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ABSTRACT

Investment casting or known as lost wax casting technique
that offers broad advantages in providing a nearsi@ped
product and significant to mass production ratelse Tinique
mould making method of IC, able this techniqueuifilfcomplex

geometrical shape application. The ceramic shelllthis the key
that implies the quality of the product. Perme#piéind modulus
of rupture (MOR) are two dominant properties todoeasidered.
Permeability is important during casting of molteetal to avoid
defects or cracks caused by the increased preswmide due to
the blockage of trapped gases to pass througheutntbuld.
MOR is defined as the strength of the mould toaitslity to

withstand the stress generated during de-waxingcasting of
molten materials. Stucco size is one of the sigaift factors to
affect these subsequent mould properties. In cglat that, this
research was conducted to analyse the effect atatmatrix
towards the mould properties. The stucco
aluminosilicates formed in two sizes; mesh 50 amdm0. The
matrix comprises of three types; mesh 50 stucchetl mould,

mesh 30 stuccoed shell mould, and conjugation afhn®® and
30 stuccoed shell mould. The results revealed tivathighest
permeability of 1.15681 x 10-7 m2 was obtained fremmple B
(mesh 50 stuccoed matrix), and peak MOR value 0® MPa
was on sample C (mesh 50-30 stuccoed matrix).

KEY WORDS: Investment casting, permeability, modulus of
rupture (MOR), stucco.

sand was

NOMENCLATURE
U Permeability
c Modulus of Rupture

1.0INTRODUCTION

Investment casting (IC) is one of casting technitheg offers
broad advantages over the other casting methods THése
includes the ability to provide a near-net shapedpcts and
variety of casting materials [2,3]. Since the adwnthe Second
World War, the IC process have been inevitable todemn
requirement [4]. IC process comprises of four naiacedures;
pattern making, shell mould making, casting andt-pasting
operation. Commonly, for the pattern material, weased when
mass production needed. Besides that, plastic baségtial also
implemented when prototypes are need to fabricatede the
technology of rapid manufacturing (RM) provided refggant
tools for rapid prototyping (RP) [5]. The ceramive mould is
built around the pattern by dipping it into a sjutank containing
refractories. Stucco is applied in between therglaonating to
provide strength of the mould, and minimise theimyystress.
After the mould have been dried, it will be dewaxedremove
the pattern results in mould cavity for castingeThould will be
fired during the pouring of the molten materialsteA solidifies,
the mould will be removed and cast product will fogher to
post-casting operation involves finishing. The a@camould is a
factor that implies casting quality. The permea&pitind strength
of the mould are significant to affect the castimgcess, deciding
the casting quality [6,7]. Shell mould permeabilitgfine as the
ability of the mould to pass through gases fromriwaild cavity
inside to the outside during metal pouring [8]. Tihefficient
permeability will implicate product surface quality which, the
entrapped gases during pouring will repel back e metal
resulting in surface defects. While mould strengtisually
quantified as modulus of rupture (MOR), determittes mould
ability to withstands shock, density pressure, dmhdling
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operations. Weak mould defined the easiness okicrgdo be
occurred. Shell mould materials comprises in tweegaries;
slurry and stucco. Slurry is the refractories migticontaining
filler and a binder, while stucco is a sand pagscand usually
aluminosilicates that used due to economic rea$jn Slurry

fillers are very fine in sizes commonly in mesh 20850, while
stucco is formed in mesh 50 and 30 sizes. Basidaléyapproach
in constructing the stucco matrix are mesh 50 asfitBt stucco
layers, and mesh 30 for the proceeding coatingréaf/e0]. In

relation to that, this research looks at the stusize matrix
manipulation to evaluate its effect on the subsetipeoperties.
By that, the consequence of this study was to tewetéer stucco
matrix sizes to achieve better mould quality.

20MATERIALSAND METHOD

2.1 Pattern

The pattern used in this research consist of tywegycorrespond
to the parameters to be tested. For permeability s@mple, the
pattern was a table tennis ball attached to a wattwllite rod, as
shown in Figure 1. While for the modulus of rupt(OR) test

sample, a rectangular wax is used as the pattershasn in

Figure 2. These pattern shaped are common in ctinduithe

correspond parameters [6]. The concept of the padvifiy test

sample using a table tennis ball is due to its Spdlegeometry

that ensure the uniform air distribution inside theuld surface.
For the MOR test sample, the intention was to pcedu plate, to
be used in bending test.

