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Abstract. The paper presents the results of testing wear resistance of deposited metal, modified by silicon nanooxides and titanium
nanocarbides through the weld pool with scheme of its feeding by paraffin rod. It is shown that feeding both nanooxide and nanocarbide
to weld pool increase wear resistance of deposited metal up to 4 times. Both nanooxide and nanocarbide feeding to weld pool leads to
some changes in the structure increasing martensitic component and, as a result, hardness of deposited metal. In all the cases of
testing the microhardnes of deposited metal, modified by nanocarbides is higher than that with nanooxides. Volume fraction of
nonmetallic inclusions is a bit higher in deposited metal, modified by nanooxides and nanocarbides. It is proposed to use paraffin rod
as technological scheme of feeding nanocomponents into the weld pool in the surfacing processes. To increase wear resistance of
deposited metal, it is recommended in the arc welding surfacing processes to use silicon nanooxide, considering its low price and
accessibility on the market.
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1.0 Introduction

The operating conditions of machine parts and constructions are often accompanied by wear of their surfaces as a
result of various types of friction, corrosion attacks, impact loads and heat changes. One of the most common
technological processes of the reconditioning of the worn parts is arc welding, which achieves the desired working layer
on the surface of the product. Restoration of operability of worn parts can be achieved by two ways: either changing of
worn parts by new ones or applying on the worn surface a coating of the specified thickness and with the required
operating characteristics. The second way is more profitable because the cost of weld surfacing usually is not more than
30 % the whole price of the new detail.

Surfacing process effectively prolongs the service term of technological unit. To solve this problem, an important
role is given to methods that allow controlling the structure of the deposited metal. One of such methods is connected
with nonmetallic inclusions.

Over the resent years a significant role of nonmetallic inclusions, as a factor controlling cast metal structure and
properties, has been noted in publications[1-6]. Precipitation of such inclusions in the form of oxides, carbides and
nitrides in weld metal was considered to be the result of chemical bonding of the respective elements during the
solidification, whereas the inclusions proper, both of up to 1 um size range, and close to nanosized range, were given the
role of inoculators.

A positive influence of inclusions of certain composition, dimensions and distribution density on weld structure
and properties is noted in all the cases.

The main part of studies was performed for welding of low alloyed high-strength steels. The results of
investigations in this area are generalized in [7].

Information on their influence on deposited metal wear resistance is limited, although the available experience of
applying both nanooxides in plasma surfacing and nanocarbides in electrode coatings points to good prospects for their
application in surfacing processes. An insignificant (up to 0.2 wt.%) amount of nano-sized particles of tungsten carbides
was used in electric arc and electroslag surfacing [8, 9].

Fine crystalline structure of the deposited metal was achieved by applying particles both directly to the weld pool
and with welding materials. Nanodispersed carbides, bypassing the high-temperature reaction zone without being
completely dissolved, pass into the weld metal, causing its modification.
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Feeding into the weld pool aluminum, titanium and silicon nanooxides is studied in [10]. Three different schemes
feeding of nanooxides into the weld pool were used. It is shown that regardless of schemes feeding nanooxides to weld
pool leads to a noticeable increase of deposited metal wear resistance.

A special interest is related to nanotitanium carbide. Characteristics of the bonding forces in the titanium carbide
are much stronger than in all materials except diamond. The most hard carbides in wear-resistant alloys are formed with
the ratio of the atomic amount of titanium to carbon: C / Ti = 0.24 — 0.45 %. It is considered that at other equal conditions
the higher the carbide hardness, the higher the deposited metal wear resistance [11]. In literature the information about
the influence of titanium nanocarbides on the structure and wear resistance of deposited metal is absent.

The object of the work was experimental study of deposited metal wear resistance at feeding titanium
nanocarbides and silicon nanooxides into the weld pool and comparative evaluation their effectiveness.

2. Experimental Methods

Nano-components were provided to the weld pool by paraffin rod formed by the homogeneous mixture of paraffin
fractions and silicon oxides or titanium carbides nanopowders (40 nm) of pre-defined volumetric ratio. The paraffin rod
having a specified length and diameter was applied to fix nanopowders on the surface in a thin lair across the bead width
for the entire length of the deposit prior to surfacing.

In the process of surfacing when heated above 40°C, paraffin evaporates and only nanopowder remains on the
surface on which the surfacing is performed.

The tests involved the use of the 09G2S low-alloy high strength steel and the Veltek-H300PM-S filler metal wire.
Chemical composition of base and deposited metal is shown in table 1.

