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Abstract. Pores coming to the surface can cause a violation of the tightness of the valve when the valve is closed, as
well as be a focus of erosive destruction, especially in conditions of high-speed flows of the medium. Pores also con-
tribute to the corrosive destruction of metals, since under the influence of certain aggressive media, they increase in
size and cause a breach of the tightness of the gate. In the presence of carbon dioxide, nitrogen absorption by the weld
pool metal increases and the tendency of the deposited metal to form pores decreases. The introduction of carbon
dioxide of at least 30% to nitrogen makes it possible to obtain a dense deposited metal due to its better absorption of
nitrogen. A significant factor reducing the formation of pores from nitrogen in the deposited metal 10X17H8X5G2T is
the content of ferrotitane in the charge of the PP-AN 133 powder wire. The titanium content in the deposited metal
should be within 0.2...0.4%. A further increase in the concentration of titanium leads to a deterioration in the forma-
tion of the deposited metal and to an increase in the amount of slag on the surface of the deposited layer.
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Introduction

One of the most important conditions for the sta-
ble operation of the valve of pipe fittings is to obtain
a dense, pore-free deposited metal on the sealing
surfaces.

Pores coming to the surface can cause a violation
of the tightness of the valve when the valve is closed,
as well as be a focus of erosive destruction, especial-
ly in conditions of high-speed flows of the medium.
Pores also contribute to the corrosive destruction of
metals, since under the influence of certain aggres-
sive media, they increase in size and cause a breach
of the tightness of the gate. Various kinds of abrasive
particles can be introduced into the pores, which are
the source of the formation of scratches on the rub-
bing surfaces and their premature wear. Pores are not
allowed at all on the rubbing surfaces of pipe fittings
of conditional passages up to DN 80 mm, and a very
limited number of pores are allowed on conditional
passages over DN 80 mm [1].

Therefore, the research and development of tech-
nology for surfacing friction surfaces of fittings in ni-
trogen and nitrogen-containing gas mixtures to iden-
tify patterns of pore formation and their prevention
in the deposited metal is one of the main objectives
of the study.

Prevention of nitrogenous porosity. An effective
means of preventing or inhibiting the release of gas

BEZE from the melt and the formation of gas bubbles and

pores is to increase its solubility in the molten metal.
This makes it possible to reduce the supersaturation
of the metal, i.e. to have a minimum difference be-
tween the amount of dissolved nitrogen in the weld-
ing bath and its equilibrium concentration and, thus,
to reduce or completely eliminate the release of gas
from the liquid metal bath.

V.V. Podgaetsky [2] found that three main factors
are required to reduce nitrogenous porosity:

1. Limiting the dissolution of nitrogen in a liquid
electrode metal and a metal bath to a value less than
the limit of the solubility of nitrogen in a liquid metal.

2. Increasing the solubility of nitrogen in a solid
metal.

3. Nitrogen binding in the weld metal into per-
sistent nitrides.

These three directions complement each other
and require a specific approach in the development
and application of various surfacing materials and
surfacing technology.

To increase the solubility of nitrogen in the de-
posited metal, the presence of nitrogen oxide on the
surface of the welding bath contributes. Then the
mechanism of nitrogen dissolution in the presence of
nitric oxide can be represented by the scheme

[1\101
NO+[Me]=(Me)+N+[Me]=MleN 1)

(V] [MeN]



Nitric oxide is adsorbed at the surface of the weld
pool and then reduced by iron or other elements. The
reduced nitrogen is dissolved in the metal in the form
of atoms or nitrides.

At the same time, the absence of nitric oxide af-
fects the process of nitrogen dissolution. It occurs
mainly in the arc column at the end of the electrode,
where there is a large concentration of active atomic
nitrogen. This is proved by the fact that with an in-
crease in the residence time of molten metal droplets
at the end of the electrode, with a decrease in welding
current and an increase in arc voltage, the nitrogen
content in the metal increases markedly.

The presence of nitrogen oxide allows addition-
al absorption of nitrogen by the metal on the surface
of the welding bath, where the temperature is lower
than at the ends of the electrode and where there is no
active atomic nitrogen.

N+2C0, = 2C0,+2NO, @)

N, + 0, = 2NO. 3)

Under the conditions of arc surfacing in nitrogen
in the presence of carbon dioxide and the product of
its dissociation — oxygen, nitric oxide is formed by the
following reactions:

N,+0,=NO+0, (4)

O+N,=NO+N. ()

Thus, the presence of carbon dioxide in a mixture
with nitrogen contributes to a better absorption of ni-
trogen by the deposited metal and at the same time
reduces the amount of nitrogen released to the metal
surface during the crystallization of the weld pool.

