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BORIDING TECHNOLOGIES AND THEIR INFLUENCE
ON SURFACE MODIFICATION

The results of research of the diffusion method of boriding, strengthening of the surface layer
of details from average carbon steels are carried out in the work. The analysis of physical and me-
chanical characteristics of boron coatings after chemical and thermal treatments taking into account
structural transformations in surface layers is made. The graph of dependence of microhardness of
bored coverings at the corresponding technologies of strengthening taking into account thickness of a
bored layer is constructed.
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B pobomi nposedenipesyrvmamu 0ocniodxcents oughysitinoco cnocody O0pyeanHs, 3MiyHEHHS
N0BepXHEe8020 wapy oemainell i3 cepeduvbo gyaneyeux cmanei.3pobnenuil ananiz Qizuko-mexaniunux
Xapaxmepucmux 60po8anHux NOKPUMMIe Nicas XiMiKO-mepMiuHux o6poOOK 3 Ypaxy8aHHIM CIPYKMYp-
HUX nepemeopers 6 nogepxuesux wapax.llooyoosanuii epagix 3anedzicnocmi Mikpomeepoocmi 60posa-
HUX NOKPpUMMi6 npu 6iON0GIOHUX MEXHONO2IU 3MIYHEHHSL 3 YPAXYBAHHAM MOBWUHU OOPOBAHO20 WAPY.

Knrouosi cnosa: 3smiynenns, 6opyeanus, Ximiko-mepmiuna 00pooKa, MiKpOCMpYyKmypHull ana-
J1i3, KOMOIHOBAHUL CROCIO, 6OPOSMIYYIOHULL KOMNOHEHM, MEXHOL02IYHI NPpoYyecu 3MilyHeHHS.

Problem’s Formulation

Saturation of the surface of parts with boron in modern production by chemical-thermal treat-
ment (HTO) is a common and attractive step in strengthening metal products. Boride diffusion coat-
ings have high physical and mechanical characteristics, a sufficient degree of wear resistance and mi-
crohardness. Significant disadvantages of surface hardening of harrowing technologies are low plastic-
ity of coatings and high cost of boron-containing components. In world practice, the saturation of bo-
ron-containing components of the surface of relatively inexpensive available materials is widely used.
In some cases, the technological process is used with pre-saturation of the surface layer of boron by
chemical-thermal treatment (CTT).

Analysis of recent research and publications

In world practice, hundreds of technologies have been introduced into the production of the
machine-building complex to strengthen the surface layer of parts. Important criteria for choosing har-
dening technologies are wear resistance, microhardness, physical and mechanical, operational proper-
ties of coatings. Special attention is paid to the mechanisms of formation of wear-resistant structures
of scientists, engineers and workers of the machine-building complex [1—4].

Formulation of the study purpose

On the basis of the analysis of use of the newest ways of strengthening to develop a technique

and technology of diffusion drilling, to investigate their influence on modification of a surface layer.
Presenting main material

The process of diffusion boriding of steel parts 45 is carried out in a furnace at a temperature
of 850°C in the environment of boron-containing components with a holding time of 7 hours until
complete cooling. The bored surface of the steel part 45 has three zones (Fig. 1)— boride zone with a
thickness of 20—25 um; transition zone up to 80 um thick; area of the main material. The boride zone
has a dense layer of borides such as FeB, Fe,B. FeB borides are located in the upper part of the coat-
ing, and Fe,B borides in the lower part. The transition zone has a complex structure due to the nature
of the residual stress distribution, the bond strength of the boride layer with the base metal. Therefore,
when choosing steel and boriding modes, it is necessary to take into account the influence of the struc-
ture of the transition zone, which is directly related to the ability to brittle fracture, the conditions of
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fatigue cracks, etc. At the increased content of boron rounded borides of the FeB type are formed that
is connected with formation of crystals of the wrong form — lack of elements of symmetry. These
phenomena occur when crystals growing simultaneously from many centers inhibit the growth of oth-
er crystals and disrupt the formation of the correct cut. In the direction from the surface of the boron
layer to the steel base, the volume fraction of the FeB phase decreases more intensively than Fe,B with
a structure in the form of needles — a more correct geometric shape.
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Fig. 1.Microstructure of steel 45 with boron reinforced on the top (side section): a, ¢ — in-
crease x500, b —x1500. White circle highlighted areas of textured perlite

Fig. 2 shows an X-ray diffraction pattern of sample 2 fil-523. 26,12,14. Cu-Ka radiation of the
boron surface of the steel part 45 where the phases of the borides FeB, Fe2B are clearly observed.

Despite the high hardness of FeB monoboride, its presence leads to negative phenomena —
the fragility of the reinforced layers [5—8]. Therefore, more attention and preference is given to Fe,B
crystals with the structure of the correct geometric shape.

