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Resumen. En este trabajo se investigó el desgaste 

abrasivo de acero 8620  templado bajo condiciones 

agresivas y se comparó con muestras de acero 8620 

recubierto con capas de TiN bajo las mismas 

condiciones agresivas. Se realizó un tratamiento 

térmico de las muestras de acero 8620 de 900°C a 

temperatura ambiente. Después del templado, las 

muestras fueron normalizadas debajo de la 

temperatura martensítica para aumentar la dureza y 

la resistencia al desgaste. El recubrimiento de las 
muestras de acero 8620 con TiN fueron llevadas a 

cabo con la técnica “magnetron sputtering”. En estos 

experimentos, una suspensión de arena silica (1.5 

dm
3
) y agua (0.94 dm

3
) fue empleado como un 

medio de desgaste abrasivo agresivo. El tribómetro 

usado en las pruebas de abrasión del tipo arena 

húmeda/disco de neopreno fue diseñado y 

construido por el primer autor de acuerdo a la norma 

ASTM G-105. Se midieron pérdidas de peso de las 

muestras como función del número de ciclos y de la 

distancia deslizada. Estos resultados son discutidos y 
comparados. Mejoras significantes en la resistencia 

al desgaste del acero recubierto se observó cuando 

se comparó con la muestras con tratamiento térmico 

de temple. 

 

Abstract. The abrasive wear of 8620 tempered and 

quenched steel under aggressive conditions was 

investigated and it is compared with samples of 

8620 steel coated by layers TiN in the same abrasion 

conditions. Thermal treatment of the 8620 steel 

specimens was carried out at 900°C until room 

temperature. After quenching, the samples were 

tempered below the martensitic temperature in order 

to increase hardness and wear resistance. Coating 

samples 8620 steel with TiN were made by 

magnetron sputtering technique. In these 

experiments, a suspension of silica sand (1.5 dm
3
) 

and water (0.94 dm
3
) was employed as a very 

aggressive abrasive wear agent. The tribometer used 

in the abrasion tests, of the wet-sand/rubber-wheel 

type, was designed and constructed by the first 

author according to the ASTM G-105 specification.   

Weight loss of the specimens was measured as a 
function of the number of cycles and the sliding 

distance. These results are discussed and compared. 

Significant improvement in the wear resistance of 

the coated steel were observed when compared to 

the thermal treated samples.  

Keywords: abrasive wear, wear resistance, 

tribometer, abrasion tests. 

 

Introduction.  Abrasion is one of the main causes 

that limit the operation and the life of the machine 

elements particularly in various transport 

systems.[1]. That is one of the reasons why many of 

the tribologists are looking for wear resistant 

materials and reinforcing technologies [2]. In spite 

of their extremely detrimental effects, it is a 
phenomenon that haven't been enough studied. This 

is true in spite of the fact that production is seriously 

affected by the replacement of damaged 

components, as well as of the lost times caused by 

its maintenance. 

 

The abrasive wear is an evitable damage that 

appears in any mechanism subject to the contact and 

the relative movement in the presence of abrasive 

particles [3]. Normally, it does not cause 

catastrophic failure, but it brings costly 
consequences, e.g., reduction of the operation 

efficiency, power loss by friction and the increase of 

the excessive consumption of energy. Possibly, it 

leads altogether to the replacement of worn 

components and the obsolescence of the machines. 

 
In most cases the abrasive wear mechanism occurs 
when two rough bodies are in a direct contact and 

one of them is harder than the other or one of the 

surfaces has the harder protuberances [4]. When it is 

under normal load, the rough edge of the hard 

surface enters to the softer one causing plastic or 

brittle damages. When a sliding movement occurs, 

the surface of the softer material is removed by the 

combined action of micro-ploughing and micro-

shearing [5]. In the case that hard particles or sand 

come in the interface between them, we produce an 

abrasion well known as abrasion at three bodies 

[6].There is also a mechanism, which is known by 
brittle fracture, when a load normal on a solid 

produces a crack [7]. 

