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Abstract. The article presents the results of a study
of the non-metallic inclusions and secondary structure of
continuous casting steels It is estimate that main quantity
of non-metallic inclusions (=72%) it inputted in steel
during the deoxidization and the secondary oxidation,
therefore the casting processes need to be managed very
well to decrease the quantity of non-metallic inclusions in
liquid steel.

Reducing the secondary dendrite arms spacing for
the strip casting process, in comparison with the
conventional continuous casting process of thick slab, will
reduce the size of non-metallic inclusion and as result
could improve the mechanical properties of steel.

Content of the endogenous non-metallic inclusions in
stainless steel with Ti, in carbon steel and in electrical
steel grades decreases in ladle and tundish in 2.7-3.2
times in comparison with quantity of non-metallic
inclusions before pouring from furnace.

The increasing of the tundish width decreases in 20
times the quantity of nonmetallic inclusions by sizes from
70 to 80 um, and in 5-6 times by sizes 220-230 pm.
Increasing of the tundish height reduces of the oxygen
content in continuous casting of slab

It was development the dependence of the secondary
dendrite arm spacing with cooling rate.

Analysis shown, that the secondary dendrite arms
spacing for the strip casting process decreases from 5.91
to 8.31 times in comparison with the conventional
continuous casting process of thick slab of thickness
220 mm. Simultaneously non-metallic inclusions sizes to
decrease, too. Rapid solidification reduces the number of
large non-metallic inclusions: the inclusion number larger
than 1 um is decreased by a ratio of 5 in comparison with
the conventional slabs process.

It was estimated influence of main parameters on the
average grain sizes and the steel microstructure for the
strip and conventional casting processes.

The dependence of the grain size of carbon and low
alloying steels grades (C = 0.08-0.6%, Si = 0.4-0.6%,
Mn = 0.4-1.4%, P < 0.03%, S < 0.03%), (C = 0.04-0.6%,
Si = 0.11-0.3%, Mn = 0.3-1.12%, P = 0.01-0.035%, S =
0.005-0.035%, Nb = 0.013%, V = 0.001%) and high
chromium and stainless steels of type AISI 430 and 304
(C = 0.03-0.12%, Si = 0.83-1.0%, Mn = 0.8-1.0%, Cr =

=16.0-18.4%, Ni = 8.47%, N = 0.03%) from casting
speed range, final thickness of slab or sheet, reduction,
temperature range is estimated by a multi regression
analysis.

The grain size of steel obtained by the strip casting
process, in range 1300 to 1400 °C, is 2.3 time smaller than
for the slab casting processes with slab thickness from 50
to 220 mm.

Key words: steel, chemical composition, non-
metallic inclusions, secondary structure, continuous
casting of steels

Introduction

The use and production of sheet metal products are
constantly growing, the problem of increasing the
productivity of technology and equipment, improving the
quality of rolling, energy saving, environmental safety is
exacerbated [1].

Thin steel sheet is a type of metal that are most
popular and widely used in engineering, automotive,
construction, food and other industries [2].

One of the main directions of scientific and
technological progress in metallurgical production is the
direct production of thin sheet metal from molten steel
[3]. The technological process of direct production of thin
rolled products from the melt and its implementation is
one of the most promising in metallurgy in recent decades

[4].

Formulation of problem

Research,  development,  improvement  and
implementation in production of technologies that can
significantly reduce production costs, production time and
significantly reduce harmful emissions into the
environment, namely the technology of continuous
casting of thin sheet, is currently very relevant [5].

World leaders in this field (USA, Japan, Australia,
Germany, Italy and others) have achieved significant
results in the development of technological schemes and
designs of casting machines and their implementation in
the metallurgical industry [6]. However, due to significant
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technological and technical difficulties, it is not possible
to establish a sustainable high-performance industrial
process with operational changes in the product range
today [7].

The main problem of direct production of high-
quality thin steel sheet is the presence of a large number
of interdependent technological parameters that affect the
size and distribution of non-metallic inclusions and the
secondary structure of the sheet [8].

The smallest differences in these parameters have a
negative effect on surface quality and homogeneity of the
rolled structure [9].

Low stability of the process does not allow to
establish the production of high-quality thin rolled steel,
the needs of which are constantly increasing [10].

The problem of steel sheet production in Ukraine has
not been solved, so it is relevant and aimed at meeting the
needs of mechanical engineering, automotive and other
industries [11].

Taking into account the needs and requirements of
the world consumer market of metal products, including
the industry of Ukraine [12], the production of thin steel
sheet will remain a promising technological process, the
problems of which must be solved [13].

