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 A B S T R A C T 

Dewaxing process in investment casting (IC) encounters multiple 
challenges such as high energy consumption, mould cracking, and wax 
contamination. One of the contributors to mould cracks is the disparity 
in thermal properties between the wax pattern and green ceramic 
mould, which leads to defective castings. This study aims to compare the 
thermal and dielectric properties of the commercial investment casting 
wax HYFILL B289 MOD S and a new wax SIVUCH L1203 and their effects 
on the ceramic mould during the microwave dewaxing process. TGA and 
DTA analyses were conducted on both waxes, while dielectric properties 
were evaluated on waxes and the green ceramic mould. Additionally, the 
strength of the green moulds was tested. The results indicated that 
SIVUCH L1203 wax outperformed its counterpart, HYFILL B289 MOD S 
wax, owing to its thermal and absorbing properties, which are superior 
to meeting investment casting requirements. Specifically, SIVUCH L1203 
wax demonstrated an impeccably smooth and pristine inner surface 
without crack at all microwave power outputs of 300, 450, 600, and 850 
watts. Although the green ceramic moulds demonstrated an average 
flexural strength of 3.983 MPa, axial cracks were observed in these 
moulds under all microwave power conditions when HYFILL B289 S wax 
was used. This is attributed to the wax's higher melting point, which 
enables it to maintain structural integrity for a longer period and allows 
for greater expansion before undergoing thermal degradation. The 
variation in thermal expansion of both waxes was validated by strain 
gauge experiments, which concluded that cracks formed only on the 
HYFILL B289 MOD S moulds. 
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1. INTRODUCTION  
 
Investment casting (IC) is widely known as a 
flexible manufacturing technique for producing 
intricate, thin, near-net shape products with a 
fine surface finish, leading to time and cost 
savings [1, 2]. The geometry of the final part of 
the required cast directly depends on the 
characteristics of the pattern. Therefore, 
selecting pattern material and addressing its 
thermal behaviour is crucial to prevent ceramic 
shell cracking during heating [3]. Wax is widely 
used due to its low cost, adjustable properties, 
easy assembly, and low melting point [4]. The 
modelling wax pattern for investment casting is 
an intricate blend of vegetable, mineral, and 
synthetic waxes combined with resins, fillers, 
additives, and occasionally water [5, 6]. Typically, 
wax performance is evaluated through various 
criteria, including melting point, expansion, ash 
content, phase separation tendency, mechanical 
traits such as cavitation and strength, as well as 
attributes such as plasticity, viscosity, and 
welding behavior [7, 8]. 
 
In investment casting, dewaxing is an essential 
stage, crucial for creating space within the 
ceramic mould to accommodate the molten 
metal [4]. This process is achieved by heating 
the ceramic mould. Moreover, the heating 
process must be rapid to minimize wax 
expansion, thereby avoiding cracking and 
dimensional changes in ceramic moulds [9, 10]. 
There are several dewaxing methods; however, 
the flash-fired and autoclave methods are the 
most commonly used traditional methods [11]. 
In modern industries, eco-friendly alternatives 
like microwave heating replace energy-
intensive conventional systems for efficient 
dewaxing [12]. Microwaves generate heat by 
interacting with the unique dielectric 
properties of material [13, 14]. Microwave 
heating offers uniform heating, reduced 
processing time, and improved product quality 
[15]. Efficient microwave absorption depends 
on a material’s dielectric properties [16, 17]. 
The dielectric constant (ε′) represents 
polarization and microwave absorption, while 
the dielectric loss factor (ε′′) indicates the 
absorbed energy conversion into heat. The 

dielectric loss tangent (tan δ), which is the 
ability of the material to heat up when exposed 
to microwaves, represents the ratio (ε′′/ε′) 
[18]. Materials with ε′′ below 0.01 are 
microwave transparent, those at 0.01 to 5 are 
effective absorbers, and those above 5 reflect 
microwave radiation [19, 20]. 
 
