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ABSTRACT

Introduction: Workers who work in warm situations need clothes with better thermal regulation.
Nowadays, improving the thermal regulation properties of cotton fabric by treating it with phase change
materials (PCMs) has been considered. The type of fabric plays an important role in providing thermal
comfort. Cotton fabric is the most popular raw material in the textile industry due to its distinctive features.
Therefore, this systematic review aims to investigate the effects of PCM nanoencapsulation in commonly
used cotton fabrics, including morphology, thermal properties, thermal stability, tensile strength, abrasion
resistance, leakage, water absorption, washing ability, and breathability of the fabric, related challenges,
and future research trends.

Material and Methods: This research was conducted with the papers obtained from the systematic
search in Science Direct, Web of Sciences, Scopus, and PubMed databases. Keywords “nanoencapsulated
phase change materials”, “nanoenhanced phase change materials”, “cotton”, “cotton fabric”, and “cotton

textiles” were used.

Results: Of the 1251 studies identified through search databases, 13 were selected according to the entry
criteria. The results revealed that in all the studies, PCM nanocapsules were successfully synthesized
and inserted into the cotton fabric, improving the fabric’s thermal properties. Most studies used in situ
polymerization and mini-emulsion polymerization for nanoencapsulation. The pad-dry-cure method was
also widely used for applying nanocapsules to cotton fabric.

Conclusion: This systematic review showed that synthesized nanocapsules of phase change materials and
applied them to cotton fabric can improve the thermoregulating properties of the fabric. It is suggested to
expand the research to design thermoregulating clothes made from treated fabrics and investigate their
cooling performance.
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1. INTRODUCTION

Climate change and global warming are
intensifying in recent years, and hot weather causes
a high incidence of summer heat stroke. Working
in intense heat leads to occupational diseases and
injuries, including heat stress, heat exhaustion, heat
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cramps, and heat rash. Some factors affect the level
of comfort of people in hot environments, such as
temperature, humidity, radiation, airflow speed,
air pressure, type of clothing, and intensity of
metabolic activity. Heat stress is the total heat load
on the body, which is caused by the accumulation
of body heat acquired during work and clothing
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constraints. The hazard of heat stress is high in
foundries, steel mills, bakeries, smelters, glass
factories, furnaces, and outdoor environments,
including the construction and operation of oil
and gas wells. Construction workers, farmers,
and other farmworkers commonly work in hot
and humid situations, and hard physical work can
exacerbate heat stress. Working in such situations is
unpleasant and dangerous for individuals and has
a negative impact on their performance and work
efficiency.

In hot environments, clothing can comfort the
wearer and play an insulating role, creating a barrier
between the skin and the environment. Workers
who work in warm situations need clothes with
better thermal regulation. Clothing can prevent
evaporative and convective cooling of the body and
disturb the maintenance of cellular homeostasis
during work and exercise. By wearing clothes, a
microclimate is created between the skin and the
clothes, which, depending on the environmental
conditions, is usually warmer and more humid
than the environment. Usually, a microclimate
temperature of 28-30 °C is needed to keep the
thermal balance at rest. Body heat is dissipated
in four ways: conduction, convection, radiation,
and evaporation, among which the evaporation of
sweat plays a decisive role in cooling the body.

Fanger first defined the comfort of clothing.
Various factors, such as skin temperature and
moisture, affect the comfort of clothes. The type

of fabric, such as polyester, cotton, wool, and
synthetic fibers, has a crucial effect on absorbing
moisture and transferring sweat through clothes.
Cotton fabric is the most popular raw material in
the textile industry due to its distinctive features,
such as comfortability, flexibility, water absorption,
and breathability.

Although cotton clothing supplies comfort and
breathability, it may not be sufficient to protect
individuals from extreme heat and maintain body
temperature in a thermally neutral state. According
to this important point, it has been proposed to
improve the thermoregulation property of cotton
fabric by treating it with phase change materials
(PCMs) as coating agents, e.g., n-hexadecane,
n-heptadecane, n-octadecane, and n-icosane. This
systematic review study investigates the effects of
PCM nanoencapsulation in commonly used cotton
fabrics, related challenges, and future research
trends.

