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ABSTRACT – The pumps for gasoline and alcohol-
fueled vehicles engines are lubricated by the fuel itself. 
Since butanol is perceived as a competitive alternative 
fuel for the gasoline engine, a follow up study on its 
lubricity effect was conducted to ensure the lifespan of 
the engine parts. Four butanol isomers with a volume 
fraction of 20 vol.% in gasoline were mixed and the 
physicochemical properties of the blends were 
determined. The fuel blends were tested using a 
conventional High-Frequency Reciprocating Rig. The 
results indicated that the addition of butanol in gasoline 
fuel blends increase the COF and wear relative to pure 
gasoline. 
 

1. INTRODUCTION 

Similar to that of compression ignition engine, the 
gasoline direct injection (GDI) engines are using higher 
injection pressure as high as 500bar. A lot of work is 
currently done by researchers to develop GDI engines 
which can use even higher injection pressure (up to 
1000bar). Therefore, the engine will require a high-
pressure gasoline injection pump, which in turns, prolong 
the lifespan of the engine parts.  

In the meantime, the depletion of fossil fuels has 
caused such a worry that it is now vital to search for an 
alternative. Ethanol and butanol are suitable for gasoline 
engine due to their favourable physicochemical 
properties that can be blended with pure gasoline to 
reduce the dependency on petroleum fuels and reduce 
environmental pollutions. The use of ethanol in gasoline 
engine as alternative fuel is not a new concept, where the 
blend was introduced worldwide for more than 20 
countries including United States, Brazil, Thailand, 
Jamaica, Philippines and several European countries in 
all most light duty vehicles. Recently, researchers are 
energetically discovering butanol, which has higher 
carbon chain than ethanol as an effective gasoline 
substitute due to its remarkable physicochemical 
properties that is relatively closer to gasoline. For all 
these reasons, it seems important to investigate the effect 
of butanol on the lubricity of gasoline, since the lubricity 
may become importance with the requirement of high 
pressure injection pump.  

The lubricity assessment of various gasoline fuel 
blends and the effect of physicochemical properties on 
lubricity were studied by several researchers. Agudelo, et 
al. [1] examined the lubricity effect of several ethanol 
including hydrated and anhydrous in gasoline fuel blends 
by using a conventional High-Frequency Reciprocating 
Rig (HFRR) tester. The results indicated that the addition 

of ethanol, hydrated and anhydrous did not impact 
significantly the fuel lubricity. Lois and Arkoudeas [2] 
examined the gasoline lubricity by determining the effect 
of gasoline properties on lubricity from numerous petrol 
samples. Besides that, a reciprocating wear test was done 
by Ping, et al. [3] to compare the lubricity of gasoline and 
diesel fuels. Typical study was done by Wei, et al. [4] by 
modifying a conventional HFRR to measure the wear 
performance of gasoline and diesel fuels. It was found 
that the gasoline containing detergent additives had a 
wide range of lubricity variation. The detergent additive 
also did not significantly affect the fuel lubricity and the 
common additive for diesel fuel was also effective for 
gasoline.  

However, there are still limited information to 
acknowledge the effect of butanol in gasoline lubricity 
since butanol isomers have different physicochemical 
properties, which can affect the lubricity performance. 
This study further solidifies the prospect of butanol 
blends usage as alternative fuel in gasoline engine, where 
the butanol isomers especially isobutanol gives a better 
engine performance and reduction of exhaust emissions 
[5]. 
 

2. METHODOLOGY 

Four butanol isomers, i.e. n-butanol (nBu), sec-
butanol (sBu), tert-butanol (tBu) and isobutanol (iBu), 
were blended with unleaded gasoline. The gasoline 
which has research octane number of 95 was purchased 
from Petronas Malaysia petrol station. In this study, 20 
vol.% of isomers were blended with 80 vol.% of gasoline, 
denoted as nBu20, sBu20, tBu20 and iBu20. 

The physicochemical properties of these blends 
were then measured using various instruments according 
to ASTM standards. The lubricity test was carried out in 
a conventional HFRR. The test conditions used for 
gasoline tests were listed in Table 1. As there is no 
standard for gasoline lubricity test, it considers a 
temperature of fuel at 25oC, which is more adequate 
when there may be concerns on fuel losses due to its 
volatility.  Fuel sample was placed in reservoir and 
maintained at specified temperature. A fixed cylindrical 
roller is forced against a mounted stationary steel plate 
inside the reservoir with an applied force. The roller was 
oscillated at a fixed frequency of 10Hz and stroke length 
of 2mm. The tests were performed for 10 minutes for 
each fuel samples. Afterwards, the tested plates were 
analysed using scanning electron microscope (SEM) to 
determine wear mechanism. 
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Figure 1 Structural formula of butanol isomers. 
 

Table 1 HFRR test conditions. 
Parameter Specifications 

Normal load 10 N 

Temperature 27 oC 

Stroke length 2 mm 

Frequency 10 Hz 

Time taken 10 minutes 

 
3. RESULTS AND DISCUSSION 

3.1 Physicochemical properties 

The results indicate that the nature of the fuel is an 
important factor for the lubrication properties of each 
fuel. The physicochemical fuel properties were 
determined in Table 2. It was found that the addition of 
the isomers in gasoline blends increase the fuel density 
and kinematic viscosity values. It showed that the 
composition of butanol in gasoline do influence the 
gasoline lubricity, however there is no linear correlation 
between the density and viscosity with lubricity 
performance. 

 

Table 2 Physicochemical properties of tested fuel 
blends. 

Properties PG nBu20 sBu20 tBu20 iBu20 

Density at 
15oC 754.3 766.0 765.5 760.9 764.6 

Kinematic 
viscosity at 
20oC 
(mm2/s) 

0.520 0.684 0.662 0.640 0.676 

Dynamic 
viscosity at 
20oC 
(MPa.s) 

0.388 0.522 0.504 0.484 0.515 

 

3.2 Coefficient of friction (COF) 

The COF of the tested fuel blends is shown in 
Figure 2. It can be observed that all the fuel blends have 
an increase in COF relative to that pure gasoline (PG). 
The increase in COF of nBu20, sBu20, tBu20 and iBu20 
are 25.6%, 24.4%, 25.5% and 37.2%, respectively, 
relative to pure gasoline. 

 

 
Figure 2 COF of the tested fuel blends. 

3.2 Wear analysis 

The SEM micrographs at scale of 10µm for all the 
tested fuel blends were presented in Figure 3. It can be 
seen that the tBu20 blend gives severe wear to the plate. 

 

 
Figure 3 SEM micrographs. 

 

4. CONCLUSION 

It can be concluded the addition of butanol in 
gasoline fuel blends increase the COF and wear relative 
to pure gasoline. The tBu20 blend gives the highest COF 
among the tested fuel blends. 
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