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Summary: Friction between die and workpiece material has influence in almost every metal forming process. Reduction of friction leads to reduction of required forming load of certain process. It also influences in positive way  die wear (it reduces it) and quality of the final product. That is the reason why research of different kind of lubricants is very important and has great impact on metal forming processes. Conventionally, in bulk cold metal forming processes, coating of zinc phosphate is applied. But zinc phosphate coating is not environmental friendly, due to sludge accumulation in baths and its associated content of heavy metals. That is the reason why new, environmentally harmless lubricants have been developed. 


In this paper, determination of friction coefficient for different lubricants is presented. Both environmentally harmless and environmentally hazardous lubricants were used. The experimental method for friction coefficient determination was ring compression test. Results of the test were used to compare values of friction coefficient for different type of lubricants. Four different types of lubrication were applied.
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1. INTRODUCTION 
The goal of lubrication is to reduce friction, lower the deformation forces and prolong tool life. Lubrication system in bulk cold forming processes must have high performances because of the large surface expansion of workpiece and high normal pressure between workpiece and tool. It is also important to avoid breakdown of lubricant film and metal to metal contact between tool and workpiece. For that reason, efficient lubrication system is required to ensure quality production.

A common and very widespread way of lubrication in cold metal forming is use of phospate coatings. Phosphate coatings are usually used in combination with some additional lubricant, and this way of lubrication for a long period of time had been the best solution for extrusion processes. However, from environmental point of view, phospate coatings need to be replaced because of  content of heavy metals in baths and large amounts of waste waters. That is the reason why new ecological friendly lubricants have been developed.

According to [1] environmental problems in metal forming tribology can be divided in following areas: a) health and safety of people, b) influence on equipment and buildings and c) destruction and/or disposal of waste and remaining products. Improvement efforts should be concentrated on elimination of hazardous chemicals and reduction of waste, including prolonging tool and lubricant life, recovery and reuse of lubricants and minimal quantity lubrication.
In this paper a part of results of comparative investigation of different lubricants for bulk metal forming operations is presented. Both conventional and new lubricants were involved in investigation. Main goal was to show that new, ecology friendly lubricant can reduce friction in bulk forming process in a same way as conventional one.

2. CONVENTIONAL TRIBOLOGICAL SYSTEMS IN COLD FORMING
As it is mentioned before, conventional way of lubrication in cold extrusion processes is phosphate coating in combination with some aditional lubricant. It is well known that wide application of cold extrusion started when use of phosphate coatings was developed.


Phosphate coatings contains havy metals, usually zinc. There are many reasons why zinc phosphate coatings were widely applied, but two main reasons are:
· between zinc phospate coating and subsequent lubricant reaction takes place. For that reason zinc phosphate coating have much better lubrication characteristics under high pressure

· the crystal structure of coating posseses plastic properties under the conditions of temperature, pressure and shear stress which exists in cold forming operations.

Phases of zinc phosphate forming are: alkali degrease, rinse, acid pickle (sulphuric or hydrochloric acid), rinse (cold water), rinse (hot water), application of zinc phosphate solution, rinse (cold water), rinse (hot water), lubrication, drying.

This procedure, from environmental point of view, has several disadvantages [1]: a) sludge of heavy metal phosphates b) large water requirement in the rinse baths c) periodic replacement of baths for degreasing, neutralizing, pickling and lubrication is required and d) large amounts of waste water, containing grease, acid and soap. 
Disadvantages of conventional lubrication in cold bulk metal forming had initiated developement and implementation of new tribological systems.
3. NEW TRYBOLOGICAL SYSTEMS IN COLD METAL FORMING
A number of lubrication systems for cold forming have been developed as an alternative to phosphate coatings and soap. According to [1] they may be organized into the following groups: 
· New conversion coatings (electrolytic phosphate coating, microporous coating)

· Lubrication without conversion coating (dual bath systems, single bath systems) 
3.1 New conversion coatings

Many disadvantages related to the process of forming phosphate coatings are reduced by electrolytic phosphating. The main advantages of this process are: use of acid for pickling may be avoided by electrochemical pickling, phosphating bath is sludge free, the treatment time is shorter, the working environment is improved and electrochemical procedure makes possible to phosphate high alloyed steel and stainless steels. Electrolytic phosphating ensures much more uniform and finer crystalline coating with smaller film thickness. 


