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EFFECT OF SURFACE LAYERS OF STEEL ON WEAR-RESISTANCE
ION ABRASIVE ENVIRONMENTS

Abstract

Introduction and aim: The article highlights the results of experimemésearch of the impact of
different structures of steels with different thainfhardening for different temperatures) and
chemical-thermal (carburizing, ion nitriding, nit@dening) treatments for their wear resistance
in abrasive medium that simulated conditions ofek&uder running when manufacturing feed
grain mixed fodder with the additives of minergbsaite.

Material and methods: Structural steels including stainless steel. Testhiods for wear in abra-
sive environments.

Results There is a linear dependence of wear resistandeacdness in abrasive medium for al-
loys with stable surface structure.

Conclusion: For alloys with unstable structure that are ableltange under the influence of abra-
sive wear, it is necessary to take into considenatne structural state of the material surface and
wear resistance depends mainly on the completefiessictural changes in the wear process.
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WPLYW POWIERZCHNIOWYCH WARSTW STALI NA ODPORNO SC
NA ZUZYCIE SCIERNE

Streszczenie

Wstep i cel: Artykut podkréla wyniki bada eksperymentalnych wpltywuznych struktur stali
z termicznymi (hartowanie wAdych temperaturach) i chemiczno-termicznymi @wanie, azo-
towanie jonowe, nitro-utwardzanie) zabiegami dla mdporndgci scieranie w grodkachscier-
nych dla symulowanych warunkéw wyttaczarki pracej przy produkcji mieszanek paszowych
z paszowego ziarna z dodatkami saponitu mineralnego

Materiat i metody:Stale konstrukcyjne, w tym stale nierdzewne. Mebadia: zwycia wsrodo-
wiskachsciernych.

Wyniki: Istnieje liniowa zalénos¢ odporngci na scieranie na twardé sciernego w przypadku
stopdéw o stabilnej strukturze powierzchni.

Whniosek W przypadku stopéw o niestabilnej strukturzerekiy w stanie zmiedisie pod wpty-
wemscierania, konieczne jest weie pod uwag iz struktura stanu powierzchni materiatu i od-
pornas¢ na zuycie zaléy gtdwnie od kompletsoi strukturalnych zmian w procesiezyaia.

Stowa kluczoweWyttaczarkastal, odporng¢ nascieranie,saponit mineralny.
(Otrzymano: 01.06.2013; Zrecenzowano: 15.07.20E&keéeptowano: 25.08.2013)

© V. Gonchar, P. Kaplun, V. Kaplun, Y. Shala@d.3 Tribology / Tribologia



V. Gonchar, P. Kaplun, V. Kaplun, Y. Shalapko

1. Introduction

To study the influence of the structure of the aceflayers on their wear resistance the
samples were made of different steels (Tab. 1) wexe treated in various thermal and
chemical- thermal conditions (hardening for differeemperatures, ion nitriding, carburizing
and nitrohardening). This made it is possible ttawmbdifferent structures of base materials
(martensite, austenite) and the surface layersaesithide and nitride phases.

Table 1. Chemical composition of steels for redearc

No Steel grade Chemical composition, %

C Mn Cr Si Ni S P Cu
1 Steel 1 0.2 0.45 | <0.25| 0.2 | <0.25| <0.04 <0.04 | <0.25
2 Steel 2 0.45 0.6 <0.25| 0.2 | <0.25| <0.04 | <0.035| <0.25
3 Steel 3 0.8 0.25 | <0.2 0.25] <0.25| <0.028 | <0.03 | <0.25
4 Steel 4 0.98 0.3 1.5 0.25 <0.3 | <0.02 <0.027 | <0.25
5 Steel 5 2.1 035 | 12 0.2 | <0.35| <0.03 <0.03 <0.3
6 Steel 6 0.4 0.5 145 | 0.3 | <0.3 | <0.025| <0.025| <0.3

The research was carried out on a special friatiachine [1], [2] (Fig. 1) at the pressure
of 4 MPa, sliding speed of 1.37 m/s and the tentpexaof 120-140 °C in model abrasive
medium that simulated the conditions of the extrudaning when manufacturing feed grain
mixed fodder with saponite additives. Model abrasmwedium was a water solution of flour
with 10% of saponite. Saponite additive, containingre than 20 elements and microele-
ments, significantly improves the livestock yieldurthermore, mineral saponite includes

abrasive particles of quartz sand.
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Fig. 1 Machine of frictiorl - trunk; 2 - shaft with sliced it turns screw; Buck fixing samples,
4 - tank with the model solution, 5-6 - trunk lidl; base, 8-9 - samples, 10 - bush; 11-12 - bushing
with antifriction material, 13-14 - screws fixatitids; 15-16 - washers, 17 - screw fixation of séap
18 - adjusting screw of environment pressure; d&uge, 20 - pin couplings, 21 - clutch, 22 - engine
Source: Elaborated by the Authors

