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ABSTRACT  
 
Dynamic casting processes such as permanent mold and 
die casting require effective thermal management of 
molds to balance rapid heat absorption from the molten 
metal and immediate heat recovery to the mold for 
subsequent casting cycles. Existing thermal technologies 
like direct flame and coolants have difficulty controlling 
heat transfer, resulting in thermomechanical fatigue of the 
mold due to excessive heating and cooling. Controlling 
the heat transfer in molds is paramount to ensuring the 
production of high-quality castings and reducing 
production cycle times. An innovative approach to 
controlling thermal gradients in molds involves 
incorporating phase change materials (PCMs) inside the 
molds. With their thermal energy storage capability and 
high latent heat, PCMs embedded in molds facilitate mold 
temperature self-regulation for heating and cooling as the 
PCM undergoes solid-liquid phase transformations during 
the casting process. In this paper, the feasibility of PCMs 
in dynamic casting processes is presented. 
 
Keywords: thermal management, heat transfer, phase 
change material, PCM, permanent mold casting, 
interfacial heat transfer coefficient, IHTC 
 
 
INTRODUCTION 
 
Thermal management of permanent molds plays a crucial 
role in ensuring rapid solidification rates and preventing 
the formation of defects during solidification. Proper 
thermal management will also decrease casting cycle time 
and enhance cast product quality.1-4 The inability to 
control thermal conditions consistently throughout each 
casting cycle affects not only quality characteristics, such 
as porosity and shrinkage, but also results in delayed 
solidification. Thermal management during solidification 
relies on the use of thermal technologies, such as direct 
flame and coolants, which have been widely utilized to 
manipulate thermal gradients in molds.5,6 However, use of 
these current thermal technologies leads to excessive 
heating and cooling, which exacerbates thermomechanical 
fatigue of the molds and negatively affects product quality 
and productivity.7 For effective thermal management, it is 
essential to maintain a balanced control of thermal 
gradients during both the heating and cooling phases of 
the process. 

Phase change material (PCM) has been proposed as a 
potential heating and cooling strategy to regulate thermal 
conditions by leveraging its latent heat thermal energy 
storage capability.8 This approach has applications in 
various fields, including construction, semi-conductor, 
and renewable power system, in response to evolving 
environmental standards.9-11 Essentially, PCMs possesses 
an intrinsic ability to absorb and release thermal energy 
during phase transformation cycles, leading to both 
heating and cooling. This latent heat storage capability 
allows for heat to be stored and released even with 
minimal temperature variation, offering a storage capacity 
that is 5 to 14 times greater than that of sensible heat 
storage.6 Consequently, the application of PCM has the 
potential for manipulating thermal gradients within a 
system, enabling efficient thermal management. 
The application of PCMs to manage thermal gradients in 
casting processes and systems has been studied.12,13 In 
particular, Noohi et al. investigated the efficiency of 
metallic PCMs as chills for rapid solidification for sand 
castings.14,15 Pure zinc (Zn) was chosen as the PCM chill 
material for experiments with an Al-4.5 wt.% Cu-0.2 
wt.% Fe alloy. As a result, castings using a Zn PCM chill 
solidified in 380s, whereas those with traditional chills 
required 440s. The Zn PCM chill dissipated heat up to 60s 
faster due to its significant latent heat absorption effect. 
These findings validate the feasibility of metallic PCMs 
for static casting processes. However, the technology 
remains nascent for incorporation in dynamic casting 
processes, such as permanent mold casting and die 
casting. The challenge is that in dynamic casting 
processes, one requires not only rapid heat removal but 
also heat recovery for subsequent casting cycles. 
Although rapid heat dissipation using PCMs has been 
validated in static casting processes, i.e., sand casting and 
investment casting, the literature for the application of 
PCMs for dynamic casting processes is lacking. Ideally, 
the reversible exothermic and endothermic phase 
transitions of PCMs can effectively control thermal 
gradients in molds, facilitating rapid solidification and 
heat recovery to the mold by integrating the PCM into the 
permanent mold casting system during cyclic casting 
processes. The primary objective of this study is to 
investigate the potential application and appropriate 
design of PCMs within permanent molds for thermal 
management, both experimentally and through finite 
element (FE) simulation and modeling. Specifically, this 
work examines the effects of geometrical variables and 
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heat transfer characteristics of the molds incorporating 
PCM on the solidification process. 
 