As you move away from the surface layer, the concentration of boron decreases. The structure
has the form of a mixture of euthetics (a-Fe + Fe,B) and primary crystals of iron boride of the correct
geometric shape. The morphology of boride crystals in the surface layer is different from many similar
forms of crystals.It is likely that such a structure is formed by the combined diffusion of boron and
carbon from the surface to the depth of the material. Therefore, all formed structural components (car-
bides, borides and carboborides), which interfere with diffusion flows, dissolve at the beginning of
labor, and components with parallel dislocation to the concentration gradient are more likely to avoid
solution and grow to significant sizes[9—10]. Figures 1 and 2 show that perlite, which was present in
the initial phase of diffusion drilling, was all fragmented, while the plates of newly formed perlite are
located along the concentration gradient line and did not receive a significant degree of fragmentation.
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Fig. 2.X-ray diffraction pattern of sample 2 fil-523. 26,12,14. Cu-Ka radiation of the boron
surface of the steel part 45 where the phases of the borides FeB, Fe,B are clearly observed
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Fig.3.The schedule of change of microhardness depending on depth of the strengthened layer
and types of processing
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Conclusions
In the structure of boride coatings on steel 45 can be divided into three zones: a dense boron

layer with phases such as FeB, Fe,B, the transition zone of the upper part of which mainly has borides
of regular geometric shape, and the lower part with defective structure of boride inclusions. The third
zone is under the transition and is characterized by the original perlite-ferritic structure with separate
inclusions — products of diffusion drilling.
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TEXHOJIOT'TI BOPYBAHHS I iX BIIVIMB HA MOJIU®IKYBAHHS ITOBEPXHI
Yepuera O.T'.

Pedepar

HacuuenHns noBepxHi feraneil 60poM y cydacCHOMY BUPOOHHIITBI METOJIaMH XiMIKO-TepPMIiYHOI
00po0ku (XTO) € mommpeHnM i MPUBaOIMBUM KPOKOM TP 3MIIIHEHHI MeTaleBUX BUPoOiB. bopumHi
nudy3iiiHi TOKPUTTS MalOTh BUCOKI (Pi3MKO-MEXaHIYHI XapaKTEPUCTHKH, AOCTATHIO CTYIEHb 3HOCO-
CTiKOCTI 1 MiKpoTBeprocTi. [0 cyTTEBHX HENONIKIB MOBEPXHEBOrO 3MILHEHHS TEXHOIOTiIMH O0py-
BaHHS € HU3bKa [UIACTHYHICTH MOKPHUTTIB 1 BUCOKA BapTICTh OOPOBMIIIyIOUMX KOMIIOHEHTIB. B cBiTo-
Bilf MPaKTHL MIHPOKE BUKOPUCTAHHS HAOyBae HaCHYEHHS OOPOBMILIYIOYMMH KOMIIOHEHTaMH IIOBEp-
XHI BIIHOCHO HE KOIITOBHMX JOCTYIHHMX MatepiasiB. B okpeMux BuUmagkax BUKOPUCTOBYIOTHCS TeX-
HOJIOTTYHUH Tpolec 3 MONepeJHIM HACHYEHHAM I[OBEPXHEBOro Imapy Oopy MeTodaMH XiMiKo-
TepmigHoi 00pobku (XTO).

[ponec nudysiiHoro GopyBaHHS jAeTanel i3 crami 45 3MiCHIOEThCS B T4l IPU TeMIIepaTypi
850° C B cepenoBuILi OOPOBMIIIYIOUNX KOMIIOHEHTIB 3 BUTPUMKOIO 7 TOAWH JI0 TIOBHOT'O OCTUTaHHSI.
bopoBana nmoBepxHs aerani i3 crani 45 Mae yMOBHO TpH 30HU (puc. 1) — 30Ha OOpHIIB TOBHIMHOIO
20—25 mMxwM; mepexigHa 30Ha TOBIIMHOKO 10 80 MKM; 30Ha OCHOBHOT'O Martepiany. bopuaHa 30Ha Mae
wiapHuA map 6opunis Tuny FeB, Fe,B. bopunun FeB posramoByioTecs y BepxHiil 4acTHHI HOKPHUTT,
a OopunuFe;B B HmwxkHil yactuni. [lepexinHa 30Ha Mae cknagHy OyaoBY 13-3a XapakTepy pO3MOALTY
3aJMIIKOBUX HANpPY>KEHb, MIIIHOCTI 3B’3Ky OOpMAHOTO LIapy 3 OCHOBHHMM 0a30BUM MeTasioM. OTxke
pu BHOOPI cTami i pexxuMiB OOpyBaHHs HEOOXiJTHO BPaxOBYBAaTH BILIMB CTPYKTYPH MEpEXinHOi 30HH,
IO HalpsIMy OB si3aHa 3 3aTHICTIO 10 KPUXKOi pyiHalil, yMOB BHHHKHEHHS BTOMJICHHX TPIIIMH Ta
iHI. B cTpykTypi O0pUAHKX MOKPUTTIB Ha cTaji 45 yMOBHO MOYKHA BHIUINTH TPH 30HH: LIUTBHHUHA 00-
poBaHMii map 3 HasBHICTIO Qa3 Tumy FeB, Fe,B, mepexigny 30Hy BepxHs 4acTHHA SKOI MEpEBaXHO
Mae OOpUAM MPaBUIIBHOI T€OMETPUYHOT (OPMH, a HIDKHS YacTHHA 3 Ae(EKTHOIO CTPYKTYPOIO OopHI-
HUX BKJIIOYEHBb. TpeTsl 30Ha 3HAXOOUTHCS MiJ MEPEXiTHOI0 1 XapaKTEePU3Y€EThCS BUXITHOIO MEPIITO-
(hepUTHOIO CTPYKTYPOIO 3 OKPEMUMU BKITIOUECHHSIMH — MPOAYKTIB MU y3iHHOTO OOpyBaHHS.
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