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 The article focuses on the analysis of chromium 

layers applied in various companies on the base 

material in the form of a tube of AISI 304 material. 

The measurement of the thickness of the chromium 

layer was performed by optical microscopy on 

samples formed by cross section. The quality of the 

chromium layer was evaluated using two different 

methods of measuring hardness. One was the clas-

sical method of measuring microhardness (Hv0.1) 

from the surface part of chromium. The second 

method was nanoindentation analysis, in which the 

nano-hardness was measured along the thickness 

of the chromium layer. The results show that the 

surface hardness has increased more than 3-fold 

by using a chromium layer. It has also been shown 

that a layer with greater thickness does not show 

the greatest microhardness. From the nanoinden-

tation results, it was confirmed that the layer with 

the highest surface hardness also shows the highest 

nanoindentation hardness after the layer thickness, 

and this hardness decreases in the direction away 

from the surface of the base material in all layers.  
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1 Introduction 
 

The rapid development of materials physics and its 

successful application in various industries has led to 

an increase in requirements for the study of the me-

chanical properties of thin films. These are quanti-

fied, inter alia, by mechanical quantities such as hard-

ness, modulus of elasticity, fracture toughness, stress, 

viscoelastic parameters, ductility, creep or stiffness. 

The most used method for the study of local mechan-

ical properties is nanoindentation - indentation with 

penetration depth in the nanometer scale. This is a 

relatively simple method, which consists in injecting 

a material with known mechanical properties with a 

known force into a material whose mechanical prop-

erties are unknown, as shown in Figure 1.5. The 
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advantage is that it is a non-destructive method, and 

it is possible to determine the mechanical properties 

of a wide range of materials such as metals, ceramics 

or alloys [1]. Methods based on measuring the con-

tact area from residual indentation have been used in 

the past to study mechanical properties. However, 

since the nanoindentation is performed with small 

loads, the resulting residual area is very small. That 

is why it was necessary to replace the light micro-

scope, electron microscope or microscope with a 

scanning probe, which would greatly complicate the 

measurement. For this reason, the DSI (Depth-sens-

ing indentation) method was developed, which is 

based on recording the instantaneous values of the 

applied force and the depth of indenter formation, 

from which the contact area can be calculated. The 
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measured dependence of the applied force L on the 

penetration depth h is known as the load-depth curve.  

Nanoindentation analysis began to be significantly 

applied in determining the hardness and mechanical 

properties of thin films, where measurement by 

standard methods would not be possible. An example 

of such a layer is electrolytic chromium plating. 

