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Abstract

Hydrogen is considered as a major enemy for aluminium casting due to its effects on gas
porosity left after the casting solidifies. The improvement of aluminium melt prior to casting is
therefore necessary and has a great impact on mechanical properties of the castings, This research
aimed to solve this inherent problem through the construction of a mobile degassing unit to produce
large amount of fine argon bubbles uniformly distributed throughout the aluminium melt.
Hydrogen can therefore diffuse into these fine bubbles, which are carried up to the melt surface,
leaving less hydrogen content in the melt and reduced porosity in the castings.

Experimental procedure included melting of 80% aluminium 356 ingot and 20%
aluminium chip in a 20 kg crucible using an induction fumace of 1000 Hz and 20-30 kwatt
capacity. The aluminum chip addition aimed to simulate the contaminated environment of
hydrogen in the industrial foundry. The controlling degassing factors are 1) rotational speed, 2)
argon gas flow rate and 3) degassing time. It is found that increasing rotational speed produced
finer argon bubbles aiding hydrogen diffusion more efficiently. Proper argon gas flow rate
facilitated both fine argon gas bubbles and eliminate surface melt turbulence. Increasing degassing
time also provided enhanced degassing efficiency. According to experimental results, degassing
conditions using rotational speed of the graphite shaft at 1000 rpm, argon gas flow rate at 10/min
and degassing time for 20 min provided the most effective results, which were in good agreement
with property assessment for example, porosity, density, hardness and tensile properties.

Improvement of degassing efficiency by integrating a top-feeding flux injection unit aimed
to include the cleaning effect of the aluminium melt along with the degassing techniqﬁe. As a
result, enhanced physical and mechanical properties were obtained. Furthermore, the usage of
granular flux yielded the melt quality improvement with less emission and environment friendly in

comparison to power flux usape.
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3.2 MITARIBY (Mobile Degassing Unit)
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41  Ms38AIngAY (Material Preparation)
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AT 4.1: uammummmammmaamaanf’ﬂ%‘lﬁmmaa ('iﬂsmmuﬂ)

Al 89.15 90.143
Si 815 7.993
Cu 0.994 1,258
Fe (.768 0.341
Zn 0.158 0.089
Ni 0.059 0.059
My 0.430 0.030
Cr 0.037 0.006
Mn 0,180 0.026
b 0.098 0011
Sn 0.069 0002
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" 5UR 4.1 ezgiiiinudunominin 356 31 4.2 1nuAindsezgfifion

1 d ¥
4.2 304dle nazaUnsaifily

4.2.1 i vaey Iihnszuamilonii (Induction Furnace)

nnaeuesgiition luihwasusilinvuannuy 40 Alansy nsziilumvasy i
nzuamHeni1 (Induction Furnace) Auaaaluglit 4.3-4.4 fda 20-30 Aladad anud 1000
i#5n Tnovzvnowezaiiioufiguypil 800-900 veruwaifen Tavlunisnaassassiimsvany

prglitonlszun 15-20 Alanfuy

387 4.3 unamavspusnnaeslWihnszuamileni (nduction Furnace)
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g1l 4.4 immaenlyvhn

4,2.2 Chill test

" : S X B .
¥ sunsmssuduauluminsarevdunauniusiaiuniod Spark Emission

Spectro Analyser ﬁ\‘lilﬁ@l\ﬂugﬂﬁ 4.5

ok

g‘ljﬁ 4.5 Chill test ﬁ]i{i%’ﬂﬁ_ﬁﬁ%uﬁfi«mﬂ_ﬁﬁﬂ -Sp@;rk Emission Spectro Analyser

4.2.3 19304 Spark Emission Spectro Analyser

I msunsdouduRTuMARi eI FUNIUAA0

g‘lj‘ﬁ 4.6 ATIATO Spark Emission Spectro Analyser
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51 4.7 avvumSoatntin

42.5 195039AnTEAENI Y

%mmiﬁ;wstmemﬂmaeaﬂm?mwawumﬁau (Grmdmo and polishing) NOU

lﬂsuﬂmmmmwmﬁnwamm"h}_ Lsmﬂmzmmwmymwmas 100 180 320 U9 2000

';ﬂ*n 4.8 mwsmawms:mymm

4.2.6 1850309 ENANHE 19
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4.3 mananesndnmes lalasioulasly Mobile Degassing Unit (MDU)
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] 1 Ed L
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o v o s .
1} 9031077 IHavoanise1snou {gas flow rate, 1 /min)
o v ' o
2) 8asimsthuniouns 1Ws (Rotational speed, rpm)

o e ¥ . . .
3) szozInT IUMsfISANe (Degassing time, min)

g ' e : - o
M3 4.2: anneillumananeshidaialslasoulwhlonzezglidlsunacumad

| el Rotatmnal Degassmg
mae | Speed | Time
; A]umxmuiﬁnl'ngot 3561 : --'(!.‘Pm).“f- .E".(m'i'l:l)m.
M1 100 | - - - -
M2 80 20 - - -
M3 80 20 5 1000 10
M4 80 20 16 1000 10
MS 80 20 10 1000 20
M6 80 20 15 1000 5
M7 80 U200 10 . 750 10

mmﬁwaamuamu EJZJ'E']'L!ﬂﬂﬁliﬁ”&ﬁ}l"dﬂﬁ\‘lﬂwﬁmuﬂﬁﬂ mﬁ’m narufifiuIn l'f]iuﬂ'li']wﬂ

