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The dielectric properties of MDO coatings on deformable alloys AK6 and D16T formed on an alternating
current in the regime of an arbitrarily falling power in alkali-silicate solutions have been studied. It is shown that the

increase in the oxidation time in twice (from 1 to 2 hours) leads to a decrease in the index p, in 2-5 times,
depending on the grade of the alloy and the solution composition. It has been established that the best dielectric
values p, :(4...9)~109 Q-m, E=13..14V/um are provided by coatings on both alloys formed in solution

1 g/l KOH + 6 g/l W.G. (water glass). A small advantage in terms of the value p, of 2 to 2.5 times with comparable

thicknesses have MAD layers on the alloy AK6.

The processes of microarc oxidation (MAO) or
plasma electrolytic oxidation (PEO) are used under the
surface treatment of valve metals, most often aluminum
alloys. Coatings that are formed in these processes are
polyfunctional, since they are characterized by high
values of hardness, wear resistance, heat and corrosion
resistance, etc. [1-3]. This serves as a prerequisite for
their wide introduction into various branches of science
and technology, including engineering, instrument
making, aerospace, electronics, medicine, construction,
etc. The possibilities of the MAO method are far from
exhausted; its technological parameters continue to be
actively investigated as new prospects for the effective
use of coatings appear.

It is of interest to investigate the dielectric properties
of MAO coatings in order to determine the possibilities
of their use as electrical insulating materials. In
particular, within the framework of the tasks of
radiation material science, such function can be
implemented on structural components of temperature
monitoring and control devices made of deformable
aluminum alloys with the subsequent formation of an
insulating coating by the MAO method.

The aim of the work is to investigate the
technological possibilities of microarc oxidation with
regard to deformable aluminum alloys and to evaluate
the dielectric properties of the obtained coatings.

MATERIALS AND METHODS

Experimental samples were made of two types of
deformable aluminum alloys, which are used as
constructional materials for carrying parts in instrument
engineering — D16T and AK6. The dimensions of the
samples are 20x15x1.5 mm (D16T) and &30 mm,
5 mm thick (AK6). Formation of coatings was carried
out at anode-cathode (alternating) current in the regime
of randomly falling power during 1 and 2 hours at the
initial current density 20 A/dm? Three solutions were

used as the investigated electrolytes: silicate — 12 g/l
L.G. (0:12) (L.G. — technical solution of liquid sodium
glass, density 1.4 g/dm®), alkali-silicate -
29g//IKOH+12 g /l LG. (2:12) and more dilute
1 g/ KOH + 6 g/l L.G. (1: 6).

The thickness of the coatings was measured by a
non-destructive method by vortex-current thickness
gauge NOVOTEST TP-1.

Volumetric resistance was evaluated using a
terameter E-13 at an operating voltage of 100 V.

The breakdown voltage (respectively, the electrical
strength) was measured at alternating current (50 Hz).

DISCUSSION OF THE RESEARCH
RESULTS

Analysis of the thicknesses of MAO coatings formed
under identical electrolysis conditions shows (Table)
that it depends on the alloy grade, the composition of
the electrolyte, and the oxidation time. In general, the
thickness of coatings on D16T alloy is greater than on
AKG6 ones. The advantage increases with the transition
to more “aggressive” electrolytes containing in its
composition caustic alkali — from 25...30% in a solution
of 0:12 to 80...90% in a solution of 2:12. The probable
reason of this difference is the different etching rate of
intermetallic compounds entering into alloys [4].

The thickness of MAO coatings, pm, on deformable
aluminum alloys under various conditions of

electrolysis
The composition of electrolytes
alloy 0:12 2:12 1:6
grade 1 2 1 2 1 2
hour | hours | hour | hours | hour | hours
Juer | 80 | 150 | 100 | 210 | 70 | 170
AK6 60 | 120 | 55 | 120 | 40 90
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Fig. 1. Dependence of the specific volume resistivity (a, b) and electric strength (c, d) of MAO coatings on the
oxidation time of the alloys AK6 (a, c) and D16T (b, d) in different electrolytes:
1-129g/1L.G.;2-20g/IKOH +12¢g/IL.G.; 3—1 g/ KOH + 6 g/l L.G.

—1 hour,

The subsequent measurement of the coatings
dielectric characteristics, its specific volume resistivity
and the electrical strength E indicate (Fig.1) the
predominant effect of thickness on their values. In
particular, an increase in the oxidation time, and,
correspondingly, of the thickness, in two times on the
AKG6 alloy, led to the deterioration of the p,index in

4...5 times in all electrolyte solutions (see Fig. 1,a). Less
pronounced this effect was displayed on the alloy D16T
— the corresponding decrease was 1.9...2.5 times (see
Fig. 1,b).

The fact that the dielectric properties of MAO
coatings deteriorate with increasing thickness can be
explained by the increasing heterogeneity of the phase-
structure composition, by improving the conditions for
migration and diffusion of alkali metal ions (K and Na)
under the influence of temperature, by "capturing"
current-carrying ions into the composite porous
structure of the oxide layer [5 ].

