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Abstract
Purpose: Many methods are well-known for surface consolidation of aluminium alloys. Fabrication of the new 
surface layers on aluminium alloys with high hardness and good tribological properties are presented in this paper.
Design/methodology/approach: In that aspect, the conception of creating the surface layers containing 
manganese, nitrogen and oxygen (Mn-N-O) on AlSi13Mg1CuNi alloy used in production of the internal-
combustion engine pistons was considered and described.
Findings: The (Mn-N-O) layers are structurally connected by diffusion with aluminium base, demonstrates a 
zonal microstructure with the surface hardness about 358 HV0.01. The (Mn-N-O) layers increase significant the 
wear resistance of AlSi13Mg1CuNi alloys in frictional association with grey cast iron (hardness 197 HB) and 
simultaneously decreases the corrosion resistance in 0.01 M solution H2SO4.
Research limitations/implications: In the future tribological researches should be applied also another 
materials as anti-specimens, for example spheroidal cast iron with chromium or molybdenum coatings.
Practical implications: The (Mn-N-O) surface layers can be recommended as the tribological layers limiting 
the abrasive wear of  the machine parts made from aluminium alloys.
Originality/value: In the article performed the fabrication method  of the new (Mn-N-O) surface layers and its 
beneficial structural and tribological properties for increase the wear resistance of the aluminium alloys.
Keywords: Surface treatment; Mn-N-O layers; Tribology; Corrosion

1. Introduction 

Aluminium alloys are the materials of choice when high-
strength-to-weight ratios are required in structural components, 
and are used widely in the automotive and aerospace industries 
[1-4]. As an example, the use of aluminium components in the 
automobile industry has greatly increased due to weight savings 
and resultant fuel economy improvements. However, strong unit 
pressure, high temperature, corroding medium or wear and 
friction, limit the use of the aluminium alloys. Thus, new methods 
of both total and surface consolidation of the construction 
elements made from aluminium alloys are sought. The 
consolidation is usually done by burnishing, cladding, padding, 
spraying, sputtering or electroplating [5-8 ]. 

Among the above-mentioned methods, electroplating is the 
most commonly used one. However, electrolytic coatings on 
aluminium are less adhesive than the layers made by the hybrid 
method. One of such methods is the multicomponent layer 
containing manganese, nitrogen and oxygen [9]. 

To do this, theoretical and experimental confirmation of the 
following possibilities was required [10]: 

formation of an electroplated manganese coating on 
aluminium alloy base, 
creation of the Mn-N-O composite layer by gas oxynitriding 
treatment of manganese electroplated coating, resulting in the 
simultaneous diffusion of nitrogen and oxygen to manganese 
and diffusion bonding between the electroplated coating and 
the aluminium base. 
The aim of this paper is to present the technology of creating, 

the microstructure, phase composition, microhardness, wear 
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resistance and corrosion characteristics of the (Mn-N-O) layers 
fabricated on the AlSi13Mg1CuNi alloy. 

2. Description of the experiments 
Manganese coatings were electroplated onto specimens made 

of the AlSil3Mg1CuNi alloy. The electrolyte composition, 
process parameters, and other conditions of electroplating are 
described in detail in the literature [11-13]. 

The experiments to achieve simultaneous nitrogen diffusion 
and structural bonding of the electroplated manganese coating 
with the aluminium base (formation of the Mn-N-O composite 
coating) were carried out during short-duration gas oxynitriding 
process. The phase composition of the formed layers was 
identified on the basis of recorded X-ray diffraction lines. The 
structure of the layers was examined by both optical and scanning 
electron microscopy. The hardness of the layers was determined 
by microhardness measurement made under a load of 0.098 N. 

The wear resistance of the electroplated and the oxynitrided 
manganese coatings (Mn-N-O)  and of their metal bases were 
compared using the PT-3 tribometer [14]. The conditions applied 
to determine quantitatively the wear, due to sliding friction were 
as follows: 

samples size 15 mm x 15 mm x 5 mm, 
load on the specimen 27 MPa,  
sliding velocity speed 0,1 m/s,  
specimen temperature 80º C,
lubrication by means of SAE 10 W/ 40 oil. 
The anti-sample (bush  11/ 8 mm) was made from grey 

cast-iron (hardness 197 HB). The linear wear of the samples was 
determined by the profile measurement gauge after 2, 5, 8, 11 and 
14 hours of exploitation. The value of the friction resistance was 
measured to find out the friction factor (  ). 

Polarization tests were performed in aerated 0.01 M sulphuric 
acid solution at 20°C. Quasistationary data were obtained by 
applying linear potential rate at 2 mV·min-1. Polarization was 
started at cathodic potential after the corrosion potential was 
observed, constant and increased towards anodic potentials. The 
reference electrode was a saturated calomel electrode (SCE) and the 
counter electrode was a platinum wire. To obtain flat and well-
defined surface, in contact with the electrolyte, the sides of the 
specimens were coated with M-COAT-D (Vishay-Micromesures). 