Formation of nitrides. The affinity of any element
to nitrogen can be characterized by t e value of the
free energy of the formation of the corresponding
nitride. The higher the thermodynamic strength and
the greater the activity of the nitride-forming element,
the lower the pressure at which the nitride phase is
formed (Table 1). The table shows that the most ther-
modynamically strong nitrides are Ti, Zr, Ce.

Depending on the presence of alloying elements
in the melt having different affinities to nitrogen, the
nitrogen activity coefficient also changes. The coef-
ficient of nitrogen activity in the melt with alloying
elements fN(Me—j) is determined from the ratio [2].

~_ [N]Me
fN(Me_])_We—j' (6)
where [ N]Me — nitrogen concentration based on the
alloy;

[ N]Me—j - the concentration of nitrogen in an al-

loy with alloying elements.

At constant PN2 and T, if the alloying element in-
creases the nitrogen activity coefficient, then the sol-
ubility decreases, and vice versa.

By introducing nitride-forming elements Ti, Al,
Zr, Nb, V, Mo, porosity caused by nitrogen can be
prevented. The formation of nitrides prevents the
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Table 1 — Values of enthalpy of nitride formation [3]

Element Nitride H°, kcal/mol
Al AIN -76,5
Si SizN, -44,0
Ti TiN -80,5
Zr ZrN -87,5
Nb NbN -42,0

Cr,N -58,6
cr CrN -25,6
Mo Mo,N -28,2

FeuN -16,6
Fe FeN 1,1
Co Co;N -2,7
Ni NisN +2,0
Ce CeN -78,0
W W,N 17,0

release of nitrogen in the free state. Nitride-forming
elements bind nitrogen in the liquid metal into per-
sistent nitrides and, thus, prevent the nucleation of
gas bubbles.

To determine the optimal amount of Ti required
for the introduction of PP-AN133 powder wire into
the charge, which excludes the formation of pores in
the deposited metal, and also ensures the satisfacto-
ry formation of the deposited roller, several variants
of 10X17N8X5G2T type powder wires with different
ferrotitane content in the charge were studied.

Surfacing was carried out on plates made of steel
20 with a size of 200x 100 x 16 mm from one to five lay-
ers in a protective atmosphere of CO,, N,, CO, + N,.
The scheme of the installation for the study is shown
in figure 1.

The nitrogen content in the mixture was 30, 50,
70%. Surfacing mode: welding current — 200...220 A;
arc voltage — 26 V; VH =20.5 m/h.

The tendency of the deposited metal to form
pores, depending on the composition of the protec-
tive atmosphere and surfacing modes, was assessed
by color flaw detection according to OST 5.9537-80,
sensitivity class 2 and radiographs obtained by X-ray
transmission of the deposited samples with the RUP
150/300 X-ray apparatus according to OST 5.9095-77
on the RT-1 film.

Results

The results of the experiments (Table 2, Figure 3)
revealed a significant influence of the titanium con-
tent on the tendency of the deposited metal to form
pores, depending on the composition of the protec-
tive atmosphere.

With a FeTi content of 0.5%, pores appear already
in the first layer. The surfacing of subsequent layers
increases the tendency to pore formation. With an in-

crease in the percentage of nitrogen in the protective [ 25 |
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1 — gas cylinders; 2 — post reducers; 3 — rotameters RS-3; 4 — rotameter RS — 3A; 5 — pressure gauge;
6 — protective atmosphere supply hose; 7 — welding rectifier; 8 — surfacing wire;
9 — wire feeding mechanism; 10 — gas-electric burner; 11 — surfaced the plate

Figure 1 — Scheme of the surfacing plant for technological research

Table 2 — Titanium content in the deposited metal depending on the composition of the protective atmosphere
(three-layer surfacing)

) Ferrotitane content in the wire, %
at;?::;::’: o | 05 1,0 1,5 2,0 2,5 3,0 3,5 4,0
Titanium content in the deposited metal, %
CO, 0,04 0,08 0,12 0,13 0,16 0,18 0,25 0,28
70CO, + 30N, 0,04 0,09 0,13 0,13 0,17 0,20 0,26 0,29
50N, + 50CO, 0,05 0,10 0,13 0,14 0,18 0,20 0,26 0,30
30CO, + 70N, 0,05 0,10 0,14 0,15 0,18 0,21 0,26 0,31
N, 0,06 0,11 0,14 0,16 0,19 0,21 0,27 0,31

mixture, the number of pores in the deposited metal
also increases. The largest number of pores, depend-
ing on the ferrotitane content in the surfacing wire,
was obtained by surfacing in pure nitrogen. This can
be explained by a decrease in the solubility of nitro-
gen in the deposited metal due to the absence of an
oxidizer in the protective atmosphere, which is con-
sistent with the works [4, 5].

