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ABSTRACT

Introduction: Wearable thermal management systems and phase change materials (PCMs) have emerged
as effective solutions for regulating body temperature and storing thermal energy. This study focuses on
synthesizing and thermal optimizing a sodium sulfate decahydrate-based nanocomposite incorporating
various nanoparticles to improve its performance for personal thermal regulation applications.

Material and Methods: The composite was prepared using sodium sulfate decahydrate as the base
PCM. Potassium chloride (KCl) was added to adjust the melting point, borax (STD) served as a nucleating
agent, and sodium polyacrylate (SPA) was included as a thickening agent to suppress phase separation.
To evaluate the effect of nanoparticle additives, 0.05 wt.% of aluminum oxide (Al,O3), iron oxide (Fe,0s),
graphene oxide (GO), and titanium dioxide (TiO,) were separately incorporated into the base formulation.
A field emission scanning electron microscope (FESEM) was used to analyze the surface morphology
of the resulting nanocomposites. Differential scanning calorimetry (DSC) assessed thermal properties,
including phase transition temperatures (melting and freezing points) and latent heat.

Results: Differential scanning calorimetry (DSC) analysis indicated that sample S-5-5 comprising sodium
sulfate decahydrate with 3 wt.% KCI, 5 wt.% STD and SPA exhibited a melting temperature of 29.5 °C and
a latent heat of 120 J/g. This composition remained stable without phase separation. The incorporation of
nanoparticles raised the melting point of the base PCM by 0.6 to 1.72 °C. Aluminum oxide (Al>O3) and iron
oxide (Fe,0s) reduced the latent heat of fusion, whereas GO and TiO, increased it.

Conclusion: These findings confirm that the thermal properties of sodium sulfate decahydrate-based
PCMs can be tailored by including specific additives and nanoparticles. Hydrated salt nanocomposites
demonstrate strong potential as PCMs for wearable body temperature regulation.
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1. INTRODUCTION

Prolonged exposure to high temperatures
can adversely affect workers’ health and reduce
productivity. Several strategies have been developed
to mitigate heat stress, with wearable technologies
representing a recent and promising solution.

* Corresponding Author Email: smaeel@tums.ac.ir

Copyright © 2025 The Authors.
Published by Tehran University of Medical Sciences

Integrating phase change materials (PCMs) into
clothing has shown considerable potential for
regulating body temperature. PCMs absorb or
release latent heat during phase transitions in
response to temperature fluctuations, thereby
maintaining thermal equilibrium. These materials
are widely recognized for their applicability
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Table 1: Thermal-physical properties of nanoparticles

Specific
. Particle size surface
Nanoparticle
area
(m?/g)
A1203
>99% 50-80 138
gamma
Fe,O3 >99% 50-80 40-80
GO >99% Thickness 3-6 120
TiO2 >99% 18 60

Thermal
Morphology color conductivity Density(g/cm?)
(W/m K)
Hemisphere White 41.1 3.65
Oval shape Dark red 6.4 5.25
Layered Gray 72 0.43
Spherical White 8.4 3.9

Table 2: Na,5O,.10H,0-3 wt.% KCL composite with different content of STD and SPA

Samples

S-3-3
S-5-3
S-5-5

in thermal energy storage systems. PCMs are
generally categorized into three main types:
organic, inorganic, and eutectic compounds.

Hydrated inorganic salts have gained
considerable attention as phase change materials
due to their high latent heat storage capacity, tunable
phase transition temperatures, cost-efficiency, and
non-flammability, advantages that make them
favorable over organic alternatives. However, their
practical use remains limited by certain drawbacks,
including low thermal conductivity, phase
separation, and supercooling. Researchers have
investigated the use of various additives to mitigate
these limitations. Supercooling can be reduced by
incorporating nucleating agents such as eutectic
salts or nanoparticles, while phase separation can be
minimized by introducing hydrophilic polymers.

