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Abstract: Application of aluminium alloys is increasing in all industries due to its combined properties of low 
weight, good mechanical resistance, thermal conductivity, electrical conductivity, high strength, and good 
corrosion resistance. In particular, AA5083-H111 alloys have been successfully used in the maritime sector. 
Unlike purely surface treatments, cryogenic treatment is an inexpensive one-time process that influences 
the core properties of the components. Cryogenic treatment has recently been introduced to Al alloys. 
Although the main mechanisms are still ambiguous, considerable improvements on mechanical properties 
are well noted. However, the effect of cryogenic treatment on the corrosion of Al alloys is limited.  

This study investigated the effect of shallow cryogenic treatment (-80 °C) on the corrosion of 5083-
H111 aluminium alloy, which is used particularly in the shipbuilding industry. Plates of 6-mm thickness 
exposed to a 3.5% NaCl environment were evaluated via Brinell hardness measurements, Electrochemical 
Impedance Spectroscopy (EIS) and surface monitoring methods including atomic force microscopy (AFM) 
and optical profilometry (OP) applied before and after the effect of cryogenic treatment. 

Results indicated that the duration time of cryogenic treatment (24 h, 36 h and 48 h) had little effect 
on changing the hardness values and corrosion response of AA5083-H111 alloy in the 3.5% NaCl 
environment. 
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1. INTRODUCTION  
 

The mechanical properties of aluminium, 
the most abundant element of the earth's 
crust, can be improved by alloying it with 
other metals. Aluminium and its alloys are the 
most widely produced among the non-ferrous 
metals due to their lightness, processability, 
high corrosion resistance, and capability of 
being recycled. Recently, various methods 
such as aging, heat treatment and cryogenic 
treatment have been applied to increase the 
strength of aluminium alloys and improve their 
mechanical properties.  

The properties of materials show significant 
improvements with the application of 
cryogenic treatment in its two forms as deep 
and shallow cryogenic treatment. Shallow 
cryogenic treatment is more common and is 

applied to materials at up to -90 C. The deep 
cryogenic process is applied to the material at 

temperatures below -90 C [1]. With cryogenic 
treatment, increases have been determined in 
the mechanical properties of materials such as 
yield, tensile strength, fatigue, impact strength, 
hardness, corrosion resistance [2], ductility, 
toughness and modulus of elasticity.  
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The 5083 aluminium-magnesium alloys, 
which have high corrosion resistance and 
moderate strength, are widely used in the 
shipbuilding industry in single- or multiple-hull 
high-speed ferries, cryogenics, transportation 
equipment and armor plates [3-5]. Because 
the environments where the 5083 Al-Mg alloys 
are used are severe, their properties need to 
be improved. These alloys are hardened only 
by cold treatment [6]. 

An H-designated temper is applied to 
develop the mechanical properties of the 
5083 Al-Mg alloys, which are among those 
of the 5XXX series with the highest 
magnesium content. In the H111 temper 
designation, the first digit after H indicates 
strain-hardened only, the second digit 
indicates the degree of strain hardening 
(1/8 hard) and the last digit indicates the 
variation of the two-digit temper [7]. The 
elements of Cr and Mn in the composition 
of 5083-H111 control the stress corrosion of 
the alloy and increase its mechanical 
properties. The 5083-H111 is widely used in 
automobile production, aerospace parts 
and machine production [8].  

In the present study, cryogenic treatment 
was applied to 5083 Al-Mg alloy at -80 oC for 
24, 36 and 48 h, and Brinell hardness tests 
were performed. After cryogenic treatment, 
the corrosion resistance of the metal in a 3.5% 
NaCl medium was investigated by using 
Electrochemical Impedance Spectroscopy (EIS). 
After the corrosion tests, AFM and OP 
methods were applied to examine surface 
morphologies  

 
2. MATERIALS AND EXPERIMENTAL 

PROCEDURE  
 

2.1 Materials and Chemicals  
 

The studied 5083-H111 aluminium alloy 
was supplied from ALRO S.A., Romania. The 

chemical composition (wt %) of the metal is 
listed in Table 1. The metal samples for 
corrosion and surface morphology studies 
were prepared following the method 
previously described by the authors. The 
corrosion environment was prepared using 
NaCl obtained from Sigma-Aldrich. 

