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Abstract: A good lubricant should have high anti wear and 
friction reducing characteristic; Mineral oil based lubricant 
posses good anti wear and friction reducing characteristic 
therefore these oils are widely used in maintenance applications. 
The major problem associated with these mineral based 
lubricants is there poor biodegradability and high toxicity, which 
causes environmental pollution. There is a need of environment 
friendly lubricants for reducing environmental impact. 

This paper presents utilization of castor-mahua oil blend as a 
substitute for mineral oil based lubricants (Servo Gear Oil) for 
maintenance applications. The results indicate that castor oil 
based lubricants have tremendous capacity for being used in 
maintenance application particularly in gear applications.  

Keywords: Castor Oil Based Bio Lubricants, Mahua Oil, 
Maintenance Applications, Wear, Friction, Oiliness. 

I. INTRODUCTION 

Maintenance Applications: As lubrication plays a vital role in 
maintenance applications and sole aim of maintenance is to 
keep the machine or system in good condition and to increase 
its life. Lubricants main function is to reduce wear and friction 
which is one of the prime causes of machine degradation [1]. 
Using the correct lubricant can provide longer service life for 
gears, with less wear and lower operating temperatures [2].  

Selection of Lubricants for Gears: A gear lubricant must 
possess the following key performance properties [3]:  

1. It should possess good oiliness. 

2. Protection against excessive wear.  

3. High friction reducing tendency. 

4. Low coefficient of friction. 

5. Protective film formation. 

6. High oxidative stability.  

7. High flash and fire point. 

8. Gear and bearing cleanliness.  

9. Rust and corrosion protection. 

Currently various types of mineral oil based lubricants are 
available in the market used for gear lubrication. These 
mineral oil based lubricants have all the above key 
performance properties required for good lubrications. But as 
these lubricants have adverse effect on environment due to 
poor biodegradability and high toxicity. There is a need for a 
substitute for these mineral oil based lubricants.  

Castor oil based lubricant: Non edible vegetable oil is a best 
substitute for replacing these mineral oil based lubricants [4]. 
The problem is that it can only be replaced if these oils have 
the key performance properties as mineral based oils have [5, 
6, 7]. Non edible castor oil is widely available (271 MT/year) 
in India and having very good characteristics to be used in 
maintenance applications. A blend of castor oil with mahua oil 
at 20 % mixing ratio is used to prepare the castor oil based bio 
lubricant. Wear and friction analysis is done using a pin on 
disk wear testing machine at various parameters. 

II. COMPARISON OF KEY PERFORMANCE 
PROPERTIES 

A comparison of key performance properties of Mineral oil 
{Servo Gear Oil 90 (T)} and Castor oil based bio lubricants is 
explained below in detail: 

I. It Should Possess Good Oiliness 

The capacity of lubricant to bind on the surface of the machine 
parts even at high load. A lubricant with good oiliness remains 
in between the machine parts after lubrication. The lubricant 
with poor oiliness will be pulled out of the lubricating surface 
under high load and pressure [8]. Mineral oils have poor 
oiliness where as castor oil based lubricants have high 
oiliness.  

II. Protection Against Excessive Wear  

Wear is one of the major reasons of gear failure; gear oil 
should have high wear resistant properties. The wear rate at 
high load of 40 N and at 200 and 300 RPM in dry condition 
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(Without Lubricant) and in case of lubrication with mineral oil 
(servo grade oil) and castor oil based lubricant. The 
percentage reduction of wear rate by servo grade oil and castor 
oil based lubricant with respect to unlubricated condition is 
evaluated, it is very clear from the values that wear resistant 
properties of castor oil based lubricant is very much similar to 
the mineral oil based lubricant.  

Castor oil based lubricant is having average 60 % wear 
reduction, thus increase of mechanical operating efficiency, 
extension of application design life and a weak mechanical 
wear of the engine. Excellent anti wears properties increase 
service life of mechanisms. Increased longevity and longer 
service intervals [9, 10, 11]. 

III. High Friction Reducing Tendency 

Mineral oil based lubricants get their lubricity from additives, 
like chlorine and sulfur. Castor oil based lubricant has superior 
lubricity without the need for these chemical additives. The 
Percentage reduction in frictional force with respect to 
unlubricated condition is almost similar to that of mineral oil. 
On an average 90 % friction reduction is achieved from castor 
oil based lubricants, thus lower energy losses and reduced fuel 
consumption [12].  

