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A systematic study has been conducted on a 17% Cr dual stabilized ferritic stainless steel (FSS) to
study the evolution of texture during hot-rolling and its effect on ridging resistance after cold-rolling
and annealing., Hotrolling was carried out on a 4-high laboratory rolling mill with finishing
temperatures in"the range 1000 °C to 810 °C to cover the evolution of micro-texture under both
conventional hot-rolling conditions and when using low finishing temperatures. Subsequently, the
hot-rolled coils were cold rolled and annealed to the same final thickness. The microtextures of the
samples were evaluated at each process step using scanning electron microscopy combined with
electron backscattered diffraction (SEM-EBSD). Lowering the hot rolling finishing temperature
resulted in thesformation of intragranular shear bands, which strengthened the y-fiber in the texture
after subsequent annealing of the hot-rolled material. After cold rolling to a reduction of 78 %

followed by final annealing, the micro-texture in the final product correlates with the micro-texture
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after hot rolling. The resistance to ridging in stabilized FSS improved by lowering the finishing
temperature during hot rolling. This study shows the importance of the hot rolling process conditions

in improving the texture inherited from the casting of FSS.

1. Introduction

Ferritic stainlessisteels (FSS) are used in a wide variety of applications such as kitchenware, home
appliances, elevator panels, automotive exhaust systems and white goods, due to their combination
of formability, weldability and excellent corrosion resistance. FSS, especially with high chromium
contents, are good alternatives to the highly alloyed austenitic steels, which are more expensive
primarily due to theirhickel content. However, FSS can be prone to a surface defect known as ridging
that can occur as aresult of sheet forming operations. Ridging leads to a diminished surface quality
and extra polishing costs in the manufacturing of the final product. Ridging appears as surface
corrugations whiech®develop when the steel is stretched or deep drawn. The height differences
between the ridges and adjacent valleys are in the range of 20-50 um [1-14]. In early research, factors
like segregation‘of alloying elements such as chromium, molybdenum or carbon were associated with
the formation ofgridging [15—18], but now it is well established that ridging is associated with

anisotropic plastic/deformation caused by colonies of different crystal orientations.

The ridging phenomenon in FSS is closely related to the final texture inherited from columnar
solidification during.eontinuous casting process. An increase in the ratio of equiaxed to columnar
grains in cast slabs leads to a significant improvement in ridging resistance [19-22]. As there is no
austenite-ferrite phase transformation, which would affect the final texture in stabilized high-
chromium FSS, the harmful columnar texture can only be altered by deformation and recrystallization
during the hot rolling process. Kodukula et al [22] reported that under conventional hot rolling
conditions a FSS slab structure with a low equiaxed grain ratio leads to severe ridging and that even

This article is protected by copyright. All rights reserved



intermediate annealing cannot improve ridging resistance. The texture of the final cold-rolled and
annealed product is known to be inherited from the texture after hot rolling and therefore, in order
to achieve good surface quality and formability, the texture of the hot-rolled coil should be optimized

with respect to the later process stages [13].

A positive effectzofdowering hot rolling finishing temperature to 750°C has been observed in
stabilized 21% Cr and/17% Cr FSS. A positive effect of lowering the hot rolling finishing temperature
in low-carbon and interstitial-free steel has also been observed and attributed to the formation
intragranular shearbands [23,24]. However, Sawatani et al. [25] suggested that the positive effect
was caused by a change in the precipitation behavior with finishing temperature and not the
formation of intragranular shear bands. Mehtonen et al. [26] studied the hot deformation behavior
of 21% Cr dual Ti-Nb stabilized FSS steel under multi-pass deformation conditions simulating those
during Steckel millirolling. They reported that lowering the hot deformation temperature of the third,
i.e. final, pass from 800°C to 650°C reduced the sub-grain size, increased the flow stress. and caused
the formation of intragranular grain shear bands in grains belonging to the y-fiber. Lu et al .[27]
studied the effect.of asymmetrical hot rolling and reported that shear band density is proportional

to the roll speed fatio, and that the texture tends to be more uniform with a weaker y-fiber.

