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ABSTRACT
It is common knowledge that wear resistance of the deposited chromium carbide layer, additionally alloyed by such car-
bide-forming elements, as molybdenum, niobium, etc., largely depends on the reinforcing phase characteristics, its concentra-
tion, and properties of matrix alloy. Good performance of such alloys under the conditions of abrasive wear at up to 600 °С 
temperatures is achieved by adding niobium to the alloy composition. This work is a study of charge components of flux-cored 
strips of С–Fe–Cr–Nb alloying system on the deposited metal composition and properties. The methods of X-ray diffraction, 
metallographic and X-ray microprobe analysis of metal of 500Kh22B7 type deposited by flux-cored strips, revealed the de-
pendence of concentrations, shape, orientation, phase components and integral hardness of the deposited layer on the form of 
addition of the main carbide-forming element, namely chromium, to the charge and flux-cored strip cross-section. It was found 
that at addition of chromium carbide cr3c2 to the flux-cored strip charge, carbide phase concentration in the deposited layer 
increases by 10 %. complex carbides of (cr, fe)7С3 system are predominantly present in the deposited metal for all the samples. 
niobium forms individual carbide components of much smaller dimensions, compared to complex chromium carbide. Optimal 
concentration of the carbide phase in the metal of 500Kh22B7 type deposited by flux-cored strip is achieved by addition of a 
carbide-forming element, namely chromium, to the electrode material charge, in the form of chromium carbide and ferrochro-
mium. flux-cored strip cross-section and surfacing modes practically do not affect the deposited layer properties.

KEYWORDS: flux-cored strip, chromium carbide, ferrochromium, niobium, carbides, hardness, microstructure, matrix, con-
centration

INTRODUCTION
many parts of metallurgical equipment operate under 
the conditions of abrasive and gas-abrasive wear at 
normal and higher temperatures in combination with 
impact loads [1‒3, etc.]. Selection of the alloy type 
for surfacing such parts is determined by the possibil-
ities of surfacing some items, financial possibility, as 
well as the nature of loading, particularly in combi-
nation of abrasive wear and shock at increased (up to 
600 °c) temperatures [4]. for substantiated alloying 
of wear-resistant alloys it was necessary to establish 
rational alloying limits, which would provide optimal 
properties of the deposited layer [5–7]. Studying the 
relation between alloy wear resistance and carbide 
phase structure, as well as between the regularity of 
carbide formation and alloy chemical composition 
is the most important for rational alloying of the 
materials. It is known that alloys having high hard-
ness carbides with cubic lattice in their composition 
demonstrate the highest wear resistance [8–10, etc.). 
however, deposited metal with carbides and with a 
different crystalline lattice, for instance hexagonal, 
also has a satisfactory wear resistance. for one and 

the same carbide type, its properties will somewhat 
differ, depending on alloying. So, metal with carbides 
of me7c3 type, containing a large quantity of iron, will 
differ by their wear resistance from metal of carbides 
of the same type, but with a smaller quantity of iron. 
note that carbide hardness depends on the degree of 
their alloying that, in its turn, influences the deposit-
ed metal wear resistance. Kinetics of carbide forma-
tion at metal solidification is related to the value of 
me/c (metal/carbon) ratio. In the presence of several 
carbide-forming elements in the deposited metal car-
bides of elements with the highest affinity to carbon 
are the first to form.

The objective of this work is studying the influ-
ence of carbide-forming components of the charge 
of PL-AN185 flux-cored strip, electrode material 
cross-section, and influence of surfacing modes on 
the structure and phase components of the deposited 
metal to produce a coating resistant to abrasive and 
gas-abrasive wear at higher temperatures.

INVESTIGATION PROCEDURE 
AND EQUIPMENT
the methods of X-ray diffraction, metallographic and 
X-ray microspectral analyses were used to study the 
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deposited metal of 500Kh22B7 type. hardness mea-
surements were conducted in m-400 microhardness 
meter of leco company, Jamp-950f and DrOn-
Um1 instruments were used for X-ray spectral, elec-
tron microscopy and X-ray diffraction investigations. 
microstructural studies were performed in neo-
phot-32 microscope.

