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NANOTRIBOLOGY 

 

 Nanotechnology literally means any technology performed at the nanoscale that has applications to the real 

world. Going from macro to micro scale, the surface area to volume ratio increases considerably and the 

surface forces such as fiction, adhesion, meniscus forces, viscous drag, and surface area significantly increase.  

With advances in technology the size of mechanical, electrical and optical components is reducing at a very 

fast pace. Incorporation of sensing and computing to actuation is currently i  it’s early stages. Rapid a tuatio  
requires fast moving interacting surfaces. Current advances in magnetic storage devices, MEMS, 

nanotechnology, micro-engines, all involve basic issues of friction, wear, adhesion and lubrication. The need to 

miniaturize the components has presented challenges and the importance of tribology at a proportionate 

scale is being felt.  

This advent of micro/nanostructures and the subsequent miniaturization of moving components for various 

nanotechnology applications have ascribed paramount importance to the tribology and mechanics on the 

nanoscale. Materials with low friction and adhesion are desirable. And hence "Nanotribology" is today one of 

the most important mechanical technology.  

 

 Nanotribology can be defined as the investigations of interfacial processes, on scales ranging in the molecular 

and atomic scale, occurring during adhesion, friction, scratching, wear, nanoindentation, and thin-film 

lubrication at sliding surfaces. 

 

What is the need for nanotribology?  

Tribology is one of the oldest sciences and is still not very well understood. Nanotribological studies reveal 

behavior that can be quite different from those observed at macroscopic levels. Study of tribological behavior 

can help us control and manipulate matters at nanoscale. We can take advantage of the new electronic and 

atomic interactions as well as new properties like magnetic and mechanical properties observed at nano-levels 

for synthesis, assembling and processing of nanoscale building blocks, composites, coatings, porous materials, 

smart materials with in built condition based maintenance and self-repair, self cleaning surfaces with reduced 

and controlled friction, wear and corrosion.  

For advanced health care: to modify surfaces in order to create structures that control interaction between 

materials and biological systems  

For energy conversion and storage: nanoscale carbide coatings, self-assembled layers for friction control, 

materials performances at nano- and MEMS scale as a function of aging. For in-situ lubrication study and 

control. For advancements in ultra low flying head disk interfaces  

Microcraft space exploration and industrialization: to make self repairing materials and self-replicating, 

biomemmetic materials and nanoscale devices which can sustain any need for movement of sliding surfaces 

for long periods under severe conditions. Also ultra light weight and ultra strong materials with unique 

properties for required for demanding projects.  

How to study nanotribology?  

Traditionally, to characterize friction, lubrication and wear, a tribometer having several configurations such as 

pin on disc, ball on flat, or flat on flat was used. However, generating motion at the nanometer scale is 

extremely challenging. Therefore the need for new characterization techniques was felt.  
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Nanotribology today, widely uses many new instruments designed over the last 50 years, such as the SFA, 

STM, AFM, and the FFM.  

SFA or the surface force apparatus was developed in the 1960's and has been commonly used to study the 

static and dynamic properties of molecularly thin films sandwiched between two molecularly smooth surfaces.  

The scanning tunneling microscope or the STM was developed in 1981 and has since then been used to image 

clean conducting surfaces and lubrication molecules. The STM has a resolution in the atomic level.  

AFM: The atomic force microscope was invented in the year of 1985 and its common uses include  

-measuring ultra-small forces between probe tip and the surface 

-topographical measurements on the nanoscale  

-adhesion force measurements  

-electrostatic force measurements  

-investigating scratching, wear and indentation  

-detection of transfer of material  

-boundary lubrication (for scan areas greater than 10 micrometer square, one can use ellipsometry for 

thickness measurements)  

-fabrication and machining  

The friction force microscope or the FFM is a modified form of the AFM and gives the atomic and micro scale 

studies of friction and lubrication. The FFM is also known as the LFM (lateral force microscope). It uses a sharp 

diamond tip mounted on a stiff cantilever beam.  

However, AFM is the most commonly used technique to study tribology on the nanoscale, the reason for 

which will be understood soon.  

 

An introduction to the surface force apparatus (SFA)  
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The SFA consists of a pair of automatically smooth surfaces, usually mica sheets, which are mounted on 

crossed cylinders that can be pressed together to form a circular contact under pressure. The mica surfaces 

can be treated to attach molecules of interest, and the surfaces may be immersed completely wtihin a liquid, 

or maintained in a controlled environment. Actuators attached to either or both of the surface's supports are 

used to apply a load or shear force and used to control the distance of separation between them. Sensors are 

attached to measure the load and friction forces. The contact area and relative separation of the surfaces can 

be measured with optical or capacitive  

measurements. The separation distance can be measured and controlled to the angstrom level. The lateral 

resolution is limited to the range of several micrometers. The instrument is thus a model contact where the 

contacting geometry is known, the material between the surfaces can be varied, and the interaction forces can 

be controlled and measured. The drawbacks of the instrument are that the lateral resolution is limited and 

molecular smoothness is required to obtain meaningful results and so usually the substrate is restricted to 

mica.  

