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Aluminum alloys, along with positive properties - low density, high specific strength, electrical conductivity,
ductility, viscosity and others, have disadvantages: low hardness, modulus of elasticity, wear resistance and high
chemical activity in many inorganic acids.

The method of microarc oxidation (MAOQO) can eliminate these shortcomings. The transformation of the
surface layers of the workpiece into high-temperature oxides of aluminum will strengthen the surface and
increase its protective properties.

The properties of MAO coatings depend on many factors, one of which is the composition of the electrolyte.
According to the literature, the most widely used alkaline-silicate electrolytes, which have shown the greatest
efficiency in microarc oxidation of aluminum alloys. The data available in the literature on the use of
multicomponent electrolytes containing sodium aluminate NaAlO2 and sodium hexametaphosphate NasPsO1s do
not allow to elucidate their role in the formation of MAO coatings.

Research of the use of hexametaphosphate to alkaline silicate electrolyte have shown that NagPsO1s promotes
the formation of a thicker coating. The rate of thickness formation in the absence of hexametaphosphate is
0,5 + 0,7 pm/min, and at a hexametaphosphate content of 10 g/l - 0.9 + 1.1 pm/min. As for the effect on the phase
composition, the effect was not detected.

It was investigated that the addition of aluminate-silicate electrolytes of sodium aluminate in the amount of
up to 13 g/l does not have a significant effect on the thickness of the coating, but affects the phase composition of
the coating.

Keywords: microarc oxidation, morphology of the coating surface, phase-structural state, phases y-Al.O3
and a-Al203, 3Al203-2Si02, sodium hexametaphosphate, sodium aluminate, alkali, liquid glass.
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Introduction MAQO is an electrochemical process that is carried
out in electrolytes of different composition and with
different electrical parameters of formation [3]. The
properties of MAO coatings depend on many factors, one
of which is the composition of the electrolyte. According

Aluminum alloys, along with positive properties -
low density, high specific strength, electrical
conductivity, ductility, viscosity and others, have ) . .
disadvantages: low hardness, modulus of elasticity, wear ~ © the literature [4-6], the most widely used alkaline
resistance and high chemical activity in many inorganic  Silicate electrolytes containing (1 = 3) g/l KOH + (3 =
acids [1]. 12)_ g/l Naz_S|O§ (liquid g!ass), which sh(_)wed the greatest

The method of microarc oxidation (MAO) can efficiency in microarc oxidation of aluminum _alloys.
eliminate these shortcomings. The transformation of the Attempts have been made to use multicomponent
surface layers of the machined aluminum part into high-  eléctrolytes containing sodium aluminate NaAlO 7] and

temperature aluminum oxides will strengthen the surface ~ Scdium hexametaphosphate NasPsO1s [8]. The data
and increase its protective properties [2-3]. available in the literature do not allow us to determine
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the role of these soluble inorganic compounds in the
formation of MAO coatings.

I. Goal

The goal of this work is to study the influence of
electrolyte composition on the Kkinetics of coating
thickness formation, their phase composition and
hardness.

Il. Experimental methods

The study was carried out on samples of AV alloys.
The chemical composition of the alloys is given in table
1.

Microarc oxidation was carried out in the anodic-
cathodic mode on an installation with a capacitor-type
power supply. The duration of treatment was 1 hour at a
current density of 20 A/dm?.

The phase composition of the coating was
determined from the diffractograms obtained on a
DRON-3 diffractometer in Ka-Cu radiation. The survey
was carried out in a point-by-point mode with a step of
20 = 0.1°. The quantitative content of the phases was
determined by the method of quantitative X-ray analysis
using a previously constructed calibration curve
according to the data of standard mixtures.

The microhardness was determined using a PMT-3
device. The coating thickness was determined using a
VT-10 NTs.

I11. Results and Discussion

The formation of MAO coatings leads to the
formation of a developed surface relief, which has a
significant roughness. The relief and surface roughness
are approximately the same for all coatings with a
thickness of ~ 50 um studied. Typical surface
morphology is shown in Fig.1.

Fig. 1. Morphology of the surface of MAO coatings.