Other measures,related to hot rolling have also been suggested to overcome the problems caused
by columnar grains in FSS castings such as 1) applying heavy roughing deformation with long inter-
pass times to achieve complete recrystallization [28,29], 2) lowering the finishing rolling temperature,
or even warm rolling, to promote the formation of shear bands [24,26,27], 3) intermediate annealing
during cold rolling [11,30], and 4) asymmetrical cold rolling or cross-rolling at 45° to with respect to
the normal direction to improve the distribution of texture components [31,32]. Some of these

techniques are, however, difficult and costly to implement on an industrial scale, by either reducing
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productivity or reducing energy efficiency. However, improvement of the overall texture is not
sufficient to guarantee high ridging resistance: uniformity of the texture on the microscale is
required, i.e. lack of grain clustering with orientations <001>//ND and (110)//RD. Most earlier studies
have been focused on improving the extent of recrystallization and the texture during hot rolling but
have not includéd theeffect of subsequent cold rolling and annealing on ridging. The present study
was carried eutsto-clarify the effect of hot rolling finishing temperature on the ridging resistance of

the final cold-rolled and annealed sheet in the case of a 17% Cr dual Ti-Nb stabilized FSS.

2. Materials'and Methods

2.1 Materials

EN 1.4509/ASTM 441 dual stabilized with titanium and niobium was produced by Outokumpu
Stainless using an electric arc furnace (EAF) followed by treatment in an argon oxygen decarburization
(AOD) convertef. |The liquid steel was further refined in a ladle furnace, where the titanium and
niobium were added.nOnce, the final target composition and temperature was reached, the steel
melt is transferred to continuous casting platform for casting into slabs 1250 mm wide and 170 mm
thick. For macrostruetural studies, a slab sample was cut between the 2" and 3" slabs where the
casting speed has stabilized. Its chemical composition is given in Table 1. The 170 mm thick slab was
re-heated in a walking beam furnace to 1150 °C for 150 min and rough rolled into a transfer bar 25
mm thick using ‘asd-high reverse roughing mill. A sample from the transfer bar was taken for further

investigations’in the laboratory.

2.2 Experimental

The slab sample was cut in 200 mm wide pieces across the whole slab thickness to allow examination

of the casting structure on a section perpendicular to the casting direction. The macrostructure was
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revealed by grinding and polishing with 10 um and 6 um grit and etching in aqua regia, i.e. a mixture
of nitric acid (HNOs) and hydrochloric acid (HCl). The equiaxed grain ratio (EGR) was calculated as the

ratio of the total thickness of the equiaxed zone to the slab thickness [21].

Laboratory hot/rolling trials were carried out using a pilot reversible 4-high Frohling mill. Prior to
laboratory hetsrellingstransfer bar samples with the dimensions 500 x 300 x 25.5 mm (RD x TD x ND)
were re-heated.to 1100 °C and held for 60 minutes in a chamber furnace for homogenization.
Laboratory hot rollinggwas carried out in four different temperature ranges and the finishing rolling
temperatures (FERE)=ize. the temperatures during last pass, were approximately 1000, 930, 870 and
810 °C and nelubrication is used. The temperature during hot rolling was controlled with the aid of
roller hearth furnaces located on both sides of the rolling mill. Five hot rolling reductions in the
sequence 30%,30%, 25%, 25% and 20% resulted in a final nominal thickness of 6.0 mm. Laminar
cooling was applied after the last pass and cooled to room temperature. The laboratory hot rolling
process was designed to simulate the actual conditions encountered in production where the
transfer bar is hot reduced in a Steckel mill followed by a Tandem mill, where the usual finishing
temperatures argzaround 950 °C. No practical problems were encountered by the application of
lower finish rolling“temperatures: the increase in the rolling load was moderate and no edge
cracking occurredsThe laboratory hot-rolled sheets/bands were annealed for 90 s at 980 °C and air
cooled followed by pickling in an acid mixture containing hydrofluoric acid (HF) and nitric acid (HNO3)
at 40 °C for 5 min. Annealing after hot rolling improves the homogeneity of the microstructure and
distribution of precipitates in the coils before cold rolling and annealing. Coil inhomogeneities
together with the increased hardness brought about by low finish rolling temperatures can lead to
failures during cold rolling. After annealing and pickling, the 6 mm thick white-hot bands (WHB) were
cold rolled with a reduction of approximately 78 % to approximately 1.2 mm using a 2-high reversing

mill at the University of Oulu. The cold-rolled sheets were annealed at 1000 °C for 30s and pickled at
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40 °C for 5 min in the above-mentioned mixed acid bath. A schematic representation of the
laboratory rolling schedules is shown in Figure 1. The hot rolling parameters and thicknesses of the

samples after hot and cold rolling are given in Table 2.

