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Abstract

The goal of this research is to study the influence of heat treatment processing
parameters on the mechanical properties and the microstructure of semi-solid aluminum alloy
A356 . The process in preparation semi-solid aluminum alloy is called Gas Induced Semi-Solid
Squeezed Casting (GISS-SC) and the heat treatment process is T5 and T6. T5 is done by aging
the specimens at various temperature and time of 135, 165 and 195°C for 4, 8,12 and 16 hrs,
respectively. T6 comprises of 3 steps: solution treatment process (at the temperature of 520°C and
540°C for 4 and 8 hrs.) specimens quenching and aging process at the temperature of 135, 165
and 195°C for 4, 8, 12 and 16 hr, respectively. Microstructure observations were performed on
optical microscopy (OM). The measured mechanical properties are hardness and tensile
properties. Form the microstructure observation, it was found that the structure of as-cast
specimen from GISS process consists of two main phase, globular & -Al phase and rod eutectic
Si phase along the grain boundaries. After solution treated process, the structure also consists of
o -Al phase. However, and eutectic Si phase; the eutectic Si were clearly fragmented and
spheroidized (after aging process, the microstructure is same; it consists of « -Al phase and
eutectic Si phase and couldn’t be detected Mg,Si particle form precipitations. Because size of it is
nanometer which analyzer by transmission electron microscopy). The optimum condition is
solution treated at 540°C for 4 hr and aged at 135°C for 12 hr. which the hardness of 149.90 Hv.
And T5 process the microstructure consist of & -Al phase and eutectic Si phase and the optimum
condition is aged at 195°C for 16 hr. which the hardness of 109.27 Hv. While tensile test of the
samples as-acst of Conventional Squeezed Casting (CSC). And the ultimate tensile strength is
145 MPa and percent elongation is 5.66%. Gas Induced Semi-Solid Squeezed Casting (GISS-SC)
the ultimate tensile strength is 172.13 and percent elongation is 6.61%. After TS the samples

process GISS-SC is the ultimate tensile strength is 228.35 MPa and percent elongation is 5.06%.
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MIANEIDNTNAVDINTZUIUMINNANNSOU T6 NilNanvogilitionniemy

DU 1B Zoqui EJ. [41] uwazams IAANYINTZUIUMTNIANNOU T6 U9 Al-4.5wt.%Cu

3

1 a

WudInsevaza1eegiiionnaouy Rheocasting  AovlFguuninganiiniseazaie
) Y
pgliiouraouUsITUAT HBINNagIMNANUT UV VINTUVOIFUIUNADIDY Rheocast
= 1 9 T 1 dyo slay dyd 9 a
Nymanout vy dnyuzruiim dsuanumuuiianuamusalumsaumaaulaved
o . 9 Yt = v o q ¥
MIUVALUNAIUATZUIUNMTNIANNToU AR uenntinTzuIumMIneaudouii 1
Y v F7 Y v
AuTANINAVOITUNUNN AN 2 LUVAVY UATAFIUMTINUYBIAUTANITAIUUTIAIUD
Y Y
FUNUNABLLY Rheocasting 92 FINNFUNUNABUVUTITUA
Cerri tazaAmz [9] TAANEINTZUIUMINNANNSOU TS Hag T6 vosegiiiion

a

] Y

WA Thixocasting 1n5A 319 Tasgunnin 1¥iuv0 @eInszUIUNT Ao 170,200 1Az
o { 1 aw J A < 1 1

220°C 111219199 INMITIVENVI T6 WINANNUTINTIAA AN TS uanNuHTTeIved

Y v Y

FununEunszuumInaae vy liuanaeduuiniin uaz 1duuziinnaisls s lums

4 i1
Ysuautianunavessuauiioannlszndanauazduyunii Te

2.13.4 srvumanasmavedanznanegiitian-Fanauriaalnsa A356
Tl A, 1960 1aTAnyREITUS DV sMTIldewalulavznay
A Aaa 3 o .
agiiitleugana Ui uIuNn [6,14-16,18,19,21,22,25,26,28,29,32,34,37] a0 W
2 ; . f
Thomas 8% Pashley [34.29] 1ludAununisnasumlavesoynin Precipitate lutile
a 4 Yy 9 Ja d a @ A o w A
WaIng laen1s lgndosganssauodnasouuUNIIUaNasu (TEM) Tasliddumsnlasu
Y
ladso 1T

Supersatured Solid Solution (0{0 ) — GPZone %50 B"— f'— (Mg,Si Stable Phase)

AK. Gupta azAai [18] . M. Murayama Lazaaiz [25] I4dumudunou
UINUPIAITIAABYAIA Precipitate isponilu 2 dnumzAe lnguezasuvesuunilFew
Radulusznetunou Quenching VOIFUNATDY Al-0.65wt%Mg-0.72%wtSi. 1182 Dutta
wazAmE [14] WU HEINUARY Quenching %Lﬁﬂﬂa;mm%ﬂauﬁuaEhﬁfmﬁamaclu

a

Y 1
J2ezIa1 1 WINHAIINTUADY Aging NQaINgll 200°C 1ag Sagalowicz HazANY [31]
Y
wuNFunadouiiSuganouuinwei lia00zAoUUIE1TANOUTINAINUF A
~ A o Y a A 3 . A A A J Y d?
uunibdon rldinamsnldswdaiueynin Mgsi AlivlafiZonid1 GP zone ladr0Tu
d‘ a d? 1 dy a d? a =) Y A d! =
Tas GP Zone Minavuvaiasanavuluuinudalandu 30 vounsudildnyue
a [~ . = A a d? ~ v A %
M5t UL Heterogeneous Nucleation [19,29] FUNA GP Zone NMNAVULNITIATHIAD

ana A A a A o 1 S
E]%Glf]ﬂJﬁll’éN‘ﬁWj‘ﬂfﬁﬂﬂullﬁ%L!MﬂuL“ﬁﬂNiuﬂﬁﬂN <100>a UAZUDAIITIUNTUNINIANUD
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PLADULUUNITINAUTANDUININY 1 : 1 [22] HazldnyazUTNIVUI0ENDTLHINOYNIANNA
dgj [ dy a 7 . 2 1 o a A
YUNUITINAT NG WD Semi-Coherent FIUANANNY GP Zone V03 langnanogiiioy
a A ' 2 A a ' [ ' o Y
FUADY ) 15U Al-Cu SINdNBULUTNIUIOoAITUIUY Coherent drumatilioynama
{ a 4 { I { a -1 o 4 A
GP  Zone Mnavumsnlavuwailuwa A" Nguugigeiuae 260°C [34] oty
4 k4
520203 0UUNNVBITUADY Aging WINAU s lHRamssaunguveuld GP Zone 1
Y a = ' Ao 9 d? S ] 3 A I "R
Tinanisnasuuilasgilsiangudeuvunmiuniuuisvuia@nlasuilunuunvads
(38171 needle-like Shape [22] Tagnanamsaulaveuna GP Zone waztla A" o
H 4
firm1a (100) miloudu wazle p7 WiRavuiidandiunauniauniives Faneu
a A S A 1 Y a " QBJ’ S A dal %
agilition : uunilGen Ay 6:3:1 [27] vaglasmanawla A7 duazlinavuvuuiums
a §y a e’ay 4
inald GP Zone 18RI 1THFUNATOUAIBIATOY Differential Scanning Calorimetry Tu
a 1 3 { I ]
Tangnauogiiitiounsa 6061 wuluduasuvesmsulasumain GP Zone 1Wlu A" i
amyazaeueund GP Zone 99011 [28]
09/1 A v Aav o 9 a
Tuvaziuiinddesiuaunndesmsniiuvuianazianveude B
S o ] o
iWusmaunn Tae Shehegolevac tazame [32] Aunujlsiwazdnvmzuoura B uaz
o w { IS a § ' IS
ddumadsunlann g7 du B drematin Xray Fawunlassadeveaa 47 iilu
LU monoclinic 3 lattice parameter A9 a=b=0.616 nm., c=0.71 nm wazyn S =82" uay
o <
Taseadn g Glassadnlndifesiy g stable TaoliTassadruily Tetragonal & lattice
A R 9 dy A o .
parameter A1® a=0.642 nm UAE c=0.646 nm “NIﬂNﬁiNuQﬂfJufJuNaIﬂfJ Wahi i8¢ Von
. a 1 [l I a 4
Heimendahl [37] 1uil 1974 dqemaia TEM uaedielsnainldliniswerewiasizs