IV. Low Coefficient Of Friction 

Coefficient of friction used to estimate the power loss in gear 
may also indicate surface failure [13]. A good lubricant should 
have very low coefficient of friction. The value of coefficient 
of friction of castor oil based lubricant is in between 0.01 to 
0.02 which is very much similar to the values of servo grade 
oil.  

V. Protective Film Formation 

A protective film formation is very important for avoiding the 
metal to metal contact. Castor oil based lubricants have good 
characteristics, polar attraction to metal. Mineral oil based 
lubricants have no polarity and therefore no affinity to metal. 
Therefore, they tend to run off of tools and work pieces, 
leaving surfaces without protective lubrication. The polarity of 
castor oil based lubricants provides metal affinity and more 
effective thin film protection [14]. 

VI. High Oxidative Stability 

Vegetable oils lacks in oxidative stability compared to mineral 
based oil. In the past, the problems of oxidative stability 
limited the use of these products. Targeted research has 
successfully addressed these problems. Still according to the 
literature available, castor oil is not as prone to oxidation as 
much as other oils unless exposed to high temperature. It can 
be further improved by chemical modifications like 
transesterification, epoxidation and selective partial 
hydrogenation [15].  

VII. Higher Flash and Fire Point 

Castor oil based lubricants have a much higher flash and fire 
point than mineral oil [16]. This high flash point reduces 
smoke. 

VIII. Gear and Bearing Cleanliness  

Castor oil based lubricants are easy to clean from machines, 
even with water. Mineral spirits and other mineral based 
degreasers are not effective. Mineral oils lack in this 
properties [16]. These products are non-staining on most 
metals, including brass and most aluminum alloys. 

IX. Rust and Corrosion Protection 

Castor oil based lubricants have inherent anti corrosion 
properties while to achieve this property in mineral oils 
additives like rust inhibitors are used [16]. 

III. COMPARATIVE ANALYSIS 

The table 1 shows the comparative analysis of key 
performance properties of castor oil based lubricant and 
mineral oil based lubricant [17, 18, 19]. 

Table 1: Comparison of Mineral Oil Based Lubricant and Castor Oil 
Based Lubricant  

S.No Performance 
Property 

Mineral Oil 
Based 
Lubricant 

Castor Oil 
Based 
Lubricant 

1 Oiliness Poor High 

2 Anti Wear High Comparable 

3 Friction 
Reduction 
Tendency 

High Comparable 

4 Coefficient of 
Friction 

Very Low Very Low 

5 Protective Film 
Formation 

Moderate Very High 

6 Oxidation 
Stability 

High Moderate 

7 Cleanliness Low Very High 

8 Anti Corrosion High Very High 

9 Ignition 
Properties 

High Very High 
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Fig. 1: Comparative Index Analysis of Vegetable Oils on Five Point 
Scale 

The figure 1 clearly indicates that castor oil based lubricant 
has potential to be used as an alternative source of lubricants. 

IV. BENEFITS OF CASTOR OIL BASED LUBRICANTS 

Switching to castor oil based lubricants, increases factory 
throughput, reducing tool costs and improving product quality 
in a safer environment. Some of the key benefits of castor oil 
based lubricants for maintenance applications are as follows 
[20]: 

• Superior lubrication performance, chemical bond with the 
metal; elimination of metal to metal contact. 

• Reduction of friction and wear, increase of mechanical 
operating efficiency, extension of application design life. 

• High Performance (Friction Reducing).  
o Higher reliability, better fuel economy. 
o Higher performance, lower maintenance costs. 

• Cooler operating temperatures. 

• Radical decrease of corrosion. 
o Eliminates micro pitting. 
o Improves reliability. 

• Increased longevity, longer service intervals. 

• Biodegradeable. 

• Non Toxic. 

• A replacement for environmentally unfriendly additives. 

• Versatile applications. 

• Self Renewing. 

V. CONCLUSION 

Bio lubricants are important part of the new strategies, 
policies, and subsidies, which aid to reduce dependence on 
mineral oil and other non-renewable sources. Being less 
expensive than synthetic oils and using smaller amounts of 
expensive additives compared to mineral oils, castor oil based 
lubricants are poised to substitute for currently used toxic, 

volatile and non-renewable mineral oils. Higher safety on a 
shop floor, because of higher flash points at the same 
viscosities. Due to their high flash and fire points, castor oil 
based lubricant can be recommended as fire resistant hydraulic 
fluids in mining, die casting and aviation applications. It’s 
perfect harmlessness towards the environment due to self-
renewing, total free of aromatics, over 90% biodegradable, 
non water polluting, and non toxic nature.  
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