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The influence of processing parameters (slab thickness, water flow of interstand cooling and oil flow in roll
gap lubrication system) on the thickness and composition of the tertiary scale formed during hot strip rolling, was
studied in a low carbon steel in factory. The scale formed on the rolled surface was characterized by scanning
electron microscopy and Mossbauer spectroscopy. It was observed that the combined effect of a greater rolling
oil volume applied, larger bar thickness, and smaller amount of water flow during interstand cooling reduces
the tertiary scale thickness. Besides, a smaller crack density in the samples is associated with greater rolling oil
volume and smaller oxide scale thickness. The principal phase of the scale formed in hot-rolled steel strips is
stoichiometric magnetite, without isomorphic substitutions.
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1. Introduction

During hot strip processing, tertiary scale forms on the steel sur-
face after descaling or between each mill stand, at temperatures below
1000 °C. The frictional phenomena and thermal conductivity at the
interface between the roll and the steel will affect the rolling process,
by changing rolling forces, torques, power consumptions, tempera-
ture gradient near the steel surface, roll wear and surface quality and
even the mechanical and other properties of the bulk materials'*. On
carbon steel, the tertiary scale formed at high temperatures usually
consists of three iron oxide phases, the inner wiistite (FeO), magnetite
(Fe,0,) and the outer layer hematite (0—Fe,O,)". The thickness of
these three phases will be different with the changes of oxidation
conditions, steel compositions and surface finish*®.

The formation of oxide scales on steel at high temperatures has
been widely studied because of its importance during the hot process-
ing of steel. These studies were usually limited to specific materials
at fixed temperatures and constrained oxidation times in experimental
simulations'*¢. However, only a few works investigated the scales
formed on steels in factory, and showed great difference compared to
the laboratory results, not only in the thickness but also in the phases
compositions and strip surface quality>>”.

It is essential to study the influence of processing parameters
on oxide scales formation during the hot strip rolling, because the
secondary and tertiary scales should be removed before subsequent
processing, i.e., cold rolling the steel. Besides this, the thin hot rolled
strips with good surface quality could potentially be applied to final
products without further processing.

The purpose of this paper is to analyze the influence of process-
ing parameters: slab thickness, water flow of interstand cooling
and oil flow in roll gap lubrication system, on the formation of the
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tertiary scale during hot strip rolling of low-carbon steel in factory.
The scale occurrence is discussed considering two aspects: thickness
and composition.

2. Experiments

The material used in the experiments was low carbon steel, whose
composition in weight percentage was: 0.0425 C, 0.03 Si, 0.025 P,
0.015 S, 0.025 Al, and 0.004 N. The experimental rolling was made
at the six stands (F1 to F6) ArcelorMittal Tubardo’s hot strip mill.
Three parameters for the process of hot strips rolling were chosen,
in a 2* factorial project: slab thickness, water flow of interstand
cooling or ISC (top and bottom) between stands F1/F2 and F2/F3,
and applied oil flow in roll gap lubrication system (work rolls F2
to F4). The values for each parameter are described in Table 1. The
final rolling temperature was approximately 850 °C and the coiling
temperature was approximately 660 °C. The rolled strips had the
following final dimensions for the transversal section: a thickness of
1.54 mm and a width of 1000 mm. The remaining parameters for the
process were not modified: reheating temperature of 1210 + 20 °C,
primary and secondary descaling, 3 passes during reversing roughing
mill and coil box.

The produced coils were reprocessed at the finishing lines at
ArcelorMittal Tubardo. This was done, however, without inducing
strip hardening and preserving the characteristics of the scale formed
during hot rolling. Samples 100 x 100 mm were taken from half
the total length of the coil under each condition. The samples were
prepared for metallography, etched, and the thickness of the scales
formed (surface A — top; surface B — bottom) was evaluated using a
Leica S440i scanning electron microscope (SEM).
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Table 1. Values used for the parameters during the experimental rolling process.

Parameter Value utilized Observation
Th 28 mm and 32 mm Slab thickness at the entrance of the finishing mill.
ISC 12% (38 m3h) and Relative percentage of the total water flow system; variations only in interstand
20% (67 m3/h) cooling 1 and 2, which were equivalent, respectively to stands F1/F2 and F2/F3.
Oil -30% and +30% Parameter with a variation of £ 30% of the oil flow only in stands F2, F3

F2 =130 and 230 mL/min F3 = 120 and
220 mL/min F4 = 100 and 180 mL/min

and F4 in relation to the usual values utilized; in the other stands (F1, F5
and F6), the values were not modified.

Table 2. Room temperature Mossbauer parameters obtained by the least-square fitting.

Site 0* (mm/s) A (mm/s) I" (mm/s) B,,
A (magnetite) 0.67 0.08 0.27 46
B (magnetite) 0.40 -0.03 0.27 49
o-Fe 0.00 0.00 0.34 33
Fe O 0.94 0.74 0.53 0

*isomeric displacement in relation to o-Fe; errors for 8', A? and I'* = 0.02 mm/s; for B, ‘'=1T;and
Tsomer shift; 2quadrupole splitting; *line width of average height; and *hyperfine magnetic field.

(a)

The compositions of the oxide layers present in the scale were
evaluated with the Mossbauer Spectrometer MIMOS II8. This
equipment performs experiments in backscatter geometry, using a
source ’Co/Rh of 100 mCi initial intensity. The spectra obtained
were analyzed using a program for least-squares fitting to obtain the
Mossbauer parameters (3, A, B, ) and the spectral areas of each Fe
site (Table 2).

