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The article presents an analytical review of the use of boron-containing materials in
ferrous metallurgy. Literature data are given on the improvement of the properties of
steel with the addition of an ultra-small amount of boron. The review presents the main
existing technologies for the preparation of boron-containing alloys and their features,
as well as methods for introducing boron into steel. In domestic and foreign production,
ferroboron has been widely used with 6-20% B. Due to the high chemical activity,
part of the boron transferred to the metal reacts with nitrogen. A number of methods
have been proposed in the literature for preventing boron binding. One of them is
the introduction of boron by complex boron-containing ferroalloys with 1-2% B. Using
this method increases the degree of transition of boron to metal. The review shows
the possibility of wide use of boron-containing materials in the processes of ferrous
metallurgy.
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Boron is being used as a micro-alloying additive due to the favorable effect on the
properties of many steel grades. The boron use has a great economic advantage com-
pared to a traditional alloying element using due to the fact that the ultra-low boron
concentrations in steel are required to achieve the required properties. However, the
need to accurately obtain its concentration in steel and the difficulties associated with

the assimilation of the processed metal, restrain the widespread use of boron.

Currently, there are a large number of works that provide data on the use of boron in
various fields of metallurgy. The main attention in the literature is given to the properties
of a metal doped with boron, as well as its microstructure.

The main forms of boron in steel are oxides, nitrides (BN) and iron borides (Fe,B and
FeB). Borders of boron content in steel are in the range from 0,0005 to 0,01%. The

optimal concentration has to be at 0,001-0,003% B by opinion of most authors. This
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concentration has a positive effect on the properties of steel [1]. The data on improve-
ment in strength with the introduction of 0,001-0,003% boron into low-alloyed steel are
given in [2, 3]. The authors associate improvement in strength with the segregation of
boron to the grain boundaries of austenite which delays the formation of crystallization
centers. It's noted that the improvement of performance properties for carbon steel
and for structural steel an increase in workability, fatigue strength and weldability are

observed.

The article [4] reports that the effect of the boron microalloying decreases with
increasing of carbon content in steel. In the study [3], it is recommended to do deox-
idation and degassing of steel for greater efficiency of small boron additives. The
dependence of the mechanical properties of steel on the ratio B/N,,, associated with
the tendency of boron to form nitrides is given (The dependence of the mechanical
properties of steel on the ratio B/N, is given. This dependence is associated with the
tendency of boron to form nitrides). Technological aspects of the production of steel
and ferroalloys containing boron is poorly examined in literature. Boron is introduced
(He yBepeH 4TO 3T0O CNOBO NoAoAeT, bbiTb MOXKEeT YTO-TO BpoAe injected) into a melt
in the form of boron-containing ferroalloys. The most common ferroalloy is ferroboron
with a boron content of 6-20%. A typical composition of boron-containing ferroalloys is

presented in the table [2].

The main methods for producing boron-containing ferroalloys are carbothermic and

metallothermic [4].

TABLE 1: The chemical composition of boron-containing ferroalloys.

Mapka Weight percentage, %

B Si Al C S P Ni Cr Mn Ti Zr
FB20 20 2 3 005 0,01 0,02 - - - - -
FB17 17 3 5 0,20 0,02 0,03 - - - — -
FB12 12 10 10 - - - - - - - -
FB6 6 10 10 - - - - - - - -
NiB-1 10,5 1,5 7 0,08 0,006 0,01 remains - - - -
NiB-2 17 1,5 7 017 0,015 0,03 remains - - - -
NiB-3 10 1,5 7 02 003 0,02 remains — - - -
FeCrB-1 19 3 5 08 0,01 - - 43 - - -
FeCrB-2 17 3 6 06 0,02 - - 35 - - -
FeSiMn 0,7 1574 - 16 - - - 68,7 - -
with B
Grainal 1 6 15 - - - - - - 10 15
Alloy CrB 8 <2 <2 <01 >85

The use of the carbothermic method allows to obtain alloys with high carbon content.
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The interaction of carbon and boron oxide is described by the equation [5]:
2 _4 0
§B2O3+2C— §B+2CO AG, = 661890 — 346, 3T. 1)

According to [2], it is thermodynamically more likely to obtain boron carbides, and not

pure boron:
%Bzo3+7/3c=%B4C+2CO AG(} = 579350 — 314,3T. (2)

The boron carbide is a strong chemical compound, thus the alloy produced by car-
bothermy will inevitably contain up to 2% C. It is possible to produce alloys with a low
carbon content and a high silicon content (Si 40%, B 5%) in the case of simultaneous

reduction of boron and silicon.

The refractory borides TiB2 and TiB which melting points is at 3100 and 3000°C re
are formed in boron-titanium alloys. These phases have small density and it leads to
distribution of boron by the whole volume of the alloy [6]. One of the promising methods
for the production of boron-containing alloys is the SHS method (self-propagating high-
temperature synthesis). The data on the use of the SHS method for producing titanium
boride containing 8,6-14,5% B is given in[7, 8]. The resulting alloy is a composition of tita-
nium borides based on iron in the presence of boron, aluminum and residual titanium. In
[6], a new technology for obtaining a boron-containing ligature in the combustion mode
with a wide range of changes in the B/Ti ratio was developed. During burning of mixtures
that contains ferrotitanium and ferroboron, it is possible to obtain ferrobortitanium with
6-14% B and 30-60% Ti.

