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This paper reports a study into the role of individual

(S, P, N, C, Si, Mn, Ni, Cr) and combined (Q;=S,
Q,=S+P, Q3=S+P+N, Q,=S+P+N+C, Q;=S+P+N+C+Si,
Qs=S+P+N+C+Si+Mn, Q,=S+P+N+C+Si+Mn+Ni, Qs=
=Q=S+P+N+C+Si+Mn+Ni+Cr) elements in five steel
AISI 304 smelting cycles. The correlation between the
rate of corrosion K in chloride-containing media and the
specific magnetic susceptibility y, of austenite (matrix),
the low content P; of d-ferrite, and the percentage of
elements has been established. Taking into consideration
the order of arrangement and influence of other present
components, a set of the different-shaped graphic models of
K dependences on yy, Ps, and percentage of elements was
JSound. However, the sum of the eight calculated individual
and combined elements (Qs) of the models coincides with
the sum of the same elements (Q=Qg) of steel smelting
samples that were subjected to experimental measurements
of xo and Ps. The curves of the reported models were
compared with experimental dependences of K on y,, Ps.
The positive and negative role of individual and combined
elements in the process of pitting resistance of steel smelting
cycles has been identified. Given this, it is assumed that the
effect exerted on K by individual and combined elements in
the intervals before and after their critical content may be
ambiguous. Hence, one value K can correspond to several
values of the contents of elements, yy, Ps. A proof of that
is the coincidence between the calculated models K of
corrosion on the same total content of Qg for steel samples
determined experimentally. The positive (negative) and
ambiguous role of elements in the process of corrosion and
the possibility of predicting corrosion tolerance of austenitic
steels are assumed. The experimental dependence K on y,
and Ps has been established; the greater c0 and P;, the
lower the corrosion rate K. The studied steels contained
d-ferrite in the low limits of 0.01...0.1 %
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1. Introduction

The widespread use of austenitic chromium-nickel steels
in the chemical and pharmaceutical industry, mechanical
engineering, and energy generation requires further study
of corrosion resistance. To investigate pitting corrosion,
various methods are used, with the help of which signifi-

cant progress has been achieved [1]. The concentration of

alloyed elements in different steel grades corresponds to the
expected corrosion resistance. Difficulties arise in finding
out the causes of unequal corrosion resistance for different
smelting cycles of the same steel grade, in which the content
of chemical elements is very close. This necessitates finding
new directions for the study of corrosion in order to improve
the performance of articles. Hence, the introduction of a
new magnetometric method is relevant, which is based on
the establishment of a correlation relationship between the

corrosion rate and the specific magnetic susceptibility of

austenite (matrix), low 8-ferrite content, and the percentage
of elements using the steel AISI 304 as an example.
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Considerable attention is paid to the study of local
corrosion of the steel AISI 304 in order to obtain direct
practical results. Paper [2] reports improvements in corro-
sion resistance after plasma nitriding. A high intensity of
corrosion is observed in the grids of the separator, which
are subject to the influence of humidity of air contaminat-
ed with hydrogen sulfide [3]. The influence of low-energy
grain boundaries in steels on increasing the plasticity of
articles is considered in [4]. Grinding grains improves cor-
rosion tolerance of steel [5].

In [6], it is proved that the pitting resistance of the steel
AISI 304 decreases with an increase in boron content. In [7],
it is shown that the corrosion rate of the steel AISI 304 var-
ies due to the concentration of Cl ions. In the steel AIST 304
corrosion is observed with the participation of copper ions
and mechanical stresses [8]. Study [9] confirmed the com-
bined synergistic effect of Mo and N, rather than the addi-
tion of their individual elements [9].

Hence, despite numerous studies into corrosion pro-
cesses, emerging problems require new approaches to the




study of the role of both individual and combined elements
on the pitting corrosion of austenitic chromium-nickel
steels.

solving these issues is difficult. The option of overcoming
the relevant difficulties may be our proposed magnetometric
approach.

