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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 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 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 (v¢);

- mobility diffusion time of elements (D);

- dendrite size (xP);
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- kinematic viscosity of liquid phase (v); - velocity of liquid metal around the dendrites
(Us).
Table 1. Distribution of elements between liquid and solid phases for equilibrium conditions.
Element | Atomic | lron | Transformation Solubility, % wt. ke
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
5 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 Y 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 S 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 ) 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 17 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
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The element accumulation on boundary surface
between the solid and liquid phases, for equilibrium
conditions, depend on the state diagrams Fe-I (element)
and the value of the equilibrium distribution coefficient
(koi = 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
v fields is shown in table 2.

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

Element Ci|iq/Ciso| Elemen Ci|iq/Ciso|
S - y - t 5 - y -
iron iron iron iron
Residual elements Impurities
Pb 4762 | 1.54 S 62.50| 3.45
Bi 8.33 1.82 0] 13.33| 4.00
Sn 3.70 1.89 N 455 | 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 154 | 12.82
Alloying elements
B 1030.9| 1.16 Ti 1.64 | 3.03
C 500 | 1.89 Cr 1.00 | 1.00
Mg 8.00 | 2.00 \ 1.00 | 1.43
Al 13.33 | 4.00 Mn 1.35 | 1.00
Si 1.25 | 1.00 Ni 1.37 | 1.00
Ca 8.33 | 20.00 Nb 3.85 | 161
La 500 | 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
(Kefr), in non-equilibrium conditions, has the next
dependence [3]:
keff = koi/(koi + (1 - koi)exp(_vcr ' SC/D))fp' (1)
where Ko — the equilibrium coefficient of elements
distribution, ve — crystallization rate, 8. — 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:

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

8 =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.

y

Boundary layer

Melt

-2 o Z

Dendrite

|
|

1 /rf’y

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
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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 1.8 220
Casting speed, m/min 131 59 2
Total solldlf;catlon time, 0116 | 0.258 | 1070

Average speed of
crystallization, mm/s
Average shell cooling

rate in mould, °C/s 1853 | 826 12

Average size of dendrites | 0.6- | 1.0- | 12.0-

5.172 | 3.488 | 0.103

(xP), mm 0.7 1.2 20.0
Speed of melt flow (U), 02— 050 0.2-
m/s 0.6

Coefficient of diffusion
of elements (D), m?/s
Kinematic viscosity of

melt, with C = 0.054 % 10.8-107

wt., at 1550 °C (v), m?/s

5.10%+1.10®

Table 4. Values of the boundary (8) and diffusion
layers (3¢) and the parameter ve-3./D for the processes
of strip and thick slab casting.

Type of slab
Thick | Strip
Parameter Thickness, mm
220 1.8 1.2
min 0.68 0.22 0.167
3, mm

max 1.53 0.37 0.285
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-8c/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 (8;) 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 (kesf) must increase the steel
homogeneity in diffusion layer (Csc), due to the
accumulation of elements on interface dendrites/liquid
steel, that could be calculated by the following formula.

Coc = Ciig(1 + 1~ Ker (4)
8¢ liq Vcr'sc)’
D

Kegr-exp (
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 (kefr) and maximum segregation of elements
(Ciig/kefr) are shown in table 5.

Kot

7 09 10 24 vd. /7
Fig. 2. Dependence of kers from of the parameter
(Vcr*6c/D).

0, .
C. /C’A Dendrite  Diffusion layer
Coa™ C]iq/keffl /

Csnhd

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 casting isnext: S=1.8-24,C=145-17,
Cr=125-1.75,Mn=1.2-145/Ni=12-1.35[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)' (6)
and strip casting
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Cmax(strip)(i) = Cliq(strip)(i)/keff(strip)(i)' (7)
where Ciig conv)i) IS the content of element I in liquid steel
for the conventional continuous casting, Ciig (strip)q) IS the
content of element | in liquid steel for the strip casting,
Kett (conv)(i) 1S the effective coefficient of distribution of
element | for the conventional continuous casting, keff
strip)iy 1S the effective coefficient of distribution of
element | for strip casting.

