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Abstract: The paper describes a development of texture and microstructure of austenitic steel X5CrNi18-8 subjected to cold working 
process. The analysis of texture were focused on pole figure and orientation distribution functions (ODFs). The texture measurements were 
conducted on the specimens cut parallel to the sheets axis. The microstructure of the analyzed steel was observed and investigated under a 
light microscope. Additionally the influence of the basic parameters of cold rolling process on mechanical properties of the X5CrNi18-8 
steel was analyzed. 
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1. Introduction 

Austenitic stainless steels are the most important group of 
corrosion-resistant metallic materials finding widespread industrial 
application [1]. The microstructure of the austenitic stainless steels 
is composed of the metastable austenite (γ) phase, and the steels 
generally have low or medium values of the fault energy (SFE). 
Plastic deformation of these steels leads to a phase transformation 
from paramagnetic austenite into ferromagnetic martensite [2-3]. 
Depending on the chemical composition, stacking fault energy, 
phase stability and deformation conditions (temperature, rate and 
degree of deformation) in metastable austenitic stainless steels 
different transformations take place, such as: γ→ε , γ→ε→α’ or 
γ→α’ [4]. At the early stage of deformation, shear bands consisting 
of stacking fault bundles and deformation twins are formed, 
promoted by the low SFE of the steels. The ε -martensite phase is 
formed by overlapping stacking faults, and therefore, it is finely 
dispersed and its structure is heavily faulted. The crystal structure of  
α’-martensite is body-centered cubic, and it is nucleated at the 
intersections of shear bands [5]. The volume fraction distribution of 
individual phases influences the mechanical properties and 
corrosion resistance of these steels [6]. The texture of both austenite 
and strain-induced martensite evolves during deformation playing 
an important role in the forming process as well as in the final 
product. The texture after transformation is connected with that of 
the initial material [7]. The deformation textures formed by cold 
rolling in FCC metals can be categorized into two groups: high SFE 
leads to a copper type texture whereas lower SFE induces a brass 
type texture [8]. The crystallographic relationships between 
austenite and martensite that are most often observed in steels are 
Kurdjumov-Sachs (K-S) and Nishiyama-Wassermann (N-W). The 

K-S relation is specified as {111}║{110}, <11 0>║<11 1), 

while the N-W relation as {111}║{110}, <011 1>║<001> [9]. 
The aim of the tests was to define the influence of plastic 

deformation on the texture, microstructure and mechanical 
properties of metastable austenitic X5CrNi18-8 steel. 

2. Material and experimental procedure 

The object of investigations was metastable austenitic steel 
X5CrNi18-8, with chemical composition given in Table 1. The steel 
were subjected to supersaturation for 1 hour at 1100°C and cold 
rolling at room temperature within the range up to 70% of thickness 
reduction. The material in initial and supersaturated state as well as 
the samples from all subsequent deformation stages were 
investigated by means of diffraction methods.  

Table 1. The chemical composition of investigated steel [wt.%] 

C Cr Ni Mn Si 

0.03 18.07 8.00 1.31 0.39 

Mo P S N2 Fe 

0.25 0.03 0.004 0.044 71.87 

 

X-ray investigations were performed on X-ray diffractometer 
D500, using monochromatic radiation of the anode CuK  
(λKα = 1.54Å). The data of the diffraction lines were recorded by 
“step-scanning” method in 2Θ range from 40° to 92° and the 0.02° 
step, the time of measurements amounting to 5s. X-ray diffraction 
phase analysis was carried out in the geometry of the fixed angle of 
incidence =3o and the Bragg-Brentano geometry. 

Texture measurements were done by means Bruker 
diffractometer D8 Advance, using CoK (λKα = 1.79Å). Texture 
analysis was performed on the basis of the orientation distribution 
functions (ODFs) calculated from the experimental (incomplete) 
pole figures recorded of three planes for each of the component 
phase, i.e. {111}, {200} and {220} planes for the fcc γ-phase and 
{110}, {200} and {211} planes for bcc α-phase.  

The amount of deformation induced α’ martensite was 
determined by magnetic measurements, using a ferritescope. 

The mechanical properties were determined applying static 
tensile test and measurements of the hardness.  

Static tensile tests were carried out at room temperature on the 
universal testing machine ZWICK 100N5A. The specimens used 
for mechanical properties measurements were determined on the 
basis of standard PN-EN 10002-1+AC1:2004 [10] and cut from the 
steel sheet along to the direction of rolling. 

The hardness measurements of the investigated cold reduced 
steel were carried out by a hardness tester PMT-3 produced by 
Hauser, according to the standard PN-EN ISO 6507-1:2007 [11]. 
Researches were made by Vickers's method on metallographic 
samples with a load of 50g. 

Microstructure observations of the specimens etched in Mi17Fe 
reagent [12] were carried out on LEICA MEF 4A light microscope, 
with magnifications from 200 to 1000x. 