Sample surfacing was performed by electric arc 
process using PL-AN185 self-shield flux-cored strip 
that ensures producing deposited metal of the fol-
lowing chemical composition, wt.%: 4.5 c; 22 cr; 
7 Nb. Surfacing was performed by flux-cored strips 
of 16.5×40 mm (samples nos 1, 3) and 10.0×3.0 mm 
cross-section (sample No. 2). PL-AN185 flux-cored 
strip was used for surfacing wear-resistant bimetal 
plates from 5 to 30 mm thick and other parts of metal-
lurgical, power and mining equipment [11].

In C‒Fe‒Cr‒Nb alloying system the reinforcing 
phase is the present predominantly chromium and ni-
obium carbides, and the matrix is an iron-based alloy. 
It is important to determine how the concentration 
of carbides and other deposited layer characteristics 
are influenced by the method of addition of the main 
carbide-forming component, namely chromium to the 
flux-cored strip charge. High-carbon ferrochromi-
um of fKh900 grade (sample no. 3) and chromium 
carbide in other samples were used to add chromi-
um. the latter by its chemical composition is close 
to the stoichiometry of cr3c2 carbide. niobium was 
added to the flux-cored strip charge using ferroniobi-
um. Moreover, graphite and other technological fillers 
were further added to the charge composition.

EXPERIMENTAL STUDIES 
AND THEIR RESULTS
experimental studies were conducted on samples of 
metal of 500Kh22B7 type, deposited by a strip with 
a standard charge from chromium carbide, produced 
in different modes: Iw ~ 750–850 a (sample no. 1), 
Iw ~ 450–500 a (sample no. 2), sample no. 3 was 
produced using electrode strip with high-carbon fer-
rochromium of fKh900 grade in the following mode: 
Iw ~750–850 a. here, other charge components re-
mained unchanged. table 1 gives the average compo-
sition in the samples of the deposited metal type.

Surfacing was performed in two layers as at 
two-layer surfacing with the strips the influence of 

base metal (first layer) decreases and the working 
zone (second layer) forms only under the influence of 
the flux-cored strip material.

the weight fraction of phase components, type of 
crystalline lattice and its parameters were assessed by 
the method of X-ray diffraction analysis: γ-Fe – 54.4; 
(fe, cr)7c3 – 22.3; nbc – 17.3; me2c – 6.0 (sample 
No. 1); γ-Fe – 57.2; (Fe, Cr)7c3 – 23.2; nbc – 15.7; 
me2c – 3.8 (sample No. 2); γ-Fe – 65.7; (Fe, Cr)7c3 – 
16.0; nbc – 15.9; me2c – 2.4 wt.% (sample 3). when 
producing this type of the deposited metal, the matrix 
structure is of great importance, as austenitic matrix 
is more appropriate at high loads and presence of im-
pact action. Structure of the studied samples in the 
transition zone (first layer of the deposited metal) is 
an austenitic matrix with dendrite-cellular form of 
crystallization, niobium carbides and eutectic which 
precipitated on the boundaries of dendrites and cells. 
the working zone structure (second layer of the de-
posited metal) of all the studied samples is an alloyed 
austenitic matrix with dendritic-cellular form of crys-
tallization. In samples no. 1 and 2 alloyed (fe, cr)7c3 
and NbC carbides of lancet-like shape 20–25 μm long 
are chaotically arranged over the entire plane. the na-
ture of crystallization of sample no. 3 in the working 
layer is somewhat different – the carbides are more 
dispersed, their size is 2–8 μm, and they are located 
along the cell boundaries.

comparative analysis of surfaced samples nos 1 
and 2, produced in different modes (by wide strip at 
Iw = 750 a and by narrow strip at Iw = 450 a), showed 
that the weight fraction of the austenitic component 
is equal to 54.5 wt.% at Iw = 750 a and 57.2 wt.% at 
Iw = 450 a, and at the same modes (Iw = 750 a) for 
samples no. 1 (standard charge with chromium car-
bide) and 3 (charge with high-carbon ferrochromium 
of fKh900 grade) the austenitic component of sample 
no. 3 is equal to 65.7 wt.%. In this case, the carbide 
component decreases approximately by 10 %. Inte-
gral hardness in the working layer of samples Nos 1‒3 
is equal to 6868; 6870 and 5490 mpa, respectively.

