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Abstract

Stainless steels are widely used in industry with their corrosion resistance and high formability. Since
ferritic stainless steels do not contain nickel, they rise to a more advantageous position in terms of price
compared to austenitic stainless steels. Stainless steel sheets are cast as slabs for hot rolling after the
chemical composition and necessary refining processes are completed. Stainless steels, which become flat
plates with hot rolling, are subjected to cold rolling processes after heat treatment and surface treatment
and are reduced to the thickness desired by the user. After cold rolling, annealing is applied to relieve the
stress in the structure. During annealing, the high temperature oxides formed on the surface of the material
must be removed from the surface. For this, descaling and pickling operations are applied with acits. In
this study, the effects of oxides, descaling acids and their combinations on the material surface under
different annealing conditions were investigated. At the same time, the morphology of the surface oxides,
the oxide structure and the presence of spinel oxides are effective on the ability of acids to dissolve oxides.
Considering the reaction kinetics in the study, the decrease in the density of the complex oxysts formed in
the oxide structure accelerated the dissolution kinetics. For this reason, it was observed that a better
dissolution was obtained on the samples annealed at 750 degrees and 850 degrees for 65 seconds,
especially in the sulfuric acid solution compared to the nitric acid solution.
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1. INTRODUCTION

Steels with chromium content and non-corrosive properties are called stainless steel. Stainless steels show
different properties according to the ratio of alloying elements that stabilize the ferrite phase and stabilize the
austenite phase they contain. For example, alloying elements such as nickel and manganese that stabilize the
austenite region form the austenitic stainless-steel family and improve the formability and corrosion resistance
of the steel. Ferrite-forming alloying elements such as chromium and silicon allow the formation of ferrite
phases in the structure and the formation of ferrite phases in steels in the austenitic group, forming the structure
of double phase duplex stainless steels. AISI 430 stainless steel, which is in the ferritic stainless-steel family,
contains more than 16% chromium by mass, giving the steel a stainless feature. Since they do not contain
nickel, they are very advantageous in terms of price compared to austenitic stainless steels such as AISI 304.
AISI 430 stainless steels are highly preferred for decorative purposes due to their glossy surface. Thanks to
their weldability, they are frequently used in the manufacture of welded pipes and automobile exhausts [1,2].

Production of stainless-steel plate starts with slab casting. After the liquid metal brought to the desired chemical
composition is poured as slab, it is subjected to hot rolling process. After the heat treatment and surface
treatment of the stainless steel, which is reduced to relatively rough thicknesses by hot rolling, it becomes ready

L *Corresponding author. Tel: +90 534 334 78 07
E-mail adress: onurayiu@gmail.com

27



IX. International Advanced Technologies Symposium 28-29 OCT 2021

for cold rolling to be reduced to thinner thicknesses. With cold rolling, thicknesses of 1 mm and below are
achieved with precise thickness tolerances. At the same time, cold rolled products can show a more durable
structure than hot rolled products. Cold rolled products show strain hardening with deformation. To remove the
stresses in the internal structure and especially in ferritic stainless steels, the grains elongated in the rolling
direction are brought back to the coaxial structure by heat treatment. Heat treatment causes the formation of
high temperature oxides on the material relative to the application atmosphere. Especially in the rich oxygen
atmosphere in natural gas furnaces, oxidation is quite high. High temperature oxides not only affect the
corrosion resistance of the material negatively, but also cause the strength values of the material to be adversely
affected. At the same time, it also spoils the surface quality of such materials, which have visual expectations

13].

AISI 430 stainless steels contain around 16% chromium, less than 1% silicon and less than 1% manganese as
an alloying element. As a result of heat treatment, besides alloying elements such as chromium, silicon and
manhan, iron forming the main matrix is oxidized in different oxide compositions and forms oxide structures
in different layers. When we look at the general structure, it is seen that the wustite layer shows stratification
on the base metal first, magnetite and hemantite layers above it, and finally the chromium oxide layer is
dominant on the uppermost layer. Depending on the increasing temperature and time, the oxide layer
thicknesses also increase [4].

It has been observed that spinel oxides are formed on the base metal, that is, at the interface with the oxide
layers, depending on the alloying elements during the heat treatment of AISI 430 stainless steels. At the same
time, spinel oxides containing manganese and chromium are also observed in the upper layers. Spinel oxides
are complex oxides. They may contain alloying elements such as silicon, manganese, chromium and iron in
their structures. In particular, increases in silicon and manganese increase the density of spinel oxides. With
their complex structure, spinel oxides are difficult to dissolve in acids. Therefore, the increase in temperature
and time under heat treatment conditions increases the density of spinel oxides in the structure and becomes
very difficult to dissolve with acids. At the same time, complex oxides that settle at the interface adversely
affect the porosity structure of the oxide growing on the surface, as it makes it difficult for the alloying elements
such as chromium and iron to participate in oxidation from the base metal. [4,5,6,7,8].

Large-scale pickling studies are carried out to see the effects on different oxide forms and different acid
combinations of these oxides, and to design more environmentally friendly and more efficient processes. In this
study, the descailing abilities of different acid combinations at two different temperatures and four different
times were investigated.