Specimens werg cut ffrom all the hot bands in the hot-rolled condition after pre-annealing and after
cold rolling andsannealing. Microtexture measurements were done by using electron backscatter
diffraction (EBSD) in a scanning electron microscope (SEM, LEO 1450VP) at 20 kV with a step size of
1.5 um. Data acquisition was conducted on cross-sections parallel to the RD-ND and TD-ND planes,
i.e. the plane narmalto the RD direction. (RD is rolling direction, ND is the sheet normal direction and
TD is the transverse direction, i.e. the direction perpendicular to the other two directions). The EBSD
measurements were used to generate texture data using the Oxford HKL acquisition and analysis
software. Oftenorientation density function (ODF’s) obtained from X-ray diffraction pole figures have
been preferred foroverall texture measurements; however, Hutchinson et al [33] were of the opinion
that EBSD results can provide a better texture evaluation provided the probed area is large enough.
In this study, the'ODF's are calculated using EBSD data obtained from large areas. Ridging tests were
performed on the final sheet products with samples measuring 300 mm along RD and 100 mm along
TD by applying 15%elongation along RD in a tensile testing machine equipped with special grips. The
unfiltered 2D rawssusface profile after the ridging tests was measured using a non-skidded bench-top
2D stylus profilemeter Zeiss Surfcom 2000 SD3 with a stylus tip radius of 2 um. This raw profile was
filtered to caleulate the ridging index (RI), which is a unique index taking into account the height of
the profile and the spacing between the ridges [6]. The dimensionless Rl is then defined as the
product of Rz in um and the peak count Pcin mm™:

Rl =Rz [um] x Pc [mm™1]. (1)

3. Results & Discussion
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3.1 Macrostructure of slab sample and micro-texture of transfer bar

Figure 2 shows the macrostructure of the slab, which mostly comprises columnar grains of <001>//ND
orientations giving an equiaxed grain ratio of only 12%. Ridging is known to result from columnar
solidification during continuous casting and it has been shown that an increase in the equiaxed grain
ratio leads to significant improvements in ridging resistance [22]. An inverse pole figure (IPF) map of
a TD-ND planesef.thetransfer bar is shown in Figure 3a and the location of the mapped area is given
in Figure 3b. The EBSD measurements were conducted near the centerline of the sample, but offset
somewhat so as to inglude some of the columnar grains that can been seen in Figure 2. In the IPF
maps, red denotes.grains orientated with <001>//ND (cube-on-face) and blue grains with <111>//ND.
The IPF map indicates that the center of the transfer bar was mostly in the deformed state. Away
from the centerline, a small fraction of newly recrystallized grains can be observed. To give a
quantitative description of the texture, an orientation density function (ODF) was calculated from the
EBSD data by considering each orientation g = {¢1, ¢, ¢2} to have a half scatter width of 5° in Euler
space. Figure 3c shows the ®,=45° section of the resultant ODF. The as-received transfer bar has
the strongest textureicomponent intensity, i.e. f(g) = 6, at {001} <110>, which is inherited from the

casting structure.

3.2 Texture evolutien during hot rolling

During thermo-mechanical treatments, stabilized FSS undergoes rapid dynamic recovery without any
y/a phase transformation or dynamic recrystallization. Furthermore, the grains with {001} <110>
orientations do not easily recrystallize during annealing due to their low Taylor factor and strong
tendency to recovery[34—36]. It is known that during hot rolling, surface layers are subjected to heavy
redundant shear deformation, which provides an enough driving force to break down the columnar
grains near the surface by recovery and recrystallization. However, the interior portion of the

