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The microstructure and texture of a strip-cast as well as a hot-rolled austenitic stainless steel 
(18 pct Cr, 8.5 pct Ni) are investigated by the use of optical metallography and quantitative 
X-ray texture analysis. In the hot band, a homogeneous microstructure is revealed together with 
a through-thickness texture gradient consisting of a weak cold rolling type of texture in the 
center layer and a shear texture close to the surface layers. The result is discussed in terms of 
the through-thickness shear profile that is generated during hot rolling. In the strip-cast material, 
a random orientation distribution as well as the development of martensite close to the center 
layer is attributed to the impingement and deformation of the films that are solidified on the 
surfaces of the casting rolls. The texture close to the surface is attributed to the growth selection 
of {001}(uvw) oriented grains. 

I. INTRODUCTION 

F L A T  products of austenitic stainless steels are con- 
ventionally manufactured by continuous casting, hot 
rolling, subsequent cold rolling, and final re- 
crystallization. Recent progress in strip-casting technol- 
ogy, tl,:] however, provides three main improvements in 
comparison to the customary processing method. First, 
it supplies an austenitic steel band with the same thick- 
ness and width as that which is produced by hot rolling. 
This permits the entire hot-rolling process to be by- 
passed. Second, the weak initial crystallographic texture 
of the strip-cast steel, which predetermines the deep 
drawing properties and strength of the final sheet as well 
as its weak through-thickness texture gradient, is re- 
sponsible for a more homogeneous behavior when com- 
pared to hot-rolled sheets.t3"4] Third, it is not economical 
to produce small amounts of highly alloyed stainless steels 
by continuous casting and hot rolling. Strip casting is 
therefore likely to be a competitive method in the pro- 
duction of stainless steel sheets. 

Whereas the texture and microstructure of cold rolled 
and recrystallized austenitic stainless steels have already 
been subject to detailed investigations in the past (e.g., 
References 5 and 6), the corresponding microstructural 
features resulting from the recently introduced strip-casting 
technology as well as from the hot-rolling process have 
not yet been discussed in the literature. In the present 
work, therefore, the microstructure and crystallographic 
texture of a strip-cast sample were compared to those of 
a continuously cast and subsequently hot-rolled speci- 
men. Both types of samples had a chromium (Cr) con- 
tent of 18 wt pct and a nickel (Ni) content of 8.5 wt pct 
(Table I). The microstructure and texture were measured 
with high local resolution through the sheet thickness of 
both materials. 

D. RAABE, Group Head, Research Group "Computer Simulation," 
is with the Institut f'tir Metallkunde und Metallphysik, RWTH Aachen, 
52056 Aachen, Germany. 

Manuscript submitted June 9, 1994. 

II. EXPERIMENTAL PROCEDURE 
AND MEASUREMENT OF 

CRYSTALLOGRAPHIC TEXTURES 

A. Processing of the Samples 

The hot rolling of the austenitic stainless steel 
(Table I) was industrially carded out after continuous 
casting, slab reheating, and initial reversing hot rolling 
in a conventional hot-strip mill, where the band is uni- 
directionally deformed in seven subsequent rolling passes. 
The temperature was between 1420 and 1470 K during 
the first hot-rolling pass and between 1050 and 1200 K 
during the last pass. The thickness of the hot band was 
2.2 mm. 

The austenitic strip cast samples (Table I) were in- 
dustrially produced by casting liquid steel into a pre- 
heated tundish, which contacts two rotating, water-cooled 
steel rolls. The two casting rolls with different diameters 
are located in an "eleven o'clock position." The steel 
solidifies as a thin film on the roll surfaces. The process 
is controlled in such a way that the contact length be- 
tween the liquid metal and the roll surface is equal for 
both rolls. In the roll gap, the films impinge and are 
compressed into a strip that leaves the gap with a tem- 
perature of about 1370 K. H'2] The thickness of the strip 
cast sample was 2.4 mm. Both types of specimen were 
heat treated at 1370 K for 20 minutes and subsequently 
descaled. 