This study aimed to synthesize and evaluate the
thermal properties of a sodium sulfate decahydrate-
based nanocomposite incorporating four types of
nanoparticles, Al,Os;, Fe,Os;, GO, and TiO,, for
potential use in body thermal management. KCI
was added to adjust the melting point, while borax
(STD, Na;B40,-10H;0) acted as a nucleating agent.
SPA was used as a thickening agent to inhibit phase
separation. A composite comprising sodium sulfate
decahydrate, KCl, STD, and SPA was synthesized
to improve structural stability. The influence of
nanoparticle addition on melting temperature and
latent heat was subsequently investigated.
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2. MATERIAL AND METHODS
A. Materials
Dry sodium sulfate (Na,SO4, 99% purity)
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STD and SPA content

STD (wt.%) SPA(wt.%)
3 3
5 3
5 5

was obtained from Kian Kaveh. KCl (98%
purity), SPA, and borax (STD) were also used.
The nanoparticles included gamma-phase AL,Os
and Fe,Os, both supplied by ARMINANO
(Iran); GO from United Nanotech (India); and
anatase-phase TiO, from US-NANO (USA).
The physicochemical characteristics of the
nanoparticles are summarized in Table 1.

B. Sample preparation

The sodium sulfate decahydrate composite
was prepared using a simple mixing method.
Na,SO410H,O was initially synthesized by
dissolving sodium sulfate in distilled water at a
stoichiometric molar ratio of 1:10. Subsequently,
3 wt.% KCI was added to reduce the melting
temperature. STD and SPA were then introduced
as nucleating and thickening agents, respectively.
The mixture was stirred at 40 °C for 20 minutes
and then subjected to ultrasonic dispersion for 30
minutes to ensure homogeneity. Table 2 presents
the composition of the base PCM samples with
varying weight percentages of each component.

Based on the thermal property analysis,
Sample S-5-5 was selected as the optimal PCM.
In the subsequent stage, 0.05 wt.% of ALO;,
Fe,0;, GO, and TiO, nanoparticles were
individually incorporated into the selected PCM
to evaluate the effect of minimal nanoparticle
addition on latent heat and melting temperature.
Each nanoparticle was mixed with the base PCM
using mechanical stirring at 40 °C, followed by
ultrasonic dispersion for 30 minutes to ensure
uniform distribution.

Journal of Health and Safety at Work 2025; 15(2)


http://dx.doi.org/10.18502/jhsw.v15i2.21398
https://jhsw.tums.ac.ir/article-1-7158-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 |

[ DOI: 10.18502/jhsw.v15i2.21398 ]

E. Rahimi et al. / Investigating the Thermal Properties of Hydrated Salt

—_—5-3-3
—85-5-3
—5-5-5

Heat Flow (w/q)

i T T T T T

-0 5 0 5 10 15

T T T 1
20 25 30 35 40 45 50

temperature [°C]

Fig. 1: DSC analysis of base PCM
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Fig. 2: DSC analysis of

C. Analysis

The surface morphology of the PCM
nanocomposites was examined using a FESEM
(TESCAN MIRA 1I, Czech Republic). Thermal
properties, including phase transition temperatures
(melting and freezing) and latent heat, were
measured using DSC (TA Instruments Q600,
USA). The analysis was performed under an argon
gas flow rate of 50 mL/min, within a temperature
range of —10 to 60 °C, and at a constant heating rate
of 5 °C/min.
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3. RESULTS AND DISCUSSION
A. Morphology

FESEM analysis of the samples containing
0.05 wt.% nanoparticles revealed uniform and
homogeneous nanoparticle dispersion without
noticeable aggregation. Distinct morphological
variations were observed across the different
nanoparticle types. The sample containing TiO,
nanoparticles exhibited a denser and smoother
microstructure than the others. The characteristic
layered structure of graphene oxide (GO) was
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Table 3: Thermal properties of PCM samples

Melting( )

ONSET Peak

temperature temperature
S-3-3 20.33 28.99
§-5-3 31.07 36.16
$-5-5 21.81 29.50
$-5-5-AL03 22.88 30.11
S-5-5-Fe20s 21.59 30.39
§$-5-5-GO 23.13 30.57
§-5-5-TiO2 23.69 31.22

visible in its corresponding images. In contrast, the
sample with Al,O; showed bulky microstructures
with rough surfaces. The formation of larger
granules by aggregating smaller particles suggests
strong nucleation activity associated with Al,Os
nanoparticles.