Limited literature has discussed factors 
influencing, benefits, and applications of 
microwave energy in investment casting. 
Efforts to reduce dewaxing time, including 
using microwave hybrid heating by adding: 
activated carbon [21, 22], nano alumina [23], 
during ceramic mould and pattern wax 
preparation, resulted in some success. 
Therefore, a more comprehensive investigation 
is needed in this area. This work aims to 
evaluate the effects of thermal and dielectric 
characteristics of the wax and green mould on 
the microwave dewaxing process in two 
different types of casting wax. SIVUCH L1203, a 
new wax material, has the potential to replace 
the current HYFILL B289 MOD S wax, but its 
performance has not been well assessed & 
reported in the literature. However, a 
comprehensive understanding of wax 
properties is indispensable for enhancing the 
precision casting process. 
 
2. DESIGN AND METHODOLOGY 
 
2.1. Materials  
 
The patterns were made using two different 
types of wax, HYFILL B289 MOD S wax and 
SIVUCH L1203 wax supplied by REMET Co. Ltd., 
UK, and LIANG LINN ENTERPRISE Co. Ltd., 
Taiwan, respectively. The composition and 
properties of both types (MSD sheet) are 
presented in Table 1. Colloidal silica (SiO2) was 
used as a binder material (BINDZIL-AkzoNobel 
Asia, Pte. Ltd, Taiwan). Zirconium silicate 
powder (ZrO2-SiO2) of 74µm used as refractory 
ceramic for slurry (ENDEKA Ceramics Co., Ltd, 
Spain). Aluminum-silicate (Al2O3-SiO3) was 
provided in two types, fine and coarse, in 
particle sizes range of (300-400 µm) and (700-
800 µm), respectively, supplied by PRESIDENT 
Co. Ltd., Taiwan. 
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Table 1. MSD sheet, the composition percentages and properties of both pattern waxes used. 

Type of pattern wax Compositions Softening point Melting point Viscosity (cP) 

HYFILL B289 MOD S 
wax 

Paraffin, microcrystalline, 
30% polymers, 0.5% styrene 
and resins 

67 to71 °C 70 to 84 °C 400 to 600 at 100 °C 

SIVUCH L1203 wax 

40% paraffin, 27% dammar 
resin, 11% Eva polymer, 8% 
ceresin, 7% synthetic resin 
and 3% beeswax, 1% 
microcrystalline 

58 to 60 °C 60 to 70 °C 
300 to 340 at 

70 °C 

 

2.2. Wax pattern preparation procedure  
 
The pattern shape and dimensions of the two waxes 
are illustrated in Figure 1(a). LM6-aluminium 
mould that serves as a mould for wax was designed 
from two halves sections for easy pattern removal 
as shown in Figure 1(b). A circular stepped-shaped 
pattern specimen was designed to allow the 
investigation of the effect of various thicknesses on 
the casting behavior; besides, easy handling of 
patterns. In pattern production, the two halves of 
the mould were firmly clamped together using a 
press. Subsequently, the investment wax inside a 
container was heated on an electric hot plate until 
it reached a complete melting point of 70 to 110 °C. 
After the wax fully melted, it was poured into the 
mould and left to solidify at room temperature. 
Then, the wax pattern was carefully removed by 
opening the mould in two halves. 
 

 

Fig. 1. (a) Shape and dimensions of pattern and, (b) 
LM6- aluminium mould. 

2.3. Ceramic mould preparation 
 
The ceramic mould shell was fabricated by 
dipping the wax pattern into the ceramic slurry, 
and stucco (Al2O3-SiO3) was sprinkled over it 
and left to dry. This process was repeated 
several times to obtain the required mould 
thickness. The slurry was created by combining 
ZrO2-SiO2 powder with a colloidal silica binder 
in a 70% to 30% ratio. The specifics of the shell 
construction layers are outlined in Table 2 and 
illustrated in Figure 2.  
 

 
Fig. 2. Sequence of ceramic slurry and stucco 
application for preparing ceramic shell mould. 

Table 2. Details of green mould shell construction layers. 

