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Abstract 

 Polyurethane polymers were synthesized as novel solid-solid phase change 

materials (SSPCMs) by bulk polycondensation in the absence of organic solvents, in 

which the polyethylene glycol (PEG) was selected as phase change working substance 

and the Span 80 and Tween 80 was used as crosslinking agents for the first time. The 

chemical structures, crystalline properties, phase change properties and thermal 

stability of the synthesized SSPCMs were characterized by Fourier transform infrared 

spectroscopy (FTIR), X-ray diffraction (XRD), differential scanning calorimetry 

(DSC) and thermogravimetric analysis (TG). An accelerated thermal cycling testing 

was carried out to reveal the thermal reliability of the synthesized SSPCMs. The XRD 

patterns showed the synthesized SSPCMs have a completely crystalline structure and 
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the defective crystallization compared with the pristine PEG. The DSC results denoted 

the synthesized SSPCMs have the proper phase change temperatures of 37-48 ℃ and 

high latent heats in the range of 120 -130 J/g. TG results shows the synthesized 

SSPCMs possess good thermal stability. 

 

1. Introduction  

 In recent years, energy crisis derived from the shortage of mineral resources and 

continuous deterioration of environment becomes a global issue.1,2 For that, the phase 

change materials (PCMs) for thermal energy storage (TES) have drawn the increasing 

attention from both academia and industry.3-5 PCMs can absorb and release a large 

amount of heat during the phase change process with small temperature fluctuation 

and high energy storage density.6-8 Therefore, PCMs for TES can be widely applied in 

such fields as heat transfer fluid9, thermal regulation10, building materials11, waste 

heat recovery12 and solar energy storage13. Compared with the solid-liquid PCMs such 

as paraffin14,15 and fatty acid16,17, the polymeric solid-solid PCMs have very big 

advantages of no leakage when used, easiness to use and needless encapsulation.18-20 

Thus, the polymeric solid-solid PCMs have been developed and studied by polymer 

encapsulation (i.e. form-stable PCMs),21-23 graft polymerization24 and block 

polymerization19. 

 Based on the advantages of solid-solid PCMs, some attempts have been made to 

synthesize the outstanding polymer-based PCMs. Su et al.25 prepared polyurethane 

block copolymer as solid-solid PCMs by solution polycondensation, which was 

Page 2 of 36RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



3 

composed of  high molecule weight polyethylene glycol (PEG) as soft segment, 

4,4’-diphenylmethane diisocyanate (MDI) and 1,4-butanediol (BDO) as a chain 

extender. Sari et al.24,26 synthesized polystyrene-graft-palmitic acid and 

polystyrene-graft-PEG copolymers as solid-solid PCMs by solution graft 

polymerization, where a large amount of dimethylformamide (DMF) were used to 

reduce the viscosity of the reaction system. Chen et al.27 prepared novel 

polyurethane-based solid-solid PCMs with different hexahydroxy compounds using 

sorbitol, dipentaerythritol and inositol as crosslinking agents. For the solution 

polycondensation method, the preparation process involved a large number of DMF 

organic solvent. Xi et al.28 reported the synthesis of thermoplastics polyurethane 

solid-solid PCMs by a newly synthesized tetrahydroxy compound, 

bis(1,3-dihydrox-ypropan-2-yl) 4,4’-methylenebis (4,1-phenylene)dicarbamate. In its 

molecular structure, the polyethylene glycol was employed as the soft segments, and 

the hard segments were made up of 4,4’-diphenylmethane diisocyanate and 

tetrahydroxy compound made up of multi-benzene ring structure. All of the above, 

high latent heats and proper phase change temperatures are of prime importance. 

However, a large number of organic solvents such as DMF were involved in the 

preparation process. Therefore, the synthesis of polymeric solid-solid PCMs in the 

absence of organic solvent will be a potential subject. 

 In this work, a novel solvent-free synthesis of solid-solid PCMs was developed with 

high phase change enthalpy and the phase change temperature less than 100 ℃. 