Table 1
Chemical composition of base and deposited metal, wt,%
Elements C Mn Si Cr S P
Metal deposited by Veltek-H300PM-S wire 0,22 1,1 0,8 1,1 0,018 0,017
St09G2C base metal 0,09 2,0 0,8

Modes of surfacing: current / = 300 A, arc voltage U =30 V, speed of surfacing =16 m / h.

For the conditions of metal-to-metal friction, wear resistance tests were carried out on a SMTS-2 type friction
machine according to the shaft-to-block scheme on samples 20 mm long and 10 mm wide. A 50 mm disk made of steel
U8 with a hardness of HB 400-450 was used as a counterbody.

Test conditions: pressure on the sample — P = 0.1 MPa; friction velocity — V' = 0.8 m / s; test temperature —
T =20°C; test duration — 2 hours with measurements every 15 min.

Samples were weighed before and after testing in accurate laboratory scales with 0,001 g error. Mass wear was
determined as the difference between the sample mass values before and after the tests.

3. Obtained Results

Testing of deposited metal welded with Veltek-H300PM-S wire showed (Fig. 1) that at feeding of nanopowders
into the weld pool, metal wear resistance is increased both in the presence of nanooxides of silicon and nanocarbides of
titanium.

Maximum effect is observed at feeding of 7 % and 10 % SiO», 5 % and 10 % TiC into the weld pool with mass
losses decreasing from Am = 0,01 g (initial bead, curve 1) to Am = 0,037-0,04 g ( curves 2,3 and 6,7), i.e. by 3,84 times.

Smaller amounts of titanium nanocarbides (0,5 % TiC, 1% TiC ) promote improvement of deposited metal wear
resistance ( compare curves 4,6 and curve 1 for initial bead), while mass losses in this case are reduced only 1,2 and
1,8 times respectively.

Microhardness measurements showed (Table 2 ) that at average value for bead initial metal HV'2,8 GPa in the other
cases increased, reaching maximum HV 4,05 GPa for 5 % TiC. In all cases microhardenss of the beads with titanium
nanocarbides is higher than the microhardness the beads with silicon nanooxide. A correlation between deposited metal
hardness and wear resistance is observed for both nano additives.

Analysis showed that initial bead metal has bainite structure with a very small amount of troostite component (Fig. 2, a).
Deposited metal with silicon dioxide is characterized by bainite-martensitic structure that, apparently, is exactly what
determines wear resistance increase (Fig. 2, b). The same type of structure is observed in deposited metal with titanium
carbides but only with a bit higher value of martensitic component (Fig. 2, ¢, d) that explains the higher microhardness.

Results of analyses of distribution of nonmetallic inclusion quantity revealed that in initial condition without
additives their volume fraction is equal to 0,29 %. In the metal of the bead with 10 % SiO» nanooxide the volume fraction
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of nonmetallic inclusions is somewhat greater and is equal to 0,34 % and to 0,3 %, 0,33% with 5 % and 10 % TiC
nanocarbide respectively.
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Fig. 1. Wear resistance of metal deposited with Veltek-H300PM-S wire: / — initial bead; 2 — 7% SiO»;
3 —10% Si02; 4 - 0,5% TiC; 5 — 1% TiC; 6 — 5% TiC; 7 — 10% TiC;

T L S 4 a9

Fig. 2. Microstructure of deposited metal without (@) and with (b) 10% SiOz2, (c) 5% TiC, (d) 10% TiC

The main regularities are studied by the results of processing the dimensions of inclusions of just spherical shape
by the parameter of equivalent circumference diameter. For instance, Fig. 3 gives the histograms by volume fraction and
distribution of such inclusions in the deposited metal for initial condition and in the presence of silicon nanooxide and
titanium nanocarbide.

In the metal for initial condition volume fraction of spherical inclusions from 6 up to 13 % is in the dimensional
range to 0,07-0,55 um and from 1 up to 4 % inclusions are in the dimensional range 0,61-1,03 pm (Fig. 3, ).

In the metal of the bead with 10 % SiO; nanooxide the volume fraction of nonmetallic inclusions from 6 up to 14 %
correspond to dimensional range of 0,07-0,49 um and from 1,5 % up to 5,5 % to dimensional range of 0,55-0,91 um
(Fig. 3, b).
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Fig. 3. Histogram of inclusion distribution in deposited metal by the parameter of equivalent circumference:
a — in the initial condition; b — with 10 % SiO2; ¢ — 10 % TiC

At addition 10 % TiC nanocarbide, the fraction of spherical inclusions in the range 0,07—0,43 rises from 8 up to
15 % and from 2 up to 6 % of spherical inclusions are in dimensional range 0,49-0,73 um (Fig.3, ¢).

