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Abstract 

Thermal energy storage has many important applications, and is most efficiently achieved by latent heat storage using 

phase change materials (PCMs). Salt hydrates have advantages such as high energy storage density, high latent heat and 

incombustability. However, they suffer from drawbacks such as incongruent melting and corrosion of metallic container 

materials. By encapsulating them in a polymer shell, problems can be eliminated. Here we demonstrate a simple method 

to nanoencapsulate magnesium nitrate hexhydrate, employing an in situ miniemulsion polymerisation with ethyl-2-

cyanoacrylate as monomer. Using sonication to prepare miniemulsions improved the synthesis by reducing the amount of 

surfactant required as stabiliser. Thermal properties were analysed by differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TGA). Fourier transform infrared spectroscopy (FTIR) was employed to prove the presence of 

salt hydrate within the nanocapsules. Results show the capsules are 100-200nm in size, have salt hydrate located in the 

core and are stable over at least 100 thermal cycles with only a 3% reduction in latent heat. Supercooling is also drastically 

reduced. To the best of our knowledge, this is the first time an encapsulated salt hydrate PCM has been proven to have a 

lifetime of 100+ heat uptake/release cycles. 

Introduction 

Storage of energy is essential due to increasing global energy 

demand. Phase change materials (PCMs) are efficient at storing 

large amounts of thermal energy quasi-isothermally during phase 

transition
1,2

. This process is known as latent heat storage, and gives 

storage density approximately 10 times higher than that of 

commonly used sensible heat storage materials such as rock or 

water
3,4

. Increased efficiency also means smaller storage units are 

required, reducing cost and spatial requirements. PCM applications 

include storage for concentrated solar power plants
5,6

, passive air 

conditioning
7,8

 and thermal management of devices such as 

photovoltaics
9,10

 and electronics
7,11,12

. The most promising class of 

PCMs are inorganic salt hydrates. Major advantages are their 

extremely high energy storage density, wide range of melting 

temperatures and low cost
7,13–15

. They also avoid disadvantages of 

organic PCMs (paraffin waxes), which are flammable
16

 and 

odourous
17,18

. However, salt hydrates are chemically unstable due 

to incongruent melting, have a tendency to supercool and are 

corrosive towards metals used for heat transfer
3,13,19

.  

   To overcome these obstacles, it is necessary to isolate PCMs i.e. to 

encapsulate them. Encapsulation is a process of enclosing an active 

material within a shell. Polymers are widely used shell materials due 

to good strength and flexibility
20

. Encapsulation has been applied to 

many active ingredients, such as corrosion inhibitors
21,22

, drugs
23–25

 

and DNA
26

. A general way to produce capsules is to create an 

emulsion with the active material in the dispersed phase. 

Polymerisation can then take place at the emulsion droplet 

interface. The term emulsion generally refers to a system of oil 

droplets dispersed in water. A system with water droplets dispersed 

in oil is known as an inverse emulsion. To obtain smaller droplet 

sizes, emulsions can be sheared to create a miniemulsion. Although 

there are many encapsulation methods
27–30

, only miniemulsion 

polymerisation can provide capsules with a diameter less than 

500nm on a large scale
31

. Encapsulating PCMs gives benefits such as 

larger heat transfer area and increased thermal cycling stability, 

which has been proven with research on organic PCMs
32–35

.  

   Salt hydrates are difficult to encapsulate due to their 

hydrophilicity and tendency to alter their water content
36,37

. 

Despite this, several examples of their encapsulation have been 

reported in literature. Platte et al
37

 encapsulated several salt 

hydrate mixtures. The capsules of approximately 45µm diameter 

were made using ORMOCER polymers, which have inorganic and 

organic moieties covalently bonded together and are water 

impermeable. They were made by surface thiol-Michael addition 

polymerisation, and gave a latent heat of 100-200Jg
-1

. Schoth et al
38

 

fabricated polyurethane capsules containing sodium sulphate 

decahydrate using silica as emulsifier. The capsules produced were 

approximately 1µm in size with a ΔH of 58Jg
-1

. Salaün et al
39,40

 made 

microcapsules containing sodium phosphate dodecahydrate with a 

crosslinked polyurethane shell made up of cellulose acetate 

butyrate and methylene diisocyanate. Despite promising results, 
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these capsules were prepared by complex methods, and have not 

displayed acceptable thermal cycling. To further improve their 

properties, PCM capsules should be nanosized (<1µm). This 

maximises surface-area-to-volume ratio, increasing heat transfer
41

, 

reducing supercooling
42

 and decreasing melting and freezing times
4
. 

