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Abstract

An aluminum extrusion process is mainly used to fabricate long tubes, beams and
rods for various applications. However, this process has a high production cost due to the high
investment cost of high-pressure machinery. The objective of this work is to develop a new semi-
solid extrusion process using semi-solid slurry at low solid fractions. In this work, a laboratory
extrusion system was used to fabricate aluminum 356 alloys rods with the diameter of 12 mm. The
semi-solid metal process used in this work is the Gas Induced Semi-Solid (GISS) technique. To
study the feasibility of the GISS extrusion process, the important parameter that needs to study
first is the designation of extrusion die for this GISS extrusion and then the effects of extrusion
parameters such as plunger speed and solid fraction on the extrudability, microstructure, and
mechanical properties of extruded samples were investigated. In the results, the microstructures of
the samples are quite uniform all the length of the samples so it lead to show pretty high
mechanical properties, for examples, in the case of higher solid fraction and higher plunger speed
(10% solid fraction and 6 cm/s plunger speed) presents the Ultimate Tensile Strength (UTS) and
percent of elongation (%El) after T6 heat treatment are 276.5 + 11.3 MPa and 12.4 + 0.9%,
respectively. It can be concluded that the plunger speed and solid fraction of the semi-solid metal

need to be carefully controlled to produce complete extruded parts.
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. Incdlucethe
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diffuser \L
Molten metal Slurry
Laclle . IET;EES Globular grain

(Primary solid particle)
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(GISS process)
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B.S. Lee Hazaae (2005) "lﬂmm'iﬁﬂqumﬁumﬁ f ﬂﬂlugﬂaxgmuﬂu
! . . o 49! a A A
WEUNDIAN (Al-4.5%Cu) Gl,uﬂf’NﬂQﬂJENLLGU\‘I (Semi-solid State) T@ﬂ“l@mmﬁmgﬂﬁvmmwu
o 3 1 4 Y] a [ g ] 1a 4
anyazUINanNsINgzUon (Cylindrical Rod) feu1n70999 lansean a1 TansruuuR LW

(Extrusion Die) @943 1.15

Graphite nozzle
./_, Pouring hole

/ !

< Extrusion Ram

N - -
E %f—;}f’f//////—// Canhmnr E
%%,
v
R P  Racordar fdfesesmmssasameniens H

d v A g a A 1
5 1.15 insoaiioflFlumsnanwses AUz IozgiIleuHTUNDAL (Al-4.5%Cu) THAI9

£
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ANUDILLUY (B.S. Lee et al., 2005)
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Sqgeezed liquid Melted-extruded bar Unextruded solid

v A

1 % 3 A E
lownaunoag (Al-4.5%Cu) Tursnavewdansasavugl1a

(B.S. Lee et al., 2005)
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Y
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NWHﬂTiﬂﬂiﬂ"ngﬂ WiJ’JWmau“lﬂJLﬂfJ’Jﬂumﬂ’mJuﬂNuNm (Tensile Strength) 1ag SIGHE AN

=

A o . 2 A o v X 1 & < A v 2
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1 v A & <= < =2 [ 1% A
MPa (AN1TDATALUUNIVDILUI UATAINLUUULIIAIUNTNDY 270 MPa ﬂ\illﬁﬂxﬂugﬂ‘ﬂ 1.17

500 50
I Tensile strength

I Elongation HE : Hot Extrusion
400 - - 40

SE : Semi-Solid Extrusion

H+HE : Heat-treatment +

- 30 Hot Extrusion

- 20
-10
r r -0
SE HE H+HE

Fabrication method

Tensile strength (MPa)
Elengation (%)

Y
310 1.17 auiAFanave3uauez gUIToNHANNDLAY (Al-4.5%Cu) HAINMIOAITARIY

4 :
oulua1ae) (B.S. Lee et al., 2005)
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o o 3 %
F. Knauf uazaaee (2008) 18msany1anssuiumssasamannauuun
[~ ax . . Y o v A éj < ]
YOIIINIYNTTNID Thixoextrusion 198 IATNIToRIATUFIIMANKALNTA X210CrWI2 HIU
1A J o A ' = < 1% Y 1 . . 9/
wnueaIn U enIvewla luanyazuuum s 111039 (Vertical Extrusion) Adauaaali

d‘ o U v A o d‘
517 1.18 Taemnuaalslumsnaaosoasaaaaadluaisen 1.1

Y

= @ 1 A o = =3 v A <] & <
MINN 1.1 ﬁ?LL‘]Ji@]"N"‘] Wiﬁuﬂ’]ﬁﬂ']ﬂTiﬁﬂy']ﬂﬂﬂig‘ﬂﬁuﬂ']'i@ﬂiﬂlﬁaﬂWﬁﬂJLL‘]J‘]JﬂQ"U@QLLGIN