Comparative analysis of the date points to an increase of volume fraction of inclusions in the dimensional range of
0,19-0,43 pm up to 14-15% at feeding both SiO, nanooxide and TiC nanocarbide. Presense of inclusions of more than
0.67 um is observed in all cases. The fact of nonmetallic inclusions coarsening in this case may be associated with their
coagulation and coalescence with nonmetallic inclusions of material during weld pool solidification.
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4. Discussion

The experimental results showed that the effect of increasing wear resistance is also observed when applying the
scheme of feeding nanopowders into the weld pool by paraffin rod. The effect of wear resistance increasing is
approximately equal to those obtained in [10]. When nanocomponents were added in the form of master alloy compacting
and sintering of homogeneous mixture of iron powders and nanopowders with specified volume ratio, or in other schemes
the mixtures after their processing in a planetary- type mill were first fixed by priming and then were applied in a thin
layer across the bead, or the same scheme for feeding just nanooxide powders into the weld pool with recalculation of
their weight fraction to weld pool volume.

Thus, in spite of different schemes and different materials used in experiments positive effect is noted in all the
cases. In relation to surfacing conditions, the scheme with paraffin rod is more technologically advanced in comparison
with the three previously studied.

The almost identical effect of increasing wear resistance when feeding into the weld pool titanium nanocarbides
compared to silicon nanooxides is somewhat unexpected. As was mentioned, the harder the carbide, the higher the wear
resistance. Carbides are the main hardening phase in hard alloys and among other carbide formers, titanium carbide has
the highest strength, its microhardness is 32,000 MPa. [12].

The data table 2 also indicate a slight increase in the microhardness of the deposited metal modified with titanium
nanocarbides. From this, we can conclude that, perhaps, in the deposited metal, the main carbide-forming element is
replaced by other elements, which can affect the properties of the formed carbides. Perhaps, there are other factors that
require additional research. The fact of the modification of the deposited metal with nanooxides and nanocarbides is
confirmed by the data on the number of inclusions present in the deposited metal

Aerosil (silicon dioxide) is manufactured on the commercial scale and, considering significantly lower price of
aerosol relative to titanium nanocarbides, is more preferable for that surfacing technology,

Table 2.
Microhardness of deposited metal
No. of the The composition of the sample Microhardness values measured HV, GPa .Average value
sample microhardness, GPa
1 Initial (without nonoadditives) 2,54 2,54 3,22 2,97 2,74 2,8
2 5% SiO2 2,97 2,74 3,22 4,2 3,22 3,27
3 10% SiO2 2,74 3,22 3,51 3,51 3,51 33
4 0,5% TiC 3,51 3,51 4,64 2,97 3,83 3,69
5 1% TiC 3,51 2,97 2,97 3,83 3,51 334
6 5% TiC 3,83 3,83 42 42 472 4,05
7 10% TiC 3,83 3,51 3,83 3,83 3,51 3,7

5. Conclusion

1. It is established that titanium nanocarbides provide the same effect on wear resistance of deposited metal as
silicon nanooxides do. Both of nanopowders may increase wear resistance of deposited metal up to 4 times.

2. Forimplementing the technology it is preferable to use silicon dioxide considering the fact that this nonopowder
is manufactured on the commercial scale and is much chipper than titanium nanocarbide

3. For weld surfacing technology using paraffin rod for feeding nanopowders into the weld pool is recommended
due to simplicity and accessibility the scheme.
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Nomenclature
I — arc current; V — friction velocity;
U — arc voltage; T- test temperature;
V — speed of surfacing; Am— mass losses;
HB — hardness tested by Brunel device; t — test duration;

P — pressure on the sample;
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CpaBHHUTe/IbHAS OLEHKA W3HOCOCTOMKOCTH NPH HAIUIABKe ¢ moja4ved B
CBAPOYHYI0 BAHHY HAHOOKCH/I0B U HAHOKapPOUI0B