#2 Taolddemarl wﬁamuﬂam mmmwaanﬂswmm 850- 900"C

5171 4.12 79159003 Aluminium Ingot a2 Aluminium scrap gema ) Whmieh

EY Ed »
nmiuaTgoumusaununivoauh lavsesgiiflounaounal lasldaios Spark

Emission Spectro Analyser liaesufuiTunavosdanouliegluyig 6.5-7.5 % fhaasinda

=5 ny ] a o ar Y =
gamgiiveniilanzdds Thermocouple MouSHAUNsZVIUMIMTARY TnoArununamgdl
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ﬂi’; 4.15 4aAL Dross ﬂﬂneanmmmmam

Tutumsumsmuuy 1 mmuamwmnaumsmiwat:‘lwme 750-770°C Fn1sgheni
Tavzaalwthm (Ladie) u.mmm“lumma@wswmwmmn (ma‘l%‘luﬂﬁﬂmﬁ}ﬁauﬂsmms
wmimmsmmwmm) mm‘umsmammmimm«ianﬁﬂnmswwmmsmﬁ@mmu
Reduced pressure. test @¥ite 5.9 Tﬂsmaaavamuamiumummﬂua ziiud Tugaanme
nmbuni Tangaausifui Tans (Permanent Mould) ‘ﬂumﬁmmTaﬁvmﬂmuwmmu 6
Huy e ldnsremeuaumLIY Tnssafragamn uavmﬁaummm T TRt N
vIAUNANT Tane  (Permanent  Mould) waammniwuﬂﬁ"lﬁamaquﬂammﬂmumaﬂm
IATTIN ASTM 392-B108 $119% 3 1w thiee Idmiumamovauiausede Inoviimsnos
wuuaigluma 1 wiindmsm vaanmiimsnaasuasaSeudosudl aslvdouanmas o

4
MDU mendsms oy Tuanmwnioudmiumsidauasade bl

317 .16 msseihlavzashuilansdn 315 417 mamihezgilitlesias Ceramic crucible

31 418 mamihlanzas mifinsilang 31 4.19 Funumenasmsnde
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4.5 ﬂT'ﬁﬂﬁ?%ﬁ@UﬁW'ﬁ'ﬁ (Porosity) 1190180 .
) Qy k" ar qt A o
Fﬂﬂ3\‘IGD”HQ?Hﬂﬂﬁﬂﬂ?ﬂiﬂiﬂQﬂﬁﬂﬂTNNﬁ HaIHIBUY lﬂﬂiﬂﬁ”u’lﬂﬂ')ﬂﬁi@ﬁ%ﬂ

‘}?ﬂ'llliﬂﬂiﬂ‘iﬂx‘l‘llﬂﬂiuﬂ'l'k#‘ﬂ'i'iﬂ&'l.]ﬂﬁ IOO 180, 320, 600 Si’ﬁw 800 ﬂ'mfﬂﬂ‘}_l memmaaanaaaa

LL@’)&‘]J'IGLT‘HH’N%'IFJNUE]?Bﬁ'ﬂ‘ljuﬂﬂﬂ‘lﬂiﬂﬁﬂi?ﬁiﬁ

s 422 dmSsuaudimnSosindalnid  gUf 423 Funuiniesnsiameusnisy

4 6 m‘sm’maanmmm'ﬂmammewmm (Densxty Measurement)

wammmﬂmnmnmmuw naN uawmwewmmﬁaa ﬁ)“mﬂu1n1ﬂﬁ’3i}ﬁﬂﬂﬂ1
mmnmuuu'i%iwanmwm Archlmedes T@ﬂmmsmumuﬂiummﬁ amuwumuﬂ?u
m ﬂ’.)mﬂii)\‘i Density Determmatxon K]E ﬂ\‘mi’fﬂﬂuiﬂﬂ 424 mmmmmmmwumuumn

f’l’ﬂJﬂ'Pﬁ"ﬂ 1

31 4.24 MsesREeUR MUY ST UIUNATDY

Sample Density = (Sample weight /Sample buoyancy) x Density of the test liguid  ...Eq. (1)
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M99 4.3: Density of water at various tefnperatures (14-35°C)