Y J.

Aa a d a v
Tassadmanveua A" 42098 NABIaNIIANDIANATOUNLLNIUANATY (TEM) tag

9

dy v A 4 Yo A
NSRS VUIIALONY (XRD) ﬁ"):ﬂllﬂﬂﬂu

"

M35199 2.3 dnvae laseadunanveula S
139 anvae Inseadanan Lattice Parameter
Lynch[21] Monoclinic A=0.30 nm, ¢=0.33 nm, b=0.40 nm., S=71°

Edwards[16] Based centered monoclinic  A=1.534 nm, ¢=0.689 nm, b=0.405 nm., [ =106"

Murayama[26]  Monoclinic A=0.714 nm, ¢=0.658 nm, b=0.405 nm., [ =75°
Naoi[27] Monoclinic B2/m A=0.77 nm, ¢=0.67 nm, b=0.40 nm., =75°
Andersen[6] Monoclinic C2/m A=1.51 nm, ¢=0.674 nm, b=0.405 nm., [ =105.3°

Andersen tazang [4] WU Aanveua B” 9 orientation dasiolalil
[oo1], #/[310],,[100], #/[230], uaz [010], //[001],
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1 1 4
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miloufuAenana (100) wazluil a.d. 1972 Jacoba [17] nududa A" ilaseadundn

< A . A = =2
SYATITSILY, Hexagonal Y lattice parameterl A9 a=0.705 nm 48 ¢=0.405 nm. HASUNITANH
Aamarla A" daremslEmaiian X-ray Micro Diffraction Pattern 482 HREM  Image
Wisuiisudunydude A § orientation thiiouiuae lusiania (100), /(100), uaz

[001], //[001], e B (Stable)
[ [l 4 P4 [

eaynin Mg,Si Mnatuiivuialugdu dildinamslasuann g”

< { 1 { < Y
dula g7 Taslinisilasuuilaszds1991n Rod-Shaped 1asuiily Platelets tazdanall
Y
frmavesmaiay Tavesoymaludianis (100) uwazdnvazuInuTosdoszniiile

a o . < (Y Y =
wasnBazeYMA Mg,Si (W £) 1Tt Incoherent HazaNYUVY0I IATIATIINANUDY

I &~ 9 = 3| =\ . o dy
e g ilunuy FCC 90 Tasaadawaniduiuy CaF, U lattice parameter 991 a=0.639

nm. § Orientation fin (001), //(100), waz [110], //[100],
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3.1 m3vuglariznavemdalagds Squeeze casting 130 A356
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M350 3.1 HumsnasIugUnuunevesdsdiemaiin GISS (Gas induced semi-solid) 9

a o 1 { a o 4 a o [
matia GISS vzihmsndeNguvgiiszuim 700 °C Wogunglanasde 650 °C vz lduna
A 1 1 1 4 [94 o A Y a 3’ a @
megwurIuLnans 1 llangu (inaesnown) s 1iinans naruveni Tanzinanisuanda

J g a :’/ o oy a Y
yoalaseadruanlasa Wunar 20 i aindninihlaneegiifeulmaslu Mold 1dada
@ § { @ ] 1 . S @ [~ Qy
(Squeeze) aagd 3.1 Annuaulaitfosnit 2,000 Psi A1 PBvuTanzudedn Taidusuaunuy

] § a ] 4 a [ !
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{ Iy J { g x <3 a
710 3.2 Fuaumaei IdenmsTugl Tangnawewda1aedT Squeeze cast IN5A A356

U

M13197 3.1 drunaumaniiveslanznauoglifion-Faneundomnsa A356 A 14 Tumsnaaes

Alloy Chemical Composition (wt%)

A356 Al Si Mg Fe Cu Mn Zn Ti
bal | 7.2453% | 0.3985% | 0.4458% | 0.0424% | 0.0433% | 0.0081% | 0.0893%
Cr Ni Pb Sr
0.006 | 0.0080 | 0.0030 0.0003

3.2 TUABUNAARIMSUNTUNATDY
Y Y Y Y
3.2.1 YUADUMINAADIUUUUL T6 VOIFUNATDY Haunoudsas 117l
Y v v
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v v Y 9
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Y [
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Solution Treatment Temperature (C) Time (hrs)
520 4
540 8
v
Quenching with water
v
Artificial Aging Temperature (C) Time (hrs)
v
. . 4
Quenching with water 135
8
165
12
195
16

9
%

H 9
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v A 4 o w
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3) sy hlihanuazeadisnisaianuazeinlaslanaudansi Tsiiadlunal 5 v
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Y [
4) Yarunaaoudidniaianinsegiiuivuiaeunin 5, 1 uag 0.3 luasou AUE 1A 17

U

o Qy o Y A o Yy A o a g ~
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E4
[

o Qy v A Yy 9 Aa ~ ~
5) MFUNATOVINNARININAIBEITAZA1Y (Keller’s reagent) NHAIUNANNIGANAT
nsalalasvgeain anududu 48% 2 ml,
nsa'lalasnaesn ((WudM) 3 ml

Asaluasn 5 mluaziin 190 ml
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dl 2 s
Eﬂcﬂ 3.5 Llﬁﬂ\i‘ﬁuqqumﬂﬁﬂﬂlli\iﬁqg’]’]ﬂﬂ’]ﬂiﬂ']u ASTM 1U83 E 8M-04

{ Qy @ 4
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a A 4 o I - 1w . 4
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FIAW5095V10 Tl TUNNNIKUNIATNYAN AV TarizNadNolltioN-Fanou
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a d? oy A A a eﬂj <3|
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[ Y
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% 1 A 1 4 { a
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T("C) Solution treat | t (hrs) Solution treat | T('C) Aging | t (hrs) Aging | Hardness (Hv)
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12 146.65

16 141.19
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T("C) Solution treat | t (hrs) Solution treat | T('C) Aging | t (hrs) Aging | Hardness (Hv)