An introduction to the Atomic Force Microscope (AFM) and FFM  

The atomic force microscope was developed by Gerd Binnig et al. in 1985. It is capable of investigating 

surfaces of scientific and engineering interest, on an atomic scale. The AFM relies on a scanning technique to 

produce very high resolution, three-dimensional images of sample surfaces. AFM measures ultra small forces 

(less than 1 nN) present between the AFM tip surface mounted on a flexible cantilever beam, and a sample 

surface. These small forces are measured by measuring the motion of a very flexible nanosized cantilever 

beam having an ultra small mass, by a variety of measurement techniques including optical deflection, optical 

interference, capacitance, and tunneling current. The deflection can be measured to within 0.02 nm, so for a 

typical cantilever force constant of 10 N/m, a force as low as 0.2 nN can be detected. In the operation of high-

resolution AFM, the sample is generally scanned rather than the tip because any cantilever movement would 

add vibrations. AFMs are now available for measurement of large samples, where the tip is scanned and the 

sample is stationary. To obtain atomic resolution with AFM, the spring constant of the cantilever should be 

weaker than the equivalent spring between atoms. A cantilever beam with a spring constant of about 1 N/m 

or lower is desirable. Tips have to be as sharp as possible. 

 

Tips with a radius ranging from 10 to 100 nm are commonly available.  
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Subsequent modifications to AFM led to the development of the friction force microscope or the lateral force 

microscope (LFM), designed for atomic-scale and microscale studies of friction and lubrication. This 

instrument measures lateral or friction forces (in the plane of sample surface and in the direction of sliding). 

By using a standard or a sharp diamond tip mounted on a stiff cantilever beam, AFM is also used in 

investigations of scratching and wear, indentation, and fabrication/machining. Surface roughness, including 

atomic-scale imaging, is routinely measured using the AFM. Adhesion, friction, wear and boundary lubrication 

at the interface between two solids with and without liquid films have been studied using AFM and FFM. 

Nanomechanical properties are also measured using an AFM. At most solid-solid interfaces of technological 

relevance, contact occurs at numerous asperities. An AFM/FFM tip sliding on a surface simulates just one such 

contact.  

The AFM is the only of the above introduced techniques capable of investigating almost all aspects of 

nanotribology and hence it is important to have an understanding of how it does it.  

 

THE USE OF AFM TO STUDY NANOTRIBOLOGY  

Surface roughness and friction force measurements  

Simultaneous measurements of surface roughness and friction force can be made with the AFM. For such 

measurements, the sample is mounted on a PZT tube scanner which consists of separate electrodes to scan 

precisely the sample in the X-Y plane in a raster pattern and to move the sample in the vertical (Z) direction. A 

sharp tip at the end of a flexible cantilever is brought in contact with the sample. Normal and frictional forces 

being applied at the tip-sample interface are measured using a laser beam deflection technique.  

AFM - topographic scan of a rough surface  

 

A laser beam from a diode laser is directed by a prism onto the back of a cantilever near its free end, tilted 

downward at about 10 degrees with respect to the horizontal plane. The reflected beam from the vertex of 

the cantilever is directed through a mirror onto a quad photo detector (split photo detector with four 

quadrants). The differential signal from the top and bottom photodiodes provides the AFM signal which is a 

sensitive measure of the cantilever vertical deflection. Topographic features of the sample cause the tip to 

deflect in the vertical direction as the sample is scanned under the tip. This tip deflection will change the 
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direction of the reflected laser beam, changing the intensity difference between the top and bottom photo 

detector (AFM signal). In the AFM operating mode called the height mode, for topographic imaging or for any 

other operation in which the applied normal force is to be kept a constant, a feedback circuit is used to 

modulate the voltage applied to the PZT scanner to adjust the height of the PZT, so that the cantilever vertical 

deflection (given by the intensity difference between the top and bottom detector) will remain constant 

during scanning. The PZT height variation is thus a direct measure of the surface roughness of the sample. 