B. Thermal analysis

Figure 1 shows the DSC curves for the three
base PCM composites, while Figure 2 presents the
DSC results for the ALOs, Fe,Os, GO, and TiO,
nanocomposites based on the optimized PCM. In
both figures, the lower curves correspond to the
melting process, during which the PCM absorbs and
stores thermal energy, and the upper curves represent
the freezing process, where the material releases this
stored energy. The melting and freezing temperatures
and the latent heat values for each sample are listed
in Table 3. Among the base PCM samples, S-3-3
exhibited a melting temperature of 28.99 °C, which
fell within an acceptable range but showed relatively
low latent heat. The S-5-3 sample had a higher
melting temperature of 36.16 °C, which could be less
desirable for body thermal management applications.
The S-5-5 sample, with a melting temperature of
29.5°C and latent heat of 120]/g, demonstrated
the most balanced thermal performance and was
selected for further modification using nanoparticles.
Following the addition of 0.05 wt.% nanoparticles,
the melting temperatures and latent heat values for
the nanocomposite samples were as follows: S-5-5-
AL Oj; exhibited a melting temperature of 30.11 °C
with a latent heat of 114.94 J/g; S-5-5-Fe,O; showed
30.39 °C and 111.79 J/g; S-5-5-GO recorded 30.57 °C
and 120.25]/g; and S-5-5-TiO, reached 31.22°C
with a latent heat of 121.68 J/g. These results indicate
that nanoparticle addition slightly increased the
melting point and had varying effects on latent heat,

[DO!

Freezing( ')

Latent heat ONSET Peak L}?tent
J/gr) temperature temperature (]/6::)
103.89 14.98 14.17 94.84
120.054 20.90 16.63 95.89
120 21.76 16.34 110.44
114.94 16.5 15 100.14
111.79 17.25 15.75 106.65
120.25 18 16.5 112.73
121.68 18.75 17.25 110.62

depending on the nanoparticle type.

4. CONCLUSIONS

This study addressed the limitations of hydrated
salt-based PCMs, specifically sodium sulfate
decahydrate (Na,SO4-10H,O), by incorporating
3 wt.% KCl to adjust the melting point, 3 wt.%
sodium polyacrylate (SPA) and 5 wt.% borax (STD)
to improve phase stability and prevent separation.
The thermal behavior of the optimized PCM was
further modified by introducingalow concentration
(0.05 wt.%) of four different nanoparticles: Al,Os,
Fe,0s, GO, and TiO,. The melting temperatures of
the resulting nanocomposites were lower than that
of pure Na,SO,-10H,O (32.4 °C), yet increased by
0.6-1.72 °C compared to the base PCM composite.
The type of nanoparticle also affected latent heat
values: AL,O; and Fe,O; led to a reduction, whereas
GO and TiO; resulted in a slight increase.

Opverall, the findings indicate that incorporating
carefully selected additives and nanoparticles can
improve the thermal performance of hydrated
salt PCMs. However, the effectiveness of these
modifications depends on each additive’s precise
composition and concentration. Future research
should focus on exploring a broader range of
nanoparticles and optimizing their concentrations
to further enhance the stability, efficiency, and
applicability of PCMs for thermal energy storage
and wearable cooling systems.

5. ETHICAL CODE
IR.TUMS.SPH.REC.1402.192

6. FUNDING

This research has been supported by Tehran
University of Medical Sciences and Health Services
grant (Grant No. 1402-4-294-68694).

Journal of Health and Safety at Work 2025; 15(2)


http://dx.doi.org/10.18502/jhsw.v15i2.21398
https://jhsw.tums.ac.ir/article-1-7158-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 |

[ DOI: 10.18502/jhsw.v15i2.21398 ]

PAV-PV] O)ladn 11€e 1€ oBunG /P s)laids /10 sla

3 G 39 A1 yud 03 0O I gkl o jga0lS gl (F 1y 019 (o y

Slo g5 v g

”ﬂ)g.; Jomow! plido Lé)..\m‘f.bl‘}.i bl gy il GrQLb'.bé Al cous ‘Y)g.;l.gl.g Py “6)333{5 Lo “‘50.39) U

) Oyt el Kby psle Kty wiubligy aaSadls sl abym cbligy psikige 035"
Ol eJmd e ool Base olSadly ¢ cwidigo 9 (S8 0SS ¢ conds (cwdige 09,5
ol el cleial S pole olSiils wiublags 0aSiils « gl 4b,> Cublagy wiiga 09,5
SIS e o s Sy e oaSEs s T 03,5