2. Literature review and problem statement

3. The aim and objectives of the study

The pitting corrosion of austenitic chromium-nickel
steels was investigated by classical methods (chemical,
electrochemical, etc.) in a large number of scientific works.
Magnetometry is much less used. Thus, work [10] estab-
lished a correlation between the type of a corrosion defect
and the magnitude of the magnetic susceptibility of the steel
12X18N10T sample from those zones in which defects are
localized. It is shown that corrosion in the studied fragment
of the sample is due to the depletion of a solid solution of
austenite chromium. In these places, carbides and o phase
also occur. This makes it possible to identify by magnetic
methods potentially dangerous areas in steel even before the
occurrence of corrosion defects.

In work [11], it was found that in the steels AIST 304 and
AISI 321 with an increase in the specific magnetic suscep-
tibility of austenite and low content of 8-ferrite, the rate of
pitting corrosion decreases. The ambiguous role of carbon
and nitrogen on the corrosion rate has been identified, that
is, several values of the carbon or nitrogen content can cor-
respond to one value of corrosion speed.

The theory of the origin of re-passivation and growth of
metastable and stable pits on the surface of corrosion-tol-
erant steels is presented in work [12]. The mechanisms and
patterns of corrosion dissolution of Cr, Ni, and Fe in the
steel AIST 304 were established in [13]. Cr and Ni have been
shown to contribute to the decline, and Mn to increase the
selective dissolution coefficient of Cr [14]. It is proved that
in the steel AISI 304 after the first and second cycles of
testing, corrosion losses increase with an increase in the
content of Cu, Si, and a decrease in Ni [15]. It is established
that the loss of iron AFe in the steel AISI 321 from stable
pits decreases with an increase in pits in it of Cr content [16].
The selective nature of dissolution of the main components
Cr, Ni, Fe from pits on the surface of the steels 08X18H10,
AISI 321, AISI 316 [17] is shown. Electrochemical corrosion
of the steel AISI 304 decreased with an increase in deforma-
tion to 20 % and increased with deformation of 35 % [18].
Removal of tendencies to pitting corrosion by the austenitic
Cr-Ni steels is achieved through the combined doping of N
and Mo [19]. Elements Mo and W improve passivity and re-
sistance to destruction in the initial stages of local corrosion
of chromium-nickel steels [20]. The formation of &-ferrite
does not impair or prevent corrosion tolerance of the steel
AISI 304 [21]. Doping the alloy FeCrMnMoNC with Mo
increases the tolerance of pitting corrosion [22]. The im-
provement of corrosion resistance by alloying with Si and
Mn of austenite stainless steels has been confirmed in [23].
The formation of a passive layer enriched with Cr, Ni, Mn,
and Fe causes inhibition of corrosion processes of the steel
AISI 304 [24].

Our review of literary data [10-24] reveals that there
are unresolved issues that are associated with the influence
of each element in the smelting cycles of one steel grade on
the rate of pitting corrosion in the presence of all other com-
ponents of austenitic chromium-nickel steels. Additionally,
the role of combined elements consistently added to each
other has not been studied for corrosion. Experimentally

The aim of this study is to determine the role of indi-
vidual and combined chemical elements (in the presence of
others) on the process of local pitting corrosion in the steel
AISI 304. This will make it possible to identify the cause
of change in corrosion rate in the smelting cycles of one
steel grade.

To achieve the set aim, the following tasks have been
solved:

— to establish the effect of individual elements S, P, N, C,
Si, Mn, Ni, Cr in the presence of others on the local pitting
corrosion of five steel AIST 304 smelting cycles with the
help of specific magnetic susceptibility of austenite and low
content of 8-ferrite;

— toestablish the influence of sequentially added elements
(one of a set of models of coexistence of elements): Q;=S,
Q9=S+P, Q3=S+P+N, Q4=S+P+N+C, Q5=S+P+N+C+Si,
Q=S+P+N+C+Si+Mn, Q7=S+P+N+C+Si+Mn+Ni, Qs=S+
+P+N+C+Si+Mn+Ni+Cr (% by weight) on the corrosion
process using specific magnetic susceptibility of austenite
and low d-ferrite content.