The surface microstructure observations before and after the 
corrosion test  of the AlSi13Mg1CuNi alloy and (Mn-N-O) layers 
were provided by Scanning Electron Microscope (SEM).  

3. Description of achieved results  
Table 1 shows the microhardness of the manganese-nitrogen-

oxygen (Mn-N-O) layers created on AlSi13Mg1CuNi alloy. 
The microhardness of the electroplated manganese coating 

was 1508 HV0.01. After oxynitriding the manganese coatings 
based on the AlSi13Mg1CuNi exhibited on the surface a hardness 
of  358 HV0.01, while in the area adjacent to the base the value 
was 467 HV0,01.  

Table 1. 
Hardness of the (Mn-N-O) layers on AlSi13Mg1CuNi alloy 

Aluminium alloy AlSi13Mg1CuNi 
Kind of the layer  Mn-N-O 
Thickness of the layer ( )   20-25 
Hardness (HV0.01), surface   358 
Hardness (HV0.01), transition zone (diffusion) 467 

Figure 1a illustrates the microstructure of the cast 
AlSi13Mg1CuNi alloy used as the base material of samples with 
the (Mn-N-O) layers. Considerable number of pores in the 
microstructure of the (Mn-N-O) layers created on the 
AlSi13Mg1CuNi alloy were observed (Fig.1b). 

  a) 

b)

Fig. 1. SEM micrographs: a) structure of the AlSi13Mg1CuNi 
alloy, b) surface of (Mn-N-O) layer 

The existence of the pores in the (Mn-N-O) layer created on 
AlSi13Mg1CuNi alloy can be accounted for by the presence of 
silicon (next to aluminium it is the main phase ingredient of the base 
microstructure – Fig. 1a) and its influence on the formation process of 
the manganese electrolytical layer. The amount of the pores in 
electrolytic coat decreases during oxygen and nitrogen diffusion, at 
the thermo-chemical treatment (gas oxynitriding process).  

An X- ray analysis of the phase composition of the (Mn-N-O) 
layers created on the AlSi13Mg1CuNi alloy proved the presence 
of Al, -Mn, MnO and Mn4N phases [15].  

The arrangement of MnO in the studied layers can be seen 
mainly in the surface zone (Fig. 2). 

It is assumed that the Mn4N and MnO phases are precipitated 
at the form of high dispersion particles in the -Mn matrix 
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saturated by nitrogen. The study of the microstructure shows of 
the zonal structure of the (Mn-N-O) layers created on the 
AlSi13Mg1CuNi alloy (Fig. 2).  

Fig. 2. SEM of cross section of  (Mn-N-O) layer created on the 
AlSi13Mg1CuNi alloy 

There are marked differences between the surface and the 
base-adjoining zone microhardness of these layers. The measured 
microhardness of the (Mn-N-O) layer exhibited 358 HV0.01 on 
the surface and 467 HV0.01 in the base-adjoining zone. 

In work [9] were determined the tribological characteristics of 
the (Mn-N-O) layers created on the AlSi13Mg1CuNi alloy (Fig. 3). 

AK12
Mn-N-O

Linear abrasive wear of specimen
[µm]

Weight abrasive wear of specimen
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Weight abrasive wear of
antispecimen [mg]
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Fig. 3. The value of linear and mass wear of the AlSi13Mg1CuNi 
(AK12) alloy with and without (Mn-N-O) layer

The values of the friction factor (µ) of the AlSi13Mg1CuNi  
uncoated and coated alloy with the (Mn-N-O) layers in co-
operation with the pearlitic cast iron anti-samples were 0.102 and 
0.082 (after 14 hours). This confirms that the main factors in 
determining the wear resistance are the material microstructure, 
its elastic-plastic nature and the presence of the internal stresses. 
The hardness of the material isn’t the primary index of the wear 
resistance. In studies of the friction surface path of the 
AlSi13Mg1CuNi alloy (Fig. 4a) has been observed increase of 
surface roughness from Ra = 0.262 µm to Ra = 0.509 µm. For the 
AlSi13Mg1CuNi alloy coated with the (Mn-N-O) layers the 
surface roughness decreases from Ra = 0.870 µm to Ra = 0.167 
µm (Fig. 4b). 

The polarisation characteristics in 0.01 M H2SO4 for 
AlSi13Mg1CuNi coated with (Mn-N-O) layer (Fig. 5) were 
obtained by potentiostatic measurements.  

 a) 

 b) 

Fig. 4. SEM of the friction path: a) the AlSi13Mg1CuNi alloy,  
b) the (Mn-N-O) layer created on the AlSi13Mg1CuNi alloy 

Fig. 5. Corrosion characteristics in 0.01 M H2SO4 of the (Mn-N-O) 
layer created on the AlSi13Mg1CuNi alloy 
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The corrosion potential (Ec) and corrosion current density (Jc) 
of the AlSi13Mg1CuNi alloy and (Mn-N-O) layer were as 
follows:

the uncoated alloy: Ec = - 449.8 mV, Jc = 10.6 A/cm2,
the (Mn-N-O) layer: Ec = - 1284.3 mV, Jc = 920.9 A/cm2.
The current density is a measure of corrosion resistance at 

anodic condition, often used for comparative evaluation of 
materials in a certain environment.  