 
2.2 Corrosion Measurements  

 
Electrochemical Impedance Spectroscopy 

(EIS) experiments were done using a Gamry 
instrument, Reference 600. All the 
electrochemical corrosion studies were 
conducted at room temperature using a three-
electrode cell in which a Pt plate and Ag/AgCl 
were used as the counter and reference 
electrodes, respectively. The working 
electrodes (i.e., 5083-H111 samples) were 
embedded in epoxy resin with only 0.785 cm2 
exposed to the corrosive solution (3.5% NaCl). 
Before EIS measurement, the open circuit 
potential (OCP) was measured for a 2-h period 
in order to achieve a steady-state potential. 
The EIS measurements were carried out in a 
frequency range of 100 kHz–0.1 Hz with an 
applied AC signal of 10 mV. The equivalent 
circuit simulation program (ZSimpwin 3.21) 
was used for data analysis, the equivalent 
circuit synthesis and the experimental data 
fitting. In order to obtain a reproducible result, 
experiments were repeated seven times under 
the same conditions and the closest values 
presented as the result. 

 
2.3 Hardness Testing  

 
The DIGIROCK-RB hardness tester (Fig. 1) 

was used to calculate the Brinell hardness of 
each sample and the average of seven 
repeated measurements was taken. A load of 
60 kg was applied to determine the hardness 
of the samples using an 8-mm-diameter ball 
indenter with a 3-s dwell time. 

Table 1. Chemical composition of aluminium 5083-H111 

 Si Fe Cu Mn Mg Cr Zn Ni Ti Sn Zr Al 

AA5083-H111 0.075 0.404 0.031 0.276 4.300 0.081 0.012 0.007 0.018 <0.002 <0.005 94.796 
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Figure 1. Hardness testing equipment 

 
2.4 Surface Morphological Screening 
 
After electrochemical measurements for all 

studied conditions, the AA5083-H111 surface 
morphologies were examined [9] by means of 
the AFM (PARKSYSTEMS, Model: XE-100E) and 
OP (Phaseview, Model: Zeescope) (Fig. 2).  

 

   
Figure 2. Equipment for AFM (a) and OP (b)  

 
3. RESULTS AND DISCUSSION 
 
3.1 EIS Measurements 
 

The impedance method provides 
information about the kinetics of the electrode 
processes and simultaneously about the 
surface properties of the investigated systems 
[10]. Figure 3 presents the EIS results recorded 
for the AA5083-H111 alloy samples without 
and with 24, 36 and 48 h shallow cryogenic 
treatment (-80 oC) exposed to 3.5% NaCl 
solution. The EIS results are shown in Fig. 3 

with (a) Nyquist, (b) Phase angle, and (c) Bode 
modulus representations. In order to obtain 
relevant electrochemical parameters, an 
equivalent circuit diagram, as shown in Fig. 4, 
was selected for fitting the obtained impedance 
results. The goodness-of-fit parameter 
(variance, σ2) for all selected experimental data 
was not greater than 2.1 × 10−3. 

 

 

 

 
Figure 3. Experimental and fitted impedance of 

AA5083-H111 alloy samples without and with 24, 
36 and 48 h shallow cryogenic treatment  exposed 

to 3.5% NaCl 

a) 

b) 

c) 
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Figure 4. Equivalent circuit used for EIS analysis 

 
The circuit R(QR)(QR) was recently used in 

our previous study [11]. The meaning of the 
elements in this circuit is as follows, 
respectively, for the solution resistance (Rs), 
charge transfer resistance (Rct) and film 
resistance (Rf) to be derived. The Q parameter 
denotes the constant phase element (CPE) and 
was used to compensate for the roughness 
and the non-uniformity of the studied metal 
electrodes; Qf and Qdl represent the 
capacitance for the surface film and double 
layer. All the derived electrochemical 
parameters are listed in Table 2. 

