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Abstract. The article presents the results of the
chemical composition influence on element segregation
and properties of steel strip manufactured by strip casting
route.

It is shown that in the transition from the slab
production with a thickness of 220 mm to slabs with a
thickness of 1.2 mm, the thickness of the segregated
diffusion layer in the case of the continuous strip casting
process is 4.1 - 12.4 times less than in the case of traditional
continuous casting.

The carbon, nitrogen, copper, tin, phosphorus and
sulfur segregation percentage in the continuous strip
casting process is 1.7 - 5.1 times less than in traditional
continuous casting.

A method is proposed for calculating the element
segregation based on the equality of the segregation level
in traditional and strip continuous casting.

It has been established that the content of elements in
steels during two-roll continuous casting can be increased
for impurities such as S, O, N, P, H from a minimum of 3
for P to a maximum of 497% for S. For residual elements
such as Pb, Bi, Sn, Cu, Sh, Zn, As minimum increase from
1.1 for Zn to maximum 401% for Pb. The content of such
alloying elements as B, Se, Al, Te, Ca, Mg, Ce, C, La, Nb,
Ti, Mn, Ni, Si can be increased from a minimum of 1.1 for
Si and Mn to a maximum of 675% for B.

The time and rate of cooling of a 20-ton coil of steel
strip are calculated, which are, respectively, 13.7 hours and
0.0051 °C/s. Such cooling conditions create the
prerequisites for the precipitation of chromium carbides
and an increase in the tendency of steel to intergranular
corrosion.

It was found that for eliminate this problem, it is
necessary to increase the cooling time with water after
rolling to a strip temperature from 300 to 400 °C.

Keywords: steel, chemical composition, segregation,
properties, yield strength, tensile strength, cooling, strip
casting.

Introduction

Continuous casting of steels is one of the promising
areas of modern steelmaking [1]. The state of steel

continuous casting analysis shows that in recent decades
there has been a tendency towards an increase of the
casting speed and a decrease of the slab thickness [2]. Such
a change of the process parameters is accompanied by a
change in the distribution of alloying elements and
impurities in the metal during crystallization and, as a
consequence, of properties [3]. Therefore, research to
determine the patterns of change in the distribution of
alloying elements and impurities in steel and their
properties with an increase of the casting speed and a
decrease of the slab thickness is relevant [4].

Formulation of problem

The research is aimed at determining the quantitative
patterns of changes in the segregation of elements with an
increase in the pouring rate and their limiting values from
the condition of maintaining the level of mechanical
properties.

Analysis of recent research results

The transition from the production of 220 mm thick
slabs to 1.2 to 1.8 mm thin slabs is accompanied by an
increase of casting speed and average speed of
crystallization in 30-66 and 34-50 times, accordingly [5].
Total solidification time decreases in 415-922 times
(table 1).

In according with table 3 the residence time of steel in
the temperature interval of brittleness from 1350 to
1450 °C, for different productive route, is as follow:

- conventional continuous casting (slab thickness —
220 mm) t = 8.33 s;

- thin slab (slab thickness — 50 mm) t = 2's;

- strip casting (thickness — 1.8 mm) t = 0.121 s;

- strip casting (thickness — 1.2 mm) t = 0.054 s.

In according with research [2], the diffusion mobility
coefficient at 1400 °C will be for different elements as
follow:

- carbon - D¢ = 4.53-1072° m?/s;

- nitrogen - Dy = 2.43-1071% m?/s;
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- copper - Dey = 3.18-107%2 m?/s;

-tin - Dgp = 2.09-107%2 m?/s;

- phosphor - Dp = 8.26-10 1 m?/s;

- sulfur - Ds = 2.55-1071* m?/s.

Manufacture technological parameters are shown for
steel SAE 1006 at the twin rolls casting process in table 3.

Table 1. Steel strip and thick slab manufacturing
parameters [1].

