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The article deals with problems associated with strain-hardening of Fe-C-Cr-Mn-Ti-Si
alloys with low carbon metastable austenite matrix containing 6...7 % (vol.) thermodynamically
stable TiC carbide. Objective — research kinetics of strain hardening metastable surfacing alloys
system Fe-C-Cr-Mn-Ti-Si. Comparing their workability and durability to the widely used surfacing
alloys. Main results of the research: Surfacing chromium-manganese alloy steels with the structure
of metastable austenite has high wear resistance to abrasive wear compared to the surfacing of
tungsten steel. Durability is largely correlated with the microhardness of the surface layer. With
decreasing contents of metastable austenite the hardening effect and durability reduced. For
surfacing with martensitic structure a slight strain hardening is measured. This points to the leading
role of strain hardening of austenite and phase transformations in wear resistant surfacing alloys.
During tests on abrasive wear for chromium-manganese alloy steels wear intensity decreases, but
for materials with different structure it is not typical.
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Ilempenko A. M. «BruuB aedopmaliifHOro 3MillHEHHs Ha CTPYKTYpy Ta BJIACTHBOCTI
XpOMOMApPIaHIIEBOI'O HAIUIABJIEHOTO METaIY».

PosrnsHyTi nuTaHHs, NoB's3aH1 3 AedopmaltiiiHo-pa30BUM HakienoM 1 3MinHeHHsaM Fe-C-
Cr-Mn-Ti-Si cruiaBiB 3 MajoOBYIJIELEBOIO MAaTPULIEI0 3 METAcTaOUILHOTO ayCTEHITY NpU BMICTI
6...7 %. kap6iniB TiC. IIpoBeneHi nocnimkeHHs nokasanu: HamaBieHHs 3 XpoMomapraHIEBUX
CTajiel 31 CTPYKTYpOIO 13 METAacTaOUIbHOIO ayCTEHITY MaloTh BHCOKY 3HOCOCTIMKICTH B yMOBax
aOpa3MBHOTO 3HOIIYBAHHS Y MOPIBHIHHI 3 HAIUIABJICHHSIMU 3 BOJb(PpaMoBOi cTajl. 3HOCOCTIMKICTh
KOPEJIOE 3 MIKPOTBEPIICTIO MIOBEPXHEBOTO MIAPY. [3 3MEHIIIEHHSIM 10711 METacTabUTbHOTO ayCTEHITY
CTYITIHb 3MIITHEHHS 1 3HOCOCTINKICTh 3HIKYIOThCS. JIJIs1 HamIaBiaeHb 3 MAPTEHCUTHOIO CTPYKTYPOIO
negopmMariiine 3MmilHeHHs He3HauHe. Lle Bkasye Ha Bemydy poJib AeQopMaliifHOro 3MILHEHHS
ayCcTeHITy Ta (ha30BUX NEPETBOPEHb HA 3HOCOCTIMKICTh HamuiaBiieHb. [Ipu BUIIpoOyBaHHSIX Ha
aObpa3vBHE 3HONIIYBAaHHS JJIi XPOMOMApraHLUEBUX CTajeil IHTEHCUBHICTh  3HOIIYBaHHS
3MeHIIyeThes. st MmaTepialiiB 3 HIIOK CTPYKTYPOIO 1€ HE XapaKTEepPHO.

Knrwouoei cnoea: abpazuBHe 3HONIYBaHHS; nedopMalliiHe 3MIIHEHHS; METacTa0lIbHUX

ayCTEHIT; HAIJIaBJIEHHS; XpOMOMapraHieBa CTallb.
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Ilempenko A. H. «BnusHue neopMallMOHHOTO YIPOYHEHUS Ha CTPYKTYpy M CBOHCTBa
XpOMOMApPIaHIIEBOI'O HAIUIABJIEHOTO METaslIay.