 

In the micrograph shown in fig.1, it is possible to see 

the formation of wear debris produced by the action 

of an abrasive particle [1]. 
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Fig. 1. Typical ductile damage of a metallic 

surface caused by an abrasive particle [8]. 

 

In the same case, in Fig. 2, is observed the action of 

an abrasive particle on a brittle material. 

 

 

 

 

 

 

 

 

Fig. 2. Morphology 3D topographical images of 

abrasive trace showing brittle behaviour [9]. 

 

Experimental results. 

Study of abrasion steel 8620. 

Steel 8620 is a low nickel-chromium-molybdenum 

alloy. Its available in round, square, hexagonal form, 

laminated, or hot forged. They can be suited for 

quenching and carbonizing processes, without losing 

properties of great tenacity in their nucleus. It is 

commonly used in the manufacture of grooved axes, 
pins of pistons, bushings, gears boxes and 

transmission of automotives. Also in cranks, torsion 

bars, valves, tools, nuts, reduction gears, screws, 

bearings, etc. 

 

The chemical composition, according to the National 

Norme NMX B-300 in weight percentage is given in 

table 1: 

                               Table 1 

C Si Mn 
P 

max. 

S 

max. 
Ni Cr Mo 

0.18-

0.23 

0.15-

0.35 

0.70-

0.90 
0.0350.040

0.40-

0.70 

0.40-

0.60 

0.15-

0.25 

 
When this steel is cemented and tempered it offers a 

very good superficial hardness and great tenacity to 

its nucleus. It has acceptable temple depth, lack of 

soft zones in its cemented area, and low distortion. 

Their principal mechanical properties and thermal 

treatments conditions are presented in table 2 and 3: 

 

Table 2: Mechanical properties 

State Traction 

Resistance 

(kg/mm2) 

Elastic limit 

(kg/mm
2
) 

Extension 

(%) 

Reduction Area 

(%) 

Hardness 

Brinell 

Hot Rolled 65 35 20 28 200/220 

Calibrated 55 30 28 50 160/180 

 

 Table 3:Thermal treatments. 

Treatment Temperature (°C) Cooling Method 

Forged 900/1200 Dry sand/Air 

Normalized 870/930 Air 

Annealed 860/980 Oven/Air 

Cementated 900/925 Oven/Oil 

Temple cape cementated 840/870 Oil 

Tempered cape cementated 150/200 Air 

 

In this work, abrasive wear tests were made, in an 

homogeneous mixture of silica sand and water using 

five specimens of this material. The operating 

parameters are shown in table 4. In table 5, is shown 

in columns 3 and 4 the reference results, i.e., using 

specimens that were not heat treated, whereas in 

columns 5 and 6 is shown the specimens that were 

quenched and tempered. The abrasion wear is 

determined by the weight loss and volume, using an 

analytical balance with a sensitivity of 0.001 g. The 

specimens were weighted before and after the test. 

Comparative results appear in table 5. 

Visualization of these results is shown  in Figure 3, 

that determines the volume loss against the sliding 

distance.
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Table 4. Operation parameters for abrasion tests in steel 8620. 

Rotation speed 250 rpm 

Amount of sand and water 1.5 Kg and 0.940 Kg respectively. 

Balance of lever arm Done 

Load applied on the specimen 222 N 

Ratio loads /weights 2.3 

Sliding total distance 5586 m 

 

Table 5. Values obtained of  abrasion tests. 

  Without heat treatment (reference) Quenched and Tempered 

Distance(m) Density 

(gr/mm3) 

Loss of mass  

 (g)  

Loss of volume 

 (mm3)  

Loss of volume 

(mm3)  

Loss of mass (g)  

1117.2 0.0075 0.3010 40.1333 35.2833 0.2646 

2234.3 0.0075 0.6072 80.9556 64.5267 0.4840 

3351.5 0.0075 0.8800 117.324 87.4000 0.6555 

4468.6 0.0075 1.1382 151.756 109.6800 0.8226 

5585.8 0.0075 1.4668 195.578 128.1200 0.9609 

                                          Fig. 3. Abrasive wear of steel 8620 against sliding distance. 

