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Summary

The research shows the results of electrolyte-magm®atment influence on
structure-phase state, mechanical properties aad-mesistance of drilling tool
steel samples. The comparative analysis of theastiercture, microhardness,
and wear-resistance of the samples in initial staig after electrolyte-plasma
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treatment is represented. It was found that 18QvNiB-Sh steel has a fine-
grained martensite-bainite microstructure aftertteatment. It was determined
that 18CrNi3MoA-Sh steel possesses high wear-easist after electrolyte-
plasma treatment and that this technology is cheniged by low power
consumption and cost. The average initial stateaghardness is 2800 MPa.
The average microhardness on the bearing lanecsuafiter electrolyte-plasma
processing is 7500 MPa. Microhardness increasesabfactor of 2 to 2.5,
indicating technology efficiency.

INTRODUCTION

As is known|[L. 1], increased requirements on quality of the surfages
automotive parts have stimulated the creationest methods of purposeful
change of phase structure and the structure of ldgérs. In particular, much
interest has been focused on the influence of cdreted streams of energy on
the surface of automotive parts. In our opiniorg thost perspective, energy-
saving, and ecologically pure technology among thgnelectrolyte-plasma
processing[L. 2]. Thus, there is a change of structure and pragsei a
material in thin layers due to the physical inflaerof ions of high-temperature
plasma and electrical energy.

The basic advantages of method electrolyte-plasmaepsing are the
possibility of difficult profile hardening, interhasurfaces and cavities; the
absence of the necessity of the special preparafisarfaces before hardening;
ecological safety (it is not required special tneait facilities). The analysis of
the existing technologies of low-carbon alloyedektproduct treatment has
allowed developers to assume that electrolyte-phasiardening can be the
most comprehensible technology for thermal hardghin3].

MATERIAL AND EXPERIMENT TECHNIQUE

For research, we have chosen 18CNflid-Sh steel (0.16-0.18%; 3.3% Ni;
0.9% Cr; 0.51% Mo; 0.44% Mn; 0.34% Si; 0.05% AIP@8% S; 0.012% P;
0.015% N; 0.01% O; 0.01% H) GOST 4543-71. The 188¥bA-Sh steel is
usually applied to surface manufacturing of ddilisels and rolling cutters. The
steel cementation processes is used on surfacee Wigh durability demands
are made on viscosity and wear resistance, andfafseurfaces which are
exposed to high vibrating and dynamic loading. Bheel can be applied at
temperatures from -70 to +4%0[L. 7].

Samples of steel 30x30x10 rhtim the size were cut from a drill bit in
initial condition with a diamond disk 1 mm thick Wwas immersed into a
cooling liquid. The cutting speed was n = 350 ratiohs per minute, with a
loading m = 250 gr (at these conditions the samdgles not test significant
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deformations and thermal influence). For metallpbia microanalysis, after
polishing with application of chrome dioxide pastections were etched by 5
% of nitric acid spirit solution.

Experimental research and mechanical tests weriedaut at the regional
engineering profile laboratoryIR'ETAC» at D.Serikbaev EKSTU of and in
scientific laboratory of sub-department «Techniphlsics». Metallographic
analysis was made using an optical microscop&k\VI» with a digital camera
«Fujifilm». The qualitative and quantitative struid phase analyses of steel
samples were made using an X-ray diffractometerPeX PRO» of
"PANanalytical" firm with application of G, radiations. The elemental
structure of samples processed in the electrotytpldsma were investigated
using a scanning electronic microscope JSM-6390LYEOL firm (Japan).
Microhardness measurements were made using a PMifi8 diamond a
pyramidion with a 1 N loading on the indentor. Tivear resistance of the
samples were estimated using weight loss in a timeas a result of sliding
friction abrasion of an abrasive disk without laamt. Weight measurements of
samples were made using electronic scales VL-1#9@vl mg precision.

EXPERIMENTAL RESULTS AND DISCUSSION

Cementation was carried out in cathodic mode wititlevel electrolytic heating in
electrolytes of the following structure: 15% sodiwarbonate water solution
Na&CO; and 15% sodium carbonate water solutionQ@ + 10% of glycerine
C3HgOs. Voltage at heating to cementation temperatur@°(@6has made at 320
Volts, and the voltage exposure interval at centientéeemperature has made at 180
Volts. Heating temperature at cementation is 83D@6After heating to the set
temperature, the samples were kept at constanetatape for 1.5, 2, 2.5 or 3,5
minutes. The subsequent hardening was made imnstifezooled electrolyte.

In Figure 1, the microstructure of 18CrNi3MoA-Sh steel befared after
cathode warming under influence of electrolyte mpias is shown. After
cathode warming with a short duration of sustaitechperature and the
subsequent hardening, the steel surface has agifame- structure due to
martensite 4—M) transformation does not proceed and there is the
disintegration of products in the stefll. 7]. An increase in sustained
temperatures up to 3.5 minutes leads to an inci&fag®in sizes.

