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Abstract

Aluminium melt treatment prior to casting is of great necessary and has tremendous effects
on mechanical properties of the castings. This research investigated degassing techniques coupled
with flux injection in order to provide enhanced treatment efficiency and improved mechanical
property of aluminium 356 castings through reducing gas porosity and increasing melt cleanliness.
Experimental involved investigations on two degassing techniques, lance degassing and rotary
degassing coupled with a flux injection unit. The latter also provided comparative results on flux

feeding from sideway and on top and different types of fluxes used, powder and granular types.

Aluminium ingot with 20% aluminium chip was melt in a 20 kg crucible using a 1000 Hz
and 20-30 kilowatt induction furnace to simulate the contaminated environment of the melt by
hydrogen and impurities. The controlled parameters for degassing plus flux injection are 1)
rotational speed of the graphite shaft, 2} argon gas flow rate, 3) Degassing and fluxing time, 4) Flux
injection technique and 5) types of fluxes. Experimental resulis showed that lance degassing
coupled with flux injection led to worsen melt treatment efficiency and dramatically reduced
soundness of the castings. Rotary degassing on the other hand provided much better efficiency,
depending on the controlled parameters. Degassing coupled with flux injection at high rotational
speed (1000 rpm) and low argon gas flow rate (10 L/min) helped not to cause turbulence in the
aluminium melt. Degassing plus fluxing for 20 minute provided good experimental results. In
comparison to flux feeding from sideway, flux feeding from the top eliminated a problem of
remaining flux left during flux carrying. Top feeding enabled lower argon gas flow rate; therehy,
lessening turbulence in the aluminium melt. Furthermore, higher flux feeding efficiency could be
obtained when granular flux was used. The smaller granular flux consumption was noted and
lower emission was detected during melt treatment, leading to better working condition and more

environmental friendly, in comparison to the usage of the powder flux.
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M1 4.5: Density of water at various temperatures in the range of 14-35°C

Temperature Density Temperature Density
(Degrees Celsius) {g/ml) (Degree Celsius) (g/ml)
14 0.9993 25 0.9971

15 0.9991 26 0.9968

16 0.9990 27 0.9965

17 0.5988 28 0.9963

18 0.9986 29 0.9960

19 0.9984 30 0.9957

20 0;9982 31 0.9954

2 0.9980 32 0.9950

22 (.9978 33 0.5947

23 0.9976 34 0.9944

24 0.9973 33 0.9941
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311 5.10 A Tnssadregama

Aluminium 356 ingot

o

Afdvee 5X

Degassing Condition MDF01

Gas flow rate (I/min) -

Degassing time (min) -

Rotation Speed (rpm) =

311 5.10 B Tnseer$ragania

Aluminium 356 ingot

s

Af1n9vey 20X

Degassing Condition MDF01

Gas flow rate (/min) -

Degassing time (min) =

Rotation Speed (rpm) -

31N 5.10 € Thssadregania
Aluminium 356 ingot

ARB9eNy 100X

Degassing Condition MDF01

Gas flow rate (I/min) -

Degassing time (min) -

Rotation Speed (rpm) -
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U7 5.11 A Tassadegania
Al356 ingot 80%, Alchip -
20%, An189ve1e 5X

Degassing Condition

Gas flow rate (/min)

Degassing time (min)

Rotation Speed (rpm)
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- -

Nl t
Al e S

1

5101 5.1 B Tassadregania
A1356 ingot 80%+Al chip 20%

Aidavste 20X

Degassing Condition

Gas flow rate {I/min)

Degassing time {min)

Rotation Speed (rpm)

511 5.11 € Tassadraganmn
Al 356 ingot 80%+Al chip 20%

Aifaaveny 100X

Degassing Condition MLF02

Gas flow rate (/min) -

Degassing time {(min) -

Rotation Speed (rpm) -
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3N 5.12 A Tnseadreqama

Al 356 ingot 80%+Al chip 20%

AMdewene 5X
Degassing Condition MDF03
Gas flow rate (I/min) 15
Degassing time (min)} 5
Rotation Speed (rpm) 1,000

UM 5.12 B Taseadregania

Al 356 ingot 80%+Al chip 20%

'
= g o

nAGIVYIY 20X

Degassing Condition MDFO03
Gas flow rate (/min) 15
Degassing time (min) 5
Rotation Speed (rpm) 1,000

s 5.12 € Tassadgama

Al 356 ingot 80%+Al chip 20%

-

AMEE1E 100X

Degassing Condition MBDF03
Gas flow rate (I/min) 135
Degassing time {min) 5
Rotation Speed (rpm) 1,000

e e - 3 o e o d
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51 5.13 A Taseardregamn

Al 356 ingot 80%+Al chip 20%

fAfnagueny 5X

.: ﬁ)egassing Condition MDF04
Gas flow rate (/min) 15
Degassing time (min) 5
Rotation Speed (rpm) 1,000
Flux opening degree

g1l 5.3 B Tnssadegania
Al 356 ingot 80%+Al chip 20% -

ffaevene 20X

W)egassing Condition

Gas flow rate (I/min)

