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Solution Heat Treatment #Rengii 540°C w1 9 %’J'Imuamin?:umﬁaum‘luﬁmmwgﬁ 15°C
HaziNIg Aging ﬁqmﬂgﬁ 120°C , 140°C , 160°C uaz 180°C nazluszuziini 2, 4,6, 8
WU AR TUN I SRIAAEIgANAZA TIUNT Y B gﬂﬂi}ﬂ;ﬁnﬁuﬂ1nqmwgﬁﬁqaﬁu Tuvme
fiamumumudens inrzimInuazanutezinianng

Akhter wazamz [5] I4AnMIBNENAYDINTZUIUMINIA TN T6 Nilnano
autiananauaz Tassadgamavosngiiilonnasnuunwaands Rheocasting M6y A356 i
fumruaumsifon Tavevazmed 540°C dhunat 6 $11ue uazagn‘lu% dowihhiui 160°C
wm 6 42 Tue mamsAnsmuidagmndnn/Geugdsnemdvgailundue uag gl linivey
Tihuoymia si Angilssndionsenay Tuvmeziinnudwazanundaues u FARTINALINAY
62 Hv unz 150 MPa Uil 125 Hy naz 310 MPa Taodady Wil % Elongation ypeFuOUABIAL
niwhunszunsnndeiinuiouulanioonn fe swe@y 12% Tahih 10%

WwAeIiy Yo uazeme 381 7 lARnwmsiliulzaauiansA s siues

. L d T
oaiiiouvasnuUAowdy A356 Tamidusldenigungil 577°C dunat 8 wii uazgulu

x
o

ivdremi lldunszurumsnunmdeu T6 salsznoudienisevasmoh 525°C Wai s

%2113 nazgutuh ninfushlduisf 170°C dhuna 7 43 Tua Fuaundunsz UMM aIna T
ar 1 P=1 Q' S =y \ o

Foudananilinnund s o gaasINANTUIINGY 150 MPa 3u 320 MPa ed1elsNatu %

Elongation Y0¥ UNUHAIILNs sumInaneietdinisalasuntasanninn 25% 15 7.5%
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UBNPINAZZLAUMINIANNFOU T6 1A 11UIF6¥01 Druschitz [13] tazauide
494 Jorstad [20] Idiinszuaumsnuanuieu Ts ;¥ lunsilSvauidnnavesegiifivuvde
& awnause A356 Druschitz WMHMNTZILMS T5 Taovuit 167°C iuna 11 2 Tusduvzdi To
Aoviimseuazae 8 92 1uad 500°C smwu“lm‘fw sowrihitiu 11 F2Tusft 166°C d2u Jorstad
Lildnd e wazBuaveanszuiunsnisanuioundenala nHams oY
AL o Qﬂﬂﬂnmmf’?’mmﬁ;humsmums T6 qqmlﬁ:uuuﬁrimnsxmumsmamm
Zou T5 otne 1A NANIANE % Elongation Veanaginanmanaeiu sm3fousn Idinaued)
% Elongation VDI T6 (12%) 72031 TS (7%) UAIUIToNTInAUNL N % Elongation 183
%wuamﬁphu T6 (12%) BATIMANANTD T5(10%) Aaudrrioy

nnMIAnET Iagsa319gan1nyed Druschitz wuhadaneulufuamdism 1s b
finsnszniedietiniituazglinedshidhunsanay snnduaufi Te Sedaraliduail
A1 TS 151200031 NISANEIY Jorstad WI1 Mg, Si TS uauifAsEIIUMS TS voq
ogiilvumdonuuieveaudiizlsaflunsanay Tuvaizi MgSi Tudunuifmunssuaums Ts
vesogiiivunasuyusssuaiizathady $edana iR nda i swazaay
o ﬂ’;1mmnwhwamu%%af?&ﬁaaf’:mmi‘!uwauﬁrmﬂmmmnﬁwmmqmﬂgﬁlsas;aﬁwﬁ
amismhamodld

MsFnwIBNEwarBINTEIIMSMIANIEEU T AlHaroegiiioimunavdy
M Zoqui EJ. [41] nazaaz IEANNINTZUUAI5N1NAMTOU T6 183 Al-4.5wt.%Cu WUTIMT81
azaivegiiifioynaon1 Rheocasting FoslFpunaiiiigeniimsouazawogiifioundony
53TUA xﬁmmnMagmnﬁnn%‘nmwmnsummé’uamwdmm‘u Rheocast Huuinnoudaing
sovasmuim s nouaisanuasalunsdumsau Taveuns uvasimi
aszuaumsmannden1ds uenarniinszuiumsmemmueuih IimiAmanavesiua i
ndews 2 nuuRiu Ladﬁﬂﬁ’sunmﬁmmﬁnﬁﬁmiﬁ’wuatsaﬁsmaa§uq1uwﬁmmu Rheocasting 92
ganﬁ%ymmwdmmuﬁsum

Cerri maznme [9] 1AdAnInszuumsnuawion T5 uas T6 wmamuawﬁa
1Y Thixocasting #1359 319 Tﬂﬂamﬂnnwhuwmmﬂmﬂs VUM A 170,200 uay 220°C A
Pa amsisuned T Wuanudusedalduinad s udarmiionveagus i
nszaumanageny liuanssuinmin uaz Iauusiings 16 s lunsUfuaniannaves

Yy ) g 3 !
“lsmmmm%mﬂi THURIAWATAUUNI To
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2.13.4 Sriumadasaveddansnanogliiten-Sansundoinia A356
Tuil e 1960 18EiAnyMRLIRUAGUYRIMTAsumaluTanznauogiiiloy
ganowdiudunn (6, 14-16, 18-19, 21-22, 25-26, 28-29, 32, 34, 37]  ABUIThomas 1A% Pashley
34,291 dludfununalaaumravesoynmin wigima ludlonminglaons1¥ndesganssmis
[~ S o ot B a X a
|AATBUIUNT WA dU (TEM) Tasliddumsiltouadse 11

Supersatured Solid Solution {a, )—> GPZone 3o " — £ —> f (Mg,Si Stable Phase)