1.1. Phase Change Materials

Phase change materials (PCMs) can absorb or
release stored energy when the material changes
from solid to liquid or vice versa. According to
Fig. 1, the thermal energy storage system (TES) is
divided into three types: sensible heat storage (SHS),
latent heat storage (LHS), and thermochemical
classification. PCMs are divided into three main
types: organic (paraffin and fatty acids), inorganic
(salt hydrates and metals), and eutectic. Figure 2
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Fig. 1: Classification of thermal energy storage systems.
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shows a diagram of PCM types.

1.2. Nanoencapsulation of Phase Change Materials

Microencapsulation or nanoencapsulation is a
process in which PCMs are covered with polymer
material. Microcapsules have a diameter between
1 and 1000 micrometers, but nanocapsules are
smaller than one micrometer.

1.3. Advantage of Nanoencapsulation
Nanoencapsulated PCMs (NePCMs) have a
larger surface-to-volume ratio than microcapsules,
accelerating thermodynamic processes with a
powerful driving force. NePCMs have a firmer
structure than MePCMs (Microencapsulated
PCMs) and reduce the supercooling of PCMs.
NePCMs have potential applications in textiles,
thermoregulating fibers, and fabrics.

1.4. Application of nanoencapsulated PCMs in
Textiles

Nowadays, due to the increased surface
characteristics of nano-sized particles, the attention
of many researchers is focused on nanotechnology,
and they have obtained the best results after
application to textiles. NePCMs modify different
properties of textiles depending on the amount of
their loading.

Journal of Health and Safety at Work 2024; 14(3)

2. MATERIAL AND METHODS

This research was conducted with the papers
from the systematic search on May 21, 2024, in
Science Direct, Web of Sciences, Scopus, and
PubMed databases. Keywords “nanoencapsulated
phase change materials, “nanoenhanced phase
change materials”, “cotton”, “cotton fabric’, and
“cotton textiles” were used.

Entry and exit criteria

The input studies were selected according to
the following criteria:

« Original research articles, experimental and
laboratory articles that nano encapsulated phase
change materials and coated them on cotton fabric.

« English-language articles.

Exclusion criteria included the following.

« Articles with unrelated topics.

o Non-research articles, including review
articles, conference papers, books, editorials,
authors’ notes, and letters to the editor.

« Articles whose full text was not available.

3. RESULTS AND DISCUSSION

This study was conducted by reviewing
papers that applied NePCMs to improve the
thermoregulating properties of cotton fabric. After
searching the databases, the articles that met the
inclusion criteria were selected, and the information

663
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Table 2: Effect of PCM nanocapsules on non-thermal properties of fabri

Tensile Strength Abrasion Resistance

Water Absorption

Breathability Ref.

Increase
Decrease Increase Increase
Decrease Increase Increase

was extracted. In the initial search, 1251 articles
were added to EndNote. After removing duplicates,
1130 articles remained. Upon reviewing the title
and abstract, 1113 articles were removed due to
being unrelated. A total of 17 articles were selected
for review, of which 2 were excluded due to limited
access to the full text. The full text of 15 articles was
reviewed. One article was excluded from the study
because it was a conference paper, and one was
excluded because it was written in Chinese. Finally,
the full text of 13 articles was analyzed.

The results revealed that in most studies, in situ
polymerization and mini-emulsion polymerization
were used for nanoencapsulation. The pad-dry-
cure method was also widely used for applying
nanocapsules to cotton fabric. A summary of
the main information of the reviewed studies
is presented in Table 1, and the effect of PCM
nanocapsules on the non-thermal properties of
the fabric is presented in Table 2. In all the studies,
PCM nanocapsules were successfully synthesized
and inserted into the cotton fabric, improving the

Journal of Health and Safety at Work 2024; 14(3)

Reducing the amount of
NePCMs by increasing

the number of washes 4
Reducing the amount of
NePCMs by increasing (84)
the number of washes
(93)
(94)
Reducing the amount of
NePCMs by increasing 95)
the number of washes
Reducing the amount of
NePCMs by increasing 96)
the number of washes
Good
(no change
compared to ©7)
untreated fabric)
Reducing the amount of
NePCMs by increasing 98)

the number of washes
fabric’s thermal properties.