Coating   layer Composition Slurry Viscosity 
(sec) 

Dipping time 
(sec) 

Drain time 
(sec) 

Dry time 
(hour) 

1st layer (primary) Slurry 26-28 25-30 40-60 4 

2nd layer (backup 1) Slurry + fine stucco 20-22 25-30 40-60 3 

3rd to 6th layer (backup 
2-5) 

Slurry + coarse 
stucco 

(for each layer) 

20-22 

(for each) 

25-30 

(for each) 

40-60 

(for each) 

3 

(for each) 

7th layer (seal) Slurry 26-28 25-30 40-60 24 

Note. Zahn cup 4 was used to measure the slurry viscosity (Zahn seconds) [24]. 
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2.4. Thermal and dielectric testing procedures  
 
The thermogravimetric analysis test (TGA) was 
employed to measure the weight loss of two 
pattern wax types as a temperature function. TGA 
(Mettler Toledo, SDTA851e) was used at a 
constant heating rate (10 °C /min) under nitrogen 
(N2) atmosphere, and the waxes were heated in 
the range of 27 °C to 500 °C. The test is performed 
by carefully weighing a small wax sample and 
placing it in a crucible, then inserting it into the 
TGA instrument. The process involves gradually 
applying heat while continuously observing the 
sample's weight. As the temperature rises, the 
real-time reduction in weight of the wax sample 
is recorded, attributable to its thermal 
decomposition. The differential thermal analysis 
test (DTA) was employed to identify phase 
transitions, endothermic and exothermic 
reactions, and melting points. In the process, the 
wax to be tested and reference material are 
placed in separate crucibles side by side. The 
instrument's temperature range and rate are set, 
and as temperature changes, ∆T is measured. 
 

The dielectric properties for the green ceramic 
mould shell and the two types of waxes used in 
this study were measured using the open-ended 
coaxial probe method in conjunction with the 
Agilent Technologies vector network analyzer 
(VNA-85070E). The dielectric properties 
measured were dielectric loss tangent (𝑡 𝑎 𝑛  𝛿 ) 
and dielectric loss factor (𝜀 ′′). The measurement 
was carried out in the range of 0.2-15 GHz and at 
a temperature of 20 °C.  
 

A 3-point bend test was used to determine green 
shell strength in this work following the popular 
standard test method (ASTM C1161). The samples 
were loaded onto a tensile testing machine as 
shown in Figure 3. A load was applied at a constant 
rate (1 mm/min) until sample failure. The flexural 
strength (𝜎𝑚𝑎𝑥) [MPa] of the sample was calculated 
using the equation (1) [25]. Flat rectangular bars 
were prepared in dimensional of length of 90mm, 
width of 10mm and thickness of about 7.0 ± 0.5 mm 
according to the international standard designation 
C1161 [25, 26]. 

𝜎𝑚𝑎𝑥 =
3𝐹𝑚𝑎𝑥𝐿

2𝑤ℎ2     (1) 

Where: 𝐹𝑚𝑎𝑥 is the fracture load applied (N), 𝐿, 𝑤 
and ℎ are the length, width and thickness of the 
test sample (m), respectively.  

 
(a) 

 
(b) 

Fig. 3. 3-point bending test (a) schematic diagram, (b) 
real test. 

 
2.5. Dewaxing test  
 
A 28-litre Samsung commercial microwave oven 
with a multi-mode applicator was used to melt the 
wax pattern from the ceramic mould shell, as 
shown in Figure 4.  
 

 
Fig. 4. Experimental set-up for the microwave 
dewaxing process. 

 
The dewaxing process was performed under 
ambient environmental conditions and the process 
was evaluated at varying power of 300W, 450W, 
600W, and 850W and operated at 2.45GHz. A Wi-Fi 
USB mini camera was mounted on the top of the 
microwave cavity to monitor the process and 
determine the real-time dewaxing process inside 
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the microwave oven. A comparison was made 
between the results to analyze the effects of varying 
microwave power on dewaxing. The temperature 
of the ceramic moulds was monitored continuously 
during the dewaxing process stage by using an 
infrared thermometer, as depicted in Figure 4. 
Measurements were conducted at the top of the 
mould due to its convenient accessibility through 
an 8 mm hole at the top of the microwave cavity. 
 

 

Fig. 5. Arrangement of the strain gauges dewaxing test 
(a)test sample and, (b)muffle furnace. 

 
To evaluate the effect of the waxes on the 
mould shell, two geometrical moulds, 
constructed identically using different types of 
wax, were assessed for thermal strain. For this 
purpose, vertical and horizontal high-
temperature strain gauges were installed on 
their outer surfaces. These gauges, connected 
to a data logger through fiberglass-insulated 

cables, allowed for precise monitoring of 
thermal strain, as illustrated in Figure 5(a). Due 
to the impact of microwaves on the strain 
gauges, which could not withstand such 
conditions, the dewaxing process was 
conducted inside a muffle furnace instead of a 
microwave, as shown in Figure 5(b). The data 
logger was recorded between the furnace 
temperature of 70 to 200 °C. 
 