. Thick
Parameter Strip slab
Thickness, mm 1.2 1.8 220
Casting speed, m/min 131 59 2
Total solidification time, s | 0.116 | 0.258 107
Average speed of 5172 | 3.488 | 0.103
crystallization, mm/s
Avera_ge shell cooling rate 1853 826 12
in mould, °C/s
Average size of dendrites | 0.6 - 10- 12.0 -
(xP), mm 0.7 1.2 20.0
Speed of melt flow (Usx), 02-050 0.2 -
m/s 0.6
Coefficient of diffusion of 9. 3
elements (D), m%/s 5107+ 110
Kinematic viscosity of
melt, with C = 0.054 4
obwt., 10.8:10
at 1550 °C (v), m?/s

Table 2. Effect of increasing content of the residual
elements on various properties of steel

N Property __Element
Cu|Ni|Cr|Mo|Sn|Sb
1 Strength and U U I U R
hardness
2 Ductility - |+ |+ - - -
3 | Strain hardening - - |0 - - -
4 Strain ratio + 10| 0 0| -
5 | Impact resistance | + | + | O - 0| -
6 Hardenability + |+ |+ |+ |+ |+
7 Weldability - - | - - - -
8 Corrosion N N N +
resistance
9 Te_mper + - + - + +
embrittlement

Reduction of steel solidification time and residence
time of steel in temperature interval of brittleness with a
decrease of the slab thickness [6], it creates the
prerequisites for inhibition of the process of segregation of
elements at grain boundaries [7].

Thickness of the element segregation layer around the
grain boundary (8s) can be defined from the following
formula [8]

8 =(2-D;-1)%, 1)
where D;j the diffusion mobility coefficient of element | at
1400 °C.

In research [9] is shown the influence of residual
elements on properties of steel strip (table 2, 4).

The table 2, 4 data show that the residual elements as
Cu, Sn, Sb increase strength, hardness, corrosion

resistance, hardenability, temper embrittlement and
decrease ductility, strain hardening and weldability [10].
But if the increasing of the residual elements as Cu, Sn, Sh
is accompanied by decreasing of grain size it will be
possible to increase the content of residual elements
without decreasing the mechanical properties of strip
manufactured by the conventional continuous casting route
[11].

For example [12-14], the elongation of steel strip for
deep drawing depend on the chemical composition and the
grain size according to the next formula [13]:

§=14 — 29-[C]+ 0.2-[Mn] + 0.16 -
-[S]- 3.9 - [P]- 0.25 - [Sn] + 0.017 -
D—O.S’ (2)
where [C], [Mn], [Si], [S], [P], [Sn] are the content of C,
Mn, Si, S, P, Sn in steel (wt. %);
D —is grain size, mm.

[Si] - 2.2

Results of research

Segregation. Element segregation to the austenite
grain boundary depends of the element diffusion mobility,
the residence time of steel in the temperature interval of
brittleness from 1350 to 1450 °C and the austenite grain
size. Steel strip and thick slab manufacturing parameters
are shown in table 3.

Calculated results are presented in figures 1 and 2.
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Fig. 1. Dependence of the segregation layer of
carbon and nitrogen of slab and strip thickness.
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Fig. 2. Dependence of the segregation layer of slab
and strip thickness

It could be observed from the fig. 1 and 2 that the
thickness of the segregation diffusion layer (3) in case of
the strip casting process is 4.06 to 12.41 times smaller than
for the conventional continuous casting.
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Table 3. Manufacture technological parameters of steel SAE 1006 at the twin rolls casting process.

