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Semi-Solid Lubricants: Greases

Grease is: A black or yellow sticky mass used in the bearings for lubrication purpose. 
Lubricating greases consist of lubricating oils, often of quite low viscosity, which have been 
thickened by means of finely dispersed solids called thickeners. It consist of base oils(75 to 
95%), additives(0 to 5%) and minute thickener fibers(5 to 20%).

Semi solid lubricant.

Base Oil :- Many different types of base oil may be used in the manufacture of a grease, 
including petroleum (napthenic: more popular, parafinic) and synthetic (PAO's, esters, 
silicones, glycols). The viscosity of the base oil is the most significant property. A lighter, lower 
viscosity base oil is used to formulate low temperature greases, while heavier, higher viscosity 
base oil is used to formulate high temperature greases.



Additives :- Chemical additives are added to grease in order to enhance their performance. 
Performance requirements, compatibility, environmental considerations, color and cost all 
factor into additive selection. Solid lubricants such as graphite, MoS2, EP additives are few 
examples.
Thickener :- The two basic types of thickeners are organic thickeners and inorganic 
thickeners. 
Organic thickeners can be either soap-based or non-soap based, while inorganic thickeners 
are non-soap based. 
Simple soaps are formed with the combination of a fatty acid or ester (of either animal or 
vegetable origin) with an alkali earth metal, reacted with the application of heat, pressure or 
agitation through a process known as saponification. 
The fiber structure provided by the metal soap determined the mechanical stability and 
physical properties of the finished grease. In order to take on enhanced performance 
characteristics, including higher dropping points, a complex agent is added to the soap 
thickener to convert it to a soap salt complex thickener. The greases are then referred to as 
"complexes“. A classification greases based on simple and complex soap thickeners is listed in 
Table . The most commonly economic grease is lime(calcium) base grease (max. temperature 
55-800C). Soda(Sodium) base grease (max. temperature 90-1200C) is preferred over lime 
based grease in rolling bearings.



Complex Grease :- Complex grease is similar to a regular grease except that the thickener 
contains two dissimilar fatty acids, one of which is the complexing agent. This imparts good 
high temperature characteristics to the final product.

To make a lithium-based complex grease, part of the fatty acid is replaced with another acid 
(usually a diacid), which makes the complex soap. This type of mixed soap structure has 
special properties that enable the grease to be heated to a higher temperature without losing 
its structure or oil separating from the thickener. This maximum temperature is referred to as 
the dropping point. The dropping point is critical because it is the point at which the grease 
reverts back to a liquid (the oil separates from the thickener).

Advantages Of Greases :

• Remains at application point & adhere to surface.

• Less-frequent application needed.

• Good for inclined/vertical shafts.

• Seal out contaminants & less expensive seals needed.

• Water resistant & reduce oil vapor problems.

• Prolong the life of worn parts by filing irregularities .



• Provide better mechanical lubrication cushion for extreme conditions such as shock loading, 
reversing operations, low speeds & high loads.

• Reduce noise and vibration.

Disadvantages of Greases :

• Because of semi-solid nature of greases, it does not perform the cooling, so poor dissipation of 
heat.

• Once dust or dirt enters the grease, it cannot be easily removed and would act as deterrent in 
performance.

• No filtration.. So contaminants/wear-debris cannot be separated.



Liquid Lubricants

Classification of Liquid Lubricants :
• Vegetable (Castor, Rapeseed) oils :
- Less stable (rapid oxidation) than mineral oils at high temp
- Contain more natural boundary lubricants than mineral oils.

• Animal fats : These are fatty substances extracted from animals, and fish. They are composed 
of fatty acids and alcohols. They are called fixed oils because they do not volatilize unless they 
decompose. This process is known as drying. The fixed oils which are slow to dry(slow in 
oxidation) are used for lubrication. Fixed oils are usually added to mineral oils to improve film 
formation as these lubricants have extreme pressure properties. Common examples of these 
lubricants are tallow, castor oil and fish oil. One of major problem of this class of lubricants in 
the availability.

• Mineral oils : Extracted from crude oil. Mineral oil consists of hydrocarbons (Composed of 83-
87% carbon and 11-14% hydrogen by wt.) with approximately 30 carbon atoms in each molecule 
(composed of straight & cyclic carbon chains bonded together). Also contain sulphur, oxygen, 
nitrogen. Based on sulphur contents these oils are classified as Pennsylvanian oil (< 0.25%), 
Middle east (~1%), Venezuelan (~2%), Mexican (~5%) 0.1% to 1.0% preferred. This means 
Mexican and Venezuelan are least preferred



Fig. indicates "Zone 1", "Zone 2" and "Zone 3" based on 
product of viscosity, speed and inverse of apparent 
pressure. Mineral oils are suitable for "Zone 3", while 
grease may be used for "Zone 2" and solid lubricants for 
"Zone 1".

Classification based on chemical forms of mineral oils :
Mineral oils are classified as paraffins, naphthene and aromatic. Paraffins are preferrable
choice compared to napthenes or aromatics.



Paraffinic Oils :

•These oils have good natural resistance to oxidation. But on oxidation it forms acids, which 
means when burnt, leaves a hard carbonaceous deposit.

• Good thermal stability :
- Low volatility.
- High viscosity index (VI=90-115)
- High flash point.
- Pour point higher than naphthenic or aromatic.

Naphthenic Oils :

• Lower VI (15-75)

• Less resistant to oxidation.

• Lower flash points than paraffinic.

• Lower pour point than paraffinic therefore good for low temperature applications.

• When burnt soft deposits are formed, therefore abrasive wear is lower.

• Oxidation leads to undesirable sludge type deposits.