PaccMoTpensl  BOmpochl, CBsiI3aHHbIE € JA€(QOpPMAIMOHHO-(PA30BbIM  HAKJIENOM U
ynpouneHneMm Fe-C-Cr-Mn-Ti-Si cruiaBoB ¢ MalOyriaepoaucTOd MaTpHIlel MeTacTaObUIIbHOTO
aycteHuTa npu odOpazoBanuu 6...7 % TepmoauHamudecku ctoiikux kapowmmos TiC. [IpoBeneHHbIE
UCCleIoOBaHUs MoKazanu: HammaBku ¢ XpoMoMmapraHieBHX CTajled €O CTPYKTypoll U3
MEeTacTaOUIBLHOTO ayCTEHUTa HMEIOT BBICOKYI0 H3HOCOCTOMKOCTh B YCIOBUSAX aOpa3MBHOIO
W3HAIIMBAHUSA 110 CPAaBHEHUIO C HAaIUIaBKaMU U3 BOJIbGPaMoOBOM cTaimu. K3HOCOCTOMKOCTH
KOpPpEIUpyeT C  MHUKPOTBEPAOCTHIO  MOBEPXHOCTHOro ciod. C  yMEHbIIEHHEM  JIOJH
MeTacTaOUIBLHOTO AYCTEHUTA CTENEHb YIIPOUHEHUS M U3HOCOCTOMKOCTh CHIKAIOTCS. J{J1s HarmiaBok
C MapTEHCUTHOU CTPYKTYpOH nedopMallMOHHOE YNPOUYHEHUE HE3HAYUTENIbHOE, YTO YKa3bIBaeT Ha
BEIYLIYyI0 poJib J1ehOPMALIMOHHOIO YIPOYHEHUS aycTeHHWTa U (a30BbIX IMPEBpALEHUN Ha
M3HOCOCTOMKOCTh  HaruiaBok. Ilpu  ucnoblTaHusx Ha  aOpa3uBHOE  M3HAUIMBaHUE  JUId
XpOMOMApPraHIIEBUX CTajJled HMHTEHCUBHOCTh HW3HAIIMBAHMS yMeHbLIaeTcs. Jlias maTepuasnoB c
JIPYrO¥ CTPYKTYpOM 3TO HE XapaKTEPHO.

Kntouesvie cnoea: aOpa3suBHOE  W3HAIIMBaHUE; Je(POPMALMOHHOE  YIPOUYHEHHUE;

MeTacTaOMIbHBIN AyCTCHUT, HAIJIaBKa, XpoOMOMapranucBasa CTajb.

1. Introduction. Survey of prior research

Increasing durability of machine parts and tools — one of today's actual problems. A promising
solution of the problem is obtaining a metastable alloy structure. These structures are capable to “self-
organization” under the influence of deformation and wear, allowing them to adapt to the load and
obtain high exploitation properties [1-5]. The shortage of material and energy resources causes the
necessity of development new materials that contain a limited element concentration that are missing
in Ukraine raw base. Composition of surfacing alloys elaborated by the authors [1, 2] has high
technological and exploitation properties surfacing, but using molybdenum and vanadium increases
the cost of the material. Composition of surfacing alloys elaborated by the authors [1, 2] has a high
technological and exploitation properties of surfacing, but using molybdenum and vanadium as
stabilizators increases the cost of the material. The lack of a significant amount of stabilizers [3]

reduces abrasive wear resistance, also increases the tendency to crystallization cracks forming.

2. Objective — research kinetics of strain hardening metastable surfacing alloys system Fe-
C-Cr-Mn-Ti-S1. Comparing their workability and durability to the widely used surfacing alloys.

3. The research basics

3.1 Theoretical feasibility demonstration

The essence of hardening metastable structures is that metastable austenite under the loads
undergoes martensitic transformation.

Strain hardening occurs by changing the thin crystal structure. The fragmentation of grains,

crushing and splitting blocks of mosaic structures lead to the microstresses rise [3, 4]. The most
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intensive hardening accompanied by precipitation ultrafine carbides, which are concentrated on
grain boundaries and blocks preventing sliding process within them. This increases hardness and
durability of surfacing alloys under wear conditions.

Such martensite has some features. It is very dispersed and is placed inside deformation
bands. Plates and needles of martensite divide austenite grain. The formation of martensitic phase
crystals removes local stress and prevents the embrittlement. Presence of metastable austenite and
its decay during plastic deformation enhances durability. Stresses in the complicated strain-state at
the “crack tip” will decrease due to volume changes of deformation martensite transformation [1].

Summing up the research results obtained by authors [1-3] we can assume that the effect of
metastable austenite strengthening during plastic deformation is determined by the following main factors:

1. by austenite strain hardening;

2. by allocation of dispersed carbide phases;

3. by quantity and distribution martensitic phase formed during deformation;

4. by phase-hardening martensite crystal.

3.2 Methodology of research

Prediction of chemical composition and durability perform mathematical planning methods
and artificial neural networks.