It is clear from Fig. 3a and Table 2 that 
there was no significant change in the Rct 
values with the cryogenic treatment or the 
duration of the process.  

The increase in the Rf value indicated that 
the cryogenic process had created an oxide 
film on the metal surface. However, this 
increase was not directly proportional to the 
duration of the cryogenic treatment process. 

The Rp (Rct+Rf) value was found to have 
increased from 33448 to 33984 Ω.cm2 after 48 
h of cryogenic treatment.  

These small changes seemed not to depend 
much on the duration time of the cryogenic 
treatment. In general, the RP values were 
increased due to the small increases in Rct and Rf. 

 
3.2 Hardness Testing 
 

The hardness of all AA5083-H111 alloy 
samples was tested before the EIS 
experiments and a correlation was reported 
between the hardness and corrosion 

resistance [12,13]. The hardness results are 
presented in Fig. 5. The hardness results 
indicated that there was very little 
difference in the data obtained depending 
on the time. The difference was 2.8 Brinell 
between the average hardness values of the 
metal samples cryogenically treated for 48 h 
and those not treated. This value shows that 
the cryogenic treatment process did not 
have a significant effect on the hardness of 
the AA5083-H111 alloy.  

 

 
Figure 5. Surface hardness of AA5083-H111 alloy 

before and after 24-, 36- and 48-h cryogenic 
treatment  

 
3.3 Surface Morphological Screening  
 

The surfaces of the AA5083-H111 samples 
with (24, 36 and 48 h) or without cryogenic 
treatment were examined with AFM following 
the EIS measurements.  

 
Table 3. AFM results (horizontal axis) 

5083-H111 

 Ra (nm) Rz (nm) 

Without cry treat 47.874 213.921 
After 24 h cry treat 75.650 315.969 
After 36 h cry treat 126.872 403.466 
After 48 h cry treat 183.892 731.526 

Table 2. EIS results of AA5083-H111 in the 3.5% NaCl environment. 
Investigated system Rs 

(Ω.cm2) 
Y01 

(Ω-1s2cm-2)x10-3 
n 1 

Rct 
(Ω.cm2) 

Y02 
(Ω-1s2cm-2)x10-3 

n 2 
Rf 

(Ω.cm2) 
Rp 

(Ω.cm2) 

Without cry treat. 18.60 0.153 0.7810 24954 0.118 0.9127 8494 33448 

After 24 h cry treat. 18.86 0.162 0.7925 25310 0.018 0.9338 9248 34558 

After 36 h cry treat. 18.28 0.027 0.8796 25650 0.213 0.9659 9424 35074 

After 48 h cry treat. 19.62 0.0096 0.7936 24771 0.027 0.9879 9213 33984 
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Without cryogenic treatment After 24 h cryogenic treatment 

  

After 36 h cryogenic treatment After 48 h cryogenic treatment 

  

Figure 6. AFM analyses of AA5083-H111 after EIS measurements. 

 
 

Without cryogenic treatment After 24 h cryogenic treatment 

  

After 36 h cryogenic treatment After 48 h cryogenic treatment 

  

Figure 7. OP analyses of AA5083-H111 after EIS measurements. 

 

a) b) 

c) d) 

a) b) 

c) d) 
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The average roughness of the AA5083-H111 
sample surfaces was obtained by statistical 
analysis of the AFM images. For AFM image 
processing, the zero point of height 
corresponded to the plane surface (defined by 
the software), and the Z-scale showed both 
higher and lower features on the surface. The 
average roughness (Ra) and root-mean-square 
roughness (Rz) were calculated by the 
equations reported in [14]. 

