are 
shown in Figure 6. OveraU, tiie THC 
improvement is higher than 10%. 



TAP CHl KHOA I !pC & C6NG NGH? CAC TRU'ONG BAI HQC K? THUAT • S6 90 -2012 

Fig. 6 THC emission Improvement verius engine 
i-unning time with tjFBC. 

r 
nnlni Umi (houn) 

Fig. 8 NOx emission versus engine running time 
with tjFBC. 

The measured and weighed averaged 
results of CO emission are shown in Figure 7. 
Comparing the emission between witii and 
without nI^C> ^B results fluctuate widely, 
fi-ora worsen to mudi improved. Immediately 
after die iiFBC were added to tiie fiiel (0* 
hour), the CO emission woisen 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 improvement of CO emission 
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 is 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 which CO 
emission will decrease due to catalytic effects 
of iiFBC over time. 

On the other hand, the CO2 will not be 
expected to decline fiirther even if the engine 
operates more efficientiy as final products of all 
oxidation reactions lead to CO2. 

Figure 8 shows tiie weighed average of 
NOx emission at different stages. The emission 

£• is,o 

1: 
En|ln* ••(hounl 

Fig. 7 CO emission improvement versus engine 
running time with tjFBC. 

I 20,0 ' -

Fig. 9 Opacity index imprtxvement versus engine 
running time with ijFBC. 

also fluctuates over time but small percentage 
of NOx reduction has been measured afier 56 
hour engine running. 

As discussed on mechanisms of the NO. 
formation, it is very difficult to pin^raint which 
mechanism is dominated at the present 
situation. Theoretically, combustion with T)FBC 
would lower the temperature and hence the N(^ 
formation through *theimal-NO.' mechanism 
would decrease. On the other hand, die 
presence of 0* at the nanoparticles surfitce 
would increase the 'prompt- NO,* fijimation. 
The 'fiiel-NOs* mechanism is normally 
important only fijr biodiesel due to its nitrogen 
content in the fuel which is not quite 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 die NO, 
emission to increase. This can be interpreted as 
that the temperature inside the combustion 
chamber has increased. Nevertheless, in 
overall, all emissions have improved overtime. 

In addition, after the gases discharge 
from the combustion chamber, there is anodier 
opportunity of reducing NO^ to Nj throu^ 
reaction described in Eq-6 when the CeOi is 
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present. This reaction is commonly used in the 
combustion-engine's catalytic converter. 

Figure 9 shows the averaged opacity 
index improvement of the engine at different 
running stages. The improvement was found to 
bemorethanlO%. 
5. SUMMARY AND OUTLOOKS 

In summary, no adverse effects were 
encountered ^vitii the engine running with the 
diesel fiiel blended with T]FBC. 

The test has shown the reduction of fiiel 
consumption and gases emission of the diesel 
engine when ^FBC (5-IOppm) are added into 
diesel fuel. Fuel consumption reduction has 
eventually reached 7.7% afier 56 hour running 
witii iiFBC. 

The THC emission has overall declined 
under using of T|FBC. 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 T]FBC. Although 
the NOx emission has yielded mixed results it 
seems to be coirelated to CO emission. The 
increment of NO, emission coiresponds to high 
CO reduction which may due to some changes 
of die in combustion environment during that 
stage. However, after 56 hours of utiUzing 
T̂ FBC, the engine emission level is lower than 
the emission without T|FBC. 

Opacity index, an indirect measurement 
of particulate matter emission has also shown 
more than 10% of reduction. Chamber pressure 
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profiles have also shown higher combustion 
pressure at the positive side of crank angle, 
leading toward more positive work done 

From the emission fluctuation level, it 
seems that the engine still has not reached its 
equilibrium state after 56 hours of running with 
the additive. It is expected to take sometimes 
for the combustion chamber to be 'cleaned' 
through canalization of the deposited carbon. 

Once the equilibrium amount of TIFBC 
have deposited onto the engine's wall, this layer 
of TiFBC would assist not only in removing 
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 efficiency. A fiirther detailed 
study of this effect vnW be very usefiil. 
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