Degassing time (min)

Rotation Speed (rpm)

Elux opening degree
400 pm g
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51 5.3 ¢ Taseadregamn
Al 356 ingot 80%-+Al chip 20% -

fif189veny 100X

Degassing Condition

Gas flow rate (I/min)

Degassing time (min)

Rotation Speed (rpm)

7 ALELN l-iux opening degree
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U 514 A Taseadregania
Al 356 ingot 80%+Al chip 20%

fifaavene 5X

Degassing Condition MDFOQ5
Gas flow rate (Vmin) 15/10
Flux/degas time (mnin) 5/5
Rotatior: Speed (rpm) 1,000
Flux opening degree 20°

517 5.14 B TaseaSragania

LY

Al 356 ingot 80%+Al chip 20%

ffaavens 20X

Degassing Condition MDF05
Gas flow rate (I/min) 15/10
Degasing time {min) 5/5
Rotation Speed (rpm) 1,000
Flux opening degree 20°

U 5.14 € Taseadegania
Al 356 ingot 80%+Al chip 20%

r
oo oo

A 100X

Degassing Condition MDF(Q5
Gas flow rate (I/min) 15/10
Flux/degas time (min) 5/5
Rotation Speed (rpm) 1,000
Flux opening degree 20°
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5141 5.15 A Tnseafieganmn

Al 356 ingot 80%+Al chip 20%

e 5X

Degassing Condition

Gas flow rate (/'min)

Flux/degas time (min)

Rotation Speed (rpm)

Flux opening degree
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51/ 5.15 B Tnssadegania
Al 356 ingot 80%+Al chip 20%

NA189UeIY 20X

Degassing Condition

Gas flow rate (I/min)

Flux/degas time (min)

Rotation Speed (rpm)

Fhux opening degree

egsrmsg 711 5.15 C Tasandegann

Al 356 ingot 80%+Al chip 20%

1
1 a o

nARIvEY 100X

Degassing Condition

Gas flow rate (I/min)

Flux/degas time (min)

Rotation Speed (rpm)

Flux opening degree
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1 15.16 madinunavesTuam

waa s 1nnianals 100%

Aluminium 356 ingot

Degassing Condition

MDFO01

Gas flow rate (U/min)

Degassing time {min)

Rotation Speed (rpm)

3111 15.17 madaurave sFuau

naousfiniaelyd Al 356 ingot

80% + Al chip 20%

Degassing Condition

MDF02

Gas flow rate (Vmin)

Degassing time {min)

Rotation Speed (rpm)




31 1518 madnuNsve T

naeuiuAniagld Al 356 ingot

68

o

B oA b e P

80% + Al chip 20%
Degassing Condition MDF03
Gas flow rate (V/min) 15
Degassing time (min) 5
Rotation Speed (rpm) 1,000

i
%
|
é

80% + Al chip 20%

15.19 MARAYINVOITUIIN

wastuasiinlagly Al 356 ingot

Degassing Condition MDF04
Gas flow rate {I/min) 15
Degassing time (min) 5
Rotation Speed {(rpm) 1,000
Flux opening degree 20°
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31 15.20 madauNsvRIT UV

T 2/ L 4
nasrninlaaly Al 356 ingot

80% + Al chip 20%

Degassing Condition MDFO05
Gas flow rate (I/min} 15/10
Flux/degas time {min) 5/5
Rotation Speed (rpm) 1,000
Flux opening degree 20°

31 15.21 madarnavesFuau

naausNnlaely Al 356 ingot

80% + Al chip 20%
Degassing Condition MDF06
Gas flow rate (I/min) 15/10
Flux/degas time (min) 5/15
Rotation Speed (rpm) 1,000
Flux opening degree 20°
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Tensile strength of aluminium castings
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Yield strength of aluminium castings
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Tensile elongation of aluminium castings

Tensile elongation (%)
3%
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311 5.27 A Tnssardregama

80% Al 356 ingot + 20% Al chip

%3

Maswee sX

Degassing Condition MDFTO0!

Gas flow rate (I/min) -

Degassing time (min) -

Rotation Speed (rpm) =

Flux type =

Flux content =

5 5.27 B Tnseadragana

80% Al 356 ingot + 20% Al chip

Afd9vee 20X

51 5.27 ¢ Tassadragama

a b

80% Al 356 ingot + 20% Al chip
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51/ 5.28 A Tassad1egana

80% Al 356 ingot + 20% Al chip
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Degassing Condition

Gas flow rate (I/min) 10 :
Degassing time (min) 10
Rotation Speed (rpm) 1000 -
Flux type Powder:
Flux content 0.25%
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5171 5.29 A Tnssadregania MDFTO3

80% Al 356 ingot + 20% Al chip

Degassing Condition MDFTO03
Gas flow rate {I/min) 10
Degassing time (min) 20
Rotation Speed (rpm) 1000
Flux type Powder
Fhuix content 0.25%