SELECTION OF APPROPRIATE PCMS FOR 
PERMANENT MOLD CASTING PROCESSES 
 
The selection of a suitable PCM for permanent mold 
casting needs to consider the following parameters:16  

 
(i) Melting temperature (Tm)  

 The melting temperature should be like the 
typical temperature of the permanent mold 
during casting to effectively utilize the thermal 
energy storage ability of the PCM.  

(ii) High latent heat (∆𝐻𝐻𝑓𝑓)  
 A PCM with high latent heat can store thermal 

energy efficiently and distribute it to the mold.  
(iii) Specific heat capacity (𝐶𝐶𝑝𝑝)  

 The specific heat capacity influences the rate at 
which temperature changes occur within the 
material.  

(iv) High thermal diffusivity (𝛼𝛼)  
 High thermal diffusivity enhances the heat 

dissipation capacity and reduces heating/cooling 
response times. 
 

Additionally, non-toxicity, non-flammability, and non-
chemical reactivity are vital considerations for safe use of 
PCMs.  
 
Among the various types of PCMs, metallic PCMs were 
chosen due to their high thermal conductivity, rapid 
thermal response, high storage density, and excellent 
thermal repeatability and reliability compared to other 
PCM types, such as molten salts and organic PCMs. In 
particular, pure Zn was selected as the suitable PCM to 
design the PCM mold in this study, considering its 

appropriate phase transformation temperature, high latent 
heat, and high thermal diffusivity, as shown in Table 1. 
Specifically, the phase transformation temperature of the 
PCM must align with the general temperature of the mold 
during the casting process to effectively utilize thermal 
energy storage capabilities and latent heat for heat 
absorption and release. Typically, the mold temperature 
ranges from 662F(350C) to 932F(500C) during cyclic 
casting processes.17,18  
 
DESIGN OF EXPERIMENTS 
 
MATERIALS 
AISI 1016 carbon steel was utilized for the steel mold for 
both the inner and outer mold. AISI 1016 is easier to 
machine than the commonly used H13 tool steel.19 The 
chemical composition of the AISI 1016 steel, analyzed 
using Optical Emission Spectroscopy (OES), [AS01, 
Spectro Ametek], was found to be 0.15 wt.% C, 0.87 
wt.% Mn, 0.02 wt.% P, 0.21 wt.% Si, 0.01 wt.% S, and 
the balance consisting of Fe. Table 1 provides their 
thermophysical properties. 
 

Table 1. Thermophysical Properties of AISI 1016 
Carbon Steel, Pure Zn, and A356 Alloy20-22  

(𝑻𝑻𝒎𝒎: Melting Temperature, ∆𝑯𝑯𝒇𝒇: Latent Heat of Fusion, and 
 𝜶𝜶: Thermal Diffusivity) 

 

 
𝑻𝑻𝒎𝒎 

[°F(°C)] 
 

∆𝑯𝑯𝒇𝒇 
(kJ/kg) 

 

𝜶𝜶 
(× 10−5𝑚𝑚2/𝑠𝑠) 

 

A356 
716 to 732 

(380 to 389) 
 

398 5.92 

AISI 1016 
2660 

(1460) 
 

- 1.51 

Pure Zn 787.1 
(419.5) 113 4.19 

Table 2. Variables Utilized in FE Simulations 
(Mold Material Types, Geometrical Parameters, Initial Temperatures of Mold & Casting, Ambient Convective Heat Transfer 

Coefficient (h), & Interfacial Heat Transfer Coefficients (IHTCs) for Mold-casting & PCM-inner Steel Mold interfaces) 
 
 

 

Mold 
material 

Mold thickness 
[mm(inch)] Casting 

thickness 
[mm(inch)] 

Pre-heated 
temperature 
[°F(°C)] 