AK. Gupta 1tazAmiz [18], M. Murayama nazamiz [25] 1éfumuduasuusnues
mafasyain WiFRme wisesmilu 2 dnvuzie ﬁﬂtjmzmnﬂmmunﬁ;%mﬁﬂ%’fuim:ﬂiw
%uﬂ‘im Quenching %6&“%1”1?1?1@1] AFO.65wtaMg-0.72%wtSi. Lay  Dutia uazamy [14] WUN
1899 1n9UABY Quenching 'wa:Lﬁﬂnzjmm%‘ﬁnaui'i’uatiwﬁ';m%";mtﬂuizumm 1 WINNAIN
dumou Aging Wgungil 200°C uaz Sagalowicz nazamz [31] mrh3umeaeuiudaney
nawe i aunsnezanuvssadaneusudsusquunilidoy Mldiiamsdoumiu
ounIn Mg,Si TEMaRGINT1 GP zone 81051 Tas GP Zone MiAATUMAIT A s IRATY Y
WinuanTandy nie veumsudsiidnyazmanmiumm Heterogeneous Nucleation [19,29] 9
o GP Zone ﬁgﬁﬂﬂfu?xm‘j%ﬂﬁmﬁmm'ammaﬁmcﬁﬁnauua:uunﬁv‘i‘mﬂuﬁﬁma (100)  nay
BdasIEIundumaaliveIvsaeunyniiFousuganeuming 11 (221 vazlidnuazuii
iaa@iaixw'51amgnmﬁzﬁﬂfuﬁmﬁmm‘%ﬂ%@ﬂmmu Semi-Coherent 3UIANA1AY GP Zone v04
Tanznausgiiilonriiatu ¢ Wu AlLCy Fulidnuuzuinusosdediumuy Coherent daunam
TWoynwmvla GP Zone ﬁlﬁﬂ‘ﬁﬂﬂﬁlﬂﬁlﬂulﬂmﬁulﬂﬁ )iy ﬁqmwgﬁqa%’uﬁa 260°C [34] iorfu
szuznam%qmﬂgﬁmm%uﬂau Aging Nndy Mldiianissiunguuesra GP Zone iliiAe
miLﬁﬁﬂuxzﬂmgﬂ‘s'mﬁ%’u%’eufummfluu.w"uu1wumﬁmﬂéﬂm‘ﬂmmmnﬁﬁqﬁﬂﬂi? needle-
like Shape [22] TavfismmsianTavoara GP Zone unzida B7 awiimia (100) miloufiu
uasla 7 MAetuldnsidunmmaniives Saneu : aglidion : nunitiFoy MY 6:3:1
271 unzlnomsthama 47 Fussiifetumnusumsifiaa GP Zone 1iladins 1zisunanoy
&16in509 Differential Scanning Calorimetry TuTonznavoglittiounsa 6061 nuhludunouves
minfavumann GP Zone A" hidamsazaeveara GP Zone ponuT [28]

Tuvnzuinindsos mmmnndesmsnuvinauas fignveans A il
§1uaunin Tae Shehegolevac uazams [32] Aunujisuazdnuuzysura S uavdrdums

asmdanin g7 iy g drumaiin Xray Famunlassadisveauda g dhawy

monoclinic 1l lattice parameter A8 a=b=0.616 nm., c=0.71 nm uazyy S=82 nazlnsendn g
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ilnseainlndifesdn 3 stable Taofilnssadradlu Tetragonal U Ilattice parameter A0 a=0.642
2 = o
mn 18y ¢=0.646 nm mimm?’wugﬂﬁuaunaiﬂa Wahi i@z Von Heimendahl [37] Tuil 1974

= 1 1 =1 = o e
foemadin TEM usetislsaamlaiimswomimsied Iassadewinvoada B” At ndos

¥
~

yanssmnidianasonuuuns waliadu (TEM) naz ms@oavuifond (XRD) agyladedl

15199 2.3 dnvuz Insadandnvoura g

ﬁﬂ%ﬁ'ﬂ 5ﬂum:‘lmm§'ww§ﬂ Lattice Parameter

Lynch[21] Monochnic A=0.30 nm, c=0.33 nm, b=0.40 nm., F=71"

Edwards[16] Based centered monoclinic | A=1.534 nm, ¢c=0.689 nm, b=0.405 nm., 3=106"

Murayamal[26] | Monoclinic A=0.714 nm, ¢=0.658 nm, b=0.405 nm., =75
Naoi|27] | Monochnic B2/m A=0.77 nm, ¢=0.67 nm, b=0.40 nm., =75
Andersen[6] Monochnic C2/m A=1.51 nm, ¢=0.674 nm, b=0.405 nm., 3=105.3"

Andersen lazamz [4] Wi Aedveaa 47 azll .orientation Fanoluil
[001], /[310],.[100], //[230], uaz fo10], #[0o01],

iﬁmﬁuixﬂzmam?aqmwgﬁmmﬂgjumu Aging D¥RDUYDIBIATANDUNAS
wnfiSoumRamsinsesnvindiowasng s ldiRemsiy Taveara A wlaomiula g ez
ﬁﬂmﬂ?iﬂuuﬂmgﬁ‘iwmn Needie-like 11131 rods-shaped Fadaiifiamiants Taveara " milous
Aeinn1a (100) uwazlull p.d. 1972 Jacoba [17] wududa g flassadawanidunuy
Hexagonal ﬁfj lattice parameter] i 2=0.705 nm 1Az c=0.405 nm. uBzUMsANMINAMIUNE Fisg
fumislfmatin X-ray Micro Diffraction Pattern 1182 HREM Image ifSouondunuiua g o
orientation iniloufiufiotufiama (100), /(100), uaz [oot], /[oot], Ma B (Stable)

iioeyma MgSi ﬁnﬁﬂﬁfi’uﬁwmimﬁu itiifamalGoudann g7
wa g’ TﬂﬂﬁmsLﬂ%‘ﬂuuﬂm;ﬂénmﬂ Rod-Shaped taauily Platclets nazdanaiiiamaves
msAy Invesoymnlunani (100) uaxﬁ'ﬂymu?nmmﬂdmxﬂh%ﬁﬂ!ﬂﬂ?ﬂ%ﬂﬁzﬂgﬂ?ﬂ
Mg,Si (e ) iy Incoherent wazdnvazvesinssadreniinusara g dhuwy Foe &
filnssadewdmilunuy CaF, U lattice  parameter ﬁq:l-; a=0.639 nm. 3 Orientation A9
(001), //(100), wax [110], #7f100],