Diameters of rolls 600 mm

Name of parameter

Volume of parameters

Speed of casting, m/min (m/s) 59 I 105 13l
' (0.983) (1.317) (1.75) (2.183)
Thickness of strip (8strip), MM 1.8 1.65 1.4 1.2
Meniscus — Kissing point
Time of contact since meniscus to kissing point, s | 0.258 | 0.194 | 0.145 | 0.116
Surface
Surface temperature at meniscus, °C 1508 1508 1510 1515
Surface temperature at kissing point, °C 1295 1270 1285 1300
At, °C 213 238 225 215
Average cooling rate of surface,°C/s (°C/min) 826 1227 1552 1853)
Center (temperature of liquid steel in center, at meniscus equal 1550°C)
Centre temperature at kissing point, °C 1455 1462 1467 1470
At, °C 95 90 83 80
. 0 o o 368 464 572 690
Average cooling rate of centre, °C/s (°C/min) (22080) (27840) (34320) (41400)
Kissing point — rolling
Average temperature at_kissing point, °C 1390 | 1391 | 1395 ] 1402
Temperature at rolling, °C ~ 1140
Cooling Time, s 13.53 10.1 7.6 6.09
' (13.3/0.983) (13.3/1.317) (13.3/1.75) (13.3/2.183)
Average cooling rate from the kissing point to 18.48 24.85 33.55 43.02
rolling, °C/s (°C/min) (1109) (1491) (2013) (2581)
Rolling
Temperature at rolling, °C ~ 1140
Thickness of strip after rolling,mm 1.6 - - 0.8
Reduction of area, % 12 - - 33
Cooling after rolling
Temperature after rolling, °C 880 - 900
Cooling time (since 890 °C to ~550 °C), s o o o | 7re= 1712183
Average cooling rate after rolling, °C/s 19.66 26.34 35.02 43.65
(°C/min) (1180) (1580) (2101) (2619)
Cooling in coiler. Average speed of cooling of coil from 550 oC to 300 °C ~ 0.352 °C/min. Coil weight =~ 20 ton
Table 4. Effect of residual elements on Yield Strength (YS) and Tensile Strength (TS).
Strength increment (MPa per 1 wt. %)
N Type of steel and heat treatment Cu Ni Cr Mo Sn
YS|TS|YS|TS|YS| TS |YS| TS | YS | TS
1 | 0.3% C steel normalized 83 | 62|55 |3 | 62| 9 | 13 | 69 - -
2 | 0.2% C steel asrolled - - | 55169 | 90 | 131 | - - - -
3 | Low-C steel normalized orannealed | 41 | 13 | 0 | 13| -28 | -41 | 13 | 55 | 124 | -
4 | Low-C steel normalized 41 | 13| 0 | 13| -28|-35| 13 | 55 | 131 | -
5 | Decarburized iron annealed - - - | 76| 0 - 35 - - -
6 | Decarburized steel annealed 62 | 76 | 35 |48 | 69| 0 | 48 | 138 | - -
7 | Ti—gettered iron annealed - - |41 ] - | 69| - - - - -
8 | 0.005C — Fe quenched - - |41 - - - - - - -
9 | Very pure iron annealed - - - - | 69| - - - - -
10 | High-C steel normalized - - - - | 62 - - - | 173 -
11 | Low-C steel normalized 76 | 55| 41 | 35| 55 | 69 - - - -
12 | Various steels, various trtmts - - - - - - - - | 110 | 138
13 | Various steels, various trtmts - - - - - - - - | 110 131
14 | High-C steel as rolled - - - - | 131]138| - - - -
15 | High-C steel as rolled 35|48 | 90 | 69 | 173 | 200 | 6.9 | 48 - -
16 | Low-C iron annealed - - - |41 - 13 - 41 - -
17 | Low-C iron annealed - - - | 3| - -13 | - 41 - -
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The carbon, nitrogen, copper, tin, phosphorus, sulphur
segregation compared to the grain volume is shown in
figures 3 and 4.
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Fig. 3. Dependence of carbon and nitrogen
segregation of slab and strip thickness.

The percentage of the segregation volume in case of
the strip casting process is from 1.74 to 5.06 times smaller
than for the conventional continuous casting process (fig 3,
4).
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Fig. 4. Dependence of copper, tin, phosphorus and
sulphur segregation of slab and strip thickness.

In according with research [6], the element
distribution in diffusion layer could be calculated as
follow:

(Coi + Coi)/(Coi — Coi) = (4° Dy - D)/X%, (3)
where Coi and Cy; — are respectively the content of element
i on the grain boundary before diffusion time and after
diffusion time t (see figure 5),

x — thickness of the boundary segregation layer.

After transformation, the formula 3 will have the
follow form:

Coi = Coi - (4D T +x%)/(4-D;-T1—x%), (4)

From formula (2) and (4) could be observed that the
minimum concentration of element i in the boundary
segregation layer will be Cpi = Coj, at x = 0. The maximum
concentration of element i in the boundary segregation
layer will be Cpi = 3-C,j at x = 8. Distribution of element i
in boundary segregation layer is shown on fig. 5.