Casting 
temperature 
[°F(°C)] 

Ambient 
h 
(W/m2·K) 

IHTC 
(W/m2·K) 

Steel PCM Inner 
mold PCM 

Inner 
mold/ 
Casting 

PCM / 
Inner 
mold 

Steel 
mold 
(No 
PCM) 

AISI 
1016 - 

82.55 
(3¼)  - 6.35 (¼) 

12.7 (½) 
25.4 (1) 

662 
(350) 

1328 
(720) 20 1500 - 

101.6 
(4) - 

PCM 
mold 

AISI 
1016 

Pure 
Zn 

6.35  
(¼) 

76.2 
(3) 6.35 (¼) 

12.7 (½) 
25.4 (1) 

662 
(350) 

1328 
(720) 20 1500 

1500 
2000 
3000 
4000 
5000 

25.4 
(1) 

76.2 
(3) 
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In addition, pure Zn was selected as the appropriate PCM 
for designing the PCM mold. The pure Zn, supplied by 
Rotometals (USA), was confirmed to have a chemical 
composition of 99.9 wt.% Zn, with other elements (Fe, 
Cu, Al, and Pb) present at levels less than 0.002 wt.%. 
 
The A356 melt was heated to 1328F(720C) prior to the 
start of solidification. Three different thicknesses were 
considered for the A356 that was solidified – 1/4, 1/2, and 
1 inch (6.35, 12.7 and 25.4mm) (Table 2). 
 
FINITE ELEMENT (FE) SIMULATIONS  
To validate the advantages of the Zn PCM mold for rapid 
solidification, modeling and FE simulations were 
conducted prior to the construction of the PCM molds and 
conducting casting trials. These simulations were 
performed using the transient heat transfer module in 
COMSOL Multiphysics. The FE simulations investigated 
not only the geometrical effects of the mold and casting 
on heat transfer but also the influence of the PCM mold 
on solidification. Detailed information regarding the FE 
simulation, including materials, geometrical parameters, 
initial conditions (ICs), and boundary conditions (BCs), is 
given in Table 2.  
 
Typically, permanent mold cast components have 
thicknesses ranging from 0.1 to 2 inch (2.54 to 
50.8mm).23-25 Accordingly, casting thicknesses of 1/4, 1/2 
and 1 inch (6.35, 12.7 and 25.4mm) were selected for the 
FE simulations. Minimizing the inner mold thickness in 
PCM molds can significantly enhance heat transfer by 
reducing the impact of the relatively low thermal 
diffusivity of the steel, as shown in Table 1. As the 
quantitative effect of inner mold thickness on heat transfer 
in PCM molds has yet to be determined, the simulations 
were conducted with the inner mold thickness set to 
match the casting thickness at 1/4 inch and 1 inch (6.35 
mm and 25.4 mm). 
 
For ICs, the temperatures of the mold and casting were set 
to 662F (350C) and 1328F (720C), respectively. 

 
A constant ambient convective heat transfer coefficient 
(h) of 20 W/m²·°C was applied as a BC on the 
surroundings. Furthermore, the interfacial heat transfer 
coefficient (IHTC) between the A356 alloy and the inner 
mold was set to an average value of 1500 W/m²·°C.26,27 
The IHTC between the inner mold and the Zn PCM was 
ranged from 1500 to 5000 W/m²·°C. 
 
CASTING TRIALS 
A schematic diagram of the Zn PCM mold is shown in 
Fig. 1. Specific geometrical details, including depth and 
width, of the thermocouples (TC) are shown in Fig. 1(b). 
To obtain temperature profiles of the inner mold, Zn 
PCM, and A356 alloy during solidification, seven 
thermocouples (TCs) were inserted at various depths, Fig. 
1(b). A minimum of three TCs were placed in both the Zn 
PCM and the inner mold to obtain the interface 
temperature through extrapolation, facilitating the 
calculation of IHTC between the Zn and steel.  
 