Nanocapsules are also structurally stronger than microcapsules
4,43

, 

and decreasing capsule size can lead to an increase in latent heat
44

. 

   For this research, poly(ethyl-2-cyanoacrylate) (PECA) was chosen 

as shell material. Cyanoacrylates are highly reactive and have been 

used to encapsulate water soluble drugs since the 1980s. They 

spontaneously form nanocapsules 80-250nm in size
24,26,45–48

 via 

anionic polymerisation upon addition to a water-in-oil (W/O) 

emulsion
49,50

. To fabricate nanocapsules, we used the in situ inverse 

miniemulsion polymerisation technique. We chose the salt hydrate 

magnesium nitrate hexahydrate (Mg(NO3)2.6H2O) for this study, 

which has a melting temperature (TM) of 89ºC, latent heat of 

162.8Jg
-1 

and density of 1636kgm
-3

 in the solid state
16

. High density 

is a key property of salt hydrates, as a lower volume of the material 

is required to achieve high energy storage capacity. Paraffin waxes 

have a density of around 800kgm
-3

 by comparison. To the best of 

our knowledge, this work is the first time long-term cycling stability 

for encapsulated salt hydrates has been proven. Many 

investigations into salt hydrates suggested thickeners or nucleating 

agents must be added to prevent incongruent melting and 

supercooling
16,51

. Additives reduce the amount of salt hydrate per 

unit volume, leading to a decrease of latent heat. This study shows 

nanoencapsulation removes the need for any additives.  

Experimental 

Materials 

Mg(NO3)2.6H2O (99% purity) was used as salt hydrate. Ethyl-2-

cyanoacrylate (ECA) was employed as monomer. Tween 80 

(polysorbate 80) and Span 20 (sorbitan monolaurate) were used as 

surfactants. Toluene and cyclohexane were used as oil for the 

continuous phase, and chloroform was used as solvent for the 

monomer. All materials were purchased from Sigma Aldrich UK and 

used without further purification. Milli-Q water was used 

throughout. 

Methods 

Preparation of PECA nanocapsules 

PECA nanocapsules were prepared according to the method used 

by Kafka et al
24

, which was in turn based on a well-established 

procedure
45,46,48

. An aqueous phase (1g) consisting of different 

Mg(NO3)2.6H2O:water ratios (see Table 1), either solid or solubilised 

in water, was added to the continuous oil phase (9g) consisting of  

 

Fig. 1 – Synthesis of salt hydrate-loaded PECA nanocapsules by in situ 

polymerisation, employing mechanical stirring without (method 1) and with 

ultrasonic treatment (method 2).  

60% weight percentage (wt) surfactants (3:2 blend of Tween 

80:Span 20) and 40%wt toluene. The mixture was stirred overnight 

at 600 RPM to create a W/O miniemulsion. Then, ECA was dissolved 

in 3 times the amount of chloroform and added to the mixture 

dropwise. This was left to stir at 600 RPM overnight in an open vial. 

As chloroform evaporates, the polymerisation occurs around the 

microemulsion droplets. This procedure is outlined in Fig. 1 

(Method 1). The capsules were separated by centrifugation (11000 

RPM for 10 mins at 10ºC) and washed by redispersing in            

cyclohexane via sonication. The capsules were again centrifuged 

(6000 RPM for 5 mins at 10ºC), and the product left to dry at room 

temperature, giving a white powder. 

Preparation of PECA nanocapsules with ultrasonic treatment 

In order to decrease the amount of surfactants required, ultrasound 

was employed to create a W/O miniemulsion based on the method 

of Musyanovych et al
26

. Sonication can create miniemulsions due to 

the high energy from ultrasonic cavitation
28

. An aqueous phase (1g) 

containing Mg(NO3)2.6H2O in water (see Table 1) was added to an 

oil phase (9g) consisting of 5%wt surfactants and 95%wt 

cyclohexane. The mixture was mechanically stirred for 10 minutes 

at 600RPM to create a macroemulsion. This was then sonicated for 

12 mins (30s on, 20s off pulse regime, 70% amplitude) with ice bath 

cooling, using a Qsonica Q700-220 sonicator (700W). During 

sonication the cloudy solution became almost transparent, 

signifying a stable W/O miniemulsion had formed. After sonication, 

ECA dissolved in 3 times the amount of chloroform was added 

dropwise and left to stir at 600 RPM in an open vial for around 2 

hours. This procedure is outlined in Fig. 1 (Method 2). The product 

Table 1 – Formulations of different capsule samples, NanoPCM3 was prepared using the ultrasonic method (Fig. 1, Method 2). 

