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Abstract—After hot rolling and multipass cold rolling experiment, the hot rolled sheet and the sheets with
reduction ratios of 20% and 40% of 301L stainless steel were obtained. The effect of cold rolling reduction
ratio on microstructure of 301L stainless steel was investigated by metallographic analysis, XRD analysis
and TEM analysis. The research shows that carbides precipitate along the austenite phase interface in the hot
rolled specimen. Crystalline grains are refined by cold rolling: their average grain size decreases from 91.9 to
17.3 nm as the reduction ratio increases, which is accompanied by the blocking of dislocations.
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1. INTRODUCTION

301L stainless steel has extensive use for its excel-
lent performance including nonmagnetism, good plas-
ticity, toughness, weldability, and corrosion resis-
tance. Martensitic phase transformation and piling up
of dislocations caused by stress often lead to micro-
structure and mechanical properties change of the ma-
terial [1-5]. Therefore, in order to improve the
strength of austenitic stainless steel in actual industrial
production, cold rolling deformation can be used. At
present, there are still some shortages in the study of
301L stainless steel cold rolling process, especially in
the effect of deformation on microstructure of the ma-
terial [6—8]. In view of the high requirements on mi-
crostructure, forming performance plate type and
thickness accuracy imposed during cold rolling, the
processing parameters of 301L stainless steel sheet is
not easy to control. Therefore, it is necessary to fur-
ther study the relationship between deformation rate
and cold-rolled microstructure in 301L stainless steel.

2. EXPERIMENTAL DETAILS

Raw materials were melted in a medium frequency
induction furnace, then cast into steel ingots and
forged. The chemical composition of 301L stainless
steel is shown in Table 1. The forged specimens were
hot rolled at 1150°C for 20 min to the thickness of
1.5 mm. The hot rolled specimens were then cold rolled

to sheets with a reduction rate of 20 and 40%. The
microstructure of 301L stainless steel was examined by
optical microscopy, XRD analysis, and TEM.

3. RESULTS AND DISCUSSION

3.1. Microstructure of 301L Stainless Steel
with Different Reduction Rate

The variation of microstructure can be traced by
observing optical micrographs. Figure 1 clearly shows
differences in the microstructure of 301L stainless
steel in different states. Figure la demonstrates an
abnormal growth of grains and twins in the hot rolled
specimen due to high temperature during the hot roll-
ing process, which leads to the rapid growth of grains.
Figures 1b and 1c illustrate the microstructure of 301L
stainless steel at a reduction rate of 20 and 40%, re-
spectively. The grains in the specimens are deformed
along the rolling direction; shear bands and twins can
also be found in part of the grains. In previous works,
strain-induced o' martensite nucleated at the shear
bands [1, 9, 10]. Observations show that the grain size
decreases with increasing reduction rate, which is
clearly seen in Fig. 1.

Table 1. 301L stainless steel composition (mass fraction, %)

C Si Mn Cr Ni N P

0.019 | 0.590 | 1.030 | 17.20 | 6.950 | 0.200 | 0.012

0.017
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Fig. 1. Optical micrographs of 301L stainless steel: solid solution state (a), reduction ratio of 20% (b), reduction ratio of 40% (c).

3.2. Crystalline Phases of 301L Stainless Steel
with Different Reduction Rate

Cold rolling promoted strain-induced martensitic
transformation in 301L stainless steel. As can be seen
from the XRD pattern of 301L stainless steel in Fig. 2,
there are only austenite peaks in the hot rolled spe-
cimen. When the reduction rate increases to 20%,
o martensite is formed in the specimen, and the aus-
tenite peaks decrease as the reduction rate increases to
40%: the y(111) peak decreases significantly, the
v(200) peak almost disappears, but the a martensite
peak is significantly enhanced. The reason for the
above phenomenon is a step-by-step transformation of
austenite to martensite with increasing amount of de-
formation. It was found using JADE software that the
average grain size of the solid solution specimen is
91.9 nm and that of the specimen with a 40% reduc-
tion ratio is 17.3 nm, which is indicative of grain re-
finement during cold rolling.

3.3. TEM Analysis

Figure 3a is the microstructure of the hot rolled
specimen observed from the near [01 1]y beam direc-
tion. As can be seen, carbides precipitate along the
austenite phase interface. The diffraction patterns ob-
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Fig. 2. XRD profile of 301L stainless steel.
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tained from the y matrix are given in Fig. 3b. Mar-
tensite and austenite are observed when the reduction
rate of the material is 20%, as shown in Figs. 4a and
4c. The diffraction patterns obtained from the o ma-
trix and the y matrix are presented in Figs. 4b and 4d.
For 301L stainless steel in reduction ratio of 40%,
which show the result of grain refinement, the shape
of its diffraction pattern is rings, the microstructure
observed from near [001]o. beam direction is shown
in Fig. 5b. As is seen from Fig. 5a, due to the strain-
induced martensitic transformation during cold roll-
ing, there are well-defined interfacial fringes in the
form of thick stripes caused by the interface between

y

mm.

Fig. 3. TEM micrograph and diffraction pattern of 301L
stainless steel in the hot rolled state. Specimen microstruc-
ture in the hot rolled state (a), diffraction pattern of y matrix

(b).
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Fig. 4. TEM micrograph and diffraction pattern of 301L stainless steel with a 20% reduction ratio. Microstructure of martensite
(a), diffraction pattern of o matrix (b), microstructure of austenite (c), diffraction pattern of y matrix (d).

austenite and martensite. Comparison of the diffrac-
tion patterns at different reduction rates indicates that
the martensite diffraction pattern of the 40% reduction
ratio specimen is ring-shaped, while the martensite
and austenite diffraction patterns of the 20% reduction
ratio specimen do not have this phenomenon. Accord-
ing to Fig. 4a, there are a large number dislocations in
grains after cold rolling, the grains are divided into
subgrains, and the dislocation martensite grows up.
This means that the austenite grains are first broken
and then the martensite grains grow with increasing
thickness reduction.

4. CONCLUSIONS

By comparing the microstructures of 301L stain-
less steel specimens in the hot rolled state and the
specimens with different reduction rates, the follow-
ing conclusions can be drawn in this study.

Carbides precipitate along the austenite phase in-
terface in the hot rolled specimen. Cold rolling cau-
ses grain refinement in 301L stainless steel: the ave-
rage grain size decreases from 91.9 to 17.3 nm as the
reduction ratio increases.

The austenite grains are first broken during cold
rolling and then the martensitic phase transformation
occurs with increasing reduction in thickness.

Fig. 5. TEM micrograph and diffraction pattern of 301L stainless steel with a 40% reduction ratio. Specimen microstructure at a

reduction ratio of 40% (a), diffraction pattern of o matrix (b).
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