The study of transverse sections of coated samples
(Fig. 2) revealed a layered structure of coatings - the
technological layer and the main. The basic layer which
is monolithic, firm and wearproof has practical value.
Technological layer - highly porous, with low hardness,
used as corrosion and electrical protection, as well as a
sublayer when applying additional protective and

decorative coatings. When high hardness and wear
resistance are required from the surface, then the
technological layer is removed.
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Fig. 2. Transverse section with coating (x 200).

The results below (hardness and phase composition)
refer to the base layer.

The process of microarc oxidation was performed in
alkaline-silicate electrolyte (base electrolyte) and with
the addition of NaAIO; (sodium aluminate) and NasP¢O1s
(sodium hexametaphosphate).

The results of the study of coatings formed in the
base electrolyte are given in table. 2 and in Fig. 3 - 4.

The kinetics of formation of the coating thickness
and their microhardness are shown in Fig.3

As can be seen from the above data, increasing the
concentration of Na,SiOs increases the thickness of the
coating, but the hardness of the main coating layer
decreases (Fig. 3). This result can be explained by the
change in the phase composition of the coating.

Thus, the results of deciphering the diffraction
patterns of the base layer coatings showed that the
diffraction maxima belong to the phases y- AlO3z and
mullite (3Al,0; -2Si0O,) (Fig. 4), the phase a-Al:O3
(corundum) is absent. The presence of clear diffraction
peaks on the diffraction pattern indicates the crystal
structure of the main coating layer. A clear texture of the
detected phases was not detected, which indicates the
chaotic orientation of the crystals of the main coating
layer.

The formation of the mullite phase 3Al,03-2SiO;
(Fig. 5), which has a relatively low hardness, and its
increase to 85% reduces the hardness of the coating.
However, certain adjustments must be made to the
porosity of the coatings.

Table 1
Chemical composition of AV alloys.
Material Al Cu Mg Fe Si Mn Ti Zn
AV 95.95- 98.8 0.1-0.5 0.45-0.9 0.5 0.5-1.2 0.15-0.35 0.15 0.2
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Table 2
Properties of MAO coatings (AV alloy, j = 20A/dm?, T = 1 hour).
Sample Ne Electrolyte hiotal, ptm Phase composition, % HV, GPa
v-Al;,03 3Al,03-2Si0,
1 1 g/l KOH + 3 g/l Na;SiOs 30 92 7 11
2 1 g/l KOH + 6 g/l Na;SiO3 35 87.5 12.5 10
3 1 g/l KOH + 9 g/l Na,SiOs 40 80 20 10
4 1 g/l KOH + 12 g/l Na,SiO3 45 58 42
5 1 g/l KOH + 15 g/l Na;SiO3 50 26 74
6 1 g/l KOH + 18 g/l Na;SiO3 60 15 85
Pl M HV,GPa C.%
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Fig. 3. Dependence of the thickness and microhardness
of the coating on the concentration of liquid glass
(KOH - 1 g/l, current density j = 20A/dm?, oxidation
time t=1 h).
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Fig. 4. Fragment of the diffraction pattern of the
coating (shooting in monochromatic radiation: Ka-Cu).
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Fig. 5. Influence of liquid glass content Na;SiOs on the
phase composition of the coating.

The obtained data indicate that the phase formation
of the coating in the alkaline-silicate electrolyte occurs
from the formation of the y-Al,O3 phase. In the process
of increasing the coating and increasing the power of
micro-discharges, the y-Al,O3 phase interacts with the
electrolyte components. When NaySiOs is dissolved in
water,  hydrolysis  occurs by the reaction:
Na;SiO3+ H,0 — 2 NaOH + SiO,. The existing phase of
v-Al,O3 interacts with SiO, with the formation of the
mullite phase: 3Al203 + 2Si0; = 3Al,03 -2Si0,.

Thus, the increase in the electrolyte of liquid glass
(Na2SiO3) promotes the formation of mullite, which does
not provide the formation of a coating with high
hardness. According to the obtained results, the content
of liquid glass should be 3 - 6 g/l (see Fig. 3), which will
ensure maximum hardness of the coating.

