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Abstract: In order to test the tribological properties of the high alloy ledeburite steel X210Cr12, test samples were made on which the 

mass loss was measured before and after the wear test. The test was performed using the “pin on disk” method on the Taber abraser device, 

with part of the samples tested without lubricant and part with lubricant to compare and present the results. X210Cr12 steel was chosen as 

the material for the pin sample, while low alloy steel was chosen for the disk sample. In the lubricant test, hemp oil was used and analyzed to 

show the effects of this oil on the lubrication and wear of the material. During the test, each sample was subjected to a modified load and a 

modified number of cycles. From the test results, it can be concluded that hemp oil exhibited satisfactory properties over all test cycles, with 

an approximately constant pattern of mass loss. In addition, hemp oil showed more favorable properties at higher test loads and a greater 

number of test cycles, so it can be used as a lubricant based on the test results obtained under test conditions such as those that prevailed in 

this test. 
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1. Introduction 

Tribology „is not a science for science's sake“, but a 

scientific approach that addresses the possibility of extending the 

life of parts subject to wear [2-3, 6]. The main objective is to 

reduce the costs and losses of the tribo nature [6]. In order to 

study the problems of friction and wear, as well as the role of 

lubrication, tribology considers the phenomena and processes as 

parts of a whole that are interrelated and have a significant 

influence on the cost efficiency of the technical means produced 

and used. Tribology implies activities that comprehensively 

combine the increase of work efficiency through the interaction 

of knowledge from all major scientific and technical disciplines. 

Tribological problems can be found in all industries. In recent 

years, due to the increasing concern for the environment and 

pollution caused by the use of commercial mineral oils and the 

very good lubricating properties demonstrated in tests, more and 

more efforts are being made to use vegetable oils as lubricants in 

various industrial sectors. The advantages of these oils are low 

environmental influence, simple combinations of additives, 

biodegradability, low production costs, low toxicity, high flash 

point, low volatility and, above all, high viscosity [14]. 

Therefore, vegetable oils are a very good alternative to oils from 

oil refining. The aim of this paper is to investigate the influence 

of hemp oil as a lubricant on the wear intensity of materials using 

laboratory tests on wear. 

2. X210Cr12 steel 

X210Cr12 steel belongs to the group of high alloy ledeburitic 

steels (sub-eutectic) with 12 % chromium and is considered the 

main representative of this group of tool steels. In addition to 12 

% chromium, it also contains 2 % carbon and 0.1 % vanadium. 

Due to its slightly lower toughness, X210Cr12 steel is often 

modified by reducing the carbon content and adding 

molybdenum and vanadium. The addition of tungsten also 

increases the wear resistance, but not the loosening resistance 

[13]. Heat treatment of X210Cr12 steel consists of austenitization 

(≈1000 °C), hardening in oil and tempering at a temperature of 

480 to 560 °C. This steel is characterized by very good resistance 

to deformation during hardening, which is why it is often referred 

to as „deformation-free hardenable steel“ [15]. The most 

common application of this steel is the manufacture of tools for 

cold forming, deep drawing, stamping, extrusion, shearing, 

stamping, drawing needles, rolling, etc. The main disadvantage 

of X210Cr12 steel is certainly its tendency to decarburization, so 

it must be heated slowly in a protective atmosphere (e.g. vacuum, 

inert gas, inert salt bath). 

Research of tribological properties and different methods of 

processing technology of X210Cr12 steel are presented in 

[1,5,7,9-12]. 

2.1. „Pin on disk“ test method 

The test equipment in this test method consists of a fixed pin 

in contact with the rotating disk. It should be noted that instead of 

a pin, a sample with a rounded tip or beads and a rectangular 

parallelepiped can be used [11]. This test method is one of the 

most commonly used in tribological wear testing of sliding 

materials. Similar to this test method, the „pin on cylinder“ test 

method is performed. The main difference is the placement of the 

pin, which is perpendicular to the axis of rotation or oscillation. 

The test sample can have a flat or rounded pin base. 

3. Experimental part 

The Taber abraser device, model 503, was selected for the 

tribological tests. Due to the choice of the „pin on disk“ test 

method, two standard sanding disks were removed from the 

device, instead of which test sample 1 (pin) was attached to the 

sample holder, while test sample 2 (disk) was attached to the 

sample holder instead of sanding paper. The test procedure is 

based on measuring the mass loss of test sample 1 after 

completion of the wear test, showing a comparison of wear with 

and without hemp oil, and weighing the mass of test sample 1 

before and after the test. On the Fig. 1 shows the Taber abraser 

device used in this test. 