4. CONCLUSIONS

This systematic review showed that the
synthesized nanocapsules had a spherical shape
and a core-shell structure and were well applied to
the fabric.

Fabrics modified with NePCMs have better
latent heat, more durability, and retention in
frequent washing. The use of nanoparticles in
the shell of nanocapsules increases the thermal
conductivity and latent heat and improves the
thermal performance of the fabric.

It is suggested to expand the research in
designing thermoregulating clothes made from
treated fabrics with NePCMs and investigating
their cooling performance in the climatic chamber
on a thermal manikin or human.

5. ACKNOWLEDGMENT

The authors would like to thank all the people
who helped carry out this review research.

665



http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

¢91-¢%1 Olado 110 13 /W a)laids /11€ sla

b sl sz 1l 12> i (T 39 S5 3 Silosiunss (559 0
OB JB gk 3190 S J gus 930
"Ll oy 8 M & 1 o (Sl plac] N gon 5 LI
Olrl <Ol 8 Sy pale oSl wriblagy oaSails (sl @ Culagy (i 095"
Ol (bl oy (Sogy pole olfails cocdlagy 0aSlails gl ad > cedlagy (pwiiges 055"

VEFEIVE i gl D E PP sl o g b

oxin =

03950l )l 3l g3 )l kit (els b ol (el 4 S 0 )5 0 5 (e s o a5 SIS doudie
3 azg 0)50 ] 59y 2 (POMS) oaims 56 i Sl i s (sl 4y 4z )y Ol oalatd Sl 524
slee sl (Shag ol Jo & gl aiy az )y 000 ()l Gtalel el g0 e G 4z )y 98 ool 4285
Ol 1 oy Sleducens jg50 dslllas (] Baw o9, oyl 5l Slis Crio jo adgl ools (5 Cgutre o
ol ¢ 1> 65l o )l (ols> «(s5elsd y9e abaz 3l ¢ Jglaie slauy (sloaz )y ;5 PCM 5V g S5l
laig) 5 o laillar cz )l 0y (i 9 92 Sl T Dl it il il g0 Ceaglie s o288
RO PRUPL B PV,

«Science Direct slaollol ;o Silatusmw (9zins jl odalcawoty &V b Liegh cpl )5 o9,
nanoencapsulated phase change materi- » (sbojlgads ;| .ol slxil PubMed s Web of Sciences¢ Scopus
solaiwl «cotton textiles » s «als»¢ « nanoenhanced phase change materials»¢ «cotton»« «cotton fabric
Sl 0959 (gl lxo (bl y dalllas VY (g slo oL 3 )b 5l oo luliss aslllas VYO 5 :ly axdly
W gl ax b ol 9 wiud Fitw Cuddes L PCM (slo JomoS il ccilalllan plod jo a8 ols )lid gl asuus
o Ol pedy 9 )0 gmnl yeuds (lo g, wlalllae ST po diasise dgue |y ax b (Sl oleS 5
e «.J}“"‘S 9';[3 )“ oolizl 6‘)'.' °)'.')l5)'é N9 pad-dry-cure P9y ool C)%‘“y?“‘?s 5:‘U LS‘)’-’ @Bﬂ“‘JS‘“‘
o9 gl b az il )