3. Results and Discussion

The scale morphology was examined on both cross section and
top views, using scanning electron microscopy. Figure 1 shows cross-
section micrographs of the samples along the length of the strip.
The micrographs show that the thickness of the tertiary oxide scale
is relatively uniform and its value is practically the same in the two
surfaces of each strip. The scale thickness varies from 3.8 to 7.7 um,
and these values agree with those published in the literature®.

Factorial analysis was used to evaluate the correlation of the
processing parameters with the average values of the scale thickness
formed in the two surfaces of each strip (Table 3). The results of
factorial analysis are represented in Figure 2.

Figure 2 shows that the slab thickness, the ISC, and the oil param-
eters affected the thickness of the scale formed on the strip surface.
The slab thickness has the greatest effect, as shown by the largest

(b)

Figure 1. Image of a cross section of the A3 sample (ISC at 12%; oil flow at +30%; slab thickness = 32 mm) in SEM. a) surface top; and b) surface bottom.

inclination of its straight line (Figure 2a). It can be observed that in
general, the scale thickness decreases when using a slab thickness
of 32 mm, ISC at 12% and oil flow at +30%. This influence of the
slab thickness on tertiary scale thickness through the factor time has
been emphasized by Blazevic'®.

The strip surface quality is associated to the scale thickness,
which is characterized by defects, as cracks density, pores and blisters.
Figure 3 shows a typical aspect in top view. A small crack density was
observed in the samples that were rolled with flow oil at +30% and
with smaller tertiary scale thickness. The small crack density means
that during the reduction pass the oxide undergoes the same percent-
age of reduction as the steel, due to plastic flow!'!. This is the desired
situation, because it yields a flawless and relatively smooth strip with
homogenous and compact scale. Bourdon et al.'” relate that a smaller
oxide scale thickness implicates in a low pickling time.

According to Fagundes et al.', the thinner the slab thickness,
the smaller will be both its surface temperature and the difference in
temperature between the nucleus and the surface. A smaller surface
temperature reduces oxidation kinetics and, consequently, reduces
fracture possibility in the oxidized layer during processing and also
reduces the impression of this oxide on the metal base. Then, as this
surface defect corresponds to the amount of oxide adhering to the
strip surface, the thinner the slab thickness, the thinner the oxide layer
and the better the surface quality of the strip surface.
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Table 3. Oxide Scale thickness and its respective processing parameters.

Sample ISC (%) Th(mm) Oil Scale thickness (LLm)
Al 12 28 +30% 3.8
A2 20 7.4
A3 12 32 4.5
A4 20 5.0
A5 12 28 -30% 7.7
A6 20 6.3
A7 12 32 4.6
A8 20 5.1
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Figure 2. a) Effects of the processing parameters on the scale thickness; and
b) effects of the interactions between the parameters on the scale thickness.

The composition of the scales present in the strips, in terms
of the spectral area for the Fe sites detected, were the same for all
the samples and the percentage values were: o-Fe = 63.44; Fe O,
(site A-tetrahedral, Fe*’) = 22.5; Fe,O, (site B-octahedral, Fe** and
Fe*?) = 13.5; and Fe, 0 < 1.0. The depth of the backscatter analysis,
using Mossbauer Spectrometer MIMOS II with radiation of 14.4 keV,
reached and analyzed the steel substrate. The values presented in
Table 2 represent the Mossbauer parameters obtained in the experi-
ment, and the spectra of one of the samples is shown in Figure 4.

Atroom temperature, the spectra with two Fe sites in the stoichio-
metric magnetite are observed: site A (tetrahedral, Fe**) and site B
(octahedral, Fe**and Fe?"), at a ratio of 1:2, having an inverted spinel
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Figure 3. Image of top views of the a) Al sample (ISC at 12%; oil flow at
+30%; slab thickness = 28 mm); and b) A5 sample (ISC at 12%; oil flow at
—30%; slab thickness = 28 mm) in SEM.

structure. Therefore, in this magnetite, the ratio of Fe** / (Fe** + Fe)
was calculated taking into consideration that the octahedral site had its
iron atoms equally distributed between Fe?* and Fe**. This information
was associated to the oxidation degree and purity of the magnetite.
Purity, in this case, refers to the absence of isomorphic substitutions
(Fe?* by Mg?*, Ca* or Ti** and Fe* by AI**)!4,

In the stoichiometric magnetite, given the considerations above,
there is a ratio of Fe* / (Fe* + Fe*) = 2/3 = 0.67. An average of
0.69 £0.02 was obtained in the samples. As such, the magnetite found
in the scale can be considered stoichiometric. This also signifies that
isomorphic substitutions should not be expected in this magnetite.

The scale is Fe,O, mixed with little FeO, as a result of a common
phenomenon for strips in which FeO will decompose into Fe,O, and
Fe via a eutectoid reaction, during the cooling of the steel coil, at
temperatures below 570 °C.

4. Conclusions

In this paper, the influence of processing parameters (slab thick-
ness, water flow of interstand cooling and oil flow in roll gap lubrica-
tion system) on the characteristics of the tertiary scale formed during
hot strip rolling of low-carbon steel in factory was analyzed.

It was observed that the combined effect of a greater rolling
oil volume when compared to the usual industrial practice (+30%:
F2 — 230 mL/min, F3 — 220 mL/min and F4 — 180 mL/min), larger
slab thickness (32 mm) and smaller amount water flow of interstand
cooling (38 m3.h™), reduces the tertiary scale thickness. Besides, a
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Figure 4. Obtained Mossbauer MIMOS 114 spectra adjusted by the least square method (sample A2: ISC at 20%; oil flow at +30%; slab thickness = 28 mm).

smaller crack density in the samples that were rolled with flow oil at
+30% and with smaller oxide scale thickness was observed.

The principal phase of the scale formed in hot-rolled of steel strips

is stoichiometric magnetite, without isomorphic substitutions.
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