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Abstract. The article presents the results of a study of
the effect of slab thickness on the element segregation of
during continuous casting of billets. The process of
accumulation of elements on the surface of dendrites
during crystallization of steel slabs for various thicknesses
is considered. The theoretical dependence of the process of
accumulation of elements on the dendrite surface during
the crystallization of steel slabs for various thicknesses has
been established. It is shown that the efficiency of
accumulation of elements on the dendrite surface depends
significantly from the crystallization and cooling rate of the
slab.

The established dependence makes it possible to
determine the permissible increased element content in
strips, which is equivalent to their content in thick slabs
during continuous casting of billets. The element
segregation searching shows that at pouring of thin steel
strips, an increasing of the element content is possible
compared to continuous casting of thick slabs with an
identical level of segregation.

The elements are arranged as possible to maximize the
impurities content in AISI 1006 carbon steel in the
following decreasing sequence: S, O, N, P, H. Another
sequence is observed for stainless steel AISI 304: O, S, P,
H, N.

The following sequences are observed in the case of
residual elements: for steel AISI 1006 - Pb, Bi, Sn, As, Zn,
Sb, Cu; for steel AISI 304 - Cu, Sb, Sn, Bi, Pb, As, Zn.

The sequences are as follows for the alloying
elements: for steel AISI 1006 - B, Se, Al, Te, Ca, Mg, Ce,
C, La, Nb, Ti, Mn, Ni, Si, Cr; for steel AISI 304 - Ca, Te,
Al, Ti, Mg, C, La, Ce, Nb, Se, V, B, Si, Cr, Mn.

Key words: segregation, steel, chemical composition,
austenite, d-ferrite, element distribution, dendrite, liquid,
solid, phase.

Introduction

Continuous casting technology is one of the
economical ways to produce high quality billets. The
world's leading manufacturers produce by continuous
casting from 81 to 97% of the total steel production [1].

Approximately 2/3 of the total steel volume is produced on
slab continuous casting machines for sheet production.

Currently, there is a tendency in the world to transition
from the manufacture of thick-sheet (150-300 mm) [1] to
thin-sheet (1-5 mm) [2] continuously cast blanks.

This is due to the fact that when pouring of billets with
dimensions close to the final, the number of technological
operations decreases, capital and energy costs are reduced,
and the working cycle is reduced.

Formulation of problem

A thickness decreasing accompanies by a change of
the conditions of the structure formation and the
development of chemical and structural heterogeneity in
the sheet during continuously casting of steel slabs.
However, systemic studies of the peculiarities of the
structure formation and the development of chemical and
structural heterogeneity of thin strip have been
insufficiently performed.

Therefore, the problem of studying the features of the
segregation process of elements during the formation of
thin strip at continuously casting is current importance.

Analysis of recent research results

The segregation of elements in metal, generally for
the equilibrium conditions, depend on the temperature and
the elements solubility in solid and liquid. It is
characterized by the equilibrium coefficient of elements
distribution (koi). In non-equilibrium conditions a very
strong influence exert on these phenomena the forming
condition of dendrite structure and the secondary structure.

The element segregation during the dendrite structure
forming depend mainly on:

- element solubility in solid and liquid phases;

- crystallization rate (Ver);

- mobility diffusion time of elements (D);

- dendrite size (xP);

- kinematic viscosity of liquid phase (v);

- velocity of liquid metal around the dendrites (Ucx).
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Table 1. Distribution of elements between liquid and solid phases for equilibrium conditions.

