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Mechanical Properties of Ultrafine Grained Materials
via Equal-Channel Angular Pressing
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Abstract

A study was made to investigate the microstructure and the mechanical properties of low-carbon steel, Al-Mg alloy and
Ti-6Al-4V alloy each representing bee, fec and hep crystal structures, respectively fabricated by equal-channel angular
(ECA) pressing. After a series of ECA pressings was performed, most grains were significantly refined below 1 um in
diameter with high mis-orientation of grain boundaries irrespective of different crystal structure used. Regarding the strain
hardening capability, tensile tests of ultrafine grain (UFG) dual-phase (ferrite/martensite) steel which was different from
UFG ferrite-pearlite steel were carried out at ambient temperature, and corresponding mechanical properties were
discussed in relation to modified C-J analysis. Low-temperature and/or high strain-rate superplasticity of the UFG Al-Mg
alloy and UFG Ti-6Al-4V alloy were also studied. Based on the analysis used in this study, it was concluded that UFG
alloys exhibited the enhanced mechanical properties as compared to coarse-grained (CG) counterparts.
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Table 1 ECA pressing conditions used in this study
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Low-carbon steel 3507, route C
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Fig. 1 Optical micrographs of initial (a) low-carbon
steel, (b) Al-Mg alloy and (c) Ti-6Al-4V alloy,
and TEM micrographs of ECAPed (d) low-
carbon steel, (e) AI-Mg alloy and (f) Ti-6Al-4V
alloy
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Fig. 2 Nominal stress-strain curves for CG and UFG
(a) low-carbon steel and (b) AI-Mg alloy
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Fig. 3 Deformed microstructures of the dual-phase
steels: (a) CG-DP steel and (b), (¢) and (d)
UFG-DP steel. M and F stand for martensite
and ferrite, respectively
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Fig. 4 Nominal stress-strain curves of the dual-phase
steels
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Fig. 6 (a) Low-temperature superplasticity of UFG
Al-Mg alloy and (b) high strain-rate super-
plasticity of UFG Al-Mg-Sc alloy tested at

various temperatures and strain-rates
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Fig. 7 (a) Typical true stress-strain curves and (b)

appearance of specimens for UFG Ti-6A1-4V
alloy tested at various temperatures and
strain rates

=
=
L
2

Mo
e
£ o
AN rir
I
il

1 S
A stA A=Edtty BHausdA T, dd
ste ) FHdEoz s g2 27 54
a o R g TSl oMY 7}
IRiol mel 2 m gtol %o ol g
Heol] 93 Ro g ForHEch e} o9 &
0 Fags 300% OWA 03 & ﬁﬁr



Amd oz AL zaAo] TSI HaAE
AL E e FA3 oUAE stA o e,
B 119 I oA 43 dyAe A7 174
294 kJ/mol o™ o|¢} & ZA3} oA 9 Ao
T F YA WEs|Tt HE dEdeE AE
oujgtt, 300% ©]de] A4l&S Ve 99 1
e Wy AFHA Fibol o3 AAY 7
nAAL A + Arh. a2t ofHd3d 174
kI/mol %9 &3} AUAE a-Ti (97 ki/mol)3H
B-Ti (137 ki/imol)®] 24 &A At iART 2
We Kol 7 Azte] AdRgo Wi 2@ AF
Y A7) dgs 593 JIA™ s 7
Aoz @ardnhig] vk F9 1 oA e &3t
AUAE 294 ki/mol B BI1H o« A2 Ti 9449
271 A3 oA gk v 5t ojwe] WA

e dHos gAstd AxEAbe o3 A4
g59 Ao @perdn

Y

4. 8 E

=
j=3]
)
(o
ol
ot Jp~
i)

M~
by
A~
S
ra
H
I,

0x
\J
Ok
_|2|_|
ok
X
S~
el
—
(@]
i
)
no
fo
[\
o
@)
D
M

3) & 7HE AAY Ti-6Al4v FFel diFA
Z o

ECAP 7158 AZTH
HH oz vAg 33
ARG Aol H]3

1

ok

fo ol B

B

o

2 FYstd 24de &
o, U =M =
3 3

= |0

¥ A7E HER 21 A7) ZeE] A7
AH

Al 71&7EAI el 2] 9(06K1501-

00200) Z7FAAHATAENRL) AMHel Ade=
o|FolH on, o] FHA} =Yt}

(1

(4]

[3]

(6]

[7]

(8]

(9]

= i

Ho
ra

R. K. Islamgaliev, N. F. Yunusova, R. Z. Valiev, N.
K. Tsenev, V. N. Perevezentsev, T. G. Langdon,
2003, Scripta Mater., Vol. 49, p. 467.

K. Neishi, Z. Horita, T. G. Langdon, 2003, Mater.
Sci. Eng., A, Vol. 352, p.129.

D. H. Shin, B. C. Kim, Y. S. Kim, K.-T. Park, 2000,
Acta Mater., Vol. 48, p. 2247.

D. H. Shin, B. C. Kim, K.-T. Park, W. Y. Choo,
2000, Acta Mater., Vol. 48, p. 3245.

K.-T. Park, Y. S. Kim, D. H. Shin, 2001, Metall.
Mater. Trans., A, Vol. 32, p. 2373.

P. H. Chang, A. G. Preban, 1985, Acta Mater., Vol.
33, p. 897.

D. K. Mondal, R. M. Dey, 1992, Mater. Sci. Eng., A
Vol. 149, p. 173.

R. E. Reed-Hill, W. R. Cribb, S. N. Monteiro, 1973,
Metall. Trans., Vol. 4, p. 2265.

H. W. Swift, 1952, J. Mech. Phys. Solids, Vol. 1, p. 1

[10] K.-T. Park, S. Y. Han, B. D. Ahn, D. H. Shin, Y. K,

2004, Scripta Mater., Vol. 51, p. 909.

[11] K.-T. Park, D. Y. Hwang, S. Y. Chang, D. H. Shin,

2002, Metall. Mater. Trans., A, Vol. 33, p. 2859.

[12] O. V. Mishin, D. J. Jensen, N. Hansen, 2003, Mater.

Sci. Eng., A, Vol. 342, p. 320.

[13] P. J. Apps, J. R. Bowen, P. B. Prangnell, 2003, Acta

Mater., Vol. 51, p. 2811.

[141Y. G. Ko, W. S. Jung, D. H. Shin, C. S. Lee, 2003,



ECAP 7}Fol 93t 2ujd g A9 7|A% 24

[17] R. S. Mishra, V. V. Stolyarov, C. Echer, R. Z.

Scripta Mater., Vol. 48, p.197.
Valiev, A. K. Mukherjee, 2001, Mater. Sci. Eng., A,

[15] S. M. Kim, J. Kim, D. H. Shin, Y. G. Ko, C. S. Lee,
S. L. Semiatin, 2004, Scripta Mater., Vol. 50, p. 927. Vol. 298, p. 44,
[18] L. Briottet, J. J. Jonas, F. Montheilet, 1964, Acta

[16] A.V. Serqueeva, V. V. Stolyarov, R. Z. Valiev, A.
K. Mukherjee, 2000, Scripta Mater., Vol. 43, p. 819. Mater., Vol. 44, p. 1665.

AN IIBEEX/H 15 M235, 20064/111

o