Temperature - '_D;:nsiry : - ~Temperature Density
(Degrees Celsius} STy . (.g/mi.) .{I.)e.gréé Celsius) (g/md)
14 ooy s 0.9971

t5 L 09991 . e a6 0.9968

16 Copess 0.9965

17 Coesess o m 0.9963

18 S Togems 2w 0.9960

19 -":_-'6.:9.9._84_.': RS S 0.9957

20 o psem2 Loy 0.9954

21 “lo9080 ) 0.9950

) 0.9978 .n 0.9947

23 0.9976 34 0.9944

24 0.9973 35 0.9941

4.7 MsNaaeuANUNUS (Brinell hardness)

9 . N o . .
ﬂwmmwaawmmmamﬂu 3 gy Usznsudisduuy dIunaIuasiua1Be

g o or 3 ar o 3 [~ 4
SISy TEUUSImaS ANy DINTUNATEUANLIIAIUATOT Brinell Hardness
5 ¥

Testing Machine 1981 Inanlumsiamiiny 500 kef. TaoTuduanu 1 Fuazinmsia 3 dumus
c? = =4 é nay Qs z:': -] 1
wpeFuaunnuinavey lanane uazveudndunilsvosfunudwaaslugin 425 i
4 A 3 [ o q7 &4 =l =3 1 =] ¥
aussnnameu ldumeuais  uazadaiussliiesanamanSeuRaumanundelua

agaAzmMInaassveImsMiamamisuuania tugvasns i

51 425 Funudishumanaaeuanundadignies Brinell Hardness Testing Machine

4.8 MINATOVAUTALIING (Tensile testing)
Y
SSuauvsennuRud lansdmiunsneaeuauaussds  Tunegeuauifusifeiig
, ‘ _ ) . ) . .
19584 Universal Testing Machine (Instron 8803) aalugift 426 Tamhmnagevfigaumgiivewns

1% Cross head displacement i s Tafwasaun
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317 4.26 manaaevEaDRNs I3 7 lnglTin309 Instron 8803 Universal Testing Machine

A o o
4.9 ATITVUNUAINTINANHD (Fraciographic examination)
kY 1 g
ﬁ?%ﬂﬁ?ﬂﬁﬁﬂ‘ﬁﬂ?ﬂﬂ'l‘ﬂ’!ﬂfﬁ)'l!?fllﬁml'ﬁqg\?ﬁd'ﬁﬂ':T'J%ﬁ'ﬂ‘l}ﬁuﬁ'lﬂ"lﬁtmﬂﬁﬂ 5’)895&3

Stereoscope U0 Scanning electron microscope (SEM) Wi Energy dispersive spectroscopy

(EDS)
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= @ el < &
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4 v ¥ = ¥ 4
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VIO DUANIVHUIREAIIUUYIET I TIAN sﬂuﬂu
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=) [ [ & LaAq o o o o = [V 4
'ﬁmamummmﬂm&ﬂuimﬁawmsﬁﬂmﬂﬂumsmmﬂ1ﬁﬁuummsm’mmmumsaﬂwaﬂm
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umma@amﬁu 2 ‘)Jﬁ‘”m‘ﬂ 719 ﬁaﬂwu@m (Powder ﬂux) Haz viancwumm (Granular flux) 99

Lsmﬁusﬂ‘n 4.28 a)- b)

4 e o . L
5171 4.27 samsmshidamalslasouniounsamidng

o o . w0 l. w - 1 ;
Tagvhmsisasawisumsaardns lugnmizmsnaaedieg awasslumsnn 44

i = 5 3 o™ .. o A:xév 3
fgongdl 8s0-870°c  wmiuiinsmde  Aluminium  dross  Jagmmgiirlavzlevly
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3 ke
oonnnidmaouasgifiun Jagungihlansdnasauazaivgulfedluga 750-770°C  udh

¥ #
maswvuulavzfiwsond Mimsunsuvuuuazas g usuruds 1y

3 3 o A s d
5197 4.4: gazlFlumsnaassssamalslnsundeumsiansng

B | Gasflow | Rotational | Degassing

Coopoco o Starting materfal ooy 0 CRE o e S
Mele e R o ratenof Speed

. | r ':A_tésé'i}ig'(}t“g. 1 (mm)
MDFTO01 80 20 - - . -
MDFTO02 80 20 Powder 0.25 10 1000 10
MDFT03 80 20 Powder 0.25 10 1000 20
MDFT04 80 20 Granular 0.125 10 1000 20
MDFTO05 80 20 Granular 0.125 10 1000 I0

) Powder flox b) Granular flux

e w ¢ w d )
31l 4.28 senarlEnsviianasazddnasfinia

:‘ “ 1 o ar Qy . d ar T
a) M1 Tanzad Steel crucible nowdnd lugyanne by iSoufouTuanududa Ty vacuum (v1)
uaz lueIn1a (#16)