Element | Atomic | lron | Transformation Solubility, % wt. K
mass, M | type t, °C insolid | in liquid o
Impurities
3 1535 0.00108 | 0.00253 0.43
H 1.0079 v 1401 0.00045 | 0.0009 0.50
3 1536 0.01 0.0451 0.22
N 14.007 v 650 0.702 1.141 0.62
5 1536 0.00344 | 0.0458 0.08
© 15.999 v 1528 0.000869 | 0.00344 0.25
3 1048 2.384 9.425 0.25
P 30.974 v 1150 0.249 0.499 0.50
3 1365 0.175 11.285 0.02
S 32.060 v 1365 0.051 0.175 0.29
Alloying elements
C 12.011 S 1498 0.101 0.497 0.20
y 1153 1.978 3.719 0.53
Si 28.086 S 1250 10.05 12.57 0.8
y 1150 1.96 1.96 1.0
Mn 54.938 S 1473 9.44 12.78 0.74
y 1244 100 100 1.00
Cr 51.996 ) 1507 21.41 21.41 1
v 830 6.98 6.98 1
\% 50.9414 | § 1468 30.09 30.09 1
y 1150 1.28 1.82 0.70
Ni 58.71 S 1512 3.993 5.465 0.73
y 1450 100 100 1
Nb 92.906 S 1372 4.656 17.628 0.26
y 1150 1.663 2.66 0.62
B 10.81 S 1381 0.00135 1.393 | 0.00097
y 1381 0.00116 | 0.00135 0.86
Mg 24.305 S 1515 0.087 0.753 0.125
y 1388 0.0435 0.087 0.500
Al 259815 | § 1232 24.65 0.0744 0.075
y 1160 0.721 0.00558 | 0.250
Ca 40.08 S 1538 0.00395 | 0.0323 0.12
y 1392 0.0179 0.0358 0.05
Ti 47.9 S 1289 8.4 13.72 0.61
y 1100 0.171 0.514 0.33
La 138.906 | & 1400 4.973 24.864 0.20
y 1382 0.137 0.249 0.55
Ce 140.12 S 1390 3.511 27.59 0.127
y 1390 0.0376 0.0627 0.600
Residual elements
Cu 63.546 S 1478 7.62 11.716 0.650
y 1094 8.53 99 0.078
Zn 65.38 S 780 50.32 99 0.48
y 1150 0.0655 0.076 0.85
Sn 118.69 S 1128 17.63 64.37 0.27
y 1150 1.7 3.19 0.53
Pb 207.19 S 1535 0.001 0.0482 0.021
y 1391 0.167 0.260 0.650
Bi 208.98 S 1538 0.0112 0.0935 0.12
y 1391 0.206 0.374 0.55

The element accumulation on boundary surface conditions, depend on the state diagrams Fe-l (element)
between the solid and liquid phases, for equilibrium  and the value of the equilibrium distribution coefficient (Ko
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= percentage ration of element I in solid iron and liquid
iron) in iron.

This coefficient for equilibrium conditions has the
following values as presented in table 1 [3-5].

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.

Purpose of research

The purpose of the work is the theoretical and
methodological substantiation to investigate the influence
of slabic thickness on the segregation of elements during
continuous casting of preparations.

Research results

The element heterogeneity during the first time of
equilibrium crystallization (without diffusion) in & and y
fields is shown in table 2.

Table 2. Solubility ratio of elements in liquid and
solid iron (Ciig/Cisol) in the first time of equilibrium
crystallization of iron in & and y fields.

Element Cilig/Cisol Element Ciig/Cisol
S- Y- - Y-
iron iron iron iron

Residual elements Impurities

Pb 47.62 | 154 S 62.50 | 3.45
Bi 8.33 1.82 0] 13.33| 4.00
Sn 3.70 1.89 N 4.55 1.61
As 2.56 1.35 P 4.00 2.00
Zn 2.08 1.18 H 2.33 | 2.00
Sh 2.00 2.33

Cu 1.54 12.82

Alloying elements

B 1030.9| 1.16 Ti 164 | 3.03
C 5.00 1.89 Cr 1.00 | 1.00
Mg 8.00 2.00 \% 1.00 | 1.43
Al 13.33 | 4.00 Mn 135 | 1.00
Si 1.25 1.00 Ni 1.37 | 1.00
Ca 8.33 20.00 Nb 385 | 1.61
La 5.00 1.82 Se 50.00 | 1.49
Ce 7.87 1.67 Te 10.00 | 16.13