The thickness of the inner mold must be minimized to 
ensure rapid heat transfer, considering the thermal 
properties of both the steel and pure Zn (Table 1). 
However, it was necessary to drill at least three holes at 
different locations within the inner mold. Consequently, 
the inner mold was designed with a thickness of 1/2 inch 
(12.7mm) as a compromise between effective heat 
transfer and structural integrity. 
 
To construct the PCM molds, pure Zn was melted at 
1112F(600C) in a muffle furnace. After pre-heating the 
outer and inner molds to 662F(350C) in a forced 
convection chamber furnace, the molten Zn was poured 
between the molds and allowed to solidify directly. 
During the pouring process, temperature profiles were 
recorded. In addition, Ca₂O₄Si insulation, with a thermal 
conductivity of 0.08 W/m·°C, was applied to the sides of 
the PCM, the casting, and the bottom of the PCM mold to 
ensure uni-directional solidification of the casting as 
shown in Fig 1(a).28 

 

 
 
Figure 1. (a) A schematic of the Zn PCM mold utilized for casting trials and (b) a 2D configuration illustrating the 
geometric dimensions of the mold, Zn PCM, casting, and specific locations of thermocouple (TC) used. 
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After completing the construction of the Zn PCM mold, 
the A356 alloy was melted at 1328F(720C) in a muffle 
furnace. The PCM mold was preheated to 662F(350C) for 
3 hours in a forced convection chamber furnace. 
Following this, seven TCs were inserted into designated 
holes to collect temperature data after the mold was 
removed from the furnace. The molten metal was then 
poured into the inner of the PCM mold. Subsequently, an 
additional Ca₂O₄Si insulation sheet was placed on top of 
the Zn PCM mold to ensure unidirectional solidification 
and to prevent convective heat transfer from the top 
during solidification. 
 
 
RESULTS AND DISCUSSION 
 
EFFECTS OF GEOMETRICAL VARIABLES AND 
INTERFACIAL HEAT TRANSFER COEFFICIENT 
DURING SOLIDIFICATION USING PCM MOLD  
Figure 2 is a schematic of the temperature distribution and 
the resistances that exist at each interface when a PCM is 
embedded in the steel mold. The melting point Tm of 
A356 and the PCM are also shown in Fig 2. 
 

 
 
Figure 2. A schematic of the temperature distribution 
and the interfacial thermal resistances with PCM 
embedded in the steel mold. 
 
Figure 3 illustrates the concept of a PCM mold 
highlighting enthalpy and temperature profiles in 
comparison to a conventional steel mold. When heat is 
transferred as molten metal is poured in, both enthalpy 
and temperature rise. Moving farther from the A356 

casting, the temperature and enthalpy progressively 
decrease. This behavior exemplifies the typical energy 
and temperature gradients present during the casting 
process, Fig. 3(a). 
 
In contrast, the PCM mold concept differs significantly 
from conventional molds due to its unique energy 
management properties. When molten A356 is poured, 
the PCM mold absorbs heat rapidly. However, unlike the 
conventional mold, the temperature of the PCM does not 
spike upon absorbing energy. Instead, during the phase 
transformation, the PCM stores thermal energy by 
transitioning from solid to liquid, maintaining a consistent 
temperature throughout this period. 
 
This steady temperature creates a pronounced thermal 
gradient within the inner mold, enabling rapid heat 
dissipation from the casting. This storage capability can 
be utilized to promote faster solidification while also 
allowing the stored energy to reheat the mold once the 
PCM re-solidifies after the casting product has been 
completed and ejected. Ultimately, the PCM embedded in 
the mold enables effective management of the thermal 
gradient and temperature by self-heating and self-cooling 
throughout the dynamic casting process. 
 
A key advantage of using PCM is its ability to control the 
thermal gradient by selecting materials with specific 
melting points. By adjusting the melting temperature of 
the PCM, the thermal gradient within the mold can be 
tailored to suit different casting objectives. In this study, 
pure Zn was selected for reasons previously discussed. 
Furthermore, the specific design of the PCM mold and the 
interfacial thermal resistance are critical factors that must 
be considered to assess the efficiency of the PCM mold in 
comparison to a conventional steel mold. 
 