Many multimode AFMs can be used for topography measurements in the so-called tapping mode, also 

referred to as dynamic force microscopy. In the tapping mode, during scanning over the surface, the cantilever 

is vibrated by a piezo mounted above it, and the oscillating tip slightly taps the surface at the resonant 

frequency of the cantilever (70-400 Hz) with a 20-100 nm oscillating amplitude introduced in the vertical 

direction with a feedback loop keeping the average normal force constant. The oscillating amplitude is kept 

large enough so that the tip does not get stuck to the sample because of adhesive attractions. The tapping 

mode is used in topography measurements to minimize effects of friction and other lateral forces and to 

measure topography of soft surfaces. For measurement of friction force being applied at the tip surface during 

sliding, the other two (left and right) quadrants of the photo detector (arranged horizontally) are used. In the 

so-called friction mode, the sample is scanned back and forth in a direction orthogonal to the long axis of the 

cantilever beam. A friction force between the sample and the tip will produce  

FRICTION FORCE MAP OF THE SAME SURFACE  
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Applications of Industrial Tribology 
 

 The common industrial tribological components include: Bearings , cams , gears , automobile engines and 

cutting tools. 

Tribology of Bearings  

In mechanical systems, bearings are used for supporting the various rotating elements like shafts etc. Journal 

bearings are used for supporting the cylindrical rotating shafts. A special feature of journal bearings is that it 

makes metal to metal contact only in two conditions, one at the start of rotation and other at the end of 

rotation. Only in these two conditions, wear of journal bearings takes place. At all other instants, there is a 

hydrostatic lift between shaft and bearing which is created by pressurised fluid which we supplied externally. 

In Hydrostatic lift, shaft is slightly lifted from its original position and it rotates at its new position and does not 

make any contact with bearing so no wear of bearing takes place. But at the start and end of rotation, large 

amount of wear occurs so we have to find the remedies to such wear . The prevention of this wear is very 

i porta t as i  today’s orld e ha e to sa e e ergy, so y redu i g the ear, e a  a hie e the e ergy 
saving.  

The main reason for this type of wear at start up and end is the low turning speed. Various analysis and 

observations shows that there is a very thin lubricant film at low turning speed. Due to thin film, wear occurs. 

So, film thickness can be increased by increasing speed which in turn reduces wear. In some cases, lift pump 

systems are used for providing hydrostatic support which increases thickness of film of lubricant. But in spite 

of this lift pump system, wear can occur . Wear always occur when thickness of film is less than the 10 times of 

surface finish. Even wear can occur in thick film if debris is present in the lubricant. So, for reducing the wear 

at start up condition we have to increase the oil thickness and reducing the contamination in lubricants.  

Another reason of wear is the rapid increase in temperature of bearing pads during start-up which causes the 

deflection of pads which in turn breaks the oil film. This can be avoided by preheating the pads. From various 

researches, it was found that at the start-up, fluid film builds quickly. For bronze bearings, friction coefficient 

does not change and remains constant between 0.16 and 0.20 .  

2.2 Tribology of Gears  

Gears are very important for transmitting the power from one shaft to other shaft and used in large number of 

applications. So, we have to investigate various tribological aspects of gear like reasons for failure and 

methods of preventing these failures. As, we know that maximum deterioration of gears takes place on 

surface of gears as teeth are responsible for power transmission. So, we have to do some surface 

modifications so that failure of gears can be avoided to some extent. Gear failure takes place when teeth 

losses its shape. Major causes of gear failure are friction, scuffing i.e. scratching, and rust. For preventing these 

failures on surfaces, we can use the various surface coatings of some harder materials on gear profiles. 

Diamond like carbon (DLC) coatings is one of them. For enhancing the wear resistant properties of these 

coatings, we can add tungsten to these coatings. When we compare the WC/C coated gears lubricated with 

low viscosity oil to the case-carburised gears lubricated with conventional gear oil, it was founded that WC 

coated gears possess good wear resistant properties .  
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In case carburised gears, failure of gears takes place due to scuffing i.e. scratching or wear when two mating 

surfaces comes in contact with each other. But in WC coated gears, failure takes place due to thinning of 

coating not due to wear. This shows that WC coating improves tribological properties of gears. From various 

experiments, it was found that by using WC coatings on surfaces of gears, surface roughness of gears was 

reduced by 40% than that of uncoated gears. Also, the temperature of lubricant oil used in tungsten coated 

gears was less than the temperature of oil in uncoated gears which in turn reveals that there is less friction in 

coated gears.  

Micro pitting i.e. formation of pitting takes place on the surface of gears due to high surface roughness and 

poor lubrication. It may cause breaking of surface at the scratch if stress is applied on the pit or scratch which 

ultimately leads to failure of gear. As surface roughness is reduced by using WC coatings, these coatings also 

prohibit the micro pitting action which prevents the failure of gears .  

For transmitting power in precise applications and for high safety, polymer gears can be used for power 

transmission. Polymer gear is a wheel made up of some polymer material having teeth on its surface and 

manufactured by injection moulding process. Polymer gears are self-lubricating gears and can be used without 

external lubrication. But at high temperature which can be developed in high power transmission applications, 

they have low life due to large wear of surfaces. Their life can be improved by decreasing the running 

temperature of gears by reducing the friction by using some solid lubricant coatings. Following coatings can be 

used: Molybdenum disulphide (MoS2), Graphite flake, Boron nitride and Polytetra fluoro ethylene (PTFE). 

