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ABSTRACT
Comparative analysis of the influence of modifying additives of boron or titanium carbides on the structure and properties of 
the metal deposited with PP-Np-25Kh5FMS flux-cored electrode wire was performed in this study. It is shown that addition of 
some modifier in the amount of 0.01 % does not have any significant influence on the deposited metal structure. Their influence 
on the structure differs to a certain extent. Boron modifying leads to an essential reduction of the crystallite dimensions, redis-
tribution of nonmetallic inclusions and increase of metal microhardness. unlike that, introducing titanium carbide microaddi-
tives into the weld pool influences the kinetics of metal solidification, which results in elimination of crystallite columnarity 
and metal structure transformation into the cellular one. It is shown that owing to the mentioned changes in the structure, the 
wear and heat resistance of the metal, deposited with application of both the types of modifiers, is increased. Obtained results 
can be used at selection of promising methods to improve the service properties of the surfaced parts, which operate under the 
conditions of thermal force loading and wear at metal friction against metal.
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INTRODUCTION
It is known from technical literature that modifying 
or microalloying of steels and alloys, at which grain 
refinement, redistribution of nonmetallic inclusions, 
cleaning of the grain boundaries, etc., take place, al-
lows significantly influencing the structure and ser-
vice properties of these metals. materials with mi-
croadditives of boron, tungsten, titanium, etc. are 
used for modifying [1‒3]. Doping the steels and al-
loys with microadditives of these elements, usually 
leads to formation of a large number of crystallization 
centers and influences the ratio of crystal initiation 
and growth rates, which in its turn, has an impact on 
the metal mechanical properties. at the same time, 
control of the metal structure and properties by its 
modifying or microalloying has a rather limited use 
at surfacing [3].

some works, aimed mainly at solving practical 
tasks, give examples of application of various types 
of modifiers, in order to improve the performance of 
parts, differing by service conditions, chemical com-
position, etc., so that it is difficult to compare such 
data even for one type of modifier [4‒8]. Known are 
the good prospects of deposited metal modifying by 
microadditives of boron [9] and titanium carbides 

[10], which were added to the deposited metal through 
the flux-cored wire charge.

the objective of this work is conducting compar-
ative experimental evaluation of the effectiveness of 
application of modifying additives with boron or tita-
nium carbides, added in equal quantities to the flux-
cored wire charge, on the structure and service proper-
ties of the deposited metal of the type of heat-resistant 
tool steel 25kh5fms.

EXPERIMENTAL MATERIALS 
AND PROCEDURES
flux-cored wire for investigations was selected pro-
ceeding from that the flux-cored wire PP-Np-25Kh-
5fms is rather widely used in manufacture and resto-
ration of rolls of hot rolling mills, hot stamping dies, 
ccm rolls and similar parts, operating under the con-
ditions of thermal cycling, in combination with wear 
at metal friction against metal, so that heat resistance 
and wear resistance are important for them. It is ex-
actly deposited metal 25kh5fms, which is charac-
terized by a high fatigue life under the conditions of 
thermal force loading and wear [11].

Deposited metal modifying was performed by 
using powders with the respective additives in the 
charge of flux-cored electrode wires. This method 
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is quite simple in terms of technology, and it can be 
applied with success in practice [9]. The flux-cored 
wire charge was calculated so as to obtain the same 
composition of modifying additives in the deposited 
metal at the level of 0.01 %. the initial charge mate-
rials used were fkhB-1 master alloy which contains 
12 % boron, as well as powder of Ti‒TiC system with 
≥ 23 % carbide content, produced by titanium pow-
der treatment by a high-voltage electric discharge in 
the hydrocarbon liquid [10]. The quantity and type of 
modifiers, added to the deposited metal, were select-
ed proceeding from the earlier obtained data, in order 
to improve the deposited metal service properties and 
prevent crack initiation in it [9, 10].

