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Abstract — The selection of different types of engine oil will 
effect on engine performance and exhaust emission. More 
attention should be considered to gasoline engine especially 
passenger car because it is the most of vehicle used on the road. 
Chassis Dyno was utilized to perform the engine performance 
test and engine analyzer FSA 740 to carry out the emission test. 
The results showed that the semi synthetic engine oil contribute 
better engine performance, such as torque and power. Semi 
synthetic also give a less hydrocarbon emission. The Mineral 
engine oil will increase a fastest engine oil temperature that will 
be effect to the engine warming up. For the conclusion, semi 
synthetic engine oil is ideal to gasoline engine. 
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I.  INTRODUCTION  
Engine oil is a substance introduced to reduce friction between 
moving surfaces. Engine and power train parts like piston ring 
and cylinder bores, valve guides, cams, and tappet are need 
lubrication to prevent it from damages. Spark ignition engine 
are operated under extreme environment conditions. The 
engine oil must able to lubricate an engine power trains part 
under extreme environmental conditions. Nowadays, engine 
oil has a different type of engine oil brand, and different 
chemical compounds. Chemical compounds are a pure 
chemical substance consisting of two or more different 
chemical elements and that can be separated into simpler 
substances by chemical reaction. Appropriate lubricants 
formulations can bring about a beneficial reduction in engine 
friction, thus improving engine performance. Friction losses in 
a car engine may account for more than 10% of the total 
engine performance. 

The hypothesis of this project mentions that using the different 
type of base oil will be give an effect to the engine 
performance. It have two main type of base oil, it is a mineral 
and synthetic. Mineral base oils come from crude oil that is 
processed in a refinery to separate out fractions with useful 
lubrication properties and remove unwanted components such 
as waxes. Synthetic base oils enhanced performance because it 
is manufactured using a move expensive chemical process 
than that used in mineral oil production. Fully synthetic oils 
more easily at start up temperatures, when most wear occurs. 
It is also more resistant to heat and more easily protected by 
antioxidant additives. It was less volatile than mineral oils. 

 

II. TYPES OF LUBRICATION 
 

Engine oil was synonym with the vehicle engine. Based on the 
Engineering Tribological book by [4], engine oil is composed 
of 95% base stock and 5% additives. There are three sources 
of base stock: biological, mineral, and synthetic. Mineral oils 
are the most commonly used lubricants throughout industry. 
They are petroleum based and are used in applications where 
temperature requirements are moderate. Typical applications 
of mineral oils are to gears, bearings, engines, turbines, etc. 

Synthetic oils are artificially developed substitutes for mineral 
oils. They are specially developed to provide lubricants with 
superior properties to mineral oils. For example, temperature 
resistant synthetic oils are used in high performance 
machinery operating at high temperatures. Synthetic oils for 
very low temperature applications are also available. 

A. Mineral Base Oil 
The research by [5], the major mineral oil components are 

paraffin, naphthenic, and a smaller amount of aromatic 
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compound. The variation in composition directly affects 
lubricant performance. Chemical composition in the material 
of lubrication oil will give an effect to the oil behaviour. The 
three major types of compounds in given base oil determined 
by chemical analysis. The results are given as % Cp for 
paraffins, % Cn for naphthenics and % Ca for aromatics. For 
example, commercial base oil is 68% Cp, 32% Cn, and less 
than 1% Ca. The amount of each type of compound in a 
mineral oil is calculated from equations given in ASTM 
D3238 – 90 which required value of molecular weight, 
refractive index and density. 