Because the texture and microstructure of stainless steels 
are often inhomogeneous through the thickness, tTj the 
samples were inspected in various layers. In order to in- 
dicate the inspected layer, the parameter s = a/(1/2, d) 
is defined, where a is the distance from the center layer 
and d is the thickness of the sheet, i.e., the surface layer 
is defined by s = 1 and the center layer by s = 0. The 
textures of both types of samples were inspected in 
As = 0.1 steps. 

To remove a surface layer of 20/xm, that is, to get 
rid of disturbing grinding effects before the texture 
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Table I. Chemical Composition of the Austenitic 
Stainless Steel in Weight Percent 

C Si Mn Cr Mo Ni Fe 

0.05 0.76 1.37 18. l0 0.24 8.54 balance 

measurements, the samples were etched in a solution of 
100 ml H20, 100 ml HC1, and 30 ml HNO3 at a tem- 
perature of 330 K. 

B. Texture Measurement and Calculation 

The crystallographic textures were quantitatively ex- 
amined by measuring four incomplete {111}, {200}, {220}, 
and {113} pole figures by use of Mox~l radiation in the 
back-reflection mode. [s] From the pole figures, which are 
two-dimensional projections of the texture the three- 
dimensional orientation distribution function (ODF) was 
calculated by use of the series-expansion method.t9] In 
the case of cubic crystal symmetry and orthorhombic 
sample symmetry, which is set up by the rolling direc- 
tion (RD), normal direction (ND), and transverse direc- 
tion (TD), an orientation is represented by the three Euler 
angles ~0~, 4~, and ~02 in the reduced Euler space. For 
better transparency, an orientation is often presented in 
terms of the Miller indices {hkl} (uvw), where {hkl} de- 
scribes the crystallographic plane which is parallel to the 
sheet surface and (uvw) the crystal direction that is par- 
allel to RD. 

Because anstenitic steels tend to develop characteristic 
fiber textures during rolling, ~5'6~ it is convenient to depict 
the ODFs as isointensity diagrams in ~02 sections through 
Euler space. In Figure 1, the most relevant fibers and 
orientations are displayed schematically. 

a fiber: (110)[[ ND, main orientations: 
{Oll}{lO0), {011}{2-11), {011}(1-11), and {011} 
(0-11). 

T fiber: {111} 11 ND, main orientations: 
{111}(0-11) and {111}(-1-12). 

~-fiber: (110)1[ TD, main orientations: 
{001}0-10), {112}(-1-11), {111}(-1-12), and 
{011}(100). 

/3 fiber: less-symmetric-texture fiber containing the ori- 
entations: {11-2}(111) (C), {123}(-6-34) (S), 
and {011}(2-11) (B). 

III. EXPERIMENTAL RESULTS 

A. Microstructure 

As can be seen in the longitudinal section, the hot- 
rolled material displays a homogeneous microstructure 
through the thickness of the sheet (Figure 2). Many twin 
boundaries can be seen in all layers. Basically, the 
microstructure is more homogeneous than that of the hot- 
rolled ferritic stainless steels, t71 

In the longitudinal section of the strip-cast steel 
(Figure 3), a more inhomogeneous microstmcture through 
the thickness of the sheet is detected when compared to 
the hot-rolled material (Figure 2). Whereas large, uni- 
formly oriented blocks of austenitic dendrites can be seen 
(Figure 4(a)) between the surface and the near-center 
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Fig. 1 -  Some relevant orientations and texture fibers that occur in 
strip-cast and hot-rolled austenitic stainless steels. 

layers, i.e., between s = 1 and s ~ 0.4, close to the 
center layers, a different microstructure appears. Be- 
tween s ~ 0.3 and 0.1, a more blocky and nearly equiaxed 
morphology of the austenite has developed, which con- 
tains some martensite plates (Figure 4(b)). Between 
s ~ 0.1 and 0, i.e., in the center of the material, a glob- 
ular austenitic grain structure with a martensitic volume 
fraction of up to 20 pct becomes visible (Figure 4(b)). 
In contrast t o t h i s  finding, the course of the micro- 
hardness (100 g Vickers), however, does not reveal an 
enhanced value close to the center layer (Figure 5). 