table 2 gives the average composition of alloy-
ing elements of the solid solution of deposited met-
al (samples nos 1–3) and its carbide components. 
chemical composition of the solid solution and 
niobium carbides of the three samples practically 
does not change, and the degree of alloying of (fe, 

Table 1. average chemical composition of deposited metal 500Kh22B7, wt.%

Sample 
number c Si mn cr ni mo nb fe

1 4.8 1.04 0.29 24.6 ≤0.1 0.086 7.3
Base2 4.7 1.02 0.49 24.4 ≤0.1 0.057 7.2

3 4.5 1.02 0.47 19.6 ≤0.1 0.089 8.6
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cr)7c3 carbides, located in the eutectic along the 
cell boundaries in sample no. 3 (without addition 
of chromium carbide to the charge, with its replace-
ment by high-carbon ferrochromium), is somewhat 
different from that of the same type of carbides in 
samples nos 1 and 2.

Integral hardness in height of the deposited layer 
changes gradually from the base metal to its surface 
in the range from 3700 to 6700–6900 mpa (samples 
nos 1, 2) and from 3800 to 5400 mpa (sample no. 3), 
and it is leveled in the second layer of the deposit-
ed metal that corresponds to the change of chemical 

Table 2. chemical composition of the solid solution and carbide phases of deposited metal of 500Kh22B7 type, wt.%

Sample 
number

working zone solid solution (cr, fe)7c3 and nbc carbides
carbide type

c fe cr nb c fe cr nb

1 1.17 82.50 14.35 0.85
8.62 32.90 57.80 0.45 (fe, cr)7c3

11.20 1.20 1.19 85.60 nbc

2 1.25 82.70 13.90 0.30
8.64 32.70 58.00 0.44 (fe, cr)7c3

11.40 0.95 2.25 84.20 nbc

3 1.70 82.02 13.45 0.20
8.55 48.60 41.60 0.25 (fe, cr)7c3

10.80 1.28 1.65 84.80 nbc

Figure 1. electronic image and linear distribution of alloying elements in the deposited layer height: a‒c — samples Nos 1‒3, respec-
tively
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composition on integral curves of linear distribution 
of alloying elements. the zone of fusion with the 
base metal has a smooth concentrational transition 
with further leveling of the chemical composition in 
the working zone. linear distribution of alloying el-
ements in the deposited layer height is shown in fig-
ure 1. chemical composition of the deposited layer 
along the line of electronic probe passage can be de-
termined by the concentration scale.

Structure of crystallization of the transition zone 
of base metal–deposited layer is dendritic-cellular 
with eutectic precipitates in interdendritic areas on the 
cell boundaries and separate precipitates of niobium 
carbides. two kinds of eutectic are observed — based 
on niobium carbide and on (fe, cr)7c3 carbides. elec-
tronic image of the transition zone of base metal–de-

Figure 2. electronic image of structural components of the deposited metal transition zone: a‒c — samples Nos 1‒3

Table 3. average chemical composition of the solid solution and 
eutectic formations of sample no. 1. treatment parameters, wt.%

Spectrum 
number c cr fe nb

1 11.87 1.28 3.64 83.07
2 11.51 3.96 18.89 65.45
3 1.30 6.72 90.55 0.55
4 1.42 7.16 90.20 0.41
5 2.61 12.00 84.45 0.24
6 2.63 12.91 83.72 0.00
7 2.06 8.60 81.63 6.96
8 2.52 8.34 80.17 8.27
9 1.90 9.38 87.72 0.18
10 1.37 8.82 88.69 0.20

Table 4. average chemical composition of the solid solution and eutectic formations of samples no. 2. treatment parameters, wt.%