PTFE provides maximum improvement in life by decreasing the running temperature up to 30 deg. celsius and 

reduce the wear up to 90%. As temperature decreases near pitch line of gear surface, it reduces the possibility 

of pitch line fracture.  

In polymer gears, wear always takes place and it is permissible up to a certain limit after which it is 

unacceptable. But when we use solid lubricant coated gears at high speed, large wear takes place and wear 

exceeds the thickness of coatings, then coatings losses its effectiveness. Despite of this, solid lubricant 

coatings are preferred because of its low cost and high effectiveness in decreasing the running temperature of 

polymer gears. 

 

 

2.3 Tribology in Cams  

In internal combustion engines, Cam and Follower is an important component. As they perform their desired 

functions by making a continuous contact between themselves. So, due to this continuous contact, there are 

large chances of wear on surfaces which leads to failure of cams and follower before the predetermined life. 

We have to look on the various causes and factors which effect these types of failure. There are various 

reasons for this type of wear. Following are the some of the mechanisms by which failure takes place in cams 

and followers: 1) Accelerated wear 2) Scuffing 3) Pitting 4) polishing . All these failure mechanisms depend 

mainly on the metallurgy of the component i.e. materials of which the components are made. Other factors 

which affect these wears are geometry of components and properties of lubricating oil. Common materials 

used for manufacturing camshafts are unalloyed cast iron, alloyed cast iron, hardened and case carburised 

steel, medium carbon steel and alloyed steels. These materials have great impact on the wear resistant 

properties. Nodular graphite irons are preferred over hardened cast irons as they provide good resistant to 

pitting. Also, chilled irons are very prone to pitting but good resistant to scuffing whereas hardened steel are 

prone to scuffing but resistant to pitting. So, materials are selected depending on the type of applications such 
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as high speed or low speed applications. As cast iron is a brittle material, it is very prone to pitting as pitting is 

a fatigue mechanism and due to brittle nature of cast iron fatigue can take place .  

The tendency of different materials towards wear resistant properties can be improved by some special 

surface treatments. Best surface treatment for improves wear resistant properties is some form of 

phosphating. In phosphating, some form of phosphate crystals are layered on the metal surface. Different 

types of wear resistance properties can be obtained by varying form and size of phosphate crystals as better 

wear resistance can be obtained by fine-grained coatings. Better scuff resistance can be obtained by the use of 

soft-nitriding treatments such as Tufftriding .  

Some more factors which affect the cams and followers wear are rotational speeds, temperature and viscosity 

of the oil and operational conditions. In case of cast iron cam and follower, at the point of contacts the tensile 

stress developed in the surface exceeds the tensile strength of materials and thus causes the rupture of 

surface. By keeping all these factors in mind, the most preferred material for cams and followers is grey 

pearlite low alloyed cast iron containing elements such as Mo, Ni and Cu, which improves hardness of cast iron 

for cam and surface hardened, toughened and ionitrided steel for follower as this have large abrasive wear 

resistance to tribological wear .  

2.4 Tribology in Automobile Engines  

The most important tribological component in the automobiles is the engine. It is because maximum amount 

of fuel energy is lost in the engine. A part of the fuel energy is lost as friction. Almost 15% of the fuel energy is 

lost as mechanical losses. It has been seen that if mechanical losses are reduced by 10% in automobiles, the 

fuel consumption will be reduced by 1.5% [20-22]. The improvement in the mechanical efficiency can be made 

by the tribological evaluation of materials used and by providing efficient lubrication [23]. Most of the 

lubricants used today are petroleum based lubricants. These lubricants are responsible for emitting hazardous 

substances and corruptin the environment. Research has been done on replacing mineral by biodegradable 

and eco friendly lubricants [24-29]. Vegetable oils have emerged as suitable lubricants for replacing mineral 

oils. The vegetable oils are 90-98% biodegradable and have all suitable properties to act as lubricants [30].  

2.5 Tribology of Metal Working Fluids  

Metal working fluids are used for the providing cooling and lubricating effect in different cutting operations 

su h as tur i g, illi g, gri di g et . if the MWF’s are ot used there e ear of the i tera ti g surfa es 
leading to the failure of operations. Recent researches have suggested that vegetable oils can also be used as 

MWF’s [31-34]. The use of vegetable oils has been limited by the oxidation stablity of vegetable oils [35-37]. 

Improvements have been made in the oxidation stability of vegetable oils by adding anti oxidants to the oils or 

by chemically modifying the oils [38, 39].  

Downloaded from  be.rgpvnotes.in

Page no: 8 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

We hope you find these notes useful. 
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