3R 4.29 namsmsnseeuSinagnyulagiF Vacuum test
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& o Aot w Y

Tnssrdranfidnuazadieluladdidmmauvos ALFesi uas Inseaduitdnvnsadiesnys

T4 138 Chinese scrip THUWUShaomavesdanouiil Tnssarafumioy

M5199 5.1 wrnslSnasigranvesiunundeesgifisunmnia 7 anemInaass

. .-Eh;m_e;'x.t. : ."‘}.\.11035'3:'56_15-5 M] Mz S M3'.: : :;'”_M‘t. MS _:: MG M'? -
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Si 6.3-7.5 7.930 7.980 TAT0 7.380 6,520 7.730 7.200
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gﬁﬁ 5.1A

The microstructure of cast Al 356

ingot, at 5X,

Degassing condition M1

Gas flow rate (I/min) -

Degassing time {min) -

Rotation speed (rpm) -

s 5.18
The microstructure of cast Al 356

ingot, at 20X,

Degassing condition M1

Gas flow rate (Vmin) -

Degassing time (imin) -

Rotation speed (rpm) -

sin siac
The microstructure of cast Al

356 ingot, at 100X.

Degassing condition M1

Gas flow rate {I/min) -

Degassing time {min) -

Rotation speed (rpm) -

17 5.1 Tnssrhagamavesfunumasannzmsnanos M1 of fmmanatesuay
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: s 5.24
The microstructure of Al 356 80%

+ Al scrap 20%, at 5X.

Degassing condition M2

Gas flow rate (I/min) -

Degassing time (min) -

Rotation speed {rpm) -

~ sUN 528
The I_Iﬁ_crostructure of A1356 80%.

+ Al scrap 20%, a.t 20X,

Degassing condition

Gas flow rate {}/min) -

Degassing time (min) -

Rotation speed (rpm) -

: sifiis2c |
T_l_le microstructure of Al 356 80% -

+Al scrap 20%, at 100X,

Degassing condition M2

Gas flow rate (/min) -

Degassing time (min) | -

Rotation speed (rpm) -

5% 5.2 Tasead199amnUBstuNURERANIZM INABDI M2 B SUNHINGNTUNY
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s 534

The rn_icrostructure of Al 336 80%

+ Al scrap 20%, at 5X.
Degassing condition M3
Gas flow rate {I/'min) 5
Degassing time {min) 10
Rotation speed (rpas) 1000

sﬂnssB

The m:crostructure of Al 356 80%

+ Al scrap 20%, at ?_OX .
. Degassmg condxtwn -+ M3

Gas flow rat'e_:('t/min) s

Deg:a:s_sing'timé'(min) 10

Ro_t.a:{;;‘o:ﬁ speed (rpm) 1 1000

gﬂn53c

..The mxcrostmcture of Al 356 30%
+ Al scrap 2_0%,' at 100X.

Degassing condition | M3
Gas flow rate (Vmin} 3
Pegassing time {min) 10
Rotation speed (rpm) 1000

ﬂﬁ 5.3 iﬂﬁQﬁi'lx‘iﬁl"!ﬂ'lﬂ'*Uﬂ\‘!‘lﬁéﬂu‘?iaﬂﬁfﬂ'J“ﬂ'li”ﬂﬂ'ﬁ)@ M3 mammnmwmm
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311 5.44

The microstructure of Al 356 80%

+ Al scrap 20%, at 5X.
Degassing condition M4
Gas {low rate {//min} 10
Degassing time (min) 10
Rotation speed (rpm} 1000

U 548

The microstructure of Al 356 80%

+ Al scrap.zo%, at 20X.
Degassing cé_n_{_iition ) M4
Gas flow i’é_ie (V/min) 10
Degassing time (min) H)
Rotation épeed (rpm} 1000

sin s.4C
The microstructure of Al 356 80%
+ Al scra}:) 20%, at 100X,

Degassing condition M4
Gas flow rate (I/min) 10
Degassir'sg' time (rﬁin) 10
Rotation speed (rpm) 1000

51 5.4 Tn39831990MAVBITHNURABANIITMINADDS M4 B MUNHINANITUIY
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The _:_nicrostmcture of A1 356 80%

+ Al sc.r.ap 20%, at 5X.
Degassing condition M5
Gas flow rate {I/min) 10
Degassing time (min) 20
Rotation speed (rpm) | 1000

75

jisse

_The_ﬁ;icros_tmcture of Al 356 80%

+ Al scrap 20%, at 20X.
Degassing condition - | M5
G.asf_ﬂo_w. rﬁte_ (i/min) 10
Degassing time (min) 20
Ré_t_atjbn speed {rpm) §000

suUfi s.5C
The__rhi'c.rbsﬁructure of A1356

80% .-.{-_AI Scrap'ZO%, at 100X,

Degéésing cﬁndit_ibn M5
Gas flow rate (V/min) 10
Degassing time {imin) 20
Rotation speed (rpm) 1000

311 5.5 Tnssadregamnve sBunumaoanzmsmanes M5 ol funHInaauam




317 5.64

The microstructure of Al 356 80%

+ Al scrap 20%, at 5X.

