Materials Technology

UDC 544.653.22 Complex Use of Mineral Resources. No. 2. 2017.

Zh. M. RAMAZANOVA"*", K. J. KIRGIZBAEVA', M. G. ZAMALITDINOVA"?,
1. P. TKACHEVA?, A. G. TOLESH'

'Eurasian National University named after L.N. Gumilyov, Astana, Kazakhstan
’National Center for Space Research and Technology, Almaty, Kazakhstan, *e-mail:zhanat2005@yandex.kz

INFLUENCE OF REGIMES OF PLASMA-ELECTROLYTIC PROCESS ON POROSITY
AND MORPHOLOGY OF OXIDE COATING

Abstract:One of the promising methods of surface treatment to obtain wear-resistant, corrosion-resistant, heat-resistant coatings is the
method of plasma electrolytic anodizing. The oxide coatings formed in the microplasma treatment mode have different porosity and de-
veloped surface. The reasons for the formation of porosity and the influence of technological regimes on it are in the initial stage of study.
In this paper, we investigated the effect of the duration of the anode pulse, the polarizing voltage of the plasma-electrolytic treatment on
the surface porosity of the oxide coating. The porosity of the oxide coating obtained under various process conditions varies from 14 to
21 %. Investigation of the morphology of the coating showed that a change in the duration of the anode pulse from 100 to 250 uym leads
to an increase in the average pore diameter from 3.3 to 5.4 ym. According to the calculated data, with increasing thickness of the coating,
there is a tendency of reduction in the porosity, the number of pores per unit surface. This trend is associated with the formation of oxide,
both at the bottom of the pores due to the substrate, and due to the components of the solution inside and around the pores. All this in
combination leads to the filling of pores. When studying the effect of polarizing stress on the porosity, it was found that at a value of 100 V,
a thin practically non spherical coating forms. At a voltage of 200 V, coatings are formed with small unevenly distributed pores on the sur-
face. Conducting the process with polarizing voltages of 300 V and 400 V leads to an intensive increase in the thickness of the coating with
a developed porous surface. Depending on the purpose of the coating, the porosity can be reduced by introducing into the pores various
materials - dyes and polymers. Porosity makes it possible to obtain composite multifunctional coatings and serve as a sublayer for metal

and paint coatings on aluminum and its alloys.
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Introduction. Aluminum and its alloys are
widely used as a structural material. Aluminum
alloys are easy, pliable, stamping, high thermal
conductivity. Aluminum and its alloys are used in
many sectors of the national economy: aviation,
aerospace, food, construction and others. In this
case, products made of aluminum and its alloys
should be distinguished by wear resistance, cor-
rosion resistance, heat resistance. There are vari-
ous ways to modify the surface of products made
from aluminum and its alloys. One of the promising
methods for obtaining multifunctional coatings on
valve metals is electrolyte-plasma oxidation (PEO)
in various solutions of electrolytes, mainly in alka-
line solutions [1, 2]. During surface treatment with
microplasma action, a coating with high adhesion
properties is formed on it, which does not collapse
when critical mechanical local effects occur [3, 4].
Formed oxide coatings in the microplasma treat-
ment regime have different porosity and developed
surface. This property of the coating can be used as
a sublayer, as well as creating composite coatings
by introducing various materials into the pores [5].
However, the reasons for the formation of porosity
and the influence of technological regimes have not
been thoroughly studied. In this connection, it is of

interest to investigate the effect of the plasma-elec-
trolytic process regimes on the morphology and po-
rosity of the oxide coating.

Experimental part. The samples for applying the
oxide coating were made of aluminum grade A0 with
a size of 2x2 cm and a thickness of 3 mm, the surface
area of the treated surface was 8 cm?. The samples
before mechanical application of the oxide coating
were mechanically polished and had a roughness
Ra =0.098 microns.

The formation of the oxide coating was carried out
in an electrolyte solution of the following composition,
g/dm*: Na,HPO,-12H,0 - 40; Na,B,0,-10 H,0- 30;
H,BO, - 20, NaF - 10.