3. RESULTS AND DISCUSSION  
 
3.1. Thermogravimetric analysis (TGA & DTA)  
 
The TGA and DTA curves of both waxes namely 
HYFILL B289 MOD S wax and SIVUCH L1203 
wax, were shown in Figure 6. From TGA 
analyses, it is found that the apparent weight 
loss curve of HYFILL B289 S wax indicates an 
onset of weight loss at approximately 176 °C 
and continues until 410 °C as the first stage, 
with a loss rate of about 40% of the total 
weight. The sample entered the weight loss 
stage up to 490 °C. At this point, the entire 
sample completely burn-off due to its organic 
[27]. On the other hand, the SIVUCH L1203 wax 
started the weight loss stage at 142 °C (34 °C 
lower than HYFILL B289 S wax) and completely 
burn-off at 420 °C. Both waxes, however, 
showed an identical thermocompatibility and 
melting peaks, respectively. 

 

 
Fig. 6. TGA and DTA results of the HYFILL B289 MOD S wax and SIVUCH L1203 wax. 
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From DTA curve, it was identified that the 
HYFILL B289 S wax had two endothermic 
peaks; the first endothermic peak emerged at 
67 °C with a fairly low peak value, presumably 
as a result of HYFILL B289 S wax’s phase 
change (solid to liquid, melting started). The 
second peak appeared at the end stage of wax 
decomposition at the temperature of 450 °C. 
SIVUCH L1203 wax however only had one 
sharp absorbing peak at 52 °C, indicating better 
heat absorption capability and low melting 
point compared to HYFILL B289 S wax [28]. 
 
The TGA and DTA plots collectively 
demonstrate that HYFILL B289 wax can endure 
higher temperatures before significant thermal 
degradation occurs, as evidenced by its higher 
decomposition temperature. This resilience 
indicates that HYFILL B289 maintains its 
structural integrity for a longer period during 
thermal expansion [29]. Moreover, its higher 
melting point suggests a greater potential for 
thermal stability before transitioning to the 
liquid phase, allowing for considerable 
expansion as the temperature nears the 
melting point [30]. 
 
3.2. Dielectric properties analysis 
 
Dielectric tests measured at 2.45GHz revealed 
that the dielectric properties of ceramic mould 
and HYFILL B289 S wax are almost similar, as 
shown in Figure 7. Thus, both ceramic mould 
and wax absorb heat at almost the same rate 
during the dewaxing process. In contrast, 
SIVUCH L1203 wax displays dielectric 
properties that are four times greater than 
those of HYFILL B289 S wax and green ceramic 
mould. Notably, a high dielectric loss factor in a 
material indicates its proficiency in dissipating 
substantial energy as heat when subjected to an 
alternating electric field [31, 32]. As such, 
SIVUCH L1203 wax, characterized by a higher 
dielectric loss factor, exhibits an enhanced 
capacity to absorb microwave energy and 

efficiently convert it into heat. This 
phenomenon results in an elevated loss 
tangent, which is the ability of the wax material 
to heat up when exposed to microwaves [33]. 
The types and concentrations of resins and 
polymers play a crucial role in influencing the 
dielectric properties of wax, primarily by 
enhancing its dielectric constant and insulation 
capabilities [34, 35]. Among these, the content 
of damar resin is particularly significant in 
boosting dielectric properties. Consequently, 
the superior dielectric performance of SIVUCH 
L1203 is attributed to its higher damar resin 
content (27%) [36, 37]. 
 

 
Fig. 7. Dielectric properties comparison between 
ceramic mould, HYFILL B289 S wax, and SIVUCH 
L1203 wax. 

 
3.3. Flexural strength analysis of green mould 
  
Table 3 displays the results of the flexural 
extension and maximum load (N) for three 
specimens. The thickness of the samples shows 
slight variation, ranging from 0.00735 m to 
0.00765 m. This minor difference in thickness 
correlates with the flexural strength of the 
samples also varies, with values from 3.905 
MPa to 4.101 MPa. The study showed superior 
performance in green flexural strength, 
averaging 3.982 MPa across the three samples. 
Thus, the ceramic shell presents heightened 
load-bearing capacity and enhanced resistance 
to shell wall cracks when removing the wax 
pattern [38, 39]. 