VEKTIVA sy g AFTTAINN bl o ao U

oxs =

Sl S sl (omlin 45 (BCM) 03a00 18 5035 Slge g (Sowdey (sl (5,93 5l ooliciusl o9 ol A0t
Sl Pl il a9 i @dlllas (ol 5l Bas gy cnl il o )l 5 il 0B 5 o
il oty Al S S e et o Kol osFe.dl @ alGs Sl oyt Al
yokie & (KCL) IS el 5l ooliinl b wljonals's Olafguw mdus CojemlS aslllas ol o 58 g,
Lls J.ch Qly‘.c 4 (SPA) a)li;l ‘SL: PRV Sl i oole Q‘B‘-‘ 4 (STD) ‘_,.51)9.3 w98 sleo M‘l“"
S| Oly3g30 51 plas™ o 51 e /oD YWt 0938l U e 0l 3w 5B (gilelas 5 (S el g 0uisS
Sl el p (T0,) anSlss palis 3 (GO) wluST 31,5 (Fe,0,) ool anST (ALO,) pgriagl]
b 599990 win oz FESEM) Jlace o5 S92l ooSims Se 5l (o) a0l PCM
Ao | > Slpoyar gy gz (DSO) Aol g, (ke S 5T 31 5 PO (slo o sprelS
0,5 oolatwl b diges les sle )5 g (Slazdil 9 09d) 518 i gleo

STD 5wt.% s KCL 3 Wt.% (s5l> &l ,0ualSs Slalgas madaw B-0-S digas DSC 5JUT zulis 4y a5 L i asdly
55 (3l 2315 a8 ot il conlio diged loie 4 (VY + J/gD) g b, 5 (YD °C) ogd slas LSPA
Fe,0, 5 ALO, &35 0ot 4l POM g3 slos (1 a5 +/8= VVY (2alidl cacly 363k plos e pmimass 3gs
Nl 098 Gl sle S ¥ Sl TIO, 5 GO 59l 5 9 (led sleyS als el

DS Sgue |, LPCM. 5l oles g5 so 135l g (S50938] slae 3l ealaiwl b ols lis s 6y doesis
P 0N S Sapde 3 p)8 0 0aiS loual GLPCM lgie 4 aillys oo a5l1000 slo i (sla S joalS 5l
g ad L

Ay 39l oAy A5 ol s s oy jolS Gl 0t 15 i Spo o ilo Sy i 353N OIS =

SMaeel@ums.ac.ir .45 Jyius odivm g5  Sudg s Canny

)5 oyl g Calbrlagy aslilins


http://dx.doi.org/10.18502/jhsw.v15i2.21398
https://jhsw.tums.ac.ir/article-1-7158-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 |

[ DOI: 10.18502/jhsw.v15i2.21398 ]

O% Oyl JauS by jo K00 (Fpg S kll
oolaiwl (Y 7)) Wiyl it glgil g Wigd oo &b
Srge Lits Wilgs oo (PCMs") oaiws 58 ;55 olge 5l
o338 s olge il ails oy gl S8 e
et 500 Sl 4 (el Ly palS L lEl L
cilal ) ol sl )S (oles Joles Laas b g ools 518
S5l Gilwe S Gl ol GBIl 5 0iS
$wd 4w 4 PCM (IS yeb 4 (M) s u_';)l).>
o0 b (1) Wi o ol SS9y 5 (I ek o
ol 4 5L o Jae g JT GPCM jl (5,lews &
ol g (Sl JAS jshe 4 PCM (5 icalie
)bwdudﬁu;o)&owﬁ)b)éo‘yu)‘wbsa
g cowlio PCM oole Glol aiziis Oglase oo b
a5 090 o0 plol oo jlas 4y ax g3 b aliBee oo IS
6L‘°)§ dosle ‘_;o)ls.a aQ u‘ﬁ-‘ ° l.Q)L:.xA u.:‘ S 4.1.¢> )’l
Vb slo)S 0,58 s )b YL gyl colae YU ol
5 Sl (55l ieS Ty 5 358 L (lale sl B 03
Sl BBy dul Jledl ¢ coms pd c0s (oliands
odls RVES l.) 99 u‘?‘gs‘ () Sged o)L.i:‘ o&)PX.é 9
Sl ks 0590 58 o Glos 4 B o5 bbb oo L,
OV aslb Ve ¥e °C oy Wilgs oo L )T i
cad,lb s gsﬂr*‘ Ghaw sl S
FB g cnlio 58 s slos YU s )5 (g5lwo 5
Gpdy Judl pas 5 Gog ddye 4 Goyie el
el 095 ) ool axg e JT blien 4 s
led J S jshaie 4y olge cpl 51.(VENY L9) Wiles S
&5.’.)‘)} ‘_g)).:‘ Copde g u.....;l....j 0dgde 4O Ls'buLo.oLu
\J?—NGA oolau! LQQLM.J ud.v 9 k_;"'BJ"S'” u‘r..e =] N
sl a4 oble o8, e Sad GPCM (V7,1 0)
2SN w5 398 5 50 plr dlex sl culee (S
99380 olgo 3l oolaiwl b ogd  co (WM alire Dlalllas
S8 o a5 388 (V) 09h Byby calee