76

Degassing condition M6

Gas flow rate (/min) 15

Degassing time (min) 3

Rotation speed (rpm) 1000
1 5.68

The microstructure of Al 356 80%
+ Al scrap 20%, at 20X,

Degassing condition M6

Gas flow rate (1/min) ._15

Degassing time .(min) 5

'R._o'ta.tion speed (rpm) 1000 . '
1 5.6C

Th_e microstructure of Al 356 80%

+ Al scrap 20%, at 100X.

Degassing condition

M6

Gas flow rate {I/min)

15

Dég.as.é'in'g time {min)

5

Rotation speed (rpm)

1000

= o a ) o s iy
311“ 5.6 iﬂ‘i@ﬁ?’]&‘gﬁﬂ?ﬂﬂli’)\ﬁfﬁ\ﬂu‘ﬁﬂ@ﬁﬂ]?zfni‘ﬂﬂﬂﬂﬁ M6 2 INHHINA Y HIH
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Ui 5.7A

The microstructure of Al 356 80%

-|; Al scrap 20%, at 5X.
Degassing condition M7
Gas flow rate (Vmin) | 10
Degassing time (min) | 10
Rotation speed {rpm)} 1750

1lfi 578

Thé microstructure of Al 356 80%

+ Al scrap 20%, at 2OX '
Degéssing condition - E M7
Gas flow rate (Vmin) - 10
Degassing time (miﬁ) 10
Rotation speed (pm) | 750

i sac

The microstructure of Al 3555_ 80%

+ Al scrap 20%, at 100X,

Degassing condition M7
Gas flow rate (V/min) 10
Degassing time (min) 10
Rotation speed (rpni) 1 750

107 5.7 Tassadhsqamavesfunundoanizmananos M7 o fnndanateduay
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514 5.84
The microstructure of Al 356 80%

+ Al scrap 20%, at 10X, (TOP)

Degassing condition M2

Gas flow rate (I/min) -

Degassing time (min) -

Rotation speed (rpm) -

5171 5.8B

The microstructure of Al 356 80%

s
g

+ Al scrap 20%, at 10X. (MIDDLE) %

Degassing condition - .| M2 i

Gas flow rate (/min} -

Degassing time (min) -

Rotation speed (rpm) -

1 5.8C
The microstructure of Al 356 80%
+Al scrap 20%, at 10X.

(BOTTOM)

Degassing condition M2

Gas flow rate {/min) -

Degassing time {min) -

Rotation speed {rpm) -

+ [

t:‘l. =f L=} = o ¥ ¥ o
g‘ij‘ﬂ 5.8 nf‘?zmmziiu'ﬂ'amn::mssmmmiuﬂmsmm TH AT LD MNTFUITE M2

{Al356 ingot 80% + Al scrap 20%, Non-Degassing) ffidavens 10X
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519 5.9 smoeumanlTung NIy

’ |
TumnaIu 100% Al 356 Ingot,

Degassing condition M1

Gas flow rate (Vmin) ' -

Degassing time (min) | -

Rotation speed (rp:h) ' -

31l7t s.10 mmshouaaalSinagngy -

Tuduau Al1356 80% + Al scrap 20%

Degassing cdh&ition w2

Gas flow rate (Vmin) | :

Dega:s's'ing time (min) -

Rotation speed (rpm) - -

ANYUTVDI Porosity

MARIIN Gas
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7 5.11 amshewaeafSuimgngu

¥

T A 356 80% + Al scrap 20 %

Degassfng'ééndifion M3
Gas fft.):'.\.y:-r_a'tef(ymiﬁ) S 5
Rotation speed (rpm) | 1000

31 5.2 amaneuamelTanagngy

Tudiann Al 356 80% + Al scrap 20 %

Degassmg coﬁdit_ié_n i M4
Gas f.}ow'.ra.ie (Vmin) b 10
Dega:ss:ir_;g time (miﬁ) 3 10
Rotation speed {rpm) - "_:1000
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3191 5.13 amoguaanTinagwiy

F
UM Al 356 80% + Al scrap 20%

Degassing condition M5
Gas flow fate (V/min) 10
Degaésiﬁ_g_ time (min) | 20
Rotation speed (rpm) 1000

‘u‘ ) =3
519 5.14 smimsuaealSumnsy

3
TuBuau A1356 80% + Al serap 20%

Degassing condition M6
Gas flow rate (/min)} 15
Degassing time (min) 5
Rotation speed {rpm} 1000
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:ni‘n 515 mwmmmmﬂammswsu