This electrolyte-plasma processing allows a stiemggd layer with
thickness 1000 ... 1700 microns to be create@yure 2 indicates the
relationship between microhardness and processimgy The microhardness of
initial condition is 2700MPa. After processing for the sustained 1.5 minutes,
the microhardness increases to 5000 aMMVith increase in processing
duration, the microhardness decreases. It is comd@dgth the fact that at grain
sizes increase with sustained temperature progessin



150 TRIBOLOGIA 5-2012

Fig. 1. Microstructure 18CrNi3MoA-Sh steel, X100:a - to cathodic warming, after cathodic
warming at 860°C, during b — 1.5 minutes, ¢ — 2.5 minutes, d — 3mBinutes

Rys. 1. Mikrostruktura stali 18CrNi3MoA-Sh, pawszenie X100: a — przed ogrzaniem, po
ogrzaniu w 860C, w czasie b — 1,5 minuty, ¢ — 2,5 minuty, d —BjButy
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Fig. 2. Microhardness of 18CrNi3MoA-Shsteel 15% water solutionsodium carbonate
Na,CO; without glycerin

Rys. 2. Mikrotwardé¢ stali 18CrNi3MoA-Shpo obrobce w wodnym roztworze 15%eglanu
sodowego NZCO; bez gliceryny

The were resistance of samples was estimated byofosiass per unit of
time, as a result the attrition of the sample aétbrasion without lubricant.
Tests using a rubber disk with quartz saRtjre 3) were performed for
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certain time periods with a speed of 60 rpm. A&@0 disk revolutions, the loss
of mass is determined for the sample.

In presence of fine-grained martensite, a stromfase structure is formed.
It is does not collapse even with the heaviest $owh abrasion wear. The
greatest wear is observed on initial - raw samplsteel. The ferrite-pearlite
structure is easily destroyed by the abrasive. Thatonfirms the low wear
resistance of thermally unprocessed steigjure 4 presents the comparison of
processed and unprocessed steel

F
o

Fig. 3. Scheme of installation for tests on abrasn wear: 1 — abrasive (sand); 2 — sample;
3 — rubber wheel

Rys. 3. Schemat stanowiska do badanizyaa $ciernego: 1 -$cierniwo (piasek); 2 — probka;
3 — koto gumowe
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Fig. 4. Wear resistance of 18CrNi3MoA-Sh steel befe processing
Rys. 4. Odporn& na zuywanie stali przed obréhlkelektrolityczo-plazmow
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CONCLUSIONS

1. The influence of electrolyte-plasma processing rsaate the structure and
phase compounds of steel was investigated. It tebkshed that, in the
plasma layer of the electric gas category, thetiétecurrent ionises carbon
which carbonise the surface of the sample and leadthe formation
carbide phases which were formed in the water iemlubf soda ash
Na,CO; and glycerin.

2. The influence of surface hardness and the deptheotempered layer on
modes of electrolyte-plasma treatment was invegithalt is established
that after, processing of 18CrNi3MoA-Sh steel, wiardness increased
more than twice the initial condition. Abrasive weasistance of the
unprocessed steel exceeds the wear resistance pfdbessed sample by a
factor of two.

Thus, on the basis of the analysis, it has beembkshied that the most
effective way of surface hardening for the beaung track of the boring tool
is electrolyte-plasma processing. The advantagesuoh approach are low
power inputs, the simplicity of process implemeiotat and the ability to use
the process with complex configurations that waldubjected to high loads.

The present research work was done on the basitheoiCooperation
Agreement between D. Serikbaev East Kazakhstae $&thnical University,
Tomsk State Architecture and Building Universitygriisk, Russia, 2008 and
University of Otto von Guericke, Germany, 2008 iocaerdance with the
contract of Joint-Stock Company “Science Fund ef Republic Kazakhstan”
on theme «Working out and innovative technologyodtiction of electrolyte-
plasma hardening for chisel tool material » sineeénber 10, 2010.
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Streszczenie

Wyniki badan przedstawiaja wptyw obrobki elektrolotyczno-plazmowej
na stan strukturalno-fazowy, wtasndci mechaniczne i odporné¢ na zuzy-
wanie probek stali na narzdzia wiertnicze. W pracy przedstawiono
analizy poréwnawcze mikrostruktury, mikrotwardo §ci i odpornosci na
zuzywanie probek w stanie wygciowym i po obrébce. Stwierdzono,ze
martenzytyczno-bajnityczna mikrostruktura stali 18CrNi3MoA-Sh po
obrébce jest drobnoziarnista. Zauwaono, ze obrébka podwyzsza odpor-
nosé¢ stali na zuzywanie, co jest korzystne przy jej niskim zapotrzebwaniu
na moc i niskim koszcie. Wartéé srednia mikrotwardo §ci prébek w stanie
wyjsciowym wynosi 2800 MPa, natomiast po obrobce war§é srednia mi-
krotwardo sci wzrasta do 7500 MPa. Mikrotwardaé stali po obrébce elek-
tolityczno-plazmowej wzrosta wgc 2-2,5-krotnie w odniesieniu do stanu
pocztkowego, coswiadczy o skutecznéci zastosowanej obrobki.






