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Quantitative Prediction of Gas Evolved by Shell Core in
Permanent Mold Casting of Aluminum Alloy

Ki-Young Kim and Min-Soo Yi*

Abstract

Shell sand is widely used to make a complex shape castings due to its good collapsibility. When molten metal is poured
into the mold, various gases are generated by the thermal decomposition of binder in the shell core. Casting defects such
as blow hole and blister come from these gases. If it is possible to predict the evolution of gas quantitatively, it may
provide effective solutions for minimizing the casting defects. To examine the gas evolution by shell core quantitatively,
casting experiment and calculation were carried out. Gas pressure and gas volume evolved by shell core were measured in
the experiment, and temperature distribution in the shell core was obtained by heat transfer analysis. From the result above,
prediction on the gas volume evolved during pouring was tried. As forming pressure of the shell core increased and
forming temperature decreased, the gas evolution increased. There was a close relationship between the calculated gas

volume evolved and the measured one.
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Fig. 1. Experimental Procedure.
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Fig. 2. Schematic diagram of experimental apparatus and dimension of shell core.
Table 1. Experimental variables
Variables Thickness of Shell Core Forming Shell Core Forming
Experiment Shell Core (mm) Temperature (°C) Pressure (kgf/cm®)
Casting 5 200, 250 and 300 2, 3 and 4
Unit Gas Volume - 200, 250 and 300 —
Solidification Analysis 5 - 2, 3 and 4
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Table 2. Chemical composition and resin content of Holl A oF 1g8 AFH3lg o, &A% 2 Lx¥a
coated sand S97baske ARE AL oo Lxoxe]
Chemical Composition of Sand (%) Resin chelslagko 2 shein)
Si0, ALO, FeO, Ca0 MgO 18 2 0 9 AExle 2=y

93.40 4.53 0.75 0.42 0.33 ‘g‘%%‘cﬂ & ogiotg Al AZRe] LTEFE
T3t7] #13ted 32kl s & A At S
Table 3. Data for thermal analysis [8] Aol o]-838} B2 Table 33} 7tk 7F EA A= ©
e e MO e @ uskE wesha Rghes), 789 434
Thermal cal/em-°C-s  0.26 0.07  0.00135 ke QA RAlTs 1A gl doues
Conductivity A 2pgE FH A TRl 17, AT}l 3702 dAd
Density g/om’ 2.78 7.0 1.73 5 AA 3l 25E A3}t Sugiyama 52 WHH[7]
Specific Heat  cal/g 0.23 0.2 0.2 o2 F8F kS s o] 83} olu] YT E
Latent Heat cal/g 93.0 - - 200°CE AAFA shar, AHYHEE 2, 3, 4 kg/em’=
Liquidus Temp. °C 615 - - HEAA be AFAE ARSsig ow, A3k
Solidus Temp. °C 520 - - 2 T3 AFA Ak LA = 47 0.0084,
Initial Temp. °C 700 170 25 0.0098, 0.0108 cal/(cm®-°C-s)2 A3 g}zdo] Z71&4

Heat Transfer cal/cm’-°C-s Mold-Air: 0.001 5 TE3 At ko] ddLdAe= Frtstdloh
Coeff. Mold-Casting: 0.03 thAF 2 =2 75X 60X 75(337,5007)2] v 5-7bAH o2

Mold-Shell Core: 0.003
Casting-Air: 0.002
Casting- Shell Core: 0.0084~0.0108
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Fig. 3. Solid modellmg and meshes of a test casting for solidification anaysis.
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Fig. 4. Variation of gas pressure evolved after pouring with
shell core forming pressure (shell core forming temp.:
300°C).
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Variation of gas pressure evolved after pouring with
shell core forming temperature (shell core forming
pressure: 4 kg/cm’).

Fig. 5.
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Fig. 6. Relationship between shell core forming temperature
and gas pressure evolved after pouring with shell

core forming perssure.

Table 4. Permeabilities with shell core forming pressure
and temperature

Forming
Temperature ('C) 200 250 300
Forming Pressure
(kgf/cm®)
o) 82 86 95
3 80 84 88
4 75 82 84

*)

o] TR = AL AFYHe] F£F 4F5Ae ¥

I

7t Z7psle] ambE B7|mr) dolA]y] wWlEe R
Baloh Table 4= A3 2rd ez BEyjp s =
A AlE], 4H LRt FSRE QYUY 9
$5F Er = S-S & 9 vk

AT 7l Zo5E Ay AE L 748, 3
gl gtade] vl Aj7ke wlalz| 7 9l o]e-x 4l

57 Ba)ems} BolEz 49 5 ok F 4 H e
%7} Eoml 4FA Az d¥s} Belelng a9
2 4% 7904 2aEE SRgo] Fastma B
Fheghe AolAlA Hek. Hrjerge] vhehbs Az}
o WelA A HYLE} BE4E T} ¥
o}x)7] W02 Walrh

3.2 Altt 7tA gk

3.2.1 ctriazt

Fig. 78 B A3 ol ALL3E WA} dFefRA
o]c}. U] AR

SEEE
160°C 2ol A E-3l7} A==

(73)

1

97.0 . . T ST )
100 200 300 400 500 600 700

Temperature ("C)

Fig. 7. Thermogravimetric analysis curve of the shell sand
(heating rate: 10°C/sec).
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Fig. 9. Calculated temperature distribution in the shell core.
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Table 5. Calculated shell core weight
decomposition temperature with
forming pressure (unit: g)

Forming Shell Core Temperature after Pouring (°C)

Presure
(kgf/cm") 150 175 200 225 250 275 300 325 350 375

2 0.60 0.80 0.64 0.41 0.32 0.21 0.20 0.07 0.01 -
3 0.82 0.54 0.81 0.56 0.37 0.32 0.22 0.11 0.08
4 0.72 0.63 0.81 0.66 0.42 0.39 0.18 0.20 0.08 -
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Fig. 10. Comparision between measured and calculated gas
volume with shell core forming temperature and
pressure.
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