 
Table 3. Flexural strength analysis of green mould. 

Sample No Length [m] Width [m] Thickness [m] Flexural load [N] Flexural strength [MPa] 

1 0.09 0.01 0.00735 15.63 3.905 

2 0.09 0.01 0.00765 17.78 4.101 

3 0.09 0.01 0.00754 16.37 3.941 

Average     3.982 
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3.4. Post-dewaxing analysis 
 
3.4.1. Effect of microwave power levels on the 

dewaxing process 
 
In industrial operations, determining the 
appropriate power level of microwaves 
depends on various factors, including the 
material type [40], desired heating or curing 
rate [41], and specific equipment used [42]. 
This study used four microwave power levels 
(300W, 450W, 600W, and 850W) during the 
dewaxing process and evaluated mould 
integrity after each process. Table 4 illustrates 
the temperature progression during the 
dewaxing process using SIVUCH L1203 wax 
and at various microwave power levels over 
time. It is evident that as the microwave power 

increases, the rate at which temperature rises 
also accelerates. For example, at 2 minutes, the 
temperature at 300 W is 33.5 °C, whereas at 
850 W, it reaches 58.7 °C. This trend continues 
throughout the process, with the 
temperatures at higher power levels 
consistently surpassing those at lower power 
levels. Dewaxing is completed at 18 minutes 
for the 850 W setting, while it took about 31 
minutes to complete dewaxing at 300 W. A 
notable 39% decrease in dewaxing time was 
observed when the microwave power was 
increased from 300 W to 600 W. However, the 
difference in dewaxing time between 600 W 
and 850 W was minimal, approximately 8%. At 
these higher power levels, the waxes were 
fully removed from the mould at nearly the 
same time. 

 
Table 4. Temperature distribution during the dewaxing Process at various microwave heating power – SIVUCH 
L1203 wax. 

Dewaxing time 

(min) 

Temperature along the dewaxing process at various microwave power. 

300 W 450 W 600 W 850 W 

2 33.5 41.4 51.6 58.7 

4 41.8 48.7 67.3 83.3 

6 48.0 56.7 84.9 109.2 

8 55.5 64.5 100.7 123.0 

10 64.2 71.3 109.0 129.1 

12 71.5 82.4 115.0 129.9 

14 74.2 94.7 123.4 131.6 

16 83.0 108.7 128.6 134.2 

18 95.6 114.0 129.0 133.7 

20 100.5 115.0 129.7  

22 112.6 123.1   

24 116.6 130.5   

26 125.3 135.0   

28 131.2    

30 134.5    

32 136.8    

 
The plots in Figure 8(a), show temperatures 
versus time during the dewaxing process of 
moulds using microwave power of 600W. 
While Figure 8(b) shows the thermal image of 
the temperature distribution of the mould 
after the dewaxing process. The experimental 
results reveal that the maximum temperature 
reached during the 19 minutes heating period 
was approximately 129°C. This observed 
temperature drop is attributed to the low 
dielectric loss properties of the ceramic 

mould, which results in a slow heating 
process. It is acknowledged that the heating 
rate and maximum achievable temperature 
depend on the dielectric properties of the 
materials involved [43]. The thermal image 
indicates the uniform temperature 
distribution, with only a few hot spots. Table 5 
summarises the effects of microwave power 
on the outer ceramic mould integrity and 
dewaxing time after the dewaxing process 
using two types of wax. 

Completed dewaxing 



Ahmed Omar Aswaye Amhamed et al., Journal of Materials and Engineering Vol. 03, Iss. 3 (2025) 301-313 

 308 

 
 

(a) (b) 

Fig. 8. Temperature distribution analysis during dewaxing process at 600W microwave power (a) Temperature 
against time plots, (b) Thermal image after dewaxing process completed. 

 
Table 5. Crack observation on ceramic mould surface after dewaxing process with various microwave power.  