Data of table 2 show that the crystallization of iron in
8-phase present more heterogeneity during first time of
crystallization:

- for residual elements — Pb is first (Pb will be 47.62
times more on boundary surface between the solid and
liquid phase than in liquid metal) and less for other residual
elements Bi, Sn, As, Zn, Sb, Cu;

- for impurities — S is first (S will be 62.5 times more
on boundary surface between the solid and liquid phase
than in liquid metal)) and less for other impurities O, N, P,
H;

- for alloying elements — B is first (B will be 1031
times more on boundary surface between the solid and
liquid phase than in liquid metal)) and less for other

alloying elements Se, Al, Te, Ca, Mg, Ce, La, C, Nb, Ti,
Ni, Mn, Si, Cr, V.

Instead, for crystallization in y-phase it is:

- for residual elements — Cu is first (Cu will be 12.82
times more on boundary surface between the solid and
liquid phase than in liquid metal)) and less for other
residual elements Sb, Sn, Bi, Pb, As, Zn;

- for impurities — O is first (O will be 4 times more
on boundary surface between the solid and liquid phase
than in liquid metal)) and less for other impurities S, P, H,
N;

- for alloying elements — Ca is first (Ca will be 20
times more on boundary surface between the solid and
liquid phase than in liquid metal)) and less for other
alloying elements Te, Al, Ti, Mg, C, La, Ce, Nb, Se, V, B,
Ni, Mn, Si, Cr.

The effective coefficient of element distribution (Ke),
in non-equilibrium conditions, has the next dependence
[3]:

Kest = Koi/(Koi + (1 = Koi)exp(=Ver = 8¢/D)) gp, (€Y)
where koi — the equilibrium coefficient of elements
distribution, v¢r — crystallization rate, &. — diffusion
boundary layer, D — coefficient of element diffusion
(usually in melt iron is D = 5-10°+ 1-10® m%s [3])

The thickness of the diffusion layer (&) around
dendrites is found according to next formula:

5. = 8/1.026 - (v/D)*/3, (2)
the thickness of boundary layer (8) in the above formula is
expresed as follow:

5 =4.64-(xP-v/u,)?, 3)
where xP — distance between the dendrite peak, v —
kinematic viscosity of melt, u»— laminar movement speed
of melt flow.

In fig. 1 is shown the velocity distribution of the melt
flow around the dendrite.

¥

Boundary layer

Melt

A —z 0o

Dendrite }
|
A7 g
Fig. 1. Velocity distribution of melt flow nearest to
the dendrite [6].

Strip and thick slab parameters are shown in table 3.
The boundary and diffusion layers are calculated, for the
processes of strip and thick slab casting in the table 4,
according to the data presented in table 3.

Table 3. Strip and thick slab parameters.

. Thick
Parameter Strip slab
Thickness, mm 1.2 | 18 220
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Casting speed, m/min 131 59 2
Total solidification time, s | 0.116 | 0.258 | 1070
Average speed of
crystallization, mm/s 5.172 | 3488 | 0.103
Avera_ge shell cooling rate 1853 | 826 12
in mould, °C/s
Average size of dendrites 06- | 1.0- | 120-
(xP), mm 0.7 1.2 20.0
Speed of melt flow (uw), 0.2-050 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 % wt., 10.8-107
at 1550 °C (v), m?/s

Table 4. Values of the boundary (8) and diffusion
layers (8¢) and the parameter v¢-8¢/D for the processes of
strip and thick slab casting.