Solving these problems requires further in-depth
study of the influence of chemical composition and
technological parameters of production on the size and
distribution of non-metallic inclusions and the secondary
structure of the sheet [14].

Analysis of recent research results

The main advantages of the technology in
comparison with traditional slab casting and subsequent
rolling are the following [4]:

- significant reduction of energy consumption (3-7

times);

- shorter length of the technological line (up to
50 m, in contrast to the traditional scheme of 150-
1000 m);

- the cycle of production of hire takes no more than
15 minutes; ecological purity (reduction of harmful gas
emissions by 70-90%);

- opportunity to successfully integrate as an
effective complement to the structural and technological
changes of enterprises with a full production cycle during
their modernization, which is relevant and necessary for
the industry of Ukraine.

The introduction of the technology of thin steel
casting-rolling in industrial production makes it possible
to eliminate many technical and economic problems that
existed in the traditional metallurgical production. The
new method ensures high profitability of obtaining rolled
metal from grades of steels and alloys that are difficult to
deform, the production of which by the traditional method
is difficult or impossible [4]. High rates of metal
crystallization contribute to the uniform distribution of
small non-metallic inclusions, obtaining a fine-grained
structure and inhibiting the sequestration of impurities,
which provides a new, higher level of quality and
mechanical properties of metal products [11].

Results of research

Non-metallic inclusions. Sources of non-metallic
inclusions in steel are lining of smelting furnace, lining of
chute of furnace, bottom-pouring refractories, lining of
ladle, slag from smelting furnace, metallic scrap, products
of secondary oxidation and products of deoxidization.
Approximately inclusion quantity is inputted in steels are
shown in Table 1.

Table 1. Sources of non-metallic inclusions in steels
and approximately quantity inputted inclusions (Nnmi).

Name of source of non-metallic inclusions | Nmi, %
Lining of smelting furnace 0.5
Lining of chute of furnace 0.5
Bottom-pouring refractories 1.0
Lining of ladle 3.0
Slag from smelting furnace 3.0
Metallic scrap 20.0
Products of secondary oxidation 32.0
Products of deoxidization 40.0
Sum 100.0

The data of Table 1 are the basis for calculating and
predicting of the thickness influence on the element
segregation in continuously cast steel slabs.

The above data show that the main quantity of non-
metallic inclusions (72%) it inputted during the
deoxidization and the secondary oxidation.

Content of the endogenous non-metallic inclusions in
stainless steel with Ti, carbon steel and electrical steel
grades, in furnace before pouring (1) in ladle (2) and
tundish (3) are as shown in Fig. 1.
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0.08 - 1. Stainless steel grades with Ti
—a 2. Carbon steel grades

0.06 3. Electrical steel grades
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0.02

Fig. 1. Content of the endogenous non-metallic
inclusions in stainless steel with Ti, in carbon steel
grades and in electrical steel grade in furnace before
pouring (1), in ladle (2) and tundish (3).

Data of Fig. 1. show that content of the endogenous
non-metallic inclusions in stainless steel with Ti, in
carbon steel grades and in electrical steel grades decreases
in ladle and tundish in 2.7-3.2 times in comparison with
guantity of non-metallic inclusions before pouring from
furnace.

Influence of the tundish width on the quantity of
non-metallic inclusions is shown in Fig. 2.

The data from Fig. 2. show that the increasing of the
tundish width decreases in 20 times the quantity of
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nonmetallic inclusions by sizes from 70 to 80 um, and in
5-6 times by sizes 220-230 pm.

Increasing of the tundish height reduces of the
oxygen content in CC of slab (Fig. 3).
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Fig. 2. Influence of the tundish width on the quantity
of non-metallic inclusions [1]: a, b — tundish width is 1.08
and 0.8 m, accordingly.
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Fig. 3. Influence of the tundish height on the oxygen
content in CC of slab: 1 — start; 2 — middle; 3 — finish.

Influence of the slag thickness in tundish and the
tundish barriers on the quantity of non-metallic inclusions
is shown in Fig. 4.

The data from Fig. 4 show that by decreasing the
slag thickness and by using barriers in tundish the
quantity of non-metallic inclusions decreases too.

Independently from forming shape process of non-
metallic inclusions, they are concentrated between
dendrites arms and on the surface of boundary primary
grains.