Segregation layer

Grain

boundary

Fig. 5. Distribution of element i in boundary
segregation layer.

If it is considered the average content of element | in
the segregation layer equal to 2-Co, it can be calculated the
segregation Index lseq as:

Isegr = Wsegr(l)/vgrain =

=12 Vg - P Coi/(100-1-D3),  (5)
where Wsegr(r) — the segregation weight of element I;
Vgain — grain volume; Vs — segregation volume of
element I; p - segregation density; D — grain size.

In case of considering an equal segregation for the
conventional continuous casting process (ICCC) and for
the strip casting process (ISC) the formula presents the
relationship of content of the element I in steel for the strip
casting (Co(i)str) and for the conventional continuous
casting (Co(i)ccc) is

Co(i)str = (Dgtr/Dgcc) ) (Vsl(i)ccc/vsl(i)str) ) Co(i)ccc' (6)

where Dstr and Dccc — are respectively the grain sizes

for the strip and conventional continuous casting
processes;

Vsl(i)cce and  Vsl(i)str — are respectively the
segregation volume of the element I for the conventional
continuous casting and strip casting processes.

Results of calculation, according the formula 6, are
presented in figure 6.

The thickness of the segregation diffusion layer for
the strip casting is 4.06 — 12.41 times smaller than for the
continuous casting process.

It is possible to increase element content in steel for
the strip casting process respect to the conventional

continuous casting as presented below (table 5):
8
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Fig. 6. Possibility of increasing the element content
in steel for the strip casting process respect to the
conventional continuous casting process.

Table 5. Possible of element content increasing in
steel for the strip casting process respect to the
conventional continuous casting

Element Thickness of strip casting
1.8mm[1.2mm [ 18mm [ 1.2mm

Compare to slab thickness

220 mm 50 mm
P 4.7 4.7 2.3 2.3
Sn 3.7 7.4 1.8 3.7
N 35 5.0 1.7 2.5
C 34 5.1 1.6 2.6
Cu 3.1 4.6 15 2.2
S 2.6 6.5 13 3.3

Properties. It is possible to calculate the increasing
of the element content in steel for the strip casting process
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by considering the same elongation for both manufacturing
routes: strip casting and conventional casting.
Calculation of increasing limit content for Sn
([Sn]str = ASn + [Sn]ccc ) for strip casting.
Sstr = 8cee — 0.25 - [Sn] g + 0.017 - D25 =

=- 0.25[Sn] . + 0.017 - DC_C%'S, @)
[Sn]ser — [Sn]cec = 0.068 - (Ds_t?”s ’ DC_C((]JS ’ 8
[Sn]ccc + ASn — [Sn]ccc = 0.068 - (Ds_tgs DC_C%S ’ (9)
ASn = 0.068 - (Ds_tg's 'DC_C%S , (10)

In according with work [7] for thin slab of size 50
mm, the increasing limit content for Sn is next:
ASnp.x = 0.068 - (0.02027%5-0.03817%5) =

= 0.068-1.91 = 0.13%, (11)

Snstrmax = [Sn]ccc + 0-13%v (12)
ASn,;, = 0.068-(0.02277%5-0.02847°%%) = 0.068 -
0.703 = 0.05%, (13)

ASngirmin = [Sn]eec + 0.05%, (14)

Calculation of increasing limit content for S ([S]se =

=0.00773-1.91 = 0.015%, (17)
[S]strmax = [S]ccc + 0015%: (18)
ASpin = 0.00773 - (0.02277°5 -0.0284795) =
0.00773-0.703 = 0.0054%, (19)
[Slstrmin = [Sleee + 0.0054%, (20)
Calculation of increasing limit content for P ([P]sy =
AP + [P]ccc) for strip casting.
—3.9- [Plgy + 0.017 - D2° =
— 3.9 [P]eee + 0.017 - D25, (21)
[P]str_ [P]ccc = 0.00436 - (Ds_t?”s - Dc_cgs (22)
[PlsertAP — [P]eec = 0.00436 - (Ds_tgs - Dc_cgs , (23)
AP = 0.00436 - (D;;05 — D;25), (24)
AP, = 0.00436-(0.02027%5 - 0.03817°5) =
= 0.00436-1.91 = 0.0083%, (25)