Chromium is a blue-white and shiny metal resistant 

to corrosion in most environments. Mainly for its re-

sistance to external influences together with its aes-

thetic appearance, it is widely used as the last finish-

ing operation for the surface treatment of metal parts 

[2]. In general, there are two types of chromium plat-

ing, namely decorative, in which the thin coating 

serves as a glossy and durable surface treatment. The 

second type is industrial or hard chromium, in which 

it uses a chromium coating for its advantageous prop-

erties such as resistance to heat, wear, corrosion and 

erosion, abrasion and low coefficient of friction. The 

difference between decorative and hard chrome is not 

only in the purpose of its use, but also in the different 

thickness of the chrome layer. In the case of decora-

tive chromium, this layer ranges from 0.5 to 2 µm, in 

the case of hard chromium, the standard layer thick-

ness is from 10 to 250 µm [3]. The use of hard chro-

mium is used not only on steel, but preferably also on 

other metallic materials to form a durable surface 

layer [4]. Electrolytic chromium plating is an im-

portant means of extending the life of all types of 

metal parts that are exposed to wear, friction, abra-

sion, and corrosion. Such components may have pro-

tected functional surfaces with a chromium layer, 

whereby after wear of such surfaces it is possible to 

re-form a chromium layer which either immediately 

or after further processing meets the original proper-

ties and tolerances. Because hard chromium has a low 

surface energy, it is often used on sliding or rotating 

parts of motors, pumps, compressors and hydraulic or 

pneumatic piston rods [5]. Another advantage is its 

high corrosion resistance, which makes it widely 

used to protect the surfaces of parts exposed to vari-

ous highly corrosive environments [6]. Another ad-

vantage is that the chromium plating process is rela-

tively cold and can therefore be used to increase the 

hardness of the surfaces of very small parts without 

the risk of thermal deformation or a change in the 

properties of the base material. Hard chromium coat-

ings achieve a hardness in the range of 56 to 74 HRC 

depending on the electrolytic bath used. In most 

cases, the greater the hardness, the longer the life of 

the component. Therefore, it is best to use a plating 

process that provides the highest hardness. A compo-

nent with a hardness of up to 70 HRC will provide 

the longest possible service life. Decorative chrome 

plating provides the same hardness values as indus-

trial chromium, but these tend to be harder only for a 

thicker layer of chrome. For the surface of the com-

ponent to reflect only the properties of the metallic 

chromium and not the base material, the layer thick-

ness must be at least 50 µm. However, all types of 

chromium plating tend to lower the fatigue limit of 

components [7].  

 

2 Material and Methods 

 

2.1 Experimental material   

 
Stainless steel AISI 304 was used as a substrate ma-

terial supplied in the form of cold drawn tubes tem-

pered to 850 MPa. The outer diameter of the pipe 

12.3 mm was then ground to a diameter of 12 ± 0.005 

mm and the same roughness value max. Rz = 3 µm, 

inner diameter was 9.3 mm. Nominal chemical com-

position is in Tab. 1. Electroplated hard-chrome coat-

ings with a thickness of min. 30 µm were applied to 

the outer surface of the pipe in three different indus-

trial plants according to the specific company proce-

dure and the experience of a particular company. 

However, in order to achieve a uniform layer, the 

tubes had to be placed during chromium plating in a 

preparation which rotated in an electrolytic bath for 

about 1 rev / min. The chromium layers were desig-

nated as A, B, and C. 3 tubes were selected from each 

type of chromium, which were cut to a length of 30 

mm, each from the center of the tube. Subsequently, 

the surface microhardness was measured on them us-

ing an AFFRI Microhardness DM2D device at a load 

of 100 mN (Hv0.1). 10 indents were performed on 

each sample. The cross-sectional thickness of the 

chromium layer on the polished and etched samples 

was determined by optical microscopy.  

 
Tab. 1 Chemical composition of AISI 304 stainless steel tube used as a substrate material 

Element Cr Ni  Mn Mo Si  C Co P S Cu V Fe 

Wt %  17.35 8.52 0.98 0.18 0.45 0.03 0.21 0.02 0.003 0.19 0.08 
Re-

main 
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2.2 Nanoindentation study 

Nanoindentation tests were performed by quasistatic 

nanoindentation method on the device Bruker Hy-

sitron TI-950. Quasistatic nanoindentation has be-

come the standard technique used for nanomechani-

cal characterization of materials. A quasistatic 

nanoindentation test is performed by applying and re-

moving a load to a sample in a controlled manner 

with a geometrically well-defined probe. During the 

nanoindentation a force is applied by the transducer 

and the resulting displacement is observed to produce 

a traditional force versus displacement curve (Fig. 1). 

Hysitron measures the force and displacement of the 

nanoindentation probe with a unique patented three-

plate capacitive transducer design. This transducer 

design provides an unsurpassed noise floor and ultra-

low working force.  

The nano hardness (H) was measured in the cross sec-

tion of the specimen along the thickness of the chro-

mium layer up to the substrate material. Two col-

umns of dots with a spacing between indents of 5x15 

µm were measured on each sample. The load param-

eters were the same for each measurement, namely 

the trapezoid load curve with a maximum load of 

1000 µN. To obtain the hardness with negligible 

creep effect, experiments were carried out under the 

single loading and unloading cycle with a 2 second 

hold at the maximum load [8]. A diamond cube 

corner tip with an included angle of 90 ° and a radius 

of curvature of 40 - 100 nm was used as an induction 

tip. 