The dependence of the secondary dendrite arm
spacing (An, um) with cooling rate (R, °C/s) is as follow:

Ay = 96 - R7%42, D

e I without barrier

_ 1P+ e @ @ 2 - with barrier
ES ]
Z
o~
=)
o0
= ®
< ® °
H ° ¢
£ 17 o eo® o
£ o® [ ]
=
£
23
= L
g [ ]
£
10! L]
=
£
k3
_a_'} Area of normal work
E p

100 [T T N

0 20 40 60 80

Slag thickness

100 mm

Fig. 4. Influence of the slag thickness and the
tundish barriers on the quantity of non-metallic
inclusions.

The secondary dendrite arm spacing (Aun, um) for
thick slab and strip casting processes, is as in following
Table 2.

Table 2. BiusHue mapameTpoB 3aTBepICBaHMS Ha

pasMepbl ACHAPHUTOB W PACCTOSAHUC MCEXKAY OCAMHU
JICHAPUTOB 2 MOpsAKa.
. Thick
Parameter Strip slab
Thickness, mm 1.2 1.8 220
Casting speed, m/min 131 59 2
Total solidification time,s | 0.116 | 0.258 1070
Average speed of 5.172 | 3.488 | 0.103
crystallization, mm/s
Average shell cooling rate 1853 826 12
in mould, °C/s
Average size of dendrites 0.6 - 1.0- 12.0-
(xP), mm 0.7 1.2 20.0
Secondary dendrite arms 4.07 5.72 33.81
spacing ( A, um)
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Fig. 5. Size distribution of non-metallic inclusions.
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The data of Table 2 show that the secondary dendrite
arms spacing for the strip casting process decreases from
5.91 to 8.31 times in comparison with the conventional
continuous casting process of thick slab of thickness
220 mm. This means that for the strip casting process the
sizes of non-metallic inclusions will be decreased from
5.91 to 8.31 times, too. Rapid solidification reduces the
number of large non-metallic inclusions: the inclusion
number larger than 1 pum is decreased by a ratio of 5 in
comparison with the conventional slabs process, as
presented in Fig. 5.

Experimental data show that the reduction of size of
non-metallic inclusions improves the properties of steel,
for example the critical cracks (Fig. 6).
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Fig. 6. Influence of the size of manganese (MnS)
sulfides (Ig D) on critical crack length (Ig L).
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Fig. 7. Influence of carbon content on position of
brittleness fields.

The data from Fig. 6 show that in case of decreasing
the size of non-metallic inclusion in range from 5.91 to
8.31 times it is possible to increase the crack resistance in
range from 1.87 to 2.64 times.

Secondary structure. During solidification the steel
has a few temperature intervals of brittleness, where
plastic properties are drooped:

1. High temperature brittleness from solidus
temperature (ts) to 1200 — 1340 °C (as result of impurities
accumulation and elements segregation on grain
boundaries);

2. Medium temperature brittleness — from 1150 till
950 °C (as result of sulfides accumulation on grain
boundaries, with Mn/S > 60 the brittleness is absented);

Low temperature brittleness — from 850 till
700 °C (as result AIN precipitation on grain
boundaries). The influence of carbon content on brittleness
fields is shown on Fig. 7.

In these intervals, as consequence of element
segregation on the austenite grain boundary, increases the
probability of crack appearance.

The element segregation to the austenite grain
boundary depended strongly on the grain size of structure.

In Fig. 8 is shown the grain sizes evolution of the
steel grade St 14 (C < 0.08, Mn < 0.40, P < 0.03,
S < 0.03) relatively for conditions of casting, pressing,
rolling and coiling.
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Fig. 8. Grain size evolution for a strip of thickness
of 12 mm.

In research was shown the austenite and ferrite grain
characteristics as a function of the amount of hot
deformation (Fig. 9).
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Fig. 9. Austenite and ferrite grain characteristics as a

function of the amount of hot deformation.
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Fig. 10. The grain size of steel S355, featuring two
initial-pass temperatures for in — line rolling.

Modeling of the grain size of steel grade S355,
featuring two initial-pass temperatures for in — line
rolling, is shown in Fig. 10.

In according with results of research the
microstructure of electric steel grade, produced by strip
casting is shown in Fig. 11.

i e s SEESTESS Bt

”*1/

Fig. 11. Microstructure of a strip transversal section
of electric steel grade in temperature range from 1000 (a)
to 800 (b) and 600 (c) °C.

Table 3. Influence of main parameters on the average grain sizes for the strip and conventional casting processes.