1u%ua1u Ingot Al356 80% + scrap 20 %E

Degassmg condltlon M7 T §
Gas flow rate (V/min) - 10
Degassing ﬁrﬁe (min) 1 10
Rotation speed (rpm) - .750
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mm%mmmmﬁmuuu afluﬂﬂwamwmvﬁqﬁwmﬁmuwmﬂsmmawm%wmm
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Mi Ingot Al 356 Non-degassing 2.76 2.74 2.76 2.75 0.01

M2 Ingot Al 356 + Al scrap Non-degassing 291 2.67 272 2.70 0.03
M3 Degassing 5 Vmin-10 min-1060 rpm 275 2,74 274 2.74 0.01

M4 Degassing 10 ¥min-10 min-1000 rpm 2.76 2.76 2.76 276 0.00
M5 Degassiag 10 Vmin-20 min- 1000 rpm 278 277 2.6 277 0.01-
M6 Degassing 15 Vmin-5 min-1000 rpm 2.6 2.7 2.37 21 0.01
M7 Degassing 10 Ymin-10 min-750 rpm 2,77 am 2.75 276 0.01

density of aluminium castings

2.80

2.78 1

2.76

2.74 -

2.72 A

270

2.68 -

Density, g.cm™

2,66

2.64

2,62 A

—o— Average density
#  Top position
4 Middle position
A Bottom position

2.60 T T
M1 M2

510 5.16 nsivanamanumiuiis g na1 usrmsvesiuIUNED

T T

M3 M4

Degassing condition

m7
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M3 53 pasemnunderesiunumenianmsude sy (Top)

N)
M1 Ingot Al356 Non-Degassing 79.6 60.5 79.6 73.2 11.0
M2 IngotAl356+20%scrap Non-Degassing 74.1 69.1 74.1 72.4 2.9
M3 Degassing-5 I/min, 1000 rpm, 10 min 64.6 62.5 64.6 63.9 1.2
M4 Degassing-10 Fmin, 1000 rpm, 10 min 79.6 64.6 74.1 72.8 7.6
M35 Degassing-10 I/min, 1000 rpm, 20 min 76.8 503 74,1 67.1 14.6
M6 Degassing -15 Fmin, 1000 rpm, 5 min 69.1 60.5 69.1 66.2 5.0
M7 Degassing-10 Ifmin, 750 rpm, 10 min 74.1 64.6 74.1 70.9 5.5

M5190 5.4 nanemnIsmdave ST unumen s de g g 19 (Middle)

M1 Ingot AI356 Non-Degassing | e0a 55.1 58.6 609 7.3
M2 IngotAT356+20%scrap Non-Degassing 74.1 69.1 74.1 72.4 2.9
M3 Degassing-5 l/min, 1000 rpm, 10 min 64.6 56.8 66.8 62.7 53
M4 Degassing-10 /min, 1000 rpm, 10 min 60.5 40.2 53.4 514 10.3
M5 Degassing-10 Vmin, 1000 rpm, 20 min 74.1 74.1 74.1 74.1 0.0
M6 Degassing -15 Vmin, 1000 rpm, 5 min 69.1 64.6 04.6 66.1 2.6
M7 Degassing-10 Vmin, 750 rpm, 10 min 66.8 5334 66.8 623 7.7

MIT 5.5 urasrnanunivesBuumendansndeigunniig (Bottom)

b

M1 Ingot A1356 Non—Degéssing EE 74.1 74.1 75.0 1.6
M2 IngotAl356+20%scrap Non-Degassing 74.] 69.1 69.1 70.8 2.9
M3 Degassing-5 Vmin, 1000 rpm, 10 min 66.8 55.1 69.1 63.7 7.5
M4 Degassing-10 ¥min, 1000 rpm, 10 min 64.6 66.8 64.6 65.3 1.3
M35 Degassing-10 l/min, 1000 rpm, 20 min 76.8 7L.5 74.1 4.1 27
M6 Degassing 15 ¥Ymin, 1000 rpm, § min 69.1 69.1 69.1 69.1 0.0
M7 Degassing-10 Vmin, 750 rpm, 10 min 69.1 60.5 66.8 63.5 4.5
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AN 5.6 UAAMATINNTITD T HOIUMDRIINITHAD 1N AN IMKRUIDY naIaMDZE 1

