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Summary

The present work presents the results of eledtegpfasma treatment influ-
ence on the mechanical properties and structui@dgplcondition of the surface
layers of 12Cr18Nil0Ti steel.

In the work, the mechanical characteristics of shdface layers that have
been pack cemented by electrolytic plasma with ¢benposition of 10%
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Na,CO; and 10%C3HgO3 are investigated. The operational parametershier t
processing are determined. The optimal contentoofippnents in saturating
mixtures of plasma by cementation is defined. $tmat research of the
samples was carried out by x-ray diffraction analyand optical and electron
microscopy. The comparative study of the structypbase and chemical
composition of the modified surface layers of stE2Cr18Nil0Ti is executed
after electrolytic plasma processing. Accordingthie study, after electrolyte
plasma processing, high wear resistance and hardmagased by a factor of 2
to 2.5 more than in the original condition. A hardd layer with a thickness
200-250 um is formed. It is shown that, after tleeteolyte-plasma processing
of steel 12Cr18Nil0Ti, the microstructure contapasticles of carbides and
has a fine-grained martensitic structure.

INTRODUCTION

Cathode diffusion saturation is one of the variaotsthe electrochemical-
thermal treatments of metals and alloys carried inuaqueous electrolytes
[L. 1-2]. The perspective direction of increasing the resewf the equipment
and the energy-dispersing creation of new techncdbgrocesses for obtaining
hardening and a protective coating is electrochehti;ermal hardening. In
particular, high-speed cathode cementation withdiigsequent hardening in
the electrolyte is effective for strengthening afiadl-size equipment in light
industry. Surface enrichment of low-carbonCi28Nil0Ti steel by electrolyte
heating allows the increase of microhardness, wesistance and durability
with the formation of resistant coatings by allayiand inoculation. Thus, the
application of the optimal mode of high-speed cetaéon, which improves
mechanical properties, can improve the qualityiabdlity, and durability of
surfaces. As carbon-containing compounds are usadponate sodium,
glycerine, and acetorje. 3]. The drawback of many well-known compositions
is the poor performance of electrolytes due torthegid depletion of satiating
components. Acetone and ammonia solutions aredadlun this category. In
addition, one should take into account the ineldtaixidation of the treated
surface, which has a significant impact on the asive properties of the
subject material. In the work&. 4-5], the authors observed the formation of
particles of a ferromagnetic iroru-phase) in the modified ions of carbon
austenitic stainless steel. However, the questidrihe optimisation of modes
of electrolytic-plasma cementation of the austerstieel surface to ensure its
high mechanical properties and possibilities ofirtikentrol have not studied
sufficiently.

The aim of this work is the definition of optimaloghes of electrolytic-
plasma cementation to provide maximum microhardaeslswear resistance to
the case-hardened cemented diffusion layer of st@€F18NilOTi in the
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electrolyte at different modes of processing. Asmlyof the relationship
between the temperature of processing and the hdodoess of the surface
and the development of recommendations on the fube®e properties to non-
destructive control of the parameters of case-lmdleemented layer are also
presented.

MATERIAL AND METHODS OF RESEARCH

For the study, plate samples of sizex2x5 mn? of flat-rolled steel
12Cr18Nil0Ti were produced, containing, % (mass.)2017.2 Cr, 10.7 Ni,
0.5 Ti, from 1.07 Mn, 0.032 P, 0.013 S. of Eledgitial-plasma grouting was
carried out as follows: first, the heated sampla abltage of 320 V In and the
power of the current 30-40 A within a temperatus0-856C and maintained
for 12—-14 seconds. The heating of the samplesechait the plasma, with the
sample partially immersed in the electrolyte to epth of 4-6 mm, then
lowered the voltage of up to 180 V and currentad$-25 A and kept at the
correct temperature during 5—7 minutes, after wigiahried out training in the
flow of cooled electrolyte. The electrolyte usedswan aqueous solution
containing 10% of glycerinegCgHgO3) and 15% of sodium carbonate (N&s).
The temperature of the electrolyte was Z&5t the entrance to the chamber.
Heating temperature measured using a multimeter 0BT Wwith built-in
cggomel-alumel thermocouple and varied from“®D0p to 958C with steps of
50°C.

Study of phase composition and crystalline strutof the samples were
carried out by x-ray diffraction analysis on th&frdictometer X Pert Pro using
CuK, - radiation. The morphology of the surface streetstudied in the raster
electron microscope JSM-6390LV, equipped with predinergodispersion
analysis and optical microscope MIM-7. MeasuringnoihardnessH,) was
carried out by the method of the Vickers on micddraeter PMT-3 under a
load on the indenter — 100 g.

Tests of the abrasive wear used loose abrasivéclpartin the zone of
friction and press to the sample using a rotatiraper roller. The sample was
placed in the sample-holder of the test instaltatibhe sample was pressed to
the roller with a force of 44.1+0.25 N at 60+2 rgor 600 revolutions. A
continuous supply of the abrasive material in theezof friction was assured.
The count of the revolutions was carried out frva $tart of the feeding of the
abrasive material.