16 146.65

165 4 122.5

8 129.34

540 4 12 140.76
16 134.83

195 4 117.67

8 121.32

12 129.5

16 113.81

540 8 135 4 131.39
8 137.84

12 146.78

16 139.27

165 4 124.36

8 131.05

12 139.87

16 130.57

195 4 120.98

8 123.57

12 127.61

16 115.17




4.3.2.2 dnSNavesgarinaza lumMsuNNAAMANNNT

——135 —+—165 —— 195 )
180
160 —
— 140 B S—
>
ay 4%\:\
o 120 +—
[%2] L
2 M T
£ 100
: = N
60
40 T T T
5 10 15 20
Aging Time (hours)
——135 =165 ——195 @)
160
140 =
> m
I
~ 120 x
?
()
5 100 N
& [ =
T
80
60 I I T
5 10 15 20
Aging Time (hours)

71



—— 135 —=—165 ——195 @)
180
160
Z 140 T 1
2 0 — e
©
s 100
T
80
60 I I I
5 10 15 20
Aging Time (hours)
——135 —=— 165 ——195 )
160
— 140 /g\i
2}
[%)]
g 120 <3
°
©
L 100
80 I I I
0 5 10 15 20
Aging Time (hours)

72

{ @ [V 4 J 1 S @ a 1 {
Zﬂﬁ 4.11 Llﬁﬂ\‘]ﬂ'313JﬁﬂJWuﬁ331’7'J'l\‘]ﬂ'lﬂ'313JL!éUQﬂﬂqmﬁaullagnafluﬂ'ﬁﬂuﬁ

E]
v
3

F1u9 () 540°C, 8 T4

gavigiuazarlumseuazaieaail (1) 520°C, 4 $11ua (V) 520°C, 8 ¥ 1w (R) 540°C, 4

dl ' d‘ ) \ v A A a ) dg’
ﬁ]"lﬂ?lﬂcﬂ 411 WUN ‘VIL’Jaﬂl!ﬂ"li'ﬂllWI"Iﬂ“L!L?J’OLW?JQﬂlW{]?JGLHﬂ"li‘UiJ?J”lﬂ“]J‘Ll

]
=

< t:y ‘; l ;;9’ . 1 a 1 (; 1 1
ANULAIVBIFUNATOVITAINNFUNATOUNHIUNITUUN WHHUNITVUAINTT IWTIZIINTT

£



73

1 o

I v Y
UnNguugdguin lausninans precipitate Wi 11919 GP Zone ¥ ldAnumuniuves
=

a 9 = [

% A Y o ] Qy A Ao a dgl [ o
manuadessuANNYTNUTesn NTFUNUNUY W UNYUAIFIVELINA GP Zone Yuuaay

v

H [ 4 a [ I~ Aa { { a @ 1
usnuazdl precipitate NUINNI IWONITUIAIANUUTIVOITUNIUNUNNGUUYTIASINULA
Y

E]

Y v
= 1A

1 o 1A $ ] { 1 1 I
NAWANANAY WUNFUNATOUNFIUMTUUNNDIUIUN T MANVUIINGINNFUNATD
t:i 1 1 dl 1 9 1 1 d‘ Q' 1 dgl u'/ d‘d
NIUNTUUANaIMIUNTesn ualamunallunsdunInduIunszivasganiay
[ 1 < ay 1 o
u99g9gA (Optimum  aging)ltd? AIAVUIIVBIFUNATOUIZAAAT INTIZIITIUIUVD
v 4 [
precipitate NiAATUIzanauilosnla £ 1% Mg,Sivnniila g 1ld Mg,Si unsan
' @ o ' 1 ' [ 1
wla g 1ddasla g1 % Mg,si veudla g anas dawaldile g Hlvuraidnas ua
@ I 4 1 Aa
vauz@Reanula £ neg Iaduuaiylsnaios

4 4

4 ' < o ' Aa K~ =
FI9INHANIINAADIVDIAIANNLIITUNY I dYMATAAVUTIaNnaTY
=y 1 é = 9 = A = [ dy a o a
39N GP Zone FaNanvaiz Insadiwmanmlaulauiuiiomasng lasusna
a J ' - dy a Jd I . A 1 S
el asEnI19eYNIA Mg,Si N1IBINATNY 11 U11Y Semi-Coherent  NH 31013
] v Y
Needle-like shape tioriuszoznamsoguugiluduaoumsty dwalinansanlaves
. ' . a g A A ' = A
PUNA Mg,Si HazuNaIUV0I0YNIA Me,Si vztnaiuanFeniue 4 Fanuiniuainw
[ 1 Y A A = Y] A d?’ a =\
UGN I GP Zone tW51zussdumandounvesaa lansunuyuaingy Tagins
Y A ~ = o 1 = 14 A A ng 1
AunnMsaaeunvesdd Tanduriu @ uni sy iemyszeznal luduasun sty
9

Yuazinamsnlasumlann GP Zone w30 £ lihilumla g navilomiuszoznamsoguuigil

U

GlSI d? =

{ = o Aa 1 1
Ay azimsilasumaan £ iilwd B (Stable) Taganyazuo9UTIUTOIADTLNHIN
.. Y dy a 7 J @ " o Y =)
91NN Precipitate  NUINOIUATAFIT UL Incoherent MINoTUAIVDI B M IRANUATIA
A d? a A =S [ 9 A dg’ A A a ¢ A A
N UINAUDN InT1zAd lataFude oo nusunuIulunisiadouniIuuaInE Nl
= < Qy 1 I~ A ' 4 d? 1 1
ANWATIATI ANUUVIVOITUNIUILABE)anaINADIND B WOTUIU INI1TLITHITEH I
1 F4
Precipitate Y84 4 1indu s lvaa TawnFuaiuisn 1@/ (Bow) 54314 Precipitate 4 14
T Y < < A v " "y '
NeTu aeriuanuudsvelangrauivegegaoszunisznoulidie 4 uaz f d sy
4 a 0 Y ] ' .. A 2 ! 9 <
Fuauunu i (Overage) 9211195282 195211919 Precipitate RNNTU dawalinund

129, $ a <
Sumslfmmaﬂff@ﬂm "?\Tﬁnﬂﬁﬂﬂ‘ﬁUTﬂ]l??]}iJTﬂﬂ15V]ﬂﬁﬂUﬂUTNL!mQ



74

4.3.3 aNUANINMUMUITINIVBITUNATOUHAINIUNIZUIUNTMIANN30U T6

350

300

200 /
150 /
100 /

50 /

Stress (MPa)

O T T T T T
0 2 4 6 8 10 12
Strain (%)
350
300

Strain (%)

A [ v 1 1 9 = Qy [ ~ 9
JUN 4.12 uaaInNMUFURUTIZHINAINNUAMUNIUUIIAVDIFUNATDUNUIAIN 1%
A v v v
lumsunsunadoy Nan11zAIANNAIUNULITIANGIEa N) DUAZA187 540°C, 8hr LAgLUN
165°C, 12hr ) 9UALA19N 540°C, 4hr Az LUN 165°C,12hr
tﬂ' 1 1 9 =1 d' 1 %
13U 4.12 WU MeanuAumuesaaslug U 4.12 (n) M 297.03 MPa