(a) |—38 mm—|

Table tennis ||
ball

i
Mullite tube

mullite
tube

Figure 1. Permeability test sample pattern: (a) schematic

illustration of the pattern sample, (b) a typicattprn sample, (c)
ceramic coated sample

Figure2: Modulus of Rupture (MOR) test sample pattern

2.2 Slurry

The slurry developed for this experiment comprisészircon
flour (ZrSi0O,) as the refractory filler, with colloidal silic&i(0,)
binder. The stucco sand was aluminosilicatesSif)) formed in
two sizes, mesh 50 and 30. The slurry was prepartd two
viscosities as shown in Table 1, namely, the prymgnrry and
secondary. The viscosity of the slurry was measusedg Zahn
cup #5.

Table 1: Slurry Specification

Slurry Type Refractory filler Binder Viscosity (s
Primary Zircon flour Colloidal 14
Secondar (200 mesh) silica 17

2.3 Shell mould

All the prepared pattern samples were coated véthroic slurry
and stuccoed with investigated sizes as shown lileT2 Sample
A described the permeability and MOR test samphes twere
built with mesh 50 stucco sand size as its stucatrima Sample

B on the other hand was been stuccoed with mesh 30

aluminosilicates whereas Sample C stucco matrix veas
conjugation of mesh 50 and 30. All the test samplese
fabricated with specification shown in Table 3. dample was
dipped into the ceramic slurry for 30 second, dmehtdrained
about the same period before proceeds to dryingdt, Nbe
sample was dipped again into the secondary slambéilding
the backup coat, and then stuccoed with investigatesh sizes
with rainfall method. Lastly, a seal coat of secydslurry was
applied and the mould were left to dry for aboutrdirs. Total
of 7 layers of coating were developed for everyllshuld
samples. All the samples were dewaxed in an etattfiring
furnace for 1 hour in 200°C temperature with 20%C/gin
heating rates. The samples were then proceedsing fn the
furnace for 700°C in the rate of 11.67°C/min.

Table 2: Shell Mould Coating Specification for Three
Investigated Samples (A, B and C)

Coating Slurry type Stucco matrix

level Sample / | Sample E | Sample (
Primary Primary - - -
Backup : | Secondar | Mesh5( | Mesh 3( | Mesh 5(
Backup 2| Secondary Mesh 50  Mesh 30  Mesh|30
Backup { | Secondar | Mesh5( | Mesh 3( | Mesh 5(
Backup ¢ | Secondar | Mesh5( | Mesh 3( | Mesh 3(
Backup 5| Secondary Mesh 50  Mesh 30  Mesh|50

Sea Secondar - - -

Table 3: Shell Mould Building Specification

Coating level Dip time Drain time Dry time
second second hour
Primary 30 3C 2
Backup 1 30 30 4
Backup 2 30 30 4
Backup ! 30 3C 4
Backup 4 30 30 4
Backup ! 30 3C 4
Seal 30 30 48
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2.4 Permeability measurement

The permeability values of the samples were detethusing the
apparatus as shown in Figure 3a and 3b. The peilihedbst
sample was connected with a rubber tube of the gabitity test
equipment, permitting the pressurizes air to fldwotigh the
sample. The pressure of the air was setup to 5rg34.5 kN.m2
at the room temperature of 25°C. The permeabilitynber {1,
m2), is calculated according to BS1902-10.2:199dnckard
(determination of permeability and standard aiwfloapacity at
elevated temperature) [11] by measuring of theflaw through
the shell mould samples at a given pressure angeetture using
Equation 1.

[DIA]O]
T @» @)
where n, is the dynamic air viscosity at the experimented
temperature (Ns/f), Vc, is the air volumetric flow rate corrected
for expansion at higher temperatures/g) |, is the thickness of
shell mould (m), a, is the inner surface valuehef hollow shell
(m), and P, is the pressure difference across fiefi should
(N/m?).
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Figure 3a: Permeability test set-up apparatus used to perform
permeability measurement of the test samples
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Figure 3b: Schematic diagram of the permeability test apparat

2.5 Modulus of Rupture (MOR) measurement
The modulus or rupture (MOR) of every samples weeasured
by performing a 3-points flexural bending strengtst using a

Universal Testing Machine as shown in Figure 4. roelulus of
rupture (MOR) 6, MPa) of every shell mould samples were
calculated by using Equation 2. From the Univer§akting
Machine, the maximum fracture load (P) is obtained.

_ 3™
T @W)H?) 2)
whereg is the modulus of rupture (MP4d),is the maximum load
applied until fracture occur (N}, is the length of span between
two hold point (m)W is the width of the test samples (m), ahd
is the thickness of the test samples (m). The ME&dR samples
was 4 mm thick, 10 mm width and the length of spas setup to
be 64 mm.

Test samples

Figure 4: Universal Testing Machine (Model: Instron) used to
perform a 3-points flexural bending strength foe todulus of
Rupture (MOR) test samples.