B. Crystallographic Texture 

The hot band reveals an inhomogeneous texture pro- 
file through the thickness of the sheet. Close to the cen- 
ter layer, i.e., at s -- 0.0 and 0.1, the orientation 
distribution is characterized by a weak /3 fiber with a 
maximum at {011}(21 l) (Figure 6(a)). A continuous t~ 
fiber does not occur (Figure 7(a)). A second important 
feature of the texture at s -- 0.0 is the appearance of the 
cube component {001}(100) (Figures 6(a) and 8(a) 
through (c)). In the s -- 0.2 layer, the previously men- 
tioned orentafions are completely decreased and a nearly 
random orientation distribution is revealed (Figures 6(b) 
and 7(b)). Close to the s = 0.5 and s -- 0.6 layers, a 
texture transition takes place (Figure 6(c)). First, a weak 
{001}(110) component (Figures 8(a) through (c) 
and 6(c)), second, a 3' fiber (Figures 8(d) and 6(c)) and 
third, a strong {112}(110) orientation is generated 
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maximum close to {111}(110), are employed (Figure 9). 
It is revealed that the orientation densities of both com- 
ponents display similar profiles through the thickness of 
the sheet. Close to the center layers, both orientations 
are weak and increase continuously in intensity up to the 

Fig. 2--Longi tudinal  section, not-rolled austenitic steel. 

(Figure 6(c)), which corresponds to the 30 deg about TD 
rotated rolling component {110}(112). In the subsurface 
layers (s = 0.7 to 0.8), the orientation distribution is 
again randomized (Figures 6(d), 7, and 8). At the sur- 
face (s = 1.0), a similar texture as in layer s = 0.6 is 
developed (Figure 6(c)). To describe the shear texture 
profile through the thickness of the hot-rolled sheet, two 
relevant texture components, namely {001}(110) and the Fig. 3- -Longi tudina l  section, strip-cast austenitic steel. 
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(a) 

Fig. 4- -Longi tudinal  section, strip-cast austenitic steel: (a) near-surface layers and (b) center layers. 

(b) 
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Fig. 5 - - P r o f i l e  of  microhardness  through the thickness of  the strip- 
cast sample.  

s = 0.6 layer. Between s = 0.6 and 0.9, a decrease and, 
at the surface again, an enhancement can be seen. 

In the strip-cast material, also, different types of  tex- 
tures occur in the center and in the surface layers. The 
texture gradients observed here are, however, less 
pronounced than in the hot-rolled steel. Close to the cen- 
ter of the cast band (s = 0.0 to s = 0.3), a random 
texture with orientation densities below 2.3 is detected 
(Figure 10). Between s ~ 0.4 (Figure 10(b)) and the 
surface layer, s = 1.0 (Figure 10(c)), a weak fiber tex- 
ture close to {001}(uvw) is generated. From the first oc- 
currence of this fiber at s ~ 0.3 and 0.4, the orientation 
density increases from f(g) = 2.4 up to f(g) = 4 at 
s =  1.0. 

IV. E V A L U A T I O N  O F  T H E  RESU L T S 

A. Hot Rolling 

The most striking feature of the hot-band texture is the 
occurrence and profile of the through-thickness 
inhomogeneity. This is characterized by a weak/3 fiber 
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Fig. 6 - - O r i e n t a t i o n  distribution in the hot-rolled steel and various through-thickness layers: (a) s = 0 (center layer), (b) s = 0.2, (c) s = 0.6, 
(d) s = 0.7 and (e) s = 1.0 (surface layer). 
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component about normal direction, (b) rotations of the cube component about rolling direction, (c) rotations of the cube component about transverse 
direction, and (d) {111} fiber. 

accompanied by the cube orientation in the center layer 
(Figure 6(a)) and by a 7 fiber, the rotated cube orien- 
tation and the {112}(1101 component close to the surface 
layers (Figures 6(c) and (e)). As depicted in Figure 9, 
two maxima of the orientation density of the latter type 
of texture occur, one at s ~ 0.6 and another one at 
s =  1.0. 