4. The study materials and methods

Five smelting cycles of the industrial sheet steel AISI
304 with a thickness of 1 mm were investigated; their chem-
ical composition is given in Table 1.

Table 1
Chemical composition of the steel AISI 304 (% by weight)
f;ifcltg‘f s | p | N| c|si|Mn|nNi| cr

1 0.001 | 0.027 | 0.048 | 0.071 | 0.22 | 1.23 | 9.34 | 17.96

2 0.001 | 0.028 | 0.046 | 0.067 | 0.50 | 1.74 | 8.09 | 18.22

3 0.004 | 0.024 | 0.055 | 0.075]0.43 | 1.65 | 8.09 | 18.25

4 0.002 | 0.028 | 0.044 | 0.050 | 0.41 | 1.70 | 8.10 | 18.30

5 0.001 | 0.034 | 0.039 | 0.030 | 0.39 | 1.81 | 8.20 | 18.10

Since the low content of d-ferrite across the width
of the sheet is distributed locally unevenly, so in a chess
order from different places of each smelting cycle, we cut
7..10 samples in the shape of parallelepipeds measur-
ing ~ 7x3x1 mm?®. Surfaces were polished with subsequent
electric polishing. Then we determined at a magnetometric
installation of the type of Faraday scales in magnetic fields
H=(3.0...5.0)x10° A/m the average values of specific suscep-
tibility of austenite yy and low content of 8-ferrite Pgaccord-
ing to the procedure from [25]. The corrosion rate K in the
chlorine-containing environment (GOST 9.91289) of the
steel AIST 304 (Thyssen Krupp, 1.45 41, Germany) is bor-
rowed from [26].

The total content of all elements added to each other
sequentially in order of mass gain Q;...Qg and the final sum
Q of each steel AIST 304 smelting cycle are given in Table 2
(one of the sets of models).



Table 2

The total content of all chemical elements added to each
other sequentially by ordinal increase in mass Q...Qg

Smelting % by weight

cycleNo. | 9 | Q) | Qs | Qi | Q5 | Qs | Q | Qs
1 0.001]0.02810.076|0.147|0.367|1.597|10.937 | 28.897
2 0.001]0.02910.075]0.142|0.642|2.382|10.472 | 28.692
3 0.00410.02810.083]0.158{0.5882.238|10.328 [ 28.578
4 0.002]0.03010.074]0.124|0.5342.234|10.334 [ 28.634
5 0.001]0.035]10.074]0.104|0.4342.304 | 10.504 | 28.604

5. Results of studying the role of the content of individual
and combined chemical elements on K, y, of austenite, P;

5. 1. Effect of the content of individual chemical ele-
ments on K, ¥y, Ps

The values of corrosion speed K, specific magnetic sus-
ceptibility of austenite g, low content of 8-ferrite Pg, and the
total mass composition of chemical elements Qg for each steel
AISI 304 smelting cycle are given in Table 3.

Table 3

Values of K, o of austenite, Ps d-ferrite, Qg for each
AISI 304 steel smelting cycle

ing 3. The ambiguous result of Si’s effect on corrosion toler-
ance of the steel X16N15M3 and X18H11 is given in [19].

Fig. 2 shows the correlation between the specific mag-
netic susceptibility y of austenite and the content of indi-
vidual elements P and C.
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Fig. 1. Correlation between the corrosion rate K'and the content
of individual chemical elements: a — phosphorus; b — carbon
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Smelting K, X0s Pe % Os, .
cycle No. g/(m*h) | 108 m3/kg & 7% 1 9% by weight
1 47.65 2.27 0.0335 28.897
2 57.76 2.25 0.0448 28.692
3 86.64 2.23 0.0138 28.578
4 43.37 2.31 0.1130 28.634
5 67.87 2.24 0.0329 28.604

The analysis of Tables 1, 3 reveals that the chemical com-
position of all five smelting cycles meets the AISI 304 steel
standard but the values of corrosion rate K, specific magnetic
susceptibility yo of austenite, and low d-ferrite content Pj
vary significantly.