N Chemical | Sizes | Speed | Superhe | Reduct | Hot Rolli | Temper | Grain size, Sour
compositi | of slab of at, °C ion at | reducti | ng a-ture, | um (y phase, ce
on, or castin pressin | on at °C o phase)
%wt. thickne 0, 0, rolling Surf. | Cent.
ssof | m/min %/tC |,
strip, %It,°C
mm
1 Low - C| 226- (35 -|50-60 |- 30/- - 100 | 300
= 0.04% 31 |45 m | ®
(Si=0.15—
0.30; as-cast 13
Mn=0.50—
0.80;
P<0.01;S
<0.005;
Al<0.005;
N<0.01)
(AlSI
1005)
2 Peritectic | 2.8 - | 65 45 -60 - 100 | 400 (y)
- 3.0 0
C=0.1%
3 Medium - | 3.0 40 70 - 80 200
C M |
=0.45%
6.1 | C<0.007, Force, - *t 1000* o phase
Si=4.5, kN of - 06 12
P<0.01, 0.1- 360 30 coil '
6.2 | Ni<0.07, 0.3 30 800* 147 | 81.6
6.3 | Ti<0.02, 600* 14.6 | 40.2
6.4 | Co<0.02, 300 400* 146 | 9.1
6.5 | Al<0.01. ascast | 11.5 | 8.6
electric
steel
7.1 C<0.08, |50 — Casting — to 1200 — 1300 °C 1000-2828
7.2 Mn < 4 125 [ - ] | 250 — 354
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Si=0.4-0.60, 1200 | 147
Mn=10-14)

12| St3 As — cast 1300 | 250 18
(C=0.14-0.22, 1250 | 32
Si=0.12-0.30,
Mn = 0.4 — 0.65)

13| (C=0.95-.05,Si=0.17- As — cast 1200 | 250
0.37,Mn=0.2-0.4, 1100 |94
Cr=1.3-1.65)
ShKh 15

14| C=0.38, Si=0.21, After rolling at 930 °C, with reduction of | 20 100 - 200 4,
Mn=0.53, P=0.02, thickness on 45 %, 17
$=0.009, Cr=0.28

15| St17GS 30 — | Speed of | Finish rolling at | 20 Surf. | Cent. | 18
(C=014-020,Si=04-|74 crystallization ~ 2.6 | 850 °C 48 63
0.60, Mn=1.0-1.4) 30 — | mm/s. 20 32 48

2.0

Technological parameters of the above structure,
presented in Fig. 11, are as follow:

1.Chemical composition (% wt): C < 0.007,
Si = 45, P < 0.01, Ni < 0.07, Ti < 0.02, Co < 0.02,
Al <0.01.

2.Superheat — 30 °C.

3.Roll diameter — from 300 to 400 mm.

4.Roll length — 150 mm.

5. Casting speed — 6 m/s.

6. Cast strip thickness — from 0.1 to 0.3 mm.

7.Separation force per unit length of the roll ranged
from 0.2 to 2.0 KN/mm.

8.Strip tension between the twin—roll and caster and
the coiler ranged from 11 to 44 N/mm?,

Dependence of the average grain sizes of strip with
the strip coiling temperature is shown in Fig. 12.
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Temperature of coiled strip, °C
Fig. 12. Dependence of the average grain sizes of
strip with the strip cooling temperature.

Table 4. Microstructure description.

N of position Description of Source
in tabl. 3 microstructure
1 Mainly acicular ferrite 13
2 Ferrite + Pearlite
3 Fully pearlitic

In Table 3 and Table 4 are presented respectively the
influence of main parameters on the average grain sizes

and the steel microstructure for the strip and conventional
casting processes.

Dependence of the grain size (D¢, um) of carbon
and low alloying steels grades (C = 0.08 - 0.6%, Si = 0.4
—0.6%, Mn = 0.4 — 1.4%, P < 0.03%, S < 0.03%) for the
conventional continuous casting process with following
conditions:

- casting speed range (Vcast) from 2 to 10 m/min;

- final thickness of slab or sheet (8fin ) - 2.0 +
135 mm;

- reduction (Reym ) - 0 + 93.3 %;

- measured temperature rang of grain size (tgs ) -
25 +1250°C

is estimated by a multi regression analysis with the
following relation:
Dece = 36657 —889.6 + Vu — 946.8 - 85 — 276 -
Rgum - 4.268 * tgg + 0.3647 -ty - 8y + 2.125 -
8?in: (2)

Coefficient of multi correlation R = 0.999.
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Fig. 13. Influence of temperature on grain sizes of
steel manufactured by conventional continuous casting

(CCC) and strip casting (SC).