M1 Ingot AI356 Non-Degassing 73.2 60.9 75.0 a9.7 17
M2 IngotAl356+20%scrap Non-Degassing 724 60.9 76.8 68.0 6.2
M3 Degassing-5 I/min, 1000 rpm, 10 min 63.9 62.7 63.7 63.4 0o
M4 Degassing-10 fmin, 1000 rpm, 10 min 72.8 51.4 65.3 63.2 10.9
M5 Degassing-10 Vmin, 1000 rpm, 20 min 67.1 74.1 74.1 718 4.0
M6 Degassing -15 Vmin, 1000 rpm, 5 min 66.2 66.1 69.1 67.1 1.7
M7 Degassing-10 Vmin, 750 rpm, 10 min 70.9 62.3 65.5 66.2 4.3
Brinell Hardness of Aluminium Castings at Top Position
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Brinell Hardness of Aluminium Casting at Middle Position
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Brinell Hardness of Aluminium Casting at Bottom Position
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Brinell Hardness values of Aluminium Castings
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M1 Ingot Al356 Non-Degassing 2085 1753 1.64
M2 IngotAl356+20%scrap Non-Degassing 205.2 162.4 141
M3 Degassing-5 /min, 1000 rpm, 10 min 2129 181.0 1.08
M4 Degassing-10 Umin, 1000 rpm, 10 min 206.3 1547 145
MS5 Degassing-10 Ymin, 10600 rpm, 20 min 2219 160.7 177
M6 Degassing -15 Vmin, 1000 rpm, 5 min 2106 1537 1.57
M7 Degassing-10 Vmin, 750 rpm, 10 min 176.5 155.4 0.61

Tensile properties of aluminium castings
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M3197 5.9 waalsmasguanvesiunumteozgdiilsummumendamsmiasia

[T 4
Talasioumanmsaadinddamnsos FIpU

Al 80.650 85.50 33.83 37.80 87.40 8§7.66 86.75 86.03
Si 6.5-7.5 7.30 12,58 7.36 743 7.39 7.48 7.60
Cu 0.250 1.747 2.676 1.304 1.213 1.217 1.597 L730
Fe C 0600 0.669 0.480 0.402 (.591 0.570 0.608 0.576
Zn 0.350 >3.012 0.238 0.113 2.699 2513 2,818 >3.012
Ni - 0.289 0.044 0.013 0.094 0.092 0.169 0.186
Mg 0.25-0.45 0.534 <0.003 0.029 0.329 0313 0.338 0.375
Cr - 0.043 0.016 0.504 0.026 0.025 0.040 0.040
Mn 0.350 0.177 0.053 0.124 0.139 0.133 0.134 0.131
Pb - 0.080 0.040 2.303 0.058 0.056 0.055 0.059
Sn - 0.016 0.022 | 0.049 -y 0021 0.022 6.012 0.013
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31 5.22 A Taseardreganin
80% Al356 ingot + 20% Al scrap

fMasen 5X

Degassing Condition MDFT01

Gas flow rate (/min) -

Degassing time (min) | -

Rotation Speed (rpm) -

Flux type . -

Flux content -
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" 80% Al 356 ingot + 20% Al scrap
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317 5.23 A Taseadreganmn

80% Al 356 ingot + 20% Al scrap

Degassing Condition MDFT02
Gas flow .ra.te (Imin) 10
Degassiﬁg ﬁme (min) 10
Rotation Speed (rpm) 1000
Flux type Powder
Fhux content 0.25%
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519 5.24 A Tnssadraganin MDFTO3
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80% Al 356 ingot + 20% Al scrap

Andaene 5X
Degassing Condition MDFT03
Gas flow rate (I/min) 10
Degassing time {min) 20
Rotation Speed (rpm) 1000  _'
e '.: ..;{ﬁi&?f:_' Nt «:' R ‘; FIu.x tyjﬁe -Pc.n;r_d.er '
et iR G SRR I e N
' Flux content 0.25%
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309 5.25 A Tnssaiieganma MDFTO4

80% Al 356 moot +20% Al scrap

Degassing Condition - MDFTO4
Gas ;.ﬂ.bw rate (/min) 10
Degassing time (imin) . 10
Rotation Speed (rpm) 1000 |
Flux type Granu}ar
Flux content 0.125%
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51an 5.25B Tmaﬂﬂwamﬂ MDPT04

80% A1356 ingot + 20% Al scrap
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517 5.26 A Tnseadregania MDFTOS

ar

30% Al 356 ingot + 20% Al scrap

NMBVEIL 5X

Degassing Condition MDFTO05
Gas flow rate {I/min) i0
Degassing time {min) 20
Rotation Speed (rpm) 1000
Flux type Granular
Flux content 0.125%

510 5.26 B Tns 951930019 MDFTOS

80% Al 356 ingot + 20% Al scrap
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Degassing Condition MDFTO!