The AFM images for the cryogenically 
treated and untreated samples are shown in 
Figs. 6a-6d. The average roughness of the non-
treated surfaces was about 48 nm and as the 
time of the cryogenic process was increased 
from 24 h to 36 h and 48 h, this value 
increased respectively from 76 to 127 and 183 
nm. The results are presented in Table 3. 
According to these EIS data, the cryogenic 
process formed an oxide film on the metal 
surface and protected the metal against 
corrosion. However, this oxide layer was not 
stable. Therefore, the roughness on the metal 
surface increased after the EIS measurements. 
 
Table 4. OP results after EIS measurements. 

AA5083-H111 

 Ra (µm) Rz (µm) 

Without cry treat 0.07935 0.5173 
After 24 h cry treat 0.1325 0.6587 
After 36 h cry treat 0.1437 0.8998 
After 48 h cry treat 0.1557 0.8496 

 
The OP results were similar to the AFM 

findings (Figs. 7a-7d). The root-mean-square 
roughness (Rz) value also increased with the 
cryogenic treatment duration time (Table 4). 

 
4. CONCLUSION 
 
Investigations were carried out on the 
corrosion of AA5083-H111 in 3.5% NaCl 
solution and resulted in the following 
conclusions: 

 The AA5083-H111 was highly resistant to 
corrosion in a 3.5% NaCl environment. 

 Shallow cryogenic treatment (-80 oC) had 
no significant improvement effect on the 
corrosion of AA5083-H111 in 3.5% NaCl 
solution. 

 There was a meaningful correlation between 
the EIS values and the hardness results. The 
findings obtained by both methods showed 
little change as the duration of the cryogenic 
process was increased. 

 Results of the EIS measurements revealed 
that the charge transfer resistance increased 
with the duration of cryogenic treatment. 
However, this change was not extreme. 

 The AFM and OP images revealed that the 
cryogenic treatment had changed the 
surface morphology of AA5083-H111.  As 
the cryogenic treatment process time was 
increased, more roughness was observed 
on the metal surface after EIS 
measurements. In order to better explain 
this event, long-term studies should be 
conducted using Dynamic Electrochemical 
Impedance Spectroscopy (DEIS) in order to 
carry out time-based impedance analysis. 

 The effect of deep cryogenic treatment 
on the improvement of corrosion of 
AA5083-H111 in 3.5% NaCl solution 
should also be investigated. 

 According to these EIS data, the cryogenic 
process had caused an oxide film to form 
on the metal surface which protected the 
metal against corrosion. However, this 
oxide layer was not stable. This finding 
should be investigated using XRD and 
other methods. 

 

ACKNOWLEDGEMENTS 
 

The authors gratefully acknowledge the 
financial support of this work by the Duzce 
University Research Fund (DUBAP). 

 
REFERENCES 
 

[1] A.R. Jha: Cryogenic Technology and 
Applications, Elsevier Academic Press, USA, 
2006. 

[2] I. Uygur, H. Gerengi, Y. Arslan, M. Kurtay: 
The effects of cryogenic treatment on the 
corrosion of AISI D3 steel, Materials 
Research, Vol. 18, No. 3, pp. 569-574, 2015. 

[3] B. Gungor, E. Kaluc, E. Taban, A. SIK: 
Mechanical and microstructural properties 
of robotic cold metal transfer (CMT) 

16th International Conference on Tribology - SERBIATRIB ‘19 75



 

welded 5083-H111 and 6082-T651 
aluminum alloys, Materials and Design, 
Vol. 54, pp. 207–211, 2014. 

[4] B. Gungor, E. Kaluc, E. Taban, A. SIK: 
Mechanical, fatigue and microstructural 
properties of friction stir welded 5083-H111 
and 6082-T651 aluminum alloys, Materials and 
Design, Vol. 56, pp. 84–90, 2014. 

[5] G.E. Totten, S. Mackenzie: Handbook of 
Aluminum. vol 1. Physical Metallurgy and 
Processes, Marcel Dekker Inc, USA, 2003. 