Type of slab
Thick Strip
Parameter Thickness, mm
220 1.8 1.2
5 min 0.68 0.22 0.167
MM ax 153 | 037 | 0285
min 0.110 0.035 0.027
8¢, mm max 0.312 0.077 0.0583
average | 0.211 0.056 0.043
min 2.27 24.4 27.9
Ver-8¢/D max 3.21 26.68 30.15
average 2.74 25.55 29.03

It is observed that from the table 4 the thickness of the
diffusion layer () for strip casting is 3.78 to 4.94 times
less than for the conventional continuous casting and the
integral parameter (v¢r-8¢/D) increases from 9.32 to 10.59
times. This means that for the strip casting the value of the
distribution coefficients increases as shown in figure 2.

Increasing of the value of the effective coefficient of
element distribution (kef) must increase the steel
homogeneity in diffusion layer (Cs), due to the
accumulation of elements on interface dendrites/liquid
steel, that could be calculated by the following formula.

Coc = Clig(l + ———=—, (4

Kefexp (VCBSC
The maximum accumulation of elements is for the
conditions: 8. =0 and C max = C iig/kesr (fig. 3).
Calculations of the effective coefficient of element
distribution (kerf) and maximum segregation of elements
(Ciig/kess) are shown in table 5.

Kot

44 |

7 098 10 24 vd. /7
Fig. 2. Dependence of ke from of the parameter
(Vcr*ac/D).

0, .
C. /°A Dendrite  Diffusion layer
Cona— Chq/keff‘ /

3

X

c

Fig. 3. Distribution of elements on interface

dendrite/liquid steel.

The data of the table 5 show that the increasing of the
cooling and crystallization rate decreases the micro
segregation of steels, and for the strip casting the
transformation of liquid to solid takes place practically
without diffusion, keeping the liquid state.

Experimental data presented in [7-9] table 6, 7
confirm the above calculations (fig. 4).

The dendrite segregation in conventional continuous
castingisnext: S=18-24,C=145-17, Cr=125-
1.75,Mn=1.2-1.45 Ni=1.2-1.35[9].

Instead, for the strip casting the segregation index
aspires to 1. For example, the segregation index for as-cast
strip (AISI 304 stainless steel) is next [10]: Cr = 1, Ni =
0.99, Mn =0.98, Si = 1.

Cmax(i) = Ciiqay - (1 + Le::if)f) = Ciigai/Kettciy (5)

For conventional casting

Cmax(conv)(i) = Cliq(conv)(i)/keff(conv)(i)r (6)
and strip casting
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Cmax(strip)(i) = Cliq(strip)(i)/keff(strip)(i)' (7)
where Ciig (convy) 1S the content of element | in liquid steel
for the conventional continuous casting, Ciiq (stip)() iS the
content of element | in liquid steel for the strip casting, Keft
conv)iy IS the effective coefficient of distribution of element
| for the conventional continuous casting, Keff (sip)) i the
effective coefficient of distribution of element | for strip
casting.

Table 5. Effective coefficient of element distribution
(ker) and maximum segregation of elements (Ciig/Kefr)
respectively for thick slab and strip casting.