2. EXPERIMENTAL METHOD

Trinox Metal process was taken as reference in the experimental studies. The samples used in the study were
rolled samples from 3 mm thickness to 0.8 mm thickness in Sendzimir rolling mill. This thickness difference
has a deformation rate of 73.33%. AISI 430 alloy stainless steel used in the study was selected from a single
coil and rolled under the same conditions throughout the coil. In Trinox Metal process conditions, the materials
that are put into suitable condition in the open flame annealing furnace after cold rolling are then entered into
descailing and pickling tanks to obtain the final surface quality. The schematic image describing the process is
shown in Fig. 1 The time spent in the furnace and in the acid tanks for the appropriate condition conditions has
been moved to the test conditions. Samples cut in 15x15 cm dimensions at the times determined for the lower
and upper limit hardness values with reference to the line speeds, after the samples were annealed in a laboratory
type electric furnace, after cooling in air. The effects of acid types were investigated by desclinging two groups
of experimental sets in 12% H2SO4 + 12% HCI +1.5% H20: solution and two groups of experimental sets in
15% HNOs solution from the samples cooled in air. After annealing, the samples were immersed in the solution
in the prepared acid baths for the periods calculated depending on the line speed, and after immersion, they
were washed with water and brushed. The reaction kinetics were calculated based on the mass loss
measurements of these two different acidic solutions. Rolled samples used in the experiment were not cleaned
of rolling oil in order to fully reflect the process conditions. The rolled samples were stored under vacuum to
prevent oxidation after annealing. The pickling processes of the annealed samples under vacuum were also
carried out within one week at the latest. Two different types of descaling operations with different
concentrations were carried out. The chemical composition values of AISI 430 quality stainless steel used in
the study are shown in Table 1. The table of the experimental design is shown in Table 2. The etchings were
carried out in a fume hood in the laboratory using personal protective equipment.
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Fig. 1. Annealing and Pickling Line Schematic Illustration

Table 1. Design of Experimental Tabel.

Alloy L:‘l;.r::r::zt):e Time (s) Concentration
(%12 H2S04 + %12 HCI1 + (%15
430 110 65 %1,5 H202) HNO3)
1.Group 3+1
2. Group 850 3+1
3. Group 3+1
4. Group 3+1
Alloy L;]:nf:r::?;;e Time (s) Concentration
(%12 H2S04 + %12 HC1 + (%15
430 120 80 %1,5 H202) HNO3)
1.Group 75 3+1
2. Group o 3+1
3. Group 3+1
4. Group 3+1

Table 2. Chemical Composition Table of AISI 430 Alloy Used in the Experiment [9].

TS EN ISO 10088-2 Chemical Compositon

%C | %Si | %Mn| %P %S % Cr % Ni %Cu | %Mo | %N
According to TS EN ISO
10088.2 14016 (A1S1 430) | 008 1 1 0,040 | 0015 | 16t018
Meas“remegov alues AISI | 6045 | 034 | 043 | 0012 | 0001 16,13 0,093 0,08 0,002

Mahr M300 brand roughness device was used in the study. Besides the surface roughness, Veeco Dektak 8
brand optical profilometer device was used. The penetrating end of the device scans the surface with a 9 pg
load. The scanned area is 0.981 mm2. Surface morphology was obtained by scanning from 53 points in this
area. Portable USB microscope at 50X magnification was used for macro surface images.

After annealing, the surface roughness of the samples, whose surfaces were coated with high temperature
oxides, were measured on precision scales. After the measured values, in order to understand the mass losses
of the samples immersed in the acid baths, the surface roughness values were examined again by measuring
them on a precision balance. Dissolution kinetics were calculated based on the mass loss values. The effects of
acid type and annealing times were investigated over this value.

The reaction kinetics after weighing were calculated according to Equation 1. [10].

_ Wo-WwW

Ry )

1 = Reaction Kinetics, Wo = First Tart, W1 = Last Tart, A = Surface Area, t = Descaling Time.

29




IX. International Advanced Technologies Symposium 28-29 OCT 2021

3. RESULTS AND DISCUSSION

The roughness measurements of 32 deformed samples after annealing are as shown in Figures 2 and 3 with
reference. The measurements were made from three different regions on the same line and the average values
are shown on the graphs. In the examinations in the graph, the roughness values as a result of 4 different
annealing conditions were close to each other. Even if the roughness values of the samples that are annealed
only at 850 degrees 110 seconds are slightly higher, there is no significant difference. Since high temperature
oxides growing on the surface after annealing in austenitic alloys such as 304 show a porous structure, increases
in annealing temperature and time significantly affect the roughness values, while the high temperature oxide
growing in 430 alloy ferrtic steel is far from a porous structure. This effect is thought to be due to the fact that
the silicon alloy element in the stainless-steel settles in the interlayer, making it difficult for the diffusion of
chromium to the surface [6,7,8,11,12]. It is thought that the decrease in the alloying element carried to the
surface prevents the growth of a porous oxide on the surface.