Fig. 1-7 illustrate a correlation between the rate of
pitting corrosion K, the specific magnetic susceptibility o
of austenite, low &-ferrite content Pg and the percentage
content on the example of individual chemical elements P,
C, Mn, Cr in the steel AISI 304. Numbers near the points
are the numbers of smelting cycles. The parabolic curves
of dependences K, xo and Ps on the concentration of ele-
ments (Fig. 1-3, 5-7) contain points (min or max) of critical
contents of individual elements, before and after which the
rate of pitting corrosion decreases or increases.

Fig. 1 shows the correlation between the corrosion rate
K and the content of individual chemical elements of phos-
phorus and carbon.

The mirror nature of the effect of elements P and C on
the corrosion rate K in intervals before and after their crit-
ical contents is observed. Namely, the corrosion rate K for
P in the intervals up to the critical content (P.=0.028 % by
weight) increases, and then decreases. For C, the situation
is mirrored (C,=0.050 % by weight). This means that, tak-
ing into consideration the numbers of smelting cycles, the
trend of change will be the opposite. For P, we have smelt-
ing 3—smelting 2—smelting 1—>smelting 4(P,)—>smelting 5.
And for element C, the direction of change is as follows:
smelting 5—smelting 4(C.)—smelting 1—>smelting 2—>smelt-

a b

Fig. 2. Correlation between austenite’s ¥ and the content of
individual chemical elements: a — phosphorus; b — carbon

Similar to the rate of corrosion K, shown in Fig. 1, the
mirror nature of the influence of P and C on ) is manifested.

The experimental dependence of K on yy and Pg of the
steel AIST 304 samples is shown in Fig.3. We have that
the greater yy and Pg, the lower the corrosion rate K [27].
Comparing the estimated curves in Fig. 2 with experimental
curves in Fig. 3, we have a proof of obtaining a correlation
between the corrosion rate K and the content of individual
elements P and C (Fig. 1). This proof, for example, for P,
is explained as follows: the value of yy increases with an
increased content of Ps according to the scheme: smelt-
ing 3—smelting 2—smelting 1—>smelting 4 (Fig. 2, @), and,
in the direction of smelting 4—>smelting 5, yy decreases.
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Fig. 3. Experimental dependence of the corrosion rate K of
the steel AlSI 304 on: a — specific magnetic susceptibility o
of austenite; b — d-ferrite content Py

Fig. 4 illustrates the correlation between 3-ferrite Ps and
the content of individual elements P and C.
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Fig. 4. Correlation between d-ferrite Psand the content of
individual chemical elements: a — phosphorus; b — carbon

Similar to the rate of corrosion K, shown in Fig. 1, the
mirror nature of the influence of P and C on Pg is observed.
Comparing the estimated curves in Fig. 4 with experimental
curves in Fig. 3, we have a proof of obtaining a correlation
between the corrosion rate K and the content of individual
elements P and C.

The correlation between K and the content of individual
elements Mn and Cr is illustrated in Fig. 5.
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Fig. 5. Correlation between austenite’s y and the content of
individual chemical elements: a — manganese; b — chromium

The components Mn and Cr affect K in the same direc-
tion (except smelting cycle 5) in intervals before and after
critical contents and play both a positive and negative role.

Fig. 6 shows the correlation between g and the content
of individual elements Mn and Cr.
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Fig. 6. Correlation between austenite’s y and the content of
individual chemical elements: @ — manganese; b — chromium
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Comparing the estimated curves in Fig. 6 with exper-
imental curves in Fig. 3, we have a proof of the correlation
between the corrosion rate K and the content of individual
elements Mn and Cr.