RESEARCH RESULTS AND THEIR DISCUSSION

Figure 1 presents fragments of the macrostructure of théasarof steel
12Cr18Nil0Ti after etching the surface with a solutmihl0% oxalic acid for
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30-90 sec. The results of metallographic reseasstify to the fact that, on a)
the visible grain of austenite the initial conditiof the steel, to b) and c) are
visible near the borders of the granules enrichewl ¢arbides. It is known that
the formation of carbides on the limits of the graiff austenite has a direct
effect on the mechanical properties of steel. Thie, microstructure of the
hardened surface of the sample is a fine-grainedemsite structure with
dispersed inclusions insoluble carbides. A comparisf the microstructure d)
of the source and e) of the processed showed Hleaimibdification of the
surface of the carbon contributes to the crushfrgranules matrix.

X600 20ym

Fig.1 . The microstructure of the surface of steel2Cr18Ni10Ti (x300): a) the initial, b) after
treatment at the temperature of 850°C within 3 minutes, c) after processing at the
temperature of 900C for 5 min, d) original (x600), e) after processing at the tem-
perature of 95FC for 7 minutes &1000)

Rys. 1. Mikrostruktura stali X218Nil0Ti (x300): a) stan wggiowy, b) po obrébce w tempera-
turze 856C w czasie 3 minut, c) po obrébce w temperaturzé&’®@v czasie 5 min,
d) stan wyjciowy (x600), €) po obrébce w temperaturze W50 czasie 7 minut(L000)

According to the data of x-ray phase analysis,asound that austenite is
formed in the grains of dendrites and forms thesbafseutectics. The presence
of austenite in the structure is explained by tigh ftooling rate and a high
content of alloying elements. At cooling rates 602800C/sec, the diffusion
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Fig. 2. x-Ray diffractogram steel 1Zr18Nil0Ti: a) in the initial state, and b) after process-
ing at temperature 856C within 3 min, c) at a temperature of 8568C during the
5 min, d) at a temperature of 858C within 7 min

Rys. 2. Dyfraktogram rentgenowski stali (28Nil0Ti: a) stan wyciowy, b) po obrébce
w temperaturze 880 w czasie 3 min, c) po obrébce w temperaturze’850 czasie 5
min, d) po obrébce w temperaturze 85@v czasie 7 min
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decomposition of austenite and the emergence dofensite do not take place
until the end. The present and the line of phas€ Kearbides), Fe and
a- phase on the basis of Fe testifies to the emesgehmartensite quenching.

According to the data of x-ray analysis, we fouhdttthe intensity of the
linesa-phase sample were processed at a temperatur®ief Bba period of 3,
5 and 7 minutes compared with the original, haeedased significantly, as the
lines and phase E@. There is just a widening of diffraction linesatéve to the
initial state, which is explained by the fact tkttz¢ processing was taking place
in a difficult position due to the thermal impact.

Analysis of the images obtained by the method ainsing electron
microscopy allows to conclude that, as a result ebéctrolyte-plasma
processing, hamely in the cathode of cementatioeretis a change in the
surface morphology of steel. It is obvious thatteahperatures of 800-9%D
(Figure 3a) for 3min, a modified surface layer is formed fr@Mto 40 m, and
at the temperature of 850-980(Figure 3b) within 5min a modified surface layer
is formed from 42 to 55 m and within 7 minutes of processingigure 3c¢) a
modified surface layer is formed from 49 to 6p.m

Fig. 3. Modified layer on the surface of samplesf ateel after processing: a) at a temperature
of 80°C during 3 min, b) at a temperature of 908C within 5 min, c) at a tempera-
ture of 950°C during 7 min

Rys. 3. Modyfikowana warstwa wierzchnia probki staliobrébee: a) w temperaturze 8D@v czasie
3 min, b) w temperaturze ROw czasie 5 min, c) w temperaturze 45 czasie 7 min

The distribution of hardness along the thicknessthe® samples was
investigated with the help of microhadometer PMWBen the load on the
indenter of 1 N (100 g). The treated samples westet 60 times, 20 of the test
were made at a distance from the surface ofys 20 on the centre of the
sample and 20 below. It is known that the origmadrohardness of the sample
was 170-200 HV. After cementation, within the tenapere of 80090 for
3 min (Figure 4a), the microhardness of the sample was increasdd3dHV
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(4450 MPa). Within the temperature of 850-%50during the 5 min
(Figure 4b) the microhardness increased to 470HV (4700 MRa),veithin 5
minutes Figure 4c¢) saturation increased 2.5 times producing a mamariess
of 485HV (4850 MPa).