AS + [S]ecc ) for strip casting.
— 2.2 [Slgr + 0.017 - D525 = — 2.2+ [S] cec +

+0.017 - D725,

[S]str_ [S]ccc = 0.00773 - (Ds_tgs - DC_C%S ’

[S]str+AS = [S]eee = 0.00773 - (Dgp® = Dece®), (158)

AS = 0.00773 - (Ds_tg's —-D;05),
ASax = 0.00773 - (0.0202_0'5 —0.0381_0'5) =

Table 6. Increasing of the limit of elements in steel grades for manufacture technological parameters of the twin

rolls casting process according with table 3.

(14a)

[P]strmax = [P]ccc + 0-0083%: (26)
APy, = 0.00436 - (0.02277%5 - 0.02847°5) =

= 0.00436-0.703 = 0.0031%, (27)

[Plstrmin = [Plecc +0.0031%, (28)

Increasing of the limit of elements in steel grades for

(15)  manufacture technological parameters of the twin rolls

(16) table

. . Minimum
Dendrite segregation Boundary : .
Element | at crystallization in | microsegregation | Elongation Increasing at
in solid steel crystalllz.atlon in
d phase | y phase d phase | in y phase
Impurities
S 4.97 1.16 1.30 1.005 1.05 1.05
) 1.80 1.19 - - 1.80 1.19
N 1.22 1.04 1.70 - 1.22 1.04
P 1.16 1.07 2.30 1.03 1.03 1.03
H 1.09 1.07 - - 1.09 1.07
Residual elements
Pb 4.01 1.04 - - 4.01 1.04
Bi 1.47 1.05 - - 1.47 1.05
Sn 1.18 1.06 1.80 1.05 1.18 1.05
As 1.10 1.02 - - 1.10 1.02
Zn 1.07 1.01 - - 1.07 1.01
Sh 1.07 1.09 - - 1.07 1.09
Cu 1.04 1.76 1.50 - 1.04 1.76
Alloying elements

B 67.5 1.01 - - 67.5 1.01
Se 4.16 1.03 - - 4.16 1.03
Al 1.80 1.19 - - 1.80 1.19
Te 1.58 1.98 - - 1.58 1.98
Ca 1.47 2.23 - - 1.47 2.23
Mg 1.45 1.07 - - 1.45 1.07
Ce 1.44 1.04 - - 1.44 1.04
C 1.26 1.06 1.60 - 1.26 1.06
La 1.26 1.05 - - 1.26 1.05
Nb 1.18 1.04 - - 1.18 1.04
Ti 1.04 1.13 - - 1.04 1.13
Mn 1.02 1.01 - - 1.02 1.01
Ni 1.02 1.03 - - 1.02 1.03
Si 1.02 1.01 - - 1.02 1.01

casting process according with table 3 is as presented in the
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The data in table 6 show that the element limits in steel
grades for twin rolls casting process can be increasing for
impurities S, O, N, P, H minimum from 3 for P to
maximum 497% for S. For residual elements Pb, Bi, Sn,
Cu, Sb, Zn, As minimum from 1,1 for Zn to maximum
401% for Pb. Alloying elements (B, Se, Al, Te, Ca, Mg,
Ce, C, La, Nb, Ti, Mn, Ni, Si) can to increase minimum
from 1,1 for Si and Mn to maximum 675% for B.

Cooling. Manufacture of steels strip by the twin rolls
casting process has good base because for all steps of
process, from the casting till the coiling, the forming
macrostructure and the mechanical properties will be very
good due to the high cooling rate of steel, but some
problems can be verified during the cooling, because in this
step it will be a low cooling rate.

In according with [8] the cooling time of steel pieces
can be calculated by next formula:

Teool = (2'3 "G ﬁ) ‘Ig (tt:,:,v—_—ttfs.:,cs,llll) (29)

where teo — cooling time of coil from tsoil (°C) to
trincoil (°C), hours; G — weight, kg; ¢ - heat capacity,
kJ/(kg-°C); F —surface area of coil, m* (D=1.8 m,d = 0.6
m, H = 1.5 m), F = 15.8279 m?; o = coefficient of heat
transfer to the environment (o = 41.9 kJ/(m?-h-°C) for calm
air at 25 °C), kJ/(m*h-°C); tenv — temperature of the
environment (°C).