46

UNN 3

o = =
MIAUHHITIHIDY

.csy ' =f w Jaq 9 - & N g = d
Tupniinandsioquazginssinldluaide miesdenldlumsinsizd uag
s 0 A P | & a2 B ' 2
Fnsautiunuide FulszneudisiuaouniseisuFunadon JuasunIsUy uazduABUNS
MIBUFUNUNATOWNDIATIEH IATaaT 199amIn LaznaaduauTANnanlszaoudls 113

Wﬂﬁ‘ﬂ‘ljﬂ’ﬂml%\i‘lmz MINATDULLT ﬁﬁx‘i

1 = o aa .
3.1 ﬂ‘l‘iﬂugiﬁﬁﬂzﬂﬁ‘ﬂﬂ%lwﬂﬂﬂﬁﬁ Squeeze casting N7 A356
- ™ A oy aw A ' v o - P
mamenlFiaasuanlunuiislinadominaasalasass aniulumsdenleou
a o @ & o o = P
NBATIINNTZUIUMIHAAIREINY Fadewam IdlidrunagunmaninazTassadisganian
- @ o w-:'z Y ow a A A =1 ar aw s A o 9/
mitounu mlviiula Idhdualsvesriaduneas uaumiounulunnuau Jagmimn1slums
neavailuiagogiiiounay nsa A356 Falldumaumaniamsan 3.1 Fiunmsvaotuziuuy
4 =) . 4 = o VoA =
NavanIdumniin GISS (Gas induced semi-solid) Funaiin GISS sziimsnasigumngilszum
o A ~ = ° Y o A v ' o o 7 A 9 =
700° C tilogaingiianaina 650° C vz lFunmBeonud s Idangu (uiao1snon) e Ivina
ms TvaruveniilanziAansuanalavealasaadruaulasa 13umar 20 i vimiuing
Tanzegidionlimaslu Mold udada (Squeeze) Aagalin 3.1 Nanwdulirioonn 2,000 psi 1913
& o 9 a ' et a ¥ P
wlanzutedr Iddhudvaunndunauiianumumlsznm 1-1.5 @wudues @udiguinai

20 IuAIAT AU 3.2

(n) ()

51l 3.1 (M) — (V) namadlsznouUUIAza1IYBY Mold NFlumsdaruglFuau
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517 3.2 ‘ummnaam%mﬂmwuiﬂiawnwaanwﬂﬂmﬁ Squeeze cast 1158 A356

M3199 3.1 druwaumuniivesTanznauoglifiou-Fanounaonsa A356 1 1Flunmsnaass

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 FUADUNANRIMTUNTUNATDD

£ b by Ed
3.2.1 TUADUNITNAABIUULUY T6 ¥DIFUNATDY Hiuasuaae llil

¥ v v
m Funuldluenum taziuguugilnnguugitelsunsziguugiveunnnifu

a

o 9

Qﬂlﬂﬂﬂ“ﬂﬂ@ﬂﬁlmﬂi}ﬁﬁnﬂﬂl

sruzat 4 taz 8 91 e

AUNNANABINS 520C uaz 540C elumal 1.05 uaz 1.07 2 lusmuddy weld

¥ ¥
1 sIsunagenluiuaoy Solution Treatment 1311

¥) WOMMIIHIFUNATOUMNI ZO2IAIA 1A INTUADUNIINAADIY HazguFunadaual i

v 4 ¥ ¥ H
f) ieruduaeulu 4u n) uez v) ud2 ihdunacen liiuiigungii 135°C,165°C nag 195°C

fuszozna 4,8, 12 uaz 16 $11ua Mwdwy

Taoumugiimsauiununana13lugin 3.3

3.2.2 FUADUMTNAADIVUUL TS YBIFUNATD HTuADUA IR )il
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» 1
hFunareumondmsuas liufgangl 135C,165°C taz 195°C Wuszeznal 4, 8, 12 uag 16

¥ 1ue AWy

Solution Treatment Temperature ' C) Time (hrs)
520 4
540 8
A A
Quenching with water
Artificial Aging Temperature (C) Time (hrs)
h
4
Quenching with water 135
8
165
12
] 195
i6

] ¥ ¥
3191 3.3 fusounmivgumumedaudonszuumsn A aunua T

3.3 manssaevinssadugamnlasl¥adesgansminuulduas
sﬁzuﬂﬂuiumsm?au‘ﬁumﬁﬂuﬁm%nﬂﬂﬂmawaniﬂﬁaﬂ%’mgamﬂ it

1) wda%ummanﬁvhmwﬂu“luﬁnnmhm aossulavlEsnsidunauresd s Fuas s

UfAsmfisas i 10:1 soeunseRusFundein

2) faFumaroURIBNsEMENT0NI0S 180, 360, 600, 800 HAz 1200 AL

3) ﬂ1§u&m’hlv'nmmz*r:amﬁ’amﬂ“?mﬁm’nuﬁ:mﬂim‘l%’ﬂﬁuﬁmsﬂmﬁmi‘lunm 5 UM

4) %ﬂ??umﬂﬁané’w%ﬁ’nwmﬂﬁﬁm@gﬁuwmﬁaumﬂ 5,1 waz 03 luasou awddu uda

%’;mm"lﬂﬁm:nnﬁzmﬂﬁfsmﬂ?mmmmﬁ:mﬂiﬂﬂ"l%’ﬂ?;ué”nmﬂmﬁmi‘lunm s U

5) hsunaasmniafImiIFIsas asain (Keller's reagent) AVAIUNTUM 1Al
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nsalelasigoesn Aududiu 48% 2 ml.