3. Results and discussion 

The X-ray phase analysis of X5CrNi18-8 steel in initial, 
supersaturated and deformed state revealed diffraction lines derived 
from both phase  and ’ (Fig. 1). 

On the diffraction patterns of steel in initial and supersaturated 
state performed by Bragg-Brentano method, revealed four strong 
diffraction lines from the planes (111), (200), (220) and (311) 
austenite phases and one diffraction line (110) from α’ martensite 
phase. Additionally on diffraction pattern of steel in initial state two 
weak diffraction lines (200), (211) from α’-phase were observed. 
(Fig.1). Identical diffraction lines occur on diffraction patterns of 
steel made for grazing incident geometry  = 3. The only 
exception is absent of diffraction line (200) from martensite on 
diffraction pattern of steel in supersaturated state. The martensite 
α’-phase detected in X5CrNi18-8 steel in initial and supersaturated 
state shows that phase (’) transformation take place. It was also 
found that α’ phase detected in undeformed steel state probably is 
the result of material pretreatment and its preparation for 
subsequent investigations. 
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Fig. 1 Diffraction patterns of X5CrNi18-8 steel in initial state (SD), after 
supersaturation (PP) and after 70% of deformation, Bragg-Brentano 
geometry (BB) and grazing incident geometry  = 3 
 

On diffraction patterns obtained from deformed steel some 
insignificant differences in the intensity of individual diffraction 
lines from austenite and martensite both for B-B geometry as well 
as graizing incident geometry  = 3 were observed (Fig.1).  

After steel deformation generally the following changes in 
diffraction diagrams were observed: austenite (111)γ lines became 
weaker while the (220)γ lines became stronger; new martensite 
lines appeared and their intensity increased; intensity of austenite 
line decreased. Phase analysis of cold rolled X5CrNi18-8 steel 
deformed within the range up to 70% of reduction didn’t disclosed 
reflection lines from the martensite ε, what proves that phase 
transformation ’ take place. The differences in the relative 
intensity of the diffraction lines for both phases compared to the 
theoretical intensity for randomly oriented samples of austenite and 
martensite indicated that both phases were textured. 

Based on the results of phase analysis performed in the Bragg-
Brentano geometry (BB) and grazing incident geometry  = 3 
there was found that the phase composition of X5CrNi18-8 steel is 
the same both on surface as well as in deeper layers of material 
(Fig.2).  

 

Fig. 2 Effective depth of penetration (EDP) for Bragg-Brentano geometry 
(BB) and grazing incident geometry  = 3 

Texture measurements conducted in steel in initial and 
supersaturated state revealed the occurrence of relatively weak 
textures (Fig.3a,b). The austenite had the fiber-type texture with the 
strongest {110}<112> orientation which belonged to the α<110> 
fiber. The maximum value of orientation distribution function for 
this orientation in initial and supersaturated state was FRO=3.9 and 
FRO=3.3, respectively (Fig.3a,b).  

 
           a) 

 

 

            b) 

 

 

Fig. 3 Austenite textures in initial (a) and supersaturated (b) state in ODF 
sections φ2=0°, φ2=45°. Measured and calculated pole figures of austenite 
(111), (200), (220) planes. 
 

Analysis of the deformation textures in martensite and austenite 
phases was performed within the range up to 70% of reduction on 
the basis of the three-dimensional orientation distribution functions 
(ODFs) calculated from the experimental pole figures. In general 
both component phases develop deformation textures with some 
typical features of the corresponding rolling textures in austenitic 
steels with low stacking fault energy (SFE). 
The dominating components of the austenite texture after 10% of 
reduction was the orientation from the α-fiber, mainly {110}<001> 
orientation, with the maximum value of orientation distribution 
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function equal to FRO=4.4 (Fig.4a and Table 2). After 30% of 
deformation the strongest component of austenite texture was 
{110}<112> orientation, with FRO=6.8. Deformed textures of 
austenite after 70% of reduction show the fibrous character with the 
strongest α-fiber <110>║ND, mainly {110}<113> orientation, 
which is close to the {110}<112> alloy-type component. The 
maximum value of the orientation distribution function equal to 
FRO=10.5 (Fig.4a, Table 2). The other component of the austenite 
texture is the {110}<001> Goss orientation from the τ =<110>║PD 
fiber. With increasing of deformation degree the fiber of austenite 
undergo stretched and then shrinking. The texture indexes of 
austenite increasing with the increases of deformation degree. 
 

a) 

 

b) 

 

Fig. 4 Orientation distribution functions (ODFs) in sections φ2=0°, φ2=45° 
for austenite -(a) and φ1=0°, φ2=45° for martensite -(b) after selected rolling 
reductions 
 

The texture of martensite after deformation is relatively weak 
and spread with the limited α1-fiber <110>║RD, γ-fiber {111}║ND 
and ε =<001>║ND. After 20% of deformation the α1-fiber 
elongated. The strongest component of martensite texture is 
{229}<110> orientation, with FRO=3.5. After 40% of reduction in 
the martensite texture the homogeneous α1-fiber still persists, but 
with some blur. The strongest orientation lying in a blur was 
{332}<113> orientation, with FRO=2.3. Further deformation of 
steel causes the weakness of α1-fiber and weakness and the 
strengthened of γ-fiber. The strongest martensite texture component 
after 70% of reduction is the orientation close to {111}<112> from 
the γ-fiber with FRO=6.7 (Fig.4b and Table 2). In the case of 
austenitic stainless steel grade X5CrNi18-8 the texture development 
is rather complex because the following phenomena take place in 
the course of cold rolling: plastic deformation of the austenitic  

-phase, phase transformation γ’ and deformation of the 
previously formed ’-martensite. 

