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INFLUENCE OF MOLYBDENUM AND NICKEL ON PLASTIC PROPERTIES
OF BORIDE LAYER

The influence of boride layer alloying with molybdenum and nickel on its plastic properties is
investigated. Samples of steel 20, 45 and 38ChM were subjected to chemicothermal treatment at a
temperature of 950 - 1090°C for 5 hours in a mixture of boron carbide, activators NaF, Na,CO;, KBF,,
and powders of Ni and Fe - Mo. Microprobe analysis shows that nickel and molybdenum are mainly
concentrated at interphase boundaries with a high concentration of molybdenum (34.5%), which is
conditioned by the segregation of molybdenum atoms at interphase boundaries and boride layer
defects. The calculations of the total number of destruction (Z_P) and microbrittleness coefficient (K;c)
by known methods are correlated with each other and indicate an increase in boride layer plasticity on
low-alloy steels 38ChM at the saturation in the boriding mixture containing molybdenum and nickel in
the concentration of 3% and 7%, respectively. When comparing microbrittleness of boride layer
alloyed with nickel and molybdenum or nickel and molybdenum separately, it is appeared that the co-
alloying with molybdenum and nickel improves the boride layer thickness and plasticity.

Keywords: multicomponent saturation, boride layer, microbrittleness, total number of destruction,
microhardness, plasticity, relief of wear.

IIpoBeaeHo gocifzkeHHs! BIUIMBY JIETYBaHHSI OOPMIHOIO IIAapy MOJiGAeHOM Ta HikeseM Ha ioro
IJIACTHYHi BiactuBocTi. 3pasku 3i crami 20, 45 i 38XM mnignaBanun ximiko-Tepmivniii 06podui npu
Temnepartypi 950 — 1090°C BipoxoBsk 5 roaus y cymimi xap6ixy 6opy, akrusaropis NaF, Na,COs,
KBF,, nopoumkiB Ni Ta Fe - Mo. Pe3yJbTaT MiKpOpPeHTIeHOCHEKTPAJbLHOI0 aHAJII3Y NOKA3YIOThb, 110
HikeJb Ta MOJi0eH B OCHOBHOMY KOHLEHTPYIOThCS Ha Mik(asHHX rpaHUOsX i3 BHCOKOIO
KOHUeHTpauie Mouioneny (34,5%), sika o0ymoBiieHa cerperanieio aroMiB MoJifeHy Ha Mik{asHux
rpanuusx i gedexrax Gopumnoro mapy. PesyabraT po3paxyHky cymapHoro 6axy pyiinysanus (£P) Ta
Kkoediuienty mikpoxkpuxkocTi (K c) 32 BitoMuMm MeToAMKaMH KOPETIOIOTH MizK c00010 i YKa3ylOTh Ha
NiIBUIIEHHS] NIACTHYHOCTI MOKPHUTTSA, YTBOPEHOI0 HA HU3bKOJIErOBAHUX CTAJIAX NPH HACHYEHH] iX y
cymimi 151 60pyBaHHs, 10 MiCTUThL MOJIi0JeH Ta Hikesb y koHIeHTpauii 3 % i 7% Binnosiano. Ipu
NOPiBHAHHI NOKA3HUKIB MiKPOKPHUXKOCTI 00PUIHHX NIOKPHUTTIB, JIErOBAHUX MOJIi0IeHOM i HikeJieM 200
OKpeMO MOJ1i0ieHOM i HikeneM, BHABHJIOCH, 10 CHiJIbHE JeryBaHHsI OOPHJHOIO LIApy MOJi0AeHOM i
HiKeJIeM CHpHsi€ MiIBUIIEHHIO TOBINNHHU Ta MIACTHYHOCTI GOpMIHOTO HIapy.

KurouoBi cjioBa: 6araToKOMIIOHEHTHE HAacHYCHHS, OOPUAHUIN LIap, MIKPOKPHXKICTb, CyMapHHUil Oain
pyWHYBaHHS, MiKpOTBEPAiCTh, INIACTHYHICTH, PEIbEQ 3HOCY.

