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Article deals with the improvement of wear resistance of machine components which may
be achieved by an adequate selection of abrasion resistant materials. Iron-based alloys with
chromium, manganese, titanium, in combination with boron and carbon have been selected as
hardfacing alloys due to their high hardness and wear resistance. Research studies shown the
following main results. Hardfacing macrocracks take place on the surface of deposited layer (metal
with no boron) and microcracks of various lengths located in the deposited metal as well as in a
fusion zone. Addition of boron to the deposited metal results reduction of amount of microcracks.
Qualitatively the effect of increasing boron concentration on the phase composition of deposited
metal both groups is identical, as for alloys without titanium, or with it. The proportion of boron-
containing eutectic grows, and the martensitic-austenitic matrix decreases accordingly. Correlation
between eutectic part and deposited metal hardness is shown.

Key words: hardfacing; alloying; boron; titanium; phase composition; cracks; fusion; zone;
abrasive wear.

Ilerpenko A. M. «BrummB neryBanss 60poM Ta TUTAaHOM Ha (ha30BHI CKJIAJ] Ta BIIACTUBOCTI
HAIUIaBJIEHOTO METAIy».

VY cTarTi po3riasAar0ThCA MUTAHHS MIABUIIEHHS 3HOCOCTIMKOCTI JeTaliell MallluH, sIKe MOXeE
OyTH JOCSTHYTO IILISXOM a/I€KBAaTHOTO MiI00pY 3HOCOCTIMKOro HarmjaBieHoro metany. CruiaBu Ha
OCHOBI 3aJli3a 3 XpOMOM, MapraHiieM, TUTaHOM, B IIO€JHAHHI 3 OOpoM 1 ByryeneM Oynu oOpaHi ams
JOCIIIJKEHHSI y 3B'SI3Ky 3 iX BHCOKOIO TBEPIICTIO 1 3HOCOCTIHKICTIO. JIOCHIIKEHHS IMOKa3aiu
HACTYIIHI OCHOBHI pe3yjibTaTH. MaKpOTIpUIMHU B 3HOCOCTIMKOMY MIapl pO3TalIOBYIOThCS Ha
noBepxHi. MIKpOTPIIIMHY — B HaIUIaBJICHOMY MeETall, a TaKOX Yy 30HI1 ciuiaBieHHs. JloGaBku 6opy
3HIKYIOTh KUIBKICTh MIKPOTPIIIMH. SIKicHO edeKT 30UIbIIeHHs] KOHIEHTpalii 6opy Ha (a3oBuii
CKJIaJl HAIJIaBJICHOTO METally OJHAaKOBHM Al 000X IpyH: K IpH JEryBaHHS TUTAHOM, Tak 1 6e3
HbOT0. YacTka OOpPBMICHOT €BTEKTUKH 3POCTAE, a MAPTEHCUTHO-AYCTEHITHOT MaTPHUIll 3MEHILIYETHCS.
[IponemoHcTpOBaHa KOPELil MDK YaCTKOIO €BTEKTHUKH 1 TBEPAICTIO HAIJIaBICHOI'O METaly.

Knrwouoei cnosea: 3HOCOCTIIKE HAIUIABIICHHS; JIETYBaHHs;, Oop; TUTaH; (a30BU CKIa;
TPIILIMHY; 30HA CIUIaBJIEHHS; aOpa3uBHUIM 3HOC.

Ilempenko A. H. «BnusHue nerupoBaHusi OOpOM M TUTAaHOM Ha (a3o0BBIM COCTaB U
CBOMCTBA XPOMHUCTOI'O HAILJIABJIEHHOI'O METAJLIIa.