The electrolyte was prepared on distilled water
from reagents “AR grade”, “CP”. The PEO was car-
ried out in a bath made of stainless steel with a vol-
ume of 700 ml, equipped with a water cooling system,
the cathode was the body of the bath.

The PEO process was carried out using a pulsed
power supply, which makes it possible to obtain
voltage pulses of a rectangular trapezoidal shape at
a pulse repetition rate of 50 Hz. The current densi-
ty of the process was 114-130 A/dm?. Coatings were
formed during the anodic polarization of aluminum
samples without a cathodic component.
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Under these conditions, two batches of samples
with an oxide coating were obtained. The first batch
of samples with an oxide coating was obtained for
various durations of the anode current pulse in solu-
tion No. 1, the conditions of the PEO process are giv-
en in Table 1.

Table 1 - Regimes of PEO-1

Polarizing Duration of anode Electrolyte Process
voltage, V current pulse, temperature, | time, min
microsecond °C
300 50 25-27 20
300 100 25-27 20
300 150 25-27 20
300 200 25-27 20

The second batch of samples was obtained at dif-
ferent values of the polarizing voltage, the process
conditions are given in Table 2.

Table 2 - Regimes of PEO-2

Polarizing Duration of anode Electrolyte Process
voltage, V current pulse, temperature, | time, min
microseconds °C
100 200 25-27 20
200 200 25-27 20
300 200 25-27 20
400 200 25-27 20

The thickness of the coating of the sample was
determined on a thickness gauge of QuaNix-1500.
The thickness was calculated as the average of 15
measurements, on both sides of the sample. The
porosity, shape, pore size distribution were de-
termined by analyzing the photomicrographs of
the surface of the test samples obtained by scan-
ning electron microscope Quanta 200i 3D, using
planimetry, cross-section and point methods, as the
ratio of the pore image area to the total area of the
observation site [6].

Discussion of results. The porosity of the oxide
coatings is dependent on the formation regimes of the
coating and the nature of the electrolyte. When plas-
ma electrolytic treatment occurs on the metal surface,
local microplasma discharges arise. Under their influ-
ence, the structure of the oxide film changes. And, as
arule, in the places of sparking, pores are formed. The
shape of the pores can be different. The simplest form
of pores is rounded, and it varies depending on vari-
ous factors of the process of microplasma treatment.
With the change in the duration of the anode current
pulse (Table 1), the thickness of the coating also
changes, so at 50 microseconds it was 7.8 microns;
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100 microseconds - 11.1 microns; 150 microseconds -
19.7 microns; 200 microseconds - 26.5 microns.

Figure 1 presents microphotographs of the mor-
phology of the surface of oxide coatings obtained at
different durations of the anode current pulse. Elec-
tron microscopic images show that with an anode
current pulse duration of 50 ps, the formation of the
coating is an islet. The average pore diameter is of the
order of 3.3 wm, which is lower in comparison with
the coatings obtained at higher values of the duration
of the anode pulse (Figure 2a). With an increase in
both the duration of the anode current pulse and thick-
ness of the oxide layer, a uniform coating is observed,
which can be seen in micrographs. The growth of the
coating occurs not only due to the transformation of
the substrate at the bottom of the pores, but also due
to reactions with hydroxide ions and metal ions in-
side and near the pores where, under the influence
of high temperature, the metal hydroxides pass into
oxides [7]. The formation of the oxide coating also
occurs from the components of the electrolyte solu-
tion. As a result of these processes, existing through-
holes are filled. It is time to pass from the discharge
through to closed, while other pores are formed. On
microphotographs small pores are observed inside
the large pores, which have mainly a dotted form
(Figure 1b, c, d). The increase in the thickness of the
coating, which is observed with increasing duration
of the anode current pulse, leads to the formation of
pores of a larger diameter, but the number of pores
per unit area decreases (Figure 2a, ¢). With increasing
thickness of the oxide coating, an increase in its con-
tinuity is observed.