B. Ky3nenos, /I. Ctenanos

Aunomayusa. B cmamve npeocmasnenvl pe3yibmamvl UCHBIMAHUL HA  UBHOCOCHIOUKOCMb — HANIABNIEHHO20 —Memad,
MOOUPUYUPOBAHHO2O HAHOOKCUOAMU KPEMHUL U HAHOKAPOUOAMU MUMAHA Yepe3 CEAPOYHYI0 6AHHY CO CXeMOU UX nooaiu
napagunosvim cmepocnem. Ilokazano, umo nooaua Kax HAHOOKCUOQ, MAK U HAHOKApPOUOA 6 CEAPOYHYIO GAHHY NOBbLUIAEm
UZHOCOCTOUKOCMb HANLABNEHH020 Memanna 00 4 paz. Ilodaua Hanookcuoa u HAHOKAPOUOA 8 C8APOUMYIO 6AHHY NPUBOOUM K
HEKOMOPLIM USMEHEHUSIM 8 CIPYKMYpe, YEeaudusas MapmeHCumnylo COCmaesisiiowyio U, Kak ciedcmeaue, meepoocns HaniagieHHO20
memanna. Bo eécex cayuasx ucnelmanuti MUKpOmMeEepOOCns HaANIAGIEHHO20 MEMALA, MOOUPUYUPOBAHHO20 HAHOKAPOUOAMU, Gbluie,
yem y HaHookcudos. Obvemuasn 0018 HEMEeMANIIUYeCKUX 6KIOUEeHUIl HECKONILKO 8blille 8 HANIABIEHHAM Memaaie, MOOUPUYUDOBAHHOM
Hanooxkcuoamu u nanoxkapouoamu. Ilpednazaemcst ucnonb306ams napapuHosble CMEPICHU 8 KAUECmeEe INEeMeHMd MexXHOL02UYECKO
cxembl no0ayu HAHOKOMNOHEHMO8 8 C8APOYHYI0 6AHHY 8 NPOYECCax HANNAGKU. Jisi NOBbIUEHUs USHOCOCIMOUKOCTU HANIAAGIEHHO20
Memania 6 npoyeccax 0y2060U HANLAGKU PEKOMEHOYEmCcs UCHOIb308aMb HAHOOKCUO KPEMHUS, YUUMbIBAs €20 HU3KVIO YeHy U
00CmMYNHOCMb HA PbIHKE.

Knioueewie cnosa: naniaska, usHococmoukoCcmy, HEMeMaIU4ecKue KII04eHUs], HAHOOKCUObl, HAHOKAPOUObLL, CMPYKMypa.

IopiBHsSIIbHA OWIHKA 3HOCOCTIMKOCTI NPH HAIUIABJIEHHI 3 BBEJEHHAM /0
3BaAPHOBAJIbHOI BAHHY HAHOOKCHAIB I HAHOKApOUIiB

B. Ky3nenos, /I. Ctenanos

Anomauia. Y cmammi npedcmagneni pesynemamu unpobysanb 3HOCOCMINKOCMI HANIAGNIEHO20 MEmary, MOoOUpikosano2o
HAHOOKCUOAMU KPEMHII0 Md HAHOKApOioamu mumany yepe3 36aplo6anbly GAHHY i3 CXeMOIO iX 68e0eHHs NapapiHO8UM CMPUICHEM.
Tloxaszano, wo nooaua nanookcudy ma HaHokapoioy 00 36aplO6ANLHOL BaHHU 30INbULYE 3HOCOCMINKICMb HANAABIEHO20 MemAy 00 4
pasie. Beeoenns y 3sapioeanviy 6anmny sAK HAHOOKCUOY, MaK i HAHOKApOIOy npuszeo0ums 00 0esaKux sMin 'y CHpyKmypi, 36inbutyiouu
Mapmencumuy Cckaadogy i, sK HAcIiOok, meepoicmb HANIA6neHo2o0 Mmemany. Y 6cix eunaokax unpobysamus MiKpomeepoicmb
HAan1agIeHo20 Memaiy, MOOUpikosano2o HaHokapbioamu, suwe, Hisic y Hanookcudig. O6'emHa yacmka HeMemaiesux GKI0YeHb Mmpoxu
Oinviua 8 HanIaeIeHoMy Memani, MOOUDIKOBAHOMY HaHOOKcUOamMu ma Hanoxkapbioamu. Ilapaginosuii cmpuscenb nPONOHYEMbCA
BUKOPUCTNOBYBAMU 8 AKOCMI eneMeHma MexHON02NHOI cxeMu nooaui HAHOKOMNOHeHmMi6 00 38aplO6ANbLHOI 6aHHU Y Npoyecax
nannagnenus. Jna nioguujeHHs 3HOCOCMIUKOCMI HANNABNEHO20 MeMANy pPeKOMEeHOYEMbCA 8 Chocodax 0y208020 HANNAGIEHHS
BUKOPUCTNOBYBAMU HAHOOKCUO KPEMHIIO, 8PAXO08YI0UU 11020 HUZLKY YiHYy mMa OOCMYNHICIb HA PUHKY.

Knrouosi cnosa: Hannasnenns, 3nococmiiikicmo, Hememanesi Bxnouenns, Hanooxcuou, Hanoxap6iou, Cmpykmypa.
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