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ABSTRACT 

❖ Friction in the roll bite is an important factor affecting the cold rolling 

process. Control of friction at the roll/work interface is achieved mainly 

through proper choice of the lubricant. Oil-in-water (0/W) emulsions are 

used with the twin objectives of cooling and providing sufficient amount of 

lubrication in the roll/ strip contact zone. 

The oil-in-water emulsion is essentially a two-phase heterogeneous 

mixture of oil and water, in which the oil remains as the dispersed phase 

and water the continuous phase. The oil phase contains the base oil, 

emulsifiers, lubrication additives and other ingredients. 0/W emulsions 

used in steel cold rolling generally contain oil between 2.5% to 5.0% by 

volume. 

❖ The mechanism of lubrication through emulsion has not been adequately 

understood. Existing explanations of the phenomenon are based on the 

so-called plate-out and dynamic concentration theories. Some 

investigators have observed a positive correlation between droplet size 

and film thickness, some others have found speed and droplet size as 

being responsible for the size of film thickness, and still others have shown 

that the film forming ability of lean emulsions is extremely low and 

practically independent of temperature. 
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❖ The role of emulsion stability, saponification (SAP) value and nature of 

emulsifier in the lubricating action of 0/W emulsions has been studied in 

the past. 

❖ Except a few, most of the researchers have used specially formulated 

0/W emulsions (non-commercial formulations) during their investigations. 

❖ The experimental studies on a wide variety of test rigs including Elasto-

Hydrodynamic (EHD) interferometry and experimental rolling mill have led 

to the development of theories and mathematical models for the prediction 

of film thickness between emulsion-lubricated contacts. Yet, tribologists in 

the industry still prefer to rely on experience and rules of thumb. 

Available studies on the behavior of commercial 0/W emulsions used in 

industries are quite scarce. Such investigations will be valuable for both 

the oil formulator and industrial user. Topic of research may include the 

followings: 

I. Effect of chemical composition of commercial 0/W emulsions on their 

physico-chemical properties especially the emulsion stability value 

(ESV), saponification value, droplet size and film thickness. 

II. Film forming and lubricating characteristics of different generations of 

commercial rolling oil (0/W emulsions). 

Ill. Evaluation of the tribological performance of 0/W emulsions in an 

experimental steel cold rolling mill under simulated industrial 
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conditions. The performance under both boundary and hydrodynamic 

lubrication conditions may be studied. 

IV. Development of an artificial neural network (ANN) model for predicting 

the performance of commercial 0/W emulsions. 

The objectives of the present study are as follows: 

• To carry out an experimental investigation of the film forming 

characteristics of selected commercial oil-in-water emulsions used 

in Indian industry. 

• To evaluate the tribological behavior of the above oil-in-water 

emulsions under different processing conditions with the help of an 

experimental rolling mill. 

• To develop an ANN model for predicting the effect of physico-

chemical properties and tribological parameters of the foregoing oil-

in-water emulsions during cold rolling of steel strips. 

❖ The thesis contains an introduction, a literature review, a summary of the 

background material, a description of the experimental investigations and 

the findings, estimation of coefficient of friction, a presentation of the 

proposed artificial neural network model and an epilogue. The above 

contents have been arranged in seven chapters. 

❖ In the Introductory chapter—I background of the study, scope and 

objectives of the present investigations have been mentioned. 
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❖ The literature review (Chapter—II) deals with previous studies on cold 

rolling oils, emulsion technology, film forming characteristics including 

viscosity, droplet size and concentration based theory, plate out theory, 

dynamic concentration theory and tribological behavior. The literature 

survey leads to the following conclusions: 

o Film forming behavior of 0/W emulsions used for cold rolling of 

steel strips continues to be a topic of considerable research interest 

in view of its practical importance. 

o Comparative study of the tribological behavior of commercial 0/W 

emulsions is important to industry. 

o Researchers have expressed diverse views on film forming and 

lubricating characteristics of 0/W emulsions. For example Wilson 

considers the droplet size of oil and speed of rolling as important 

factors in film forming and lubrication whereas Guzman and John 

emphasize the role of chemistry related factors such as emulsion 

stability, saponification value, nature of emulsifier and other 

additives on the performance of 0/W emulsions. Vergne et al hold 

the view that film-forming ability of lean emulsions is extremely low 

and practically independent of temperature. 

o Several analytical models of tribological behavior of emulsions 

during rolling of metallic strip are available in the published 

literature. It would be interesting to assess their relevance to 

industry. 

o During the literature search, the author has observed that 

investgators have used either specially formulated rolling oils or 
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those which were easily available to them. Very few have used 

commercial rolling oils. Studies on the film forming characteristics 

and tribological behavior of emulsions based on successive 

generations of commercial rolling oils of proven industrial 

performance would be valuable. 