Meanwhile, the biodegradable trihydroxy surfactants, Span 80 and Tween 80, were 
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selected as the crosslinking agents, diphenylmethane diisocyanate (MDI) was used as 

the skeleton, and the high molecular weight PEG was served as the phase change 

functional chains in the solid-solid PCMs. In addition, the Span 80 and Tween 80 

were used as reactants in polyurethane synthesis for the first time. It is believed that 

the biodegradable Span 80 and Tween 80 can potentially make good the 

biodegradability of synthesized solid-solid PCMs. The chemical composition, 

crystalline properties, phase change properties and thermal stability of synthesized 

solid-solid PCMs were studied by Fourier transform infrared spectroscopy (FTIR), 

X-ray diffraction (XRD), differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TG). An accelerated thermal cycling testing to confirm 

the thermal reliability of solid-solid PCMs was conducted. 

 

2. Experimental 

2.1. Materials 

 Polyethylene glycol (PEG, analytical grade, Mn=6,000 g/mol, from Chengdu 

Kelong Chemical Reagent Company, China), Span 80 (from Tianjin Bodi Chemical 

Co., Ltd, China) and Tween 80 (from Tianjin Kemiou Chemical reagent Co., Ltd, 

China) were dried under vacuum at 110 ℃ for 3 h prior to use. Diphenylmethane 

diisocyanate (MDI-50, from Wanhua Chemical Group Co. Ltd., China) containing 50 

wt% 4,4’-diphenylmethane diisocyanate and 50 wt% 2, 4’- diphenylmethane 

diisocyanate was used as received.  
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2.2. Synthesis of solid-solid PCMs 

 The solid-solid PCMs were synthesized under an inert atmosphere of nitrogen in the 

absence of organic solvents by a consecutive bulk polycondensation and the 

corresponding synthetic route is shown in Fig. 1. Firstly, a predetermined amount of 

PEG and MDI-50 (molar ratio of PEG and MDI-50 = 1:2) after homogenization was 

reacted with stirring at 80 ℃ for 3 h. Secondly, After cooled down to 70 ℃ the 

trihydroxy surfactant such as Span 80 and Tween 80 (molar ratio of ternary alcohol 

and MDI-50 = 1:3) was added into the above mixture, and then fully mixing was 

performed for 30 min. Thirdly, thermal curing was conducted at 90 ℃ for 6 h in a 

drying oven. Afterwards, the solid-solid PCMs via crosslinking reaction of trihydroxy 

surfactant were obtained.  

 The prepared solid-solid PCMs by Span 80 and Tween 80 crosslinking were labeled 

as SPCM and TPCM, respectively.  

 

2.3. Characterization 

2.3.1. Fourier transform infrared spectroscopy (FTIR). FTIR of PEG, Span 80, 

Tween 80, SPCM and TPCM was conducted to measure the chemical structures using 

infrared spectrometer (Nicolet 560, Nicolette Co., USA) with a resolution setting of 4 

cm-1 and the scanning range from 4000 to 400 cm-1. The KBr pressed disc technique 

(about 1mg KBr of sample and 100 mg of KBr) was used for sample preparation of 

PEG, Span 80 and Tween 80. SPCM and TPCM were measured by ATR (attenuated 

total reflection).  
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2.3.2. X-ray diffraction (XRD). The crystalline structures of PEG, SPCM and 

TPCM were investigated using automatic powder diffractometer (X’Pert pro MPD, 

Netherlands) with Cu Kα at 35 kV and 30 mA. The 2θ range was changed from 5 to 

50°by a 0.04°step programmed with a collection time of 0.2 s per step. 

2.3.3. Differential scanning calorimetry (DSC). The phase change temperatures 

and latent heats of PEG, SPCM and TPCM were investigated via a differential 

scanning calorimeter (DSC 204 F1, German) at 10 ℃/min under nitrogen atmosphere 

and around 10 mg of sample for each testing. To eliminate the heat history of 

materials before testing, each sample was suffered from a thermal cycle with a 

heating/cooling rate of 10 ℃/min (containing a heating process from 25 ℃ to 

100 ℃ and then a cooling process from 100 ℃ to 25 ℃). 

2.3.4. Thermogravimetric analysis (TG). The thermal stability of PEG, SPCM 

and TPCM was studied by a TA Instrument SDT-Q600 thermal analyzer (USA) from 

25 to 600 ℃ under a nitrogen atmosphere. The heating rate was 10 ℃/min and 

about 10 mg of sample were needed for each testing. The obtained TGA results were 

analyzed by a TA universal analysis program. 

