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Densification and mechanical properties of
spray deposited large scale heat-resistant aluminum alloy
tubular preforms during wedge pressing
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Abstract: A new wedge pressing process for compressing large scale porous tubular preforms was adopted based on the
idea of accumulating local small deformation as to integral forming. Heat-resistant aluminum alloy tubes of dye; 330 mm
X dipner 314 mm><78 mm and dyye; 330 mm><dyype, 312 mm>< 113 mm with well mechanical properties, density and good
contour were fabricated. Densification behavior, microstructure and mechanical properties of the spray deposited
Al-Fe-V-Si tubes during wedge pressing were investigated. The results show that, with increasing hydrostatic pressure
and uniformly distributed temperature, the fragile interfaces and lamellar structure in the as-deposited materials are
effectively improved, pores are closed and the mechanical properties are substantially upgraded due to increasing
effective loading area after the stainless steel package wedge pressing. The mechanical properties and relative density of
the deposits increase from 125 MPa, 0.15% and 82% to 301 MPa, 9.3% and 99.3% respectively after the reduction of
50.4%, indicating that the novel method is feasible, practical and cost-effective.
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Table 1 Process parameters of multi-layer spray deposition of Al-Fe-V-Si tubular preform
Atomization Spray Spray Diameter of melt Scanning Rotate speed of
temperature/ pressure/MPa height/mm stream/mm period/s substrate/(r-min")
980—1 050 0.7-0.8 200-300 3.4-3.8 30-50 20-60
Heating .
device -Wedge shaped die ~
. -~
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Fig.1 Schematic diagrams of package wedge pressing principle (a) and its device for tube preparation (b)
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Fig.2 OM images of wedge pressed tube with different degrees of deformation: (a) As deposited; (b) ¢ =18%; (c) ¢ =28%; (d) ¢ =41%
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Fig.3 XRD patterns of spray-deposited tube before and after
wedge pressing: (a) As-cyclic pressed; (b) As-spray deposited
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Fig.4 Effect of degree of deformation on density during tube
wedge pressing
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Fig.6 Photos of spray deposited preform and its wedge

pressed productions
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Fig.7 Effects of wedge pressing on mechanical properties of
tubular preform
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Fig.8 SEM images of tensile fracture surfaces: (a)
as-deposited; (b) € =11%; (c), (d) £ =50.4%

[13]

Al-Fe-V-Si

)]



1388

2008 8

2)
460~480

50.4% 125
MPa(sy) 0.15%(5) 82% 301 MPa 9.3%

99.3%

3) b

30%

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

SKINNER D J, BYE R L, RAYBOULD D, BROWN A M.
Dispersion strengthened Al-Fe-V-Si alloys[J]. Scripta Metal
Mater, 1986, 20(6): 867—872.
[M].

,2003: 180.
CHEN Zhen-hua. Multi-layer spray deposition technology and
application[M]. Changsha: Hunan University Press, 2003: 180.
AlFeVSi

1. ;

s s s

2004, 3(3): 213-218.
XIAO Yu-de, TAN Dun-giang, LI Wen-xian, MA Zheng-qing.
Investigation on die-compacting processing of spray deposited
A1FeVSi heat-resistant aluminum alloy and microstructures and
tensile properties of its die forged pieces[J]. Journal of Materials
and Metallurgy, 2004, 3(3): 213-218.
, , , , . SiC,/Al-8.5Fe-
1.3V-1.7Si [J].
,2007, 17(6): 858—864.
CHEN Zhen-hua, HE Yi-qiang,

Xian-jue, CHEN Gang. Microstructure and ambient temperature

CHEN Zhi-gang, YIN

mechanical properties of SiC,/Al-8.5Fe-1.3V-1.7Si composite[J].

The Chinese Journal of Nonferrous Metals, 2007,
858-864.

SRIVASTAVA V. C, MANDAL R K, OJHA S N,
VENKATESWARLU K. Microstructural modifications induced

17(6):

during spray deposition of Al-Si-Fe alloys and their mechanical
properties[J]. Mater Sci Eng A, 2007, 471: 38—49.

XU Q, HAYES R W, W H Hunt JR, LAVERNIA E J.
Mechanical

properties and fracture behavior of layered

6061/SiC, composites produced by spray atomization and

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

co-deposition[J]. Acta Materialia, 1998, 47(1): 43—53.
8009
[J]. ,2003, 27(6): 692-695.
ZHU Bao-hong, XIONG Bai-qing, ZHANG Yong-an, LIU
Hong-wei, SHI Li-kai, SUN Yu-feng. Effect of spray forming
and hot extrusion process parameters upon microstructure and
mechanical properties of 8009 alloy[J]. Chinese Journal of Rare
Metals, 2003, 27(6): 692—695.
XIAO Yu-de, LI Wen-xian, LI Song-rui, WANG Ri-cu, LUO
Qing-ying. Microstructures and mechanical properties of spun
pipe blanks of RS AlFeX alloy[J]. Trans Nonferrous Met Soc
China, 1998,8(1): 102—106.
) . 1.
,2000, 31 (5): 437-440.
YUAN Wu-hua, CHEN Zhen-hua. Preparation of heat resisting
aluminum alloy pipes[J]. J Cent South Univ Technol, 2000,
31(5): 437-440.
CHEN Z H, TENG J, YAN H G, et al. Continuous compaction of
spray deposited Al-20 wt%Si/SiCp composites via wedge
pressing technique[J]. Materials Science and Technology, 2007,
23(3): 285-289.
DEIBEL C, THORNBURG D R, EMLEY F. Continuous
compaction by cyclic pressing[J]. Powder Metallurgy, 1960, 5:
32-44.
M]. : ;
2004: 154—155.
PENG Da-shu. Plastical processing principle of metal[M].
Changsha: Central Southern University Press, 2004: 154—155.
[M]. : , 1982:
348-354.
HUANG Pei-yun. Principle of powder metallurgy[M]. Beijing:
Metallurgical Industry Press, 1982: 348—354.
WANG Feng, ZHU Bao-hong, XIONG Bai-qing, et al. An
investigation on the microstructure and mechanical properties of
spray-deposited  Al-8.5Fe-1.1V-1.9Si alloy[J].
Materials Processing Technology, 2007, 183: 386—389.
PARK W J, AHN S, KIM N J. Evolution of microstructure in a
rapidly solidified A1-Fe-V-Si alloy[J]. Mater Sci Eng A, 1994,
189:291-299.

Journal of

s s 5 s s

Al-8.5Fe-1.3V-1.7Si [J].
, 2005, 15(8): 1226—-1230.

TAN Dun-giang, TANG Jian-cheng, LI Wen-xian, XIAO Yu-de,
WANG Ri-chu, CHEN Wei. Effect of cooling rate on primary
phase constitutes of A1-8.5Fe-1.3V-1.7Si alloy[J]. The Chinese
Journal of Nonferrous Metals, 2005, 15(8): 1226—1230.
DORAIVELU S M, GEGEL H L, GUNASEKERA J S, MALAS
J C, MORGAN J T, THOMAS J F. A new yield function for
compressible P/M materials[J]. Int J Mech Sci, 1984, 26(9/10):
527-535.