In accordance with numerous experimental results by 
Goodman and Hu tSJ and Donadille et al., 16] as well as 
Taylor type simulations by Hirsch et al. ,u01 the observed 
/3 fiber at s = 0 (Figure 6(a)) is a typical texture, which 
is generated during the plane strain rolling deformation 
of face-centered cubic (fcc) polycrystals at ambient tem- 
peratures. 15,6,~~ However, in the present case, the max- 
imum orientation density is much lower than after cold 
rolling. Because complete recrystallization during or after 

hot rolling would have removed the detected rolling tex- 
ture at s = 0, this result suggests that a high volume 
fraction of the material has merely undergone recovery. 
This finding, however, contradicts two other facts. First, 
the microstructure (Figure 2) reveals a fairly equiaxed 
instead of an elongated, recovered grain morphology. 
Second, the stacking fault energy (SFE) of the present 
austenitic stainless steels is very low, namely 21. 
10 -3 J/m2. tH] The corresponding normalized value, i .e. ,  
the SFE divided by the Burgers vector and the shear 
modulus is equal to 0 .68 .10  -3 , which is of the order of 
the value for 70/30 brass. This fact implies that a strong 
tendency for recrystallization instead for recovery can be 
expected. 

It thus seems more likely that recrystallization has re- 
newed the microstructure during the first hot-rolling passes 
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Fig. 9 - -P ro f i l e  of  the orientation density of the {001}(110) orienta- 
tion and of  the maximum of  the {111} fiber through the thickness of  
the hot-rolled sample (dotted line: schematically presented profile of  
the through-thickness shear according to Refs. 17 and 18 for the in- 
dustrial hot rolling of  stainless steel). 

and that the weak fl fiber texture was developed only 
during the last one or two rolling passes. In this regime, 
the sheet has undergone considerable cooling, i . e . ,  the 
temperature of the band and the stored energy imposed 
by the last rolling pass were too low for recrystallization. 
This conclusion is in good accordance with the low ob- 
served orientation density of 4.3, since the steady re- 
covery of rolled material would have led to a much 
stronger texture maximum. 

A second relevant feature of the center layer texture 
of  the hot band is the occurrence of the cube orientation 
(Figure 5(a)). This component has also been found in 
the center layers of hot-worked aluminum. [~21 According 
to Le Hazif et a l .  [13] and Maurice and Driver, u4] who 
have carried out slip-line investigations on hot-rolled 
aluminum, this texture component results from the ac- 
tivation of dislocation glide on {110}(110) in addition to 

{111}(110) slip systems at homologous rolling tempera- 
tures above 0.6. Due to the low SFE of the austenite, 
however, it is more likely that the cube component re- 
suits from recrystallization than from deformation, since 
the grains in the hot band reveal an equiaxed and not an 
elongated morphology (Figure 2). 

The textures in the other layers reveal distinct differ- 
ences to the orientation distribution at s = 0. Whereas 
in some layers a random texture occurs (Figures 6(b) 
and (d)), at s = 0.6 (Figures 6(c), 8, and 9) and s = 1 
(Figures 6(e), 8, and 9), a y fiber accompanied by a 
{001}(110) and a {112}(110) orientation is detected. All 
three texture components are well known from in- 
homogeneously rolled aluminum and represent typical 
orientations that are generated by strong shear defor- 
mation, u2'~5'16} According to Mao, the present {112}(110) 
component results from the {011}(211) orientation, which 
represents the strongest plane strain rolling component 
in low SFE fcc metals u~ and which has been rotated 
30 deg about the TD due to the rotation of the strain 
state. I~61 A similar through-thickness profile of the com- 
parative shear orientations is also well investigated for 
hot-rolled ferritic stainless steels, t7] Whereas in these 
works, t7'12'~5'16} however, the strongest shear and thus also 
the highest orientation densities of the corresponding 
texture components occur at s = 0.7 to 0.8, in the pres- 
ent austenitic hot band the maximum of  the shear texture 
is locally split into one peak at s = 0.6 and a second 
one at s = 1. At s = 0.7 to 0.8 even a local minimum 
of the relevant texture components can be seen 
(Figure 9). Although the observed orientation densities 
are very weak, this effect is in clear contradiction to the 
experimentally detected t7,1245] and especially to the cal- 
culated shear profiles that have been reported by Beynon 
et al. uT] and McLaren and Sellars us] for the industrial hot 
rolling of stainless steels. 