998 L1, Ol Bl e g 920 (0 ) hns (5iludiun

2. Phase Change Materials (PCM)
3. Supercooling

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

ohBas g (ous) JBI

doddo =

SIS waas sel Sl slos (228 W) 059
9 L{bLs)Lo...v 397 UT JLub 9 Cs] 00 Golc 4.'.4[3'
$lp e (das gl o LT 5l 6L Sleas
G5 (1) 958 oo Dguae (glad > Sl o poe
Ol (6,5 0, Slee yialS b oo jlows bl Sl )T
2 el el lgioe LS b agalse Koo o jle o
b sl Gl gl jus) TS Cledw
Obre Gl Sls, OIS w3l s &5 (%
(1) 255 o o] (35 00 pol5 5 (Fo3le)S 5 8
G slalad [0 (rizan 5 ol gl 5 SV Cato
5 S ol Sldas lu 5 colu s wile L,
Siyhisn oS o s 2L 5 55 eS
Cado p0 odsxie SYLI IS 69,0 5l wsye YUY
J5 5l as,e YA Ll e )5 4 Joriio yleszlo
VeVe Jlo o LS bagrlse 51 o0U slasee 9 S 5
& @ gl G kS 4 e Wl oo LS b agzlge
boo 31 5YL lga sles a5 Jlej jo 00l 0,53 sl )5
4.[4..»‘5440“ J..Js.a GLA;@J u.....?Lo.bgw‘ wy
dalps cpl o 0ed Ll 0 (SUpd slacodled
cowlio (SN ¢ ludl &l > 00uiS 0l s
Slod S (B aiS (oo JU8 1) (G55 5 35,0 LD
Kip 0,18 4 yeul 00gae yo |, (CT) oy s
Eayo Oty 31 leo waril BB bopuslSo ol aS
Sl 5 el o ol slening @ ks nlnle
(D) 2,8 352y (Lot ple)S (il L allie s

LS b agzlse 5l (iU sla el oo 4 4z g5 b
Gl o0 slgitin o1 b ablie gl il slo,Sal,
Sed oz gl )Sal, Jads slas,sls 4

2 oM Seise s il by o byl Sl (S oS

1. Core temperature

PVGe


http://dx.doi.org/10.18502/jhsw.v15i2.21398
https://jhsw.tums.ac.ir/article-1-7158-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 |

[ DOI: 10.18502/jhsw.v15i2.21398 ]

- Ao Glad a3isd)ld eI Cujersl5ei0 (I)hs poled (w)n

AV ols plas wlhue lSad b)) o,Sles
Slhaualss Sllgw o aSl @ az g bl b
S w5 s glelas wsle ol
Caotl o] olgs 5| 5 colre a8, sliwl, ;o adlllae
Sl Pl omsp g s dlllas (nl Sl GBaa ol
oolawl b oloalls ladgw pow CojemelSels
4 "TiO, 5 GO" Fe0," ALO, o35 k>
Gl )3 Bk e o (Gl Cupae 0p)l5 sl
oo oo jolaie & (KCLT) IS psly 5 b
(STD) &lyoualss Olygrl i o b STy cgd
modw g ke aiwd oole ylgie 4 (Na,B4O,-10H,0)
g oauS Lalss Jeole laie 4 (SPAY) oM ST L
Gebiie oy ol eolawl B gilulas 3l (68 el>
STD KCL slge b &l joals's laguw modus CojamlS
9938 550 s 9 35w ] JE5 L 05240 51 SPA
B ewan 090 Gl leS 9 098 sled » Dl,34L