The correlation between Pgand the content of individual
elements Mn and Cr is shown in Fig. 7.

Comparing the estimated curves in Fig. 7 with exper-
imental curves in Fig. 3, we have a proof of the correlation
between the corrosion rate K and the content of individual
elements Mn and Cr.

Fig. 7. Correlation between d-ferrite Psand the content of
individual chemical elements of manganese: @ — manganese;
b — chromium

5.2.The role of the content of combined chemical
elements on K, y,, Ps

Fig. 8-13 demonstrate the results of the correlation
between the rate of pitting corrosion K, specific magnet-
ic susceptibility yo of austenite, low &-ferrite content Pj
and percentage content on the example of combined ele-
ments Qy=S+P, Qs=S+P+N+C, Qs=S+P+N+C+C+Si+Mn,
Qs=S+P+N+C+Si+Mn+Ni+Cr of the steel AISI 304. Num-
bers near the points are the numbers of smelting cycles.

It should be noted that Fig. 8—13 depict one of the sets
of models of the sample series of arrangements of com-
bined elements (Q;=S, Q3=S+P, Q3=S+P+N, Q;=S+P+N+C,
Q5=S+P+N+C+Si, Qg=S+P+N+C+Si+Si+Mn, Q7=S+P+N+
+C+Si+M+Ni, Qg=S+P+N+C+Si+Si+Ni+Cr). The shape of
the curves in each model is different. This is because in addi-
tion to the combined elements, other elements with different
contents act on corrosion.

However, regardless of the order of location of the el-
ements, the sum of their percentage contents Qg in each
model remains unchanged, that is, equal to the sum Q of
all alloying elements contained in the samples from all
smelting cycles (Q=Qs). In this case, this is based on the
fact that o and Ps have been experimentally determined
for these samples.

Fig. 8 shows the correlation between the rate of pitting
corrosion K and the total content of the combined elements
0,=S+P (Fig. 8, @) and Q4=S+P+N+C (Fig. 8, b)
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Fig. 8. Correlation between the rate of pitting corrosion K and
the total content of combined chemical elements: a— ; b— Q4

There is a mirror nature of the effect of elements Q,=S+P
and Q4=S+P+N+C on the corrosion rate K in the intervals
before and after their critical contents. Namely, K for Qs
falls to a critical content (smelting 4) (smelting 3—>smelt-
ing 2—ssmelting 1—smelting 4), and then increases (smelt-
ing 4—>smelting 1).

Fig. 9 shows the correlation between yo and the total
content of the combined elements Q5 and Q3.



Similar to K (Fig. 8), the mirror nature of the effects of
Qy and Qy on austenite’s g is manifested.

Fig. 10 illustrates the correlation between Pg and the
total content of the combined elements Qy and Q.

Similar to K (Fig. 8), the mirror nature of the effect of Q9
and Qy on &-ferrite Py is manifested.

Fig. 11 shows the correlation between K and the total
content of the combined elements Qg=S+P+N+C+Si+Mn
and Qg=S+P+N+C+Si+Mn+Ni+Cr.
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Fig. 9. Correlation between austenite’s xo and the total
content of combined chemical elements: a — Qy; b— Q4
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Fig. 10. Correlation between d-ferrite Ps and the total
content of combined chemical elements: a— Q); b— Q4
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Fig. 11. Correlation between the rate of pitting corrosion K and
the total content of combined chemical elements: a — Qs; b—

The rate of corrosion K in the interval to the critical
value of the elements (smelting 3) Qg increases (smelt-
ing 1—>smelting 3), and then decreases — (smelting 3—>smelt-
ing 5—»smelting 2—smelting 4).