nialalaTnasin (udu) 3 ml

n3aluasn 5 miuazi 190 ml
Fuszozna 5-10 Sundt Sradaoi ez s

L d
6) mwunminTaaiaganinvesrunaaeudIondesgansseninulfuas (Optical Microscope)

]
~ o

510 3.4 uaasdnuazzUs vesuaumh linsassvaeuTasaadagama

da o -1
3.4 mansteaeulnssaiiegamnladl¥ndoaganssmidianaseMIUUABINIM (TEM)
2 = c? A o ¥ B ) Ao 4
Fupsumsws suFunuieithlaseaeuTassaduganinlasld TEM Bl
1) WiFunAeuvIIA 15 x 15 x 130 Haawas Taddldihunamssnszuenvnaidusguinan
A 3 Tadag
° ' a ' o ¥ A [ 2 o . Y
2) Wwnansensruendana ldadrunTeaAnnm3 981 (Low speed diamond saw) 1¥idu
priudaAhivinaduiigudnals 30 Jaawas nagnumlszuna 150 luaseu
3) turuArdnde 2) llimsiadionszaimmsisues 1200 sunseianaTadIoRIBELUT S
Tunsou wnsziannumnveanruaaamiolszunm 40-80 luaseu
o 1 a o 9 [ as Y A = o a d a A . R
4) MduAaap1991nde 3) lildunisdandinniomimindan 1as TNGYFHa (Twin-jet
electropolisihing) Tnel¥asazaoniidiunauvesnsaluain 20% uaziumuoa 80% niigumiil
-15°C to0 -30°C nszualdimidy 150-250 mA luvazhdasinis Ina (Flow rate) nazanu’ls
(Sensitivity) voun3oagmlsu i 4.4-5.5 nay 3-5
5 FunusInde 4) libhanuazeedsemuea tazsiindumuddy
6) el ludaannusuedinies 1 Ju newihduauliinuidiondesganssmi

AFAATOUNVU ADIHI
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6) ndpsganismisanasounvydesiiu (TEM) nldthunSeagu JEOL JEM-2010 dFuldaui

ANUANANG 1A 200 kV.

o A & o
3.5 MIATLUTHIMNDNINATDUANNNTS
° = P 3 Y a o A& ar =1 3 Yot w
hFuunduTuasumsta 13annuuts Falumisiaanuniniuy 193590
I~ ] 4 . ]
AU luMUIY Vickers A201ATDINAADVLUL Micro Hardness Vickers Test JU HWDM-3 Type A
¥ ¥ ]
naz ldfmumimminnauesiinanail (Load Fixed) 1391 100 n5u nadluaat 10 i wazymim
: 1 -:? 1 g o v =1 ::‘ o
anuuiwosruauluudazanmizgaz 3 ¥u uaazFuIzMINsImANuTveruu Iaomsia

' o v Qy ° " =
ATATIULYY 9 9AAD | amamuﬁ’ammmmmmau

3.6 MIAIBUTHIHINDNINATOVUTING
a o . & A o q ¥ & T 1
TumsnaasuussanimbFuamamumsi iy TanznwewiwdivuglTao
3% Squecze casting 1Al 1A¥A 14 om x 13.5 em ndnh liunszuaumanannuoun

¥ r 1 ]
anmzamemmiuiai hifadimnies oNc 19 ldvnamuinas ruinaas 1y dsgalii 3.5

i
i
|
I
[
I
|
'
1
i
Y ———

N pPO——

|=

717 3.5 nERITUNUNATE NS IRININLINTFIU ASTM 1195 E 8M-04

. ¥
311 3.6 LAAIFUNUNATD VNS IR INWHAINTVTHUMUINATIIU ASTM 1103 E 8M-04
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Tnolunisnareuussdafuiinminaaounssdedaromioamaaonus i
ounlszaad SuH 100 KS Felumaneneuiildasaslaosmuasasiszosindeuiinei
(Displacement Rate Fixed) 79 1 Gadmasaowd susiunaroniniuegag Gauge Length 30
fndiwas Wadnaniiu Speed Test #9 30 x 1x10°x60 1Y 1.8 mmvmin HazIASBaNATEYZNYA
MsnaaeMieFUNATELIRAN TUANYY

Taviitumsnamemiu s:#eerin33A%29 Gauge Length sayiidydnuel 13 dou

Mmanaaoy msanuazaInlumimszozdamondimsnagou
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un 4

wanmsnaasatazenlsiaNanisnane

& ] a £ ywy a o
1u1}ﬂu‘ﬂzﬂﬁ1f.}ﬂ3ﬂﬁﬂ'ﬁﬂﬂﬂ@@tiﬂzﬂﬂﬂi'lﬂﬁﬁﬂ'ﬁﬂﬂﬁﬂ\i Gﬁﬁ\lﬂﬁlﬂﬂﬁﬂ'lﬁ')&ﬂi'l?aﬁ

Y a : »
TATaadegama uazwansnadouaNuuiuEzAUA UL IR IFUNadeyluanznde

¥ ¥ ¥
uazFunaTauaIMItmno lugnzAgmuTurouMINAaD AeswazBoaas lili

4.1 sumagovluanznde
4.1.1 Inseadugamn
Namﬁmswﬁiﬂi@ﬁ%’wqamﬂmm?:uwﬂﬁau‘luﬂnnm'cimmu Conventional 1}
dnvaz Insaadugamiaiidsznoudao mla @ -Al wazmagmadndaneuiiianvuzduminlae
sz UE L DAS N luvaziiInsardegamavessunanenluan1iznadonyy Semi
Solid Hdnwme Iassadraganiniiszneudio Tnssadrauuudeunan (Globular  structure) i