The study of the influence of the content of sodium
hexametaphosphate NagPsO1s Was carried out in the basic
electrolytes of the composition:

1 g/l KOH + 3 g/l Na»SiOs, 1 g/l KOH + 6 g/l Na,SiOs,
1 g/l KOH + 12 g/l NasSiOsz, to which was added
NagPsO1s in an amount of 1 to 10 g/l.

The results of the study of thickness and phase

composition are shown in table 3 and in Fig. 6.
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Table 3

The results of the research of the NagPsO15 effect on the properties of coatings.

Sample Ne Electrolyte hiotal, pm hbasic, pum Phase composition, %
v-Al203 3Al203-2Si02
1G 1:3 + 1 % NasPsO1s 30 15 80 20
2G 1:3 + 2 % NasPsO1s 30 15 80 20
3G 1:3 + 3 % NasPsO1s 35 15 82 18
4G 1:3 + 4 % NasPsO1s 40 15 84 16
5G 1:3 + 5 % NasPsO1s 45 20 85 15
6G 1:3 + 6 % NasPsO1s 45 20 85 15
7G 1:3 + 7 % NasPsO1s 45 20 85 15
8G 1:3 + 8 % NasPsO1s 50 20 82 18
9G 1:3 + 9 % NasPsO1s 55 20 87 13
10G 1:3 + 10 % NasPsO1s 55 20 87 13
11G 1:6 + 2 % NasPsO1s 40 15 60 40
12G 1:6 + 4 % NasPsO1s 40 15 60 40
13G 1:6 + 6 % NasPsO1s 45 15 60 40
14G 1:6 + 8 % NasPsO1s 50 15 65 35
15G 1:6 + 10 % NasPsO1s 60 15 65 35
16G 1:12 + 2 % NasPsO1s 50 20 40 60
17G 1:12 + 4 % NasPsO1s 50 20 40 60
18G 1:12 + 6 % NasPsO1s 60 20 40 60
19G 1:12 + 8 % NasPsO1s 60 20 40 60
20G 1:12 + 10 % NasPsO1s 65 20 40 60
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a - base composition of 1 g/l KOH + 3 g/l Na;SiO3, b - base composition of 1 g/l KOH + 6 g/l Na.SiOs, ¢ - base
composition of 1 g/l KOH + 12 g/l Na;SiOs
Fig. 6. The effect of sodium hexametaphosphate on the thickness and phase composition of MAO coatings
(Cm - content of 3Al,03-2Si0, Cy - content of y-Al>03).

It was investigated that the addition of sodium
hexametaphosphate in the amount of up to 2 g/l to the
base electrolytes affects the phase formation, at a content
of > 2 g/l the phase composition practically does not
change. The increase in the thickness of the coating with
increasing content of NagPsO1s can be explained by the
participation of the components of the additive in the
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formation of the oxide coating.

The detected dependences are equally manifested for
different composition of the basic alkaline-silicate
electrolyte.

The results of the study of the effect of sodium
aluminate on the characteristics of the coating are given
in table. 4 and in fig. 7.
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Table 4

Characteristics of coatings formed in alkaline-silicate electrolyte with the addition of sodium aluminate.