 

B. Synthetic Base Oil 
These lubricants were expensive and initially did not gain 

general acceptance. The development of synthetic lubricants 
that can withstand high temperature without decomposing and 
the same time will provide a reduced fire hazard. Tribological 
book by [4], there are three basics types of synthetic lubricant 
currently used:  

1. Synthetic hydrocarbon lubricants  

2. Silicon analogue of hydrocarbons  

3. Organ halogens  

The common of lubricant used in the commercial vehicle is 
synthetic hydrocarbon (PAO) Polyalphaoletins. Olefins or 
alkenes are unsaturated hydrocarbon. The presence of 
unsaturated carbon allows polymerization or oligomerization 
to form lubricating oil. This synthetic oil produces oil with a 
low operating temperature (pour point). The viscosity index is 
about 130 and pour point -30c. The chemical composition 
polydecenes are highly resistant to oxidation, have a low 
volatility due to the lack of small of molecular weight 
substance and are not toxic or corrosive. These properties 
ensure the use of polydecenes as a general purpose of 
synthetic lubricant. 

III. CORRELATIONS AND INFLUENTS ENGINE OIL 

A. Correlations of Engine Oil and Engine Performance 
In article by [15] evaluate the effect of different lubricant 

effect engine power output. Their testing the different type of 
engine oil with compares the maximum and average 
horsepower and maximum torque. Different of engine oil have 
a different composition to give more efficiencies to reduce the 
friction. Previous study from [3] show the improvement of 
fuel efficiency has been required even for automotive engine 
oil. Polymers are widely to reduce the friction in 
hydrodynamic lubrication in engines. The chemical 
composition of engine oil and additive will be maximizing the 
engine performance. The studies from [1] show that the ionic 
liquid delivers substantially lower friction in mixed lubrication 
(ML) and provides better scuffing protection in boundary 
lubrication ( BL ) than those of hydrocarbon lubricant with 
similar viscosities. The previous study from [6] was defined 

the influence of gasoline engine lubricant on tribological 
performance, fuel economy and emissions. The three main 
tribological subsystems of an engine, the piston assembly, 
engine crankshaft bearing and the valve train. The three of this 
tribological subsystem create a friction. An experiment by [7] 
mention that the detailed parameters related to engine friction 
and lubrication are computed numerically for the 1-3-4-2 
engine firing order. Output includes the film thickness, friction 
force, friction power loss, and temperature rise in ring liner 
conjunction in all 4 cylinders. 

B. Correlations Engine Oil and Exhaust Emission 
Lubrication oil composition has sulfur. The researcher [8] was 
conducted an experiment to determine whether sulfurs levels 
in engine oil could have measurable impact on vehicle 
emission. Over the federal test procedure, variations 0.01% to 
0.76% in lubricant sulfur level had minimal impact on 
regulated tailpipe emission. From the investigated by [9], was 
revealed the effect of lubrication composition on hydrocarbon 
emission from a spark ignition engine. Xylene is much more 
soluble in the lubricants than isooctane and gave lower 
hydrocarbon emission when the engine was operated at rich 
air fuel ratio. Lubrication oil consumption was happened when 
wear produces larger gaps that’s contribute to transport of 
lubrication oil into combustion chamber and out to the exhaust 
port. The article [10] was mention that the emission from 
lubrication oil contributes 4% of the carbon in particulate 
matter (PM) came from lubrication oil. From the incomplete 
combustion, the pollution will be produce from exhaust 
emission. The previous study from [16] was mentioned 
exhaust catalyst combusted or converted more than 75% of 
lubricating oil components in the exhaust gasses. Unburned 
crankcase lubricant made up 60% - 90% of organic carbon 
emission. The relationship between human being and 
environment is important. In [11] studies relates particulate 
matter (PM) chemistry such as organic carbon, low molecular 
weight polycyclic aromatics hydrocarbon, and trace metals, 
such as lithium, beryllium, nickel and zinc give an effect to 
human health. The effect of lubricant viscosity and base oil 
composition will be effect to the emission. This was proved by 
the [2], the hydrocarbon emission was produced. The synthetic 
oil showed the lowest hydrocarbons emission levels, 
especially in the low engine speed range. 

