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 1 –    -3-1  -3  

 
 ( ., %) 

 Al Cr Mo Si Fe V 

3-1 Ti 5.5– 7.0 0.8–2.5 2.0–3.0 0,15–0.4 0.2–0.7 – 

-3  Ti 3.5–5.0 –    1.2–2.5

 

 2 –   

  

 

 , /  

 NaAlO2 Na  (NaPO3)6 Na2SiO3 

1 1–2 10–14  – – – 

2 3–5  1–3  – – 0,5–3  

3 – 3–6  2,5 1–7  – 

4 – 3 2,5 – – 

5 1–20  – – – 6–20  
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 40 .   
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 3 –     3-1 

    h,  , 

 ,  ρ, / 2 . . 

1 1 /   + 12 /  NaAlO2 1 40 110 70 5400 

2 20 90 60 5400 

2 1,75 /   + 1 /  Na2SiO3 + 2 /  NaAlO2 1 50 100 65 9000 

3 50 280 200 11000 

3 2,5 /  Na  + 3 /  NaAlO2 + 3 /  

(NaPO3)6 

1 25 50 20 4200 

4 2,5 /  Na  + 6 /  NaAlO2 + 7 /  

(NaPO3)6 

2 45 73 40 4000 

5 2,5 /  Na  + 3 /  NaAlO2  2 25 73 60 6650 

 
 4 – -    -3  

    h,  , 

 ,  ρ, / 2 . . 

1 1 /   + 14 /  NaAlO2 2,5 50 210 160 7400 

2 1 /   + 10 /  NaAlO2 2,5 40 180 150 5700 

3 3 /   + 3 /  NaAlO2 0,5 100 160 90 4400 

4 1,75 /   + 1 /  Na2SiO3 + 2 /  NaAlO2 3 25 200 150 7500 

 
 Na   (NaPO3)6  -

    : -

   є HV 6000 . 

  3-1  , 
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 5 –     

    ,  

   20 40 60 80 100 120 140 160 180 200

-1 C 20 F ,  10 14 18,8 22,4 – – – – – – 

   f 0,5 0,47 0,46 0,45 – – – – – – 

-1  -

  
20 F ,  3,6 6,4 7,2 8,8 10,8 12,3 14 15,2 17,2 19,2

   f 0,2 0,16 0,12 0,1 0,1 0,1 0,1 0,09 0,09 0,09
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Phase composition and properties of mao coatings 

on titanium alloys 

Abstract. Problem. MAO technology is well devel-

oped for aluminum alloys. As for titanium alloys, the 

MAO technology of surface hardening for them re-

quires further research. Goal. In order to improve 

the mechanical characteristics of titanium alloys it is 

necessary to establish patterns of influence of re-

gimes and electrolyte composition during MAO pro-

cess on the phase composition, microhardness and 

tribological characteristics of coatings obtained by 

microarc oxidation of VT3-1 and PT-3V titanium 

alloys. Methodology. X-ray structural analysis 

(DRON-3) in radiation Кα-Cu, microhardness meas-

urement (PMT-3) with 100 gr load, measurement of 

coating thickness (vortex thickness gauge BT-

10NTs), tribological tests (SMC-2) was used. Re-

sults. The MAO treatment of the alloys was carried 

out in an alkaline electrolyte (KOH) with the addi-

tion of sodium aluminate (NaAlO2), sodium hexame-

tophosphate (NaPO3)6 and water glass (Na2SiO3, ρ ≈ 

1.4 g/cm3). A metallographic study of the cross sec-

tion of titanium alloys with MAO coating made it 

possible to establish that the coating has a two-layer 

structure consisting of a technological (porous) and 

main (dense, base) layers. The results of X-ray dif-

fraction analysis showed that the main phases of the 

coating are the phases TiO2 – rutile, TiO2 – anatase, 

as well as compounds Al2TiO5 – aluminum titanate. 

The specific volume of the formed oxides exceeds the 

volume of the titanium base on which it is formed. So, 

for TiO2 Vo /Vmet. ≈ 1.8; for Al2TiO5 – 4.4; for mullite 

– 13.9. This factor contributes to the formation of 

continuous coatings. It was established that in order 

to achieve the highest hardness, the presence of the 

NaAlO2 component in the electrolyte is necessary. 

This made it possible to achieve a hardness of 11000 

MPa of MAO coating on VT3-1 alloy using an elec-

trolyte of 1.75 g/L KOH + 1 g/L Na2SiO3 + 2 g/L 

NaAlO2. For the PT-3V alloy, the use of an electro-

lyte of a similar composition can achieve a hardness 

of 7500 MPa. It is shown that the use of MAO pro-

cessing of titanium alloys allows to reduce the dry 

friction coefficient in the VT3-1 – SCh20 system to 

0.1. Originality. The structure, phase composition 

and properties are determined by electrolysis condi-

tions and coating thickness. Practical value. The 

results obtained are a recommendation for surface 

hardening of PT-3V and VT3-1 titanium alloys for 

their further use in friction elements. 

Keywords: titanium alloy, microarc oxidation 

(MAO), phase composition, coating thickness, mi-

crohardness, coefficient of friction. 
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