The FE simulation was performed to evaluate the effect of 
the Zn PCM mold on solidification, comparing its 
performance with that of a conventional steel mold. The 
analysis of geometrical variables and interfacial heat 
transfer coefficient (IHTC) for various inner mold 
thicknesses evaluated by the efficiency of the PCM mold 
on solidification time is shown in Fig. 4.

(A) (B)  
 
Figure 3. Enthalpy and temperature profiles of (a) the convectional steel mold and (b) PCM mold. 
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As a result, in the conventional steel mold, the molten 
metal solidified in 31.6s for a casting thickness of 1/4 
inch (6.35mm), 75.9s for 1/2 inch (12.7mm), and 206.3s 
for 1 inch (25.4mm). Utilizing these results as a reference, 
the effect of the PCM mold was investigated based on 
various IHTCs with different mold and casting 
thicknesses. 

As can be seen in Fig. 4 (a), for a casting thickness of 1/4 
inch (6.35mm), there were a few advantages to using the 
PCM mold compared to the steel mold in terms of 
solidification; in fact, the PCM mold delayed 
solidification by 17.7% when the IHTCs were both 1500 
and 2000 W/m²·K. As the IHTC exceeded 4000 W/m²·K, 
the casting solidified up to 1s faster. However, with a 
casting thickness of 1/2 inch (12.7mm), the efficiency of 
the PCM mold became apparent, depending on the IHTC. 
When the IHTC exceeded 3000 W/m²·K, the casting 
solidified more rapidly in the PCM mold than in the steel 
mold, resulting in a maximum reduction of 12% in 
solidification time. Significantly, regardless of the IHTC, 
the Zn PCM mold always facilitated faster solidification 
up to 45s compared to the steel mold for the larger casting 
thickness of 1 inch (25.4mm). 

In contrast, the solidification behavior of the PCM mold 
changed significantly with a mold thickness of 4 inches 
(101.6mm), consisting of a 3-inch (76.2mm) PCM and a 
1-inch (25.4mm) inner mold thickness, as shown in Fig.
4(b) For  the casting thickness of 1/4 inch (6.35mm), the
solidification rate remained consistent regardless of the
mold type. The relatively thicker inner mold was able to
absorb sufficient thermal energy from the casting to
achieve complete solidification, preventing heat from
reaching the PCM during the process. As a result, the
excellent thermophysical properties and thermal storage
capacity of the PCM were not fully utilized. Similarly,
with the casting thickness of 1/2 inch (12.7mm), some
advantages were observed when the IHTC reached values

above 4000 W/m²·K, leading to a rapid solidification in 
the PCM mold, up to 9s faster than in the steel mold. 
Moreover, when the casting thickness increased to 1 inch 
(25.4mm), solidification occurred more rapidly in the 
PCM mold compared to the steel mold under certain 
IHTC conditions exceeding 3000 W/m²·K. 

Ultimately, the inefficiency of the Zn PCM mold is 
evident when the inner mold is thicker than the casting, 
resulting in either similar or delayed solidification rates 
compared to the conventional steel mold without any 
PCM. Moreover, it is crucial to thoroughly investigate the 
IHTC between the inner mold and pure Zn to clearly 
validate the advantages of the PCM mold during the 
casting process. 

TEMPERATURE PROFILES OF PCM MOLD 
The casting experiment was conducted utilizing the Zn 
PCM mold (Fig. 1) to obtain temperature profiles for the 
Zn, inner mold, and the casting. This allowed for an 
investigation of the IHTC between the inner mold and the 
Zn (Fig. 2). While three TCs were placed in the PCM and 
the inner mold, only two temperature profiles are shown 
in Fig. 5 for the sake of clarity. 

As shown in Fig. 5, the A356 melt completely solidified 
within 610s in the Zn PCM mold. In addition, the 
temperature profile of the casting exhibited a plateau 
during its phase transformation, which occurred between 
200s and 400s. At the same time, temperatures of both the 
inner mold and the Zn PCM initially increased rapidly as 
they absorbed significant amounts of heat from the 
casting. During the phase transformation of the casting, 
latent heat was released to the inner mold, causing its 
temperature to gradually rise to a peak of 
786.2°F(419°C). While the temperature of the Zn PCM 
also increased slowly, it remained solid throughout the 
casting process due to the relatively low pre-heating 
temperature used in the experiment. 