 

IV. METHODOLOGY 
 

The engine oil that will be used in this experiment is semi 
synthetic oil, and mineral based oil. It will be tested with three 
of the synthetic oil and three of mineral from a different brand. 
The type’s brands of engine oil that will be used in this test 
are:  

1. Petronas Syntium 800, 5w - 30 (Semi synthetic)  

2. Shell Helix H7 10W – 40 (Semi synthetic)  
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3. Castrol Magnatec 10w – 40 (semi synthetic)  

4. Shell Helix H5 15w – 40 (Mineral oil)  

5. Castrol GTX Modern Engine 15w – 40 (mineral oil)  

6. Petronas Mach 5, 15W - 40 (Mineral oil)  

A. Synthetic Engine Oil Typical Characteristic 
The characteristics of these three different types of have 

different characteristics. Table 1 Show a characteristic of three 
different type of engine oil. From this characteristics, the 
comparison of engine performance and exhaust emission able 
to identify between the three different types of engine oil. The 
characteristics of engine oil give an effect to the engine 
performance and exhaust emission.  

Table I Characteristic between three different brands of 
synthetic engine oil 
 

Characteristics Petronas 
Syntium 
800,  
10w - 40 

Shell 
Helix H7  
10W - 40 

Castrol 
Magnatec 
10W - 40 

Density @15°c, 
kg/l 

0.869 0.86 0.868 

Pour point, °c -30 - 45 -33 

Flash point, °c 222 246 202 

Kinematic 
viscosity, cSt 

@ 40°c 

@ 100°c 

98.2 

14.1 

96.31 

14.37 
94 
14 

Viscosity index 147 154 145 

Cold cranking 
Visc, Cp @-20°c 

6110 
@ - 30 
(21100) 

@ - 25 
(6470) 

Sulphated Ash, % 
(wt). 

0.82 - 0.91 

TBN, mg koH/g 8 - 8 

ASTM Colour 3.0 3.0 - 

 

B. Mineral Engine Oil Typival Characteristic 
The characteristics of these three different types of mineral oil 
have different characteristics. Table 2 Show a characteristic of 
three different type of mineral engine oil. From this 
characteristics, the comparison of engine performance, 

exhaust emission and temperature able to identify between the 
three different types of mineral engine oil.  

Table II The typical characteristic of three different type 
of mineral oil from different brand of engine oil. 
 

Characteristics  Petronas 
Mach 5  
15w – 40)  

Shell Helix 
H5  
(15W – 40)  

Castrol 
GTX 
Modern 
Engine 

(15w – 40)  

Density @15°c, 
kg/l  

0.866 0.885 0.87 

Pour point, °c  -30 - 30 - 36 

Flash point, °c  227 220 202 

Kinematic 
viscosity, cSt  

@ 40°c  

@ 100°c  

108.2 
14.1 

105.4 
13.9 

113 
14.7 

Viscosity index  132 132 133 

Cold cranking 
Visc, Cp @-
20°c  

5500 @ - 30 
(21100) 

@ - 20 
(6700) 

Sulphated Ash, 
% (wt).  

0.9 - - 

TBN, mg koH/g  8 - 8.3 

ASTM Colour  L2.5 3.0 - 

C. Vehicle Specification 
Engine performance test and emission test was using a 

Toyota Starlet Turbo 1988. Table 1 shows the vehicle 
specifications for 1988 Toyota Starlet Turbo EP71. 

 
Table III  Vehicles specification for Toyota starlet E71 
 

Model engine  4e-Fe 16 valve twin cam  
1.3L, turbocharge  

Maximum output, hp (kw) 
/ rpm  

133hp/100kw@6400 rpm  

Maximum torque 
(Nm/rpm)  

16.0kgm@4800rpm  

Transmission  Manual  

D. Chassis Dynotest 
This research needed an engine performance test. This test 

will be conduct on chassis dynamometer testing to test the 
engine performance with the different type of engine oil. This 
test will be measure engine horsepower and torque. Result 
from this test has to compare to know the comparison of an 
effect to engine performance when using different type of 
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engine oil. This performance test was tested on the Fast Auto 
works, Taman Sri Muda, Shah Alam. 