¥ Y a o = o o
asusouMulagmaan dwaailuzilin 4.1 o uaz ¥ awudduy

3 Y
M) Funaaov luanzvasuuy CSC ¥) vunaaoy luaniznasniy SSM-GISS-SC

71 4.1 Tnseadegamavessunagounoum i

FaannsoosuieTasinssnnnurumaauganiaveslanznaegiiiios-Faneu
dioguugivesegiifiumainindigunagd ~615 “C (39 Freezing Point) Wuiusuililundvaues
e o -Al 1ﬁﬂﬁu1uﬁwagﬁzﬁﬂumm wazmsiiama @ -Al Ty Homogencous nucleation
118y Heterogeneous nucleation Iﬂﬂﬂﬁﬁ?m“?‘uﬁﬂﬁuﬁﬂ Liquid — @ -Al + Liquid Lﬂaqmugﬁﬂm

= ; ] 1 d’ o Y a = 4 ~ 4 Y a V
agliisurnasuralaadiatedaeiion MlvinamaidyTavesa a-Al Failigdsnadioneld
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Goan Tassadruaulaid (Dendrite) TuvmznimaduTaveuda o -AlHaNSHANS LB ADIVDA

aoA

Y Py 1 H ) 1) o o
FanounazunniliFuueoni e « -Al dwalieglifivumarimdosgsznianau wulasd §
- v ¥ as Aa g A e S a 4
Uimmanududuesaouvessineunazuunib@oudis Wledvudiude o-Al ivatu Tau
] y =& o3 1 o s
s aY i lase sregluanminsweuds-veunad Tasfimavowdafe a « -Al uazdm
<y ~ = c;a oo m;d ¥ 9 ooy A A
uiwvenvadfe uinuni lanzegiiiisvilinnududuvosazasuddnounazuuniiFougs
» 3 » ]
st lsimwnsruaunisvesmndsiaduRediuadisdentss ogunglivesegiifivumaidini
@ . & ) ] ¢ a
577 °C (Butectic Temperature) ¥adtiadbagsznitnau wulasa flanududuozasuvns
e A A = o 4 v n Ao
Fansunazuunih@ovazarvga ssldnudmiiuvewds SonindagmeAndanou (Butectic
- & o 1 o v A a VA a & A
Silicon)  Falidnvuzilunvannlatounaunssnedreglumla o -Al HSoniuilemasng iife
gunglegiilivuvasimalannidgungl 555°C luuinuiliozeeuvesFansuuazuuniliGoy
sunada Mg,si vinalnginmetulaseadn sildifensuwendrvessmluudasine Sond
. - S - | ' o 3 =
Segregation Taoe & -AlifhuuFnuiitienenvesegiidivuegiiuinumn  dwluuSoumla
gmadnganowihSnuiilieznenvesdaneusgiusumnann
& = = d o . = ot .
Fana Inlunisnialanznivewdaniuie msinaveIoYynInvDINdI (Solid
Particles) 1809 A% Us19UDY Equiaxed $1U7UMIANI0 53019921AA0 10052 03uMs I BloFuIa:
M31AY 1A (Nucleation and Growth) 39 ATTUIUMSUANAIVOUAUIATA (Dendrite Fragmentation)
» Fd
w30 Wlunanimismesnszununswauiu TasoymavesuSamarfiezidiuindrun1sunsvog
3
. o [} . ] &
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540°C -8-165°C -12 297.03 9.66
— - —_——
540°C -4-165C -12 236.92

540°C -8-165C -12 240.11 6.47




72

unn 5

aginamsnaasy

4 ¥
nHanInanewsFunadoy luaativndotaziuiiguuinaznainiemves
= A @ & a g W XY ;é = [
Tauzneruegiition- Fanaunuudanvswda insa A3s6 d1Flunuidoll Faliwalnyadrsganma
= Y Y s w Y da o '
liznov lldruniwannndesganssmivuyidurs (OM) uazndosgansimididaasounuudes
du (TEM)  dmfuranagsuauianeanlizeeulidsmsnageunmuudazminaney
a2 o v u
li59RIBITUNATO A0 11T
5.1 deResan TassadganmavesFunadey luannzndivas nuiilasad
qy : g =, a M o oA
WAINVBIFUNATDY GISS-SC Hulizneuduflowaing Aaa o — 4/ uazmlagmanndanou
ar i = o & v < [ Y
dluwdn uazdienssamamsmameuaudwasiunameunuilimaruud aniomiiy 63.34
Hy yazAnnua s stuazinosidudmsiadiidy 172.13 MPa 10$6.61% aiudwu dau
& :f‘ Qo o T oo ' o
FUNAABU CSC HULMANUENANIIY 46.55 Hy tazmanudiumuus s@anazifofigudnisindo
[BY) o o ] 1: 14 & asa 1
MR 145 MPa Liaz 5.66% aud1dy seituhdunufidugduvuiaewdes ldauidnanad
= ' ‘g
annmMIsugluussuem
¥ »
5.2 wiehsunaaon GISS-SC liliunszurumsnisanudou Ts woilnsaais
) 3 .
yamadszneudaoaind fio e o — 47 uay tlagmaandanou flundn Adhuguil diesnn
guupilumanivdionliganenzazaromagmadadanowd Tl lunssnd 14 tazFunamou
i 1 = o = o 1
GISS-SC Nr Mty qungd 195 °C Flunai 16 %1 1us Imanuudamzamanudiun s
A9qanA 11 109.27 Hy 1@z 228.35 MPa @@ uazilesidudmstadife 5.06%
1 M * ¥ 1
5.3 TuvaizR¥unagey GISS-SC AiKuduasumssuazashguvgil 520°C uaz
o & o Y =y < v &
540C fluszoznat 4 vay 8 $lus Hlarsadamganiavesdunadeuiitsznen ludamile
= o & A am Ha o 3/ 1 =
wasngnoma a — A7 vazdogmedngdnauniidfinaniesas uazlinnunauuniuazaz®oainn
Yu nnnnaasanuigungil vazszuzoawensevazawiinade Insariuganinvesdy
. w 3 & : = & £
naaey hinmin TasFunadeuidhumsevazaiwfiguniigeiiu uazmisanuiiu magm
o an Hu v = a1 ; g o
aAnganouil iz linnunauazazidoaminiwantsy
[ 1 d 3 v
5.4 dimihyunageu GISS-SC firhumasuazats Tilylnh tdni iy
» » i d
Lﬁﬂanmﬂgﬁ 135°C,165°C uaz 195°C dluszoziim 4, 8, 12 uaz 16 ¥21ud WU Funadeud
Insaaieganta yazeaianiana Al
L4 § ]
e Tnvaadiganinvesiunaasy GISS-SC Han112 Optimum-aging (LiN# 135°C AT 12