Microwave power 

(Watt) 

Type of wax 

HYFILL B289 S wax SIVUCH L1203 wax 

Dewaxing time 
(minute) 

CRACK Dewaxing time 
(minute) 

CRACK 

300 32.50 Yes 31.00 No 

450 26.00 Yes 24.50 No 

600 20.50 Yes 19.00 No 

850 19.00 Yes 17.50 No 

The selection of 600 watts of microwave power 
for the dewaxing process is a decision rooted in 
both efficiency and safety considerations. One 
of the primary reasons for this choice is the 
observation that there is no significant 
difference in wax removal time between used 
600 W and 850 W. The experiments have 
shown that while increasing the microwave 
power can reduce the dewaxing time, the 
reduction beyond 600 watts is marginal. 
Furthermore, at high microwave power, rapid 
heating occurs, causing ceramics to become 
susceptible to sudden temperature changes, 
which can result in thermal shock and fracture 
[44]. Conversely, the ceramic material is heated 
more uniformly at medium power levels. This 
prevents the hotspots that can occur at high 
power levels, ensuring that the entire ceramic 
object or sample reaches the required 
temperature evenly [45]. Another critical factor 
to consider is the impact of high temperatures 
on the life and recyclability of the wax. Elevated 
temperatures, exceeding the melting point can 
cause thermal degradation of the wax, leading 
to a breakdown of its chemical structure, 

alterations in its thermal properties and linear 
shrinkage [46]. This degradation reduces the 
quality and effectiveness of the wax for future 
use, thereby decreasing its recyclability [47]. 
 
3.4.2. Effect of dewaxing process on outer 

and inner mould shell surfaces 
 
The visual inspection results of the moulds 
(Table 5) revealed that cracks were observed in 
all moulds made with HYFILL B289 MOD S wax, 
across all power levels—300W, 450W, 600W, 
and 850W, while these defects were absent in the 
SIVUCH L1203 wax moulds. Consequently, strain 
gauge measurements were conducted to 
evaluate the effect of these waxes on the mould 
shell. In this context, the distribution of the 
micro-strain depends on how the wax expands 
and the constraints imposed by the mould 
geometry [48]. The thermal expansion 
characteristics curve of the ceramic mould, as 
measured by horizontal strain gauges, is shown 
in Figure 9(a). The data reveals a noticeable 
contrast in the behaviour of the two waxes as 
heating time progresses. Initially, both waxes 
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exhibit minimal micro-strain and show linear 
expansion, indicating stability under low heat. 
However, as heating progresses, a significant 
divergence is observed. HYFILL B289 MOD S wax 
reveals a sudden jump in strain from 184 to 251 
µƐ after nearly 160 sec of heating time, 
continuing to rise steeply, suggesting substantial 
thermal expansion and potential structural 
changes. This pattern indicates that, in the first 
stage, the wax was restricted horizontally by the 
mould's closed ends, leading to higher pressure 
and resulting in significant stress on the ceramic 
mould. With continued heating, the strain curve 
records a sudden increase (second stage), 
suggesting the occurrence of a crack in the 
ceramic mould due to the accumulated pressure 
from the wax, as illustrated in Figure 10. After 
this point, the wax continues to expand, 
increasing the strain further and recording 2733 
µƐ at 390 sec. Another significant increase in 
micro-strain was observed at 334 sec, indicating 
the occurrence of an additional crack in the 
mould. In contrast, mould with SIVUCH L1203 
wax maintains a relatively stable micro-strain 
throughout the heating period not exceeding 316 
µƐ with the absence of cracks, indicating 
superior thermal stability, making it more 
suitable for applications requiring dimensional 
stability under prolonged heating. 
 

 
Fig. 9. Micro-strain values of ceramic moulds as a 
function of heating time for (a) horizontal strain 
gauges and (b) vertical strain gauges. 