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

Strip casting Thick slab (thickness -
C (thickness — 1.8 mm) 220 mm)
_ d -iron y - iron d -iron y - iron
"I 'ke | Ciig/ | ke | Ciig/ | ke | Ciiig/ | ke | Ciiig/
| Ker | o | Kerrt | f | Kert | #r | Kerr
Impurities
H| 1 | 0.003| 1| 0.001D.92| 0.003D.94| 0.001
N| 1 |0045| 1| 1.141D.81| 0.055D.96| 1.186
O| 1 ]0.046| 1| 0.003D.56| 0.082D.84| 0.004
P|1|9425| 1| 0.499D.84| 11.25D.94| 0.531
S| 1]1129| 1] 0.175D.20| 56.10D.86| 0.203
Residual elements
Zn| 1 99| 1] 0.076D.94| 100.0D.99| 0.077
Sn| 1|6437| 1| 3.19D.85| 75.63D.95| 3.372
Pb| 1] 0.048| 1] 0.260D.25| 0.193D.97| 0.269
Alloying elements
B| 1| 1.39| 1| 0.001D.02| 94.03D.99| 0.001
C| 1| 050 1| 3.72|0.8| 0.62/0.9| 3.93
Mg| 1| 0.75] 1| 0.09/0.7] 1.09/0.9| 0.09
Al| 1| 007 1| 0.01]0.6| 0.13{0.8]| 0.01
Si| 1| 1256 1| 196D98| 12.8|1.0| 1.96
Ca| 1| 0.03| 1| 0.04D.77| 0.05p.44| 0.08
Ti| 1| 13.7| 1| 0.51D.96| 14.28D.88| 0.58
Cr| 1| 214| 1| 6.98|10| 21.4|1.0| 6.98
V| 1] 30.1| 1| 1.82]|1.0| 30.09D.97| 1.870
Mn| 1| 128] 1| 100p.98| 13.0|1.0] 100
Ni| 1| 547| 1| 100p.98| 5.59|1.0| 100
Nb| 1| 176| 1| 266|/0.8| 20.9D96| 2.77
La|] 1| 249| 1| 0.25D.80| 31.3D.95| 0.26
Ce| 1| 276| 1| 0.06/0.7| 39.8D.96| 0.07
Se| 1| 7.07| 1| 0.21(0.2]| 29.4D97| 0.22
Te| 1| 228| 1| 0.38|0.6| 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)(@) * K e )(.), (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} | m| Conventional slab
?—f, ( )Cooling rate in conventional slab (3)
c 13} a
2 -
‘6' "'d—
w 1.2F e [ ]
& (700) o 3)
@ | - ‘. 150
: 1 i (150)
2 10 o am ' 1
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 AlISI 304 stainless steel.

In according with formula 4 the maximum
elements segregation of element | (Cmaxc)) will be at 8.=
0 (see fig. 3).

The ratio Ket (stip))/ 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, Sb, Sn, Bi, Pb, As, Zn.
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Table 8. Theoretical possibility of increasing the
element persentage in liquid steel 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.

Percentage increase of elements, %
(This percentage is compared to the element level
for the conventional continuous casting )
Crystallization in & phase Crystall;]zatlon ny
(For example steel AISI pnase
1006) (For example steel AISI
304)
Impurities
S 497.1 0 19.4
0 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 474 Sh 8.6
Sn 17.5 Sn 5.7
As 10.1 Bi 5.3
Zn 7.0 Pb 35
Sh 6.5 As 2.3
Cu 3.5 Zn 1.1
Alloying elements
B 6750.3 Ca 222.7
Se 416.4 Te 97.7
Al 79.6 Al 194
Te 58.1 Ti 13.1
Ca 47.4 Mg 6.5
Mg 45.2 C 5.7
Ce 444 La 5.3
C 25.8 Ce 4.3
La 25.8 Nb 4.0
Nb 18.4 Se 3.2
Ti 4.1 V 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 AISI1 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 AlISI
304: 0, 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, Sh, 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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BJIMAHUE TOJINIMHBI CJIAIBOB HA
CEI'PETALIMIO DJIEMEHTOB ITPU
HEITPEPBIBHOM JIMTHE 3ATOTOBOK
E. I Apmanounsny