In the process of chemical-thermal treatment gradiardening coatings are formed on the
material surface. These coatings have differensg@hand negative hardness gradient in depth
due to variable concentrations of diffusant andcisnpounds with the metaBuch com-
pounds cause the changes in the structure of theriada Nitriding cause the generation of
a solid solution of nitrogen in irom{phase, the concentration of nitrogen to 0.1%)clvinas
lattice of bcc structure; solid solution based ompound FgN (y'-phase, the concentration of
nitrogen to 6%) with face-centered lattice; soladusion based on nitrides N (e-phase,
the concentration of nitrogen to 11%), hexagontiicka e-phase has a maximum hardness,
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high corrosion resistance, but it is very fragffephase is characterized by lower hardness but
higher ductility.a-phase has the lowest hardness. Alloying elemé&rtsMo, W, Al, V, etc.)

in the structure of the material increase the serfaardness of the material due to the forma-
tion of nitrides of alloying elements. The hardnetsteel 6 is almost 2 times higher than of
steel 2.

2. Results of the research

Table 2 and Fig. 2 show the results of the reseafsteel 5 properties (hardness, retained
austenite and wear intensity) after hardening ferent temperatures. Studies have shown
that the hardness of the nitrided layer varies whth change of hardening temperature. The
maximum hardness is achieved at 975°C when itstsirel contains the maximum amount of
martensite (44%), 36% of austenite and 20% of dabiDecrease in hardness after harden-
ing at temperatures below 975°C is explained byfdnmation of soft ferrite component in
the structure of material that is a part of trdestivhich is characteristic for incomplete hard-
ening of tool steels.

At a hardening temperature above 975°C hardnesdalseases, and this is explained the
increases of retained austenite in its structulee ihcrease of hardening temperature in-
creases the alloying of solid solution by chromiand carbon as a result of carbide dissolu-
tion. As a result, steel has more retained austemt less martensite. The hardness of steel is
continuously decreasing and at hardening temperatnove 1150°C the structure of steel 5
contains 93% of retained austenite, 5% of carbées2% of martensite.

The study of steel 5 wear resistance in model solighowed that minimum wear intensity
(1,1x10°) is achieved at 1050°C of hardening with appratity 55% of austenite, 21% of
martensite and 14% of carbides. Wear intensity08°@ of hardening was 1.65x10that is
1.5 times higher than at hardening temperature0O8C. This happens because troostite
structure contains ferrite and greater amount aftenaite. Thus, the tendency of increasing
steel wear resistance with the increased contenétained austenite in its structure and the
decreased amount of martensite is observed.

Table 2. Characteristics of steel 5 after hardening

Hardening tem- Surface Content of re- Wear intensity Surface nicrohard-

Ne perature microhardness tained austenite | 1x10° after the way| ness after friction
T,°C Hioo MPa A, % 3x10°m way 3x16 m
1 900 6900 19 1.65 7000
2 950 7090 28 1.37 7100
3 1000 7040 40 1.15 7090
4 1050 6700 55 1.1 6900
5 1100 5900 72 1.65 6300
6 1150 4800 93 2.6 4900

The tendency of increasing steel 5 wear resistatroeture with the increased amount of
retained austenite and decreased amount of mdeensgis structure at hardening tempera-
ture above 1050 ° C is likely to continue if thakslity of austenite remains constant. How-
ever, the raised hardening temperature simultahgauth the increased content of austenite
decreases its sensitivity to phase> a transformation in abrasive wear in the model sofut

As a result, the value slurfacestrengthening is reduced and the total resistemdestruc-
tion in abrasive wear of steel 5 is reduced in cangpn with the maximum value at a harden-
ing temperature of 1050°C. Fig. 2 shows that waegenisity at 1150C of hardening was
2.6x10° that is almost 2.5 times greater than at 1950
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Fig. 2 Characteristics of steel 5 depending onédaird) temperature: 1 - content of austenite A%;
2 - surface microhardnessd MPa, 3 - wear intensitiy<108
Source: Elaborated by the Authors

The ability of a large amount of retained austetateesist the destruction by abrasive wear
shows deep internal changes occurring in the aistétiastic deformation by abrasive parti-
cles in wear process causes decomposition of nabtastetained austenite into martensite.
This increases the hardness of the friction surage3). This is confirmed by X-ray studies
[3] of steel wear with high content of retainedtaunge in which the original content of mart-
ensite increased from 20% to 60%, and microhardinessased in 1.3 times.