Microphotographs of the surface of the ox-
ide coating at different polarizing voltages are
shown in Figure 3. The thickness of the coat-
ing depends on the polarizing voltage, and at
100 V, the thickness of the layer is 1.2 um,
200 V - 3.0 um, 300 V - 26.5 pm, 400 V - 36.9 pm.
As can be seen on electron-microscopic images at a
voltage of 100 V, a non-porous thin coating is formed
(Figure 3a). At a given polarizing voltage in the pro-
cess of plasma-electrolytic treatment, spark processes
are observed occasionally. At a voltage of 200 V, the
microarc discharges that occur in the PEO process
lead to the formation of fine pores, the thickness of the
coating remains insignificant (Figure 3b). At a voltage
of 300 V, micro-arc discharges occur practically from
the first seconds of the process. The rate of coating
formation increases, which leads to a sharp increase
in its thickness and porosity. At a voltage of 400 V,
the dimensions of the microarc discharges increase.



Materials Technology

Average diameter of pores, microns

6

5

4

3

2

1 i

D T T T T

7,8 11,1 19,7 26,5
Coating thickness, um
a
Porosity AS, %

25
20
15
10 -

g5

0- " . .

7.8 11,1 19,7 26,5
Coating thickness, um
b

Number of pores per 1 cm’of coating
7-10°

6-10°

5-10°

4.10°

3.10°

2:10°

1N
0

Coating thickness, um

Dependence on coating thickness of: a — average pore diameter;
b — porosity; ¢ — number of pores per unit area

Figure 2 - Surface porosity of oxide coating

The intensity of microplasma discharges leads to a strong heating of
the electrolyte to 40 °C. The high temperature of the electrolyte is an
undesirable factor that affects the quality of the coating. The functional
outer layer is formed more roughened and friable. The porosity of the
coating increases (Figure 3 g). The realization of the process at 400 V

d for obtaining a better coating requires additional systems for cooling the
Increase in all cases: x 2000 electrolyte.
The d“ﬁ“gg_%fﬁ%g_”gﬁ gg_"g’j‘z%‘gse' us: It is impossible to obtain coating without pores during oxidation
' ' ' which is due to the nature of the process. In some cases, the porosity of
Figure 1 - Morphology the coating is a positive factor.

of oxide coating surface
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To obtain a coating with anti-
friction properties, the pores can
be filled with various materials.
Fluoroplastic, graphite, and me-
tallic copper can be used as anti-
friction materials for pore filling.
Filling of pores can be carried
out by dipping, rubbing, metal
deposition by chemical or electro-
chemical methods.

Thin porous oxide coatings
can serve as a subcoat for paint
and metal coatings. Since the
coatings applied to aluminum and
its alloys without preliminary,
preparation can easily peel off un-
der the influence of atmospheric
or other factors. This process is
associated with a number of prob-
lems caused by a negative value
of the substrate potential, which
leads to a contact separation of
metals having a more negative po-
tential and, accordingly, to a low
adhesion value of the coating with
the substrate [8]. Improving the
adhesion of coatings to the metal
is achieved mainly by applying a
porous oxide coating.

Conclusions. The influence of the plasma-electro-
lytic treatment regimes on the morphology and poros-
ity of the oxide coating was studied. It is shown that
under the anodic regime without the cathode compo-
nent, as the both duration of the anode current pulse
and increase, there is a tendency of reduction in the
porosity, the number of pores per unit surface.

The nature of the pores depends on the thickness
of the coating, the duration of the pulse and the volt-
age of the current, from which it can be concluded
that the technological regimes have a significant ef-
fect on porosity. It is established that the average pore
diameter increases with increasing coating thickness,
this is due to the increase in the duration of the anode
current pulse and the polarizing voltage. At the same
time, it can be said that the number of through-pores
decreases, due to the flow of the process along the
bottom and walls of the pores.

The porosity of the oxide coating can play a positive
role in the creation of composite antifriction, electrical-
ly conductive coatings. The porosity of the coating pre-
vents the development and destruction of the material
when the coated sample is loaded due to the relaxation of
normal stresses at the vertices of the mesotrains.
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Polarizing voltage, V: a-100; b - 200; ¢ - 300; d - 400

Figure 3 — Morphology of oxide coating surface
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TYAIHOEME