Test samples were surfaced by flux-cored wires 
of 1.8 mm diameter using AN-26P flux. Plates from 
40kh steel were used as the base metal. surfacing 
modes were as follows: I = 220 A; U = 36 V; v = 
= 25 m/h. Each sample was surfaced in five layers to 
avoid the impact of deposited and base metal mixing. 
Used for comparison were samples, surfaced by flux-
cored wire PP-np-25kh5fms of a standard composi-
tion without modifying additives. 

sample surface was prepared for metallographic 
studies by standard methods, which include stage-by-
stage grinding of the sample surface, using diamond 
pastes of different dispersity and subsequent electro-
lytic etching in 20 % solution of chromic acid. micro-
structural studies were performed in metallographic 
optical microscope mIm-7 with digital video oculator 
Sigeta MCMOS-3100 at ×320 magnification.

service properties of the deposited metal were 
evaluated experimentally by two indices — heat resis-
tance and wear resistance at higher temperature. two 
parameters were compared to assess the deposited 

metal heat resistance: number of heating-cooling cy-
cles up to appearance of a network of thermal cracks 
on the test sample surface and their propagation depth 
after all the samples reached 200 heating-cooling cy-
cles. the temperature of the sample surface is equal to 
650 °c at heating and to 60 °c at cooling.

wear resistance at higher temperatures was as-
sessed at metal friction against friction by the “shaft-
plane” schematic. During testing the deposited sur-
face of the test sample wears against the surface of 
a ring counter-body heated up to the temperature of 
950 °c the temperature of the sample surface in the 
zone of contact of the sample and the ring is equal to 
approximately 600 °c. wear resistance was evaluated 
by the test sample weight loss before and after testing.

samples from steel 45, hardened to HRC 48–52 
were used as the reference samples at optimization of 
the testing modes. Derived values of heat and wear 
resistance for the reference samples were taken as the 
conventional unity. the procedures of investigation of 
the deposited metal service properties are described in 
greater detail in work [9].

INVESTIGATION RESULTS 
AND THEIR DISCUSSION
metallographic investigations of the surfaced sam-
ples (Figures 1‒3) showed that application of both the 
types of modifiers leads to refinement of the depos-
ited metal structure. so, the average size of unmod-
ified metal crystallites in its central part is equal to 
30–60 μm, in the majority of them it is 40–45 μm. In 
the metal modified by boron, the crystallite size in a 
similar area of the metal is equal from 20 to 40 μm, 
and in the majority of them it is 20–25 μm. In the met-
al modified by titanium carbides, the average crystal-
lite size is equal to 20–50 μm, in the majority of them 
it is 30–35 μm.

alongside the crystallite size, the structure of the 
deposited metal sample, containing microadditives of 
boron (Figure 2), differs little from that of an unmodi-
fied metal sample (Figure 1), and it consists of colum-
nar crystallites, growing in the heat removal direction. 
an acicular martensitic structure is observed in the 
crystallite body, and light precipitates of residual aus-
tenite are found beyond their boundaries. Individual 

Figure 1. Microstructure (×320) of 25Kh5FMS deposited metal 
without modifying additives near the fusion line (a) and in the 
deposited metal upper part (b)

Figure 2. Microstructure (×320) of 25KhFMS deposited metal 
with boron microadditives near the fusion line (a) and in the de-
posited metal upper part (b)

Figure 3. Microstructure (×320) of 25Kh5FMS deposited metal 
with titanium carbide microadditives near the fusion line (a) and 
in the deposited metal upper part (b)
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round-shaped precipitates are present in the crystallite 
body, which, obviously, are complex carboborides. 
microhardness in this zone in a sample with boron 
microadditives is equal to HV1–6130–6420 mPa, 
which is higher than that of a similar area of a sample 
without modifying additives (HV1–5720–6060 MPa).

In a sample deposited by wire, containing a mod-
ifier of Ti‒TiC system, the structure of the deposited 
metal upper layer consists of rather equilibrium cells, 
within which dark etching precipitates are observed 
(Figure 3). The microhardness of this area of the de-
posited metal is equal to HV1–5720–5850 MPa. Influ-
ence of modifying tic particles, compared to boron, 
is manifested not so much in crystallite refinement, 
but in transformation of the deposited metal struc-
ture from the columnar into the cellular one, and 
precipitation of complex compounds beyond the cast 
crystallites in the form of individual inclusions. mi-
crohardness of the deposited metal, compared to an 
unmodified sample, practically does not change.

Investigations of the level of the surfaced sample 
contamination by nonmetallic inclusions in keeping 
with the procedure of GOST 1778‒70 on polished un-
etched microsections showed that the highest contam-
ination of the deposited metal, mainly by oxides, is 
observed in the sample without modifying additives: 
it corresponds to point no. 3a of “Point oxides” ta-
ble. Deposited metal samples, which were modified 
by boron additives, are cleaner compared to a sample 
without additives and their contamination corresponds 
to point no. 1a of the same table. the lowest level 
of contamination by nonmetallic inclusions which is 
lower than point no. 1a, is observed in a sample, sur-
faced with application of a modifier of Ti‒TiC system.