2.3.5. Accelerated thermal cycling testing. To confirm the thermal reliability of 

the prepared SPCM and TPCM, the accelerated thermal cycling testing was 

performed in high-low temperature chamber.20 The typical thermal cycling program 

was set with 100 consecutive heating and cooling process. The temperature was 

altered between 20 and 90 ℃ and each heating-cooling process was completed by 20 

min with a respective 5 min isothermal at 20 ℃ and 90 ℃. After that, the phase 
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transition properties and chemical stability of SPCM and TPCM after thermal cycling 

were studied by DSC and FTIR analysis.  

 

3. Results and discussion 

3.1. FTIR results 

 To denote the chemical structures of the synthesized solid-solid PCMs, FTIR 

spectra of PEG, Span 80, Tween 80, SPCM and TPCM are shown in Fig. 2 and Table 

1 summarizes the characteristic peaks and the corresponding characteristic vibration 

of PEG, Span 80 and Tween 80. In Fig. 2(a) and Table 1, the characteristic absorption 

band at 3481 cm-1 is ascribed to the stretching vibration of the O-H group and the 

C-O-C symmetric stretching vibration appear at 1101 cm-1. The strong peaks at 2888 

cm-1, 1467 cm-1, 1342 cm-1, 1280 cm-1, 1242 cm-1, 962 cm-1 and 842 cm-1 are 

attributed to the C-H vibration. As seen from Fig. 2(b) and Table 1, the broad 

absorption band at 3399 cm-1 is resulted from the O-H stretching vibration. The C=O 

and C-O stretching vibration in ester group appear at 1739 cm-1 and 1173 cm-1. The 

absorption peaks at 2925 cm-1
 and 2855 cm-1 are ascribed to the stretching vibration of 

–CH2- and –CH3. The bending vibration of –CH3 occurs at 1459 cm-1 and 1374 cm-1. 

The characteristic absorption peak at 1173 cm-1 is derived from the C-O-C stretching 

vibration. As shown in Fig. 2(c) and Table 1, the absorption band of –OH group 

appears at 3428 cm-1. The sharp absorption peaks at 1735 cm-1 and 1107 cm-1 are 

attributed to the C=O and C-O stretching vibration of ester group, respectively. The 

absorption peaks of –CH2- group occur at 2923 cm-1, 2864 cm-1, 948 cm-1
 and 842 
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cm-1. It can be seen from Fig. 2(d) that the absorption peaks at 1739 cm-1 and 1085 

cm-1 are respectively ascribed to the C=O and C-O stretching vibration in ester or 

urethane group. The absorption peaks of –CH2- group appear at 2879 cm-1, 961 cm-1 

and 842 cm-1. The characteristic absorption peak at 1539 cm-1 is derived from the 

amide vibration of –NHCOO- groups. The characteristic absorption peaks from Fig. 

2(e) are similar to what can be seen in Fig. 2(d). Together with the fact that the strong 

hydroxyl absorption peaks above 3000 cm-1 and characteristic absorption peak of 

isocyanate from MDI at 2265 cm-1 disappear27,29, it can be concluded from the above 

discussion that solid-solid SPCM and TPCM have been successfully synthesized. 

 

3.2. Crystalline properties of solid-solid PCMs 

 The XRD technique was employed to investigate the crystalline properties affecting 

the enthalpy of solid-solid PCM and Fig. 3 shows the XRD curves of PEG, SPCM and 

TPCM. In Fig. 3, each curve has strong diffraction peaks observed, indicating that 

each sample exhibits a completely crystalline structure. As shown in Fig. 3, PEG has 

two sharp diffraction peaks at 19.0°and 23.2°according with the interplanar 

spacing of 4.65 Å and 3.82 Å respectively, denoting that PEG has good crystalline 

properties. It can be seen from Fig. 3 that SPCM and TPCM have the same diffraction 

peaks at 19.0°and 23.2°as pristine PEG, testifying that there is uniform crystalline 

structure existing in PEG, SPCM and TPCM. Compared with pristine PEG, the blunt 

peaks and wide half width of diffraction peaks confirm the defective crystallization 

and the small grain of poly(ethylene oxide) soft segments in SPCM and TPCM due to 
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the crosslinking structure and the hard rigid benzene ring groups existing in SPCM 

and TPCM. It can be found that the intensity of diffraction peaks in SPCM and TPCM 

is lower than that in PEG because of the imperfect crystallizing. Depending on 

crystalline properties, the enthalpy of PEG, SPCM and TPCM can reflect the 

crystallinity, which will be discussed latter in DSC analysis.  