Grain size, mcm

Depended of the grain size (Dsy, pm) of carbon and
low alloying steels grades (C = 0.04 - 0.6%, Si =0.11 —
0.3%, Mn = 0.3 - 1.12%, P = 0.01 — 0.035%, S = 0.005 -
0.035%, Nb = 0.013%, V = 0.001%) for the strip casting
process with following conditions:

- casting speed range (Vcast) from 40 to 65 m/min;

- final thickness of slab or sheet (8:n ) - 1.68 +
12 mm;

- reduction (Rsum ) - 0 + 86 %;
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- measured temperature rang of grain size (tg ) - 25
+ 1400 °C is estimated by a multi regression analysis with
the following relation:

Dgtr = 10.6 + 0.6806 - tgs - 0.005961 - Ry, -

tés, R = 0.985, 3)

Depended of the grain size (Dssr, pm) of high
chromium and stainless steels of type AISI 430 and 304
(C =0.03 - 0.12%, Si = 0.83 — 1.0%, Mn = 0.8 — 1.0%,
Cr = 16.0 — 18.4%, Ni = 8.47%, N = 0.03%) for the strip
casting process with following conditions:

- casting speed range (Vcast) from 3.7 to 100 m/min;

- final thickness of slab or sheet (&sin ) - 0.9 + 5 mm;

- reduction (Rem) - 0 + 94.5 %j;

- measured temperature range of grain size — room
temperature is estimated by a multi regression analysis
with the following relation:

Dgtrst = 20.6 — 0.02008 * Vouqp - 0.1208 * Rgym +

4336 - 85, R=0.908, )
39
/-
34 /./ /./
£
E 29 ¥
(9]
2 2 2 ¢
5 /
O 19 / - eTs ot
14 1
05 15 25 35 45

Thickness of sheet, mm

Fig. 14. Influence of the steel manufacture route on
the grain size of the carbon and high alloying steels at
room temperature.

In accordance with the data of Table 3, the influence
of temperature and thickness on the grain sizes of steel
manufactured respectively by conventional continuous
casting (CCC) and strip casting (SC) are presented
respectively in Figures 13 and 14.

The data of Fig. 13 show that at temperature 1300—
1400 °C the grain size of strip decreases nearly 2.30 times
respect to the conventional casting.

Influence of the steel manufacture route on the grain
size of the carbon and high alloying steel grades, at room
temperature, is shown in Fig. 14.

Conclusions

1. It is estimate that main quantity of non-metallic
inclusions (=72%) it inputted in steel during the
deoxidization and the secondary oxidation, therefore the
casting processes need to be managed very well to
decrease the quantity of nonmetallic inclusions in liquid
steel.

2. Reducing the secondary dendrite arms spacing for
the strip casting process, in comparison with the
conventional continuous casting process of thick slab, will
reduce the size of non-metallic inclusion and as result
could improve the mechanical properties of steel.

3. Content of the endogenous non-metallic inclusions
in stainless steel with Ti, in carbon steel and in electrical
steel grades decreases in ladle and tundish in 2.7-3.2
times in comparison with quantity of non-metallic
inclusions before pouring from furnace.

4. The increasing of the tundish width decreases in
20 times the quantity of nonmetallic inclusions by sizes
from 70 to 80 um, and in 5- 6 times by sizes 220-230 pum.

5. Increasing of the tundish height reduces of the
oxygen content in CC of slab.

6. It was development the dependence of the
secondary dendrite arm spacing with cooling rate.

7. Analysis shown, that the secondary dendrite arms
spacing for the strip casting process decreases from 5.91
to 8.31 times in comparison with the conventional
continuous casting process of thick slab of thickness 220
mm. Simultaneously non-metallic inclusions sizes to
decrease, too. Rapid solidification reduces the number of
large non-metallic inclusions: the inclusion number larger
than 1 pum is decreased by a ratio of 5 in comparison with
the conventional slabs process.

8. It was estimated influence of main parameters on
the average grain sizes and the steel microstructure for the
strip and conventional casting processes.

9. The dependence of the grain size of carbon and
low alloying steels grades (C = 0.08 - 0.6%, Si = 0.4 —
0.6%, Mn = 04 — 1.4%, P < 0.03%, S < 0.03%),
(C =0.04 - 0.6%, Si =0.11 — 0.3%, Mn = 0.3 — 1.12%,
P = 0.01 — 0.035%, S = 0.005 - 0.035%, Nb = 0.013%,
V = 0.001%) and high chromium and stainless steels of
type AISI 430 and 304 (C = 0.03 - 0.12%, Si = 0.83 -
1.0%, Mn = 0.8 — 1.0%, Cr = 16.0 — 18.4%, Ni = 8.47%,
N = 0.03%), from casting speed range, final thickness of
slab or sheet, reduction, temperature range is estimated
by a multi regression analysis.