#1ua ,165°C-12 ¥alue uaz 195°C -12 F21u9) szwude B vwamao 10 wiTuwag



73

nszvefethamnminludua uaz?;mmﬁ,ﬂzﬁﬁmnmui‘mqqﬁqﬂ ﬁ’aﬁ’fhmmufl‘mqa
figalumsnanoasify 149.90 Hy vosunn GISS-SC Aiunszuumsmaennuioy
(s T6 Aefieraizmzsuazaed sa0'c iuszoznm 4 $alus waziiuigaingi 135 °C
iluszuzinat 12 437

Iﬂiaﬁ%’1aqan1ﬂmaa§umﬂau GISS-SC etz Optimum-aging (11# 135°C WA 12
Falus 165C-12 $2Tue uaz 195°C -12 $2Tuq) s wurler B winamae 10 u1Tuwas
nszmodstiamuuninhuFua tarduaudesisn g

Annud ML siveFunarey CSC ARunTzInUMs AL oL T6 (91
azawiigunnil 540C -8 $2Tus uazviufigangil 165°C 12 ¥9lug) fisanudnmns
A3 i1 240.11 MPa waznlesiFudnisadauiiiy 6.47% FallddniFunaaen Giss-
SC firins T6 faanziRerduiiiainnudnm s idagega tase fidudmsdad iy

297.07 MPa 1182 9.66% A11A 191



10.

11

12,

13.

74

UFIDNUNTH

YA 255wAUS wug I TUAUE “Tﬂsamu’iﬁ'm%"mmﬂiuiaﬁnﬁnéﬂﬂgﬁrﬁﬂu"lﬂ
unaRsLRwede madximnssumileusieziag  auzdmnisumand
un inndvasvaunund

wys 1ngnate “mandelanz nanisean” aumumaTulad (no - i)
IUNWUHTURT 2523,

Fas wadtiudia “msnasnazan uaznisUiudymalanginonesozgiifion
HANNQY Al-Si-Cu-Mg alloys LM25” mn TuTadnmsnaeTans quiima TuTadTans
UAZTHAUNITIA NTUNHUNIUAS 2542,

uffu ousdnd was suo Sasion. 2544, mla, To9 3830350, McGraw-Hill.
fITHVHWLHTUNS,

qiudo nevgieian uas nouyn naonsad, 2548, Saquazmnssuiagiugn,
nganwa-vior wih 79-04,

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 éﬁd Engineering A 44’} . PP- i92-]96, 2007.

Andersen, 5.J., Zandbergen, H'W. Jansen, J., Trhelt, C., Tundal, U. and Reiso, O., 1998,
“Quantification of the Mg,Si £ and 8 Phase in AIMgSi 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 L, Gomez de Salazar, .M. and Molleda, F., 1985, “Influencia de
Los Tratamientos terimcos De Esferoidizacion Sobre La Durezs De Las Aleaciones del
Sistema AI-8i”, Rev. Metal. Madrid, pp.312-316.

Cemmi 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, 1L.E., 1986, “Eutectic Siticon Shape Control by
Situ Measurement Of Resistivity”, AFS Trans., Vol. 94, pp. 9-16.

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



14,

I5.

16.

17.

18.

19.

20.

21.

22,

23

24,

25,

75

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

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

Dutta, 1. and Allen, .M., 1991, “A Calonimetric 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.1.,1994, “Fine scale Precipitation in Alloys
606171994 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.l, pp.260.

Edwards, G.A., Stiller, K., Dunlop, G.L. and Couper, M., 1998, “The precipitation

* Sequence in A-Mg-Si Alloys”, Acta Mater., Vol.46, pp.3893-3904.

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

Gupta, A K. and Lloyd, D.1., 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 Dﬁring Aging
of a Al-Mg-51 Alloy”, Phil. Mag., Vol.26, pp.1-13.

Jorstad J.L., Pan Q.Y. and Ape]ian b., “Solidification Microstructure affecting Ductility
i 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, Vo!.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 Aluminuim Alloys”, AFS Trans., Vol. 93, pp.511-518.
Mocehanty, P.S. and Gruzlesk:, 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.

3s5.

36.

37.

38.

76

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

Murayama, M. and Hono, K.,1999, “Pre-precipitate Clusters and Precipitation Processes
m Al-Mg-S8i Alloys”, Acta Mater., Vol.47, pp.1537-1545.

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

Ou, B.L. and Shen, C.11., 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, ID.A. and Easterling, K.E., 1991, Phasé Transformations in .Me.tals 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-5i-Cu System”, ICAA, pp. 644-651.

Shchegoleva, T., 1968, “Ageing Mechanism of the Alloy Al-Mg-8i”, The physics of
metals and Metallography, Vol. 25, pp. 56-64.

Shivkamar, $., Ricei Jr, S., Steenhoff, B, Apclian, 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%5:-0.3%Mg
Alloys”, I. of Japan Inst. Of Light Metals, pp. §8-14.

Verhoeven, 1.D., 1975, Fundamentals of Physical Metallurgy, John Wiley & Sons,
Canada, pp. 190-195.

Wahi, R.P. and von Heimendahl, M., 1974, “Hardening Precipitation in AlMpSi Alloys”,
Phys. Status Solidi {a), Vol. 24, pp. 607-612.



39.

40.

41,

42.

77

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

Zhang, D.L., Zheng, 1.H. and StJohn, D.H,, 2002, “Effect of Short Solution Treatment
Time on Microstructure and Mechanical Properties of Modified Al-7wt.%5i-0.3wt.%Mg
Alloys”, 1. Light Metals 2, pp.27-36.

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

Zoqui E 1. “Morphological analysis of SSM Al-4.5 wi%Cu measured by the rheocast
guality index” Journal of Materials Processing Technology., Vol. 143-144, 20 December
2003, pp. 195-201.