Afdguee 20X

w

AR 50X

31 5.29 B Tasea$reganin MDFTO3

80% Al 356 ingot + 20% Al chip

10 5.29 € Tnseadragnnia MDFTO3

80% Al 356 ingot + 20% Al chip
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80% Al 356 ingot + 20% Alchip

Afdavens 5X

Degassing Condition

Gas flow rate {(I/min)

Degassing time (min)

Rotation Speed (rpm)}

Flux type

Flux content
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311 5.31 A Tnssaiegama M
80% Al 356 ingot + 20% Al chip

Afdaves 5X
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DFTOS

Degassing Condition MDETO05
Gas flow rate (/min) 10
Degassing time (min) 20
Rotation Speed (rpm) 1000
Flux type Granular
Flux content 0.125%
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Degassing Condition MDFT01

Gas flow rate (I/min) -

Degassing time (min) -

Rotation Speed (rpm) -

Flux type -

Flux content -
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egassing Condition

MDFTO02

10

10

1000

Powder

0.25%

egassing Condition

MDFT03

s flow rate (I/min) 10
Degassing time (min) 20
R kion@peed (kpm) 1000
Flux type Powder
Flux content 0.25%

egassing Condition

MDFT04
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Granular

lux content
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Degassing Condition MDFTO05
Gas flow rate (Vmin) 10
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Rotation Speed (rpm) 1000
Flux type Granular
Flux content 0.125%
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Non-degassing 2.725 2.702 2.736 2721 0.017
; Degassing [0 min, 0.25% powder flux 2.744 2.732 2.733 2037 0.007
'I‘03 Degassing 20 min, 0.25% powder flux 2,742 2.729 2,732 2734 0.007
Degassing 20 min, 0.125% granular flux 2.742 2.728 2.730 2.733 0.008
%05 Degassing 10 min, 0.125% granular flux | 2.753 2.745 2.690 2.729 0.034

Density of Aluminium Castings
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MDFTO01 | Non-degassing 68.33 47.83 61.90 59.35

MDEFT02 | Degassing 10 min, 0.25% powder flux 66.40 65.60 70.00
MDFT03 | Degassing 20 min, 0.25% powder flux 47.83 47.70 51.20
MDFT04 | Degassing 20 min, 0.125% granular flux 85.76 79.76 8147
MDFT05 | Degassing 10 min, 0.125% granular flux 63.67 66.93 68.36
Brinell hardness values of aluminium castings
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DETO1: Non-degassing

DFT02: Degassing 10 min, 0.25% powder flux 2385 164.2 2.15

DFT03: Degassing 20 min, 0.25% powder flux 236.0 162.3 2.29

DFT04: Degassing 20 min, 0.125% granular flux 241.2 1663 1.89

DFTO05: Degassing 10 min, 0.125% granular flux 2254 175.8 .46




90

Tensile strength of aluminium castings
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Tensile strength, MPa
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Yield strength of aluminium alloys
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Tensile elongation of aluminium alloys
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Tensile properties of aluminium castings
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Engineering stress-strain curves of aluminium castings

Engineering stress, MPa
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Comparison of tensile strength of aluminium castings
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Non degassing

M6: Degassing+ flux
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GFR= 15 l/min

Time = 20 min
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+ granular flux
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Time = 20 min
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Spectrum 1
Element Intensity Weight% Atomic%
CK 1.4654 53.79 62.66
OK 1.1336 38.65 33.73
Na K 1.3884 1.26 0.77
Al K 1.0435 1.51 0.78
SiK 1.0195 2.34 1.16
KK 0.9981 0.2 0.33
CakK 0.9230 1.63 0.57
Totals 100.00
Spectrum 2
Element Intensity Weight% Atomic%
CK 0.3380 6.46 13.30
oK 1.3833 3.17 4.90
Mg K 1.4432 0.82 0.84
ALK 1.3006 78.53 71.99
SiK 0.8617 9.56 8.42
Znl 0.8580 1.45 0.55
Totals 100.00
Spectrum 3
Element intensity Weight% Atomic%
CK 0.3171 5.30 11.02
oK 1.3451 4.71 7.36
Mg K 1.4120 2.15 2.21
Al K 1.2819 56.03 51.85
Si K 0.9397 30.38 27.01
Znl 0.8379 1.42 0.54
Totals 100.00
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Spectrum 1
Element Intensity Weight% Atomic%
CK 1.5440 62.79 72.53
OK 0.8788 28.33 24.57
SiK 1.0263 1.18 0.58
S K 0.8874 0.52 0.22
CakK 0.9271 4.70 1.63
ZnL 0.5032 0.93 0.20
Br L 0.7574 1.56 0.27
Totals 100.00
Spectrum 2
Element Intensity Weight% Atomic%
CK 0.3310 7.74 15.88
K 1.3367 4.25 6.54
Mg K 1.3841 G.73 0.74
AlK 1.2774 54.03 49.33
SiK 0.9459 20.59 25,96
Fe L. 0.7802 2,69 1.18
Zn L 0.8075 0.98 0.37
Totals 100.00
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