Gas fiow rate (I/min) -

Degassing time {min) -

Rotation Speed (rpm) -

Flux type -

Flux content -
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80% Al 356 ingot + 20% Al scrap (Nondegassing) Aﬁué”ﬂuqagapmﬁﬁ 656 mmHg




Degassing Condition MDFTO02
Gas flow rate (V/min) 10
i)c_:gassing time (min) 10
Rotation Speed (pm) 1000
F lux .W?e S Powder
Flux content 0.25%
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51l 5.28 mwawfSinaguguhidunuy MDFT02 ifudilueimanasganman 650 mmilg

Degassing Condition MDFT03
Gas flow rate (V/min) 10
Degassing time (min) 20
Rotation Speed (rpm) 1000
Fhux type Powder
Flux content 0.25%
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Degassing Condition MDFT04
Gas flow rate (/min) 10
Degaésing time {min) 20
Rotation Speed (rpm) 1000
Flux type Granular
Flux content 0.125%
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D_egassing Condition MDFTOS
Gas flow rate (min) 10
Degassing time (min) 10
Rotaﬂon Speed (rpm) 1000
Flux type Granular
Flux content 0.125%
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| MDFTO01 | Non-degassing b 2ms ] o202 | 2736 2721 | 0.017
MDFTQZ Degassing 10 min, 0.25% powder flux 2.744 2.732 2.733 2.737 0.067
MDFT03 | Degassing 20 min, 0.25% powder flux 2.742 2,729 2.732 2,734 0.007
MDFT04 | Degassing 20 min, 0.125% granular flux | 2.742 2.728 2.730 2.733 0.608
MDFTO05 | Degassing 10 min, 0.125% granular flux | 2.753 2,745 2.690 2.729 0.034
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Density of Aluminium Castings
2.76
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Density, g.cm™
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MDFTO! | Non-degassing 68.33 47.83 61.90 5935 10.48
MDFT02 | Degassing 10 min, 0.25% powder flux 66.40 65.60 70.00 67.33 2.343
MDFT03 | Degassing 20 inin, 0.25% powder {lux 47.83 47.70 51.20 48.91 1.984
MDFT04 | Degassing 20 min, 0.125% granular flux 85.76 79.76 81.47 82.33 3.091
MDFT05 | Degassing [0 min, 0.125% granular flux 63.67 66.93 68.36 66.32 2.403




Brinell hardness values of aluminium castings
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HAT USRI TU NeTu v ses aliiivuney fshunszurumsiiamey lelaseuday
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9304 MDU (M1-M7) nazmimiams 18 Insnunioumsiardngaiomies FIDU (MDFTO1-

) 0w o o =t @ s W aty 81 It & et
05) TWHIT m‘jﬂﬁ}ﬂm“ﬁwﬁ}‘um’;‘ﬂﬂ"ﬂﬂﬂ‘]ﬂJLm’ﬂuwﬂT}’imﬂ’JmLﬂlx‘mimﬁx‘iﬂ&%ﬂﬂ??

d‘ QA I ] qu 1 oy o tﬂl ? o qr o 3 =
fITIaN 5.12 !!ﬁﬂﬂﬁu“ﬂﬂt!‘53ﬂﬂ‘“®3‘ﬁ%@11&ﬁﬂﬂﬂ$§3&!ﬂ8uﬂﬂ‘!ﬂlﬁnuﬂ"ﬁﬂﬁ}ﬂﬂ’l"leSi@Nﬂ'ﬁﬂﬁ
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MDFTO01: 80%Al ingot+20%Al scrap Non-degassing 222.6 157.3 2.48
MDET02: Degassing 10 min, 0.25% powder flux 238.5 164.2 2.15
MDFT3: Degassing 20 min, 0.25% powder flux 236.0 1623 2.29
MDFTD4: Degassing 20 min, 0.125% granuler flux 241.2 166.3 1.89
MDFT05: Degassing 10 min, 0.125% granular flux 2254 175.8 1.40

Tensile strength of aluminium castings
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Experimental conditions

Tensile strength, MPa
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Yield strength of aluminium alloys
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Experimental conditions

Yield strength, MPa

31 534 (b) n5IHuERIMANNUTwTINYARTIN (Yield strength at 0.2% strain) Y45 U

y = e oy o ar o Y =t oW dwr
Wﬁ@@3@3!!'3«!8}'“?4333?1[531“?]]5?“%@ﬂ'lcli’ﬂ'iﬂ&lﬂ?‘éﬂﬂﬁﬂﬂ‘ﬁﬂ?‘i—!ﬁu

Tensile efongation of aluminium alloys
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Tensile properties of aluminium castings
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Engineering stress-strain curves of aluminium castings
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Comparision of tensile strength of aluminium castings
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Mz
Non degassing

Scm

M5: Degassing
Speed = 1000 rpm
GFR= 10.)/min
Time =20 min

MDFT01:
Non degassing

MDFTO03: Degassing
+ powder flux -
Speed. = 1000 rpm
GFR=10 }fmin
Time =20 min "

MDFT04: Degassing -
+ granular flux.
Speed = 1000 rpm
GFR=10lmin
Time =20.min
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Hydrogen content- hardness
relationship
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