 

 
Figure 1 Chassis Dyno meter 
equipment to analyze the vehicle performance 
 

E. Emission Test 
The emission test was conducted using the engine analyzer 

FSA 740 shown in figure 2. This machine has an emission test 
for the petrol engine.  

 
Figure 2 Engine Analyser (Bosch FSA740) 

 
The different of engine oil will be tested to know the effect to 
exhaust emission such as, oil temperature, CO, CO2, HC, O2, 
Lambda and NOx. 
 

V. RESULTS 
 

Engine oil performance results were obtained from the chassis 
dyno test. Each of the engine oil was tested and the result of 
measurement is in horsepower and torque. The chassis Dyno 
test was running three times to get the full result of the test. 

A. The Comparison of Average Power Output between Semi 
Synthetic and mineral Oil 
Table 4 was shown the comparison results of engine power 

output by using two different types engine oil. As can be 
shown in this table, at 3000 rpm, the highest engine power was 
produced by using the semi synthetic engine oil with 38.39 
kW, followed by mineral oil with 37.99 kW. Then, at the 5000 
rpm, by using semi synthetic engine oil, the engine power 

produced is 85.67 kW. Mineral engine oil was produced 85.50 
Kw. The semi synthetic engine oil produced 0.17 kW much 
higher than mineral engine oil.  

 

Table IV  The comparison of average engine power 
between two different types of engine oil 

Engine Speed 
(RPM) 

Average engine power output using two 
different engine oil (Kw) 

Semi synthetics Mineral 

3000 38.39 37.99 

4000 65.67 66.12 

5000 85.67 85.50 

6000 98.62 96.74 

6400 100.32 95.77 

 
After that, at the 6400 rpm, it was using two of the engine oil 
produced the maximum engine power. For the semi synthetic 
engine oil, it was produced 100.32 kW of engine power at this 
engine speed. Meanwhile, mineral engine oil was produced 
95.77 kW engine power at this engine speed. The semi 
synthetic engine oil was produced 4.77 Kw higher than 
mineral engine oil. 

 
Figure 3 Comparison of engine power output versus engine 
speed for two different types of engine oil. 
 
As can be shown on the Figure 3, it was the comparison of 
engine power output between two different types of engine oil. 
At the 3000 rpm, the graph was shown not a big different of 
engine power output that only 0.17 Kw. Then when the graphs 
reach 5000 rpm, the power output between this two of engine 
oil not too much change. The semi synthetic oil was produced 



JSET: Journal of Science & Engineering Technology (Special Issue: August) No. 01 (2016) pp. 75 – 82  
  

 79 

the engine power with 85.67 kW and mineral oil produced 
85.5 kW lower than semi synthetic oil. Other than that, the 
graph slightly increased until reach the maximum peak at 6400 
rpm. By using the semi synthetic oil, it was produced 
maximum engine output with 100.32 kW. Mineral oil graph 
was decreased from 96.74 kW to 95.77 kW at 6400 rpm. 
Mineral produced engine power output lower than semi 
synthetic oil. 

 

B. The Analysis Engine Power Output 
The power was measured in unit kilowatt (kW). From the 
graph 5 at above, the comparison of semi synthetic and 
mineral engine oil produced different of power output. Semi 
synthetic engine oil was given the highest of maximum power 
output by 100.32 kW. The semi synthetic engine oil was 
synthetic blend are blends of mineral oil with no more than 
30% of synthetic oil. The 30% of synthetic oil will be 
upgrading the quality of the engine oil. This were making the 
semi synthetic was different in chemical composition and 
physical characteristics of than mineral engine oil.  

Reduce the friction is the most important characteristics of 
engine oil. Based on the result above, by using the semi 
synthetic oil, the power output of engine was higher than 
mineral oil because less friction by semi synthetic oil. The 
engine oil film was reduced the film between the metal to 
contact each other. 