Tosyra Tesimai, koppo3susiFa Te3imai, bICTbiKka Te3iMAi )kabblHAbI any MakcaTbiHAa Nnasmarbl aNeKTPoNuTTi aHoATay dici KonaaHbina-
Obl, 6eTTi eHaey nepcnekTnBarnbl aaiciHiH 6ipi 6onbin Tabbinagbl. KansintackaH okcnaTi 6eTTep MukponnasMmarblk eHAeY pexumiHge Typri
KeyekTinik xxeHe AambifaH 6eTi 6ap. KeyekTinikTiH KanbinTacyblHbIH cebenTepi xaHe TeXHONOrnanbIK PeXUMAEpaiH acepi 3epaeneyain
GacTankbl catbicbiHaa. Ocbl XXyMbICTa @aHOATbI MMMYNbCTIH Y3aKThIfbl, KEPHEYAi NoNsapM3aumusnanTbiH NnasMarnbl- 3MeKTponuTTi eHaey
aiciH okeuaTi xabblH 6eTTi KeyekTinik 3epTTenreH. MNpoueccTid Typni pexuMaepiHiH KeMeriMeH arnblHFaH OKCUATI KabbIHHbIH, KEYEKTIniri
14- 21% apanbifbiHAa. AHOATLI MMNYNbCTiH, Y3aKTbIFbIHbIH, ©3repyi 100- 250 mkMm, opTawa gnameTpaiH 3,3-TeH 5,4 MKM aKenin COKTbl-
paTblHbIH, XabblHHBIH MOPONOrUACKIHLIH 3epTTeyi kepceTTi. EcenTik ManimeTTep GonbiHWA XabblHHbIH, KanbIHAbBIFL! YIFaFaH cambiH,
KeyeKTinikTiH TeMeHaey ypaici 6arkanagbl, keyekTinik caHbl 6eTTiH GipniriHe kaparaHga. Ocbl ypgic okemaTiH nanga 6onybivMeH 6anna-
HbICKaH, KeyeKTinikTiH TybiHaeri TeceM apKbinbl XeaHe Ae epiTiHAIHIH iWiHAeri )XaHe KeyekTinik MaHbiHAaFbl KOMMOHEHTTEep apkacblHaa.
OcblIHbIH GaprbIfbl KEYEKTIinNiK ToNbIN KanyblHa akenin CokTbipaabl. 3epTTey KesiHae nonspusaumsanaHraH KepHeyaiH KeyekTinikke acepiHeH
maHi 100 B gen wewinreH, ic x)y3iH4e >yKa xaHe e anciH GiniHeTiH keyekTiniri 6ap »abbiH naiaa 6onagkl. KepHey 200 B 6onraH ke3ne
BeTiHe KeyekTinik KiwkeHe Bipkenki emec opHanackaH xabblH navga 6onagbl. MpoLeccTiH Xy3ere acybl nonspusaunsanaHFaH KepHeyaiH
MaHi nonsipusauusnanraH kepHeyaiH maHi 300- 400 B 6onFaH ke3ae 03bIKTbl keyek 6eTimeH Koca, abblHHbIH, KanblHAbIFbIHbIH, MIHTEHCUBTI
ecyiHe akenin corafbl. XXabbIHHbIH MakcaTbiHa kapan 6osfbill HeMece nonumMeprepain KeMeriMeH KeyekTinikTi TemeHaeTyre 6onagpi.
KeyekTinikTiH kemerimeH kendyHKLMOHanAbl KOMMO3UTTi XabblHAbl anyfa 6onaabl, coHaan-aK antoMUHUNA XeHe OHbIH, KopblTnanapblHa,
MeTann xaHe nak 6osiybl 6ap xabbliHaapFa kabaTlwa peTiHae KbI3MET eTefi.