hiasc, HV, Phase composition, %
Sample Ne Electrolyte hiotal, pm um GPa o AbOs AI«£-03 3AL0x2Si0
1A 1:3 + 1 % NaAIO> 30+35 19 7.1 7 93 0
2A 1:3 + 2 % NaAIO> 50+60 42 14.1 7 93 0
3A 1:3 + 3 % NaAIO2 5070 37 12 8 92 0
4A 1:3 + 4 % NaAIO2 40+45 25 17.2 10 90 0
S5A 1:3 + 5 % NaAlO2 40+45 27 16 10 90 0
6A 1:3 + 6 % NaAIO> 30+40 27 15 10 90 0
7A 1:3 + 7 % NaAlO> 45+50 35 12.1 10 90 0
8A 1:3 + 8 % NaAIO2 35+40 33 10.3 10 90 0
9A 1:3 + 9 % NaAIO2 35+40 29 12 10 90 0
10A 1:3 + 10 % NaAlO> 40 27 11 10 90 0
11A 1:3 + 11 % NaAlO- 35+45 30 10 10 90 0
12A 1:3 + 12 % NaAlO> 35+40 29 11 10 90 0
13A 1:3 + 13 % NaAlO> 35+40 31 10.9 10 90 0
14A 1:6 + 2 % NaAlO2 35+40 28 11 10 85 5
15A 1:6 + 4 % NaAlO> 36+42 30 12.9 10 80 10
16A 1:6 + 6 % NaAIO> 35 20 115 12 78 10
17A 1:6 + 8 % NaAlO2 34-+37 20 10.2 10 80 10
18A 1:6 + 10 % NaAlO> 40+45 22 9.3 10 80 10
19A 1:9 + 2 % NaAIO> 35+40 23 9 0 80 20
20A 1:9 + 4 % NaAIO2 35+40 20 10 0 75 25
21A 1:9 + 6 % NaAIO2 33+40 14 11 0 75 25
22A 1:9 + 8 % NaAIO2 45 20 6.1 0 75 25
23A 1:9 + 10 % NaAlO: 40+45 22 7.5 0 75 25
24A 1:12 + 2 % NaAlO2 3238 20 6.5 0 58 42
25A 1:12 + 4 % NaAlO> 48 28 6.1 0 65 35
26A 1:12 + 6 % NaAlO> 35+45 20 6.5 0 65 35
27A 1:12 + 8 % NaAlO> 36+46 14 5.4 0 65 35
28A 1:12 + 10 % NaAlO: 4044 21 5.2 0 65 35
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a - base composition of 1 g/l KOH + 3 g/l NazSiOs, b - base composition of 1 g/l KOH + 6 g/l NazSiOs, ¢ - base
composition of 1 g/l KOH + 9 g/l Na.SiOs, d - base composition of 1 g/l KOH + 12 g/l Na;SiOs

Fia. 7. The effect of sodium aluminate on the characteristics of MAO coatings.
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The research of the effect of NaAlO, on the
formation of coatings revealed (see table. 4):

Addition of alkali-silicate electrolyte NaAlO, has
virtually no effect on the thickness of the coating;

NaAlO2 affects the phase composition differently
depending on the composition of Na;SiOs; in the base
electrolyte:

in electrolytes 1 g/l KOH + 3 g/l NazSiOz, NaAlO;
stimulates the formation of the phase a - Al,O3, mullite is
not formed (samples 1A - 13A);

in electrolytes 1 g/l KOH + 6 g/l Na,SiO3 addition of
NaAlO, provides the formation of the a-Al,O3; phase
(~ 10%), NaySiOs promotes the formation of mullite
(samples 14A - 18A);

in electrolytes 1 g/l KOH + 9 g/l NazSiO; and
1 g/l KOH + 12¢/l Na;SiO3 no effect of NaAIO; addition
on the phase composition of the coating was detected
(samples 19A - 23A and 24A - 28A).

Thus, the effect of adding sodium aluminate depends
on the composition of Na,SiOz in the alkaline-silicate
electrolyte. To ensure maximum hardness, it is
recommended to use an electrolyte of
1 g/l KOH + (3 + 6) g/l Na,SiOs with the addition of
~ 4 g/l NaAlO».

Conclusions

1. It is determined that the phase formation of the
coating in the alkaline-silicate electrolyte occurs from the
formation of the y- y-Al,Oz phase. The increase in the
electrolyte of liquid glass (NazSiOs) promotes the
formation of mullite, which does not provide the
formation of a coating with high hardness.

2. It is shown that hexametaphosphate promotes the
formation of a thicker coating, the addition of sodium
hexametaphosphate in the amount of ~ 2 g/l to the base
electrolytes promotes the formation of mullite. At a
content of 2 to 10 g/l the process of mullite formation is
stabilized;

3. It was investigated that the addition of sodium
aluminate to the base electrolytes in the amount of up to
13 g/l does not have a significant effect on the thickness
of the coating. The effect of NaAIlO- in different ways
affects the phase composition of the coating - it depends
on the composition of the alkaline-silicate electrolyte.
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JlocaailakeHHsI BIVIMBY CKJIAJy €JeKTPOJITY HA CTPYKTYPY Ta BJIACTHBOCTI
NOKPHUTTIB, OTPUMAHUX METOAOM MiKPOAYTrOBOI0 OKCUAYBAHHS