 
Figure 4 The comparison of molecular sizing of synthetic and 
mineral oil 
 
Figure 4 shown the molecular sizing of mineral engine oil was 
inconsistent. But for the synthetic engine oil, the molecular 
size was consistent. This will be effect to reduce the friction 
between metal to metal. The molecule sizing of mineral oil 
gives inconsistent and creates a high friction between this 
metal. High friction will be effect to the engine power output. 
Mineral engine oil causes the mixed film lubrication will 
happen. The study by [15] was giving the results that replacing 
conventional oil with synthetic oil of the same viscosity grade 
reduces friction, especially at high boundary friction 
conditions. 

Lubrication regimes give the high impact on the friction of the 
engine component. The stribeck curve was mention the 

differences of the oil viscosity will be effect to the film 
thicknesses on the certain speed. 

 
Figure 5 The stribeck curve of lubrication relation regimes and 
oil film thickness. 
 
Figure 5 was implies that, high lubricant viscosity (Z), high 
equipment speed (N), and low equipment load (P) will allow 
the formation of a thick lubricant film, and then the equipment 
will encounter little or no friction. From the comparison result 
on Figure 3 between semi synthetic engine oil and mineral 
engine oil, we can see that semi synthetic engine oil was 
increase the power output at 6000 rpm to 6400 rpm. 
Meanwhile, mineral engine oil gives lowest power output on 
that engine speed. This is because from the comparison of oil 
viscosity index between semi synthetic and mineral engine oil. 

The average viscosity index of semi synthetic engine oil 
higher than mineral oil. We can see on the Figure 6, the 
comparison of the average viscosity index semi synthetic and 
mineral engine oil. The relationship of these three lubrication 
regimes changing the performance of the engine oil. Changing 
in viscosity index of engine oil will effect to the engine oil 
film thickness. The thickest of the engine oil film, will create 
less friction on the engine oil.  
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Figure 6 The average of viscosity index between semi 
synthetic and mineral oil. 
The second causes of the semi synthetic were higher engine 
power output than mineral engine oil because of the viscosity 
affected by the temperature. This relationship can be defined 
by using the kinematic viscosity. The differences of kinematic 
viscosity on the certain temperature will be effect to the 
engine oil viscosity. Figure 7 show the differences of engine 
oil kinematic from mineral engine oil and semi synthetic 
engine oil. 

 
Figure 7 The comparison of kinematic viscosity engine oil at 
different temperature 
 
As we can see on the Figure 7 kinematic viscosity between 
semi synthetic and mineral engine oil. Semi synthetic engine 
oil was lower than mineral oil at 40 oC with 96.17 cSt. This 
will be made the engine oil easier to flow than mineral engine 
oil. Figure 3 shown the result of comparison engine output 
was determined the semi synthetic engine power output higher 
than mineral oil at 6000 rpm and 6400 rpm. This result was 
determine the semi synthetic engine oil was flow faster than 
mineral oil at 6000 and 6400 rpm to lubricate the tribology 
system component in the engine although on the high 
temperature. 

C. The comparison of average torque output between 
semisynthetic and mineral oil. 

 
Table V The result of comparison an average engine 
torque between two different types of engine oil. 
 

Engine Speed 
(RPM) 

Average engine Torque(kgm) 

Semi synthetics Mineral 

3000 12.33 12.26 

3500 14.16 14.08 

4000 16.21 15.9 

4500 17.52 17.11 

5000 16.64 16.53 

5500 16.41 16.35 

6000 15.69 15.85 

Table 5: Shown the comparison of average engine torque at 
the certain engine speed. At 3000 rpm, the engine torque 
produce by using the semi synthetic engine oil higher than 
semi synthetic engine oil. Mineral oil was produced 12.33 
kgm with 0.07 kgm higher than synthetic oil. The maximum 
engine oil torque of both engine oil was produced at the 4500 
rpm. Mineral engine oil was produced 17.11 kgm and semi 
synthetic oil produced 17.52 kgm engine torques. The mineral 
oil reaches the highest engine torque than synthetic engine oil. 
Then, at the 6000 rpm, semi synthetic engine oil produced 
15.85 kgm engine torques and mineral engine oil was 
produced 15.69 kgm. The semi synthetic engine oil produced 
0.16 kgm higher than mineral engine oil. 