The cooling time for a coiler of weight 20 ton, that has
to be cooled from 550 °C to 300 °C, iS Tcool =
(20000-0.704-2.3/(41.9-15.8279)) -Ig(25 - 550/(25 - 300))
=13.71 hours.

Cooling rate in the above interval will be 250/13.71 =
18.23°C/h=0.304 °C/min = 0.0051 °C/s. The cooling rate is
very slowly and if impurities and residual elements saturate
the solid solution it is danger that in the above temperature
interval the impurities and the residual elements will
precipitate from the solid solution to grain boundary (fig.
7.

In according to figure 7 the content of P on the grain
boundary for low alloying steel, due to cooled segregation,
could be increased till 2.5 times relative to the content in
grain [9].

°C 535

425

J15

2051

a5

L1 | | t
g 05 40 15 20 25 a %

Fig. 7. Concentration of Sn and P on the grain
boundaries [8].

In case of austenite steel, for example stainless steel
grade, for example AISI 304, it is possible the precipitation
of chromium carbides, increasing the sensitiveness the
steel to inter crystallite corrosion (fig. 8).

°C ap ‘

800

700

600

400

Time of holding, g 7, hours
Fig. 8. Influence of temperature and time of the
holding on development of the sensitiveness of stainless
steel (grade AISI 304) to inter crystallite corrosion [10].
1-as — cast; 2- cold rolling on 30%

Results of research [11] show that the increasing of
the cooling temperature will be accompanied with the
decreasing of mechanical properties (fig. 9).

110 - T— T 15
—a— Strangth
WE e .. _ -3 Elangation = 12
E I 2
z 550 = - g 2
£ : =]
o =
5 ig E"
: 450 + -
3 -3
=
|
350 + t + =0
uncoiled 400 GO0 a00 1000

Tamparatura of coilad strip, "C
Fig. 9. Dependence of mechanical properties of strip
with the coiling temperature.

Rolling

Tertiary
cooling

caster Strip
thickness
12 mm

Thickness
in coiler — 6 mm.
Temperature—400 °C

Fig. 10. Direct strip casting process.

The technological parametrs for the case presented in
above figure are as follow:

- Chemical composition (% wt.):

C<0.007,Si=4.5P<0.01,Ni<0.07, Ti<0.02, Co
<0.02, Al <0.01.

- Superheat — 30 °C. Diameter of rolls — 300-400 mm.
Length — 150 mm.

- Casting speed — 6 m/s. Thickness of the as — cast
strip — 0.1 - 0.3 mm.

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

- Strip tension between the twin — roll and caster and
the coiler ranged from 11 to 44 N/mm?,
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To avoid this problem it is necessary to increase the
water cooling time after rolling till the strip temperature
reaches 300 to 400 °C and afterwards the coiling has to be
done, for example, as it is made in company Thyssen
Krupp Stahl AG & Mannesman Demag AG Metallurgie
[12] (fig. 10).

Conclusions

1. Theoretical research on the element
microsegregation has shown that for the strip casting
process the elements content in steel could be increased too
much compared to the conventional slab casting process,
maintaing the same level of micro segregation.

2. Residual elements as Cu, Sn, Sh increase strength,
hardness, corrosion resistance, hardenability, temper
embrittlement and decrease ductility, strain hardening and
weldability. It is possible to increase the content of residual
elements in steel for strip casting manufactury the same
level of properties of strip manufactured by conventional
casting route.

3. The element limits in steel grades for twin rolls
casting process can be increasing for impurities S, O, N, P,
H minimum from 3 for P to maximum 497 % for S. For
residual elements Pb, Bi, Sn, Cu, Sb, Zn, As minimum
from 1 for Zn to maximum 401 % for Pb. Alloying
elements (B, Se, Al, Te, Ca, Mg, Ce, C, La, Nb, Ti, Mn,
Ni, Si) can to increase minimum from 1 for Si and Mn to
maximum 675 % for B.