S 4 = [ Y 1 9 = ~ [ Y
Haz1los I FUANITIAAUNINY 9.66 % Lm%ﬂ"lﬂ'ﬂll@"ll!‘ﬂ11!&L'5\1ﬂ\1(11!§1ﬂ1/] 4.12 (v) mnu



75

73 & A o & v = 73 &
278.28 MPa a0 uAMITAA UM 4.86 % FIMANVAIUNIULTIRWA]oTIEUANS

v Y v Y
PAATAIAINITNA 4.2 VINATNNUNFUNUARIUNTZUIUMIVUFUUDY SSM-SC 28

9 = s I o A o v 2 A £
ANUAIUMULITIAA T IFUANITEAAINIANIIFUOIUAFIUNITVU T uDD CSC
A 2 A d‘y a2 v 9y A Y
(HOINNNFUNUNAIUMIVUFU DD SSM-SC azldnbug Iasaainveunsuiiludounay
A 9 9 a Aaa d‘ay A d? ng A o
NdeuseumraagmaangananluyazNFunuNAIUNsYUFIUDY CSC Huvzlianyuy
| I a aa {J 1 1 4 [ o
Tassafruiluwaulasandovsovdlrogmaandaneubuunsenaerilosiu frldvia
i1 E4

auautiasuanumiloniie Idsunsinsgdninneuen tagdnyuzYeINITUANTN YO IFY

1 Y
nadoudaaadlugli 4.13 wunyunulanvarmsuaninuuy ol

~ ' v = sl ¢ A o 2 d' !
ANTNN 4.2 memmmmumuu’iﬂmuazLﬂaiLﬁvuﬂmiﬂﬂﬁnﬂlﬂwumuwﬁm’;zmm

Condition Tensile Test
Ultimate Tensile Strength (MPa) % Elongation
SSM-SC 172.13 6.61
CSC 145 5.66
T5 SSM-SC
135°C-4 202.89 8.74
195°C -4 228.35 5.06
195°C -16 222.77 6.05
T6 SSM-SC
540°C -4-165C -12 278.28 4.86
540°C -8-165C -12 297.03 9.66
T6 CSC
540°C -4-165C -12 236.92 5.90
540°C -8-165C -12 240.11 6.47




76

H 4
517 4.13 Lmﬂqz‘?ﬂumziammmawmmwﬁqNmﬂizmumimqmm%’au T6

U

4 H
S =3

< ] ' 1

‘t]'lﬂ:J',ﬂLlﬁﬂ\111’?&1’71&31"])’141/]?]ﬁfﬁJ‘VIW'Iuﬂ'lif]ﬂﬁ%a'lﬂu'luﬂ']'ﬁ]zGlﬁ}ﬂ'lﬂ?'lil

Y = S <3 4 A o oA 1 1 a
@]'I‘L!‘VI'Illllixiﬂﬂ!!ﬁ%tﬂﬂil“ﬂu@]ﬂ'ﬁﬂﬂ@?ﬂq\iﬂ'.)'l L'W5']8’)']@‘mﬂ@‘ill,!a$L3ﬁ11uﬂ1§ﬂﬂﬁ$ﬁﬁllm$
A ! = 9 v o o v =
ﬂ'lillllllNﬁﬁ@ﬂ]ilﬂﬁEJHLLIIQQ"U’ENIﬂiﬂﬁi?ﬂﬂﬁﬂ?ﬂllazﬁuwu‘ﬁﬂ‘iJNﬁ“]Jf]\iﬂ'J'lﬂJ@'luTl'luuﬁQﬂQ
A dl 1 1 [ 1 a d%' Y 1 d‘
ﬂﬁl‘V]L'Jﬂ111!ﬂ'li’EHJﬂ$ﬂ'lEJ‘L!'I‘L!ﬂ'J'Iﬂ'lil,L‘Wil,mzﬂ'liﬂi%’ﬁl]'lﬂﬁ']"llﬁ]ﬂl'i/\lﬁ@'lﬁ“]Lﬂﬂ‘llu]lﬂll'lﬂﬂ'ﬂ‘ﬂ

328210011108



aziwansnanag

]
= a 1

9
mﬂwamima@wawumﬁau1uaﬂ13waauasummmwﬂmmznmmm

q U

Aa A aa £ <3 ~Aq Y av dyd! = Y
GU’ENTGWSWZ‘TM@QMLHEJN- FANDUUUUNIVUDIULUN LNTA A356 ‘1/]1611(11!\‘111!’3’1]81! "]NﬂJWE‘]IﬂSQfTiN
= v Y ¢ Y va
ﬂaﬂ1ﬂ°ﬂ‘]J5$ﬂ’ﬂ‘]J]l‘IJﬂ'JEJﬂ"IW%Wﬂﬂﬁﬂﬂﬂﬁﬂiiﬁullﬁﬂ(l%Llﬁﬁ (OM) LlazHanAadUANUANINNG

< v < = Y o g
‘VI‘]J5$ﬂi’)‘Uthﬂ’JfJﬂTiVIﬂE‘T@‘Uﬂ’JTIJLHNLLﬁgﬂ”l'i‘ﬂﬂﬁﬂ‘]JLLﬁQﬂﬂ%ﬂﬁ%ﬂ%ﬂﬁ@ﬂﬂﬁ@@jﬂu
' v
5.1 LﬁﬂW%TimWTﬂix‘lﬁ%Ni]‘ﬁﬂ”lﬂsllﬂﬁclfu%ﬂﬁ@ﬂsluﬁﬂT’JZﬁﬁﬂ‘Haf’J NWUIN
v 2 2 2 o v 2 a oA
Iﬂ'i\‘lﬁ'ﬁ”l\i‘gﬁﬂ?ﬂﬂl@ﬂ“ﬁuﬂﬂﬁﬂﬂllﬂﬂﬂﬂﬂlﬂﬂLHN‘L!L!ﬂﬁ%ﬂﬁ]ﬂﬂ’)ﬂ!u@m@ﬁﬂ“ﬁﬂﬂlwﬁ a— Al R
Aa aa 4 a <3 Qy [ [ <

W‘Iﬁ'gmﬂ@ﬂ“ﬁﬁﬂﬂu !La%!ﬁ’m"l%13fL!1Wﬁfﬂﬁ“Vlﬂﬁf]‘llﬂ313JLLGUQGUENGHHVI@]ﬁ@UWUQWﬁﬂWﬂ’NNLL‘UQ

A J 9 =® A I 3 4 A v A
10 63.34 Hv 1azMIauaIunIuLsIaenae 172.13 MPa Uazilosiguan1sondifne 6.61%

1 ay { 1 :;’ J < J
mu%umaauﬁwammumiumuuﬁmmmuﬁuﬂﬁa 46.55 Hv LLa$ﬂ1ﬂ]13Jg]}1u°Vﬂu!L§\flﬁﬂﬁﬁl

s o A o A o g 1 2 2 < Y} wa
145 MPa Lm%tﬂﬁ]ﬁl%u@ﬂ?iﬂﬂﬁ?ﬂﬂ 5.66% ﬂzuu%zmu’mﬂNmtmummmumwziﬁmﬁm

da

nananan
' Y Y

5.2 WoirunadouluanzvasaIMTUUNINTZUIUMITAY) (TS) U

4 a qul 4 a 4 a Aaa
Wennsan Inseaigamaiulsznoudieiiomasndnomld o — A1, wdgmaanganou