	
Figure 8: The comparison result of two different engine oil 
based on engine torque. 
 
Based on the Figure 8, it was shown the result of comparison 
engine torque between semi synthetic engine oil and mineral 
engine oil. At the 3000 rpm, the results of engine torque for 
this two-engine oil were not a big difference. Semi synthetic 
engine oil gets 0.07 kgm higher than mineral engine oil. The 
graph was slightly increased until reach the maximum engine 
torque at 4500 rpm. By using mineral engine oil, the engine at 
this rpm is 17.11 kgm. Meanwhile semi synthetic engine oil 
produced 17.52 kgm, higher than mineral engine oil. Then, the 
graph was slightly decreased until 6000 rpm. At this engine 
speed, mineral engine oil produced 15.85 kgm and semi 
synthetic engine oil produced 15.65 kgm lower than semi 
synthetic oil. 
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D. The Comparison of hydrocarbon emission 

 
Figure 9: The comparison of average hydrocarbon emission 
from two different engine oil. 
 
The Figure 9 also give the information that average 
hydrocarbon emission from semi synthetic engine oil lower 
than mineral engine oil. The average of hydrocarbon emission 
for semi synthetic is 95 ppm at 57.5 oC and 115 ppm at 79.8 
oC. From the result above, we can conclude that semi synthetic 
engine oil has a low hydrocarbon emission than mineral 
engine oil. Semi synthetic engine oil will give the less 
contribution of hydrocarbon to atmosphere from the exhaust 
emission. Meanwhile the mineral engine oil contributes 139.3 
ppm at 57.5 oC and 198 ppm at 79.8 oC. 

VI. CONCLUSION 

A. Engine power output 
The experimental was shown the semi synthetic engine oil was 
get higher engine power output than mineral engine oil. These 
were shown from the result in Figure 3 which is the semi 
synthetic engine oil get 100.32 kW and mineral gets 95.77 
kW. It was shown the average power output by using the semi 
synthetic oil is 5.15 kW higher than mineral engine oil. 

B. Engine Torque 
The experimental results were shown by using the semi 
synthetic engine oil produced high engine torque. This was 
proved when the semi synthetic engine oilcan produced 17.52 
kgm and by using mineral oil it can produce 17.11 kgm of 
engine torque. On the other hand, by using the semi synthetic 
engine oil, it was 0.41 kgm of engine torque higher than 
mineral engine oil. 

C. Hydrocarbon emission  
On the experimental results that have been tested, by using the 
semi synthetic engine oil, will be reduce the hydrocarbon 
emission from the exhaust emission. The result was shown the 
average of hydrocarbon emission produced by semi synthetic 
oil only 95 ppm at 57.5 oC and then 115 ppm at the 79.8 oC. 
Then, by using the mineral engine oil, it was produced higher 

emission at 57.5 oC, which is 139.3 ppm, and at the 79.8 oC, it 
get 198 ppm. This will be contributing effect to the 
environment and human healthy because of high hydrocarbon 
emission. 

D. Recomendation 

Based on the experimental result and the analysis, by using the 
semi synthetic engine oil are ideal to the gasoline engine oil. 
This engine oil was produced high engine performance on the 
power output and torque gets a lower hydrocarbon emission. 
For the next future experimental it’s can be considered by 
using different types of chemical properties, types of gasoline 
engine, the age of engine and also the test should be conducted 
on the road for the actual result testing. 
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