With an increase in the ferrotitane content in
the powder wire charge, the titanium content in the
deposited metal increases. At the same time, its ten-
dency to pore formation also decreases in multilayer
surfacing.

On the other hand, the addition of carbon dioxide
to nitrogen as a protective atmosphere enhances the

BEIA boiling of the welding bath in its high-temperature

region due to the formation of carbon monoxide

C+%50, - CO. %)

In this case, the resulting carbon monoxide is re-
moved from the welding bath and promotes the re-
lease of supersaturated nitrogen from the liquid met-
al to the surface.

It should be emphasized that the pores are main-
ly formed at the end of the deposited roller. This
phenomenon, apparently, can be explained by the
presence of «bubble boiling» of the welding bath
due to the supersaturation of the surface layers with
nitrogen.

However, with an increase in the ferrotitane con-
tent in the charge of PP-AN133 powder wire, the den-



sity of the deposited metal increases (Figure 2). With
a ferrotitane content in the range of 3.5...4.0%, the
absence of pores was recorded even in the five-layer
surfacing in the studied protective atmospheres at an
arc voltage of over 28 V.

Titanium, as a strong nitride-forming agent, in-
creases the solubility of nitrogen in the deposited
metal, reduces its release during the crystallization
of the welding bath. Titanium still in liquid metal in-
creases the time interval before the «bubble boiling»
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begins. At the same time, the crystallization of the
welding bath has time to occur even before its pos-
sible boiling.

With an increase in the arc voltage, the tenden-
cy of the deposited metal to pore formation increases
(Figure 3), since the solubility of nitrogen in the metal
increases. Therefore, the surfacing must be carried out
at the minimum allowable arc voltage, ensuring sat-
isfactory formation of the deposited roller. It should
be noted that the titanium content in the deposited
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Figure 2 — The effect of titanium on the solubility of nitrogen in the deposited metal (PP-AN133, 3-layer surfacing)
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Figure 3 — The effect of the titanium content in the deposited metal, on reducing the tendency to pore formation

in it (4-layer surfacing)
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metal of more than 0.4% practically does not change
the solubility of nitrogen in the deposited metal, but
at the same time the technological properties of the
wire deteriorate, the arc burns less steadily, there is
an increase in slag formation and the separability of
the slag crust becomes difficult.

Conclusion

Thus, a significant factor reducing the forma-
tion of pores from nitrogen in the deposited metal
10X17H8X5G2T is the content of ferrotitane in the
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A30mmebl KeyeKkminiK »aHe azom KypamiObl ammocgpepada 0ofansl 6aaKbimein Kanmacmoipy xaroaliviHOa OHbI
ecKkepmy macindepi

1*TOPEXAHOBA Mapan TepexaHKbI3bl, aFa oKbimyuwsl, maraltt_1985@mail.ru,
KABAY/I/IUHA AuHapa CalinaybekosHa, ara okbimyuisl, aldiyr2009@mail.ru,
1«/]. Cepikbaes amoiHOarbl LLbiFbic Ka3aKcmaH mexHuKassliK yHusepcumemi» KeAK, KazakcmaH, ©ckemeH,

A.K. lpomo3aHoe keweci, 69,
*aemop-koppecrnoHOeHm.