79

Journal of Metals, Matertals and Minerals, Vol.18 No.2 pp.93-97, 2008

Influence of Heat Treatment Processing Parameters on the Hardness and
the Microstructure of Semi-Solid Alaminum Alloy A356

Siriporn KUNTONGKUM', Sirikul WISUTMETHANGOON?,
Thawalchai PLOOKPHOL' and Jessada WANNASIN'

" Department of Mining and Materials Enpineering, Faculty of Engineering,
Prince of Songkla University, Hat Yai, Songhhla 90112
? Deparment of Mechanical Engineering, Faculty of Engineering,
Prince of Songkla University, Hat Yai, Songkhla 90112,

Abstract Recoived Novw. 17, 2008

Accepted Feb. 10, 2009

‘The ohjective of this rescarch is 10 study the influence of heat treatment parameters on the

mechanical propertics and the microstrucmre of semi-solid aluminum alloy A356. The cast specimen
were heat meated by using T6 heat treatment processes.

T6 treatment condition was as follows: solubilizing at 520 and 340° C for 4 hr. before quenching
and aping at 135°C. 165°C and 195°C for 48,12 and 16w .

Mechanical propeniics of semisolid aluminum alley A356 were investigaled by hardness
tesis and by using OM.

The process in preparation called Gas Induced Semi-Solid {GISS) wtilizes the combination eof Iocal
rapid heat extraction and agitation schieved by the injection of fine gas bubbles throvgh a graphite diffuser
to create semi-selid shrery. In the GISS process, the die casting machine and the process cycle remain litile
changed from those of conventional die casting. The G1SS unit creates a low solid fraction of semi-solid
slurry in the Jadfe during the ladbe transfer to the shot sleeve. The semi-solid shurry is then poured directly

into the shot sleeve,
Key words | Semi-solid, A356, Heat treatment
Introduction

Aluminum-silicon alloy is known for is
good castability and good corrosion resistance. In
this alloy series, A356 (Al-7%5i-0.3%Mp) has a
very good propertics for casl aluminum and was
used 1o produce many important parts which
require high streapth. clongation and tight weight.
The automebile industries  increase the vse of
aluminum alloy because of the greater demand for
lightweight and high strength matenals resulting
in reduction of fuel consumption. Magnesium
addition makes this allov heat treatable and hence
improves s mechanical properties by forming
Mg:Si phase. During heat treatmem process,
solution treatment makes large Mg,Si particles
in the ajluminmmo alloy dissolved and diffuse
threuphout the matrix as solid solution. Upon rapid
quenching the solution-treated sample, magnesivm

stays i the matrix as the supersamrated solid
solution, and ready to precipitale out during aging
process. These intermetallic precipitales crhance
the mechanical propertics by precipitation hardening.
Therefore, the mechanical properties of these
alloys are significantly influcaced by the present of
the & {Mg;5i) phase and distribution of enrectic $i.
The precipitation sequences are shown below:

GPZ {rods) — B{rods) s B(Mg.Si)plaies)

The Gas Induced Semi-Solid (GISS)
process apphics the knowledge that the semi-solid
structure  can be efficientty formed by the
combination of local rapid heat extraction and
agitation.” In the GISS process, the Jocal rapid
heat exiraction occurs at the surfaces of 1he porous
graphite diffuser when it is submerged in liquid
aluminum. At the same lime, vigorous agitation is

E-Mail : nok_832{ahotmail.com
E-Mast : sintkulf@me psu.ac.th
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induced at the chill surfaces by the flow of very
fine inert gas bubbles out of the porous graphite.
Figure 1. shows the schematic of the GISS process.

Figure 1. Schematic of the Gas Induced Semi-Solid (GIS8)

process.

In the GISS die casting process, the die
casting equipment and the process cycle remain
httle changed from those of conventional die
casting. The only added step occurs during the
ladle transfer when a graphite diffuser 1s immersed
for about 10 seconds to create semi-solid slurry
with a low solid fraction of about 10%. The semi-
solid slurry is then poured into the shot slecve fora
die casting imjection to produce a semi-sohd
casting part. Figure 2 shows the schematic of the
GISS dic casting process.

Figure 2. Schematic of the GISS die casting process.

Forming in the semi-solid statc may be
attractive in this regard as it helps with the porosity
and segregation problems inevitable in conventional
casting and provides a sound, globular microstructure
with relatively higher hardness and ductility values ™

Heat treatment can be use for improving
the mechanical properties of SSM. These studies
identified the following precipitation sequence: (i)
aluminum supersaturated solid solution, (ii) cluster
of Si and Mg atoms. (1) dissolution of Mg cluster
and formation of Mg/Si co-cluster (GP-zone), (iv)
B rod precipitates, (vi) B (Mg2Si) stable plates”

It has been suggested that the increase in strength
of Al-Mg-Si alloy during the early stage of aging is
due to the increase in emergy required for the
dislocations to break the Mg-Si bond as they pass
through GP-zone precipitates. As the aging time
mereases, GP zone transform to larger B’ precipitates,
and the alloy becomes stronger and harder but less
ductile. If aging is continucd so that the intermediated
precipitates coalesce and coarsen to form B
equilibrium phase. the alloy becomes overaged and
weaker than in the peak aged condition. A nwximum
strength (peak aged condition) is evenmally reached if
the aging temperature is sufficiemly high, and is
usually associated with the formation of an
intermediarted metastable precipitate.

Materials and Experimental Procedures
Methodology

The matenial used in this study was semi-
solid aluminum alloy A356 produced by new
rheocasting (NRC). Its nommal composition is

show in Table 1.