Strip casting (thickness | Thick slab (thickness -
— 1.8 mm) 220 mm)
C - - - -
) 5 -iron y -iron S -iron y -iron
"I ke | Cii/ | ke | Cii/ | ke | Ciig/ | ke | Ciiig/
i | Ket | f | Ker | f | Ker | | Kerr
Impurities
H| 1 | 0.003] 1| 0.0010p.92| 0.003D.94| 0.001
N| 1| 0.045| 1| 1.1410p.81| 0.055D.96| 1.186
O| 1| 0.046| 1| 0.003D.56| 0.082p.84| 0.004
P| 1| 9425| 1| 0.4990.84| 11.250.94| 0.531
S| 1] 1129| 1| 0.1750.20| 56.10D.86| 0.203
Residual elements
Zn| 1 99| 1| 0.076p.94| 100.00.99| 0.077
Sn| 1| 6437 1| 3.19D.85| 75.63P.95| 3.372
Pb| 1] 0.048| 1| 0.2600.25| 0.193D.97| 0.269
Alloying elements
B| 1| 139| 1| 0.001p.02| 94.03D.99| 0.001
C| 1| 050 1| 3.72|/08| 0.62[09| 3.93
Mg| 1| 075 1| 0.09/0.7| 1.09/0.9| 0.09
Al| 1| 007 1| 0.01/06| 0.13]/0.8]| 0.01
Si| 1| 126 1| 196p98| 12.8|1.0] 1.96
Cal| 1| 0.03] 1| 0.04p.77| 0.05p.44| 0.08
Ti| 1| 137 1| 051D.96| 14.280.88| 0.58
Crl 1| 214| 1| 6.98|10| 214|10| 6.98
V| 1| 30.1| 1| 1.82|1.0| 30.09D.97| 1.870
Mn| 1| 128| 1 1000.98| 13.0|1.0 100
Ni| 1| 547 1 1000.98| 5.59|1.0 100
Nb| 1| 176| 1| 2.66|0.8| 20.9p.96| 277
La|] 1| 249| 1| 0.25p.80| 31.3P.95| 0.26
Ce| 1| 276| 1| 0.06/0.7| 39.8p.96| 0.07
Se| 1| 7.07| 1| 0.21]0.2| 29.40.97| 0.22
Te| 1| 228 1| 0.38|06| 3.60/05| 0.72
Table 6. Dendrites elements segregation in ingots [7].
Ele- Ratio of content element | in between arm
ment spacing of dendrites to content element I in
arm dendrites, Ca2/Cqy
S 1.50 -2.00
P 1.47-1.65
C 1.45-1.60
W 1.60-1.70
As 1.40-1.60
\ 1.30-1.50
Mo 1.25-1.45
Si 1.17-1.23
Cr 1.17-1.23
Mn 1.12-1.18
Ni 1.00-1.10

In case of considering equal segregation for both
processes of conventional continuous casting and of strip
casting the following conditions will be verified:

Cmax(conv)(i) = Cmax (strip)(i)’ (8)
Cliq (conv)(i) _ Cliq(strip)(i)

- ] (9)
keff(conv)(i) keff(strip)(i)
Keff(strip) (i)
Cliq(strip)(i) = Cliq (conv)(i) .kes¢' (10)
eff(conv) (i)
Table 7. Segregation ratio of as-cast strip [8].
Elements | After mould roll pressing force, ton
0 2.3 20.5 38.8
Cr 0.99 0.99 1.0 1.0
Ni 0.98 0.95 0.89 0.88
Mn 0.97 0.94 0.90 0.80
15
.’; @ | Twin drum cast strip
Z 14} [ =] Conventional slab
E ( ) Cooling rate in conventional slab (3)
c 13F a
K] -
P r
w 1.2F - ™
b a0 e (9
b L _.-~ m(150)
g 1.1 :/',- 0
S 10 o e : :
0.01 0.1 1 10 165
Distance from surface (mm)
' 3000 1000 100 0

Cooling rate (K/s)

Fig. 4. Influence of cooling rate on micro segregation
of Ni for AISI 304 stainless steel.

In according with formula 4 the maximum elements
segregation of element I (Cmax(i)) will be at 5.= 0 (see fig.
3).

The ratio Keft strip)iy/ Keff (convyiy ShOws how many times
is possibility to increase the element content in liquid steel,
for the strip casting process, maintaing the same
segregation index as for the conventional continuous
casting. Results of calculation are presented in table 8.

The data presented in table 8 shown that maximum
possible increase of elements in carbon (AISI 1006) and
stainless (AISI 304) cramsax for the strip casting process
(considering a thickness of 1.8 mm) in comparison with the
continuous casting process (considering a thickness of 220
mm) for the conditions of having equal dendrite
segregation for the both processes are different.

The elements are arranged as possible to maximize
the impurities content in AISI 1006 carbon steel in the
following decreasing sequence: S, O, N, P, H. Another
sequence is observed for stainless steel AlSI 304: O, S, P,
H, N.