The aluminothermic method to obtaining boron-containing alloys, including

ferroboron [2, 3, 9, 10], which proceeds by the reaction [5], has a wide distribution:

%8203+ %m = %B + %AI203 AGY. = —294010 + 68,75T. (3)

The charge consists of primary aluminum powder (for grades FB20 and FB17) or alu-
minum shavings, iron oxide or low-phosphorous iron ore and freshly burned lime.

Complex boron-containing ferroalloys are produced in electric furnaces by the
furnace aluminothermic method or by the method of metallothermicremelting. Such
ferroalloys include chromobor containing, %: > 8 V; > 85 Cr; < 2 Al; < 2 Si [1]; grainal
with chemical composition,%: > 1V, > 6,0 Si; > 15,0 Al; > 10,0 Ti; > 1,5 Zr; < 2,0 Mn.
The grainal is obtained by the method of metallothermicremelting. A part of alloying
elements in the form of metals and alloys (the metal part of the mixture) dissolves in the
resulting alloy due to the excess amount of heat released during the reduction of the

oxide elements contained in the aluminothermic part of the mixture.
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The increased chemical activity of boron in combination with the high temperatures
of the processes and the small amount of the alloying element introduced lead to tech-
nological difficulties with the methods of introducing boron into steel., cored wire is
used to increase the degree of boron assimilation by steel [1]. In order to prevent the
interaction of boron in liquid steel with oxygen and nitrogen, the authors [7] proposed
to have chemically active elements (Si, Ti, Al, etc) in all boron-containing ferroalloys.
In addition, due to the small amount of boron introduced into steel (0,001-0,0003%) in
ferroalloy it is advisable to have 0.5-2% B, which allows you to increase the mass of the
ferroalloy positively affecting the degree of boron uptake.

Silicothermic reduction of boron oxide is impossible without additional heat supply

and proceeds by the reaction [5]:
1 4 : 0
58203+S|— §B+S|O2 AG; = —-10376 + 32,36T. 4)

The Institute of Metallurgy of Ural Branch of the RAS developed a method for produc-
ing of complex ferroalloy based on FS65 with a boron content of up to 1% [11, 12].

The influence of the type of boron-containing material on the degree of boron uptake
was evaluated under laboratory conditions [13]. During the experiments 3 types of cole-
manite was used. The First one was previously melted at 1300°C, the second was bri-
quetted and calcined at 600°C, the third (in the form of colemanite powder) was calcined.
Than these boron materials was added to a liquid ferrosilicon melt. As a result of the
research, it was found that the most suitable boron-containing material for obtaining
complex ferroalloy is calcined colemanite (B,0; 49,8%; CaO 32,6%; MgO 2,19%, SiO,
15,41%). This material has a high content of B,O; (> 40,0%), there is no water for crys-
tallization in it, it can be prepared to the desired fractional composition, has the lowest

amount of losses during melting.

The influence of the interaction time of colemanite and the reducing agent, the pro-
cess temperature, the amount and composition of colemanite introduced on the degree
of boron uptake by the alloy was found. It is shown that the holding time of the melt at a
constant temperature (1650 ° C) significantly increases the degree of boron absorption
(K). For samples of briquetted colemanite an increase in the holding time of the melt
from 5 to 15 minutes increases the degree of boron assimilation from 44.7 to 57.7%. For

samples of calcined colemanite powder this degree increases from 48.0 to 71.2%.

One of the applications of boron in ferroalloy production is the stabilization of highly
basic slags with B,0;. The production of low carbon ferrochrome is associated with the
formation of highly basic slags (46-52% CaO; 26-29% SiO,; 5-7% MgO; 4-7% Al,O;; 3-
7% Cr,05 and up to 0,5% FeO). The main mineral phase of the slag is 2Ca0 - SiO2. This
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orthosilicate is undergoing the -2Ca0-SiO,—Y-2Ca0-SiO, polymorphic transformation.
The increase of volume of orthosilicate (by 10-12%) during cooling leads to slag self-
disintegration into a fine fraction. Slag phase composition: 2Ca0-SiO, (62-76%); MgO
(9-12%); MgO-Al203 (6-8%); CaO-Cr,0; (2-6%); FeO- Cr,0; (3-5%); 3Cr,05;-Mg0-2SiO,
(up to 13%) [14].

Treatment by B20O3 for stabilization of slag was tested. Experiments were performed
using a fused colemanite (42,8% B,0;). After entering into the slag more than 0,3% B,0,
a complete stabilization occurs. As a result of industrial tests, it was shown that it is
possible in principle to use B,0; to stabilize slags as the most efficient and economical
method [14].

Boron is widely used in the ferroalloy industry. The received new ferroalloys can signifi-
cantly reduce the cost of steel production without deteriorating its consumer properties.
In addition to using of boron oxides as an alloying agent they are used to prevent highly

basic slags from silicate decomposition.

The research was carried with the help of a grant from the Russian Science Foundation
(Project No. 16-19-10435).
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