 

3.3 Phase change properties of solid-solid PCMs 

 To study the phase change properties of solid-solid PCMs, the DSC analysis was 

conducted with the heating/cooling rate of 10 ℃/min according with most previous 

literatures1,3,4,15,25,30-35. Fig. 4 shows the DSC curves of PEG, SPCM and TPCM and 

the detailed melting and freezing temperatures and latent heats are presented in Table 

2. In consideration of the liquid state at room temperature, Span 80 and Tween 80 

were not characterized by DSC analysis. As shown in Fig. 4, PEG has sharp melting 

and freezing peaks, confirming the existence of good crystalline structure consistent 

of the XRD results in Fig. 3. The melting and freezing temperatures respectively 

appear at 59.7 ℃ and 39.6 ℃ and the melting and freezing latent heats reach up to 

234.4 J/g and 248.1 J/g respectively in Table 2. Similar to previous reports of pristine 

PEG19,25, the undercooling of 20 ℃ occurs, possibly due to the slow homogeneous 

nucleation. As a typical solid-liquid PCMs, the PEG changes from a white crystal 

solid to a transparent liquid once the temperature reaches 60 ℃. Compared with 

pristine PEG, SPCM and TPCM have blunt and broad DSC peaks in melting and 

freezing curves of Fig. 4, further testifying the defective crystal and small grain in 
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accordance with XRD results of SPCM and TPCM in Fig. 3. For SPCM shown in 

Table 2, the melting and freezing temperatures and latent heats are measured as 

44.3 ℃ and 37.2 ℃ as well as 122.4 J/g and 120.3 J/g respectively, meaning that 

the solid-solid PCMs will absorb thermal energy when the temperature is higher than 

44.3 ℃ and release thermal energy when the temperature is lower than 37.2 ℃. It is 

clear in Fig. 4 that the TPCM also has a single and blunt peak in each melting and 

freezing curve. Similar to the phase change properties of the SPCM, the latent heat of 

the TPCM reaches up to 127.7-130.2 J/g with the phase temperature at 38.5-47.8 ℃ 

shown in Table 2. Different from pristine PEG, the SPCM and TPCM keep solid 

during the phase change process.  

 To further affirm the effect of crosslinking structure on enthalpy, the theoretical 

latent heats are calculated based on the weight percentage of PEG in solid-solid PCMs. 

The experimental value and theoretical value of latent heats for SPCM and TPCM are 

shown in Fig. 5. The theoretical values of melting and freezing latent heats are 

calculated by equation 1 and 2, respectively. 

∆Htm = ∆HtPEG × ωPEG                      (1) 

∆Htf = ∆HfPEG × ωPEG                                (2) 

where ∆Htm and ∆Htf are the theoretical values of melting and freezing latent heats for 

solid-solid PCMs, J/g; ∆HtPEG and∆HfPEG are the experimental values of melting and 

freezing latent heats for pristine PEG, J/g; ωPEG is the weight percentage of PEG in 

solid-solid PCMs. 

 It is clear in Fig. 5 a and b that the experimental values of the melting and freezing 
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latent heats from SPCM and TPCM are equal to about 60 % of the theoretical 

counterparts, further confirming the defective crystallization and the small grain in 

Fig. 3. The poly(ethylene oxide) soft segments of solid-solid PCMs will be refined 

leading to the defective crystallization after the prepolymer derived from PEG and 

MDI-50 react with the trihydroxy Span 80 and Tween 80.  

 

3.4 Thermal reliability of solid-solid PCMs 

 The DSC curves of the synthesized SPCM and TPCM after 100 thermal cycling are 

shown in Fig. 6. As can be seen from Fig. 6, the DSC curves of the solid-solid PCMs 

have small variation, and the phase change temperatures of SPCM and TPCM after 

thermal cycling are in accordance with that of SPCM and TPCM before thermal 

cycling. The melting latent heats before and after thermal cycling and loss ratio of 

latent heats of solid-solid PCMs are presented in Table 3 and the freezing latent heats 

before and after thermal cycling and loss ratio of latent heats before and after thermal 

cycling of solid-solid PCMs are shown in Table 4. Loss ratio of latent heats (LR) is 

calculated by equation 3. From Table 3 the melting LRs of SPCM and TPCM decrease 

by 8 % and 1.33 % respectively and Table 4 shows the freezing LRs reduce by 14.5 % 

and 0 % respectively. These results indicate the latent heats of the SPCM and TPCM 

after thermal cycling drop to some extent, having a negligible effect on a practical 

application. Base on these results, it can be concluded that the synthesized SPCM and 

TPCM have good thermal reliability. 