AHHoOTanus. B craThe NMPUBOASATCS PE3ybTAThI
WCCIIENOBAHMA  BIMSAHHAS  TOJNINMHBI  CJISI00B  Ha
CeTPETallii0 JIIEMEHTOB TP HEMPEPHIBHOM JIHTHE
3aroToBOK.  PaccMOTpeH  mpomecc  HaKOIUICHHS
9JIEMEHTOB ~ HAa  TOBEPXHOCTH  JCHIPHUTOB  IIPH
KPUCTAJUTM3AI[A ~ CTAIBHBIX  CII00B  pa3iUYHOM
TOJIIUHBL. YCTaHOBJICHA TEOPETHYECKas 3aBUCHMOCTD
npollecca HAKOIJICHUS 3JIEMEHTOB Ha TMOBEPXHOCTU
JICHIPUTOB TPH KPUCTAJUIM3ALUU CTAJIbHBIX CJsI00B
pasnuuHO# Tomuuubl. [TokazaHo, uTo 3ddexkTHBHOCTD
HAKOIUJICHUS 3JICMCHTOB HAa TMOBEPXHOCTH ACHIPUTOB
CYIIIECTBEHHO 3aBUCHUT OT CKOPOCTH KPUCTAJUTU3AIMH U
OXJIAKJIEHU cClis10a. YCTaHOBJIEHHAs 3aBHCHMOCTH
MMO3BOJISICT ONPEACIHUTh JOMYCTHMOE IIOBBIIICHHOE
COJICpKaHUE DIIEMEHTOB B JICHTAX, DKBUBAJIICHTHOE MX
CONICPKAHUIO B TOJCTHIX Cisi0aX TMPH HEMPEPHIBHOM
TUTBE  3aroTOBOK.  ccnemoBaHme — cerperanuu
QJIEMEHTOB TII0Ka3ajJo, YTO TPH PAa3IUBKA TOHKUX
CTaJbHBIX JICHT BO3MOYKHO YBEIHUYCHHE COJCpPKAHUS
3JIEMEHTOB II0 CPAaBHEHMIO C HENIPEPHIBHOM pa3iIuBKOMI
TOJICTBIX CJII00B IPY UICHTUYHOM YPOBHE CErperaiu.

I[lo ypoBHIO MAaKCHMAJIbHOTO  YBCJIUYCHUS
COJepXaHUsl TpuUMecell B TOHKHAX JICHTAX U3
yraepogucroir  cramu  AISI 1006  smemeHTHI
pacrmonararoTcs B CIIeTyFOIIeH yObIBaroIIeit
nocienoBarensHocTh: S, O, N, P, H. Iy TOHKHX JIEHT
u3 Heprkaseromiet ctanu AlS| 304 Habmromgaercs apyras
nocnenosareinsHocTh: O, S, P, H, N.

B ciygae ocTaTOYHBIX 3JIEMEHTOB HAOIIOAAIOTCS
CIICAYIOIINE 3aKOHOMEPHOCTH:

- s nentsl w3 cranu AlSI 1006 - Pb, Bi, Sn, As,
Zn, Sh, Cu;

- nents! u3 crasm AlSI 304 - Cu, Sb, Sn, Bi, Pb, As,
Zn.

s JIerupyroumx 3JEMEHTOB yCTaHOBJICHHBIC
MTOCTICTOBATEIFHOCTH UMEIOT CIICAYIOIINN BU/I:

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

- nertsl u3 cranu AlS1 304 - Ca, Te, Al, Ti, Mg, C,
La, Ce, Nb, Se, V, B, Si, Cr, Mn.

