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Abstract

Sintered ferrous components were coated with electro-
chemical chromium coatings modified with nanodiamond 
particles. The nanodiamond particles were produced by 
detonation synthesis with an average grain size 8 nm. The 
objective of this study was to determine the tribological prop-
erties and the corrosion resistance of sintered iron samples 
coated with an electrochemically deposited chromium layer 
modified with nanodiamond particles. The thickness of the 
obtained composite coatings was more than 25 µm. The mi-
crostructure and microhardness were determined by metal-
lographic methods. The mechanical and chemical proper-
ties of the samples were compared to uncoated samples 
prepared from the same iron powder. The microhardness 
was 5 times higher, the wear resistance increased 6 times 
and the corrosion resistance in 0.1 M NaCl solution was  
10 times higher.

Keywords: sintered products, chromium coating, wear resist-
ance, corrosion resistance

1. Introduction

Powder metallurgy is a high precision method with the 
capability of producing parts with near net shape and 
complex form with high dimensional tolerance. However, 
some problems may arise during the application of sin-
tered parts because of their surface porosity [1]. Porous 
items show less resistance in a corrosive environment 
and also a decrease in mechanical properties [1,2]. To 
overcome these problems coatings are applied. The 
electrochemical chromium coatings have a wide practical 
application. They increase the hardness and the wear re-
sistance of the substrate material and possess increased 
corrosion resistance. The modification of the chromium 
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galvanic coatings with nanodiamond particles (NDPs) 
additionally increases these chemical and mechanical 
properties. The research of the influence of the nano-
diamond particles on the characteristics and properties 
of the modified chromium layer in the published studies 
refer to coatings on dense materials [3−6]. The main 
goal of this study was to investigate the influence of the 
NDPs on microhardness, wear resistance and corrosion 
resistance of electrolytic chromium coatings applied on 
sintered iron products.

2. Experimental

The objective of this study was to apply composite 
chromium coating modified with nanodiamond particles 
on sintered iron products and to study the mechanical 
and chemical properties of the coating.

The electrochemical chrome plating was carried 
out on sintered samples prepared from iron powders 
produced by the company Höganäs AB Distaloy AB2 
(DAB2) and Distaloy AB5 (DAB5) with chemical com-
positions shown in Table 1.

Table 1. Chemical composition of the pre-alloyed iron 
based powders

Iron powder 
Components, wt. %

C Cu Ni Mo MnS balance, 
Fe

Distaloy AB2 0.2 1.5 1.7 0.5 0.5 95.6
Distaloy AB5 0.5 1.5 1.7 0.5 0.5 95.3

The samples were prepared by cold uniaxial press-
ing at pressures 420, 550 and 700 MPa and sintered 
at 1120°C for 30 minutes in a reducing environment. 
The heating rate was 15°C/min and the cooling rate 
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was 20°C/min. The total sintering cycle was 150 min. 
The dimensions of the sintered compacts were 12.7 × 
31.7 × 10 mm.

The chromium was deposited on the surface of the 
sintered compacts by an electrolytic process with the 
traditional acidic electrolyte containing CrO3 – 220 g/l 
and H2SO4 – 2.2 g/l. The parameters of the electrolytic 
process were: current density – 45 A/dm2; process dura-
tion – 45 min and temperature of the electrolyte – 50°C. 
The diamond nanoparticles were added to the electro-
lyte as an aqueous suspension. Their concentration in 
the electrolyte was 25 g/l. The nanodiamond particles 
were produced by detonation synthesis [7].

The microstructure of the coatings was studied by 
light microscopy and scanning electron microscopy. The 
microhardness HV tests were carried out according to 
Vickers standard at least 10 points. The applied load 
was 0.5 N. The wear resistance was tested by pin-on-
plate method. The corrosion resistance was studied in 
0.1 M NaCl solution.

3. Results and discussion

Microhardness increases with increasing the pressure 
and respectively with the sintered density (Table 2). 
The increase in microhardness of the coated sintered 
compacts compared to the uncoated ones is 4−5 times 
higher than for samples prepared from both DAB2 and 
DAB5 powders.

Table 2. Microhardness of samples uncoated and coated 
with chromium modified with ND

Samples
Compaction 

pressure, 
MPa

Sintered 
density, 
g/cm3

Microhardness 
of uncoated 

samples, MPa

Microhardness 
of coated  

samples, MPa

DAB2

420 7.164 2166 10 653

550 7.196 2401   9 937

700 7.220 2450 11 456

DAB5

420 7.104 2744 10 868

550 7.108 2842 10 721

700 7.111 2940 10 898

Microstructures of the coated cross section with chro-
mium samples obtained from DAB2 and DAB5 powders 
are shown in Figure 1. The coating adheres tightly to 
the surface and follows the topography of the sintered 
product. The average measured thickness of chromium 
coating modified with nanodiamonds for DAB2 samples 
is 47 µm (Fig. 1A) and for DAB5 is 32 µm (Fig. 1B). 
The coatings of the two samples, DAB2 and DAB5, are 
prepared in the same galvanic conditions with the same 
concentration of nanodiamonds in the electrolyte (25 g/l) 
nevertheless the difference in their thickness is almost 
50%. This effect can be attributed only to the composi-

tion of the matrix material. DAB2 contains 0.2% carbon 
and DAB5 contains 0.5% carbon.