] v a

: < 2 ; ; o 2 :
sazaaNuuIvesFunadouluanziriumstuigurgi 195 °C 1iunal 16 ¥ Tus 49

QU

'
a0 Y

wuNnmANuudieie 109.27 Hy taganngifiamnnuiumunssdsgagade annginiums

] =

{ a [ @ 1
Uungavgd 195 °C 1Wuna 16 ¥ 119 FaA1ANNAIUNIUNT AR 228.35 MPa L@z

I < J A o A
nesisudmstadine 5.06%

v Y [ 9 v
5.3 TuvaznFunadeunuiuaeumMsovazaleNigungil 520°C 1ag 540°'C

<3 v A A Y Y 9 dy
Wuszezna 4 uaz 8 F1 109 WeNasanlasedilaneganinvedrunaaeulszneualeie

a o A Aa aa ~ ] an 1
wasnsnomd o — Al R Mﬁgmﬂ@ﬂcﬁaﬂmﬂﬂsmmm‘wmuuummaum%aﬂﬂmumﬂmq

a

QU { { o d Q'/ 1
nu Tagidnnemasvazalengungil 540°C 1uszoznan 8 92 1u99lanunu LY

Y

a

UMATANOUNINN YA 9INNMIINAADITINYI QNN

U

v [ a

ANNUVDIQUNNN 520°C Lag 540

1 v 9
C vziinnuuanaranieaiuInseadegamandoonin uanunszeznaNa i uve T UADY

a o

msouazateNguygll 540°C lnade Inseadganinfio

QU

1. USnmezasuvessanautazuuniliBen Nunseonnmagmaandgansunazila

1 4 a ¢ A A Qy 1T A
Mg, Si ﬁZﬁWﬂL%}WQLﬁﬂmﬁiﬂ“K Lﬁ’f)L‘WiJSZEJ%L’J’GN‘U?Nﬂ”l'if]‘]Jagﬁ”IEJ“UENGD'MVIﬂﬁ@UW‘]JQTLﬂﬂ
77



78

o 3 o o { a d '\ o A
aymadsvadnsumnnszneaImeluiiomasng Tagoynamaniunannms
k4
1 aa a aa a J a
unsvoIFaneuszaoudgIMAAnFanouaz a1 iilewaing uaznan13 1N 1ZH
v A o A o I~ o =
1AF9e19199001A WUINLDITLELIIAVRITUABUNITOVALANNIN 4 F3 Ta 11 8 FaTua U
A o <3 o 1 zﬂy a S A d?
BUMATMVNIARNNTLAIDEY TUITIDIIATAFINUAUY
9
2. dnvazuazglinveslagmadnganen Tasszeznaivesiunoumseazaiy
1 1 { @ 1 a Aaa a 1< { 1
dawademsnlasunasdnyazuazjliveanagmadnganey @i uaniizlig
@ 1 A A @ v A A o | @
uaganvazunseUarsuraniaeiieany ualomyIzezIa1910 4 92109 1y 8 FaTua
9
wuIuagmaAnFanoulanyus naNNUINNTY
< 2 2 & 44 &, o q Y=
3. ANUUADIFUNATOY FITZE21IAVEIVUABUMITBUAZAEMNNA U INAII WY

a

1 < A A A 1 < A A A
AANUUUINGINNNTNNITOUAIAINULUIAD 94 Hv Glu‘ums‘nﬁmazmaauazqumwnu

o [ ) ' < A
540 C 1uszozinan 4 G]f'JT‘JJQﬂ']ﬂ'JTJJLL"’lNﬂ@ 83.29 Hv
] Y v 9 9 [
5.4 Lﬁ@ﬁW%uﬂﬂﬁ@Uﬁﬁﬂ??gN'IUGITUGIGUﬂ'ITU‘JJ leﬁumumieuaxmﬂﬁ
a o o <3| ) ] 09; Qy
UNHY 520 C 1az 540 C Wuszezna 4 ae 8 "]f'JIiN uazWmﬁuumuﬂﬁﬂguﬁaﬂmﬂgwyu

A

3’ ] 091’ 1 { o o o <
nageulwihwaziuduaeumstungungil 135C,165C uay 195°C 1Hluszozinal 4, 8, 12
o 4 o tay a o va <
taz 16 ¥1114 LﬁauwumﬁammswwTmm%’ni;anmuazaummqﬂaﬁ@mmmmaz
= k) [ dy
15909 1dmadail
Y
° Tﬂiqﬁ%’Nﬁ;amﬂmaq%umﬁ@uwmwﬂizﬂ@u"lﬂﬁ’amﬂﬁ a — Al wazlagmaan
Aaa [ 3 . PR 3 [ A a dgl
Fanou uaz liauniouourueynInved Mg,Si tivmadnluszavu Tuwasinaiulu
Y
JUADUMTUN
I Q,; ~ 1 z =1
®  ANUUAIVDIFUNATBUNNNANITNUITLHSIAVDITUADUNTUNUNAAIY
< ay A A 4? A [ I ay A ng/l (=]
UAIUDIFTUNAADUNNNY N BUNY TASANUMTIVBITUNAFBUNFHIUTUAD UM TUNTAT
A -4 [ I~ 1 A 09)1 [ % 1% v
muAuegesais lurasudu Tassseznaueatuas UM IUUTANUTURUT AT Le21Ia1UD4
Y [ Y Y
TUADUNITOVALANINA1IAD 1HOFUNATOUFNIUTUADUMTOUAZAT UTZHZIAIUIUAD 8

q

o 1 Aaa ==} L] Lﬂy a o o Y dy a o 1
SRS WU'JTﬁWﬂ“]faﬂ@ua%!lﬂJﬂul%ﬂuﬁ$a189§1u!u®LNﬂ3ﬂ“ﬁﬂWiﬂLu@LﬁJﬂﬁﬂ“ﬁ@giuﬁﬂTﬁg

g A oA [ o A @ { a 24 4
A1IASAYUDILLUVIDUNIYIYIA ﬁ\uﬂﬁulg]}ﬁnﬂﬂléﬂ'lﬂa@nﬁﬂﬁgﬂWEJﬂ’JGlULﬁf]LiJﬁiﬂ%ﬁllaﬂa\i Lﬁ@

Y Y v 1 Y Y
Wrunageumaiudmutuneumsun Kiliinaoynin Mg,Si Minadiuduaounistulsy
a { anl 1 qy A 3 [~
szaznam iy landunnrunaaeundiuduasumsovazatouszezinaliosno 4
o Y] [ < Qy 1 Qy { :JI
#2119 TagdunnanaInNuLIUeIFUNAToU WuNFunaaounlgszeznarluduaaunis
g A o ° Yy A M ' v 2
pUATAedUAD 4 ¥ 1u9 M InapunuszeznaveITuao UL TNy
1 < ay 1 4
®  AANUUINGIGAVDITUNIU GISS-SC NAIUNTZUIUNTNIANNTOULLY T6 ADT

a

{ o < ) ] { ° <3|
ﬁﬂ’]'lgﬂ']ﬁﬂllaza']ﬂﬂ 540°C 1Wuszezan 4 GIf'JIlN llagumﬁqmﬁﬂm 135°C 1Wuszezan 12