4. To receive strip with good quality, for the
stainless steel grades, it is necessary to decrease the coiling
temperature to 300—400 °C.
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BJIMSIHUE XUMHWYECKOI'O COCTABA HA
CEI'PETALIMIO DJIEMEHTOB U CBOMCTBA
CTAJIbHOM JIEHTBI, U3TOTOBJIEHHOI
METOJOM JIEHTOYHOTI' O JINThA
E. I Apmanounany

AHHOTauMsA. B crathe mpeacraBieHbl pe3yibTaThl
WCCIICIOBAHUSA  BIUSHUS XUMHUYECKOTO COCTaBa Ha
Cerperauyio 3JIEMEHTOB U CBOWCTBA CTaJbHOM JIEHTHI
HU3rOTOBJIEHHOW HENPEPHIBHOM Pa3JIMBKOM.

[Tokazano, u4To mpu Tmepexoje OT MPOU3BOJCTBA
cas100B TommuHo 220 MM 70 cias00B ToMIKHON 1,2 MM
TOJIIMHA CErPeraliMoHHOr0 AU(G(GY3MOHHOTO CJIOSI B
cllydae Ipoliecca JJICHTOUHOTO HelIPephIBHOTO JIUTHS B 4,1-
12,4 pa3a MeHbllIe, YeM ITPU TPAJAUIIMOHHOM HETIPEPHIBHOM
JIUTHE.

[IponeHT cerperamuu yriepona, a3oTa, MeId, OJIOBa,
¢dochopa m ceppl B ciaydae Impolecca JICHTOYHOTO
HenpepbBHOTO JuThs B 1,7-5,1 pasa meHspme, yem mpu
TPaTUIIMOHHOM HEMPEPHIBHOM JIUTHE.

[IpemrosxkeH MeTOI pacyeTa cerperaluy JIEMEHTOB,
UCXOJAS W3 PaBEHCTBA yPOBHSA  CETperauu  Mpu
TPATUIIMOHHOM U JICHTOYHOM HEIIPEPHIBHOM JIUTHE.

YCcTaHOBIIEHO, UTO COJIEP>KaHUE DIIEMEHTOB B CTAIAX
OpU JIBYXBAJIKOBOM HEIPEPHIBHOM JIUThE MOXKET OBITh
yBeIMueHo id Takux mnpumecerd kak S, O, N, P, H
MHHHMAaJIBHO OT 3 juis P 1o makcumansho 497 % nns S.
JI)1s TaKUX OCTaTOYHBIX 3JIeMeHTOB Kak Pb, Bi, Sn, Cu, Sb,
Zn, As MuHuUManbHOe yBenuueHue ot 1,1 mns Zn po
MakcumansHOTO 401 % mns Pb. ConepxaHue Takux
JETUPYIOIINX 3JIeMeHTOB Kak B, Se, Al, Te, Ca, Mg, Ce, C,
La, Nb, Ti, Mn, Ni, Si Moxer OBTh yBEITHYCHO
muHuManeHO OT 1,1 mg Si m Mn 10 MakCHMaJIbHOTO
675 % nns B.

PaccunTtanel BpemMs u CKOpocTh oxjaxiaeHus 20
TOHHOM OYXTBI CTAJILHOM JIEHTHI B, KOTOPBIE COCTABJISIOT,
cooTBeTcTBeHHO, 13,7 yaca u 0.0051 °C/s. Takue ycinoBus
OXJIKJEHUS CO3MAI0T TMPEANOChUIKH Il BBIICICHHUS
KapOHMIOB XpoMa WM YBEIHYCHHUIO CKJIOHHOCTH CTalld K
MEXKPUCTAJUIUTHON KOPPO3UH.

Y CTaHOBIICHO, YTO JIJIS YCTPAHEHHUsS 3TOW MPOOIEMBI
HEO0XOIUMO YBEITUYUTH BPEMS OXJIQXKCHHS BOJIOW MOCTIE
npoxatku J1o Temneparypsl Jertst 300-400 °C

KiroueBble cjioBa: CTaib, XUMHYECKHH COCTaB,
cerperamus, CBOWCTBA, TIpeAeNT TEKYy4ecTH, Mpenes
MPOYHOCTH, JIEHTOYHOE JINThHE.