Figure 9(b) displays the relationship between 
vertical strain (µƐ) and heating time (sec) for 
moulds made with HYFILL B289 MOD S wax 
and SIVUCH L1203 wax. The open-end 
configuration of the moulds plays a significant 
role, allowing the wax to expand more freely 
towards the open end, thereby reducing 
constraint and resulting in less pressure and 
strain. Consequently, the critical difference 
between these waxes lies in their thermal 
response. Initially, both waxes exhibit an 
increase in micro-strain as they are heated, 
indicating thermal expansion. However, the 
rate and magnitude of strain differ 
significantly between the two waxes. The 
HYFILL B289 wax shows a steeper and more 
rapid increase in strain, reaching 
approximately 150 µƐ at around 232 seconds 
before stabilizing and displaying slight 
fluctuations. This rapid strain increase 
suggests that HYFILL B289 wax has a higher 
thermal expansion force than that of the shell, 
especially at the first stages of the heating 
process, leading to greater axial stress on the 
mould [49]. In contrast, the SIVUCH L1203 wax 
exhibits a more controlled and less fluctuating 
strain pattern, peaking at about 118 µƐ around 
335 sec before stabilizing. This behaviour 
allows the mould shell to withstand the force 
of its thermal expansion better, even when 
constrained by the closed ends. 
 
It can be seen that the cracks were clearly 
observed on ceramic mould surfaces that 
utilized HYFILL B289 S wax. However, an 
opposite observation was seen when SIVUCH 
L1203 wax is used in all microwave power. A 
deep axial crack was observed along the outer 
and inner surfaces of the ceramic mould, as 
depicted in Figure 11(a). The width of the crack 
was most pronounced at the mouth of the 
mould and gradually diminished towards the 
apex, eventually becoming imperceptible to the 
naked eye. This behavior can be attributed to 
the larger cross-sectional area of the wax near 
the mouth of the mould compared to the top 
area. Furthermore, the crack's trajectory was 
monitored beyond its optical disappearance at 
the top of the mold using a scanning electron 
microscope. The analysis revealed that the 
crack continued to propagate axially, as 
illustrated in Figure 12. It also seen the 
remnant of HYFILL B289 S wax after the 
dewaxing process. In contrast, a clear inner 
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ceramic mould surface was obtained with 
SIVUCH L1203 wax which was free from axial 
crack, as shown in Figure 11(b). 
 

 
(a) 

 

 
(b) 

Fig. 10. Inspection results of the ceramic shell after 
strain gauges dewaxing test (a) Axial crack observed 
with HYFILL B289 S wax, (b) No crack observed with 
SIVUCH L1203 wax. 

 
This crack phenomenon is in agreement with 
the difference in dielectric properties between 
the two waxes, as well as the disparity in 
thermal properties between the HYFILL B289 
S wax and the ceramic mould material. SIVUCH 
L1203 wax exhibits about 72% higher 
dielectric properties than HYFILL B289 S wax, 
resulting in lower microwave energy 
absorption of HYFILL B289 S wax compared to 
SIVUCH L1203 wax. Consequently, an outcome 
of this disparity induced uneven heating across 
the wax pattern. These dissimilar temperature 
distributions, in turn, can trigger expansion 
phenomena, ultimately giving rise to specific 
areas marked by heightened stress levels 
arising from the mechanism of differential 
thermal expansion. The confluence of non-
uniform heating and the ensuing stress 
concentration fosters the genesis of cracks 
within the ceramic mould structure [50]. 
Finally, upon examination of the inner mould 
surface, residues of HYFILL B289 MOD S wax 
were detected, whereas the use of SIVUCH 
L1203 resulted in a clean, smooth surface with 
no contaminants, as illustrated in Figure 11. 

 
 

 
Fig. 11. Optical and micrograph inspection results of 
the ceramic shell after dewaxing via microwave (a) 
Axial crack observed with HYFILL B289 S wax, (b) No 
crack observed with SIVUCH L1203 wax. 
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Fig. 12. SEM image of the outer surface at the top of the mould. 

 
4. CONCLUSION 
 

The disparity in thermal properties between 
the two waxes, particularly in their heat 
absorption capabilities, leads to SIVUCH L1203 
wax exhibiting rapid melting compared to the 
other type of wax. Consequently, this wax 
variant avoids generating excessive thermal 
pressures that could potentially impact the 
integrity of the ceramic shell during the heating 
process. Moreover, SIVUCH L1203 boasts 
insulating properties that enhance its heat 
absorption capacity by 4 folds compared to 
HYFILL B289 wax and ceramic mould. This, in 
turn, expedites the dewaxing process. On the 
other hand, the elevated melting point of 
HYFILL B289 wax, coupled with its low 
dielectric properties, adversely affects the 
dewaxing time and increases the likelihood of 
crack formation across all tested microwave 
power conditions for this wax. 
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