10. The grain size of steel obtained by the strip
casting process, in range 1300 to 1400 °c, is 2.3 time
smaller than for the slab casting processes with slab
thickness from 50 to 220 mm. For the strip casting
process the grain size decreases compared to the
conventional continuous casting process, as consequence
it is possible to increase of the element content in steel for
the strip casting process.
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HEMETAJIJIMYECKUE BKJIFOYEHUA U
BTOPMYHAS CTPYKTYPA HEITPEPBIBHO JIMTBIX
CTAJIEN
E. I Apmanounany

AHHOTanusi. B crathe mpenctaBieHBI pe3yNbTAThI
WCCIICOBAaHUA  HEMCTAJUIMYECKUX  BKIIOUYCHHH W
BTOPUYHOU CTPYKTYpPBI CTaJIed HENPEPBIBHOW Pa3JIMBKU.
IToxcuuTaso, YTO OCHOBHOE KOJIMYECTBO
HEMeTaJNINUYeCKuX BKIO4eHui (72%) BHOCHTCSA B cTailb
BO BpeMS pACKUCICHHS UM BTOPUYHOTO OKHCIICHHUS,
II03TOMY HEOOXOJMMO IleJICHANpaBIeHHOE YIIpaBlIeHUE
IporieccaMi  JIMThS, Ui YMEHBLICHHS KOJHUYECTBA
HEMETaJUIMYECKUX BKIIIOUCHUH B CTAJIH.

YMEHBIICHHE PACCTOSHUS MEXIY ACHIPUTHBIMU
BETBSIMH BTOPOTO MOPS/IKa, B CiIydae MpoIecca pPas3iIuBKU
JICHTBl, TIO0 CPAaBHEHMIO C TPaJUIMOHHBIM IPOLECCOM
HETIPEPHIBHOM pA3JIMBKU TOJICTHIX CISI00B NPHUBOAUT K
YMEHBIICHUIO pa3Mepa HEMETAIIMIECKUX BKIIOUCHHH H,
KaK pe3yibpTaT, YIy4IICHHIO MEXaHHYEeCKHX CBOICTB
CTaJu.

Copnepxanue 9HJIOTEHHBIX HEMETaJUTHUECKIX
BKJIFOUEHHI B HEPIKABEIOIIEH cTamu ¢ Ti, B yrJIEpOIUCTOM
CTaJI ¥ B ANEKTPOTEXHUUECKUX MapKax CTaIN CHIDKAeTCs
B KOBIIE U Pa3jiMBOYHOM ycTpoiictBe B 2,7 - 3,2 pasza mno
CPaBHEHUIO c KOJINYECTBOM HEMETaJUTMYECKUX
BKJIFOUCHHH TTepej1 Pas3inBKOM U3 Ieyn.

[Ipn yBenM4YeHUH IUPUHBI TPOMEKYTOYHOTO KOBIIIA
KOJINYECTBO HEMETAJUIMUECKHUX BKIIIOYEHHH pazMepoM OT
70 no 80 MM ymensiaercst B 20 pas, a pazmepom 220 -
230 MKM - B 5-6 pa3. YBeIHUEHHE BBICOTHI Pa3InBOYHOIO
KOBIIIa CHIDKAET COAEp)KaHHE KHUCIOPOAa B HEIPEPHIBHO
JIUTOM cIisioe.

B craree ycTaHOBIIEHa 3aBHCHMOCTH PACCTOSIHUS
MEXAYy BTOPHUYHBIMU BETBSIMH JIEHIPUTOB OT CKOPOCTH
OXJTaXKICHUSI.

AHanu3 1okasaj, 4TO pPacCTOSHHE MEXIy BETBSIMU
BTOPOTO TMOpsJKa JICHAPUTOB B IIPOLECCE Pa3IMBKU
neHThl ymensbiaercs B 5,91 - 8,31 pasa no cpaBHEHHIO ¢
TPAIMLMOHHBIM TIPOLIECCOM  HENPEPBIBHOH  Pa3IMBKH
TOJICTBIX CI100B TOMIMHON 220 MM.