Spectrum 
number c Si cr mn fe nb

1 9.76 0.00 1.69 0.77 2.67 83.67
2 11.44 0.05 1.85 0.18 3.39 82.61
3 2.10 0.44 8.71 1.22 86.78 0.42
4 2.40 0.48 8.21 1.69 86.62 0.11
5 1.39 0.43 5.49 0.92 91.41 0.28
6 1.74 0.42 6.39 0.91 89.87 0.55
7 2.94 0.53 6.50 0.95 77.81 11.10
8 2.66 0.51 8.30 1.06 74.98 12.01
9 5.25 0.29 25.71 1.05 67.68 0.00

10 5.29 0.24 24.76 1.71 67.17 0.67
11 1.28 0.37 7.33 1.41 88.93 0.35
12 1.34 0.45 7.36 1.72 88.73 0.00

Table 5. average chemical composition of the solid solution and eutectic formations of sample no. 3. treatment parameters, wt.%

Spectrum 
number c Si cr fe nb

1 2.20 0.69 8.88 87.82 0.00
2 2.36 0.72 9.53 86.63 0.23
3 11.30 0.01 1.80 2.46 83.68
4 1.19 0.03 1.44 2.57 83.87
5 2.33 0.36 7.21 81.99 7.81
6 2.12 0.41 6.90 82.50 7.63
7 5.36 0.38 26.65 67.24 0.16
8 5.21 0.26 24.90 68.89 0.60
9 1.39 0.49 10.19 87.34 0.14
10 1.52 0.54 9.57 87.15 0.62
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posited layer and average chemical composition of 
the structural components are shown in figure 2 and 
in tables 3–5.

Base metal influence in the transition zone and 
in first layer of the deposited metal is practically the 
same.

Deposited metal structures in the working zone 
(second layer), its electronic image and chemical 
composition of the structural components are shown 
in figure 3, a‒c and in tables 6–8. Spectrum nos 1, 

2 is nbc; spectrum 3, 4 is (fe, cr)7c3; spectrum 5, 6 
is the solid solution. a change of structure formation 
in samples no. 1 and 3 is found, depending on the 
change of the charge composition.

Distribution of alloying elements by the structural 
components in the deposited metal of the second layer 
is shown in figure 4. Such structural components of 
the deposited metal with formation of carbides of a 
high hardness promote a considerable improvement 
of the quality of products operating under abrasive 

Figure 3. electronic image of structural components of the deposited metal working zone: a‒c — samples Nos 1‒3, respectively

Table 6. chemical composition of structural components of the working zone (second layer) of sample no. 1. treatment parame-
ters,  wt.%

Spectrum number c Si cr fe nb

1 11.56 0.10 0.75 1.34 85.30
2 10.80 0.04 1.60 1.04 85.66
3 8.53 0.00 58.21 32.61 0.56
4 8.70 0.00 57.38 33.17 0.40
5 1.12 0.96 15.22 81.66 0.41
6 1.22 1.25 13.50 83.37 0.17
7 1.12 0.12 0.64 2.10 0.00
8 1.16 0.12 0.73 1.70 0.30

Table 7. chemical composition of structural components of the working zone (second layer) of sample no. 2. treatment parame-
ters,  wt.%

Spectrum number c Si cr fe nb

1 11.21 0.08 2.44 0.54 84.45
2 11.67 0.02 2.18 1.30 83.89
3 8.70 0.00 58.59 31.93 0.72
4 8.58 0.06 57.57 33.35 0.17
5 1.26 1.11 14.12 82.54 0.21
6 1.42 1.15 13.70 82.95 0.13
7 – 0.35 3.08 11.80 1.89

Table 8. chemical composition of structural components of the working zone (second layer) of sample no. 3. treatment parame-
ters,  wt.%

Spectrum number c Si cr mn fe nb

1 10.89 0.00 1.33 0.55 0.95 85.00
2 10.68 0.10 1.97 0.00 1.60 84.04
3 8.67 0.06 49.19 0.00 41.28 0.31
4 8.29 0.02 48.02 1.07 41.91 0.24
5 1.87 0.91 13.06 0.78 82.03 0.00
6 1.65 1.05 13.23 0.27 82.07 0.20
7 ‒ 0.09 4.55 7.62 5.99 0.00
8 ‒ 0.00 0.81 1.68 2.28 0.00