 

Figure 1 Taber abraser, model 503 
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On the Fig. 2 shows the dimensions of the test samples used 

in this test, which are defined according to the standard 

dimensions of the wear test samples recommended for the named 

device. 

 

Figure 2 Dimensions of test samples 

Test sample 1 consists of the high alloy tool steel X210Cr12, 

whose declared chemical composition is given in Table 1. 

Table 1: Declared chemical composition of the test sample 1 [3] 

Chemical composition, % 

C Si Mn P S Cr V 

2,00 0,30 0,30 0,035 0,035 12,00 0,10 

The measured chemical composition of test sample 2 is 

shown in Table 2. For the measurement of chemical composition 

was used spectrometric analyzer „Belec“, which is designed for 

the analysis of the composition of carbon and stainless steels. 

Table 2: Measured chemical composition of the test sample 2 

Chemical composition, % 

C Si Mn P S Cu Al Cr 

0,912 0,371 0,565 <0,001 0,013 0,172 <0,003 1,899 

Mo Ni V Ti Nb Co W Pb 

0,053 2,487 0,009 0,062 0,011 0,020 0,034 <0,003 

The macro appearance of the test samples is shown in Fig. 3. 

    
                                    a)                                                     b) 

Figure 3 Macro appearance of test samples 
                a) test sample 1; b) test sample 2 

The test samples were divided into two groups of eight 

samples, the first group of samples was tested without lubricant, 

while the second group of samples was tested with lubricant, 

which in this case is hemp oil. Test sample 2, i.e. the disk, was 

used in all 16 tests. The beginning of the test procedure starts 

with weighing the initial mass of the 16 pin samples and 

recording their values. The weighing was done on a laboratory 

scale „Scaltec SPB32“ with an accuracy of 0.0001 g (Fig. 4). 

 

Figure 4 Laboratory scale „Scaltec SPB32” 

After weighing the initial mass of all test samples, they are 

placed on the instrument holders. A schematic representation of 

the set test samples with explanations can be found in Fig. 5. 

 
Figure 5 Representation of the test procedure 

Before starting the test, it is necessary to place a load on the 

test fixture that will act on test sample 1. Two standard loads, 500 

g and 1000 g, were used during the test. Due to the weight of the 

sample holder 1 of 250 g, the total loads were 750 g and 1250 g. 

In addition to the loads, it is necessary to adjust the number of 

cycles, i.e. the duration of the test of a group. The cycles were 

chosen in four values and were 500, 1000, 1500 and 2000 rpm in 

combination with the loads. During the test, test sample 2 rotates 

at a constant speed of 60 rpm, while test sample 1 is stationary 

and positioned vertically with a radius of curvature relative to test 

sample 2. In this way, both test samples are subjected to sliding 

motion throughout the test procedure. When testing lubricant test 

samples, hemp oil was dispensed from the dropper bottle, with 4 

drops of oil placed on the surface of test sample 2 prior to the 

start of the test. At the end of the defined cycle, the test samples 

are removed from their holders and test sample 1 is reweighed 

and the mass loss that occurred during the test is recorded. To 

gain insight into the properties of the hemp oil selected for this 

test, Table 3 shows the fatty acid content that makes up the 

chemical structure of this vegetable oil [4]. It is important to note 

that the oil content in the grain varies depending on the species 

and variety and the treatment method of hemp cultivation. 

Table 3: The fatty acids content of hemp oil [4] 

Content of fatty acids, % Hemp oil 

C16:0 6.5 (7.32) 

C18:0 2.6 (2.97) 

C18:1 n9 11.1 (14.55) 

C18:1 n7 1.1 

C18:2 56.4 (55.5) 

C18:3 16.2 (14.35) 

C20:1 1.3 

C22:1 - 

C18H34O3 - 

Other 4.8 

In addition to the chemical properties of the oil, the physical 

properties of the oil, especially the kinematic viscosity, are a very 

important parameter in the selection process. Table 4 shows that 

the value of kinematic viscosity decreases with increasing 

temperature in the temperature range from 40 to 100 °C [8]. 

Table 4: The physical properties of hemp oil [8] 

Properties Hemp oil 

Kinematic viscosity on 40 °C, mm2/s 27.4 

Kinematic viscosity on 100 °C, mm2/s 6.9 

Viscosity index 230 

Iodine value, g/100g 170 (148) 

It can be concluded that hemp oil loses its lubricating 

properties at higher temperatures, which leads to increased wear 

of the elements of the tribosystem that are in contact with each 

other. 
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On the other hand, hemp oil shows very good lubricating 

properties at lower temperatures, resulting in very good 

lubrication and less wear of the elements of the tribosystem. 