IIpoBeaeHo uccienoBanue BIUSIHUSA JeTHPOBAHUSI OOPHIHOIO CJIOS MOJIUOAEHOM M HHKeJeM Ha
ero miacruyeckue cpoiictea. Oopasunbl u3 cranau 20, 45 u 38XM noaBepraju XMMHKO-TePMUYECKOMH
o6paGoTke npu Temmepatype 950 — 1090°C B Teuenne 5 4acoB B cMecH KapGuaa 60pa, aKTHBATOPOB
NaF, Na,CO;, KBF,, nopomkoB Ni, Fe - Mo. Pe3yibTaThl MUKPOPEHTI€HOCIIEKTPAIBLHOI0 aHAJIU3A
MOKa3bIBAIOT, YTO HUKEJIb M MOJUGJIEH B OCHOBHOM KOHIEHTPHPYIOTCS HA MeK(a3HbIX IPAHHUIAX C
BbICOKOII KoHHeHTpauueil Moaudaena (34.5 %), koropasi 00ycioBJIeHa cerperanueii aToMoB
MoJiu0/1eHa Ha Me:Kk(a3HbIX TPaHUNaX U JAedeKTax O0pUAHOro cjiosi. Pe3yabraThl pacuera cyMMapHOro
fajula pa3pyuieHust (Z_P) u kodpdunuenta muxkpoxpynkoctu (Kic) 1Mo H3BECTHBIM MeTOTHKAM
KOPpPEJUPYIOT MeXKAy ¢000ifi W YKa3pblBAWT HA MOBBINIEHHE IUIACTHYHOCTH TOKPBHITHSA Ha
HU3KO0JIETHPOBAHHBIX CTAJSAX MPH HACHIIEHNH UX B CMeCH ISl SOpHpoBaHMsl, co/iep:Kaleii MoJudaeH
U HUKeJb B KoHuHeHTpauun 3 % wu 7% coorBercrBenHo. IIpum cpaBHeHuMm moKa3artedieii
MHKPOXpYNKoOcTeil OOPHIHBIX NMOKPBITHI{, JerHPOBAHHBIX MOJIUOAEHOM H HHKeJeM WJIH OTAeJbHO
MOJIMOICHOM M HHUKeJeM, 0Ka3a/10Ch, YTO COBMECTHOE JerMpoBaHue OOPUAHOIrO CJIOSI MOJIMOIEHOM U
HHKeJIEM CII0COOCTBYET MOBbIIIEHHIO TOJIIUHBI H IVIACTUYHOCTH OOPHIHOTO CJI05.

KiarueBble cJI0Ba: MHOTOKOMIIOHGHTHOEC HACBINICHWE, OOPHIHBIA CIIOW, MHUKPOXPYIKOCTD,
CyMMAapHBIH 6allT pa3pylIeHus, MUKPOTBEPIOCTD, INTACTHYHOCTD, pelibed) H3HOCA.
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1. Introduction

Diffusion saturation of the metal surface with one element in some cases can not
satisfy the practical requirements because does not provide a product with a complex of
the necessary operational properties. Therefore more often diffusion saturation of the
surface of metals and their alloys is carried out simultaneously by multiple elements. For
example, the saturation of steel with boron and transition metals - tungsten and
molybdenum - contributes to a greater increase in wear resistance than borating. At
saturation of the steel surface with one element, such as boron, a boride layer having a
high hardness and brittleness is formed. Due to different surface stresses on the phases
boundary FeB and Fe,B a cleavage can be formed on the surface. Boride layer alloying
(in small quantities) allows to remove signs a critical difference of residual stresses
therein [1] and to improve the surface quality.

The aim of this work is to study the influence of boride layer alloying with
molybdenum and nickel on its plastic properties.

2. Experimental procedure

Experimental samples of steel 20, 45 and 38ChM were subjected to chemicothermal
treatment at a temperature of 950 - 1090°C for 5 hours in a mixture of boron carbide,
activators NaF, Na,COs;, KBF,, and powders Ni and Fe - Mo. Metallographic analysis of
the samples was carried out using a microscope NEOPHOT 21 and microdurometer
PMT-3. To investigate the surface relief of samples and to determine the borated layer
composition the scanning electron microanalyzer REMMA - 102-02 was used.
Calculations of I mode deformations critical stress intensity factor (K;c) and the total
destruction number (Zp) were performed according to the methods [2] and [3],
respectively.