HY, HFa d

1. bz 3min $min 7 min

Fig. 4. The distribution of microhardness of the suiace layer to the bone samples of steel
12Cr18Ni10Ti: a) after processing for 3 min at 808C (1), 850C (2) and 906C (3),
b) 5 min at 850C (1), 906C (2) and 956C (3), c) 7 min at 858C (1), 906C (2) and
950°C (3) with the subsequent hardening, d) histogram &pending microhardness of
time and temperature of the electrolyte-plasma proessing

Rys. 4. Rozktad mikrotwardoi warstwy wierzchniej probki ze stali €218Nil0Ti: a) po obrob-
ce w czasie 3 min w temperaturze 80@1), 858C (2) oraz 908C (3), b) 5 min w 85%C
(1), 900C (2) oraz 956C (3), c) 7 min w 85%C (1), 908C (2) oraz 956C (3) z péniej-
szym hartowaniem, d) zateos¢ mikrotwarddci w zaleznoici od czasu i temperatury ob-
robki

It is established that, during cementation, asdilm@tion of saturation and
temperature of the treatment increases, the miodoleas increases 2-2.5 times

in comparison to the initial state.
The table below shows normal values of the losghef mass of the

samples before and after the treatment:
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Table 1. Normal values of the loss of mass of stel2Cr18Nil0Ti after electrolytic-plasma
cementation at different temperatures

Tabela 1. Wartéi ubytku masy stali 12Cr18Nil0Ti po obrébce elektyozno-plazmowej
w réznych temperaturach

The sample steel Loss of mas ram
12Cr18Ni10Ti 99

The source 0.0465

After processing

850°C, 3 min 0.0429

After processing

900°C, 3 min 0.0415

After processing

950°C, 3 min 0.0397

CONCLUSIONS

It is established that in the electrolyte-plasnacpssing of steel 12Cr18NiID
within the temperature of 800-F&0for 3min formed a modified surface layer
with a thickness from 30 to 40unat 850-95¢C within 5min from 42 to
55 mu, and within 7 minutes of processing, a layer vaamed of a thickness of
up to 49 65 m. A carbonised madified layer has a variable cotregion of
carbon in depth, decreasing from the surface tacthe of the sample, which
contributes to increased hardness and the strefgte surface.

It was found that, when processing within the terapee of 80095
within 3.5 and 7 minutes, particlessEephase carbide iron usually formed
around grains, which restricted the growth of grsire, and are also the main
phase of austeniteFe and martensite-Fe.

It is established that the increase in the time temdperature of the
electrolyte-plasma processing of steel contributesthe increase of the
microhardness from 2-2.5 times and wear resistasceompared with the
original steel 12Cr18Nil10Ti.

Acknowledgment

This work has been conducted in accordance with dbwetract with JSC
"Science Fund of the RK" on a theme "Developmedtiaimoduction of inno-
vative technology of electrolytic-plasma hardenofgthe drilling tools mate-
rial” April 2, 2010.

REFERENCES

1. Yerokhin A.L., Nie X., Leylandetal A. /Plasmbeetrolysis for surface engineering.
/I Surface and Coatings Technology. — 1999. V. £2R. 73-93.



5-2012 TRIBOLOGIA 163

2. Belkin P.N., Ganchar V.l., Davydovetal A.D. #dic heating in aqueous solutions
of electrolytes and its use for treating metal acek. // Surface Engineering and Ap-
plied Electrochemistry. — 1997Ne; 2. — P. 1-15.

3. Marentr 38404 Snonuss, HKN 12A3, MK C 23. MeTtox ¥ YCTPOMCTBO IS
paspsaHoi 00paboTku B 3aekrponure/ Muoys K. 3assin. 28.04.67 omy6i. 4.12.70.

4. Yerokhin A.L. Plasma electrolysis for surfacegi@eering/ Yerokhin A.L., Nie X.,
Leyland A., Matthews A., Dowey S.J. // Surface &whting Technology. — 1999. —
122. - P. 73-93.

5. Mirzoev R.A., Davydov A.D. «Stability of thelation front of ‘rectifying’ metals in
a passive state», Elektrokhimiya, vol. 31, no.[8,3¥7-285. 1995.

Streszczenie

W pracy przedstawiono wyniki wptywu obrobki elektrolityczno-plazmowej
na wlasnaci mechaniczne i stan strukturalno-fazowy warstwy werzchniej
stali 12Cr18Nil0Ti. W pracy badano charakterystyki mechaniczne war-
stwy wierzchniej stali cementowanej w elektrolitycaej plazmie o sktadzie
10% Na2CO3 i 10% C3HB803. Okreslono warunki prowadzenia procesu
oraz optymalny sklad mieszaniny plazmy. Badania stikturalne probek
prowadzono z wykorzystaniem analizy rentgenowskieflyfrakcyjnej, mi-
kroskopii optycznej i elektronowej. Badania porowrawcze struktury, faz i
skladu chemicznego modyfikowanej warstwy wierzchnje stali
12Cr18Nil0Ti wykonano po obrobce elektrolityczno-phzmowej. Na pod-
stawie bada stwierdzono, ze w wyniku obrobki wzrosta odporngé na
zuzywanie i twardosé (2—2,5-krotnie w odniesieniu do stanu przed obroéb-
ka). Utwardzona warstwa ma grub@é 200—-250um. Swiadczy to o tym, ze
w wyniku obrébki elektrolityczno-plazmowej stali 12Cr18Nil0Ti jej mi-
krostruktura zawiera czastki weglikbw i ma drobnoziarnista struktur ¢
martenzytyczm.