QU

2 o

M J < 1 o { 1 {
109 TAINNUUTUNIND 149.90 Hy wazaanzilnainnuuisiigaiefaniigmson



79

a

A ) I o oA ) I o A
aza1of 520°C 1fuszezng 4 21w uaztuiguvgil 195 °C luszezng 4 2 Tug fia
I 1w
ANUUYUNINY 90.70 Hv
v v k4
®  AANUAUMIULITIAIVOIFUNIUTTTNANAIUNTIUFUUDD Conventional Squeezed
3 A ¥ A Y 2 A A
Casting (CSC) NHIUATTUIUMINNANNTOULVY T6 UAIANNAIUNIULTIAIADNAIANY
Y =2 1 @ A 4 A v A 1 @ Qy A
AUMUUTIAUNINY 236.92 MPa uazi)ossuan13sadIiaunIfy 5.90% tazFuaunau
Y
M3¥U3110Y Gas Induced Semi-Solid Squeezed Casting (GISS-SC) TfAIAMUATUNIUIT
= Qy Y J 2 4 A v A 1w B Qy a
ANEIAAVYDITFUNIUNINY 297.07 MPa uazilosiFuan1soadliauniny 9.66% FaFuaui
HIUNTZUIUMINIAMNT ULy T6 MR autiadumuussdsgegatonan1nznsouazale
A a o < M ] A a o IS o
M guugi 540°C iuszezina 8 2 lus waziiy Ngmuai 165°C Wuszezinar 12 2Tug
1 9 = I I 4 A o Qy 1 ] 9
o manuAumuLTIRazlesiFuANsIadIveIFUNATY WU A1ANNAIUMY

2 i1

=2 a A a 1 A d? (A J 2 4 A @ A 42’
u:iqmmawumﬁauaﬂmmaqmwgumiumwmmmmgﬂaimu@miﬂﬂmfﬂzmmu



10.

11.

12.

13.

80

UIFAUNIN

a 4 a J aw A = 1 Aa A
U1 MITUAUT WY 5TuANT “Tassniteseunalulagmsvaseqiiiionla
a : < a a 1 @ a J
UAFAMUDNYOWAN”  MAIFIRINTIIMLewIIAzddg AN IINTIUANAAS
a @ a 4
UNINGFETIVAIUATUNT
WYs 1NANI1 “N15vao lane n1An1skHan” duinunalulad (Ine - Q1ju)
NTUNWUNIUAT 2523.
aa Jd @ a [ a a
703 WETuAa “nsnaeNazaly naznsUivlyanalangIneiveesqiiion
1 . = 1 4 =
HANNGN Al-Si-Cu-Mg alloys LM25” malulagmsviae lave guamalulaslans
HAZTAQUKINIA NTUNNUNIUAT 2542.
4
uiu ousans wag aude onTNN. 2544, wila, FaqIINTIN. McGraw-Hill.
NTUNNUHIUAT.

Y
a o 4 A

auFe wadgnotand uag neviny viaeneadi, 2548, Taquazimnssuiagiiugu,
njamwa: ol 1w 79-94,

Akhter R., Ivanchev L., and Burger, H.P., “Effect of Pre/Post T6 Heat Treatment on the
Mechanical Properties of Laser Welded SSM Cast A356 Aluminum Alloy”, Materials
Science and Engineering A 447 , pp. 192-196, 2007.

Andersen, S.J., Zandbergen, H.W. Jansen, J., Tr holt, C., Tundal, U. and Reiso, O., 1998,
“Quantification of the Mg,Si /3 "and p " Phase in AlMgSi Alloys by transmission
Electron Microscopy” ,Acta Mater., Vol 46, pp. 3283-3287.

Bruner, R.W., 1997, Metallurgy of Die Casting Alloys, SDCE, Detroit, MI, pp 25-26.
Calvo, F.A., Criado, A.J., Gomez de Salazar, J.M. and Molleda, F., 1985, “Influencia de
Los Tratamientos termicos De Esferoidizacion Sobre La Durezs De Las Aleaciones del
Sistema Al-Si”, Rev. Metal. Madrid, pp.312-316.

Cerri E., et.al., Effects of Thermal Treatments on Microstructure and Mechanical
Properties in a Thixocast 319 Aluminum Alloy”, Materials Science and Engineering A
284, pp. 254-260, 2000.

Chamberlain B., Wayanabe, S. and Zabek, V.J., 1977, “A natural Aluminum Alloy
Designed for Permanent Mold Use ”, AFS Trans., Vol.85, pp.133-142.

Closset, B., Drew, R.A.L. and Gruzleski, J.E., 1986, “Eutectic Silicon Shape Control by
Situ Measurement Of Resistivity”, AFS Trans., Vol. 94, pp. 9-16.

Davis, J.R. ed., 1996, Aluminum and Aluminum Alloys Asm Specialty handbook, ASM



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

81

International, pp.290-555.
Druschitz A.P., et. al, “Mechanical Properties of High Performance Aluminum

astings”, SAE 2001 World Congress, Detroit, Michigan, 2001.

Dutta, I. and Allen, S.M., 1991, “A Calorimetric Study of Precipitation in Commercial
Aluminum Alloy 60617, J. Mater. Sci. Let., Vol.10, pp.323-326.

Edwards, G.A., Dunlop, G.L. and Couper, M.J.,1994, “Fine scale Precipitation in Alloys
60617,1994 Proceeding of the 4" International Conference of Aluminum Alloys ICAAA4,
Sanders, T.H. and Starke, E.A.., editor, Georgia Institute of Technology, Atlanta, GA,
Vol.1, pp.260.

Edwards, G.A., Stiller, K., Dunlop, G.L. and Couper, M.J., 1998, “The precipitation
Sequence in Al-Mg-Si Alloys”, Acta Mater., Vol.46, pp.3893-3904.

Gruzleski, J.E. and Benard, J.E., 1990, The Treatment of Liquid Aluminum-Silicon
Alloys, American Foundrymen’s Society, USA, pp.1-142.

Gupta, A.K. and Lloyd, D.J., 1992, “The Precipitation in a Superpurity Al-Mg-Si Alloy”,
ICAA3, pp.21-25.

Jacobs, M.H., 1972, “The Structure of the Metastable Precipitate formed During Aging
of a Al-Mg-Si Alloy”, Phil. Mag., Vol.26, pp.1-13.

Jorstad J.L., Pan Q.Y. and Apelian D., “Solidification Microstructure affecting Ductility
in Semi-Solid-Cast Products”, Materials Science and Engineering A 413-414, pp. 186-
191, 2005.

Lynch, J.P., Brown, L.M. and Jacobs, M.H., 1982, “Microanalysis of Age hardening
Precipitates in Aluminum Alloys”, Acta Metallurgica, Vol.30, pp.1389-1395.