23

INFLUENCE OF THE COMPOSITION OF CHARGE COMPONENTS OF FLUx-CORED STRIPS OF C–Fe–Cr–Nb                                                                                                                                                                                                    

                                                                                                                                                                               

wear conditions. at comparison of samples produced 
in different modes (nos 1, 2) and in one mode, but 
with different composition of the charge (nos 1, 3) 
may lead to the conclusion that weight fraction in the 
working zone increases from sample no. 1 to sam-
ple no. 3 by approximately 10–12 wt.%, and weight 
fraction of the carbide phase decreases. there is a 
change in structure formation: in samples nos 1 and 
2 the structure is an austenitic matrix with chaotically 
located cr and nb carbides of different shape. In sam-
ple no. 3 the crystallization structure is dendritic-cel-
lular with (fe, cr)7c3 carbides in the composition of 
the eutectic located on the cell boundaries and in the 
interdendritic space, and with niobium carbides of a 
different shape, randomly located in the entire height 
of the deposited layer. the degree of carbide alloying 
in samples nos 1 and 2 is the practically the same, and 
in sample no. 3 it is somewhat higher (see table 2).

DISCUSSION OF THE RESULTS
from the presented data, there is a decrease of the car-
bide component in absence of chromium carbide in 
the charge composition. 

the weight fraction of phase components, crys-
talline lattice type and its parameters were deter-
mined, which were assessed by the method of X-ray 
diffraction analysis: γ-Fe – 54.4; (Fe, Cr)7c3 – 22.3; 
nbc – 17.3; me2c – 6.0 wt.% (surfacing with a strip 
of 16.5×4.0 mm cross-section); γ-Fe – 57.2; (Fe, 
cr)7c3 – 23.2; nbc – 15.7; me2c – 3.8 wt.% (surfac-
ing with a strip of 10.0×3.0 mm cross-section in lower 

modes); γ-Fe – 65.7; (Fe, Cr)7c3 – 16.0; nbc – 15.9; 
me2c – 2.4 wt.% (complex carbide, containing iron 
and other carbide-forming elements, surfacing with 
flux-cored strip of 16.5×4.0 mm cross-section with 
chromium carbide replacement by high-carbon fer-
rochromium in the charge composition).

Integral hardness in height of the deposited lay-
er changes gradually from base metal to the hard-
ened layer surface in the range from 3700 to 6700–
6900 mpa (samples nos 1, 2) and from 3800 to 
5400 mpa (sample no. 3) and it is leveled in the sec-
ond layer of the deposited metal that corresponds to 
the change of chemical composition in integral curves 
of linear distribution of alloying elements.

Wear-resistant layer obtained using flux-cored 
strips of different cross-section and in different surfac-
ing modes, practically does not differ by its character-
istics. replacement of chromium carbide by high-car-
bon ferrochromium in the charge composition reduces 
the amount of the carbide phase and integral hardness 
of hardened surface.

CONCLUSIONS
It is found that optimum concentration of the carbide 
phase in the metal deposited by flux-cored strip of 
pl-an185 type, is reached due to addition of car-
bide-forming element — chromium to the electrode 
material charge in the form of chromium carbide. 
replacement of chromium carbide by high-carbon 
ferrochromium in the charge composition leads to 
increase of austenitic component and decrease of in-

Figure 4. linear distribution of c, fe, cr, nb alloying elements by deposited metal structural components: a‒c — samples Nos 1‒3, 
respectively
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tegral microhardness of the deposited layer. In the 
deposited metal complex carbide systems (cr, fe)7c3 
are predominantly present in all the samples. niobi-
um forms individual carbide components, which are 
uniformly arranged in the working zone and promotes 
formation of a finely-dispersed structure of the depos-
ited layer.
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WELDING OF TITANIUM 
OF GREAT THICKNESS

The technologies for welding titanium and its alloys developed at the Paton Welding Institute (PWI) have 
found wide application in aircraft- and rocket construction as well as at enterprises of chemical machine 
building. Currently, PWI fulfills contract-based complex works on development of technology and equipment 
for titanium welding and engineering maintenance at manufacture of specific products.