Multigrade Oils :
Most oils on shelf today are multigrade oils, such as 10W30 or 20W50. These oils are made by 
adding polymers in mineral oils to enhance viscosity indices. At cold temperatures the 
polymers are coiled up. As the oil warms up the polymers begin to unwind into long chains 
that prevent the oil from thinning as much as it normally would. 
In other words, in the uncoiled form, they tend to increase the viscosity thereby compensating 
for the decrease in viscosity of the oil.

Let us consider multigrade 10W30 oil. This oil has one grade beahvior at 00F and second grade 
behavior at 2100F. This oil (10W30) has viscosity 2100CP at 00F and behavior of SAE30 at 2100F.
- Lower the first number, better performance in extremely cold conditions.
- Higher the second number better the oil will protect at higher temperatures.
- 20W50 may be good in Mumbai, but 0W30 will be preferred in Kashmir.



Synthetic lubricants :
Synthetic oils were originally developed more than 50 years ago and became widely 

used in jet engines. Less than -1200F ambient temperatures, 60000 shaft rpm, and 
5000+F exhaust temperatures proved too much for conventional oils. Synthetics were 
created specifically to withstand these harsh conditions and to date every jet engine in 
the world uses synthetic lubricants. Synthetic oils are engineered specifically in uniformly 
shaped molecules with shorter carbon chains which are much more resistant to heat and 
stress.

- Viscosity does not vary as much with temperature as in mineral oil.
- Rate of oxidation is much slower.
- Cost(expensive, but applied where mineral oils are inadequate). Common synthetic oils 
are :

• Polyglycols (Polyalkylene glycol) :
- Originally used as brake fluids VI = 200, absorb water.
- Distinct advantages as lubricants for systems operating at high temperatures such as 
furnace conveyor belts, where the polyglycol burns without leaving a carbonaceous 
deposit. Used in textile industry.



• Esters :
- Better (in reducing friction, resisting oxidation, prolong draining period, volatility) than mineral 
oils.
- Costs only a little more than mineral oils.

• Silicon : VI 300, chemically inert, poor boundary lubricant, low solubility, space application, 
high production cost.

• Perfluoropolyalkylether : Good oxidation & thermal stability VI= 200. In vacuum used for thin 
film lubrication.

• Perfluoropolyethers :
- High oxidation (3200C) & thermal (3700C) stability.
- Low surface tension & chemically inert.



An emulsion is a two-phase system which consists of two immiscible liquid (such as oil 
and water), the one being dispersed in other. Out of two liquids, one which is broken 
into droplet is called as dispersed phase whereas the other liquid-liquid surrounding the 
internal phase is called dispersion medium or external phase; such a system of two 
immiscible liquids is very unstable and separates out into a different phase.
Size of dispersed phase varies from 1 to 6 micron .
So, to increases the stability, the emulsifier is added. 

The emulsifier molecules like sodium palmitate shows polar character. It consists of 
hydrophilic and hydrophobic ends which are preferably wetted by water and oil 
respectively. Thus, emulsifier molecule is absorbed and places itself at the interface of 
two phases namely oil and water forming an intermediate layer in between two phases 
,which forms protective film around dispersed droplets.
The emulsion is further classified as-
Oil – in water: oil is the dispersed phase and water is dispersing medium. it is prepared 
by mixing oil and water along with 3 % to 20% of water-soluble emulsifiers like water-
soluble soaps alkyl sulfate etc. Eg: cutting fluids
Water-in-oil: water is the dispersed by mixing water and oil along with 1% to 10 % of 
water insoluble emulsifiers like alkaline earth metal soaps etc: cooling liquids.



Conditions where lubricating emulsion are used
These are used in various jobs like milling, threading etc. The tool at the cutting edge 
experiences very high pressure and temperature. They may result in oxidation and 
deformation of metal under work. Hence to prevent overheating of metal and tools proper 
lubricating and cooling is done by lubricating emulsion. Oils are coolant but lubricant whereas 
water is good coolant but a poor lubricant.
Advantages of emulsion

• It increases the life of the machining tools.
• It reduces power requirement.
• It maintains higher machining speed.
• It increases the accuracy of machining of metals and reduces its cost.

Structure of sodium palmitate as emulsifier
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stress.
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are :
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- Originally used as brake fluids VI = 200, absorb water.
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• Esters :
- Better (in reducing friction, resisting oxidation, prolong draining period, volatility) than mineral 
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An emulsion is a two-phase system which consists of two immiscible liquid (such as oil and 
water), the one being dispersed in other. Out of two liquids, one which is broken into droplet 
is called as dispersed phase whereas the other liquid-liquid surrounding the internal phase is 
called dispersion medium or external phase; such a system of two immiscible liquids is very 
unstable and separates out into a different phase.
Size of dispersed phase varies from 1 to 6 micron .
So, to increases the stability, the emulsifier is added. 

The emulsifier molecules like sodium palmitate shows polar character. It consists of 
hydrophilic and hydrophobic ends which are preferably wetted by water and oil respectively. 
Thus, emulsifier molecule is absorbed and places itself at the interface of two phases namely 
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film around dispersed droplets.
The emulsion is further classified as-
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LUBRICNT EMULSION S



Conditions where lubricating emulsion are used
These are used in various jobs like milling, threading etc. The tool at the cutting edge 
experiences very high pressure and temperature. They may result in oxidation and 
deformation of metal under work. Hence to prevent overheating of metal and tools proper 
lubricating and cooling is done by lubricating emulsion. Oils are coolant but lubricant whereas 
water is good coolant but a poor lubricant.
Advantages of emulsion

• It increases the life of the machining tools.
• It reduces power requirement.
• It maintains higher machining speed.
• It increases the accuracy of machining of metals and reduces its cost.

Structure of sodium palmitate as emulsifier