The following sequences are observed in the case of
residual elements:

- for steel AISI 1006 - Pb, Bi, Sn, As, Zn, Sb, Cu;

- for steel AlISI 304 - Cu, Sh, Sn, Bi, Pb, As, Zn.

Table 8. Theoretical possibility of increasing the
element persentage in liquid steel for the strip casting
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process (considering a thickness of 1.8 mm) in comparison
with the continuous casting process (considering a
thickness of 220 mm) for the conditions of having equal
dendrite segregation for the both processes.

Percentage increase of elements, %
(This percentage is compared to the element level for
the conventional continuous casting )
Crystallization in 6 phase | Crystallization iny phase
(For example steel AISI (For example steel AlSI
1006) 304)
Impurities
S 497.1 @) 19.4
) 79.6 S 15.8
N 22.9 P 6.5
P 19.4 H 6.5
H 8.6 N 4.0
Residual elements
Pb 401.0 Cu 76.3
Bi 47.4 Sh 8.6
Sn 17.5 Sn 5.7
As 10.1 Bi 5.3
Zn 7.0 Pb 3.5
Sh 6.5 As 2.3
Cu 3.5 Zn 11
Alloying elements
B 6750.3 Ca 222.7
Se 416.4 Te 97.7
Al 79.6 Al 19.4
Te 58.1 Ti 13.1
Ca 47.4 Mg 6.5
Mg 45.2 C 5.7
Ce 44.4 La 5.3
C 25.8 Ce 4.3
La 25.8 Nb 4.0
Nb 18.4 Se 3.2
Ti 4.1 Vv 2.8
Mn 2.3 B 11
Ni 2.3 Si 0
Si 1.6 Cr 0
Cr 0 Mn 0

The sequences are as follows for the alloying
elements:

- for steel AISI 1006 - B, Se, Al, Te, Ca, Mg, Ce, C,
La, Nb, Ti, Mn, Ni, Si, Cr;

- for steel AISI 304 - Ca, Te, Al, Ti, Mg, C, La, Ce,
Nb, Se, V, B, Si, Cr, Mn.

Conclusions

1. The established dependence makes it possible to
determine the permissible increased content of elements in
steel strips, in comparison with thick slabs, at which their
level of segregation is equivalent to the level of their
segregation in thick slabs during continuous casting of
billets.

2. Research on the micro segregation of elements has
shown that for the strip casting process the element content
could be increased too much in steel compared to the
conventional slab casting having the same level of the

micro segregation.

3. The elements are arranged as possible to maximize
the impurities content in AISI 1006 carbon steel in the
following decreasing sequence: S, O, N, P, H. Another
sequence is observed for stainless steel AlSI 304: O, S, P,
H, N.

4. The following sequences are observed in the case
of residual elements:

- for steel AISI 1006 - Pb, Bi, Sn, As, Zn, Sb, Cu;

- for steel AISI 304 - Cu, Sb, Sn, Bi, Pb, As, Zn.

5. The sequences are as follows for the alloying
elements:

- for steel AISI 1006 - B, Se, Al, Te, Ca, Mg, Ce, C,
La, Nb, Ti, Mn, Ni, Si, Cr;

- for steel AISI 304 - Ca, Te, Al, Ti, Mg, C, La, Ce,
Nb, Se, V, B, Si, Cr, Mn.
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BJIMSHUWE TOJIILIMHBI CJISIBOB HA CETPET ALIUIO
DJIEMEHTOB ITPU HETIPEPBIBHOM JIMTHE
3AT'OTOBOK
E. I Apmanounany