Investigations of service properties of surfaced 
samples showed that modifying of the deposited met-
al by boron allows improvement of its hardness from 
HRC 48–50 to HRC 52‒54. Hardness of the deposited 
metal, modified by Ti‒TiC, practically did not change 
and is equal to HRC 48–52.

results of experimental investigations of the de-
posited metal service properties are given in figure 4, 
where the values of wear resistance at a higher tem-
perature (ε600), heat resistance by the number of cycles 
to crack initiation (Nq) and their average length (Nd) 
are given in relation to the respective characteristics 
of reference-samples made from steel 45, the values 
of which are taken as a unity.

as one can see from figure 4, heat and wear re-
sistance of samples of metal deposited by flux-cored 
wires with microadditives of both types, became high-
er. Thermal fatigue cracks in the modified metal of the 
surfaced samples initiate later, their average length 
and quantity is smaller than in the samples without 

the modifying additives. It should be noted that eval-
uation of heat resistance, made by the average depth 
of crack propagation, turned out to be more accurate 
than evaluation by the number of cycles to formation 
of a ramified crack network. This is attributable to the 
fact that 25kh5fms steel is characterized by rather 
high heat resistance, and visual determination of the 
exact moment of appearance of a ramified network 
of cracks may be inaccurate. Positive impact of mi-
croadditives of both types on the deposited metal was 
found not only in a smaller loss of the surfaced sample 
weight, but also in reduction of the extent of wear of 
ring counter-bodies, contacting the studied samples, 
which means more favourable service conditions, 
which were in place in the friction pairs.

In general, increase of wear resistance of the de-
posited metal with modifying additives of both types 
is on approximately the same level, and it is equal from 
22 to 34 %, compared to unmodified metal. Increase 
of heat resistance, assessed by the number of cycles 
to crack initiation, is equal to 20 % for both types of 
modifiers, and in the case of evaluation by the average 
crack depth, it is from 75 % at boron application and 
up to 200 % at titanium carbide application. as we 
can see, deposited metal modifying by microadditives 
of powder of Ti‒TiC system has a more positive influ-
ence on its service properties.

In our opinion, a positive influence of modifying 
by boron microadditives on the deposited metal prop-
erties is attributable to several factors. first, boron is a 
more active deoxidizer, compared to silicon and man-
ganese, and it has high surface activity. Due to that, 
boron is predominantly located on the crystal bound-
aries, which leads to redistribution of nonmetallic 
inclusions and their driving from the boundaries into 
the crystallite volume [6]. Secondly, deposited metal 
modifying by boron leads to increase of the crystallite 
microhardness, while the matrix microhardness re-

Figure 4. relative wear resistance of 25kh5fms deposited met-
al at a higher temperature (ε600), relative heat resistance by the 
number of cycles to crack initiation (Nq) and their average length 
(Nd): without modifying additives (I), with modifying additives of 
boron (II) and titanium carbides (III) relative to a reference-sam-
ple from steel 45 (IV), the values of which are taken to be a unity
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mains practically unchanged, which can be accounted 
for by increase in the density and ramification of bo-
ron-hardened crystallite boundaries.

Positive influence of microadditives of pow-
der with titanium carbides on the properties of the 
deposited metal is obviously related, primarily, to 
the high melting temperature of these compounds 
(3260 ± 150 °C). Deposited metal modifying by these 
compounds leads to their effective transition from the 
flux-cored wire charge into the weld pool, due to their 
low dissolution in the weld pool, thus influencing the 
kinetics of the deposited metal solidification. It results 
in elimination of columnar crystallites and their re-
finement, which has a positive influence on the depos-
ited metal performance.

CONCLUSIONS
1. Introducing microadditives of boron or titanium 
carbides in equal quantity (0.01 %) into the depos-
ited metal of the type of 25kh5fms tool steel has a 
different influence on its structure and leads to signif-
icant refinement of the crystallite sizes and a certain 
increase in the microhardness of its matrix in the first 
case, and to an essential change of its structure with 
transformation of the columnar structure into the cel-
lular one without any major change in the crystallite 
sizes or microhardness in the second case.

2. modifying by both the types of the studied ad-
ditives has a positive effect on the deposited metal 
service properties. Here, application of powder, con-
taining titanium carbides as a modifier, looks more 
promising, allowing increase of the deposited metal 
wear and heat resistance by 1.34 and 2.0 times, re-
spectively.
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