B cratbe paccmarpuBaroTCsl BOMNPOCHI MOBBIIMIEHUS HM3HOCOCTOMKOCTH JeTajeld MallluH,
KOTOPOE MOJKET OBbIThb JOCTUIHYTO IIyTE€M aJIeKBaTHOIO NOJ00pa M3HOCOCTOMKOIO HAIUIABJIEHHOTO
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Mmerauia. CraBbl Ha OCHOBE JKelle3a C XpPOMOM, MapraHieM, TUTaHOM, B COYETaHUH C OOpoM U
yraepogoM ObUTM  BBIOpaHBI JUIS HWCCIICIOBAHUS B CBS3M C WX BBICOKOM TBEPAOCTHIO U
U3HOCOCTOMKOCTBIO. VccienoBaHus Moka3aym CIeIyIoUIe OCHOBHBIE Pe3yabTaThl. MaKpOTEpILUHBI
B M3HOCOCTOMKOM CJIO€ DPACIONAraloTCsl Ha IOBEPXHOCTU. MMUKpPOTPEIIMHBI - B HAIUIABICHHOM
MeTajle, a TaKkKe B 30HE cIulaBieHus. JloGaBku Oopa CHMXKAIOT KOJMYECTBO MUKPOTPELIUH.
KauectBenno s ekt yBenmueHus: KoHIeHTpauu 6opa Ha (a3oBblii COCTaB HAIUIABJICHHOIO MeTalia
OJIMHAKOB /ISl 00EMX TPYIIL: KaK Ipu JErHpoBaHUM TUTAHOM, Tak U 0e3 Hero. Jloyis Gopcoaepkarieit
ABTEKTUKH PACTET, a MApPTEHCUTHO-AYCTEHUTHOW MaTpHIlbl yMeHblIaercsd. lIpomeMoHcTpupoBana
KOppeIsLus MEXIY J0JIel 3BTEKTUKU U TBEPAOCTHIO HAIUIABJICHHOTO METaJlIa.

Knwouesvie cnosa: n3HOCOCTONKAs HAIIaBKa; JISTMPOBaHUE; O0p; TUTaH; (pa30oBbIi COCTaB;

TPEILHHBI; 30Ha CIUIaBJICHUS; a0pa3uBHBIA U3HOC.

1. Introduction. Survey of prior research

Abrasive wear happens when a hard object is burdened against particles of a substance that
contain identical or superior rigidity. Any material, even if the bulk of it is very soft, may cause
abrasive wear if hard particles are in attendance [1]. Wear resistance of materials can be improved
through bulk treatment and applying a wear resistant surface onto a cheaper core material [2-5].
While bulk treatment has been practiced for a long time, surface treatment is fairly recent and
attains growing importance. Thus the use of coatings is an extremely attractive means of providing
inexpensive, easy to fabricate metals with the special properties of materials that may be expensive,
and often unworkable, at little increase in cost [2].

Improvement of the wear resistance of machine components may be achieved by an adequate
selection of abrasion resistant materials for the deposition of hardfacing layers on the bulk parts. The
addition of alloying elements and rapidly solidified fine crystalline microstructure containing finely
distributed hard phases can exhibit an excellent combination of hardness and toughness of the hardfaced
alloys [3-4]. Coarse hard phases and high hardness are important to achieve high abrasion resistance.

The hardness of the hard phases and/or the hardness of the matrix should be higher than the
hardness of the abrasive [4]. Iron-based alloys with chromium, manganese, titanium, in combination
with boron and carbon have been selected as hardfacing alloys due to their high hardness and wear
resistance gained by the precipitation of different abrasion resistant hard phases. The high chromium
irons are widely used for hardfacing of industrial components in mining, cement plants, thermal
power plants and iron and steel industries due to their higher hardness and excellent abrasive
resistance which attributed to the formation of chromium carbides [2,6,7]. The wear properties are
affected by the microstructures and weight fraction of eutectic or primary carbides. So the wear
resistance of a hardfacing alloy depends on many factors such as the type, shape and distribution of
hard phases, as well as the toughness and strain hardening behavior of the matrix [2]. For this reason,
the concordance between the carbide eutectic and matrix should be investigated too.