Sample Oil Phase Aqueous phase ECA added 

NanoPCM1 60%wt surfactants, 40%wt toluene 100%wt Mg(NO3)2.6H2O 600µL 

NanoPCM2 60%wt surfactants, 40%wt toluene 70%wt Mg(NO3)2.6H2O, 30%wt H2O 300µL 

NanoPCM3 5%wt surfactants, 95%wt cyclohexane 20%wt Mg(NO3)2.6H2O, 80%wt H2O 200µL 
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was separated by centrifugation (11000RPM for 10 mins at 10ºC) 

and left to dry at room temperature, yielding a translucent sticky 

solid. This was then redispersed in ethanol by sonication and 

centrifuged (6000 RPM for 5 mins at 10 ºC). After drying at room 

temperature, a powder sample was obtained. 

Characterisation 

Capsule morphology and size measurements were taken using a 

JEOL JSM-7001F scanning electron microscope (SEM). Nanocapsule 

samples were prepared by dispersing in ethanol via bath sonication. 

50µL of the dispersion was pipetted onto carbon tape on an 

aluminium SEM stub. Samples were dried at room temperature and 

coated with chromium before analysis. The Mg(NO3)2.6H2O sample 

was prepared by crushing the bulk material and adding to carbon 

tape on the SEM stub.  

   Chemical structure of the reagents and resulting nanocapsules 

was determined using Fourier transform infrared spectroscopy 

(FTIR), on a Bruker TENSOR II instrument equipped with an all 

reflective diamond ATR. Measurements were taken on 

transmittance mode with 64 scans from 400 to 4000cm
-1

. 

   Differential scanning calorimetry (DSC) determined the latent heat 

storage properties and thermal cycling stability of the nanoPCMs. 

DSC was undertaken between 40 and 120ºC for up to 100 cycles 

under a nitrogen atmosphere with a 5ºC/min ramp, using a Perkin 

Elmer DSC6 .  

   Thermogravimetric analysis (TGA) experiments were done to 

obtain thermal degradation behaviour of the bulk Mg(NO3)2.6H2O 

and encapsulated NanoPCMs. TGA was undertaken using a TA 

Instruments SDT Q600 instrument. Measurements were taken from 

room temperature up to 800ºC, with a ramp of 10ºC/min under a 

nitrogen atmosphere. 

   Melting characteristics of the nanocapsules were compared to the 

bulk material. They were heated to 100ºC via steam and allowed to 

cool back to room temperature. Photographs were taken before 

and after the heating to observe changes in macrostructure. 

Results & Discussion  

Chemical Structure of the NanoPCMs 

SEM results are shown in Fig. 2. Pure Mg(NO3)2.6H2O is a crystalline 

solid with 10-50µm crystals (Fig. 2a). The nanocapsules (Fig. 2b-d) 

have a smooth surface, with complete coverage of the salt hydrate 

core by the polymer shell. No pores are present. The capsules are 

100-200nm in size overall for all samples, which is consistent with 

previously reported sizes of PECA nanocapsules loaded with 

insulin
48

. Nanosized capsules not only improve thermal 

characteristics, but also improve diffusion tight bonding, which is an 

important factor in preventing leakage and maintaining hydration 

of the salt hydrate
4
. All nanocapsules are in the same size range, 

showing both methods were successful in obtaining stable inverse 

miniemulsions with similarly sized droplets. 

   Nanocapsules are structurally strong, indicated by the round 

shape of most capsules. This indicates the SEM high vacuum has 

little effect, whereas larger capsules may collapse due to the 

increased pressure
2
. A strong shell is important during practical 

application as the capsules must be pumped round the macroscale 

system. 

FTIR spectra for Mg(NO3)2.6H2O & nanocapsule samples are shown 

in Fig. 3. Spectra for NanoPCM1 and NanoPCM2 are identical, so 

only the NanoPCM1 spectrum is shown. Mg(NO3)2.6H2O (Fig. 3a) 

has characteristic peaks for O-H stretching at 3356cm
-1

, N=O 

bending at 1646 cm
-1

, a mixture of N-O stretching and bending and 

N=O bend in the broad peak at 1365cm
-1

, plus a sharp peak at 819 

cm
-1

 for NO3
-
. NanoPCM1 (Fig. 3b) has peaks attributed to PECA - C-

H stretch at 2927cm
-1

, C=O at 1745cm
-1

 along with 2 C-O peaks at 

1250 and 1013cm
-1

 signifying the presence of an ester group. 

Notably absent is a CN peak, which may be masked by the large 

amount of surfactants used to fabricate the samples. 

   NanoPCM3 (Fig. 3c) has a similar spectrum to NanoPCM1 & 2 with 

respect to PECA, with peaks at 2923, 1745, 1253 and 1079cm
-1

, 

respectively. It also has a peak for CN at 2360cm
-1

. Peaks attributed 

to Mg(NO3)2.6H2O are more pronounced in the spectrum for 

NanoPCM3 at 3373, 1643, 1345 and 827cm
-1

. This suggests there is 

  

  
Fig. 2 - SEM micrographs of (a) bulk Mg(NO3)2.6H2O, (b)NanoPCM1, (c) 

NanoPCM2 and (d) NanoPCM3. Scale bar for (a) is 10µm, for (b-d) 100nm. 

4000 3500 3000 2500 2000 1500 1000 500

(c)

(b)

T
ra

ns
m

itt
an

ce
 (

a.
u.

)

Wavenumber (cm-1)

(a)

 

Fig. 3 - FTIR spectra for (a) Mg(NO3)2.6H2O (b) NanoPCM1 and (c) 

NanoPCM3. 

(a) (b) 

(c) (d) 
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more Mg(NO3)2.6H2O present in this sample due to increased 

encapsulation efficiency. It also indicates the encapsulated salt 

hydrate has a similar composition to the bulk material. There are 

some minor wavenumber shifts for the Mg(NO3)2.6H2O when 

encapsulated. These shifts are caused by spatial confinement, 

which affects H-bonding in the salt hydrate core. 

Thermal Analysis 

TGA curves are shown in Fig. 4. Mg(NO3)2.6H2O starts to lose mass 

at around 70ºC and has lost 36% mass by 160ºC, which corresponds 

to water loss. Remaining mass was lost from 300 to 460ºC. 

According to literature, Mg(NO3)2.6H2O decomposes at 330ºC. 14% 

mass remains after 800ºC, mainly consisting of magnesium oxide. 

Magnesium makes up 10% mass of Mg(NO3)2.6H2O. 

   NanoPCM1 and NanoPCM2 have very similar curves due to their 

nearly identical synthesis. Both lose 4% mass by 150ºC, attributed 

to water evaporating. From 150-300ºC the PECA shell decomposes, 

which is in agreement with previous research
52

. NanoPCM1 and 

NanoPCM2 lose 60% and 55% mass, respectively, over this 

temperature range. The higher % mass loss from NanoPCM1 

indicates the sample contained more shell material, which is 

expected due to the higher amount of monomer added during 

synthesis. Both samples then lose mass from 330-400ºC due to the 

magnesium nitrate decomposing. After heating to 800ºC, 

NanoPCM1 has 2% mass remaining, while NanoPCM2 has 8%. 

Remaining mass consists of magnesium oxide present in the sample 

along with carbon residue. The higher remaining mass after 800ºC 

proves a larger amount of salt hydrate was present in the 

NanoPCM2 sample. 

   NanoPCM3 loses mass more rapidly from 30-150ºC (12% mass 

loss) compared to NanoPCM1 & 2, due to extra water in the 

aqueous phase evaporating. There is an increase in the rate of mass 

loss at 150ºC, corresponding with the decomposition of the PECA 

shell. The shell degrades more slowly than the other NanoPCMs, as 

shown by the less steep curve. This shows a higher molecular 

weight (MW) shell was formed due to reduced surfactant quantity 

used in the synthesis
26

. High MW shells are desirable due to 

improved strength and potential for higher encapsulation 

efficiency
53

. A further increase in the rate of mass loss occurs 

starting at 330ºC as the salt degrades. After heating to 800ºC, there 

is 14% mass remaining, more than NanoPCM1 & 2. Therefore, there 

is more Mg(NO3)2.6H2O encapsulated in NanoPCM3. 

DSC results in Fig. 5 show that the PECA shell vastly increases 

thermal cycling stability of the salt hydrate. The thermogram for 

bulk Mg(NO3)2.6H2O (Fig. 5a) has a latent heat of 160.2Jg
-1

 and a 

melting point with Tonset, M = 88ºC and TM = 93ºC, slightly differing 

from literature values of 162.8Jg
-1

 and 89 ºC
16

. There are 2 freezing 

peaks, one at Tonset, F = 77ºC and TF = 74ºC and a smaller freezing 

peak at Tonset, F = 68ºC and TF = 66ºC. The smaller peak can be 

attributed to a solid-solid transition. After 5 cycles, the melting and 

freezing peaks are severely decreased, and after 10 cycles signals 

are lost completely as the PCM completely dehydrates to Mg(NO3)2 

salt. This instability, coupled with supercooling (Tonset, M – Tonset, F) of
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Fig. 4 - TGA curves for Mg(NO3)2.6H2O & NanoPCMs. 

Fig. 5 - DSC thermograms for (a) bulk Mg(NO3)2.6H2O (b) NanoPCM1 (c) 

NanoPCM2 and (d) NanoPCM3. 

around 11ºC, demonstrates the inherent problems of salt hydrates.  

   In the 1st cycle for NanoPCM1 and NanoPCM2 (Fig. 5b & c), there 

is a broad endothermic peak between approximately 60ºC-120ºC 

and 80ºC-120ºC, respectively. This can be attributed to evaporation 

of excess water present which is not associated to the salt hydrate. 

Excess water is located within damaged nanocapsules or outside 

the capsule structure. NanoPCM1 still has excess water evaporating 

during the 2
nd

 cycle, whereas for NanoPCM2 this only occurs on the 

first cycle. This suggests more water is associated to the salt 

hydrate in NanoPCM2, so cannot freely evaporate. As extra water 

(30%wt) was added to the aqueous phase of NanoPCM2, it can be 

concluded the extra water helps preserve salt hydrate composition 

after encapsulation. Previous research has shown extra water helps 

prevent dehydration of the salt
6,54

. For both samples, there are two 

peaks present for both melting and freezing. The peaks are 

attributed to Mg(NO3)2.6H2O and Mg(NO3)2.2H2O (TM - 129ºC), the 

two stable hydrated forms of magnesium nitrate. Mg(NO3)2.2H2O is 

formed by incongruent melting of Mg(NO3)2.6H2O, shown in Eqs. 1 

and 2. The formation of a lower hydrate from incongruent melting 

is irreversible
13,55

. The presence of both the hexahydrate and 

dihydrate is not desirable, as this leads to 2 different TMs with low  
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Eq. 1 Congruent melting of Mg(NO3)2.6H2O 

 

Eq. 2 Incongruent melting of Mg(NO3)2.6H2O, occurring in 2 stages. 

latent heat (after 50 cycles, 26.3Jg
-1

 for NanoPCM1 and 39.4Jg
-1

 for 

NanoPCM2). 

   NanoPCM3 displays the best results (Fig. 5d) with a latent heat of 

83.2Jg
-1

 after 50 cycles, Tonset, M = 87ºC, TM = 91ºC and Tonset, F = 86ºC, 

TF = 83ºC. Supercooling is only 1ºC. The broad peak for the 

evaporation of excess water is shifted to around 95ºC. This water 

loss may be from capsules damaged during formation of the 

capsule shell. The presence of only one TM at 91ºC shows only 

Mg(NO3)2.6H2O forms within the NanoPCM3 core. The TM remains 

constant at 91ºC during repeated thermal cycling, whereas with 

encapsulated paraffin waxes the TM can fluctuate
56

. Incongruent 

melting was therefore prevented by the constrained capsule 

environment. A constant TM is important, as PCMs work over a 

small temperature range during practical application. NanoPCM3 

demonstrates constant latent heat at 50 and 100 cycles, with only a 

3% decrease after the 1
st

 cycle, showing encapsulation promotes 

long term stability and sufficient elasticity during phase transition of 

the salt hydrate core. According to the ratio between latent heat of 

the encapsulated salt hydrate and bulk salt hydrate, the 

encapsulation efficiency is 52%. The improved thermal properties of 

NanoPCM3 prove that use of sonication to form the initial inverse 

miniemulsion is of great benefit. Supercooling is vastly reduced by 

encapsulation, illustrating how the nanoscale size of the PCM-

loaded core improves heat transfer compared to bulk 

Mg(NO3)2.6H2O.  