=

JOR 4

Moogy =
Slgo —)

Na,S0,) Sz Ollgw puow 31 adlas cpl o
L (KCL) 3,15 olty oy 43 sl b ogls’ oS
oS1hsr 9 (SPA) DL ST by i oy A ool
ol oolazwl 5,50 SlH345L .l oo oslaxu! (STD)
&S ) ARMINANO LS (ALO,) 9uST (65 pgainag]|
ARMINANO (Fe,0,) ol oS! (lpl i)l
United (GO) wluST 31,5 ()0l diwo,l &S ,0)
United Nanotech Innovations..S ,&) Nanotech
US-NANO ;LT (TiO,) oS! (60 psilis d(ain
ol Glasin o5 aiiws (5,01 US-Nano. &5 ,%)

Ll 00 ﬁ‘)l \ J}"\’ B g_)l)oyla

10. Iron oxide

11. Graphene oxide

12. Titanium dioxide

13. Potassium chloride

14. Sodium Tetraborate Decahydrate (borax)
15. Sodium polyacrylate

LA'A"

336l b ST Sod G aisle sl atws 0ole S
053 b Olgise 55 1, 56 lulaz L O0A) g ]S
ey b ol JoyST (b asile casgs ©f sloyardy
58 5¥3 b (CMC) Sl Jita 32,5 T IS
Sgi ;0 (YeV+) il Koo g Han (VV-19) o5
PCM jlgie 4y (MgCL:KCL:NaCl) o IS S5 & 095
wt.% Jlade & |, ZnO* 5 CuO® FALO, &l 35l sl
o melS il gd slos vl lis ks W ges ddlale [V
Sl )S uimrar ol SH0 5l 4L PCM 4 w0
adl bl ol colas Lol 09y ool yiaS oS les
Stetn o ALO, CujgralS il 43 ial3él cnl o 5
adly ol Sl glal asren g (da 0 TA)
13650 aS Mo, dzes (pl 4 dsdlao () yo A 0g
Syt Sl e o538 o plsre 4 Wl (# ALO,
(TV) 058 azd 3 51 j0 IS slacSas 5,1, (ols>
Sl g praws @ilyaun sle Sos glgil plod oo o

sled) " glf S L (Na,SO,.10H,0) "ol josalss
Ol 58 s sl a5 Gloole ylgie 4 (YY/F °C 0gd
Sy stlizee Sldllas jo el Ll oy sles SGo3
Sl 485513 (o) 2 3590 Ol G Sl S5
sobie 4 Liegh 4o (V-TY) il Se g Luo (YY)
s 5 penelS ST C50alS o (Sl S pee
PCM .aisges yiiws NaSOL10H,O L 1, o ST L
Sl eeizen el 055 (398 5 5B silulaz o
el 50 Gl b g Gl Salae Ol
ol Ser g Tao .(VY) cdb yulsdl W Sy
Na,80,.10H,0/ GO- Si0,' ¢y 3505 i (35 (Y+ Y +)
w0 oslel PCM a5 ols lis ol widgad oolol 1,
o> Sl el s Ol sleF omb WS 39
Sgut Sl |y awie (69,0,5 5llei> GO-SIO, 4 ol

1. Polyacrylamide

2. Polyvinyl alcohol

3. Carboxymethyl cellulose

4. Aluminum oxide

5. Cupric oxide

6. Zinc oxide

7. Sodium sulfate decahydrate
8. Glauber’s Salt

9. Silicon dioxide

11€6 1€ B /P s)laid /10 sl )5 (isal § Cublagy aslilons


http://dx.doi.org/10.18502/jhsw.v15i2.21398
https://jhsw.tums.ac.ir/article-1-7158-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 |

[ DOI: 10.18502/jhsw.v15i2.21398 ]

ohBas g (ous) JBI

gl (Sajb=il oles Y Jgse

Al
vI50 £\ i oS Ao YA B--A- >497, 205
gamma
BIY0 5If o o | S fooA- Be-A- >497, Fe,0,
Yo cwls
-IFY Y &S5 Y, VYo . >447, GO
v/ A¥ i &lo)s 5. A >447, TiO,