The morphology of the surface of coated compact, 
prepared from DAB2 – compacting pressure 420 MPa, 
was observed by scanning electron microscopy (Fig. 2). 
The chromium coating cannot fill all the pores of the 
matrix material, which leads to pores and unevenness 
of the deposited layer.

A)

B)

Fig. 2. Morphology of the chromium coating surface of 
coated sample (DAB2 – 420 MPS) observed by SEM

Fig. 1. Microstructure of chromium coating deposited 
on the surface of steel compacts: A) DAB2, compacting 
pressure – 420 MPa, B) DAB5, compacting pressure –  

420 MPa
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dence that the chromium coating modified with nano-
diamonds applied on the surface increases significantly 
the corrosion resistance of the sintered ferrous parts.

Fig. 4. Polarization resistance curves in 0.1 M NaCl 
solution of coated and uncoated samples prepared of 

DAB2 (A) and DAB5 (B) 

The rate of corrosion and the efficiency of the coating 
are presented in Table 4. The samples were prepared at 
550 MPa compaction pressure. The corrosion environ-
ment is 0.1 M solution of NaCl. The increase in corro-
sion resistance of coated samples prepared from DAB5 
equals 505% compared to uncoated ones. A similar 
increase for samples of DAB2 equals 1030%.

Table 4. Corrosion rate and coating efficiency of  
coated and uncoated samples prepared from  

DAB2 and DAB5 powders

Sample Corrosion 
environment

Corrosion 
rate,  

mm/year

Efficiency of 
the coating, 

%

Increase of 
the corrosion 
resistance, %

DAB2 
uncoated

0.1 M NaCl 1.249 – –

DAB2 
coated

0.1 M NaCl 0.121 90 1030

DAB5 
uncoated

0.1 M NaCl 1.057 – –

DAB5 
coated

0.1 M NaCl 0.209 80 505

The newly obtained product of sintered items and 
composite chromium coating undoubtedly has much 
higher performance values than conventional uncoated 
sintered iron powder samples. The influence of the com-
position of the substrate material on the properties of 
the coatings should be studied in greater detail.

The surface porosity of coated and uncoated samples 
of both powders and at different compacting pressures 
is shown in Table 3. The surface porosity of coated 
samples prepared of DAB2 powder is decreased by 
25−30%, while the change in the surface porosity for 
DAB5 samples is insignificant.

Table 3. Surface porosity of coated and uncoated samples

Sample code 
with compacting 

pressure

Surface porosity 
of uncoated 
samples, %

Surface porosity 
of coated 

samples, %

DAB2, 420 MPa 10.17   8.16

DAB2, 550 MPa   9.78   7.00

DAB2, 700 MPa   9.36   7.58

DAB5, 420 MPa 10.74 10.80

DAB5, 550 MPa 10.44 10.24

DAB5, 700 MPa 10.29 10.87

The wear resistance was determined from the loss 
of mass after 300, 500 and 600 cycles, which cor-
responds to a sliding distance of 45, 75 and 90 m. 
The wear resistance of samples prepared from both 
powders at compacting pressure 550 MPa is shown 
in Figure 3. It was found that coated steel compacts 
prepared from powder Distaloy AB2 (DAB2) perform 
better (approximately 5 times) compared to those pre-
pared from Distaloy AB5 (DAB5). A similar effect as 
with the difference in the coating thickness is exibited 
most probably due to the different composition of the 
substrate material.

Fig. 3. The loss of mass during wear test

The corrosion resistance study of coated and un-
coated samples was performed in 0.1 M NaCl solution. 
It was determined by polarization resistance test. The 
volt – ampere characteristics are shown in Figure 4. 
The corrosion current of the coated (green line) and 
uncoated (black line) samples can be compared. The 
corrosion current of the uncoated samples is much 
greater than that for the coated samples. This is evi-
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Fig. 3. The loss of mass during wear test 

The corrosion resistance study of coated and uncoated samples was performed in 0.1 M NaCl 
solution. It is determined by polarization resistance test. The volt – ampere characteristics is shown in 
Figure 4. The corrosion current of the coated (green line) and uncoated (black line) samples can be 
compared. The corrosion current of the uncoated samples is much greater than that for the coated 
samples. This is evidence that the chromium coating modified with nanodiamonds applied on the 
surface increases significantly the corrosion resistance of the sintered ferrous parts. 
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4. Conclusions

1. A new product, consisting of composite coating  
of chromium modified with nanodiamonds, applied 
on a sintered iron substrate material, was fabri-
cated. It was found that the deposited coating is  
smooth, dense and tightly bonded to the substrate 
material.

2. The measured average microhardness of the coat-
ing is 4−5 times higher than the average microhard-
ness of the uncoated samples.

3. The corrosion resistance of the composite chromi-
um coating modified with nanodiamonds deposited 
on sintered iron samples is up to 10 times greater 
than that of the uncoated samples.

4. The composite coating gives new possibilities  
for technical applications of the sintered products.
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