AHHOTauusi. B cratbe mnpuBOIATCS pe3yJbTaThl
HCCIICIOBaHMS BIMSTHUS TOJIIUHBI CIIT00B Ha CETPEramnuio
JJIEMEHTOB MpPH  HEMPEPHIBHOM  JIUThE  3arOTOBOK.
PaccMoTpen mpolecc HAKOIUICHHs  DJIEMCHTOB — Ha
MOBEPXHOCTH JACHIPUTOB MPH KPUCTAIUTA3ANUU CTATBHBIX
cis100B pa3IuYHOMN TOJIIIMHEL. VYcranosieHa
TEOpETHYECKass 3aBUCUMOCTh MpOIecCa HAKOIUICHHS
9JIEMEHTOB ~ Ha  MOBEPXHOCTH  JCHIPUTOB npu
KPHUCTAJUTU3AIMH CTAIBHBIX CISI00B pa3IMIHON TONIIIHEL.
[Toxazano, 910 3(PPEKTHBHOCTh HAKOIUICHHUS 3JIEMEHTOB
Ha TIOBEPXHOCTH JACHAPUTOB CYIIECTBEHHO 3aBHUCHT OT
CKOPOCTH KPHCTALIM3AIMA W OXJXKACHUS CIs10a.
YcTaHoBIEeHHass 3aBUCHMOCTH IIO3BOJISICT OIMPEICIUTH
JIOITyCTUMOE TIOBBIIIIEHHOE COJEP)KaHHE »>JIEMEHTOB B
JICHTaX, SKBHUBAJICHTHOC HUX COJCPKAHHUIO B TOJICTHIX
cnsbaXx  TPH HENPEPHIBHOM  JIMThE  3arOTOBOK.
HccnenoBanue cerperaiyu 3J€MEHTOB [TOKa3alio, YTo MpH
Pa3IMBKH TOHKUX CTAJIbHBIX JICHT BO3MOXHO YBEIHUCHHE
COJICpKaHUS JICMEHTOB IO CPAaBHEHHIO C HEMPEPBIBHOM
pa3IMBKOH TOJCTHIX CIS00B MPH HACHTHYHOM YpPOBHE
cerperaruy.

Ilo YPOBHIO MaKCHMAaJIbHOTO YBEIIMYCHUS
COJIepKaHUS IPUMECEH B TOHKHX JICHTAX U3 YTIEPOIUCTON
ctanmu AlS| 1006 ameMeHTBI pacionararoTcs B CIeAyIOIICH
yobBaromeit mocienoBatensHocTH: S, O, N, P, H. [Ina
TOHKMX JIGHT U3 Hepxkaserouied cramu AlSlI 304
HaOroaeTest apyras nocieaoBarenbHocTh: O, S, P, H, N.

B ciyuae 0CTaTOYHBIX 3JICMCHTOB HAOJIOAAIOTCS
CIIE/IYIONIHE 3aKOHOMEPHOCTH:

- g menTsl w3 cranu AlSI 1006 - Pb, Bi, Sn, As, Zn,
Sh, Cu;

- nientsl w3 cranu AlSI 304 - Cu, Sb, Sn, Bi, Pb, As,
Zn.

JUIs  JeTHpYIOMIMX  SJIEMEHTOB  YCTaHOBJICHHBIE
MOCJIEIOBATEIEHOCTH UMEIOT CIICAYIOIIHNHN BHI;

- mertsl u3 cranm AlSI 1006 - B, Se, Al, Te, Ca, Mg,
Ce, C, La, Nb, Ti, Mn, Ni, Si, Cr;

- nentsr u3 cramm AISI 304 - Ca, Te, Al, Ti, Mg, C,
La, Ce, Nb, Se, V, B, Si, Cr, Mn.

KiawuyeBble ¢J10Ba: CTajgb, XUMHUYECKHI COCTaB,
aycTeHHT, O-peppuT, pacmpelelicHHE — 3JICMEHTOB,
JIEHJIPUT, )KUAKUH, Qa3a, TBepIbIi.