material is subjected to plane strain compression, which is unable to break down the coarse columnar
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grains. After rolling, the deformed grains remain in the same crystallographic orientation.
Microtextures as seen on the RD-ND plane of the hot-rolled and water-cooled samples are presented
in Figure 4. It is evident that the hot rolling finishing temperature affects the texture: the textures of
the conventionally hot-rolled samples having high finishing temperatures (A and B) are significantly
different from those having lower FRT (Samples C and D). Sample A, with FRT at 1000 °C, has been
dynamically recovered (Figure 4a), whereas the samples with FRT at 930, 870 and 810°C were in the
deformed state, with.the degree of deformation increasing considerably as FRT decreases. Sample B
is partially recovered, while samples C and D, show intragranular shear bands aligned at 30-35° to the
rolling direction.yFigure 5 shows the ODFs of the BHB samples. Sample A (Figure 5a) has a strong
texture component {001} <110> (cube orientation) with the highest texture intensity f(g) = 8.2. The
deformation texture component {001} <110> of a-fiber is highest in sample B, although {111} <110>
along the y-fiber started appearing with very low intensity in sample B (Figure 4b). The total texture
intensity furthersréduced in the samples C and D and the texture components {111} <110> intensity
also increased along the y-fiber.

Figure 6 shows IPFstof the annealed samples after hot rolling. All the samples are completely
recrystallized except,sample A, which still has deformed grains in the centerline, that have not
undergone completé recrystallization process during hot rolling.

The average graingsizes of samples A, B, C and D were 120, 108, 81, and 72um respectively in hot
rolled and annealed condition. Lower the finishing temperature during the hot rolling, the average
grain size is«décreased which indicates that the recrystallization index was increased. The
recrystallized textures are also like the deformed textures and the samples C and D have a larger
proportion of grains with <111>//ND orientation compared to the samples A and B. Therefore, hot
rolling at lower temperatures lead to a more beneficial rolling texture, favorable for the development

of the <111>//ND y-fiber recrystallization texture during the subsequent annealing of the hot-rolled
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material. The <111>//ND texture is known to improve the forming properties and increases the

resistance towards ridging.

3.3 Texture evolution during cold rolling and annealing

IPFs of the samples after cold rolling and annealing are presented in Figure 7. All the samples have
undergone thessamesamount of cold reduction after hot rolling and annealing. The IPFs cover the
whole thickness,of the cold rolled sheets. Unlike during pre-annealing, the centerline of sample A
completely recnystallized during the final annealing. As it can be observed from the respective ODFs,
all the samples=consisted grains with <111>//ND orientations in the centerline, but their volume

fraction varied greatly increasing from sample A to D.

For samples A @and Bjithe grains near the surface are predominantly oriented with <110>//RD and
(100)//ND, whieh"belong to the a-fiber. Compared to samples C and D, grains with <001>//ND
orientations are moresfrequent in samples A and B. Such grains tend to be grouped into colonies in
A and B while in Cand\D such orientations are homogenously spread across the thickness and width
of the sample. Erem,. the ODFs of the samples presented in Figure 8, it can be observed that the
intensity of the y-fiber orientation {112} <111> and (554) <225> increases through the series A to D
while the strengthsof the a-fiber <110>//RD orientations has weakened along with the <001>//ND
(cube) orientation.._The maximum texture intensity in the sample Ais 2 at the orientation (112) [131]
and sample Bamaximum texture intensity is 2.7 at the orientation along the {112} <111> along the y-
fiber. The maximum texture intensities of sample C and D are further increased along the y-fiber to
3.7 and 4.5. Interestingly, the Goss orientation {110} <001> is also strengthened after cold rolling
and annealing. The strength of the Goss orientation is highest in sample D and lowest in sample A.

The amount of reduction during cold rolling being the same on all the samples, the changes in texture
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are directly correlated to the finishing rolling temperature during the hot rolling. Lower the hot rolling

finishing temperature, stronger the <111>//ND orientations.