@91) 28A55173% Thixoextrusion

Press velocity 10,15,20 mm/s
Extrusion channel length 50,65,100 mm
Extrusion channel diameter 15 mm

Extrusion channel geometry ~ Straight, converging

punch

4——— container
billet
forming die

1750mm

length

cooling tube

~ % 1a = < ) ant
EL]J‘VI L1.18 F@ANANHUSVDILUNNNDATAIHNANHANULNTA X210CrW12A38NTTUIT

Thixoextrusion (F. Knauf et al., 2008)
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v A d’@' Qy A Yo = 1
Wa1INM50AIAYUIUVDY F. Knauf Lazame Gvuqmm"lﬂmmmﬂymﬂﬂwa

U
v '

lglldy Y 1A A v A ] 1a o v [~ RY) ] R A
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qﬁmmzimNﬂmzmmmwgﬂ%mmmmmm’mmm 450 uaammuammgﬂm 1.19

Maximum length of extruded bar of 450 mm

' QBI 3 {1
JUN 1.19 uaaaduumannauinga X210Crw12 H1UAT5435 Thixoextrusion

(F. Knauf et al., 2008)
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mm/! material flow
5 0 ! | 1250 solidification front
1185
= 1120 semi-solid
=60
-90 1055 \
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e : = forming die
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o 600 i
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'
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51 120 naaswannms 1 1sunsusiaeans lvaveunanmauinga X210Crwi2

(F. Knauf et al., 2008)
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A 9 2 < A an
gﬂ‘ﬂ 1.21 Lmﬂﬂﬂﬂ’diwﬂﬁﬂWﬁU@WWWMﬁﬂNﬁMﬂiﬂ X210CrW12 NAIUNTTNIT

Thixoextrusion N40U A1) (F. Knauf et al., 2008)
(M) D=15mm, L=50mm, V=10mm (V) J=15mm, L=65mm, V=20mm

(M) @=15mm, L=100mm, V=10mm

. . . Y o = = I 9
Sumio Sugiyama U@ Jun Yanagimoto (2008) lavinmsaneinennuiulyla
Y
Tumsineusbezgiition (Recycling Aluminum Alloy Scrap) 1038 A2011 WUAUAITUF1)
1 ' < A o a
Tugaefaveands Tagazisuonnmsiueuayezgiifiovvald ldvuia nundszum 0.15-
[ 9
0.25 Haawas waznelszanm 2 Taawasaaaaslugd 1.22 nimiwbhwdunszuaums
1Y 4 1T A < 4 1 14 @ 2
99 (Compacting Process) 1o 14 lauvsdaida (Billet) tio laluasumuiues nazdasaiugil
o_ v Iy o ( v dy a v A .
adey Taslumsnaasslaumsmvuadiudsasll euvgilun1seasa  (Extrusion

Q U

Temperature) HAZOAIIAIUDATA (Extrusion Ratio)

Compact pressure: 553MPa
Denstty ratio :0.90
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M5 0.1 naaauliaa g  vesezglitiounauinsa 356-T6 lununasuuNLHn 13

Description Unit Value

Physical Properties

Density g/cm3 2.68

Mechanical Properties

Hardness (500g load; 10 mm ball) Brinell 65.0-95.0
Ultimate Tensile Strength MPa > 228

Tensile Yield Strength MPa Z 152
Elongation at Break % Z 3.00
Modulus of Elasticity GPa 72.4
Compressive Yield Strength MPa 185

Poisson Ratio - 0.33

Fatigue Strength MPa 90.0 (of Cycles 5.00e+8)

Thermal Properties

Heat of Fusion Jg 389
Specific Heat Capacity J/g-°C 0.963
Thermal Conductivity W/m-K 151
Melting Point Temperature °C 557.2-612.8
Solidus Temperature °C 557.2
Liquidus Temperature °C 612.8

Processing Properties

Melting Temperature °C 667 — 816
Solution Temperature °C 535-540.6
Aging Temperature °C 152 - 157

Casting Temperature °C 677 — 788
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Description Unit Value
Components Properties

Aluminum, Al % 90.1-93.3
Copper, Cu % <0.25
Iron, Fe % S 0.60
Magnesium, Mg % 0.2-0.45
Manganese, Mn % S 0.35
Silicon, Si % 6.5-7.5
Titanium, Ti % <0.25
Zinc, Zn % <0.35
Other, each % <0.05
Other, total % <0.15

(ﬁm: http://www.matweb.com/search/DataSheet.aspx?MatID=9934)
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