Matsuda K., Gamada H., Fujii K., Uetani Y., Sato T., Kamio A. and IkenoS., 1998,
“High Resolution Electron Microscopy on the Structure of Guinier Preston Zones in an
Al-1.6 Mass Pct Mg,Si Alloy”, Metall. Mater. Trans A, Vol.29, pp.1161-1168.

Meyers, C.W., 1985, “Solution Heat Treatment Effects on Ultimate Tensile Strength and
Uniform Elongation in A357 Aluminum Alloys”, AFS Trans., Vol. 93, pp.511-518.
Mohanty, P.S. and Gruzleski, J.E., 1995, “Mechanism of Grain Refinement in

Aluminum”, Acta Mater., Vol. 43, No.5, pp.2001-2012.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

82

Murayama, M., Hono, K., Saga, M. and Kikuchi, M.,1998, “Atom Probe Studies on the
Early Stages of Precipitation in AI-Mg-Si Alloys”, Mater. Sci. Eng., A, Vol. 250, pp.127-
132.

Murayama, M. and Hono, K.,1999, “Pre-precipitate Clusters and Precipitation Processes
in Al-Mg-Si Alloys”, Acta Mater., Vol.47, pp.1537-1545.

Naoi, T., Matsuda, K., Sato, T., Kamio, A. and Ikeno, S., 1998, The crystal structure of
p "-Phase in Al-1.0 mass% Mg,Si-0.4 mass%Si Alloys, Proceeding of the 6"
International Conference on Aluminum Alloys ICAAG6, edited by T.Sato and S.kumai,
(Toyohashi: The Japan Institute of Light Metals),2, p. 849-854.

Ou, B.L. and Shen, C.H., 2005, “Impact of Pre-aging on the tensile and bending
properties of AA6061”,Scandinavian J. Metallurgy, Vol.34, pp.318-325.

Pashley D.W., Rhodes J.W. and Sendorek A., 1966, “Delayed Ageing in Aluminum-
Magnesium-Silicon Alloys: Effect on Structure and Mechanical Properties”, J.inst.
Metals, Vol. 94, pp. 41-49.

Porter, D.A. and Easterling, K.E., 1991, Phase Transformations in Metals and Alloys,
Great Britain, UK, pp. 186-237.

Sagalowicz L., Hug G., Bechet D., Saintfort P. and Lapasst G., 1994, “A Study of the
Structure Precipitation in the AI-Mg-Si-Cu System”, ICAA, pp. 644-651.

Shchegoleva, T., 1968, “Ageing Mechanism of the Alloy Al-Mg-Si”, The physics of
metals and Metallography, Vol. 25, pp. 56-64.

Shivkumar, S., Ricci Jr, S., Steenhoff, B., Apelian, D. and Sgiworth, G., 1989, “An
Experimental Studt to Optimize the Heat Treatment of A356 Alloy”, AFS Trans., Vol.
97, pp. 791-810.

Thomas, G., 1961, “The Ageing Characteristics of Aluminum Alloya-Electron
Transmission Studies of Al-Mg-Si Alloys”, Journal of the Institute of Metals, Vol. 90,
pp- 57-63.

Tsukuda, M., Koike, S. and Harada M., 1978 “The Heat Treatment of Al-7%Si-0.3%Mg
Alloys”, J. of Japan Inst. Of Light Metals, pp. §-14.

Verhoeven, J.D., 1975, Fundamentals of Physical Metallurgy, John Wiley & Sons,
Canada, pp. 190-195.

Wahi, R.P. and von Heimendahl, M., 1974, “Hardening Precipitation in AIMgSi Alloys”,

Phys. Status Solidi (a), Vol. 24, pp. 607-612.



39.

40.

41.

42.

83

Yu Y.B,, et.al., “Possibility of Improving Tensile Strength of Semi-Solid Processed A356
Alloy by a Post Heat Treatment at an Extremely High Temperature”, Scripta Materialia,
40, no.7, pp. 767-771, 1999.

Zhang, D.L., Zheng, L.H. and StJohn, D.H., 2002, “Effect of Short Solution Treatment
Time on Microstructure and Mechanical Properties of Modified Al-7wt.%Si-0.3wt.%Mg
Alloys”, J. Light Metals 2, pp.27-36.

Zhu, P.Y., Liu, Q.Y. and Hou, T.X., 1985, “Spheroidization of eutectic silicon in Al-Si
alloys”, AFS Trans., Vol. 93, pp.609-614.

Zoqui E.J. “Morphological analysis of SSM Al-4.5 wt%Cu measured by the rheocast
quality index” Journal of Materials Processing Technology., Vol. 143-144, 20 December

2003, pp. 195-201.



MANKHIN 1

HaHmennsIumslszginms

84



85

Acral of Mikels. Muateriads did Miverade. Vol 08 o 2 oy P36 008

Influence of Heat Treatment Processing Farameters on the Hardness and
the Microstrueture of Semi-Sold Aluminum Alloy AYSH

KUNTONGKUM', Sirikul WISUTMETHANGOON,
Thawatchal PLOOKPHOL' snd Jessada WANNASIY'

! Dvenienmgnr of Mintmg and Maserials Engineering, Faculiy of Enpineering
i of Sanglle Udvessity, Har ¥al, Saupihle 90T
* Deprtmend of Mechamival Engiueering, Feculer of Engineering,
Frimee of Sangplie Caiversiy, far Fai, Songthi 90707,

Alsract Recovved Mere 11, 30004

Acerrml Feh (0, 200W

Ihe objective of this rescarch s o sy the fliesee of Beat Belml  prmessirs on the
michamoal properfics. ond the micmstrariure of semi-solsd slemdieum alloy  A35E The e specimen
wint  heal mmind by wvmg T heal ireaimens poocesses

T trearmerd gnndiion wis o follows: sobdbediving ol 530amd S0 C o & br, hefore guenchey
ol AEIRE FAAC, 160 md 1950 for 43,12 and 16 hr

Michanical properties of semi-selil alumingm. sfle A were moestigaied by hadness

tegle aml y uaing 084,

The penieis in preqacataon walkal G lindeal Seni-Solid (G155} ublives the combiranom of local

rapid heat extracion and

agiimion schizved By the imjection of Bee g Wbl thneugh o praphite diffuser

tor creato semi-nolid shary. In the U185 pmcess, the die caaing maching and the pces cycle remam link!
chanpal freem thinse of comvestional dic casting. The G155 unil oanes g fow sobid Tracton of sems-solid
sy in Hic Tl during e ladle transfer o thee shod deeve. The some-solid sburry s thes poered dieectly

s (e sh gl
Ky s | Sem bkl A 10, Heal ireatmeni
Tntruductiog

Alummme=-silicon glby = known for il
gl casahilitg meidl poesd cotrosanh resisipmce, o
e By sefics, ARSS {AL-TWSI0L1%NME) has
very good propenics for cast aluminem wul wis
used W peofuce many imponare pens - which
revjuire high sinenpih, elosgation md fight weghl
The auinmotae mabusiries  inerease e s oof
il alley Becowss of the greles démand fir
Eghrwesghu smd high srengh mateniok ressiimg
= medection of fecl coesampiion. Magnesss
nkdistiom miakies this alloy het eainbie and herce
mproies ily meckamicsd properties by formmg
Mg:Si phage Thirmg Bl eatmaml prosis,
wolunon ireument makss lepe M5 pasticle
m the olumivem slloy dissolved ssd diffuse
throughout the mutn us <olid solmtion. Upos rpad
queniiing the solstion-inzaied semple, megnisam

slane i the meiir @ the supersaiuraiod salid
snlimion sl ready w prezipitale ool durmg aging
e, These imemeallio pEeCipilaes snhaee
ithe meckanical praperties by precipdnson hardaning
Thercfore; the: mechanical propemics of these
alfios, e sipeaficanily infsarced hy the present of
ez B Wp-Sip phoear sl distribuiion of emeotic 5.
T peedipilation spguesess e diown hlow