The best index p, provide coatings on both alloys,

formed in alkali-silicate electrolyte 1.6, the lowest - in
1.7..4 times, in a solution of 2:12. In general, the
coatings obtained within 1 hour in the thickness range
40...60 um on the AK6 alloy and 70...100 pm on the
D16T one are characterized by high specific resistivity

— 2 hours

(1...9)-10° Q-m, but the relative advantage of this index
(in 2...2.5 times) have MAO- layers on AKG6.

The electrical strength of the coatings E (see Fig.
1,c,d), like the specific resistivity p,, unambiguously
decreases with increasing thickness, although the total
breakdown voltage in this case increases. The latter is
associated with a decrease in open porosity and end-to-
end defects, which are a “trouble spot”, since the
electrical strength of the air in them is only 3 V/um.

The reasons for the E deterioration with increasing
the coatings thickness are the same, which lead to
deterioration p, — heterogeneity, the presence in the

composition of aluminum oxides of different structures,
mullites, sillimanites and other compounds with lower
dielectric properties.

The index E is less dependent than p, on the alloy

grade and the electrolyte composition, but a slight
advantage of 10...30% is observed in MAO coatings
formed in a 1:6 electrolyte solution; in this case the
value of E reaches 13...14 V/um.

CONCLUSIONS

Investigations of the dielectric properties of
microarc coatings formed on AC6 and D16T alloys with
alternating current in the regime of random falling
power were carried out. It is shown that the value of the
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OLEHKA JTUAJIEKTPUUECKHUX CBOMCTB MUKPOIYTOBbIX IOKPBITU
HA JE®@OPMUPYEMBIX AIIOMUHUEBBIX CIIJTABAX

1O.T'. I'yyanenko, E.K. Cesudosa, H.U. Cmenanosa, B.E. Cmpenvuuyxuii

IIpoBeneHs! mccnemoBaHus AMAIEKTpIdecKuX cBoiictB MJIO-mokpeiThii Ha AedopmupyeMbix crutaBax AK6 u
J16T, chopMupoBaHHBIX Ha IEPEMEHHOM TOKE B PEXHMME IPOW3BOJBHO MAJAIOIIEH MOIIHOCTH B IIEIOYHO-
CHJIMKAaTHBIX pacTBopax. [loka3aHO, 4TO yBENIMYCHHE BPEMEHH OKCHIOMPOBaHMS BABoe (0T 1 0 2 4) mpUBOIHT K
YXYALIEHUIO MOKa3aTens p, B 2—5 pa3 B 3aBUCUMOCTH OT MapKHu CIUIABAa M COCTaBa PacTBOpA. Y CTAHOBJIEHO, YTO
HaWITydIIAe AUdNeKTprdecKkue nokasarend p, =(4..9)-10°0m M n E =13..14 B/MKM 06eCrIeuHBaiOT TOKPHITHS

Ha obOomx cmiaBax, chopmupoBanHeie B pactBope | r/m KOH + 6 r/n1 J)K.C. HeGoxpmoe npenMymecTBo MO
3HAUEHUIO P, B 2—2,5 pa3a IpHU COM3MEPHMBIX TolMHaX uMeroT MJ1O-ciou Ha cinae AK6.

OIIHKA JIEJEKTPUYHUX BJIACTUBOCTENA MIKPOIYTOBUX IIOKPUTTIB
HA JE®@OPMOBAHUX AJIIOMIHIEBUX CIIVTABAX

FO.T'. I'yyanenko, O.K. Cesudosa, 1.1. Cmenanosa, B.€. Cmpenvhuypkuii

[TpoBeneHo mociipkeHHs AieneKkTpuuHux BiaactuBocteil MJO-nokpurtiB Ha nedopmoBanux crutaBax AK6 i
J16T, chopmoBaHux Ha 3MIHHOMY CTPyMi B pPEXHMI JOBUIBHO MaAal0dol MOTY)XKHOCTI B JIy)KHO-CHIIKaTHHX
posunnax. [TokasaHo, 1o 30LIBIICHHS Yacy OKCHAyBaHHs BABiui (Bim 1 10 2 roja) MpuU3BOAWUTH IO TOTIPIICHHS
NOKa3HUKa p, B 2—5 pasiB 3aJeXKHO Bifl Mapku CIUIaBYy 1 CKJIagy po3uMHy. BcraHoBieHo, mo Halkparii

JieNeKTpUYHi IOKAa3HUKU P, = (4...9)~109 Om-M i E=13..14 B/MKkM 3a0e31e4yloTh NOKPUTTS HA 000X CILIABAX,

ski chopmoBani B posumsi 1 r/mn KOH + 6 r/n P.C. HeBenuka mepeBara 3a 3Ha4eHHsIM p, B 2-2,5 pasu mpu
MOPIBHAHHUX TOBIMUHAX MaroTh MJIO-mapu Ha crumaBi AK6.



