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ABSTRACT

In the present research work we investigated the
influence of severe plastic deformation (SPD) realized
by ECAP (equal-channel angular pressing) on
microstructure and mechanical properties of IF
(interstitial frec) steel. For physical modelling the ECAP
process with right angle channels (90°) was used. The
ECAP process was also numerically simulated (namely
its course of temperature, strain and stress fields and
deformation forces) by FormFEM software.

From ECAP experiments on IF steel better
mechanical properties and reduction of mean grain size
from entry level 19 um on final value 135nm were
obtained after thrce ECAP passes.

Key words: nanostructure, severe plastic deformation,
IF steel, mechanical properties, ECAP, numerical
simulation.

L. INTRODUCTION

At the present time a topic of intense research is the
refining of various type material microstructures, which
have a low value of the basic deformation resistance in
volume deformation processes by severe plastic
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deformation (SPD) at room temperature. The aim of
SPD is to obtain from the initial grain sizes at pm level,
after several ECAP passes, ultrafine microstructures
diameter at the nm level, usually less than 500 nm /1, 2/.
There are several methods of SPD realization /2/: Equal-
channel angular pressing (ECAP), and High-pressure
torsion (HTP) realized by the high stress, equal-channel
angular rolling (ECAR) /3/, and rolling + rolls shifting
/4/. Historically, ECAP is the oldest SPD process,
developed more than 20 years ago /5/. Materials with
ultrafine microstructure in SPD are characterized by
high value of strength, hardness, elongation, fatigue
facilities and increase of superplasticity. Achievement
of listed facilities is conditional on the nanocrystalline
structure, its distribution in volume, internal intensity,
texture and other characteristics of microstructure.
Experimental works, which are realized by SPD on
compact materials such as Ni, Al, Cu, Ti, ARMCO-Fe
materials, and any of their alloys, are described in the
literature  /6-12/. Opposite possibilities are also
described for ultrafine powder compacting /13-16/.
From the point of view of incoming material to the SPD
process, it can be divided on compacting ultrafine
grained powder materials and grains fragmentation in
compact materials.

This paper deals with the influence of SPD realized
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in ECAP dye on the mechanical facilities, the
microstructure, stress and strain material analysis in
channel passes of IF steel.

2. MATERIAL AND EXPERIMENTAL
METHODS

Commercial quality IF steel was wused for
experiment. Chemical analysis investigated steel is
shown in Table 1.

Table 1
Chemical analysis of IF steel [mass %]
C |[Mnj| Si]|] Al | S P|Ti]Cu|N,
0,005]0,128]0,005]0,027]0,009{0,007]0,074{0,032]0,003

The three passes were made in ECAP dye on
experimental material. Pressed materials were rotated
before input to next pass by 180°. The ECAP process
was realized by hydraulic equipment, which makes it
possible to produce maximal force on the level 1 MN.
Short examinational bars (d,=5 mm, 1,=10 mm) were
machined from dyed samples after ECAP process for
static tension test. Two examinational bars were made
from each dyed sample. Results were shown as the
average of two examinational bars. The static tensile
test was realized at room temperature by ZWICK 1387
equipment in accordance with STN 420310 (STN EN
10002 - 5). Micro-hardness was measured by Vickers
method on a Hanemann device. TEM analysis was
made on thin foils. Mathematical simulations were
made by FormFem2D software based on FEM.

3. EXPERIMENTAL RESULTS AND
DISCUSSION

The initial values of mechanical properties before
ECAP were Ry2=182 MPa, Rm=275 MPa, elongation
A=71% and microstructure characteristic definite by
mean grain size was 19 pm.  Material strength
properties formation after three ECAP passes remit to
their increasing as is shown in Fig. 1 and decreasing of

elongation as seen in Fig. 2.
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Fig. 1: Mechanical properties as function of ECAP
passes (Steel grade: IF)
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Fig. 2: Elongation as function of ECAP passes (Steel
grade: IF)

The stress — strain curves from static tensile testing
are represented in Fig. 3. The three-pass curve has a
form typical of superplastic material behaviour. The
initial grains were equiaxed. Steel microstructure
analyzed by TEM after SPD is characterized as mixed
cell — subgrain and submicrocrystalline elongated
substructure with the mean grain size was from 120 to
150 nm and heterogeneities in samples cross section, as
is shown in Fig. 4.

Microstructural cross section heterogeneities were
occasioned by non-uniform plastic deformation in
ECAP channels which are shown in Fig. 5. The
influence deformation heat resulting from channel
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Fig. 3: Stress — deformation diagrams (Steel grade: IF)

Fig. 4: Samples substructure after three ECAP passes
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Fig. 5: Dcformation heterogeneity in cross-section

High Temperature Materials and Processes

angular deformation on strength was also tested.
Mathematical simulation temperature field in ECAP dye
showed that maximal samples temperature was 336 K,
as seen from Fig. 6.

Microhardness measurement in dependence on
temperature referred also on fact, that materials strength
begins have significant changes from starting
temperature 673 K, as shown in Fig. 7. The steel
strength  decreasing with increasing of testing
temperature results in softening processes. Maximal
forces loaded in dependence on pass numbers resulting
from ECAP process measurement and mathematical
simulations, are given in Fig. 8. Adequate conformity of
measured and calculated force results were obtained.
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Fig. 7: Microhardness after three ECAP passes in
dependence on reheating temperature
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Fig. 8: Diagram force loaded after ECAP and
mathematical simulation
4. CONCLUSION

The following conclusions based on our own

experimental results and also on literature, were made:

1.

For IF steel material we obtained the following
mechanical properties compared to initial annealing
state by application of SPD by ECAP: yield strength
increased by 3,5 times, tensile strength increased
by 2,4 times, elongation decreased by 2 times

Mean grain size was reduced from initial value of 19
um to a level of 135 nm
During ECAP process intensive deformations
occurred without a radical change of shape, sizes of
sample and inner or surface defects

Temperature development in ECAP process has no

influence on strength and microstructure
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