The lower corrosion potential and corrosion current density of 
uncoated than coated with the (Mn-N-O) layer of the 
AlSi13Mg1CuNi alloy in 0.01 M sulphuric acid solution is 
effected by presence of the corrosion resistant  oxide film on the 
surface of uncoated aluminium alloy. It was found that the 
susceptibility for pitting corrosion uncoated the AlSi13Mg1CuNi 
alloy is localised on the boundaries between silicon and 
aluminium in eutectic mixture (Fig. 1a). The observations suggest 
that the initiation and propagation of the pitting corrosion in the 
(Mn-N-O) layer takes mainly place at the pores existed in their 
surface microstructure (Fig. 1b). The study of the corrosion 
behaviour of the (Mn-N-O) layers in mentioned solution 
demonstrates the worsening corrosion resistance of the 
AlSi13Mg1CuNi alloy.

4. Conclusions 

1. It is possible to create the triboresistant layers containing 
manganese, nitrogen and oxygen on the AlSi13Mg1CuNi 
alloy using of the hybrid surface treatment. 

2. The created the (Mn-N-O) layers are structurally bonded with 
the aluminium base and have a zonal structure of different 
hardness (358 HV0.01 – on the surface and 467 HV0.01 – in 
the base-adjoining zone). 

3. The uncoated and coated with the (Mn-N-O) layer the 
AlSi13Mg1CuNi alloy is susceptible to the pitting corrosion 
in 0.01 M H2SO4 solution. 

4. The (Mn-N-O) layers demonstrates lower corrosion resistance 
of the AlSi13Mg1CuNi alloy in mentioned solution. 

Acknowledgements 

This work was carried out under contract no. 3 T08C 00827 
financed by the State Committee for Scientific Research.

References 
[1] J.P. Celis, D. Drees, M.Z. Huq, P.Q. Wu, M. De Bonte, 

Hybrid processes - a versatile technique to match process 
requirements and coating needs, Surface and Coatings 
Technology 113 (1999) 165-181.  

[2] United States Council for Automotive Research. About Specific 
Technologies. Cheaper Aluminum Would Allow Automakers 
to „Lighten Up”. Taken from the summer 1998 newsletter. 

[3] A.A. Voevodin, J.P. O`Neill, J.S. Zabinski, Nanocomposite 
Tribological Coatings for Aerospace Applications, Surface 
and Coatings Technology 116-119 (1999) 36-45. 

[4] B.S. Andersson, Vehicle tribology, 17th Leeds-Lyon 
Symposium on Tribology, Elsevier Tribology Series 18 
(1991) 503-506. 

[5] P. Kurze, H.J. Kletze, Method of producing articles of 
aluminium, magnesium or titanoum with an oxide ceramic 
layer filled with fluorine polymers, US5487825 (1996). 

[6] V. Kot, S. Sitkaleyeva, New Aspect of Coating Formation 
on Aluminium and Aluminium Alloys Substrates, TS`93 
Aachen, 3-5 March 1993, 333-336. 

[7] I. Apachitei, J. Duszczyk, Autocatalytic Nickel Coatings on 
Aluminium with Improved Abrasive Wear Resistance, 
Surface and Coatings Technology 132 (2000) 89-98. 

[8] C.M. Taylor, Automobile engine tribology-design conside-
rations for efficiency and durability, Wear 221 (1998) 1-8. 

[9] W. Serbi ski, The combined method of forming the surface 
layer on aluminium alloys, International Technical-
Scientific Conference on: The influence of production 
technology on the state of surface layer SL`90, IBEN 
Gorzów Wlkp., Gorzów Wlkp.-Lubniewice, Poland, 15-19 
October 1990, 349-355, (in Polish). 

[10] W. Serbi ski, The Wear Resistance and Thermal Stability of 
the Manganese-Nitrogen-Oxygen Layers Created on Al-Si 
Alloy, Advances in Materials Science. Vol. 1, Nr 1 (1), 
(2001) 79-86. 

[11] Patent SE 8404761-2, 06 Nov. 1986. 
[12] Patent SE 8404762-0, 06 Nov. 1986. 
[13] Patent WO 86/01836, 27 March 1986. 
[14] T. ubi ski, Testing of friction dynamics on a tribometer 

PT-3/96, World Tribology Congress, Abstract of papers, 
London, 8-12 September 1997, 709. 

[15] W. Serbi ski, The Creation and Investigation of the Wear 
Resistance Multicomponent Surface Layer on Aluminium 
Alloy. Surface Treatment V. Computer Methods and 
Experimental Measurements for Surface Treatment Effects. 
Seville 2001. Edit. C.A. Brebbia. Southampton, Boston: 
WIT Press 2001, 369-375. 

4.	�Conclusions

Acknowledgements

References

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl

