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A B S T R A C T   

A proof-of-concept utilising Copper-Plated Polyurethane Foam (CPPF) and Phase Change Material (PCM) for 
passive thermal management of lithium-ion batteries is demonstrated in this study. The aim of this research is to 
assess the effectiveness of CPPF when utilised as a constituent substance in PCM/Foam composites. Six distinct 
configurations of PCM/Foam composites are presented in this work using 10-pore-per-inch foam. A total of four 
deposition foam samples were produced. Of these, three were created by gradually increasing the immersion 
time in an electroless copper plating solution. For the fourth sample, an electroless plating technique was utilised 
for 80 min, followed by an electroplating procedure to deposit an additional layer of copper. The evaluation 
entails examining each plated sample in comparison to a copper foam that is commercially available with a 
purity level of 99.99 %. The findings reveal that the electroless-plated specimens exhibit improved effectiveness 
after being subjected to a prolonged plating period of 80 min. The electroplated sample exhibited the greatest 
degree of effectiveness, as evidenced by a 64.4 % reduction in battery cell surface temperature(10.98 ◦C), which 
is almost identical to the 64.5 % decrease in temperature (11.03 ◦C) observed with commercial foam but coupled 
with 88.1 % decrease in mass. The results suggest that the CPPF-PCM composites offer effective passive cooling 
properties for batteries.   

1. Introduction 

The successful integration of electrification and widespread use of 
renewable energy-technologies are necessary to form a low-carbon en-
ergy sector. Nevertheless, the escalating prevalence of electrification 
and the intrinsic unpredictability of renewable energy sources (e.g., 
solar and wind) pose obstacles to the stability of the power infrastruc-
ture and the guarantee of a dependable energy supply. Projections 
indicate that the worldwide power supply is anticipated to be predom-
inantly derived from large-scale and high-capacity renewable energy 
production units by the year 2050, contributing around 86 % of the total 
[1]. Notably, solar photovoltaic and wind sources are expected to 
constitute a significant portion, accounting for approximately 58 % of 
the renewable energy generation [1]. 

Significant focus is presently devoted to the development of effective 
electrical energy storage devices in order to mitigate the inherent con-
straints of power grids, especially due to the unpredictable nature of 
renewable energy supply [2]. Moreover, the utilisation of fossil fuels in 
the context of transportation is responsible for approximately 14 % of 
global anthropogenic greenhouse gas emissions [3]. As a result, there is 
a growing tendency to shift away from transport modes with a large 
carbon impact [4]. The sales of electric vehicles had a substantial growth 
in 2017, exhibiting a noteworthy increase from 0.74 million units in the 
preceding year to 1.1 million units, denoting a huge rise of 51 % [5]. In 
2022, the proportion of electric cars among all new car sales increased to 
14 %, compared to around 9 % in 2021[6]. Additionally, electric car 
sales in Europe, the second largest market, experienced a growth rate of 
over 15 %, resulting in more than 20 % of all cars sold being electric and 
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in the United States, which is the third biggest market a significant 
growth of 55 % was seen, resulting in a sales share of 8 % [6].This 
signifies a significant shift towards more environmentally friendly 
transportation options. 

The accelerating deployment and development of battery technolo-
gies is expected to result in lithium-based batteries assuming a more 
prominent role over a wider range of capacities, ranging from the use of 
grid scale storage to electric vehicles, thus, the temperature monitoring 
and management is a crucial aspect in mitigating degradation and 
enhancing longevity of lithium-based batteries, which is well- 
established in the literature [3,7–11]. The optimisation of temperature 
gradients is advantageous for ensuring the safety and durability of 
Lithium-Ion Batteries (LIBs), making the battery thermal management 
system a pivotal component in attaining adequate temperature regula-
tion [12]. Lithium batteries can experience a decrease in charge effi-
ciency and reduced lifetime when exposed to temperatures over 50 ◦C 
[13]. Consequently, industrial setting, especially in electric vehicles, 
commonly employ forced air or indirect liquid cooling methods [14]. 

The adoption of Phase Change Material (PCM) is becoming more 
widespread particularly with the ongoing development of passive ther-
mal management systems [14]. A PCM is a substance that undergoes a 
transition between solid and liquid phases, known as a 
melt-solidification cycle, during which it absorbs energy from the sur-
rounding environment, while maintaining a relatively constant tem-
perature [15,16]. The utilisation of PCM in battery applications has been 
extensively documented in academic research works. These studies have 
thoroughly examined the employment of PCMs both independently and 
in conjunction with liquid and air active cooling systems to regulate the 
operating temperatures of batteries [17–24]. The internal temperature 
control of LIB cells has also found use for PCM as a battery separator 
component [25]. 

Due to the inherent low thermal conductivity of PCMs [26–28], 
foams are finding increased utilisation of the enhancement of PCM 
thermal capacity [29]. Foams are a porous structure known for their 
unique physical and mechanical qualities, which find widespread use in 
various applications, including energy and blast resistance, fire resis-
tance, thermal insulation, vibration, and sound dampening, as well as 
lightweight applications such as foam core sandwich panels [30,31]. 
The use of foam structures in passive thermal methodologies to enhance 
the thermal conductivity of PCMs is an emerging technology, where the 
PCM is infiltrated into the porous foam materials creating a composite 
[27,32,33]. The fabrication of PCM/foam composites typically use 
copper, nickel, or aluminium foam as main components to enhance the 
heat transfer into the PCM due to the high thermal conductivity of these 
metals and interconnecting three-dimensional structure [27,34–38]. 

Despite the significant enhancement they provide to the performance 
of phase change materials, metal foams are currently not commercially 
viable due to their high cost [28,39,40]. Furthermore, due to the fact 

that metal foams are made from dense materials such as copper, it be-
comes challenging to endorse the use of PCM composites including these 
component parts for applications which are weight sensitive. As a result, 
there is potential to utilise the low-cost [41] and lightweight [42] 
properties of polymer foams, which have been largely overlooked in 
existing research. There are a small selection of works, notably, in [43] 
the plating of pure nickel is investigated for the coating of 
urethane-based structures for battery-related components, although not 
for PCM enhancement, and in [44] a dense melamine foam was utilised 
as a structure for carboxy-rich carbon and boron nitride and infiltrated 
with polyethylene glycol phase change material, aimed at addressing the 
rigidity and low light absorption issues for solar applications. 

The available literature lacks academic publications on the compo-
sitions and usage of plated polymer foam in phase change materials, 
which is in contrast to the extensive research on solid metal foams for 
passive thermal management of batteries. This indicates a clear gap in 
the field. This gap presents an opportunity to explore the intersection 
between the use of lightweight polymer foams and the heat conductivity 
characteristics displayed by metals. The successful advancement of these 
composites has the capacity to greatly impact passive heat management 
systems that utilise PCM. This is especially crucial in applications where 
weight is a vital factor, such as electric vehicles and aircraft. The pri-
mary objective of this work is to examine the efficacy of composites 
consisting of Copper Plated Polyurethane Foam and Phase Change Ma-
terial (CPPF-PCM) in enhancing the passive heat regulation of lithium- 
based batteries, while utilising reduced mass compared to solid metal 
foam. Given that prior studies have extensively utilised metal foam 
materials, the foams produced in this study are therefore subject to a 
comparative analysis with a commercially available copper foam that 
has a purity level of 99.99 %. This study conducts an empirical inves-
tigation to assess the practicality of using CPPF-PCM composites as a 
means of passively cooling batteries. It aims to fill a significant gap in the 
current body of research and has the potential to provide valuable 
knowledge in the field of battery thermal management, particularly in 
relation to emerging PCM/foam composites. 

2. Materials & methods 

2.1. Foam/PCM composite 

This work investigates six distinct arrangements of PCM/foam 
composites, employing a foam structure characterised by a consistent 
pore density of 10 pores per inch across all combinations. The chosen 
pore density was based on its prevalence in research using PCM [29,34], 
furthermore, a pore per inch density of 10 indicates a larger pore size, 
which facilitates the infiltration of PCM into the structure. The com-
posite materials comprise an initial component of Polyurethane Foam 
(PUF) with a reported thermal conductivity range of 0.018~0.032 W/m. 

Fig. 1. Process for the electroless deposition on PU foam, where the foam sample is weighed before and after the deposition process.  
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K [45], along with four alternate variants that use plating processes on 
the PUF, as well as a commercially available foam. A ’green’ electroless 
plating approach is utilised for the four copper-plated variants, and one 
of these electroless samples is further altered with an additional elec-
troplating process. A commercially available copper foam is employed 
as a benchmark for evaluating the effectiveness of the plated substitutes. 
This section will assess the techniques employed in the fabrication of 
PCM/foam composites and the protocol for testing. 

2.1.1. Copper deposition methodology 
The electroless copper plating technique is mostly based on the 

approach presented in [46,47], with the exception of the inclusion of 
chitosan. However, the approach presented in this paper integrates the 
use of 2-mercaptobenzothiozole (2-MBT) as a stabilising agent, as sug-
gested in [48], this stabilises the bath against the formation of undesired 
cuprous particles, and the optimum concentration of 2 mg/L is utilised. 
The substrate preparation adheres to the prescribed methodology out-
lined in [47]. The overall process is displayed in Fig. 1. The inclusion of 
2-MBT enables the plating bath to maintain its functionality for a 
duration of 80 min, despite the absence of aerated agitation. Instead of 
the conventional use of formaldehyde, this process adopts an environ-
mentally friendly approach by employing glyoxylic acid as a reducing 
agent. The chemical concentrations utilised in the plating process are 
outlined in Table 1. In order to provide consistent and uniform heating 
of the copper bath solution, a Heidolph MR Hei-Standard hotplate with a 
Heidolph 1 litre oil bath adapter is utilised. This oil bath accommodates 
the beaker containing the copper plating bath, to provide uniform 
heating throughout the deposition process. 

A series of four deposition foam samples were generated, with the 
initial three samples produced by a progressive increase of immersion 

duration in the copper plating solution, starting at 20 min, then 
advancing to 40 min, and finally reaching 80 min. To add an extra layer 
of copper, the electroplating technique is applied on the fourth sample, 
specifically, a sample with an electroless plating length of 80 min. The 
electrolyte solution employed in the electroplating process comprises 
two main inorganic constituents: copper sulphate pentahydrate (200 g/ 
L) serves as the source of copper ions, while sulfuric acid (45 g/L) en-
hances the solution’s conductivity and serves as a charge carrier [49]. 
The electroplating procedure was carried out under a current of 1A and a 
voltage of 4 V. Both sides of the foam structure were exposed for a 
duration of 10 min, resulting in a total plating time of 20 min, and 
ensuring a more even plating throughout the porous structure. 

Henceforth, the plated foam samples will be denoted as Cu-P 20, Cu- 
P 40, Cu-P 80, and Cu-EP. The acronym Cu-P refers to the electroless 
plating method, where the numerical number appended indicates the 
length of time immersed in the copper bath. Conversely, the abbrevia-
tion "EP" denotes the electroplating process. In addition, the abbrevia-
tion PUF is used to refer to the plain polyurethane foam, whereas Cu-S is 
used to identify the commercially available foam. Fig. 2(a) and (b) 
illustrate examples of the samples Cu-S and Cu-P 20, respectively. 
Additionally, Fig. 2(c), (d), and (e) depict the foam after 20, 40, and 80- 
minute plating processes, respectively, clearly showing the existence of 
a visible copper layer on the foam structure which appears to be more 
consistent as the deposition time increases. 

2.1.2. PCM selection 
The PCM/foam composites utilise commercial phase change material 

sourced from Rubitherm Technologies GmbH, namely RT31. The 
discharge of the EEMB LP963450 Lithium Polymer (LiPo) battery cell 
starts at ~25 ◦C and terminates at ~42 ◦C when discharged at 1.5 C, as 
seen in Fig. 3(a). To effectively absorb the heat generated by the cell, the 
PCM must operate within this specified temperature range. According to 
the manufacturer’s specifications, the solid to liquid transition range of 
the RT31 PCM is reported to be between 29 ◦C and 34 ◦C, with a main 
peak observed at 31 ◦C, and obtains a thermal conductivity of 0.2 W/m. 
K. The heat absorption of the RT31 PCM was measured using a TA In-
struments Q2000 Differential Scanning Calorimeter, the transition onset 
temperature of the PCM is observed to be 24.92 ◦C, while the peak 
transition temperature is measured at 32.32 ◦C (Fig. 3(b)). This suggests 
that the phase change material PCM is very suitable for the intended use, 
especially considering that the experimental setup employed a constant 

Table 1 
Cu Plating Bath Constituents.  

Component Concentration(g/L) 

CuSO4 • 5H2O 20 
Ethylenediaminetetraacetic acid (EDTA) 40 
Glyoxylic Acid (50% wt in H2O) 10.5 
2-mercaptobenzothiozole (2MBT) 0.002 

Bath Temperature = 55 ◦C, pH 12–12.5 - All chemicals sourced from Sigma 
Aldrich, UK. 

Fig. 2. Visual representation of Foam, (a) commercial 10PPI foam (Cu-S), (b) example of Cu-P 20 foam, (c) SEM imaging of 20-minute deposition, showing foam 
strut end, (d) SEM image of strut end of 40-minute electroless plating, and (e) SEM image of foam strut end after 80 min in electroless bath. 
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temperature chamber maintained at 25 ◦C ± 1 ◦C, as elaborated upon in 
Section 2.2 Experimental Setup. 

The proximity of the onset transition temperature to the discharge 
start temperature (Tstart), as well as the fact that the transition peak 
temperature is lower than the expected final temperature of the cell after 
discharge, enables the PCM to fully utilise its capacity. Consequently, 
this facilitates the evaluation of the foams for the thermal management 
of the chosen battery cell. 

2.1.3. PCM infiltration 
The foam substrates undergo a vacuum infiltration with PCM, as seen 

in Fig. 3(c). This procedure has a resemblance to the approach described 
in other works [12,50–52]. The foam samples are carefully arranged 
within a glass Petrie dish, which is subsequently filled with liquid PCM. 
The Petrie dish is then introduced into the vacuum chamber, and the 
vacuum environment is sustained until the PCM visibly solidifies. 
Following this, the Petrie dish is placed into a Binder FD23 oven set at 45 
◦C, maintaining this temperature for 30 min to facilitate the transition of 

the PCM from its liquid to a solid state. To achieve thorough infiltration 
of the PCM into the foam structure, the process is repeated three times. 
Once a state of stable low pressure is reached within the vacuum 
chamber, the expulsion of air from the foam material becomes evident, 
manifesting as visible bubbles on liquid PCM’s surface. These phenom-
ena aid the infiltration of the phase change material into the porous 
structure of the foam. 

To quantify the extent of PCM infiltration into the foam structure, a 
dimensionless parameter known as the impregnation ratio (α) is calcu-
lated using (1). This parameter serves as a metric for evaluating the 
compatibility between the foam and PCM, with a value of 1 indicating 
optimal PCM penetration into the foam structure [12]. 

α =
Δmi

εbVtρpcm
(1)  

εb =
mfo

ρskVt
(2) 

Fig. 3. Experimental Materials and Method; (a) Cell surface temperature change at 1.5C, three test average, displaying standard deviaiton, (b) solid to liquid 
transition phase of RT31 PCM, (c) illustration of PCM infiltration method with example of infiltratrated copper foam, (d) illustrated example of the lithium polymer 
cell with K-Type thermocouple placement, and (e) image of fully assembly for testing. . 
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Where Δmi is the mass difference between the PCM/foam composite 
and that of the foam itself, ρpcm is the density of the PCM in solid phase, 
Vt is the total volume of the foam piece and εb is the bulk porosity which 
is defined in (2) [12]. 

Where, mfo is the mass of the foam piece and ρsk is the density of the 
foam skeleton. This ratio is found to be in the range of 0.937 and 0.983, 
suggesting excellent PCM infiltration into the foam skeleton. 

2.2. Experimental setup 

The surface temperature of the battery cell is measured by attaching 
pre-calibrated k-type thermocouples (LABFACILITY, obtained from 
Farnell, UK) to the surface using Micro-Measurements M-Bond 200 ad-
hesive. These thermocouples conform to the IEC 584–2 class 1 standard. 
To enhance their stability and protect them from external factors, a thin 
layer of polyimide (Kapton®) tape is applied over the thermocouples, as 
seen in Fig. 3(d). 

The PCM foam composites are housed in a specially designed casing 
manufactured through 3D printing techniques (Fig. 3(e)). The design of 
the container accommodates PCM/Foam composites with an optimal 
uniform thickness of 10 mm on either side of the LiPo cell [20]. The PCM 
foam composites that have been infiltrated are positioned between the 
surface of the cell and the wall of the casing. The casing is intentionally 
designed with an increased height, considering the 12.5 % expansion 
coefficient, to prevent liquid overflow during the phase transition. 

The LiPo cell undergoes charging using a B&K Precision 9202 DC 
power supply at a rate of 0.5 C until the desired cut-off current of 36 mA 
is achieved. Prior to discharging using a B&K Precision 8601 DC elec-
tronic load, the sample under examination undergoes a rest period 
within an ESPEC LU114 constant temperature chamber until the tem-
perature readings from both TC sensors reach a state of thermal equi-
librium of ~25 ◦C. To ensure data consistency for comparative analysis, 
all discharge tests are conducted within the constant temperature 
chamber. The acquisition of thermocouple data from the surface of the 
LiPo cell is facilitated by the utilisation of a Pico Technology TC-08 
thermocouple data recorder and Picolog software. The cells undergo 
discharge using a B&K Precision 8601 DC electronic load at a rate of 1.5 
C. All data is obtained at a frequency of 1 Hz. 

3. Results & discussion 

3.1. Foam mass and Cu deposition 

A linear connection between the time of immersion in the Cu bath 
and the mass of the foam is seen based on the measurements conducted 
of the foam’s mass before and after each plating session, as depicted in 

Fig. 4(a). The experimental results show that when the deposition period 
rises from 20 min to 40 and 80 min, the average mass of Cu applied also 
increases from 0.910 g to 1.012 g and 1.125 g, respectively. Further-
more, it is important to notice that the electroplating process results in a 
significant mass increase for the foam. 

The electroless deposition method demonstrates a lower rate of mass 
growth in comparison to electroplating, primarily due to the differences 
in their respective processes. The electroplating process involves using a 
copper token that is 99.99 % pure and weighs 17.90 g. This token can be 
utilised until it is completely used up, ensuring that there remains suf-
ficient copper available for deposition. However, the electroless 
approach depends on the amount of copper in the plating solution, 
which is incorporated using copper sulphate pentahydrate, as depicted 
in Table 1. As the duration of plating progresses, the rate of plating 
decreases as the limited amount of copper in the bath is being utilised. 
Furthermore, a high concentration of glyoxylic acid was used at a 
relatively high temperature, which, without a stabiliser, will decompose 
rapidly. This decomposition leads to the formation of copper deposits in 
the bath solution, causing a decrease in chemical concentration [47]. As 
mentioned previously, the purpose of adding 2-MBT as a stabiliser was 
to increase the longevity of the plating bath and minimise its decom-
position. However, it is noteworthy that there are some copper deposits 
found at the bottom of the beaker used for the plating bath at the end of 
each plating period. As a result, the copper formation and mass on the 
PUF is anticipated to be lower in the electroless process compared to 
electroplating. It is crucial to highlight that the electroless process is 
essential for producing the Cu-EP sample since it provides the electri-
cally conductive copper layer necessary for initiating the electroplating 
mechanisms. 

As anticipated, the plated samples demonstrate a significant reduc-
tion in mass compared to the mass of the Cu-S foam, which was 
measured as 17.40 g. The experimental findings suggest that the Cu-P 
20, 40, 80, and Cu-EP foam samples have a mass difference of − 94.8 
%, − 94.2 %, − 93.5 %, and − 88.1 %, respectively, in comparison to the 
Cu-S foam. It is crucial to note the foam’s mass prior to plating, as this 
parameter serves as a key factor in determining the mass of the ther-
mally conductive copper layer on the foam. 

The average mass of the PUF substrate before plating exhibits a 
constant range of 0.60 g to 0.62 g, as seen in Fig. 4(b). The consistency 
across values ensures a dependable basis for evaluating the copper 
deposition layer, enabling accurate assessment and comparison 
throughout the plating process. 

3.2. Foam effect on cell temperature 

The initial temperature, denoted as Tstart, is crucial for the effec-
tiveness of each experiment since it directly affects the end temperature 

Fig. 4. (a) foam mass after Cu deposition, and (b) foam mass before Cu 
depostion. All showing average of three measurments, error bars displaying 
standard deviaiton. . 

Fig. 5. Average Tstart of each discharge test. All showing average of three tests, 
error bars displaying standard deviaiton. 
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of the LiPo battery. The Tstart is set at 25 ◦C, as observed in past studies 
using lithium-ion batteries [3]. Shown in Fig. 5, the temperature 
measured before the discharge begins varies between 24.43 ◦C and 
25.08 ◦C. The ESPEC LU114 chamber used in the testing process 
maintains the ambient temperature with a tolerance of ±1 ◦C. To ensure 
correct assessment of the PCM/foam composites, it is crucial to maintain 
a consistent initial temperature and ambient temperature throughout 
the process, since this allows for precise comparison of the final cell 
temperatures. The temperature change, ΔT, of the LiPo cell due to the 
discharge is shown in Fig. 6 for all samples. In the absence of any passive 
cooling mechanism, the cell undergoes an average surface temperature 
increase of 17.3 ◦C, reaching a maximum temperature of 42 ◦C. When 
using only the PUF material in PCM, the average surface temperature 
reaches 33 ◦C, with a temperature difference (ΔT) of 8.40 ◦C. This 
demonstrates a substantial decrease of 51.4 % in temperature compared 
to the cell that does not employ passive cooling. This is linked to the 
implementation of the PCM. By incorporating the PUF into this specific 
sample, the evaluation of the coated foam samples and the resulting 
temperature reduction at the cell surface can be achieved. 

The copper electroless plating contributes to a subsequent reduction, 
amounting to 56.5 %, 56.1 %, and 59.4 % lower temperatures for Cu-P 
20, Cu-P 40, and Cu-P 80, respectively, compared to the cell alone. 
Furthermore, an analysis of the samples Cu-P 20 and Cu-P 40, reveals 
that the plating duration and the increase in copper do not significantly 

reduce the temperature. The comparison of Cu-P 80, Cu-P 40, and Cu-P 
20 reveals a minimal improvement of 3.4 % and 3 % correspondingly. 
The Cu-P 20 sample shows a slightly superior outcome compared to the 
Cu-P 40 sample, with a difference of − 0.4 %. This can be attributed to 
challenges in accurately controlling the plating solution with glyoxylic 
acid as the reducing agent, as it is sensitive to temperature [47]. 
Therefore, minor temperature changes in the plating bath could lead to 
unknown variations in deposition rates. Based on the evidence shown in 
Fig. 6, it is recommended that the optimal length for plating is 80 min. 
This conclusion is further supported by the data displayed in Fig. 7(a). 
Moreover, when comparing the three different durations of electroless 
deposition, there is a discernible variation in the results’ standard de-
viation (represented by error bars in Fig. 7(a)) for both the Cu-P 20 and 
Cu-P 40 samples, indicating an inconsistent plating process. 

Fig. 7(b) depicts the performance of the Cu-P 80 sample in relation to 
the Cu-EP and Cu-S samples. Results indicate a notable reduction in the 
temperature change, with the Cu-S sample exploiting the commercially 
available copper foam demonstrating the highest degree of effective-
ness. Nevertheless, the Cu-EP sample has a marginally greater ΔT, albeit 
the increase is only 0.2 ◦C. This finding presents clear evidence that the 
Cu-EP sample has similar performance to the commercially available 
foam, despite the latter possessing a substantially greater copper mass, 
88.1 % more. In terms of performance, the Cu-P 80 sample demonstrated 
a reduction in cell temperature of 59.4 % compared to the LiPo cell 
alone. Furthermore, the Cu-EP and Cu-S samples exhibited reductions of 
64.4 % (overall reduction of 10.98 ◦C) and 64.5 % (overall reduction of 
11.03 ◦C) respectively. 

4. Conclusions 

This study proposes a novel research direction that involves ana-
lysing the weight considerations of PCM/foam composites and empha-
sising the significance of material quantity as a crucial parameter for 
successful passive cooling approaches. The findings presented in this 
study demonstrate the first experimental investigation of copper depo-
sition on polymer foam as a means of achieving passive temperature 
regulation in battery systems. The evaluation of different cooling stra-
tegies relies on analysing the fluctuation in surface temperature of a LiPo 
cell during a discharge at a rate of 1.5C. It has been shown that in the 
absence of any cooling mechanism, the LiPo cell experiences an average 
increase in surface temperature of 17.3 ◦C. 

The plating deposition process, conducted for durations of 20, 40, 
and 80 min results in temperature reductions of 56.5 %, 56.1 %, and 
59.4 %, respectively, when compared to the control cell without cooling. 
The effectiveness of the electroless-plated samples increases with an 
extended plating duration of 80 min. The Cu-EP variant, with an 

Fig. 6. The average ΔT of LiPo cell surface at the after 1.5C discharge. Showing 
the average of three tests, error bars displaying standard deviaiton. . 

Fig. 7. The average ΔT of LiPo cell surface at the after 1.5C discharge, (a) of the Cu-P durations, and (b) showing Cu-P 80, Cu-EP and Cu-S samples. All showing the 
average of three tests, error bars displaying standard deviation. . 
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additional electroplated layer, demonstrates the highest degree of 
effectiveness, as indicated by an average decrease in cell surface tem-
perature of 64.4 %. This reduction is nearly identical to the 64.5 % 
observed with the Cu-S arrangement. The Cu-EP sample demonstrates a 
significant decrease in mass, 88.1 % in comparison to the Cu-S sample. 
This finding suggests that the current study offers empirical support for 
the benefits of utilising copper deposition on polyurethane foams to 
improve passive thermal management strategies involving phase change 
materials. In its conclusion, this proof-of-concept study highlights the 
advantages this novel material and warrants the undertaking additional 
research in this area. It will be essential to conduct additional research 
on the effectiveness of the plating bath and establish an approach of 
scaling up the process for commercial use. 
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