The dependence of K on the estimated sum of all eight
elements Qg=S+P+N+C+Si+Mn+Ni+Cr coincides with the
sum of the same elements (Qs=Q) of steel melting samples
that were subjected to experimental measurements of K, yo
and P;. K’s dependence on Qg is almost hyperbolic in nature,
and the more precise dependence is shown by the dotted line
in Fig. 11, b.

Fig. 12 shows the correlation between yy and the total
content of the combined elements Qg and Qs.

Comparing the estimated curves in Fig. 12 with exper-
imental curves in Fig. 3, we have a proof of the correlation
between K and the elements Qg and Qs.

Fig. 13 demonstrates the correlation between &-ferrite
P; and the total content of the combined chemical elements

Qs and Qs.
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Fig. 12. Correlation between austenite’s g and the total
content of combined chemical elements: a — Q; b—

0.121 o4 0127 4
1 |
0.08 ]
- < 008 I
o - 1 I
= 0.0411, “o0.04] I3 *2 i
i |
0 I 03.Q?c...
15 1.7 1.9 2.1 23 2.5 285 287 289

O, % by weight Oy , % by weight
a b

Fig. 13. Correlation between d-ferrite Psand the total
content of combined chemical elements: a — Q; b—

Comparing the calculated curves in Fig. 13 with experi-
mental curves in Fig. 4, we have a proof of the correlation be-
tween the speed K and the content of the elements Qg and Qs.

6. Discussion of results of studying the role of individual
and combined chemical elements (in the presence of
others) on K, Yo, P;

Most experimental methods (mass, radiometric, X-ray
spectral, electrochemical, etc.) determine a parameter that is
not integrated. That is, the measuring value does not charac-
terize the substance as a whole but reflects only part of the
properties (for example, the lattice parameter determines
the geometry of the crystal, registering the boundaries indi-
cates the presence of phases, etc.). The integrated parameter
makes it possible to display all the components of the formed
austenite’s matrix not only by the presence of chemical ele-
ments but also due to mechanical and temperature effects.

This parameter can be a specific magnetic susceptibility g
of austenite. This parameter characterizes the atomic magnetic
state of the austenite matrix and is sensitive to external factors.
It is necessary not to confuse the specific magnetic susceptibil-
ity yo of austenite (y-phase) with the magnetic susceptibility of
the sample ¥, which is essentially two-phase (y+3) [28]. Along
with yp, it is possible to use in parallel, as a parameter, a low
content of 3-ferrite P, if it is present. To answer the questions
posed, it is assumed that a significant parameter with which
corrosion speed correlates is the paramagnetic susceptibility of
austenite. Because its content is more than 95 % and it has the
largest touch surface with an aggressive environment, austenite
is characterized by a specific magnetic susceptibility ¥y, which
is numerically equal to the sum of spin and orbital moments of a
unit of mass at a single value of the magnetic field. Thus, such a



different rate of pitting corrosion in different smelting cycles is
explained by a change in the magnetic state of austenite due to
a different combination of chemical elements.

However, regardless of the order of location of the ele-
ments, the sum of their percentage contents in each model
remains unchanged, that is, equal to the sum Q of all al-
loying elements contained in the samples from all smelting
cycles (Q=Qs). At the same time, this is based on the fact
that % and Ps have been experimentally determined for
these samples.

On the parabolic curves of dependences K, the specific
magnetic susceptibility 3o and Ps on the concentration of
elements established the points (min or max) of critical con-
tents of individual and combined elements, before and after
which the rate of pitting corrosion decreases or increases.

Comparing the curves of the presented models in
Fig. 1-13 with experimental curves K(yo) and K(Ps) (Fig. 3),
one can track the role of individual and combined elements
on the change in the corrosion rate K in smelting cycles 1-5.

For individual elements P and C in intervals up to their
critical content, the speed K decreases (Y, Ps increase), and
after — K increases (yo, Ps decrease) (Fig. 1-3). And for the
components Mn and Cr, vice versa (Fig. 5-7). For individual
elements P and C, the rate of pitting corrosion is opposite in
the intervals before and after critical contents. In this case, P
and C can play both positive and negative roles, that is, there
is an extremum in the dependences K(P) and K(C) (Fig. 1).