OXHOBpPEMEHHO  YMEHBIAIOTCS W pa3Mephl
HEMETAJNTMYECKUX BKIIOYEHUU. bricTpoe 3arBepneBanue
CHIDKAeT KOJNHMYECTBO  KPYIHBIX  HEMETaJUIYECKUX
BKITIOYCHHUH: KOJIMYECTBO BKIIOYCHUH pazMepom Ooimee 1
MKM yMEHBIIAeTCI B 5 pa3 1O CpaBHEHHIO C
TPaIUIIMOHHBIM MIPOIIECCOM W3TOTOBIICHHUS CIIIO0B.

VYCTaHOBIIEHO BIMSHUE OCHOBHBIX TEXHOJOTHYECKUX
rapaMeTpoB MpoLecca HENPEPHIBHOTO JIUThSI HAa CPEIHHUN
pa3Mep 3epHa U MHUKPOCTPYKTYPY CTaJil IJIsl JICHTOYHOTO
U TPAAMIHOHHOTO TPOLIECCOB JIUTHS.

B pesynpraTe MHOKECTBEHHOTO PErpecCHOHHOIO
aHaJM3a YCTAaHOBJICHa 3aBHCHUMOCTh pa3Mepa 3epHa
VTIACPOOUCTHIX W HHU3KOJICTHPOBAHHBIX MAapoK CTalei,
coxepxamux, C = 0,08 - 0,6%, Si =0,4 - 0,6%, Mn=0,4
- 1,4%, P <0,03%, S <0,03%, a Taxxxe C = 0,04 - 0,6%, Si
=0,11-0,3%, Mn=0,3 - 1,12%, P = 0,01 - 0,035%, S =
0,005 - 0,035%, Nb = 0,013%, V = 0,001% wu
BBICOKOXPOMICTHIX M HepkaBeromux craixeid tuma AlSI
430 u 304 (C =0,03-0,12%, Si = 0,83 - 1,0%, Mn =0,8 -
1,0%, Cr = 16,0 - 18,4%, Ni = 8,47%, N = 0,03%) ot
CKOPOCTH JIMThA, KOHEYHON TOJINIWUHBI ITOJIOCHI UJIM JIMCTA,
BEITMYMHBI 00>KaTUs U TeMIIEPaTypPHI.

Pasmep 3epHa cramy, NONY4eHHOHM B IIpoLecce
pa3nmBKH TONOCH, B auama3one ot 1300 mo 1400 °C, B
2,3 pasza MeHbIIIE, YeM TSI POIIECCOB PA3IIBKHU CIISTO0B C
TonmuHou ot 50 no 220 MM.

KiaioueBble cioBa: cramb, XUMHYECKHH COCTaB,
HEMCETAUTMYECKUE BKIIOUCHUS, BTOPUYHAS CTPYKTYpA,
HETIPEPBIBHOE JTUTHE CTAJICH

HEMETAJIEBI BKJIIOYEHHS I BTOPMHHA
CTPVKTYPA BE3IIEPEPBHO JIMTUX CTAJIEN
€. I Apmanoinany

AHoTanigs. Y cTarTi npeacTaBieHi
JOCTIDKCHHS HEMETANIYHAX BKIIOYCHb 1 BTOPHHHOI
CTPYKTYpPH  CTallel 0e3mepepBHOTO  PO3JIMBAHHS.
[ligpaxoBaHoO, MO OCHOBHA KUNBKICTh HEMETAJTIYHUX
BKIIOYeHb  (72%) BHOCHTBCS B CTalnb Mg dYac
PO3KHUCIICHHS i BTOPHHHOTO OKHCJICHHS, TOMY HEO0OXiIHO
[UTECTIPSMOBAaHE YIIPABIIHHSA TPONECAMU JIATTS, IS
3MEHIIEHHS KIJILKOCTI HEMETAIEBUX BKIIOUYEHb B CTAII.

3MEHIIICHHST BIZICTaHI MK JCHAPUTHUMH TUIKAMHU
JIPYTOTO TOPSIKY, B pa3i MPOIECY PO3JIUBAHHS CTPIUKH, B
MOPIBHSHHI 3 TPaJMIUIHUM TponecoM Oe3rnepepBHOIO
PO3JIMBAHHSA TOBCTUX CJISIOIB MPU3BOAUTH JO 3MCHIIICHHS
pO3Mipy HEMETaliYHHX BKIIOYEHb 1, SK pe3yibTarT,
MOJIIIIIEHHIO MEXaHIYHUX BIACTUBOCTEN CTAIIH.