BIIJIMIB TOBILIMHU CJIABIB HA CEI'PEI'ALIIIO
EJJEMEHTIB ITPU BE3IIEPEPBHOMY JIUTTI
3ATOTOBOK
€. I Apmanoinany

AHoTamiss. Y cTarTi HaBOIATBHCS  PE3yIbTATH
JOCTIJKCHHST BIUTMBY TOBIIMHH CIISI0IB Ha CETperamito
€IeMEeHTIB TIpu Oe3mepepBHOMY JIUTTSA  3arOTOBOK.
PosrisiHyTO TIpOIIeC HAKOTIMYESHHSI €TIEMEHTIB Ha TIOBEPXHi
JNIEHJAPUTIB TIPU KpHCTadi3alii crajieBux Cisi0iB pi3HOI
TOBIIMHK. BCTAHOBJIEHO TEOPETUYIHA 3aJICIKHICTh MPOIIECY
HaKOTIMYEHHS EJIEMEHTIB Ha TIOBEpXHI NEHIPWTIB MpHU
KpHCTaji3alii cTajneBux Cis10iB  pi3HOI  TOBILMHY.
[Tokazano, 1m0 e()eKTUBHICTh HAKOIIMYCHHS CIIEMCHTIB Ha
MOBEPXHI JCHAPUTIB iCTOTHO 3aJICKUTh BiJ IMIBHIKOCTI
KpUcTamizamii 1 oOXoJlo[keHHs cisiba. BcraHoBneHa
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3aJI@KHICTh  JI03BOJISIE BU3HAYUTH JOIYCTUMHN
IBUIIICHAH BMICT €JIEMEHTIB B CTpiuKaX, eKBiBaJCHTHY
iXHIM 3MICTOM y TOBCTHUX cisi0ax Mpu Oe3mepepBHOMY
JUTTS 3aroTOBOK. JIOCHIIKEHHS cerperaiii eIeMeHTiB
MOKa3aJo, 0 TPH PO3IUBAHHSI TOHKUX CTAJCBHX CTPIYOK
MOJJIHBE 301TBIICHHS BMICTy €JIEMCHTIB B TOPIBHSAHHI 3
0e3MmepepBHUM JIUTTSIM TOBCTHX CIII01B MPU iICHTUIHOMY
PpiBHI cerperarii.

3a piBHEM MaKCHMaJbHOTO 30UIBIIEHHS BMICTY
JIOMIIIIOK B TOHKHX CTpiuKax 3 Byrieuesoi ctaini AlSI 1006
CIIEMCHTH PO3TAIIOBYIOTBCS B  HACTYMHINH  CrajgHol
mochimoBHocTi: S, O, N, P, H. [Ing ToHKMX cTpiuok 3
Hepxkagitouoi crami AlISI 304 cnoctepiraeTbes iHIIA
nochigosHicTs: O, S, P, H, N.

Y pa3i 3aIMIIKOBUX €JIEMEHTIB CIIOCTEPIraloThCS TaKi
3aKOHOMIPHOCTI:

- mist crpiuku 3i crami AlSI 1006 - Pb, Bi, Sn, As, Zn,
Sh, Cu;

- crpiukwu 3i cram AlSI 304 - Cu, Sb, Sn, Bi, Pb, As,
Zn.

JIiss Jleryroumx eJeMEHTIB MOCIIOBHOCTI MAaloTh
TaKUW BUTTIAL;

- crpiukw 3i cram AlSI 1006 - B, Se, Al, Te, Ca, Mg,
Ce, C, La, Nb, Ti, Mn, Ni, Si, Cr;

- crpiukwm 3i crani AlISI 304 - Ca, Te, Al, Ti, Mg, C,
La, Ce, Nb, Se, V, B, Si, Cr, Mn.

KarouoBi cioBa: cramp, XIMIYHAN CKJIaJ], ayCTEHIT,
O-(heput, PO3MOALT EICMEHTIB, NEHIPWUT, PIAKHiA, (asa,
TBEpAUIL.
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