 

 
Fig. 2 Nanoindentor measuring chamber with sam-

ple locations (blue disks) [9] 

 

3 Results and Discussion 
 

In Fig. 3 are cross-sectional images of individual 

coatings, which were also used to measure their 

thickness. The largest thickness was in the case of 

coating B, where it reached values of up to 45 µm. 

The quality of the surface layer is best in the case of 

coating A, where there are the least surface and vol-

ume cracks 

 

 
Fig. 1 a) Typical force versus displacement curve during nanoindentation test, b) SPM image of quartz sur-

face after quasistatic indentation showing residual indent impression  
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Also the microhardness of the surface layer was the 

largest in the case of coating A and reached values up 

to 1178 Hv0.1. The lowest microhardness values 

were measured in the case of coating B, although this 

layer was the thickness, from Fig. 3 can be seen to 

contain the most internal pores and cracks, which can 

cause lower microhardness values. The microhard-

ness of the substrate material is about 3 times smaller 

than the hardness of the chromium layers. All results 

of layer thickness and microhardness of individual 

layers and base material are given in Table 2. The po-

sition of the individual nanoindentation indent for 

each coating is shown in Fig. 4. On each coating, 21 

indents were created in two columns with a gap be-

tween the columns of 15 µm and between the rows of 

5 µm. The smoother chrome layer is always in the 

picture on the top, the base material on the bottom. 

Nanoindentation hardness of individual points was 

determined from load-displacement curves as [8, 10]: 

 

𝐻 =
𝑃

𝐴𝐶
 (1) 

where H is nanohardness, P is maximum load and AC 

is contact area [11, 12, 13]. The course of nanohard-

ness after the thickness of individual coatings is 

shown in Fig. 5. Coating A shows the highest nano-

hardness, as was the case with microhardness. For 

coatings B and C, the course and values of nanohard-

ness are similar, but in contrast to microhardness, 

where coating B was especially soft, it is harder in 

individual layers than coating C. All samples show a 

slight strengthening of the layer along its thickness. 

This was followed by a jump, which represents the 

difference in nanohardness between the chromium 

layer and the base material. In all cases, it had almost 

the same value, which was of course expected. From 

these results, it can be also seen that coating B is 

thicker than the other two layers. 

 

 

 

Tab. 2 Specimens coating thickness and roughness  

Coating Coating thickness [µm] Microhardness [Hv0,1] 

A 34.56 ± 5.12 1178.49 ± 244.40 

B 45.12 ± 12.98 933.86 ± 89.70 

C  32.67 ± 7.55  965.27 ± 118.16 

Substrate  - 319.91 ± 169.44 

 

 

 

   
a)  b) c) 

Fig. 3 Cross-section of (a) coating A, (b) coating B, (c) coating C    
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a)  b)  c)  

Fig. 4 Position of individual indents in the thickness of the chromium layer, a) coating A, b) coating B, c) 

coating C 

 

 
 

Fig. 5 Nanoindentation hardness of coatings 

through the thickness of coatings 

 

4 Conclusion  
 

This work was focused on determining the micro and 

nano hardness of different chromium layers on the 

same base materials AISI 304. From the results of mi-

crohardness it can be stated that the chromium layer 

increased the surface hardness by more than 3 times. 

In the case of the microhardness measured at the sur-

face of the layer, it can be concluded that the thick-

ness of the chromium layer did not affect the hard-

ness, since the smallest hardness value was measured 

at the thickest layer, on the contrary 

Measurement of the nanoindentation hardness over 

the layer thickness showed that it reflected to some 

extent the results of the surface hardness, and in the 

case of the chromium layer A layer the two highest 

hardnesses were achieved. Furthermore, it was found 

that the hardness of the chromium layer decreases 

with increasing thickness and is greatest at the sur-

face of the base material.   
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