Plastic deformation is accompanied by the sliparhe layers of material. The slip as the
result of plastic deformation is connected with thetion of a large number of dislocations
on slip area and everything that obstructs theitianaccomplicate the slipping. Therefore, the
motion of dislocations in the structure of the miales obstructed by secondary phases, at-
oms of alloying elements, granule brims and evaranaies in the lattice. Pinning of disloca-
tions generated during deformation of the matenelintains the hardened state in a material
after removal of external loads. Therefore, thecess of alloys hardening depends on effec-
tive obstruction to the motion of dislocations [Metallographic studies [3] prove that in the
process of abrasive wear the traces of plasticroftoon can be observed at a considerable
distance from the edge of the recess on the workimtace, that is 10 microns on hardened
and 30-40 on non-hardened steels. The number tdcditons in very deformed layers
reaches 24.1x10per cnf [5].

Thus, phase transformations, a large number obahsibns under the influence of plastic
metal deformation on friction surface and, as asegnence, the significant slowdown and
pinning of dislocations are the reason of incregagihility of steels with high content of re-
tained austenite to resist to abrasive wear anmease of their wear resistance.

The figure 4 shows the results of experimentalystfdhe properties of steel 5 after nitrid-
ing with previous hardening and nitrohardeningriging followed by hardening).

The studies have shown that when nitriding steeitb previous hardening the surface mi-
crohardness gradually decreases with the incrdasardening temperature on linear depend-
ence (fig. 4 straight line 3). This is caused kg iticrease of retained austenite in the structure
after hardening. During nitriding retained austerdecomposes because of low temperature
of its martensitic transformations (less than 29G&Qemperature of nitriding and its contents
after nitriding does not exceed 10% (fig. 4 cuive [1).The structure of the material is almost
stabilized due to the small number of metastableseb. The intensity afurfacewear in-
creases with the increase of steel hardening teahperthat is explained by the decrease in
the hardness of the material.
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Fig. 3 The changes of microhardness of steel msearfiyer depending on hardening temperature:
the beginning of tests (1) and after tests (2) eanin model solution (friction way 3x1fn).
Source: Elaborated by the Authors
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Fig. 4 Characteristics of steel 5 after nitridigrtinuous line) and nitrohardening (dashed line):
1-2 austenite content, 3-4 microhardness of thiaceitayer;
5-6 wear intensity after friction way 3x3.
Source: Elaborated by the Authors

At nitrohardening, unlike nitriding, hardening witihe increase of temperature the content
of retained austenite increases significantly antl1&0°C of hardening it is 91%. Maximum
surface microhardness is 9050 MPa at 900°C of hardethat is 150 MPa lower than at ni-
triding. Surface microhardness decreases depewdirige temperature of nitrohardening and
on greater amount of austenite in the structurtn@fmaterial. The minimum hardness at ni-
trohardening is 5600 MPa, that is 1.5 times leas #it nitriding. This is explained by a large
amount of retained austenite, that has low hardaeds minimum amount of martensite. The
increase of the minimum surface hardness at nitdameng to 800 MPa in comparison with
the minimum hardness at hardening is explainedbycbntent of oxide and nitride phases in
the surface. Wear intensity at nitrohardening i€lmiower than at nitriding (fig. 4 curve lines
5, 6). Minimum wear intensity (0.3xTDis achieved at 1030-105C of hardening and 45-
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55% of retained austenite, that is 1.5 times leBsnacompared with nitrided and 3.7 times
less when compared with hardened steel 5. Theastubf influence of retained austenite on
wear intensity of nitrohardened steel 5 is simtitathe regularity of its wear during hardening,
but differs in the fact that the velocity of weatansity increase after hardening temperature
of 1050°C is lower because of alloying retained austenjtaitsogen, that increases its stabil-
ity.

Fig. 5 shows the diagram of wear resistance indic@it') of various steels at abrasive
wear in model solutions with different thermal afeémical-thermal treatment. The diagram
shows that steel 5 has maximum wear resistanceraftehardening, that is 3.7 times higher
when compared with steel 20 without treatment, aln2e3 times when compared with hard-
ened steels, 2.4 times when compared with casdisteel 20 and 1.5 -1.7 times when com-
pared with nitrided steels.

3. Conclusions

* Thus, there is a linear dependence of wear resistan hardness in abrasive medium for
alloys with stable surface structure.

» For alloys with unstable structure that are ablettange under the influence of abrasive
wear, it is necessary to take into consideratiendinuctural state of the material surface
and wear resistance depends mainly on the compktesf structural changes in the wear
process.
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Fig. 5 Diagram of different steels wear at abrasiear in model solutions with different thermal and
chemical-thermal treatment: 1 — steel 1; 2 — 2délrdening); 3 — steel 3 (hardening);
4 — steel 1 (carburizing); 5 — steel 4 (hardeniBg};steel 5 (hardening); 7 — steel 2 (nitriding)
8 — steel 4 (nitriding); 9 — steel 6 (nitriding) % steel 5 (nitriding); 11 — steel 5 (nitrohardwy)i
Source: Elaborated by the Authors
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