Chemical Stability of the NanoPCMs 

To determine chemical stability of NanoPCM3 during long-term use, 

an FTIR spectrum was taken after 100 melting/freezing cycles 

between 50-120ºC (Fig. 6). The spectrum is almost identical after 

thermal cycling, with no new peaks formed. Both the main peaks 

for Mg(NO3)2.6H2O (O-H stretching at 3373cm
-1

, N=O bending at 

1643cm
-1

, a mix of N-O stretching and bending and N=O bend in the 

broad peak at 1345cm
-1

 and NO3
-
 at 827cm

-1
) and peaks related to 

PECA (C-H stretch at 2923cm
-1

, C=O at 1745cm
-1

 and 2 C-O peaks at 

1253 and 1079cm
-1

) are present in the NanoPCM3 spectrum after 

100 thermal cycles, indicating chemical stability of PCM 

nanocapsules during storage and release of latent heat. 

To check the macroscale appearance of the bulk Mg(NO3)2.6H2O in 
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Fig. 6 - FTIR spectra for NanoPCM3 (a) before and (b) after 100 thermal 

cycles. 

 

Fig. 7 - Pictures of Mg(NO3)2.6H2O (a & c) and nanoencapsulated salt hydrate 

(b & d) before heating to 100ºC (top), and after letting them cool back to 

room temperature (bottom). 

comparison with its encapsulated form, both samples were heated 

to 100ºC and were then cooled back to room temperature. The 

results are shown in Fig. 7. 

   Before melting, Mg(NO3)2.6H2O is a crystalline solid (Fig. 7a). After 

melting, it recrystallizes to the solid shown in Fig. 7c. This solid is 

surrounded by water, showing a volume change occurs during 

phase transition. The recrystallized solid forms a compact block, 

which prevents free diffusion of water vapour
57

. This mechanism 

leads to changes in hydration of Mg(NO3)2.6H2O, eventually 

resulting in the formation of Mg(NO3)2 salt.  

   In contrast to the bulk material, nanoencapsulated salt hydrates 

(Fig. 7b & d) show no volume increase or change in appearance 

before and after heating to 100ºC. This indicates chemical and 

structural stability at the transition temperature. The absence of 

leakage means the salt hydrate is fully protected by encapsulation 

from the outside environment, which helps prevent changes in salt 

hydrate composition of nanocapsule powder on the macroscale. 

These observations are consistent with the thermal stability shown 

by DSC.  

Conclusions 
Mg(NO3)2.6H2O phase change material was successfully 

encapsulated into poly(ethyl-2-cyanoacrylate) nanocapsules of 100-
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200nm in size by in situ inverse miniemulsion polymerisation. FTIR 

analysis confirmed the presence of Mg(NO3)2.6H2O in the core of 

the nanocapsules. Inverse miniemulsions produced by mechanical 

stirring required large amounts of surfactant to stabilise, and led to 

nanocapsules with two TMs due to partial incongruent melting. 

Employing ultrasound to create the inverse miniemulsion improved 

the synthesis, greatly reducing the required amount of surfactant 

and led to capsules containing with one TM of 91ºC, showing only 

Mg(NO3)2.6H2O was present. DSC results demonstrated for the first 

time high thermal stability of the nanoencapsulated salt hydrates, 

which remained unchanged after 100 thermal cycles with a latent 

heat of 83.2Jg
-1

. Chemical and macroscale stability of the 

nanoencapsulated salt hydrates were also proven by FTIR and visual 

observations after heating/cooling cycles. The thermal properties of 

the nanocapsules are a great improvement over the bulk 

Mg(NO3)2.6H2O, which loses its structural integrity and chemical 

composition after only 5 cycles.  

   Salt hydrate PCMs with long lifetimes are important for future 

energy storage applications, due to their high heat capacity and 

cost effectiveness compared to commonly used paraffin wax PCMs. 

Efficient energy storage has the potential to greatly reduce global 

energy demand, providing a sustainable future. Therefore, more 

studies are required in future to maximise encapsulation yield and 

thermal properties of the nanocapsules loaded with cheap salt 

hydrate PCMs with high latent heat density. Future work will also 

focus on how encapsulation of the salt hydrate reduces their 

corrosiveness towards container materials. 
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