Ol Jleel g 00um0 518 o dlge 5l oos 3w (sl JgunS g5l a5 ols lis Silatinnes anlllas () 16 35 Azt
Aoy Sl 39 g0 Slpduday Sy dgup |y az )b Ol 0aiiS (e dals ples WIS e sl 4z )b (59,
S Loy T SRS St 8 KLt o 15 458 | oz s 31 0SSl sl ] o o

ey i idiaiinn Clogacio q ol dty dz b 0io 15 ki g g Yo Sl 353N O8lS =

fgolbabaei@tums.ac.ir :a.5Ks Jstus odiums g (Saig S oy

1110 130 /W a)ladds /11€ sl )5 gies) g Culbblagy aslilnd

)5 oyl g Culblagy aslilins

999


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

e ) @iy slo an)ly (I)ha EaBIS (Shg SEI) B Sxilalmaw s)g)e

S o, Sl az 0V /0 sloo rals L iol38l g ol
OF AT O sl coss Wlgs go oy A5lo slos 4
Grlopw plp 50 (Hibe plpe 4 Wl (B)b ]
bix slp s 9 WS (oo Joo (HBrer g 5
VD) Csl (B339 9 08 e po ok jlwgen
I R e
5 a5 Ygane (e Ll h 4 ay a5 9500 Slox
Sl Jols L sl (00 conl lagzme 5l Sosh 5o
a0V B YA CwadlS 5,500 sloo el il cl> o
Gk ¥ e on bSO cul LS 350 ol Sl
Ol o a8 by oo LAl S g b (S e L,
S 53 SlodtsS (e B LS 50 50 S Ol
28lS 5 Lo slod al31 b (T) 8 s oy (FasS
LS U codll 5 pid cod )b by Jlas Lol S
=1y 4 og oS pdgl Fanger (V) Wb oo ialS
Jele 5l s Guld ol oS Gy | U
O cwl Cugby g Cangy los alox 5l gouxs
gas Sl g pdy sl (b asle 4zl gy
Gy JWSl g (o) Cusb) @iz jo cage S
sla Sy Jdo @ gl az )b o)l Wl &b
Cdz g pdy Slhsil acds >, asle o 5L
Cato )0 adsl dlge G iosme (spdy it 5 o
Ay g ey dibe oaol SLIL(VE-YY) canl >l
Ul csegime S plo b il L L alie o
adlas ulwl 5 (V) Wihls Casb, iz o ol
1) (6 i Cagboy Qillgs oo dusy g iy Block g Smith
OAYb Ay g ey S o ezl ple 4 Ces
ke g Ohugn b L)l 1 (Gl colaa
dlie ;o .00yl gy J)le Culae egias SLI
Lo by st slo S i 5 ks (o gras SUIL
=y sl sl wld ax ST.(Y0 1 9) aisS oo Jobls
Sl Sl o Lol S (oo (el 1) s SbB
O los Laa> g ayals slo )5 plp yo ol 31 51 cdadlxe
Aals S5 Sl g ad e
aillls & Gliie (ko i 2 4l sl

99V

doddo =

e o5 ez GialesS 5 csmelil s sy
Slgr g ol g canl iy Jb 0 w3l gladls o
Spdin Gl (S3jleS Vb jop 4 e o)
Sloas g g)low @ oo wad o )5 b agzlye ()
S oZaghy dod 0gd oo glo S Slig 5 le)S
2 Fae ol Jdse alox | 0 (Slalie Clls
T) ol e 4 05 Glalase jo ol 8l oLl
‘5;2‘4[.} slcasgaze g 5 e 0 6LA)§ oS
Sals 5 o olel wYsd sbadls IS da g Saisy,
)Lv 6L®La$ 9 LmoﬁS 9 6)L»M 6[.&44[9)[5 sgjs
YU 58 5 i sleol> Sldos 5 3o 9 coln Jolis
058 mle g olyyeles  gleasle 1,515 (0)cwl
S 2S 0 5 osbe g )5 Lalpd 0 Voeno dc) e
Oz 0 @b G et Sl (S (58 8
O Gl alps iz 59,15 (7) 098 oo Sl 25
6)15 o.b)’Lg 9 J)S.Lo& r9 Sl Jl.!).‘a? 9 OJJ.JSCA}le
(A-V) oyl e 30 Lyl

ol Jols wglae slaely a4y azgi bccpn ol o
2 e M Wl oo el e g Ll G
o S5 5l G syl Ll 5l Jols Lass>
@l 4 asS o 55 Glakaze 0 a5 SIS
JESLO ) w5l 0g5 (Sl meas sla Sy b
Sl Jobss L sy ole o ot Cagby 5 LS
o o plies a0y b 5 o
az 0 YY/T Ll cangy soly sleo (VY O)) cu!
30 s 0l il a0 F/0 51 ioo Sl of il
WS oo Ll el Ll oy s F ) sy sleos
o il a2 0 VY Jgoro job 4 oy (Ll glos