The explanation of weak or even random austenite texture 
seems to be the occurrence of strain induced (γ’) phase 
transformation, which gives rise to the enhanced texture 
development of martensite at the expanse of austenite, which is 
transformed into ’-phase. The results of the texture investigations 
indicate that austenite behaves during rolling in various way, 
depending on the applied deformation degree. 

Crystallographic relations between the major components of the 
austenite and martensite rolling textures are well described by 
Kurdjumov-Sachs (K-S) and Nishiyama-Wassermann (N-W) 
orientation relationships. 

 

Table 2.Maximum values of the ODF’s and the corresponding ideal 
orientation in austenite and martensite texture of X5CrNi18-8 steel after 
selected rolling reductions 

Degree of 
plastic 

deformation 

Texture of austenite Texture of martensite 

Orientation  
Max.  
FRO 

Orientation 
Max. 
FRO 

10% {110}<001> 4.4 ~{112}<110> 2.5 

20% {110}<557> 5.5 {229}<110> 3.5 

30% {110}<112> 6.8 {001}<110> 4.2 

40% {110}<112> 7.6 {001}<110> 4.8 

50% {110}<112> 8.8 {665}<339> 4.3 

70% {110}<112> 10.5 {111}<112> 6.7 

 
The results of the X-ray phase analysis and mechanical 

investigations confirm the occurrence of martensite α’ in steel 
X5CrNi18-8. It was found that the value of the tensile strength Rm, 
yield point Rp0,2 and hardness HV0,05 increase with the degree of 
deformation, while the value of elongation A decreases (Fig.5).  

In the initial state the steel is characterized by elongation 
A=52% and strength properties: Rm about 647 MPa; Rp0.2 about 
330 MPa as well as hardness about 162 HV0,05. After 70% of 
deformation the tensile strength of steel increases to about  
1496 MPa, yield point to about 1161 MPa, hardness to about  
400 HV0,05, while the steel elongation decreases to about 1%. 

 

Fig. 5 Variation of the mechanical properties as a function of the 
deformation degree 

 
In initial and supersaturated state of the X5CrNi18- 8 steel, 

equiaxial austenite grains with numerous annealing twins and non-
metallic inclusions were visible in the structure (Fig.6a). After 20% 
of deformation the effects of strain localization were revealed in 
some grains, which occurred the preferential places for the 
formation of the α’-phase (Fig.6b). With increasing deformation 
degree an increase of banding of the austenite-martensite two-phase 
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structure is observed (Fig.6c). After 70% of reduction the bands of 
both phases were arranged nearly parallel to the rolling plane and 
displayed corrugated shapes resulting from strain localization 
proceeding at higher strains. 
 The magnetic investigations revealed 21% of the martensite 
volume fraction within the structure of the steel after 70% of 
deformation. Generally the amount of the martensite α’ phase in the 
investigated steel structure increases within the increases of the 
deformation degree in the cold rolling process. 
 
a) 

 

b) 

 

c) 

 

Fig. 6 Structure of X5CrNi18-8 steel: a) after supersaturation at 1100°C, 
Mag.200x and after deformation with selected cold rolling - b) 20%, 
c) 50%; Mag.500x, Etching - Mi17Fe 

 

4. Conclusions 

Based on the experimental results and discussion the following 
points can be concluded: 

1. Plastic deformation during the cold rolling of X5CrNi18-8 steel 
induces a martensitic transformation (γ→α’) over the whole range 
of applied deformation. 

2. The deformation structure is characterized by elongated austenite 
grains with martensite α'-phase plates. 

3.  After deformation the steel exhibits a fibrous texture described by 
following orientation fibres: α =<110>║ND, τ =<110>║PD and β 
({110}<112> to {123}<634> to {112}<111>). 

4. The texture of martensite develops and changes with increasing 
deformation. The main texture components are related to the 
following fibres: α1 =<110>║RD, γ ={111}║ND and ε=<001>║ND. 

5. From X-ray investigations it was concluded that texture 
development of martensite might be affected by the phase 
transformation (γ→α’) included by plastic deformation. In major 
part the orientation relations between both phases are well 
described by Kurdjumov-Sachs and Nishiyama-Wassermann 
relationship.  

6. The changes of both γ and α’ volume fraction taking place during 
the deformation of X5CrNi18-8 steel, as well as the texture 
development in both phases, influence the variations of 
mechanical properties of steel.  
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