2. Experimental study

Boron alloying is also widely used in welding using fluxcored wires and strips for obtaining
of abrasive-resistant deposited metal [7]. In this situation it plays a role of a main alloying element
taking part in formation of hard and wear-resistant carbides and carboborides of transition metals.
Content of boron in such a type of deposited metal 1.5-3.5 wt.%.

©Petrenko A., 2017 119



ISSN 2079 — 1747 MammHoOyyBaHHs, 2017, Ne19

TexHosoriss MalIMHOOy1yBaHHS

Investigated in the present work hardfasing steels can be divided into two groups: "R" - the variation
of boron concentration in the deposited metal and "RT" - with a boron and titanium variations (Table 1).

Table 1 — Deposited metal chemical compositions

Elements concentration, %

Neprototype =\ TS Tcr | B | Ti
i 20 |220] 04687 - | -
2 2380 3,0 | 04890 - | -

3(R)  |2.66]270]043 88005 -
4([R) |1,86]2900,57]7,0]011 -
5(R) | 1,80]2,57/054]68]025] -
6(RT) | 1,67 | 121]0,44| - | 0,23 1,52

7(RT) | 1,80[123]047| - | 03 1,52
8 (RT) |2,08|1,32]0,76| - | 0,68 |2,80
9(RT) | 1,77|1,40]0,76 | - | 1,10] 3,00
10(RT) | 1,86]1,38/0,90| - |0,35]2,89
11 (RT) | 1,64|1,41/088] - |045]3,02

Pilot flux-cored wires of 2 mm in diameter with different boron content were manufactured
for obtaining and investigation of the samples of deposited metal with indicated chemical
composition. Single wide-layer hardfacing of samples was carried out at reversed polarity direct
current using mode with 150-160 A current, 19-21 V voltage, 35 mm range of electrode oscillation,
5.5 m/h welding speed and 1.8-2.2 mm thickness of deposited layer.

3. Results and discussions

Visual examination of the deposited samples showed that the macrocracks take place on the
surface of deposited layer with no boron content and microcracks of various lengths and level of
opening located in the deposited metal as well as in a fusion zone are present in the microsections.
Nucleation of microcracks takes place, as a rule, in the fusion zone at the places close to the areas of
ledeburite colonies (Fig. lb) Then they easily propagate in the whole volume of the deposited metal.
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Fig. 1 — Microstructure Fe-C-Cr-Mn weld metal B and Ti
alloyed and fusion zone (compositions No. 6, 8) [8]
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Partially melted zone (PMZ) has the “light lamellar zone” close to fusion boundary. It is
quite clearly divided into two sections (Fig.1):

* Bright structureless zone, located mainly in its upper part,

* Needle structure zone adjacent to the base metal.

The microhardness of structureless part of “light lamellar zone” approximately equal to the
hardness of austenite deposition. Hardness of needle-like structure is characteristic to bainite or
bainite-martensite structure. Assuming, this case the initiation of cracking or lamellar tearing is the
shear stresses occurring in the light lamellar zone [8].

Increase of boron content results reduction amount of microcracks. Single microcracks take
place at boron concentration 0.18-0.20 % more. Boron microalloying more than 0.2 wt.% makes not
observable influence on crack resistance of the deposited metal. It was determined by
metallographic examinations that products of austenite decomposition (ferrite-pearlite mixture) and
carbide-cementite phase are two main phase constituents of microstructure of the deposited metal.

There are also areas of ledeburite eutectics located in the fusion zone that have
“honeycomb” structure, that is character for low-alloyed cast iron of hypoeutectic composition.

Qualitatively the effect of increasing boron concentration on the phase composition of deposited
metal both groups is identical, as in the alloys without titanium, and the alloying of this element. The
proportion of boron-containing eutectic grows, and the martensitic-austenitic matrix decreases accordingly.