[6] K. Stambekova, H.M. Lin, J.Y. Uan: Surface 
modification of 5083 Al alloy by electrical 
discharge alloying processing with a 75 
mass % Si–Fe alloy electrode, Applied 
Surface Science, Vol. 258, No. 10, pp. 4483–
4488, 2012. 

[7] G. Akçay: Effect Of Friction Stır Processıng on 
Fracture Toughness and Crack Growth 
Behaviour of Fusion Welded 5083 Grade 
Alumınum Plates, MSc Thesis, Master Of 
Science in Metallurgical And Materials 
Engineering Department, Middle East 
Technical University, Ankara, 2015. 

[8] M. Dilek: Mechanical Properties of Different 
Aluminum Alloys Joined By Friction Stir 
Welding, MSc Thesis, Department of 
Mechanical Engineering, Institute of Natural 
and Applied Sciences, Çukurova University, 
Adana, 2006. 

[9] H. Gerengi, G. Bereket, M. Kurtay: A 
morphological and electrochemical comparison 
of the corrosion process of aluminum alloys 
under simulated acid rain conditions, Journal of 
the Taiwan Institute of Chemical Engineers, Vol. 
58, pp. 509-516, 2016. 

[10] M.A. Amin, K.f. Khaled: Copper corrosion 
inhibition in O2-saturated H2SO4 solutions, 
Corrosion Science, Vol. 52, No. 4, pp. 1194-
1204, 2010. 

[11] M.M. Solomon, H. Gerengi, T. Kaya, E. Kaya, 
S.A. Umoren: Synergistic inhibition of St37 
steel corrosion in 15% H2SO4 solution by 
chitosan and iodide ion additives, Cellulose, 
Vol. 24, No. 2, pp 931–950, 2017. 

[12] L. Zhang, H. Peng, Q. Qin, Q. Fan, S. Bao, Y. 
Wen: Effects of annealing on hardness and 
corrosion resistance of 60NiTi film deposited 
by magnetron sputtering, Journal of Alloys 
and Compounds, Vol. 746, pp. 45-53, 2018. 

[13] B. Zhu, C. Zanella: Hardness and corrosion 
behaviour of anodised Al-Si produced by 
rheocasting, Materials & Design, Vol. 173, 
pp. 107764, 2019. 

[14] J. Li, L. Ecco, A. Ahniyaz, J. Pan: Probing 
electrochemical mechanism of polyaniline 
and CeO2 nanoparticles in alkyd coating with 
in-situ electrochemical-AFM and IRAS, 
Progress in Organic Coatings, Vol. 132, pp. 
399-408, 2019. 

 

76 16th International Conference on Tribology - SERBIATRIB ‘19


	01 - Plenary Lectures
	001-002 Planary Lectures
	01 - 60 Iqbal Shareef_KOR
	02 - 66 Traian Florian Ionescu-LOrena_KOR
	22 Mohamad Ali AHMAD_KOR

	02 - Tribology of solid materials
	011-012 Tribological Properties of Materials and Coatings
	02 Sachin GHALME_KOR
	07 Evgeny V. Fominov_KOR
	11 Bello_KOR
	20 Rohit Kumar Singh Gautam_KOR
	38 Stankovic et. al_KOR
	40 H. Gerengi_KOR
	43 Kiril_Nikolov_KOR
	68 Palic-Fatima_KOR
	52 Gerardo Rodriguez_KOR
	72 Nedic_KOR
	80 N.Miloradovic_KOR
	57 Mihai DEMIAN_KOR
	84 Sandra_KOR
	75 Kamburov_KOR
	89 Varun Sharma-Zivic_KOR
	79 Assenova_Kozhoukharova_KOR
	92 Dzunic_KOR

	03 - Surface Enfineering and Coatings Tribology
	Medju strane 03 - Surface Enfineering and Coatings Tribology
	06 Funsho Kolawole_KOR
	14 Felipe V. DE CAMARGO_KOR
	17 P Kovac D. Jesic_KOR
	21 Hemant Nautiyal_KOR
	25 Jacob S Mathew_KOR
	36 Kandeva_Penyachki_KOR
	30 Doğuş ÖZKAN_KOR
	55 T. Penyashki_KOR
	67 Lozica_KOR
	62 Victor Manoliu_KOR
	83 Terek et al_KOR
	63 Yasser Abdelrhman_KOR
	87 Desimir_KOR
	73 Kovács_SerbTrib_KOR
	91 Kukuruzovic_KOR