Regarding the viscosity index, it is important to mention that 

hemp oil has a high viscosity index compared to other vegetable 

oils tested in the laboratory, such as rapeseed oil (viscosity index 

218), but also significantly higher than commercial mineral oils, 

whose viscosity index according to ASTM D2270 is 95 [6]. 

4. Research results and discussion 

Table 5 shows the results of mass loss (Δm) of test samples 

without lubrication and with lubrication at a load of 750 g, while 

Table 6 shows the results of mass loss of test samples at a load of 

1250 g. The mass m1 is the measured value before the tests, while 

the mass m2 is the measured value after the end of the test. 

Table 5: Test results at a load of 750 g 

Without lubrication 

Sample Number of cycles m1, g m2, g Δm, g 

1 500 5,3906 5,3903 0,0003 

2 1000 5,3382 5,3376 0,0006 

3 1500 5,3813 5,3805 0,0008 

4 2000 5,3835 5,3824 0,0011 

With lubrication 

Sample Number of cycles m1, g m2, g Δm, g 

1 500 4,9001 4,9000 0,0001 

2 1000 5,3225 5,3222 0,0003 

3 1500 5,1078 5,1074 0,0004 

4 2000 5,5952 5,5950 0,0002 

Table 6: Test results at a load of 1250 g 

Without lubrication 

Sample Number of cycles m1, g m2, g Δm, g 

1 500 5,6137 5,6130 0,0007 

2 1000 5,7159 5,7146 0,0013 

3 1500 5,4538 5,4519 0,0019 

4 2000 5,3467 5,3439 0,0028 

With lubrication 

Sample Number of cycles m1, g m2, g Δm, g 

1 500 4,7542 4,7538 0,0004 

2 1000 3,9968 3,9964 0,0004 

3 1500 5,3142 5,3140 0,0002 

4 2000 5,3718 5,3716 0,0002 

On the Table 5 shows that at a load of 750 g, wear decreases 

when hemp oil is used as a lubricant compared to the test without 

lubricant. At all test cycles, the oil showed satisfactory results, 

with a slight increase in wear at 1000 and 1500 cycles, while at 

the highest test cycle number of 2000, the difference in mass loss 

of the test sample with and without lubricant is most significant. 

On the Table 6 shows that at a load of 1250 g, the difference in 

mass loss is even more pronounced with and without the use of 

hemp oil. Hemp oil showed satisfactory performance over all test 

cycles, with an approximately constant mass loss pattern. On the 

Fig. 6 gives a graphical representation of the dependence of mass 

loss (Δm) from the number of cycles for different sizes of load 

and types of lubrication (without lubrication and with lubrication 

at a load of 750 g and 1250 g). 
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Figure 6 Graphical representation of the dependence of mass loss (Δm) from the number of cycles for different sizes of load and types of 

lubrication 

From all this, it follows that hemp oil has more favorable 

properties at higher test loads and a greater number of test cycles, 

and therefore can be used as a lubricant under test conditions 

such as those that prevailed in this test. With the development of 

tribology as a scientific and technical discipline, the process of 

wear between the elements of the tribology system is a major 

problem that still cannot be completely stopped and is therefore 

being reduced as much as possible through constant research and 

cooperation between various experts in parallel. 
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With the laboratory equipment available today and the 

constant technological progress, especially in the computer 

simulation of the actual wear process, it is possible to fully 

monitor all the parameters required in wear testing. In this way, 

the characteristics of both materials and lubricants are detected, 

reducing wear between moving elements and thus preventing 

possible damage and subsequent accidents. 

5. Conclusion 

Due to the increasing need for environmental protection, as 

well as the reduction of fossil fuels, by which is meant primarily 

oil, from which mineral oils are produced through refining, the 

majority of which are currently used, lubricants of natural origin 

are increasingly being developed and researched, such as hemp 

oil, which was used in the tests in this paper. Lubricants of 

natural origin are interesting not only because of their ecological 

compatibility, but also because of their physicochemical 

properties, especially viscosity and flash point, due to which they 

show very good lubricating properties in tests in practice. With 

the further development of lubricants of natural origin, as well as 

additives that improve the properties of the base oil and reduce 

the cost of processing vegetable oils, it is possible to qualitatively 

replace mineral oils obtained by refining oil. 
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