There are different techniques for forming microporous coating. One of them is described in paper [2]. Surfaces with pores of micrometer size for entrapping lubricant are generated by electrochemical deposition of an alloy, consisting of two immiscible metals, of which one metal is subsequently etched away leaving 5 μm layers with a sponge-like structure. When the lubricant is subsequently applied to the porous coating, it is trapped in the pores acting as numerous small lubricant reservoirs.
3.2 Lubrication without conversion coating – dual and single bath systems

The dual bath systems form two layer coating: a base coating adhering to the metal surface and an overcoating to further reduce friction. Nakamura at al. [8] have tested a number of alternatives, among them a dual bath system too. 


Several single bath systems have also been developed. One of them has been developed in Nihon Parkerizing as a water based lubricant [5]. This product consist of an inorganic salt as the base component and a wax as the lubricant. The application method is called “dry in place“ and consists of a simple dip and dry process forming a double coating consisting of a lubricant carrier as the base with a lubricant film on top.

Similar lubricant, Bonderlube FL 741, was used in experiment which is described in this paper. Schematic view of a single bath system application is presented in Fig. 1.

4. EXPERIMENTAL INVESTIGATION

For the experimental prediction of friction conditions ring compression was employed.
4.1 Ring compression test

The coefficient of friction is generally determined experimentaly. One test that has gained wide acceptance, particularly for bulk deformation processes, is the ring comperssion test [7]. The idea for this test was given by Kunogi [3], later improved by Mail and CockCroft [4], Avitzur [6] and many other researches. Basic technique of this test relates dimensional changes of a ring specimen to the coefficient of friction. When a ring specimen is compressed between two flat dies, high friction coefficint results in inward flow of the material, while low friction coefficient results in an outward flow of the material. To determine friction coefficient it is necessary to measure change in height and in inner diameter, to calculate percentage value of nominal strains εh i εd and to compare εh -εd curve to calibration curves. In this research calibration curves, calculated acording Avitzurs equations [6], were used for friction coeficient determination.
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Fig. 1 Schematic view of single bath system application [9]
4.2 Determination of friction coefficient
Friction coefficient was determined for four different types of lubricants: 
· oil for cold forging

· phosphated surface with MoS2 

· phospated surface with MoS2 dissolved in oil and
· Bonderlube FL 741 lubricant.
Material of rings was Č4320. 


The most common geometry of a ring has proportion of outer diameter to inner diameter to height 6:3:2, so this proportion was used in current experimental investigation too. Dimensions of rings were: outer diameter D = 18 mm, inner diameter d = 9mm and hight h = 6 mm. Experiment was conducted on Sack&Kieselbach hydraulic press, nominal force 6.3 MN, using flat dies.

Rings before compression are presented in Fig.2, and after compression in Fig.3. Frist ring was lubricated with oil, secon ring had phosphated coating (for this ring two types of lubricants were used) and last ring had Bonderlube coating.

For each lubricating conditions the experiment was repeated three times. In Fig. 4 solid lines present friction calibration curves for three different coefficient of friction (0.12, 0.1, 0.08). Four other curves are experimentaly obtained functions εd.= f(εh) for four different tribolgical conditions. As it can be seen from the diagram, low friction coefficient is achieved with application of phosphated coating and MoS2 disolved in oil and with application of Bonderlube coating. Preferences are on the side of the Bonderlube because of positive environmental and economical effects (less process steps, reduction of waste water, no phosphate sludge).
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Fig. 2 Rings before compression,(a) without coating,(b) with phosphate coating,(c) with Bonderlube coating
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Fig 3. Rings after compression , (a) without coating, (b)with phosphate coating, (c)with Bonderlube coating
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Fig. 4 Calibration and experimental curves
5. CONCLUSION


Friction coefficients for four different types of lubricants were determined. Ring compression test was used for determination of friction coefficient. Three convencional lubricants were used (oil for cold forging, phosphate coating with MoS2, phosphate coating with MoS2​ disolved in oil) and one environmental friendly lubricant , Bonderlube FL 741. Comparing with conventional ways of lubrication there are several advantages in both economical and environmental way, when Bonderlube FL 741 lubricant is used. Experimental results showed that value of friction coefficient for Bonderlube lubricant is low (μ≈0.08), compared to conventional lubricants (μ≈0.08 – 0.12).
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