(a) (b
 

Figure 4. Solidification times of conventional steel molds and Zn PCM molds with varying interfacial heat 
transfer coefficients (IHTCs) between the inner mold and pure Zn. These results are presented for 
casting thicknesses of 1/4, 1/2 and 1 inch (6.35, 12.7 and 25.4mm), with mold thicknesses of (a) 3¼ inch 
(82.55mm) and (b) 4 inch (101.6mm). 
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Figure 5. Temperature profiles of A356 casting alloy 
(red) recorded by TC-7, inner mold (black) obtained by 
TC-1 and TC-3, and pure Zn PCM (teal) attained by TC-
4 and TC-6 over time. The specific thermocouple (TC) 
locations are shown in Fig. 1 (b). 

The temperature differences observed between TC-1 and 
TC-3 in the inner mold, as well as TC-4 and TC-6 in the 
pure Zn, were attributed to the thermal conductivity of 
each material. Although TC-3 and TC-6 were positioned 
close to each other, just 0.2 inch (5.08mm) apart (Fig. 
1(b)), the temperature differences became significant, 
with an average difference of 35°C (63°F). It was 
deduced that the interfacial heat transfer resistance 
between the Zn and the inner mold was substantial, 
impeding effective heat transfer from the inner mold to 
the Zn PCM. 

INTERFACIAL HEAT TRANSFER COEFFICIENT 
(IHTC) BETWEEN PCM AND INNER MOLD 
In general, the interfacial thermal resistance between two 
dissimilar materials can be evaluated by examining the 
IHTC. The experimentally measured temperatures in both 
the inner mold and the Zn PCM were extrapolated to 
estimate the interfacial temperatures at each section. Prior 
to calculating the IHTC, the heat flux of the inner mold 
was determined using Eqn. 1. Following this, the IHTC 
between the inner mold and the Zn was computed using 
Eqn. 2.29 

𝑄𝑄 =  �[𝜌𝜌 ∙ 𝐶𝐶𝑝𝑝 ∙ 𝑉𝑉 ∙ �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�]�  ÷ 𝐴𝐴  Eqn. 1 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =  𝑄𝑄 (𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑍𝑍𝑍𝑍)⁄   Eqn. 2 

Where: Q refers to the heat flux, 𝜌𝜌 is the density, 𝐶𝐶𝑝𝑝 is the 
specific heat, 𝑉𝑉 denotes the volume, and A refers to the 
surface area. 

Figure 6 depicts the IHTC between the inner mold and the 
Zn PCM as a function of the Zn PCM temperature. 
Specifically, when the Zn PCM was in the liquid phase 
(above 786.2F(419C)), the average IHTC was 
approximately 1850 W/m²·K. However, this value 
gradually dropped to an average of 500 W/m²·K as the Zn 
PCM completely solidified. The IHTC experienced a 
sharp decline during the solidification process of the Zn. 
Similar to the general behavior of IHTC between the 
casting and the mold,26,30 it is likely that the solid Zn 
partially detached from the surface of the inner mold due 
to its shrinkage during phase transformation.  

Consequently, this separation would create air gaps at the 
interface between the Zn and the inner mold, which 
significantly increases the interfacial heat transfer 
resistance. 

Figure 6. Interfacial heat transfer coefficient (IHTC) 
between the Zn and the inner mold as a function of Zn 
PCM temperature. 

Building on the results from the previous FE simulation, 
few benefits of the PCM mold can be demonstrated by 
incorporating the experimentally determined IHTCs 
between the inner mold and Zn. Therefore, ensuring a 
tight contact between the Zn PCM and the inner mold is 
crucial to facilitate efficient heat transfer for both 
absorption and release in the PCM mold during casting. 