Evolving carbides (TiC) reduce matrix carbon concentration, microhardness of eutectic and

integral hardness for surfacing with minimal (0,3...0,35 %) boron concentration (Fig. 2.).

Increasing boron concentration to

58 O/l—o // 0.60...0.70 percent determines the hardness of

% 56 /;/ /.//—o the alloys with titanium, and microhardness of

g 51 | | . the eutectic increases less intensively than in

E L L / | } the group "R" (Fig. 1) that can be associated

with the substance of carbides TiC. The

0 possibility of evolving of appreciable amounts

0"20 0"40 0.60 0180 1',00 1:20 of nitrides of titanium is low, as the nitrogen

‘ Boron concentration, % ‘ concentration for single-layer and double-

Fig. 2 — Hardness of he deposited metal variable ~ 1ayer ~ hardfasing are  respectively
boron and titanium concentration: 0,008...0,022 % and 0,033...0,038 %.

1-1,7% C; 1,55% Ti; 0,45% Si; 1,2% Mn;

: i The influence of thermal conditions
2-1,75% C; 2,9% Ti; 0,8% Si; 1,4% Mn

on the phase composition shown on Fig. 3,

Fig. 4. Decreasing of hardness due to a change in the structure of the products of decomposition
solid solution, and some reduction in the fraction of eutectic.

Deposited metal with higher level of boron and titanium has less structure changes and

hardness after welding with preheating. Eutectic fraction, which significantly affected mechanical

properties and wear resistance deposited metal is calculated as:
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5,2 C=C
Cc-C.

where: C, C,, C. — carbon concentration in the deposited metal, eutectic, and austenite, %.

C.=4,26-03(Si + P)-0,4S +0,03Mn—0,07Ni - 0,07Cr, %

C,=2,01-0,158-0,3P +0,04(Mn-1,75)-0,09Ni - 0,07Cr, %
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Fig. 3 — Phase composition and hardness of
deposited metal is 1.7%; a 1.55% Ti, 0.45% of
Si; 1.2% of Mn:

1, 2 —initial hardness and after tempering (853 K).
3, 4 — quantity of austenite decomposition
products and the eutectic, respectively

Fig. 4 — The influence of four-time temper
(t =84 h) on the hardness of the deposited metal

Our experiments confirmed a satisfactory convergence fraction of eutectic calculated by the
equations and the method of quantitative metallography. Relatively thin (12 mm thick) plates of
medium-alloyed cast irons system C-Cr-Mn-Si-Ti was studied. Casting was carried out using copper
massive forms, which provided a cooling speed close to the typical values during arc welding. Curves
metal hardness eutectic quality for each of the three groups creating total function HRC=f(e) (Fig. 5).

Possibility of using  predicted

60— | | AATA expressions for' ?pproximate. calculatio'n
. ,’./-/o amount of eutectic in the deposited metal, is
T 3 indirectly confirmed by the similarity of
é 50 structure: finely branched structure of
g s dendrites and dispersion of cementite. The

structure of deposited metal is martensite or

30 40 50 60 70 bainite, residual austenite and carbides.

‘ Eutectic, K ‘

Experimental studies confirm

satisfactory convergence predicted values for
the
formulas and the method of quantitative metallography.

Fig. 5 — Relationship between integral hardness

and eutectic fraction

fraction of eutectic, calculated by
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Summary and conclusion

1. Boron addition to the deposited metal results reduction amount of microcracks. Single
microcracks take place at boron concentration 0.18-0.20 % more.

2. Qualitatively the effect of increasing the boron concentration on the phase composition of
deposited metal of both groups is identical, as in the alloys without titanium, and the alloying of this
element. The proportion of boron-containing eutectic grows, and the martensitic-austenitic matrix
decreases accordingly.

3. The influence of welding conditions on the eutectic fraction, and the abrasion resistance

of a weld metal has allowed to construct a dependence of the phase composition and hardness.
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