3.4 Surface ridging and mechanical properties

The mechanical properties of the cold-rolled and annealed samples are tabulated in Table 3 together
with surface profiles€haracteristics after the ridging test. There are no substantial differences in the
mechanic propefties of the samples, but ridging performance varies greatly. The surface profiles of
all the samples after.15% elongation along RD are shown in Figure 9. The severity of ridging decreases
systematically through the series A>B—C—D. The ridging index (RI) and ridging height of sample A
are 5.62 and 25.56"um respectively, whereas the values of Rl and Rz are 1.25 and 12.52 um
respectively for sample D, which has the highest resistance towards ridging. The ridging indices are
directly correlated.to.the finishing rolling temperature during hot rolling. Ridging height is decreased
substantially in“sample D by 50% compared to sample A, reducing the hot rolling finishing

temperature from 1000 °C to 810 °C.

3.5 Effect of hot rolling temperature

The hot rollingsproéess plays a key role in modifying the solidification structure of FSS. The
misorientation distributions of the grains after hot rolling and annealing are shown in Figure 10.
Sample A has the highest frequency of low-angle boundaries with approximately 50% higher in the
low angle boundarysfange than the sample D, indicating that the hot rolled structure was primarily
only recoveréd after deformation, with relatively few recrystallized grains. The high angle grain
boundaries among the samples (>15°) consistently increased in samples with lowering the hot rolling
finishing temperature. The EBSD images of the samples reveal the same that the degree of
recrystallization increased among the samples from A to D with decreasing the finishing rolling

temperature. Micro-texture images in the hot-rolled conditions showed that shear bands are
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frequent in samples C and D, less frequent in B and almost entirely absent from A (Figure 4). Barnett
and Jonas et al. [37] found that during warm rolling of IF steels (known as ferrite rolling) between 700
°C and ambient temperature with a 65% reduction and the deformation structures consisted of many
shear bands. In these studies, the shear bands were present in the IF steels irrespective of rolling
temperature, whereasiin low carbon steels, shear bands appeared in the majority of the grains below
~300 °C butinsvery-few grains above 550 °C. Quadir et al. [38] investigated the formation of shear
bands in cold-rolled |F steels using transmission electron microscopy (TEM). Thick shear bands are
produced by a relative,shear displacement of two thin shear bands which involved rigid body rotation
in addition to thesmisoerientation produced by the pair of thin shear bands. The thin shear bands have
low-angle (< 40°) crystallographic boundaries with the matrix, whereas the thick shear bands are
bound by high-angle (> 15°) boundaries. Also, the thick shear bands are 5-7 times thicker than the
thin shear bands, which are only 0.1-0.3 um in thickness. Shear bands are known to provide

nucleation sitesfor recrystallization [38].

As FSSs possessthigh'stacking fault energy (SFE), the dislocations can cross-slip and climb relatively
easily at high temperatures resulting in a high dynamic recovery rate. However, as the deformation
temperature decreases, dynamic recovery becomes slower. Barnett and Jonas [34] suggested that
dislocation densitysisithe main driving force for recrystallization. They proposed that the increase in
dislocation density during hot rolling is linearly proportional to square of the hardness difference
between the_ as'rolled and fully recrystallized specimens. Their measurements suggested that the
dislocation density increases by a factor of four when the FRT drops from 950 to 750 °C and further
confirmed by TEM observations that the dislocation density was higher in the shear bands. Mehtonen
et al. [26,39] reported that the static recrystallization of FSS during the inter-pass times had a
randomizing effect on the texture, even though the a-, y- and e-fibers were always present. Their

studies showed that lowering the temperature of the final pass from 950 °C to 800 °C and further to
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650 °C led to a significant increase in the flow stress and caused the formation of shear bands in
grains belonging to the y-fiber. The present results also agree with reported studies [26,37—39] on
FSSs that shear bands have a strong influence on microstructure development during annealing after
hot rolling. Grains with shear bands could be subdivided into much smaller misorientation cells,
causing more fragmentation resulting in more recrystallized grains. The misorientation distribution
plot of hot relled.annealed samples and the EBSD images (Figure 6 and 10) indicate the same. The
studied ferritic stainless steel is dual stabilized to prevent sensitization by binding carbon in
(TiNb)(CN) particles. Ti forms coarse TiN and Ti(CN) particles already in the molten steel [22,40-43].
The precipitation,of .C.and N continues at high temperatures in the solid phase such that most of the
Cand N are removed from the matrix by the beginning of the hot deformation. Intermetallic phases
such as Laves, Chi and Sigma can precipitate in the course of hot rolling. However, in the present
steel, the absence ofiMo means that such precipitation takes several hours below 1000 °C and is
not encountered during the steel processing [24,26]. Large non-deformable particles enhance
nucleation of new grains during recrystallization, and the coarse TiN particles have been observed
to induce recrystallisation in earlier studies on a similar steel to the present [24,26,44]. Soaking prior
to hot rolling involved holding for 60 mins at 1100 °C. Thermodynamic calculations indicate that
(TiNb)(CN) remains®tndissolved at that temperature so that no reprecipitation of fine precipitates

is expected duringhot rolling.