Tablel. Nominal composition of the A356 alloy

AT Si [Mg | Fe | Cu [ Mn | Zn | 'ﬁ]
bal [ 7% [ 35 | 20 | 20 | 10 | 0 | 230 i
i %ol %o % | % | % | %
I— 1

T6 was used as the heal treatment process
with the solution treated temperature and time of
320 and 540°C and 4 hours, respectively. After
quenching the specimens were aged at 135°C,
165°C and 195°C. The microstructure of the as-
cast and heat-treated specimen was examined using
the optical microscopy. The hardness was
measured from three specimen for each condition,
and from nine different points in each specimen by
using Vickers micro-hardness test.  The test head
load was fixed at 100 grams.
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Figure 3. A typical dendritic liquid-cast structure (3a),
compared to a semisolid-cast structure of
A356 alloy (3b)

Figure 3a. Shows the dendritic structure of
conventional cast A356 while Figure 3b illustrates
the globular structure of SSM cast A356. Both
structures consist of primary phase ¢-Al and eutectic
mixture of Al and Si along the grain boundaries.

Results and Discussion

Figures 4 and 5. Show the microstructure
of semi-solid A356 afier solution-treated at 520°C
and 540°C for 4 hrs. The structure consists of a-Al
and Mg;Si phases in which Mg;Si phase along the
grain boundary becomes discontinuous and round
in shape suggesting that solution treatment dissolve
Mg,Si phases mnto the Al-matrix. However, there is
not much difference in the microstructure between
the two samples with different solution treated
temperatures.

Figure 4. Optical micrograph of semi-solid A356 alloy
solution-treated at 520°C for 4 hours.

Figure 5. Optical micrograph of semi-solid A356 alloy
solution-treated at 540°C for 4 hours

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

I Aging Tame (hours) J

Figure 6.% Mg2Si of semi-solid A356 alloy solution-
treated at 520°C for 4 hours and aped at
135, 165 and 195°C for 4,8,12 and 16 hours.

%% My2Si/ Aross

Figure 7.% Mg28i of semi-solid A356 alloy solution-
treated at 540°C for 4 hours and aged at 135,
165 and 195°C for 4,8,12 and 16 hours.
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The variations of hardness when exposed
to different aging temperatures for different aging
timnes are shown in Figures 8 and 9. These are comrelated
with the numbers of Mg,Si phase in which the
hardness increases with increasing the number of
Mg,Si phase. The peak hardness is achicved at the
aging time of 12 hours in every condition. Although
not including in this stody, it is observed from Figure.
8 and 9 that the optimum aging time seems to be
shorter at higher aging temperature. The shorter
aging time is due to the higher diffusion rate of the
solute atoms at higher aging temperature, and hence
the peak hardness is achieved after shorter aging time.

It is also found in Figures 8 and 9 that the
hardness of the specimen increascs with increasing
aging time until the peak hardness is attained. Then
the hardness tends to decrcasc npon further aging.
This result could be explained by the precipitation
hardening process of aged specimen which depends
greatly on the aging time and aging temperature.
The initial increase in hardness is attributed to the
diffusion assisted from second phase particles.
At the begmning of aging treatment the solute atoms
diffuse and locally cluster 1o from the GP zone
throughout in the matrix. The GP zone form the
mechanical properties improve due to the high stress
required to force dislocation through the coherent
zone. With increase aging time the intermediate §'
precipitate will form and replaces the GP zone. Itis
interesting to note that the size of the B phase is
larger than that of the GP zone. Thercfore, dislocation
must be forced through highly strain matrix
resulting in the increase of hardness. However,
aging has effect 1o the growth of the B' phase and
transformation of §” phase to the stable and finally
B phase transformation to B phase incoherent. As
the B phase grow its decrease in number of dislocation
bowing casier and the hardness is loss.

160
; 1a0 !
§ e 135
120 = 165
100 e
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[ p— S
o 5 0 15 EY

Aging Tame (hours)

Figure 8. The average hardness of semi-solid A356 alloy
solution-treated at S20°C for 4 hows and
aged a1 135, 165 and 195°C for 4812 and 16
hours.
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Figure 9.The average hardness of semi-solid A356
alloy solution-treated at 540°C for 4 hours
and aged at 135, 165 and 195°C for 4.8,12
and 16 hours

Figures 10 10 12 show the microstructure
of semi-solid A356 specimens aging for 12 hours
at 135, 165 and 195°C, respectively. Referring to
Figure 7 and Figure 9, the maximum hardness and
the densiest Mg25i phase is derived for aging at
135°C. This is duc to the change in precipitation
sequence at high aging temperature in that the GP
zone will not form at the early state of aging. The
lack of GP zone formation contributes to lower
density of the B phase because the GP zone is potent to
be nucleation site for the 8' phase as described in
Figures. 10 to 12 in which the numbers of Mg,5t
phase decrease as the aging temperature increases.

% g ;:5,;,‘;;‘\” o ‘.Q

Figure 10.Optical microstructure of semi-sohd A356
alloy solutien-treated at 540°C for 4 hours
and aged at 135°C at 12 hours.
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Figure 11. Optical microstructure of semi-solid A356
alloy solution-treated at 540°C for 4 hours
and aged at 165°C at 12 hours.

Figure 12. Optical microstructure of semi-solid A336
alloy solution-treated at 540°C for 4 hours
and aged at 195°C at 12 hours.

Conclusions

1. As the aging temperature 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.

3.As the aging temperature decrease to
proper temperature, the numbers of Mg2Si phase
increase.

Acknowledgements

The authors gratefully acknowledge the
financial support from the PSU-Research Fund.
Equipment and facilities were also provided by the
Department of Mining and Materials Engineering,

Prince of Songkla University, Hat Yai, Thailand.
We also thank Mr. Somjai Junudom for helping
with the casting aluminum alloy A356 in this
experiment.

References

1. Flemings, M.C. and Martinez, R.A. 2005.
Evolution of particle morphology in
semisolid processing Metall. Trans A-
Phys. Metall, Mater. Sci. 36A(8) : 2205-
2210.

2. Yucel Birol, 2008. Semi-solid processing of the
primary aluminium die casting alloy A336 .
Tubitak, Kocaeli : Materials Institute, Marmara
Research Center.

3. Evangelista, E.,, Cabibbo, M. and Spigarelli, S.
2003. A TEM investigation on the effect
of semi-solid forming on precipitation
processes in an AL-Mg-Si Alloy. Mater.
Charact. 49 : 193-202.