LR = (∆Hb-∆Ha) / ∆Hb                      (3) 
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where LR is the loss ratio of latent heats of solid-solid PCMs, %; ∆Hb and ∆Ha are 

respectively the latent heats of solid-solid PCMs before and after thermal cycling, J/g.  

 FTIR spectra of SPCM and TPCM before and after thermal cycling are shown in 

Fig. 7. When the FTIR spectra of SPCM and TPCM compared in Fig. 7, it can be seen 

that the absorption peak positions and shapes do not vary after 100 thermal cycling, 

meaning that SPCM and TPCM have good chemical stability in terms of 100 thermal 

cycling. 

 

3.5 Thermal stability of solid-solid PCMs 

 To study the thermal stability of solid-solid PCMs, the TG analysis was performed 

under the same conditions (i.e. heating rate of 10 ℃/min and nitrogen atmosphere) as 

most previous literatures.1,3,20,27,35 For TES applications, the thermal stability of 

solid-solid PCMs is a very significant parameter due to the negative effect of thermal 

degradation on the working life of solid-solid PCMs. Fig. 8 shows the TG and DTG 

curves of PEG, SPCM and TPCM. As can be seen in Fig. 8 a and b, the pristine PEG 

exhibits one step thermal degradation that starts at 356 ℃ and ends completely at 

403 ℃. However, the SPCM and TPCM involved the two-step mechanism of thermal 

degradation. When the temperature reaches 312 ℃ , slight thermal degradation 

appears. It only decreases by 10 wt% once the temperature reaches 374 ℃. The 

SPCM and TPCM mainly degrade in the temperature range of 374-418 ℃. The 

maximum degradation rate appears at 387 ℃ for pristine PEG and at 396-399 ℃ 

for SPCM and TPCM shown in Fig. 8b. Compared with the pristine PEG, the main 

Page 12 of 36RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



13 

degradation temperature of the SPCM and TPCM increases by 18 ℃, meaning the 

thermal stability of the SPCM and TPCM is higher than that of the PEG. Concluded 

from the above results, the synthesized SPCM and TPCM do not degrade below 

312 ℃ and the prepared solid-solid PCMs (i.e. SPCM and TPCM) have good 

thermal stability. 

 

4. Conclusions 

 The SPCM and TPCM have been synthesized as new solid-solid PCMs by bulk 

polycondensation in the absence of organic solvents. The PEG works as phase change 

material in the solid-solid SPCM and TPCM. The Span 80 and Tween 80 are used as 

crosslinking agents in the polyurethane synthesis for the first time. The reaction of 

PEG, Span 80 and Tween 80 with MDI-50 was confirmed by FTIR. The XRD 

investigations show the SPCM and TPCM have a completely crystalline structure. 

Because of crosslinking structure, the SPCM and TPCM reflect the defective 

crystallization and the small grains leading to the lower experimental latent heats than 

theoretical latent heats by calculation. The DSC results exhibit that the fabricated 

SPCM and TPCM have proper phase change temperatures of 37-48 ℃ and high 

latent heats in the range of 120 -130 J/g. It can be confirmed from the accelerated 

thermal cycling testing that the SPCM and TPCM possess good thermal reliability and 

chemical stability. From TG results, the SPCM and TPCM do not degrade below 

312 ℃, meaning that the synthesized SPCM and TPCM have good thermal stability. 
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Figure captions 

Table 1 The detailed compositions of PEG, Span 80 and Tween 80 from FTIR. 

Table 2 Phase change results of PEG and solid-solid PCMs from DSC curves. 

Table 3 Melting latent heat before and after thermal cycling and loss ratio of latent 

heat of solid-solid PCMs. 

Table 4 Freezing latent heat before and after thermal cycling and loss ratio of latent 
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heat of solid-solid PCMs. 

Fig. 1 Synthetic route of solid-solid PCMs. 

Fig. 2 FTIR spectra of (a) PEG, (b) Span 80, (c) Tween 80, (d) SPCM and (e) TPCM. 

