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Equal channel angular pressing of pure Al powder sintered material

LI Ping, HUANG Ke-shuai, XUE Ke-min, ZHOU Ming-zhi, HAN Guo-min

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Pure aluminium sintered material was successfully consolidated into fully dense bulk material by powder in
tubes-equal channel angular pressing at 200 ‘C. During the pressing, the effects of three routes (A, B¢, C) on the
structure and properties were studied. The results show that the materials are refined and compacted after pressing
through three kinds of routes. The refining effect of routes B¢ and A are better than that of route C. Using route B¢ as
example, the initial coarse equiax-grained microstructure with relative density of 0.88 and mean grain size of 46.8 um
becomes fully dense ultra-fine grained microstructure with mean grain size about 1.5 um after four pressing passes. The
yield strength is two times higher than that of sample before ECAP processed. The relationship between the
microhardness and pressing passes under three routes is the same, that is to say the microhardness increases 75% after
one pressing, while increases slightly where after.
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Table 1 Main chemical compositions of pure Al powder

(mass fraction, %)

Al Fe Cu Si

>99.0 <0.6 <0.05 <0.3
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Fig.1 Schematic diagram of tube dimension (unit: mm)
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Fig.2 Schematic diagram of PITS-ECAP technique
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Fig.3 Microstructures of pure Al sintered material before PITS-ECAP and after pressing four passes by different routes at 200 C:

(a) Initial state; (b) Route A; (c) Route B¢; (d) Route C
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Fig.4 TEM images of samples after different passes by route

Bcat 200 °C: (a) 1-pass; (b) 2-pass; (c) 4-pass
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Table 2 Characteristic parameters of samples before and after

PITS-ECAP

Averfclge Relative HV/ Compressive
Sample grain densi MPa strength/
size/um v MPa
Initial 46.8 0.88 240.10 41
After 4-pass 1.5 1.00 498.82 120
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Fig.5 Change of microhardness of as-pressed samples with

pass number under different strains routes
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Fig.6 Compressive stress—strain curves of samples before

and after pressing

3 e

1) 7£ 200°C F, LLAEE%HK) K 2 £L58 45 1k 4
BESRHA R -5l 5 A 5% .(PITS-ECAP) 2
il 2% T 58 B0 PR A1 A R

2) 42 fLELE R4 PITS-ECAP Jii, SR
FEIHROGE. SRR T BERaL, b 3T
S E AN BRI N - Be>A>Co WIUH 12 kL
R 46.8 pm, AHXEE R 0.88 MR AL B AT B AL
BREHZR, L8845 Bed BIRG R G313 sh kLR
15 pm e A L.

3) ECAP T2 m T hedithm 1= 1kqe. 3
ol s 42N A R AR A A TR AR R . ) AR
240.10 MPa, £ —ERFFIEfGIRERI T 75%, bEE
B R I8 O 3G INBE A ETHE 1298 R Be #1045+
JE 4 e, e IRERE IR 41 MPa #2553 T 120
MPa £ 4.

REFERENCES

[11 SEGAL V M, REZNIKOV V I, DROBYSHEVKIY A E,
KOPYLOV V 1. Plastic working of metals by simple shear[J].
Russian Metallurgy, 1981, 1: 99-105.

[2] SHIN D H, KIM B C, KIM Y S. Microstructual evolution in a
commercial low carbon steel by equal channel angular
pressing[J]. Acta Materialia, 2000, 48(9): 2247—-2255.

[31 REAB G I, SOSHNIKOVA E P, VALIEV R Z. Influence of
temperature and hydrostatic pressure during ECAP on the
microstructure of commercial-purity Ti[J]. Mater Sci Eng A,
2004, 387/389(1/2): 674—667.

[4] GHOLINIA A, PRANGNELL P B, MARKUSHEV M V. The
effect of strain on the development of deformation structures in
severely deformed aluminum alloys processed by ECAE[J]. Acta
Materialia, 2000, 48(5): 1115—1130.

51 ) wk, G, FRRY, FER. ARSI AR )—
RMALNEAD]. PEA SRR, 2003, 13(1): 21-26.
LIU Yong, TANG Zhi-hong, ZHOU Ke-chao, LI Zhi-you. Equal
channel angular pressing process (ECAP) of pure Al( 1 )—
Microstructure evolution[J]. The Chinese Journal of Nonferrous
Metals, 2003, 13(1): 21-26.

[6] NAKASHIMA K, HORITA Z, NEMOTO M, LANGDON T G.
Influence of channel angle on the development of ultrafine
grains in equal channel angular pressing[J]. Acta Materialia,
1998, 46(5): 1589-1599.

[7] LANGDON T G, FURUKAWA M, NEMOTO M, HORITA Z.
Ultrafinegrained microstructure evolving during severe plastic
deformation[J]. JOM, 2000, 52(4): 30-33.

[8] KIM H S. On the effect of acute angles on deformation
homogeneity in equal channel angular pressing [J]. Mater Sci
Eng A, 2006, 430(1/2): 346—349.

[9] El-Danaf E A. Mechanical properties and microstructure
evolution of 1050 aluminum severely deformed by ECAP to 16



886

PR R AR

2009 4 5 A

[10]

passes[J]. Mater Sci Eng A, 2008, 487: 189-200.

GUBICZA J, CHINH N Q, SZOMMER A, VINOGRADOV,
LANGDON T G. Microstructural characteristics of pure gold
processed by
Materialia, 2007, 56(11): 947-950.

CHANG S Y, LEE K S, CHIO S H, SHIN D H. Effect of ECAP

equal-channel angular pressing[J]. Scripta

on microstructure and mechanical properties of a commercial
6061Al alloy produced by powder metallurgy[J]. Journal of
Alloys and Compounds, 2003, 354(1/2): 6—220.

FWIE, B, . R D AU AR A B R A
TG WICEE ], T EA R E R, 2006, 16(9):
1510-1516.

ZHOU Ming-zhi, XUE Ke-min, LI Ping. Coupled thermo-
mechanical finite element analysis of metal with porosities
during equal channel angular pressing process[J]. The Chinese

Journal of Nonferrous Metals, 2006, 16(9): 1510—1516.

[13]

[14]

[15]

[16]

XIA K, WU X. Back pressure equal channel angular
consolidation of pure Al particles [J]. Scripta Materialia, 2005,
53(11): 1225-1229.

NAGASEKHAR A V, TICK-HON Y, GUDURU R K,
RAMAKANTH K S. Multipass equal channel angular extrusion
of MgB, powder in tubes[J]. Physica C, 2007, 466(1/2):
174-180.
IWAHASHI 'Y, WANG T, HORITA Z, NEMOTO M,
LANGDON T G. Principle of equal-channel angular pressing for
the processing of ultra-fine grained materials[J].
Materialia, 1996, 35(2): 143—146.

ZHU Y T, LOWE T C. Observations and issues on mechanisms

Scripta

of grain refinement during ECAP process[J]. Mater Sci Eng A,
2000, 291(1): 6-53.

(4RiE  ZFHR4D)