AHOamna. bemkelice mycemiH mecikmep Kakna #abbinFaH Ke30e KAArnaHHbIH MblFbi30biFbiHbIH Oy3blayblHA IKenyi
MYMKIH, COHbIMEH Kamap, acipece #ofapsl HblA0aMObIKMbl 0opma afbiHOap #ardalibiHOa 3p03UA 3aKbIMOAsTYbIHbIH
owarel 6osybl MymMKiH. Keyekmep memandapdbiH, KOPpO3Uuara ywsipaysiHa 0a biknaa emedi, elimkeHi 6eneini 6ip
azpeccusmi opmaHbiH, dcepiHeH 01apPObIH MEAWEPI YraAadbl HIHE biCbIPMAHbIH, Mbifbi30biFblH 6y3a0bl. KEMipKbIWKbIA
203bIHbIH KAMbICYbIMeH O3HeKepsey 8AHHACLIHbIH MemMasnbIMeH a30mmelH, CiHyi #ofapslaaliosl #aHe 6aaKbiMblaFraH
memandbiH Keyek my3syze beliimoiniai memeHoelioi. A3omKa Kem 0ezeHOe 30% KOMIipKbIWKbIA 203bIH €H2i3y a30mmei
HCAKCbI CiHIPY apKblabl MblFbi3 60AKbIMbIAFAH Memasnodbl anyra MyMKiHOIK 6epedi. 10X17H8C5M2T bankbimelnraH me-
manda azommaH Keyekmepodin my3inyiH memeHoememiH maHbI30bl pakmop [MM-AH 133 yHmMaK cbiMbIHbIK Wuxma-
CbIHOGFbI (heppoMUMAHHbIH, Meawepi. baakbimelnraH memandarel mumaHHsiK meawepi 0,2...0,4% apaneifbiHOa 60-
nysl Kepek. TUMaH KOHYeHMpayuAacsIHbIH 00aH api apmybl 6AAKbIMbLAFAH MemasndbiH My3inyiHiH HAOWapPAaybIHA HIHe
b6anKbimolnFraH Kabammeols 6emiHoezi Ko menwepiHiH KeberoiHe aKesneoi.

Kinm ce3dep: keyekmep, HUMpuUd my3sywi anemeHmmep, 6aaKbimy, a3ommel Keyekminik, 6aaKkbiMblaraH memannil,

Kybblp apmamypacsl.
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A3omucmas nopucmocms u cnocobel ee npedynpexcdeHus 8 ycnosusax 0y2060ii HaNaAAaeKu 8 azomcodepxcaujeli
ammocegepe

1*TOPEXAHOBA Mapan TepexaHKbi3bl, cmapuwuli npernodasamesns, maraltt_1985@mail.ru,
IKABAY/I/INHA fuHapa CalinaybekosHa, cmapuiuli npenodasamens, aldiyr2009@mail.ru,

HAO «Bocmo4Ho-KazaxcmaHckuli mexHuveckuli yHusepcumem umeHu 4. Cepukbaesa», KazaxcmaH,
Yemeo-KameHozopcK, yn. A.K. [lpomo3aHosa, 69,

*aemop-KoppecrnoHOeHm.

AHHOmMayus. lopsi, 8bix00AUUE HO MOBEPXHOCMb, MO2YM 8bI38AMb HAPYWEHUE 2epMemMUYHOCMU apMamypbl Npu 3a-
KpbImom 3ameope, a MAaKx#e A8UMbCA 04A20M 3PO3UOHHbIX paspyuleHull, 8 0CObEHHOCMU 8 YCA08UAX CKOPOCMHBbIX
nomoko8 cpedsl. [Topsbl codelicmayrom U KOpPO3UOHHOMY Pa3pyweHUo Memassa08, Mak Kak nood oelicmsuem onpede-
/IEHHbIX a2PeccusHbIX cped OHU, y8enuyusasacs 8 pamMepax, 8bi36l8aOM HapyuweHuUe 2cepmemuyHocmu 3ameopad. B npu-
Cymcmeuu yaneKucsa020 2a3a rnoseiuaemcs noaaoujeHue aaoma memassom c8apoYHOU 8AHHbI U CHUMAEMCA CK/OH-
HOCMb HansaaeneHHo20 Memanna K 06pa3osaHuto nop. BeedeHue yanekucnozo eaza He meHee 30% K a3omy no3eosnsaem
M07y4ame naAoMHolIl HanAaeneHHell Memass 3a cyem syvwe20 noaaoweHus um azoma. CyujecmaeHHbIM haKmopom,
CHUXaouWum obpa3osaHue nop om azoma 8 HansaaeneHHom memasine 10X17H8C5I2T, aensemca codepxaHue gep-
pomumaHa 8 wuxme nopowkosoli npososnoku -AH 133. CodepxaHue mumaHa 8 HansaAaes1eHHOM Memasisie O0HHO
66imb 8 npedenax 0,2...0,4%. AanvHeliwee ygenu4eHUe KOHUeHMpPAauuu mumaHa npusooum K yxyoweHuro ¢popmupo-
BOHUA HAMAABAEHHO20 Memasa U K yeesauveHuro Koauvyecmea WsAaKa Ha noeepxHocmu HaraaseaeHHo20 Cr0A.

Kntouesble cnosa: nopsl, HUMpudoobpasyujue sneMmeHmsl, HAMAABKA, A30MUCMAs Mopucmocms, HanaAaeaeHHbIl
memaris, mpybornposodHaa apmamypa.
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