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Abstract: Equalchannel angular pressing( ECAP) is now recognized as an effective technique for fabricating ultrafine

grained materials. The results show that prevalent macroscopic shear banding occurs in ECAP as long as the pressing pass-

es reach 2, and the severe macroscopic shear band extends from bottom to top surface and slants to the longitudinal axis of

specimen at an angle of about 45°, develops at regular intervals, with a high shear strain accommodation of about 3.7

within the band. Different families of macroscopic shear bands may cut across each other, and over 60% of sample volume

is occupied by macroscopic shear band when the ECAP reaches 4 passes.
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1 INTRODUCTION

In recent years, bulk ultrafine-grained ( UFG)
materials processed by methods of severe plastic defor
mation (SPD) such as severe plastic torsion straining
(SPTS) and equal channel angular pressing ( ECAP)
have attracted the growing interest of specialists in
materials science!!. This interest is conditioned by u-
nique physical and mechanical properties.

It is a general observation in many of the indus
trial forming processes that plastic instability develops
at high strain levels (generally > 1. 0 of true strain),
and shear bands, or S-bands as some authors termed
form. Macroscopic shear bands were observed in varr
ous single and polycrystalline metals with low to high
stacking fault energy'?, and in various metalworking
extrusion,

processes including rolling, plane strain

. g . . . 3, 4
compression, tensile testing and torsion testmg[ ]
etc.

Equalchannel angular pressing, during which

specimen is subjected to pure shear deformation'”', is
successfully applied in the fabrication of ultrafine
grained materials' ™. Grain scale shearing character
istics during ECAP was observed and analyzed by Fu-
rukawa et all”. Semiatin et al''”' observed the macro-
scopic shear banding of TiAl intermetallic compound.
Detailed investigation on macroscopic shear banding in
ECAP was necessary. This paper reports the investr
gation on the macroscopic shear banding characteris
tics occurred during ECAP of an aluminum alloy.

2 EXPERIMENTAL

An AF3% Mg0. 5% Zr solid solution alloy was
used in the present investigation. The alloy was pre-
pared through conventional ingot metallurgy process.
The dimensions of sample before ECAP were 15 mm
X 15 mm X 60 mm. The average grain size in the an-
nealed state before ECAP was 50 Pm. ECAP was car
ried out at room temperature, without any intermedi-
ate annealing. In the present study, the intersecting
angle between the two equal channels was 90°. The
ECAP die was designed to yield an effective strain of
1" by a single pass. For case of the subsequent pass-
es, the diameter of the exit channel, d14. 6 mm, was
slightly smaller than that of the entrance channel,
d15 mm. During ECAP, the sample was rotated 90°
around its longitudinal axis between the passes. This
pattern of the pressing was commonly designated as
route B

Optical microscopy was used for the microstruc
ture characterization of the macroscopic shear bands on
three orthogonal sections (S —Horizontal section; L. —
Longitudinal section; T —Transverse cross section),
as shown in Fig. 1. The specimens were anode oxi
dized in a solution of 38% H,S04, 42% H,PO4 and
19% H,0, and observed under polarized light. True
shear strain that a shear band accommodates was esti-
mated by measuring the orientation difference of the
microstructure feature within and outside the shear
band on L section( as shown in Fig. 2), using equa-

tion' 1*!
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Fig. 1 Orientation of three orthogonal sections

S —Horizontal section; L —Longitudinal section;
T —Transverse cross section
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Fig.2 Orientation change of fibrous
microstructure within and outside shear band

3 RESULTS

3.1 Optical microstructure of macroscopic shear
band via route B

Fig. 3 gives the OM microstructure features on
three orthogonal sections of the experimental samples
after ECAP for 2, 3 and 4 passes via route B.

As shown in Fig. 3(a), after 2 passes of ECAP,
on longitudinal section( L), the outstanding feature is
the shear bands. These bands are nearly parallel to
each other and form a definite angle of about 45° to
the flow out direction X. On crossing the shear band
boundary, the microstructure changes sharply in their
appearance, a strong fibrous feature appears in the
shear band and a nearly equiaxed feature appears out-
side the band.

Not only on longitudinal section, but also on hor-
izontal( S) and transverse (T ) sections shear bands
perpendicular to the flow out direction and parallel to
the transverse direction Y are prevailing observed.
Because of the strain accommodation in the shear
bands, the microstructures are S-shaped on crossing
the shear bands. As on L section, the microstructure
features are obviously different within and outside the
shear bands on S and T sections, but the difference is

not as strong as that on L section.

Fig.3 Structure features of macroscopic shear bands on three orthogonal sections after ECAP

via route B to 2 passes(a), 3 passes(b) and 4 passes(c)
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Increasing ECAP passes via route B, as shown in
Fig. 3(b), results in the increase of shear band fami-
lies on three orthogonal sections.