Surfacing was performed by cored wire or submerged arc. Weld metal composition and
distribution of elements between phases determined by chemical and spectral methods of analysis.
The distribution of elements between phases - micro X-ray spectral analysis. As the abrasive
medium used abrasive silicon carbide fraction 120...200 microns and granite crumb. To the variant
of wearing by abrasive (SiC) the machine of the reciprocating movement of the test sample on the
surface of the abrasive opposite body was used. To test the friction on abrasive layer of granite
chips or quartz sand - a technique Hauorta.

The extent surface strengthening estimated ratio:

H,/H, = f(c,Pv,T,S),

were H, — microhardness friction surface; H,y — microhardness friction surface before the test;
¢ — chemical and phase composition of surfacing metal; P — nominal and physical pressure;

v — speed of relative friction movement; 7 —temperature; S — friction way.

3.3. Results of the research wear and surface hardening

The above (Figure 2, Figure 3) measured data values microhardness growth is most
noticeable at the beginning of testing on the way friction about 100-150 m. After passing through
the sample of 500 m path friction remains virtually unchanged. Depth of strengthening grows quite
rapidly on the path friction up to 500 m. Further changes are less intense and reaches the final value
up to 1500-2500 m. Similarly changes and wear intensity (Fig. 4).

The structure near-surface zone of 100X9I'8T4C surfacing alloy [6] is austenitic grain, and placed
on the grain boundaries titanium carbide and eutectic. Microhardness of austenite grains increases rapidly
reaching 9000...10000 MPa. Eutectic microhardness practically unchanged (Fig. 1, Fig. 2).

56 ©Petrenko A., 2016



ISSN 2079 — 1747 MammunoOymyBanus, 2016, Nel18

TexHoJioriss MAIIMHOOY1yBAHHA

Fig. 1 — Microstructures near-surface zone of friction 100X9I'8 T4C (exposure time of abrasive
wear equal to 50 m (a) and 1500 m (b)), x200
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Fig. 2 — Distribution of microhardness in the near surface layer:
a. — 150X10I'10T4C abrasive wearing (silicon carbide),
0. — 30B9X3®, opposite conterbody — P18. /. — austenite; 2. — eutectic

A more long-term effects of wear occurs structures with a high degree of biting and high
microhardness (over 10000 MPa).
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Fig. 3 — Microhardness growth (a) strengthening depth (b) wearing process fixed abrasive silicon
carbide particles: 1.— 30X10I'10T 2. - 100X9I'8T4C
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Fig. 4 — Wear: a. — Steel with metastable austenite opposite body SiC; 6. — 30B9X3<D, opposite
body — P18. 1. —steel cTans 45; 2. — 90I'9X3T4C; 3. — 150X10I'10T4C;
4. — 100X9I'8T4C; 5. — 30B9X3®d (393 °C); 5. — 30B9X3D (923 °C)

Maximal strengthening depth for all tested surfacing about the same and equal to 150-200
microns. Such a character of changing hardness and strengthening depth typical of all of the tested
materials. It is most distinct for surfacing, with austenite structure.

For type 90X2I'8T4C3 surfacing metal with a bit of residual austenite microhardness of near-
surface layer is 4400 MPa. The initial microhardness before wearing — 3950 MPa. For surfacing type
30X10I'10 with metastable austenite structure surface layer microhardness at a depth of 3.2 microns is
11000 MPa (before wearing — 3800 MPa). The change of micro hardness is 7200 MPa. For metal type
100X8I'7T4C3 (70...75 % — austenite, 20...22 % — martensite and 5...8 % titanium carbide grains)
the average of the surface layer microhardness 11000...12000 MPa (before wearing — 4600 MPa).

4. Summary and conclusions

1. Surfacing chromium-manganese alloy steels with the structure of metastable austenite has
high wear resistance to abrasive wear compared to the surfacing of tungsten steel.

2. High durability is achieved mostly by hardening the surface.

3. Durability is largely correlated with the microhardness of the surface layer.

4. With decreasing contents of metastable austenite the hardening effect and durability reduced.
For surfacing with martensitic structure a slight strain hardening is measured. This points to the leading
role of strain hardening of austenite and phase transformations in wear resistant surfacing alloys.

4. During tests on abrasive wear for chromium-manganese alloy steels wear intensity
decreases, but for materials with different structure it is not typical.
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