KnioueBble cj10Ba: CcTajib, XUMHYECKHUH COCTaB,
ayCTCHHT, O-(peppuT, pacmpeleiicHHe 3JICMEHTOB,
JCHJIPUT, XKUIKHAN, (a3a, TBEpIbIi.

BIIJIMB TOBIIWHU CJIAIBIB HA CEI'PET ALIIIO
EJIEMEHTIB ITPU BE3IITEPEPBHOMY JIUTTI
3ATOTOBOK
€. I Apmandinsany

AHoTamis. VY cTaTTi HaBOAATHCS PE3YNbTATH
JOCJIJ[)KCHHS BIUIMBY TOBIIWHH CISI0iB HA CEerperamito
CJIEMEHTIB TIpU Oe3MepepBHOMY IJUTTS 3arOTOBOK.
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PosrnsgHyTO mpoIec HAKONMYEHHS CEJISeMEHTIB Ha
MOBEPXHI JIEHAPUTIB TIPU KpHUCTai3allii CTaleBUX
cisa0iB  pi3HOI TOBImMMHHU. BceraHOBIGHO TeopeTHdHA
3aJICKHICTh TPOIECY HAKONHWYCHHS €JIEMEHTIB Ha
MOBEPXHI JEHIPWUTIB TpPH KPHCTaNi3allii CTalIeBUX
cis0iB pizHOi ToBmKHM. [lokazaHo, MO epeKTHBHICTH
HAaKONMYEHHS €JEMEHTIB Ha IIOBEPXHI JCHAPHTIB
iCTOTHO 3aJICKUTh BiJl IIBHAAKOCTI KpHCTami3amii i
OXOJIO/KEeHHsT  cistba.  BceraHoBneHa — 3aseXHICTB
JI03BOJISIE BU3HAUUTH JOMYCTUMHH IMiJBUIIEHUH BMICT
€JIEMEHTIB B CTpIUKaxX, eKBIBAJICHTHY IXHIM 3MiCTOM Y
TOBCTHX ciisi0ax npu Oe3nepepBHOMY JIMTTS 3arOTOBOK.
JocmimkeHHs cerperaii eIeMeHTIB [ToKa3ao, Mo MpH
PO3JIMBAaHHA TOHKHX CTaJleBUX CTPIYOK MOXKIUBE
30UTPIICHHS BMICTY €NIEMEHTIB B MOpPIBHSAHHI 3
Oe3mepepBHUM  JHUTTAM  TOBCTHX  CsI0iB  Tipu
IIEHTUYHOMY piBHI cerperartii.

3a piBHEM MaKCHMAalBHOTO 30iIBIICHHS BMICTY
JIOMIIIOK B TOHKHUX CTpiykax 3 ByrueneBoi crami AlSI
1006 eneMeHTH PO3TalIOBYIOThCS B HACTYIHIN CIIaiHOT
mocaigoBHocTi: S, O, N, P, H. [Ina ToHKHX CTpivoK 3
HepxkaBitouoi crtami AISI 304 cnocrepiraerbes iHma
nocaigosHicts: O, S, P, H, N.

VY pasi 3aNWIMIKOBHX €JIEMEHTIB CHOCTEPITaroThCs
TaKi 3aKOHOMIPHOCTI:

- s crpiuku 3i crami AlSI 1006 - Pb, Bi, Sn, As,
Zn, Sb, Cu;

- ctpiuku 3i crani AlISI 304 - Cu, Sb, Sn, Bi, Pb,
As, Zn.

Jlyis Jieryroumx eJeMEHTIB MOCIi0BHOCTI MaloTh
TaKWUW BUTTIAL;

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

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

KnaruoBi cjoBa: crainb, XIMIYHHM CKJIag,
ayCTeHiT, O-(epuT, pPO3MOILT EJISMEHTIB, ACHIPUT,
piakwii, Ga3za, TBEpPIHIA.
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