In Fig. 3(b), the occurrence of the multrfamily
shear bands divides the whole longitudinal section into
three regions with different structural characteristics:

1) The most distinctive structure feature is the
region of shear band family formed in the third ECAP
pass which cut through all the other structure fea
tures;

2) Shear band family forms in the second ECAP
pass, which cuts the background microstructure, and
being cut through by the shear band family formed in
the third ECAP pass;

3) The region with minimum strain, where
traces of original equiaxed grain structure feature can
be found, is encapsulated by shear band families
formed in the second and third ECAP passes. The fi-
brous feature of the structure is not very strong with-
in this region.

Estimating from the longitudinal section, the
volume fraction of macroscopic shear bands, including
the two shear band families formed in the second and
third ECAP passes, reaches about 50%. The struc
tures on horizontal(S) and transverse('T) sections can
also be divided into three regions, as those on longitu-
dinal section(L).

The microstructure corresponding to 4 passes E-
CAP via route B, as shown in Fig. 3(¢), is more com-
plex due to the additional family of shear band formed
in the fourth ECAP pass on longitudinal section. Four
distinctive regions can be found. The volume fraction
of macroscopic shear bands, including the three shear
band families formed in the second, third and fourth
ECAP passes, reaches about 60% . The structures on
horizontal and transverse sections are similar to those
in Fig. 3(b), except the additional family of shear
band.

3.2 Montaged optical micrographs

Fig. 4 gives the optical structure on longitudinal

section (L) after 3 passes of ECAP via route B. Esti-
mation from the montaged graph shows that the
macroscopic shear bands form an angle of 44. 75° X4,
68° to the flow out direction X, with an evenly dis-
tributed band width of (47.7 221. 3) Um and a inter
bands spacing of (137.5£72.5) Um. The true shear
strain of the band accommodates is 3. 69 £1.96. The
macroscopic bands extend from the top surface to the
bottom of the specimen, without obvious changing in
their orientations. Besides the wide macroscopic shear
bands observed in Fig. 4, thin macroscopic shear
bands are also observed.

4 DISCUSSION

The investigations on macroscopic shear banding
show that the prevalent macroscopic shear banding
occurs in ECAP as long as the pressing passes reach
2.

The macroscopic shear band in ECAP is a planar
shaped macroscopic deformation heterogeneity cutting
through the whole sample, extending from top to
bottom of the sample, which is inclined to the sample
axis X with a definite angle of about 45°. High shear
strain of 3. 69 £1.96 is accommodated in the shear
band, which corresponds very well to the strain levels
of 1 = 6 observed in shear bands of medium to high
SFE materials developed in rolling deformation' '

The macroscopic shear bands may cut across
each other in the case of route B to form a compli-
cated mixture of several families of macroscopic
shear bands according to ECAP passes. Being
crossed by the subsequent macroscopic shear band
family, the shape of the previously formed macro-
scopic shear bands becomes more and more compli-
cated. Usually, as shown in Fig. 4, the previously
formed macroscopic shear bands change their orien-
tation sharply to align with the direction of the
subsequent macroscopic shear bands when crossed
by the later formed macrosopic shear bands in the

I mm

Fig. 4 Montaged optical micrographs showing macro-scale long shear band on

longitudinal section after 3 passes of ECAP via route B

(The band extends from top to the bottom of the sample forming an angle of
45 to the sample axis X)
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subsequent ECAP pass.

The volume fraction of macroscopic shear band
accumulates with the increase of ECAP passes via
route B. Over 60% of sample volume is occupied by
macroscopic shear bands when the ECAP reaches 4
passes. This is very different from the case of rolling
where the volume of shear band material rarely ex-
ceeds 5% . This difference of volume fraction of shear
bands may be contributed to the different grain struc
ture formed in rolling and ECAP to the nearly same
true equivalent strain of about 4'"°'. In other investi-
gation, Iwahashi et all'® found that route B is the
best and fast process for grain refinement in ECAP.
The results in this study suggest that this may be re-
sulted from the high volume fraction of shear bands
and the cutting across of different macroscopic shear

band families in this ECAP.
5 CONCLUSIONS

1) Prevalent macroscopic banding occurs in E-
CAP via route B. The macroscopic shear band is a
planar shaped macroscopic deformation heterogeneity
cutting through the whole sample, extending from
top to bottom of the sample, being inclined to the
sample axis X with a definite angle of about 45°.
High shear strain of 3. 69 £1. 96 is accommodated in
the shear band.

2) During ECAP via route B, the macroscopic
shear bands cross each other to form a complicated
mixture of several families of macroscopic shear
bands. Being crossed by the subsequent macroscopic
shear bands, the shape of the previously formed
macroscopic shear bands becomes more and more
complicated.

3) The volume fraction of macroscopic shear
band accumulates with the increase of ECAP passes
via route B. Over 60% of sample volume is occupied
by macroscopic shear bands when the ECAP reaches 4
passes.
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