	04 - Tribology of Machine Elements
	Medju strane 04 - Tribology of Machine Elements
	13 Vukelic_KOR
	15 Ilyas UYGUR2_KOR
	16 Nadica Stojanovic_KOR
	23 Oday I. ABDULLAH_KOR
	29 Karimov_KOR
	46 G.C. Ionescu_KOR
	54 Kovalenko_KOR
	74 Milos Matejic_KOR
	56 G.Purcek_KOR
	59 A. Hernandez-Pe+-a et. al_KOR
	88 Milojevic Dzunic_KOR
	69 Kovalenko_KOR
	27 Sveta Markovic_KOR
	3 Vojislav Krstic_KOR
	04 Vojislav Krstic_KOR

	05 - Tribology of Manufacturing Processes
	Medju strane 05 - Tribology of Manufacturing Processes
	08 M. Djordjevic_KOR
	10 Chingova, Taneva, Kapanyk_KOR
	12 Fragassa_KOR
	19 D. Arsic_KOR
	31 Dragicevic, Begovic, Peko_KOR
	32 Madic et al_KOR
	39 S. Aleksandrovic et al_KOR
	41 M. Bogdan-Roth_KOR
	51 Kamburov_KOR
	64 Baralic Nedic Đuric_KOR
	71 Paper Sredanovic_KOR
	77 Adamovic_KOR
	82 Milan Eric_KOR
	86 Vaxev et al_KOR

	06 - Lubricants and Lubrication
	Medju strane 06 - Lubricants and Lubrication
	05 Peric,Nedic,Radovanovic_KOR
	09 Dellis_II_KOR
	24 RANKO KOPRIVICA_KOR
	26 Zadorozhnaya_KOR
	35 Кandeva_Zadorozhnaya_KOR
	37 Levanov_KOR
	45 Josef Fryza_KOR
	47 Lovrec-Tic REcenziran_KOR
	58 Antonios.D.Tsolakis_KOR
	61 Branka Dugic Kojic_KOR
	90 Guglea _Deleanu_KOR

	07 - Tribometry
	Medju strane 07 - Tribometry
	01 Hebatalrahman_KOR
	18 Fomenko R.N._KOR
	28 Dušan Stamenković_KOR
	42 Ti¦Ź Edler_KOR
	44 G.Purcek_KOR
	49 H.BenHamouda-M.Corryn_KOR
	50 Fedorov_KOR
	65 Ismailov Tyurin_KOR
	70 Tič Lovrec_KOR
	78 Branislav Dimitrijevic_KOR
	81 Lovrec-Edler_KOR
	85 Pavlos Zalimidis_KOR

	08 - Biotribology
	Medju strane 08 - Biotribology
	33 Capitanu et al_KOR
	34 Ferda MINDIVAN_KOR
	48 P.¦î+şpek_KOR
	53 David_Rebenda_KOR
	76 Zivana_KOR

	Contents.pdf
	01 - Plenary Lectures
	001-002 Planary Lectures
	01 - 60 Iqbal Shareef_KOR
	02 - 66 Traian Florian Ionescu-LOrena_KOR
	22 Mohamad Ali AHMAD_KOR

	02 - Tribology of solid materials
	011-012 Tribological Properties of Materials and Coatings
	02 Sachin GHALME_KOR
	07 Evgeny V. Fominov_KOR
	11 Bello_KOR
	20 Rohit Kumar Singh Gautam_KOR
	38 Stankovic et. al_KOR
	40 H. Gerengi_KOR
	43 Kiril_Nikolov_KOR
	68 Palic-Fatima_KOR
	52 Gerardo Rodriguez_KOR
	72 Nedic_KOR
	80 N.Miloradovic_KOR
	57 Mihai DEMIAN_KOR
	84 Sandra_KOR
	75 Kamburov_KOR
	89 Varun Sharma-Zivic_KOR
	79 Assenova_Kozhoukharova_KOR
	92 Dzunic_KOR