TyniH ce3aep: NnasmarnbIK SNEeKTPONUTTIK aHoATay, MUKPOAOFanbl KblLUKbINAaHAbIPY, OKCUATI )abblH, Mmopdonorus, 6eT keyekTiniri
PE3IOME

OOHUM 13 NEepCrnekTUBHbIX MeTodoB 06paboTky MOBEPXHOCTU C LIENbIO MOMYYEHUST N3HOCOCTOMKNX, KOPPO3MOHHOCTOMKUX, TEPMO-
CTOWKMX NOKPBITUIA ABNSIETCS METOA NNAa3MEHHOTO 3NEKTPONUTUYECKOTO aHOAMPOoBaHUS. CHOPMUPOBaHHBIE B PEXMME MUKPOMa3MEHHOM
06paboTky OKCHMAHBbIE MOKPBITUS UMEKOT PasfUyHy NOPUCTOCTb U Pa3BUTYIO NOBEPXHOCTb. [puyrHbI 06pa3oBaHns MOPUCTOCTM U BIMUSI-
HME Ha Hee TEXHOMOTMYECKMX PEXMMOB HaxXoasTCA B Ha4YanbHOW CTaaumn usyyeHus. B naHHon pabote uccnegoBaHbl BNUSIHUE ANUTENb-
HOCTM @HOOHOrO UMMYNbCa, NOMNSAPU3YIOLLEro HaMPsSHKEHUs MIa3MeHHO-3NEKTPONUTMYECKO 06paboTkM Ha MOBEPXHOCTHYHO MOPUCTOCTb
OKCWOHOTO MOKPbITUS. [OPUCTOCTb OKCUAHOIO NOKPLITHSA, MOyYeHHas Npu pasnuyYHbIX peXMmax npolecca, BapbupyeTcsi B MHTepBarne ot
14 pno 21 %. WccnepgoBaHne Mopdonornm noKpbITUS Nokasano, YTo U3MEHEHUE ANUTENBHOCTU aHoaHoro umnynbeca oT 100 go 250 Mkm
NPUBOAMT K YBENUYEHUO cpeaHero anametpa nop oT 3,3 0o 5,4 MkM. o pacyeTHbIM AaHHbIM C YBENMYEHUEM TOMLLMHBI NMOKPLITUS Ha-
GroaaeTcs TEHAEHUMS CHXKEHUSI MOPUCTOCTM, KONMYECTBA NOP Ha eAVHULY NOBEPXHOCTU. [laHHas TeHAeHLUs CBsidaHa c obpa3oBaHunem
oKcuaa, kak Ha AHe nop 3a CYET NOAMNOXKM, TaK 1 3a CHET KOMMOHEHTOB pacTBOpa BHYTPU 1 OKOMo nop. Bce 310 B COBOKYNHOCTY NpUBOANT
K 3anonHeHuto nop. Npu nccnenoBaHny BAUSIHUST MONSIPUSYIOLLIETO HaMNpsKEHUs1 Ha MOPUCTOCTb ObINIO YCTAHOBIIEHO, YTO NPY 3HAYEHUU
100 B obpasyercsa ToHkoe npakTuyecku Gecnopuctoe nokpbitne. Mpn HanpsbxkeHun 200 B o6pasytoTcs NOKpbITUS C MENKUMU HEPaBHO-
MEepHO pacnpefeneHHbIMN Mo NOBEPXHOCTU nopamu. BefeHve npouecca npu nonspuaytowmx HanpsbkeHnsx 300 n 400 B npmBoguT K
WMHTEHCMBHOMY POCTY TOSLMHbI NOKPbITUSI C Pa3BUTON MOPUCTON MOBEPXHOCTLIO. B 3aBUCUMMOCTU OT Ha3Ha4YeHWs1 MOKPbITUS NOPUCTOCTb
MOXET ObITb CHUXXEHa NyTeM BBEAEHUSI B MOPbI Pa3fMyHbIX MaTepuarnosB — Kpacutenen u nonmmepos. MNopncTocTb NO3BOMSIET NONYyYUTb
KOMMO3MLUMOHHbIE MHOFO(YHKLIMOHAmNbHbIE MOKPLITUSA, @ Takke CMNyXWTb B Ka4ecTBe NMOACMONA AMNS METaNIMYecKMX U NakoKPaCOYHbIX
NMOKPbLITUIA Ha antoOMUHUM 1 ero crnaBax.

KntoueBble cnoBa: nnasmMeHHO-3NEKTPONUTUYECKOE aHOAMPOBaHWe, MUKPOLYroBoe oKCcuampoBaHne, OKCMAHOE MNOKpbITHE, Mopdo-
norna, NnoBepxHOCTHasA NOPUCTOCTb
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