3.6 Effect of final anm@aling and cold rolling and ridging

Final annealing is one.of the most important ways to control the final microstructure and texture of
sheet steels. Recrystallization kinetics, final microstructure and texture depend on the structure and
texture of the cold-rolled sheet material [40]. Recrystallization of the cold-rolled material begins with
rapid recovery into well defined, but inhomogeneous, sub-grain structure. Sinclair et al [35] reported
that the substructure in 50% cold-rolled steel is banded with two distinct sub-grain morphologies
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corresponding depending on the original grain orientation. Grains with orientations {001} <110> and
{112} <110>, belonging to the a-fiber, tend to have larger a sub-grain size and smaller misorientations

compared to {111} <110> and {111} <112> type grains, which belong to the y-fiber.

The microtexture results obtained in the final annealed samples are in line with earlier observations
[13] as the y-fiberislargely inherited from the hot rolling texture and has been strengthened in the
sub-surface layers. The misorientation distributions of the cold-rolled and annealed samples are
shown in Figure 11. The trend is similar to that of hot-rolled and annealed samples in terms of the
frequency of low=angle boundaries (0-15°) which are associated with recovery in grains with a-fiber
orientations. Fhis confirms that the orientations of the final cold-rolled structure are largely inherited
from the texture after hot rolling and indicates that control of the hot rolling parameters is crucial
with respect to altering the columnar grain structure to improve the final texture of stabilized ferritic

stainless steels.

The effect of fimish rolling temperature on the intensities of the main components of the a- and y-
fibers and e-fibers.of the final annealed and pre-annealed materials is shown in Figure 12. In the hot-
rolled and annealedSamples, the <100>//ND components were highest in sample A followed by B, C
and D, while theyepposite trend is seen with the y-fiber components. The presence of <100>//ND
grains in samples A and B was apparent in the EBSD-IPFs (Figure 7). When the hot rolling FRT is 1000
°C, the orientation {001} <110> is dominant in the hot-rolled and annealed sample A, but the texture
is more random as the FRT is lowered. In sample D with the lowest FRT (810 °C), the texture
components belonging to the a- and y-fibers have similar intensities. In the final annealed samples,
the {111}//ND intensities are 3 to 3.5 times higher when FRT is at its lowest compared to its highest,
where the [111}//ND intensities are equal to the <110>//RD intensities. As can be observed from the

e-fiber in Figure 12, the texture component {554} <225> and the Goss orientation {110} <001>
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increased as the hot rolling finishing temperature decreased. The presence of a strong Goss
component in a stabilized stainless steel after the first stage of a two-stage cold rolling process was
reported by Rodrigues et al [41]. In that study, as here, the presence of the Goss component is
probably due to the use of laboratory cold rolling without lubrication, which increases the near-
surface shear strain during rolling[42,43]. The texture component in samples A and B (Figure 7a, 7b)
in the final annealedscondition, grains with orientations <110>//RD were present in clusters across
the width and thickness of the samples. Grains in <110>//RD orientations have a lower plastic strain
ratio than grains in other orientations, and when they are clustered the material is prone to ridging

[4,34,44,45].