 

Study of abrasion resistance of hard coating of 

Ti/TiN. 

 

It is shown the results obtained of abrasive wear in 

wet conditions carried out in 8620 steel  and 8620 

steel coated with multi-layers in Titanium and 

Nitrure titanium (Ti/TiN). The coatings were put in 

multilayers, by magnetron sputtering technique, 

employing a titanium specimen about in diameter of 

4 in., with a purity of 99.99% . It is utilised a plasma 
formed in an Argon atmosphere to deposit Ti and a 

mixture Argon/Nitrogen to put the layers of TiN. 

The change Ti to TiN was realized controlling the 

flux of nitrogen without interrupting the sputtering. 

The micro-hardness of coating and the substrates in 

8620 steel was measured by Vickers technique with 

a micro-hardener Matzuzawa MXT-UL, using 

charges of 10, 25 and 50 grams. 

Each monolayer of Ti is of 0.560 µm. 
aproximatively, and the layers in TiN are about of 

0.750 µm., where the first layer is in Ti, the second 
layer is in TiN and so forth alternatively, until have 

12 layers, being the last layer in TiN. In figure 4, it 

is shown the graph of  micro-hardness measurements 

in the substrates of 8620 and 8620 coated. 
 

 

 

 

Characteristic curve of the abrasive wear resistance of steel 8620 
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Fig. 4. Micro-hardness of the substrats in 8620 and TiN/8620. 

 

The operation parameters to carry out the abrasion tests are shown in table 6. 

 

Table 6: Operation parameters for abrasion tests with recovering in Ti/TiN. 

Rotation speed 200 rpm 

Amount of sand and water 1.5 Kg. y 0.94 Kg respectively. 

Balance of lever arm Done 

Load applied on the specimen 1N. 

Ratio loads/weight 2.3 

Cicles number 100, 200, 300 

 

The result of the wear measurements of 8620 steel and 8620 steel with Ti/TiN it is showed in figure 5. It is  

described the loss obtained in volume. 

 

Fig. 5.  Volume loss obtained in 8620 steel and 8620 steel coated by Ti/TiN. 

 

The wear mark for coating Ti/TiN on 8620, is light in comparation to obtained in no recovered steel, where there 

are flakes. It is possible to see them in figure 6: (a) Ti/TiN on 8620 and (b) 8620. 

Ti/TiN 

8620 Steel 

Micro Hardness (Kg/mm²) 

Load (gr) 

Ti/TiN 

8620 Steel 

Volume loss (mm
3
) 

Revolution numbers (rev./min) 
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(a) 

 

(b)

 

Fig.6 Wear mark (a) TiN/8620 (b) 8620 without coating. 

Discussion. 
 

It was chosen an aggressive medium to simulate the 

experimental conditions that a sample can be 

solicited.  In figure 3, we can see the result obtained 

in 8620 steel with thermal treatment in front of the 

reference in relation to the volume loss. We show 

that the thermal treatment of 8620 steel produces a 

less volume loss. That result means the tribological 

behaviour for the sample thermally treated is better. 

In the way to obtain a best result, we used the 8620 

steel recovered by layers Ti-TiN. The result is 

showed in figure 5. It is possible to see the result 
obtained. When we have made the measurement on 

steel recovered by layers in Ti-TiN, on obtain the 

least volume loss. 

 

Conclusion.   

 In attention to the tribological properties in 8620 

steel, we can conclude that afterwards to have 

characteristics excellent to support appropriately the 

adhesion mechanism in lubricated conditions, it has 

an acceptable abrasion resistance in  wet conditions 

[3], with that can be assured this steel is suitable to 
be used in mechanical elements where this wear type 

be present. 

Due to the columnar and compact structure of the 

multilayers coatings by Ti/TiN on 8620 steel, it is 

possible to improve considerably their abrasion 

resistance. 
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