3.0RESULTSAND DISCUSSION

The results of the permeability and modulus of uop{MOR) of
the investigated sample A, B and C are tabulatethivie 4. The
permeability and MOR results are graphically illagtd as
Figure 5 and 6, and the microstructures of thosedamples are
shown in Figure 7 and 8. Based on the results médaisample B
showed the highest permeability value, comparedatmple A
and C. While for MOR, sample C was at peak valuikerathan
sample B and A. Sample A was built with stucco simsh 50
matrix, was the least of both respond parameteree T
microstructures of these samples gave a visualratafeling of
the results. Sample A of both permeability and M@& samples,
having packer and tighter particles arrangemend, also less
gaps and holes exhibits. The fine stucco sand ns#iple for
creating the dense particles arrangement. As fopkaB, which
was constructed with stucco sand of size mesh 38 asuccoes
matrix, can be seen to have larger crates and g, on its
particles packing. Coarse stucco of sample B peowiler gaps,
less dense, and limited particles inter-bondingyliich results in
highly porous samples. By that, the porosity of glenB ease the
flow of air through the mould sample. Although csmrstucco
implies excellent permeability, due to lack of mb®nding of the
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stucco particles, the sample strength was viceave@n the other
hand, sample C, in which was constructed by a gatjon of
mesh 50 and 30 stucco as its mould matrix, wasatedgo be in
median values of both parameters. The permeabiisample C
was less than sample B but its strength (MOR) wgken. The
microstructures of sample C was seen to be bettbrne sudden
large crates or gaps, in which, the porosity waseoled to be
more uniformed than sample B. Due to its matrixe, ¢fuality of
permeability and MOR was generated convenientlye Triter-
bonding of sample C particles, was achieved higlitis uniform
particles arrangement, with more porous than sapleut less
porous than sample B.

Table 4: Permeability Results of Three Shell Mould Samgkes
B and C)

Sample| Stucco size | Permeability, u Modulus of
type matrix Vi rupture,o
m MPa
A Mesh 50 1.14008 x 10 6.727
B Mesh 3( 1.15681 x 17 9.89:¢
C Mesh 50-30 1.14715 x 10 10.898
1.16
S 1.155
—
X 115 ®A
3
Z: 1.145 B
% 1.14 =C
g
o
1.13
A B C
Shell mould sample

Figure5: Graph of Permeability Values of Sample A, B and C

12

10

8 BA
6 WB
4 mc
2
0 - T T

A B C

Shell mould sample

MOR, ¢ (MPa)

Figure6: Graph of MOR Values of Sample A, B and C
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Figure 7: Microstructure of Permeability Test Sample A, Bl&h

éaple C
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Figure8: Microstructure of MOR Test Sample A, B and C

4.0 CONCLUSION

The research was conducted to investigates theteffelifferent
stucco matrix towards the shell mould permeabdityl Modulus
of Rupture (MOR). The matrixes were sample A stedcwith
mesh 50 aluminosilicates, sample B stuccoed witen89, and
sample C stuccoed with conjugation of mesh 50 &ndr8r every
sample, permeability and modulus of rupture (MO#t samples
were produced and measured by performing permbetebt and
3-points flexural bending strength test. This irigegtion found
that stucco sizes and type of matrix are signitidanaffect the
shell mould permeability and modulus of rupture (RIOThe
permeability was highest on sample B (1.15681 X 1f)
followed by sample C (1.14715 x 1@n?) and sample A (1.14008
x 107 m?). The microstructures of the permeability test gk
A, B and C gave an observation of its pores whelaagr pores
exhibit by sample B, than sample C and sample A. the
modulus of rupture (MOR), the strongest mould wassared on
sample C (10.898 MPa). Sample B (9.893 MPa) wasetethan
sample C, but both values were higher than sampl@.A27
MPa). The MOR test samples microstructures wasrebdeand
sample C particles was more compacted rather thample B
with large pores and sample A with several smalepolt can be
concluded that the manipulation of shell mould stuenatrix
defines the mould properties. However, the firgetaof stucco
should be in fine size which is mesh 50, to prevém¢ occurring
of crack during drying phase [3,12]. The first g¢ai@ coating
having low viscosities, and the drying stress @&sult in cracking
of the mould. Thus, the fine stucco sand can be @btover up
all the surfaces of the coating to minimise theirdgystress. In
relation of that, implementing the stucco matrixsasnple C, is
more convenience rather than sample B due to drgingss
factor. Also, sample C is better approach than $ampin term
of permeability of the shell mould. Apart from that good
recommendation can be attached to improve this afretudy is
employing Design of Experiment (DOE) method to asetd
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experiments for the optimum stucco matrix. Besithed, sample
C was mesh 50 for it last stucco layer in this stigation, and
thus, the investigation can be prolonged with n&3las the last
stucco layer before a seal coat applied.
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