3MICT €HJOT€HHHMX HEMETalleBUX BKJIIOYCHbL B
HeipkaBitouoi crami 3 Ti, B ByrmeneBoi cram 1 B
CJIIEKTPOTEXHIYHUX MapKaX CTAIN 3HWXKYETHCS B KOBIII 1
poznuBHOMY TIpucTpoi B 2,7 - 3,2 pa3u B NOpIBHSHHI 3
KUTBKICTIO HEMETAJICBUX BKJIIOUYCHD MEPE]] PO3TMBAHHIM 3
reui.

I[Ipu 30inpmIeHHI IUPUHA OPOMIKHOTO KOBIILY
KUTbKICTh HEMETAIIYHUX BKIIOUYEHb po3MmipoM Big 70 mo
80 MkM 3meHInyetbes B 20 pasiB, a po3mipom 220-230
MKM — B 5-6 pa3ziB. 30iIbIIeHHS BHCOTH PO3JIMBHOTO
KOBIIIA 3HW)KYE BMICT KHCHIO B O€3MEpEepBHO JUTHM
cIs101B.

V crarri BCTaHOBJIEHO 3aJIEKHICTH BiACTaHI MiX
BTOPUHHAMH  TiIKaMW  JEHIPHUTIB  Big  IIBHIKOCTI
OXOJIOIKEHHS.

pe3ynpTaTH
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AHaJi3 oKa3as, 10 BiJICTaHb MK TUIKAMH JPYTOTo
TIOPSIKY JNEHIPHUTIB B TMPOIECI PO3IUBAHHSA CTPIYKH
3MeHIIyeTecsi B 5,91-8,31 pasm B TmOpiBHAHHI 3
TPAmUIIfHAM TpOIecOM Oe3MepepBHOTO  PO3NHUBAHHS
TOBCTHX Cist0iB  ToBmMHOKO 220 MM. OpHOYacHO
3MEHIIYIOTBCS 1 PO3MIPH HEMETaJIYHHUX BKIIOYCHb.
IlIBuake 3aTBepIiHHS 3HUKYE KUIBKICTh  BEITUKHX
HEMETaJeBUX  BKIIOYEHb.  Hampukmag, — KiJIbKICTh
BKJIIOUYCHb PO3MIPOM MOHaJ | MKM 3MEHIIYEThCS B 5
pasiB y TOpIBHAHHI 3 TPaAMIIHHUM IIPOLECOM
BHUTOTOBJICHHS CJIA0IB.

BcTaHOBIEHO BIUIMB  OCHOBHHMX — TEXHOJIOTTYHHX
mmapaMeTpiB Tporecy Oe3nepepBHOTO JHUTTS HA CEperHii
po3Mip 3epHa i MIKPOCTPYKTYPY CTaji JUIA CTPIIKOBOTO i
TPaTUIIIHHOTO MPOIIECIB JTHUTTS.

B pesymbraTi MHOXXHHHOTO pPETPECiifHOTO aHalizy
BCTaHOBJICHO 3aJIeKHICTh PO3MIpy 3€pHa BYIJICHEBUX 1
HU3BKOJIETOBAaHUX MapoK cTajei, mo mictars, C = 0,08 -
0,6%, Si = 0,4 - 0,6%, Mn = 0,4 - 1,4%, P <0,03%, S
<0,03%, a takox C = 0,04 - 0,6%, Si = 0,11 - 0,3%, Mn =
0,3-1,12%, P =0,01 - 0,035%, S = 0,005 - 0,035%, Nb =
0,013%, V = 0,001% 1 BHCOKO XPOMHCTHX i
HeipxkaBitounx craied tumy AISI 430 i 304 (C = 0,03 -
0,12%, Si = 0, 83 - 1,0%, Mn = 0,8 - 1,0%, Cr = 16,0 -
18,4%, Ni = 8,47%, N = 0,03%) Bix MBHIKOCTI JUTTS,
KIiHIICBOT TOBIIMHU CMYTH a0 JIKCTa, BEIMYMHU OOTUCKY
i TeMIepaTypHu.

Po3mip 3epHa cramm, oTpuMaHoi B Ipoleci
po3NuBaHHA cMyTH, B mianma3oHi Bix 1300 mo 1400 °C, B
2,3 pa3u MeHIle, HiX I TIPOLIECIB PO3JIUBAHHS CIISIOIB 3
TOBIIKHO Bif 50 710 220 MM.

KarouoBi ciaoBa: cranb, XIMIYHMH ~ CKJaj,
HEMeTaleBi BKJIFOYEHHS], BTOpPUHHA CTPYKTYpa,
Oe3repepBHE JTUTTS CTAICH.
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