In order to interpret the texture profile here observed, 
it is thus suggested that the expected maximum of shear 
was indeed situated in the range between s = 0.7 and 
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0.8, as predicted by simulations 117'~8~ and as schemati- 
cally marked by the dotted line in Figure 9. But since 
this implies a higher local deformation at that depth, i.e., 
a higher stored dislocation energy, recrystallization can 
easily have taken place in these layers, leading to the 
randomization of the texture. 

The observed texture profile which i s - - i n  accordance 
with simulations and experimentst7'lS-181-- thus mainly 
attributed to the through-thickness profile of  the shear 
during the last one or two hot-rolling passes, relates only 
weakly to the homogeneous through-thickness micro- 
structure. This result corresponds to findings in hot bands 
of ferritic stainless steel, t7j 

B. Strip Casting 

In the strip-cast material, two types of textures can be 
detected through the sheet thickness: first, a random tex- 
ture in the center layers (s = 0.0 to 0.3) (Figure 10(a)), 
and second, an orientation fiber that is characterized by 
{001}(uvw) between s --~ 0.4 and s = 1.0 (Figure 10(c)). 
In contrast to the orientation distribution in the hot band, 
in the strip-cast steel, both types of  textures are locally 
related to optically visible features of the microstructure 
(Figures 3 and 4). 

The random texture between s = 0.0 and s = 0.3 cor- 
responds to a globular morphology of the austenite, which 
contains small volume fractions of cubic martensite 
(Figure 4(b)). It can be seen that the microstructure in 
the near-surface layers is not deformed or bent but ap- 
pears as large blocks of austenitic dendrites 
(Figure 4(a)). The austenitic alloy investigated here tends 
to form cubic martensite under the influence of  defor- 
mation (which usually happens during cold rolling and 
not during hot processing). This means that the hot de- 
formation that occurs during impingement of  the two so- 
lidified steel films has caused the observed equiaxed 
microstructure, the deformation induced martensite, and 
the randomization of the texture. 

Because a {001}(uvw) texture is detected closer to the 
surface layers, growth selection during solidification of 
the austenitic dendrites, which were formed on the sur- 
faces of  the casting rolls, may be assumed. Also, from 
the solidification of  aluminium, the occurrence of a 
crystallographic texture fiber with a (100) direction par- 
allel to ND has been reported, tlgj 

V. S U M M A R Y  AND C O N C L U S I O N S  

The development of microstructure and texture has been 
investigated in a strip cast as well as in a hot-rolled aus- 
tenitic stainless steel with 18 pct Cr and 8.5 pct Ni. The 
hot band revealed a weak orientation distribution with a 
gradient between the center and surface layers. In the 
center of  the sheet, a cold-rolling type of texture, i.e., 
a /3 fiber accompanied by a cube orientation, was de- 
tected, which was not randomized by recrystallization. 
It was hence concluded that this texture was essentially 

formed during the last hot-rolling passes. Close to the 
surface, a shear texture consisting of a 7 fiber, a 
{001}(110), and a {112}(110) component was detected, 
which corresponds to similar findings in hot-rolled alu- 
minium. The absence of the maximum of the shear tex- 
ture at s -- 0.7 to 0.8 was explained by recrystallization. 

In the strip-cast specimen, the random orientation dis- 
tribution as well as the occurrence of martensite close to 
the center layer were attributed to the impingement and 
deformation of the films that were solidified on the sur- 
faces of  the casting rolls. The texture close to the surface 
was attributed to the growth selection of {001}(uvw) o r i -  
ented grains. 
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