STD 5 SPA wslize (slsizo b Na SO, 10H,0-3wt.% KCL cyjpuels ¥ Jgas

STD 5 SPA glgixo

STD (wt.%) | SPA(WL%)
Y Y $-3-3
o Y S-5-3
) 0 §-5-57

0 slls a5 KCL 359 aoys ¥ (g9l lyosals's Slélgas maoww S(sample)*
Cyed 4 55 500 sle diged il o STD 39 00,0 0 g SPA s as 0

S il pas alex fladiges 5,0l Sy a4zl
slo diged ()l (Ble> (smyn ez 5 039 IS 9
4 8-5-5 digas dcmmlio G5 sle)S 5 295 slod) Jai s 590
52l als e y0 0l SLl oles 9 4y PCM g
+J+0 Juie 4 TIO, 3 GO Fe,0, ALO, &35l 5l alos
(V7)) iy Sldllas bl 5o (/o O WEH ) (S35 Suoyd
3%y yieS 3U B ol adlsl o digy PCM diges 4
2565 )8 e 350 295 sled 5 s sle S )35
4.:50..\“:‘!451;;«\“ OC)M‘és)fQ‘)bﬁJb54ﬂbPCM

Sleogas §($5999,30) (aw o Shy owyp -
odl i slatyjeslS 6l )l >
L PCM  slocyjamliol  oxdaw  (s59l98,90

11E01E ol /P ayladd /10 sla (5 sl g Criblagy asliling

digei (s jlwosle] - T
Ghay a Shawalls Sldse g Cujels
20,5 oobel il 5l eoliiwl b Yoolw (g5l bl
ol g Slidgw maows 5l ooliiul b Na,SO,.10H,0 laz|
(o D Fis Jge V0 (g gl S 4y jlake
oalS cge (V Wt%) Sjs deys ¥ jlaie 4 KCL
Wy e 0 008 adlsl Ggd gles Glax s v
Jole laie 4y SPA 4 giluaiun Jole lgie 4 STD
oyl 59y ¢ aiged oS Al diges 4y oanS Ll
Vo oo 4y g ol 00) op aido Ve Do 4 °C Y
P9y 4 ocgn sRliges olliws 5l oslitul L adds
@k PCM sladiged o Jgozr ol (o s Seigeal 24|
(Y0) aes oo lis ) olgo 3l calizce 59 sleass b

1. Simple Blending

PYA


http://dx.doi.org/10.18502/jhsw.v15i2.21398
https://jhsw.tums.ac.ir/article-1-7158-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 |

[ DOI: 10.18502/jhsw.v15i2.21398 ]

- Ao Glad a3isd)ld eI Cujersl5ei0 (I)hs poled (w)n

wilisee 3536 +/+0 %.Wt (l,ls PCM (sl 43903 FESEM ;s 1Y S5
a.b) §-5-5+ AL O, c.d)S-5-5+ Fe,O, e.f) §-5-5+ GO, g. h) §-5-5+ TiO,

i 3 JEl sl jelate 45 45 5,5 e )3 o0
wlazsl 5 wgd ey glos b Jlanl slos aile slge
(YV)MO < :\3‘)| ‘) QS‘JL“J 9 .)Lo&u‘ 9 935 6Lmb uS.u

b axsly =

o fiiw slo o jaolpl (55558 50 -
0,363 +/+0 Wt% (sl)ls (sleaiges FESEM ,;qlas
Sglas oais ylid polal cawl oad &l Y S o
b el (555655 390 b cilizes (gladiges S350s8 90

OXe 9 S9SG Ladiged 10 )35 w598 ¢ gl 4y a8

PVvq

'FESEM  Jlawe yid 9,8l a8y So 5 oolazu!
oanlive 5,50 (TESCAN, MIRA II, Czech Republic)
3 it slos Ao | S Sloogas 23,5
e 5 T iz o5 slo 5 5 (olazsl 5 5)
oby> <os (TA Q600, USA) 'DSC Loy iws,
Felb-Ve Sled oS LAY mi/min oo b yeS,l 5
sy Oy90 O °C/min iule 5 5 5 o Kl a0
S ol (Ll Sl ey So DSC e85 1
ol 5 S oo 8 So ol 1y (AT 1) Lf ol
A S o Slyis ppno 53 oske S i)

1. Field Emission Scanning Electron Microscope (FE-SEM)
2. Differential Scanning Calorimetry (DSC)
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1. Intermolecular interaction
2. Vander-Waal’s forces

3. Hydrogen bonding
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