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ABSTRACT - The press processing is generally carried 

out under high surface pressure. It is necessary to know 

the behavior of press processing oils under such high 

pressure. In this study, the high-pressure viscometer is 

used to observe fluid behavior and the deep drawing 

tester is used to evaluate the press performance. The 

lubricants contained specific polar additives such as butyl 

stearate showed the phase transition and excellent press 

property. 

 

1. INTRODUCTION 

The surface of the press tool is always exposed high 

surface pressure while the press material is sliding. Since 

the lubricant for press working is given high pressure, it 

is important to grasp accurately the fluid behavior and the 

condition. On the other hands, it is well known that the 

phase transition of lubricants occurs, and lubricants is 

transformed from liquids to elasto-plastic liquids or 

solids under elasto-hydrodynamic. These behaviors are 

already used for the traction fluid of the toroidal type 

transmission [1]. In this research, to grasp fluid behavior 

of the lubricants in press processing, the behavior of 

lubricants and additives are studied using high pressure 

falling ball viscometer which attached an optical 

microscope. In addition, the press properties of these 

lubricants and additives were evaluated using the deep 

drawing tester and to discuss the relationship between the 

phase transition and press properties.!   

 

2. EXPERIMENTAL                                                        

2.1 Chemicals 

Five kinds of chemicals were tested. The list of 

tested chemicals and their physical properties are given 

in Table 1. All chemicals except for paraffinic oil are 

reagent grade. Esters and alcohols were dissolved into the 

paraffinic oil at the optional concentration as oiliness 

agent. Methyl stearate could dissolve into paraffinic oil 

to 40wt% and 1-tetradecanol could dissolve to 20wt% at 

30 . 

 

Table 1 Properties of tested chemicals. 

 
*is indicate reference value 

 

 

2.2 High-pressure observation apparatus 

Saga University high-pressure falling ball 

viscometer is utilised as high-pressure vessel in this study 

[2]. The sapphire glass observation window was built in 

the middle of the high-pressure vessel. The optical 

microscope was provided on the observation window to 

observe the behavior of each test samples as shown 

Figure 1. 

 

 
Figure 1 High-pressure observation apparatus. 

 

2.3 Deep drawing tester 

Sheet metal testing machine was used as the deep 

drawing tester. SPCC dull steel sheet was used as test 

pieces in this test. Detail test conditions are listed in Table 

2 and Figure 2. The maximum blank holding load was 

reported. The higher maximum blank holding load, the 

better friction property is indicated. 

 

Table 2 Test condition of the deep drawing tester. 

 
 

Paraffinic oil Methyl stearate Butyl stearate 1-Dodecanol 1-Tetradecanol

Dynamic viscosity  

40 , mm
2
/s

Pour point, 

Melting point, 

Density  

15 , g/cm
3

39 23 24 38

0.856 0.86* 0.86* 0.8309 0.824

7.83 9.00* 6.71*
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Figure 2 Punch and die of the deep drawing tester. 

 

3. RESULTS AND DISCUSSION  

3.1 High-pressure observation 

Figure 2 shows the appearance of each chemicals in 

the optional pressure. The paraffinic oil have tiny and 

blurred outline particles thought wax. On the other hands, 

each polar chemicals indicate crystallization with 

individual pressure. As the pressure of the vessel exceed 

a specific value, each crystal from the polar chemicals 

became the solid completely and interrupt the light finally. 

 

  
Paraffinic oil Methyl stearate 

(30wt%) 

 

  
Butyl stearate               1-Dodecanol 

Figure 3 Appearances of each chemicals in each 

optional pressure. 

 

The phase transition pressure of each chemicals was 

compared as shown Figure 4. Figure 4 was obtained by 

changing the dosage of each chemicals in the paraffinic 

oil and monitoring the fluid appearance with video 

camera. The phase transition pressure decreased 

following the dosage of polar chemicals increased. It was 

found that the phase transition pressure was influenced 

by the dosage of chemical in paraffinic oil. In addition, it 

is very interesting that the phase transition pressure of 1-

Tetradecanol is lower than 1-Dodacanol one even though 

each melting points are almost same. This result indicates 

that the phase transition pressure of each chemicals 

doesn’t only depend on the chemical’s melting point but 

also chemical’s structure. 

 

 
Figure 4 The phase transition pressure in each 

chemical’s dosage. 

3.2 Blank holding load with deep drawing tester

Maximum blank holding load was compared as 

shown Figure 5. The maximum blank holding load of the 

paraffinic oil is just 40kN, however 1-tetradecanol of 

20wt% is added to the paraffinic oil, the maximum blank 

holding load increase to 200kN what is as same as 30wt% 

of methyl stearate. On the other hands, maximum blank 

holding load of 1-dodecanol indicated just 140kN though 

the melting point is almost same as butyl stearate one. 

 

 
 

Figure 5 Maximum blank holding load from the deep 

drawing tester. 

 

It seems that there are some relationships between 

the phase transition tendency and maximum transition 

pressure load. This is considered that the drawing 

property of testing samples contain specific polar 

chemicals is improved by the phase transition of each 

chemicals at optional pressure. 

 

4. CONCLUSION 

In this research, the phase transition and drawing 

property were pointed out by corresponding experiment. 

Some specific polar chemicals show the phase transition 

at optional pressure and have excellent drawing property. 

The outcome of the experiments is summarized as 

(a) By blending some specific polar chemicals such 

as methyl stearate, butyl stearate, 1-dodecanol 

and 1-tetradecanol, the phase transition and 

solidification were caused at optional pressure. 

(b) The phase transition of each polar chemicals 

doesn’t only depend on the chemical’s melting 

point but also chemical’s structure. 

(c) The testing samples containing specific polar 

chemicals have the excellent drawing property. 

It was indicated that there exit some 

relationships between the phase transition 

tendency and lubrication property at the high 

surface pressure. 
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