Hayionanonuii mexuiunuii ynisepcumem «Xapxiscokuii nonimexuiynuti incmumymy, eyi. Kupnuuosa, 2, 61002, Xapxkis, Yxpaina,
subbotina.valeri@gmail.com

AJIOMiHI€BI CIUIaBH, MOPSA 3 MO3UTUBHUMH BJIACTUBOCTSIMH — HH3bKa LIUTBHICT, BUCOKA TUTOMA MIIHICTB,
€JIEKTPONPOBIHICT, IIACTHYHICTh, B'I3KICTh Ta IHIII, BOJIONIIOTH HEIOMIKaMH: HHM3bKI TBEPAICTb, MOIYJb
MIPYKHOCTI, 3HOCOCTIMKICTh 1 BUCOKA XIMi4HA aKTUBHICTh Y 0araTboxX HEOPraHiYHUX KUCIOTAX.

YcyHYTH Ti HEIONIKH MOXe MeToJ MikpomyroBoro okcuayBanHsS (MJIO). IleperBopeHHs IOBEpXHEBHX
mapiB 00poOIIOBaHOI JIETalmi y BHCOKOTEMIICPATYPHI OKCHIHM ATIOMIHIIO JO3BOJHTH 3a0C3MECYUTH 3MIITHCHHS
MOBEPXHI Ta MiJIBUIIUTH 11 3aXKMCHI BIACTHBOCTI.

BrnactuBocti M/IO-TIOKpHUTTIB 3a1€XNUTh Bix 6arathoX (akTopiB, OJHUM 3 HUX € CKJIaJ €IeKTPOJITy. 3TiJHO
3 JTepaTypHUMH IAaHUMH, HaiOITbII IIMPOKO 3aCTOCOBYIOTHCS TY)KHO-CHIIIKATHI €IEKTPOJITH, SKi MOKa3aIl
HaAMOUTBIIY €EeKTUBHICTD NMPH MIKPOAYrOBOMY OKCHAYBaHHI alIOMiHi€BHX cCIUIaBiB. HasBHI B siTepaTypi nIaHi
OI0Z0 BUKOPHCTaHHS OaraTOKOMIIOHGHTHHX €NEKTPOJITiB, #AKi MiICTATh airoMiHar HaTpito NaAlO2 Ta
rexcametagocpar Harpito NagPsO18 He 103BOJIIOTH 3'sicyBaTH 1X pouib y mporueci hpopmyBanHs M/IO-TIOKPHUTTIB.

JocmipkeHHsT 3acTocyBaHHsI TekcameradocdaTy [0 JIy)KHO-CHIIKATHOTO EJIEKTPOJITY ITOKa3aiH, IIo
NasPsO1s cripusie yTBOpeHHIO 0ibII TOBCTIMIOro MOKpUTTs. LIBHAKicTh (hOpMyBaHHS TOBLIMHH 3a BiICYTHOCTI
rekcameradochaty ckiaanae 0,5 + 0,7 MKkM/XB, a Tipu BMicTi rekcametadocdary 10 r/n — 0,9 + 1,1 mxm/xB. Illo
CTOCY€ETHCS BIUIMBY Ha (ha30BHUi CKJIaqy TO BIUIMBY HE BHSBJICHO.

JocimkeHo, mo A0AaBaHHS 10 TY)KHO-CHIIIKaTHUX €JICKTPOJITIB allfOMiHATY HATpil0 B KiMbKOCTI 0 13 r/n
HE YHHHUTb CYTTEBOTO BIUIMBY Ha TOBIIMHY MOKPUTTS, aJie BIUIMBAE Ha (a30BHil CKIIaZ OKPHUTTSI.

Ki1r04oBi cjioBa: MiKpoIyroBe OKCHAYBaHHS, MOPQOJIOTiS MOBEPXHI MOKPUTTS, (Ha30BO-CTPYKTYPHHUH CTaH,
¢azu y-Al203 i a-Al203, 3Al1203-2Si02, rekcameradocdar HATpito, AMOMIHAT HATPIO, JIyTa, PiIKe CKIIO.
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