• Lean 0/W emulsions (i.e. those in which oil concentration varies 

from 2.5 to 5.o%) are often used in commercial steel cold rolling 

mill. However the ability of lean 0/W emulsions to form films on 

steel strip is low. The question arises whether different emulsifiers 

and chemical additives do significantly affect the performance of 

0/W emulsions. 

Chapter Ill gives a summary of the background material relevant to the 

present work. Topics covered include modeling of the strip rolling process 

including equations of equilibrium, elastic stress-strain relations, plastic 

stress-strain relations, equation of heat transfer, analysis of roll 

deformation and computation of coefficient of friction. Test methods for 

determination of the saponification value, Kinematic viscosity, density, 

flash point, acid number, emulsion stability are also mentioned. Also 

outlined are the experimental techniques for determination of film 

thickness, droplet size and mechanical properties of strip materials. This 

chapter also contains a brief of description of artificial neural networks. 

❖ Three rolling oils have been selected for the present investigation on the 

lubricating action and tribological behavior of 0/W emulsions. They are 



VIII 

commercial rolling oils used in Indian industry. Their physico-chemical 

properties along with results of emulsion stability value, droplet size, film 

thickness and saponification value are given in chapter IV. Tribological 

behavior of the selected oils has been studied by conducting experiments 

on a 2- High experimental rolling mill. Nature of oil film and film strength 

have also been studied by IR (Infrared) spectroscopy and Falex Pin and 

Vee blocks test rig. Experimental results have been presented and 

discussed in this Chapter. 

Procedure for estimation of coefficient of friction, using a commercial 

software, has been mentioned in chapter V. Salient features of 

mathematical model, computational details for coefficient of friction, 

computed results and discussion on findings are mentioned in this chapter 

❖ An 0/W emulsion having larger droplet size, higher saponification value, 

higher film strength and lesser emulsion stability produces higher film 

thickness and lower co-efficient of friction. The results obtained on the 

experimental test rig correlate with those of industrial rolling mill. The 

results also match the findings of other researchers. However there was 

significant difference between the results found from the experimental 

rolling mill and the film thickness obtained on an ultra thin film EHD test 

rig. 

❖ A neural network model has been described in chapter VI. It is based on 

the experimental results obtained from a 2-Hi experimental rolling mill 

using three different rolling oils, two different concentrations (2.5 % and 
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5.0%) and three different speeds (100, 350, 500 m/min). Oil concentration, 

emulsion stability value, saponification value, speed, percent reduction 

and droplet size are considered as the input parameters and the co-

efficient of friction as the output parameter. The predicted and actual 

values of co-efficient of friction are in good agreement. 

❖ The conclusions of the present investigation are summarized below. 

• In the present investigation, three commercial rolling oils (0/W 

emulsion) used in Indian industry, have been studied 

• Lubrication mechanism of an 0/W emulsion has been analyzed on 

the basis of its SAP value, emulsion stability value, droplet size and 

film thickness. The emulsifier and other chemical ingredients used 

in the formulation of rolling oil have a major effect on the above 

parameters. 

• Film thickness is not the sole determinant of the lubricating property 

of a given 01W emulsion. It also depends upon the nature of the 

film and its strength. In fact 0/W emulsions producing a smaller film 

thickness can perform better if the nature and the strength of the 

film are superior to those of an oil that forms a thicker film. 

• An 0/W rolling oil emulsion having higher SAP value, lower 

emulsion stability value, larger droplet size and higher film strength 

produces larger film thickness and lower coefficient of friction. The 

above findings correlate well with industrial experience. An oil that 

produces lower friction in the roll bite of an experimental rolling mill, 

exhibits similar performance in an actual industrial rolling mill too. 
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o Film thickness measurements on an ultra thin film EHD 

interferometry test rig have poor correlation with results obtained on 

an experimental and industrial rolling mill. For example an oil having 

moderate droplet size, SAP value, film strength and emulsion 

stability value may produce a thin film during experiments on an 

EHD interferometry test rig. But this result is not the correct 

indicator of its actual tribological performance in an experimental or 

industrial roiling mill. 

o The lubrication and tribological behavior of an OAA/ emulsion can be 

understood properly if the role of SAP value, droplet size, film 

strength and emulsion stability is studied by conducting 

performance tests on an experimental or industrial rolling mill. 

o ANN model can be used to predict the performance of an OAA/ 

emulsions for a particular type of mill and strip material. Variables 

such as SAP value, droplet size, emulsion stability value, 

concentration of oil, percent reduction and rolling mill speed form 

the inputs of the model. Output of the model is co-efficient of 

friction. 
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