The components Mn and Cr act on a corrosive speed in
the same direction in the intervals before and after critical
contents and play both a positive and negative role (Fig. 5).

Usingthe example of combined elements Q»=S+P (Fig. 8, a),
Qu=S+P+N+C (Fig. 8, b), Qs=S+P+N+C+Si+Mn (Fig. 11, a),
Qs=S+P+N+C+Si+Mn+Ni+Cr (Fig. 11, b), we observe a more
complex process of corrosion due to the action of two or more
elements at the same time. One direction of action of the com-
bined elements (Fig. 8, 11) is not noticed at a corrosion rate in
intervals before and after critical contents. A decrease in the
corrosion rate K was detected depending on Q, (Fig. 11, a) to
critical contents in smelting cycles 3, 2, 1, 4; on Q; (Fig. 11, b) in
smelting cycles 5, 4; on Qg (Fig. 11, b) in smelting cycles 3, 5, 2,
1, 4; and, on Qg (Fig. 11, @), there is an increase in K.

It should be noted that for other models (any permutation
of elements) there will be other shapes of the above dependence
curves (Fig. 8-13). However, for the sum of all elements, the
shape of the curves remains the same for all models. In the pre-
sented models, an ambiguous (parabolic) role of components in
the behavior of pitting corrosion was found (Fig. 1-13). Given
this, it is assumed that one value of K, g, Ps can correspond to

several values (in intervals before and after critical content) of
the percentage of the content of the elements.

A feature of the proposed method is the study of the ef-
fect of chemical elements on corrosion in different smelting
cycles of the same steel grade. The limited nature of the
study by the suggested method is that it is used only for
paramagnetic austenitic steels (phase composition: y-phase
or y+3§, subject to the content of 3-ferrite up to 1 %).

Summing up the discussion of the results obtained, it
should be noted that such a positive and negative role can be
explained by the total content of spin and orbital moments
of the paramagnetic state of the austenite’s matrix. The cor-
responding total magnetic moment is induced by the com-
position of chemical elements, the influence of temperature
and deformation effects even before the tests for pitting cor-
rosion. This also explains the ambiguous behavior of pitting
resistance of individual and combined elements.

It should be noted that the proposed magnetometric
method is suitable for determining and explaining changes
in pitting corrosion not only for smelting cycles of the same
grade but also for melting different grades of steel with a
close content of elements. Thus, the AISI 321 steel mainly
differs from the AISI 304 steel by a content of ~1 % more
than Ni and a smaller content of Cr by ~1 %, as well as the
presence of Ti within 0.3-0.4 % by weight. However, the
corrosion rate in the five smelting cycles of each grade var-
ied for AISI 321 in the range of 75-130 g/(mn?h) [29], and
in AISI 304 — 40-85 g/(m?h). Such a change in corrosion
rate can be traced via the atomic magnetic state of austenite,
that is, by a change in the specific magnetic susceptibility yo.

7. Conclusions

1. It has been established, based on the example of individ-
ual P, C, Mn, Cr elements of the steel AISI 304 smelting cycles,
that there is a correlation relationship between the rate of
pitting corrosion and magnetic susceptibility of austenite, the
content of 8-ferrite, the percentage of elements. The ambiguous
role of both individual and combined elements was determined.

2. The example of the combined elements Qy=S+P and
Q;4=S+P+N+C shows that the change in corrosion rate is, re-
spectively, opposite in theintervalsbefore and after their criti-
cal contents. For elements Qg=S+P+N+C+Si+Mn, the corro-
sion rateincreasesin the interval to their critical content, and
then decreases. For elements Qg=S+P+N+C+Si+Mn+Ni+Cr
of the steel AIST 304 smelting cycles, the corrosion rate de-
creases with increasing content of all elements.
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