BIIJIMB XIMIYHOI'O CKJIAZLY HA CET'PET ALITIO
EJIEMEHTIB I BIACTUBOCTI CTAJIEBOT
CTPIUKU, 11O BUTOTOBJIEHA METOAOM
CTPIUKOBOI'O JIUTTA
€. I Apmanoinany

AHoTanis. VY crarTi npeAcTaBIeHI pe3yibTaTd
JOCIIJKCHHST BIUIMBY XIMIYHOTO CKJIaAy Ha Cerperarito
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€JIEMEHTIB 1 BJACTHBOCTI CTaJIEBOT CTPIYKH BUTOTOBIIEHOT
0e3nepepBHUM JIUTTSIM.

[Toxa3zaHo, 0 Py MIEepeXoi Bix BAPOOHHIITBA CIII01B
TOBIIMHOIO 220 MM 10 CiIs10iB TOBIIKMHOKO 1,2 MM mHpHHA
cerperaiiitnoro audy3iiHOrO Imapy B pa3i Iporecy
cTpiukoBoro OesmepepBHoro JurTa B 4,1-124 pasum
MEHIIIe, HIX [IPU TpaJuLiiiHOMy Oe31epepBHOMY JIUTTI.

Bincotox cerperamii Byruemo, a3oTy, Mifi, 0JOBa,
¢dochopy i cipku B pa3i TpoleCy CTPIYKOBOTO
OesnepepBHOro JuTTs B 1,7-5,1 pasu meHue, HiX HpU
TpaJMIIHHOMY Oe3IIepepBHOMY JTUTTI.

3anpornoHOBaHO METOJ] PpO3paxyHKy cerperarii
€JIEMEHTIB, BUXOSIYU 3 OJHAKOBOTO PIBHS cerperaiii npu
TpagMLIITHOMY 1 CTPIYKOBOMY O€3IepepBHOMY JIUTTI.

BcranoBneHO, IO BMICT €lEMEHTIB B CTalsX IpH
JBOXBAJIIKOBOMY Oe3lepepBHOMY JIHTTI MOXe OyTH
30iapIIeHO I8 Takux goMmimok sk S, O, N, P, H
MiHIMaIpHO Bia 3 1y P mo makcumanbao 497% s S. s
TaKMX 3QJIMIIKOBHUX elleMeHTiB sk Pb, Bi, Sn, Cu, Sb, Zn,
As Mi"HiManpHe 30impmieHHs Bix 1,1 mig Zn 1o
MakcumanbHoro 401% mns Pb. BmicT Takux seryroumnx
enemeHTiB sk B, Se, Al, Te, Ca, Mg, Ce, C, La, Nb, Ti, Mn,
Ni, Si Moke OyTH 30ibIIeHO MiHIMaIbHO Bif 1,1 mis Si i
Mn o makcumanbHoro 675% misa B .

Po3paxoBaHi 4ac 1 IIBHOKICTH OXOJIOMKEHHSA 20
TOHHOI OyXTH cTaneBoi CTpIUKH, SKi CTaHOBIATH,
BiamoBigHo, 13,7 rommuu i 0.0051 °C/s. Taki ymoBu
OXOJIOJDKCHHSI CTBOPIOIOTH MEPEAYMOBH I BUAUICHHS
KapOifiB XpoMy 1 30UIbIIEHHS CXWJIBHOCTI CTaJld M0
MDKKPUCTATIYHOT KOPO3il.

BcraHoBieHo, 1m0 IS YCYHCHHS IIi€i MmpoOiemMu
HEOOXITHO 30UIBIIATH Yac OXOJIOUKCHHS BOJOK IMICIs
NPOKAaTKH 110 Temneparypu crpiuku 300-400 °C.

Kiarwu4oBi ciioBa: crais, XiMiYHHN CKITaJ1, Cerperaitis,
BIIACTHUBOCTI, Me&)Ka TEKYyJOCTi, MeKa MIIIHOCTI, CTPIYKOBE
JIATTSL.
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