Fig. 3 XRD curves of PEG, SPCM and TPCM.  

Fig. 4 DSC curves of PEG, SPCM and TPCM. 

Fig. 5 Experimental values and theoretical values of melting (a) and freezing (b) 

latent heats for solid-solid PCMs. 

Fig. 6 DSC curves of solid-solid PCMs before and after thermal cycling. 

Fig. 7 FTIR spectra of solid-solid PCMs before (solid line) and after (dash dot dot line) 

100 thermal cycling.  

Fig. 8 TG (a) and DTG (b) curves of PEG, SPCM and TPCM. 
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Table 1 The detailed compositions of PEG, Span 80 and Tween 80 from FTIR. 

Characteristic vibration Characteristic peaks (cm-1) 

PEG  

O-H stretching 3481 

C-H stretching 2888 

C-H bending 1467, 1342, 1280, 1242 

C-O stretching 1101 

C-H deformation 962, 842 

Span 80   

O-H stretching 3399 

C-H stretching 2925, 2855 

C=O stretching 1739 

C-H bending 1459, 1374 

C-O stretching 1173, 1085 

Tween 80   

O-H stretching 3428 

C-H stretching 2923, 2863 

C=O stretching 1735 

C-H bending 1460, 1352, 1249 

C-O stretching 1107 

C-H deformation 948, 842 
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Table 2 Phase change results of PEG and solid-solid PCMs from DSC curves. 

Sample  ∆Hm (J/g) Tm (℃) ∆Hc (J/g) Tc (℃) 

PEG 234.4  59.7 248.1 39.6 

SPCM 122.4 44.3 120.3 37.2 

TPCM 127.7 47.8 130.2 38.5 
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Table 3 Melting latent heat before and after thermal cycling and loss ratio of latent 

heat of solid-solid PCMs. 

Solid-solid PCMs Melting latent heat 

before thermal cycling 

(J/g ) 

Melting latent heat 

after thermal cycling 

( J/g) 

Loss ratio of 

latent heat  

 (%) 

SPCM  122.4 112.6 8.00 

TPCM  127.7 126.0 1.33 
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Table 4 Freezing latent heat before and after thermal cycling and loss ratio of latent 

heat of solid-solid PCMs. 

Solid-solid PCMs Freezing latent heat 

before thermal cycling 

(J/g ) 

Freezing latent heat 

after thermal cycling 

( J/g) 

Loss ratio of 

latent heat  

 (%) 

SPCM  120.3 102.8 14.5 

TPCM  130.2 130.2 0 
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Fig. 1 Synthetic route of solid-solid PCMs.  
191x245mm (300 x 300 DPI)  

 

 

Page 24 of 36RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



  

 

 

Fig. 2 FTIR spectra of (a) PEG, (b) Span 80, (c) Tween 80, (d) SPCM and (e) TPCM.  
93x103mm (600 x 600 DPI)  
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Fig. 3 XRD curves of PEG, SPCM and TPCM.  
65x51mm (600 x 600 DPI)  
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Fig. 4a DSC curves of PEG.  
65x50mm (600 x 600 DPI)  
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Fig. 4b DSC curves of SPCM.  
64x48mm (600 x 600 DPI)  

 

 

Page 28 of 36RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



  

 

 

Fig. 4c DSC curves of TPCM.  
63x46mm (600 x 600 DPI)  
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Fig. 5a Experimental values and theoretical values of melting latent heat for solid-solid PCMs.  
65x51mm (600 x 600 DPI)  
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Fig. 5b Experimental values and theoretical values of freezing (b) latent heats for solid-solid PCMs.  
65x50mm (600 x 600 DPI)  
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Fig. 6a DSC curves of SPCM before and after thermal cycling.  
66x51mm (600 x 600 DPI)  
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Fig. 6b DSC curves of TPCM before and after thermal cycling.  
64x49mm (600 x 600 DPI)  
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Fig. 7 FTIR spectra of solid-solid PCMS before (solid line) and after (dash dot dot line) 100 thermal cycling.  
81x78mm (600 x 600 DPI)  
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Fig. 8a TG curves of PEG, SPCM and TPCM.  
63x46mm (600 x 600 DPI)  
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Fig. 8b DTG curves of PEG, SPCM and TPCM.  
62x46mm (600 x 600 DPI)  

 

 

Page 36 of 36RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