3. Results and discussion
The results of the diffusion layer investigation are shown in Table 1, and Fig. 1, 2, 3.

Table 1
The results of micro brittleness calculation by methods [2, 3]
Ne Grade Amount of alloying elements in the | Phase | Zyy Ky
of steel | boriding mixture, wt%
Fe-Mo Ni

1 38ChM 3.9 6.6 FeB 117

Fe,B 75 51-52
2 45 10 - FeB 117

Fe,B 72 4.1-42
3 38ChM 3 7 FeB 102

Fe,B 57 4.7-48
4 20 - 6 FeB - -

Fe,B 100 2.8-3.0
5 45 - - FeB - 14

Fe,B 110 29-32

Fig. 1 shows the relief of boride phases wear alloyed with molybdenum and nickel
on steels 45, 38ChM. Carbon steel has fewer defects (Fig. 1, b) and wear is carried out
over the cells, but the layer destruction is due to brittle fragments. At the saturation of
surface steel with boron and nickel a continuous borides layer thickness and relative
content of high boron phase increased, but boride layer plasticity reduced.
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(@) (b)
Fig. 1. Microstructure of boride phases wear in secondary electrons: (a) — steel 38ChM (N\el, table 1),
(b) — steel 45 (Ne 2, table 1).

mm 0. 00kY

Fig. 2. The relief of boride phases wear in secondary electrons for steel 20 (\e4, table 1)

Fig. 2 shows the relief of boride phase wears with cleavage of the boride layer
alloyed by nickel. According to X-ray spectral analysis, nickel in small amounts (0.5%) is
present in the composition Fe,B only at the saturation temperature of 1000 ° C and above.
At temperatures of 900 - 1000°C Ni is allocated on the boride phases boundaries.

Fig. 3. The microstructure of borides (x1200, in secondary electrons) on steel 45 with points
for electron microprobe analysis (1 - 0.5% Mo, 2 — 34.28 %Mo).

At the saturation of surface with boron and molybdenum a total thickness of
continuous boride layer decreased (130 microns or less), but a monoborid iron
microhardness and micro brittleness increased [4]. It indicates that the molybdenum
effect on Fe,B microbrittleness is much weaker. Microcrystalline carboboride inclusions
of (Fe,Mo);(C,B) appeared in a sublayer under the needle.
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At the surface saturation with boron, nickel, and molybdenum, the continuous
borides layer with thickness of 150-170 microns, microhardness H, = 13-15GPa and
microinclusions with increased microhardness (H, = 24-25GPa) in diboride layer and
with the lowest total number of destruction (Z,¢) was obtained (Table 1). The micro
X-ray spectral analysis shows that the nickel and molybdenum are mainly
concentrated at interphase boundaries. Fig. 3 shows zones with a low content of
molybdenum (point 1) and the zone (point 2) where there is an accumulation of
molybdenum (high percentages). Low concentration of molybdenum in the Fe,B
phase is due to weak boride forming ability of molybdenum. Molybdenum presence
in this phase is caused by the ability to dissolve molybdenum in iron on the
replacement mechanism [4]. The high concentration of molybdenum (34.5%) in point
2 (fig. 3) is due to segregation of molybdenum atoms at interphase boundaries and
boride layer defects.

There are only traces of nickel on the boride phase boundary, but nevertheless its
modifying effect influences the boride layer thickness, promoting the growth of layer.
When comparing micro brittleness of the boride layer alloyed with nickel and
molybdenum or nickel and molybdenum separately, it appeared that co-alloying with
molybdenum and nickel improves the boride layer thickness and plasticity (Table 1).

5. Conclusions

Thus, co-alloying of boride layer with molybdenum and nickel promotes the
formation a complex coating with elements of different microhardness and increased
resistance to brittle fracture, while preserving its thickness and microhardness. The
calculations of the total number of destruction (Zr) and micro brittleness coefficient (K;¢)
by known methods are correlated with each other and indicate an increase in boride layer
plasticity on low-alloy steels 38ChM at the saturation in the boriding mixture with
containing 3% and 7% of molybdenum and nickel, respectively.
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