CONCLUSIONS AND  
SUGGESTED FUTURE WORK 

This work aims to explore the potential application and 
strategic design of phase change materials (PCMs) within 
permanent molds for efficient thermal management 
during dynamic casting processes. Ideally, PCMs can 
effectively regulate thermal gradients in molds, serving as 
both heating and cooling mechanisms. This is mainly 
achieved utilizing the latent heat thermal energy storage 
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capability of the PCM through reversible exothermic and 
endothermic phase transitions consistently during the 
permanent mold casting process. 

Prior to designing the PCM mold, selecting an appropriate 
PCM is crucial for improving the overall performance of 
the casting process. In this study, pure Zn was selected as 
the suitable PCM in this system due to its phase 
transformation temperature being close to the general 
mold temperatures during the casting process. This 
compatibility facilitates the reversible phase 
transformation of Zn, which is critical for effective 
thermal management within the mold. In addition, Zn 
exhibits high thermal diffusivity and excellent latent heat 
capacity, making it ideal for thermal energy storage. 
Therefore, the PCM mold was constructed using pure Zn 
for the casting trials. 

The effects of geometrical variables and interfacial heat 
transfer characteristics on the solidification of the PCM 
mold were examined through FE simulations to assess the 
efficiency of the PCM mold before conducting casting 
experiments. The results indicated that when the inner 
mold thickness in the Zn PCM mold exceeded that of the 
casting, few significant advantages were observed, 
regardless of the IHTC between the Zn and the inner 
mold, compared to the conventional steel mold without 
PCM in terms of rapid solidification. Specifically, the 
PCM mold led to either similar or delayed solidification 
times, with up to a 17.7% increase compared to the steel 
mold. Therefore, the inner mold thickness must be 
minimized to ensure efficient heat transfer and rapid 
solidification during the casting process. 

In addition, the efficiency of the PCM mold was 
significantly dependent on the IHTC between the Zn and 
the inner mold. For instance, with a Zn PCM mold 
thickness of 4 inch (101.6mm) and a casting thickness of 
1 inch (25.4mm), the PCM mold facilitated rapid heat 
dissipation and solidification under specific IHTC 
conditions above 3000 W/m²·K, compared to 
conventional steel mold. However, when the casting 
thickness was relatively larger than the thickness of the 
inner mold, the casting solidified faster with the PCM 
mold compared to the traditional steel mold. Ultimately, 
the IHTC must be experimentally investigated to clearly 
validate the advantages of using the PCM mold. 

Following the casting trials with Zn PCM molds, 
significant temperature differences were observed 
between TC-3 and TC-6, averaging 35°C, despite their 
proximity. It was shown that while the average IHTC 
between the liquid Zn and the inner mold was 
approximately 1850 W/m²·K, this value drastically 
decreased as the Zn transitioned from liquid to solid, 
dropping to an average of 500 W/m²·K. The high thermal 
resistance at the interface between the Zn and the steel 

inner mold significantly reduced the efficiency of the 
PCM mold. It is likely that solid Zn partially detached 
from the inner mold surface due to shrinkage during 
phase transformation, creating an air gap that severely 
hindered effective heat transfer at the interface. 

To ensure the efficiency of the PCM mold in rapid heat 
transfer, future research should focus on eliminating the 
interfacial air gap between the PCM and the mold by 
tightly bonding the dissimilar material, while also 
exploring strategic methods to enhance heat transfer in 
molds during the casting process. Although this work 
primarily focused on heat dissipation using PCMs, future 
work should address heat recovery through the 
exothermic phase transformation of the PCM during the 
casting cycle. The relatively low value of IHTC in the 
solid state of the PCM helps maintain a higher mold 
temperature by limiting heat transfer, compared to the 
higher IHTC value in the liquid state of the PCM. 
Leveraging this solid-liquid phase regulation of the PCM 
enables efficient control of both heat removal and 
subsequent heat recovery processes. Future work will 
focus on validating solutions for efficient heat 
removal/recovery and demonstrating the advantages of 
PCM molds during casting. This study could lay the 
foundation for the development of a self-regulating 
permanent mold that incorporates PCMs, enabling both 
the heating and cooling of molds through the reversible 
phase transformations of the PCM during dynamic casting 
processes. 
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