P rols) e Do) e 1 g0 )

b (s |nduced  Semi-Sohd  GESR)
procesi applics B krow lnlge thal the semi-salil
sechwe fm be iy fubmed by e
combinaon of local mpad hest extmeton and
agitation" ' In the G154 process, the boeal npid
hest exitagion ocours ot the murfaces of e pomus
praglere dilficgr when 8 & submenged = liguid
alininm. A1 The same lime, vigeme agitation iy

E-Mail | nok 8326 hotsrmil gonty
Bl 2 slrihab e poe o, h



KUNTONGELM, 8 o1 ol

mdiced ar e chall surfaces by e Pow of wry
fine men gas bubbles ot of the poroes: graghile,
Figare | shows the schematic of the GERS progess,

Figmers 1. Scherreie ol theé Cras |indeeed Seani-Solbl ({1055
TOEER

Iw the GIS5 de omeing procees, the die
cialing sxuipment il the prosess eycle reman
limle changed froiw hose of conventionsd die
custing. The only added siep ocours during the
Indbe mransfer when a graphite diffuser is immenssd
for phoui 10 seeonds Iy crede Seii-aodid S0y
with 1 few salid fragtion of sbioul 8025 The semi-
eapilal slurry ie the paaned imto e shion sleave for g
die céstng mpection o prodoce o semi-sold
casiing pari. Figure 2 shows the schematic af the
il55 di casting prvcess.

Fligire T Schemtic of dig G155 dip casmap pross

Furmiy [ e sensd-salil sieoe mey ke
alimeciive i this regand 2s i bl with the porosity
and segepmon probloms. nevible in oomventional
ceating and prvades 3 seend, glotular nerEin
with rebativrh gher Poimbacss and duetiliny values ™

Heet iremmerm can be nse far improsing
ihe mechanicnl propertics of SSM. Thow: windas
identficd the folkewing previpiatson sequemny: (il
alerminuin rpersaluratiad salil soliition, {d} cluste
ol & and Mg awms, 100 dissoluzion ol h{gulunu
wand Ternation of Mgsi co-cluser (GPeome), ()
I o preaipiianes, (i) B (Mg25i) stable plajes"

11 baw toem sugpestad thid the weiease i dength
o Ak-Mg-5e allay dhanng the early sage of agmg s
dup W dhe sonedse inocnergy reqered for the
dishocations 1o breg the MiSi banid ns shey. piss
tBrough GPpme precipriaies. As Se aging hmae
weases, UF mong el & lrger I provipitens,
uind the alloy becnmes soronger dil hasder hin les
ductile. If dgning: bs, comtmued o tat the miemedisied
precipiiaes  poalesce ond ooarsen 80 form 0
equilibrem phase. the allny beromes evemged and
weaker than in ihe peak spml condion. A mesinum
arenglh dpesk gl cmditeon ) s cvenrailly neached if
e ging teperane s sulfickemly high, and s
weailly wsocimed with ihe forsadion of an
micrmedisted meimtahle preceeaic.

Materials wnd Experimentol Procedures

Methmatgy

T rrvitirind s e this: sy was sorms-
solid shsminum lley AJSH produced by now
ricocziimg (NRC) I nomind composiion s
show m Table 1.

TablEl Toammd compositinn of the A530 nday

EEIE IR E AR
bl | TR | 14 i Hi i i | 30

s k] 5 Sa % "

Th was ivadd as 1he Bear Helment frogds:
wiih the soluteon remial empemaine s ime of
520 and 3WPC mnid 8 bours, respectively. Aller
quenchmy the specimens woro. aged al 13570,
LOSA and 1950 The scnesinisiure of B ns-
cail Moo tead ppsiimen Wais examingd g
the  epicel  mecmengly,  The lanliss  wes
measured from three spacimeen for coch conditinn,
and Tromn mime (ifferent points & cach speciman by
uring Vickers micro-hardeiess dest. The st hasl
Bead] s il i | TH) s




87

95

Influence af Hear Treatment Processing Parameters on the Hardess and
the Microstructure of Semi-Solid Aluminm Allay A356

Figure 3. A typical dendritic liquid-cast strocture (3a),
compared to a sermsohd-cast structure of
Ad56 alloy (3h)

Figure 3a. Shows the dendritic structure of
conventional cast A356 while Figure 3b illustrates
the globular structure of SSM cast A336. Both
siructures consist of primary phase «-Al and eutectic
mixture of Al and i along the grain boundaries,

Results and Discussion

Figures 4 and 5. Show the microstructure
of semi-solid A356 after solution-treated at 520°C
and $40°C for 4 hrs, The structure consists of z-Al
and Mg:Si phases in which Mg:5i phase along the
gram houndary becomes discontinoous and round
in shape suggesting that solution treatment dissolve
Mg:51 phascs into the Al-matrix. However, there is
not much difference in the microstructure betiveen
the two samples with different solution treated
temperafures,

Figure 4. Optical micrograph of semi-salid A356 alloy
solution-treated at 520°C or 4 hours,

Flgure 5. Optical micrograph of semi-solid A356 alloy
solution-reated at S40°C for 4 hours

After quenching, the solute atoms in the
matrix are in the supersaturated condition and tend
to precipitate ot during aging. It can be observed
from Figures 6 and 7 that as the aging time increases,
but less than 12 hours, the numbers of Mg:Si phase
increase, Moreover, the numbers of Mg,Si phase is
highest at the aging temperature of 135°C.

o O

Figure 6. % Mg28i of semi-solid A356 alloy solution-
treated a1 S20°C for 4 hours and aged af
135, 165 and 195°C for 48,12 and 16 hours.

Figure 7.% Mgal5i of semi-solid A3%6 alloy solution-
treated at 540°C for 4 hours and aged m 135,
163 and 195°C for 4.8,12 and 16 heurs.
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Figure 11, Optical microstructure of semi-solid A356
alloy solution-treated at S40°C for 4 hours
and aged at 165°C at 12 hours.

Figure 12.Optical microstructure of semi-solid A356
alloy solution-treated at 540°C for 4 hours
and aged at 195°C at 12 hours.

Conclusions

1. As the aging tempesature increase the
optimum aging time is shorter and the maximum
value of hardness decrease.

2. The shorter aging time at higher aging
temperature is due to the higher diffusion rate of
the solute atoms.

J.As the aging temperature decrease to
propet temperature, the numbers of Mg25i phase
incresse.
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