1 1.5 P 2.5
MASUREMENT POINTS

850°C-110s —@®—850°C-65s
——750°C-120s —@—750°C-80s

Fig. 2. Graph of Change in Ra Values with Temperature and Time After Annealing
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Fig. 3. Graph of Change in Rz Values with Temperature and Time After Annealing

In the reaction kinetics calculated with reference to mass loss measurements after deciling, it is seen that the
sulfuric acid solution shows better dissolution for both temperature values of 850 and 750 degrees. It is seen
that the dissolution values at 850 degrees 110 seconds, the formation of oxides that are difficult to dissolve by
the placement of the silicon alloy elements on the interface and the increase in the density of the spinel oxides
formed in the structure also make it difficult to dissolve. The low incidence of spinel oxides at 750 degrees
makes it possible to dissolve in acids [6,7,8]. The outputs in the roughness values are also supported by the
dissolution kinetics. Dissolution kinetics graphs at 850 and 750 degrees are shown in Figures 4 and 5.
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AISI 430 850 Degree Immersion Reaction Graphics
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Fig. 4. Graph of Reaction Kinetics Occurring at 850 Degrees Sulfuric Acid and Nitric Acid

AISI 430 750 Degree Immersion Reaction Graphics
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Fig. 5. Graph of Reaction Kinetics Occurring at 750 Degrees Sulfuric Acid and Nitric Acid

When the surface morphologies obtained as a result of the optical profilometer measurements are examined, it
is observed that there are more significant changes in the morphology after the annealing, especially after the
sulfuric acid solution. When the morphology of the samples annealed at 750°C for 80 seconds is examined
(from left to right), the surface structure obtained after the annealing has the smoothest morphology after the
sulfuric acid solution, and the dissolution after nitric acid is more limited (Figure 6). surface morphology is
close to the appearance after annealing. In Figure 7, the surface after annealing at 850 degrees 110 seconds and
the descaling surfaces with very limited dissolution are examined. When these surfaces are examined, it is seen
that the surfaces close to the surface morphology after annealing maintain their existence.

(@ (b) ©
Fig.6. After Annealing View at 750 Degrees 80 seconds (a), Sulfuric Acid Descaling Group 2 (b), Nitric Acid Descaling
Group 4 (c)
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@) (b) ©
Fig.7. After Annealing View at 850 Degrees 110 seconds (a), Sulfuric Acid Descaling Group 2 (b), Nitric Acid Descaling
Group 4 (c)

Sample macro images from two different sets of experiments immersed separately in acid solutions are shown
in Figures 8 and 9. When we look at the macro examinations, it is seen that the samples in the test hardness
annealed at 750 degrees dissolve very well, especially in the sulfuric acid solution. It is seen that the solubility
in the oxide, which is annealed at 850 degrees 110 seconds as expected in the sulfuric acid solution, that contains
more complex oxides in its composition, is very limited. Oxide residues can be easily seen on the sample
surfaces during the pickling processes in nitric acid solution. In this case, it is seen that the pickling time is not
sufficient for the nitric acid solution. In order to improve the solubility in nitric acid solution, it is necessary to
either increase the acid concentration or increase the pickling time.

@ (b) © (d)

Fig.8. Macro Surface Images of Samples Descaling with 12% H,SO, + 12% HCI +1.5% H,0, (a) 750 °C 80 s., (b) 750 °C
120 s., (c) 850 °C 65 s., (d) 850 °C 110 s. Annealed Experiment Sets

@ (b) © (d)

Fig.9. Macro Surface Images of Samples Descaling with Nitric Acid (a) 750 °C 80 s., (b) 750 °C 120s., (c) 850 °C 65 s.,
(d) 850 °C 110 s. Annealed Experiment Sets

4. CONCLUSIONS

The high temperature oxides formed on the surfaces of 430 stainless steels after annealing are directly related
to their chemical composition. The formation of stable compounds in the oxide structure of silicon and
manganese affects the oxidation kinetics as well as the dissolution kinetics after oxidation. While the increase
in annealing temperature and time increases the density of stable compounds in the oxide structure, it also
prevents the porous growth of the general structure. This makes the diffusion of acid solutions into the oxide
structure difficult.

In annealing at 750 degrees and annealing at 850 degrees in 65 seconds, it is possible for the oxides on the
surface to dissolve, especially since the stable oxides that have not fully grown at the interface provide a more
favorable environment for acid diffusion. The obtained dissolution kinetic values also support the visual
findings.

In pickling processes, it is seen that the sulfuric acid solution allows dissolution in much shorter times than the
nitric acid solution. Obtained findings show that ferritic stainless steels such as AISI 430 need annealing at as

32



Investigation of Descailing Conditions and Oxide Characteristics on The Dissolving of High Temperature
Oxides Created at Diﬁ"erent Temperatures and Times an AISI 430 Stainless Steel Surface, O. Ay, H. Ekici, B.
Giiraydmn, B. Tatar, LE. Karabulut

low temperature and short times as possible, that is, without allowing the formation of complex oxides,
especially in the interface and upper layers.

Despite the increases in alloying elements that participate in the complex structure such as manganese and
silicon in the structure, it is beneficial to choose low times in annealing conditions.
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