4.Summary and Conclusions

The effect of hetwrolling finishing temperature on micro-texture distribution and evolution in
titanium-niobium Stabilized ferritic stainless steels has been studied at various thermomechanical
stages from the'rough-rolled state through hot rolling, intermediate annealing, cold rolling and final
annealing to understandshow the finish rolling temperature influences the ridging resistance of the
finished cold-ralled and annealed sheet material. Lowering the hot rolling finishing temperature
below that conventionally used led to the formation of in-grain shear bands which promoted
recrystallizations”during the subsequent annealing process. When the hot rolling finishing
temperature is highglike that used conventionally in production of FSSs, after hot rolling and
annealing, the centerline is in a deformed and recovered state, whereas when the hot rolling finishing
temperature is lowered, the frequency of sub-grain boundaries is increased and there is an increase
in the incidence of grains belonging to <111>// ND orientations, which is the result of in-grain shear
bands strengthening the y-fiber after the intermediate annealing treatment. The severity of ridging

in the cold-rolled and annealed finished sheet material is proportional to the hot rolling finishing
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temperature. The ridging height is reduced by approximately by 50% when the finish temperature of

hot rolling is reduced from 1000 °C to 810 °C.
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Figure 1. ScheMgram illustrating the applied thermomechanical processing schedule

involving slab re- g, hot rolling followed by pre-annealing, cold rolling and final annealing.

f ! “‘! j: i l.‘
TR, L

O WAl ¥ ,r) 1' Q ‘t
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Figure 4. EBSD-IPF images of RD-ND cross sections of the hot rolled samples. FRT: (a) 1000 °C (b) 910
°C (c) 870 °Cand (d) 810 °C. The scale bars are 0.1 mm long.

=) @) 7L TS
|
|
% |\
(d)

Figure 5. ODFﬁof hot rolled samples at ®,=45°. FRT (a) 1000, (b) 910, (c) 870 and (d) 810 °C.

Each contour represents a step of 1.
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Figure 6. EBSD-IPFiimages of RD-ND cross sections of the hot rolled annealed (HRA) samples with
different hot rellingfinishing temperatures at (a) 1000 °C (b) 910 °C (c) 870 °C and (d) 810 °C
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Figure 7. EBSDhges of TD-ND cross sections of the cold rolled annealed (CRA) samples with
different hot rollj ishing temperatures at (a) 1000 °C (b) 910 °C (c) 870 °C and (d) 810 °C
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Figure 8. ®,=45°0DE sections after cold-rolling and annealing. Hot-rolling FRT a) 1000 °C, b) 910 °C,
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Figure 11. Misorientation profiles after cold rolling and annealing of (a) low angle boundary (2° to
15°) (b) high angle boundary (>15°)
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Figure 12. Effect of hot-rolling finishing temperature on the intensities of a-fiber (@1 = 0°; (2 = 45°
and ¢ = 0-90°),, y- fiber (1 = 60-90°; @2 = 45° and ¢ = 54.7°) and e- fiber(¢p1 =90°% ¢2=45°and ¢ =
0-90°)

of samples (a-chin het rolled annealed condition (d-f) in cold rolled annealed condition.

Tables

Table 1. Chemical.eomposition of the EN 1.4509 steel sample in weight %.

C N Si Mn Cr Ni Ti Nb

0.010 0.017 0.44 0.45 17.54 | 0.16 0.13 0.36

Table 2. Laboratory hot and cold rolling parameters.
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Sample FRT Roller hearth Inter-pass time (s)| Black hot band Cold band Cold
(°C) furnace after 1% 2" 39 &4  thickness thickness reduction
temperature (mm) (mm) (%)
(°Q)

A 1000 1190 20,20,20,25 5.50 1.20 78.2

B 930 1080 18, 20, 20, 25 5.61 1.23 78.1

C 870 1000 18,18,20,25 5.82 1.24 78.7

D 810 1000 15,15,15,15 6.07 1.26 79.2

Table 3. Mechanical properties and surface profile parameters after ridging tests.

Sample | Rpp2yMPa | Rm MPa Ag (%) Aso (%) Rz (um) Pc RI (Rz-Pc)
A 278 457 19.8 30.0 25.56 0.22 5.62
B 282 463 19.1 22.5 23.87 0.19 4.53
C 280 460 18.9 25.0 15.16 0.14 2.12
D 282 463 19.1 26.2 12.52 0.10 1.25
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Short summ<

The influence of hot rolling finishing temperature on texture and ridging resistance is investigated

in dual stabilize @ d Nb) ferritic stainless steels. Lowering the hot rolling finishing temperature

improved the s @ gthened the y-fiber texture in the hot band and further improved the final texture

&

of the cold baw enhanced the resistance to ridging.
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