	03 - Surface Enfineering and Coatings Tribology
	Medju strane 03 - Surface Enfineering and Coatings Tribology
	06 Funsho Kolawole_KOR
	14 Felipe V. DE CAMARGO_KOR
	17 P Kovac D. Jesic_KOR
	21 Hemant Nautiyal_KOR
	25 Jacob S Mathew_KOR
	36 Kandeva_Penyachki_KOR
	30 Doğuş ÖZKAN_KOR
	55 T. Penyashki_KOR
	67 Lozica_KOR
	62 Victor Manoliu_KOR
	83 Terek et al_KOR
	63 Yasser Abdelrhman_KOR
	87 Desimir_KOR
	73 Kovács_SerbTrib_KOR
	91 Kukuruzovic_KOR

	04 - Tribology of Machine Elements
	Medju strane 04 - Tribology of Machine Elements
	13 Vukelic_KOR
	15 Ilyas UYGUR2_KOR
	16 Nadica Stojanovic_KOR
	23 Oday I. ABDULLAH_KOR
	29 Karimov_KOR
	46 G.C. Ionescu_KOR
	54 Kovalenko_KOR
	74 Milos Matejic_KOR
	56 G.Purcek_KOR
	59 A. Hernandez-Pe+-a et. al_KOR
	88 Milojevic Dzunic_KOR
	69 Kovalenko_KOR
	27 Sveta Markovic_KOR
	3 Vojislav Krstic_KOR
	04 Vojislav Krstic_KOR

	05 - Tribology of Manufacturing Processes
	Medju strane 05 - Tribology of Manufacturing Processes
	08 M. Djordjevic_KOR
	10 Chingova, Taneva, Kapanyk_KOR
	12 Fragassa_KOR
	19 D. Arsic_KOR
	31 Dragicevic, Begovic, Peko_KOR
	32 Madic et al_KOR
	39 S. Aleksandrovic et al_KOR
	41 M. Bogdan-Roth_KOR
	51 Kamburov_KOR
	64 Baralic Nedic Đuric_KOR
	71 Paper Sredanovic_KOR
	77 Adamovic_KOR
	82 Milan Eric_KOR
	86 Vaxev et al_KOR

	06 - Lubricants and Lubrication
	Medju strane 06 - Lubricants and Lubrication
	05 Peric,Nedic,Radovanovic_KOR
	09 Dellis_II_KOR
	24 RANKO KOPRIVICA_KOR
	26 Zadorozhnaya_KOR
	35 Кandeva_Zadorozhnaya_KOR
	37 Levanov_KOR
	45 Josef Fryza_KOR
	47 Lovrec-Tic REcenziran_KOR
	58 Antonios.D.Tsolakis_KOR
	61 Branka Dugic Kojic_KOR
	90 Guglea _Deleanu_KOR

	07 - Tribometry
	Medju strane 07 - Tribometry
	01 Hebatalrahman_KOR
	18 Fomenko R.N._KOR
	28 Dušan Stamenković_KOR
	42 Ti¦Ź Edler_KOR
	44 G.Purcek_KOR
	49 H.BenHamouda-M.Corryn_KOR
	50 Fedorov_KOR
	65 Ismailov Tyurin_KOR
	70 Tič Lovrec_KOR
	78 Branislav Dimitrijevic_KOR
	81 Lovrec-Edler_KOR
	85 Pavlos Zalimidis_KOR

	08 - Biotribology
	Medju strane 08 - Biotribology
	33 Capitanu et al_KOR
	34 Ferda MINDIVAN_KOR
	48 P.¦î+şpek_KOR
	53 David_Rebenda_KOR
	76 Zivana_KOR