11€e 1 a3l /W oyladd /11€ ala (5 iasl § Cublagy aslilind


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

ohBas g (ous) JBI

&l 3P Gilw 0 S

h

25 53l oS

ol (53w 0 o

ol slos oS

dolz—aale 5L s

|

wigmo glo S o S

Sl G55 Gl 03D sl s s il 1) SIS

oS L.),‘ ool Q,‘ B olXe Q’\ Jie Glgae a
Slge ay azgi b I L(YV-TF) 0,5 o Ll 560) o) o
u_i...uLo...m...w )90 axJlas U"‘ )| XV AIL o 0oy asss
slaz,b o PCM (giluwalguSsl Sl ) p
Slalllas wigy 9 o b fas po ol cslasty 0 )08 5

ol 00|

oo U5 oii vlgo -

Syl oLl SLuS 55 4y (PCM) oaiasld ,osi olge
leske a5 gloy jo 1y ool 0,33 (65, wulgs oo a5
2 ST i S n oS e b ol 4 sl
loyw g (c2ale 5 il slod )5 e g3 5l Gl (T )
G5l @30 S s ) S o (FV-YA) 5l
ogee Ol (Silwe p35 g58 s 4 (TES) ()~
Gl adds o (LHSY) les sbe 5 (g 5lwo u53 «(SHST)
(FFFY) 058 o0 ronndts (2bonilipe 5

Slge alows 42 s sleyT (655 (g5l S s
S5 03 (6l sowlis 435 (PCM) oninn b s

2. Thermal energy storage
3. Sensible heat storage
4. Latent heat storage

1€ jsly /0 pyladd /1€ sla (5 (iel g Cublagy aslibod

Aadigd Dlrguie ailaSl y siedgr Ol gue
Gl e b are Lyl b wiilys oo 45 wiies ol
Sl (pbend (Gl (S mle 5l 2L
olas (STl Ll & g aiss e 1) bl
oolazwl ™ olade oyelaie oy (V) o
ol b e s S slsSs )|
4 55 (PCMs) ooiaojls s olge (YA YY) 05)ls
OBards )l G2l e sln lakews Olie
pS o JE sy s Sl Grl el
B s sk o ) LS ey JB i WPCM
Sl IS ey nl jls wsS o0 D32 (mle 4 el 5D
3ol olaws s so ialS 1) lusl oy 4y oaew,
Jelos 5 4525 (gl aldS ams wiz sk o Dlllas
4 lge ol (TY-V9) ol oa ‘nl:;_dl PCM slo yld
(SlolansS s Sl silogSy o Aise slahy,
S (5555 g (5Ll S 5L o g slodl S5 e
Syede & Olgi oo Jlie jsb 4 (71 Wil oo b uld o)
Slge 5l ooliinl b slay a4z )b 5l e Cpols

S s Julge laie 4 (PCM) osas;ld o

1. Phase change materials

99 A


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

e ) @iy slo an)ly (I)ha EaBIS (Shg SEI) B Sxilalmaw s)g)e

P ol
> T —
Bl odhl e
Bl Al os Sod
oS 18 guaii Slgw < PP o
B olle
> ST AT
bl SsSSgs = PR | [PV |
L GJTJ*C‘_GJT
PCM gyl Y JSGG

O PCM apes (OF) ol o0l oxilxiS diadign ax )l

Wgios G55 Slrgain 9 Slagy lp az)ly Jobo
B 5 655 Sras 9wt s 1) Ol Gl
(B0 X)) aes mals 1) sl
GIT Wgd oo (s aib Lol g4 4w 4y LPCM
Sas slochae) et (o gload 5 o8k
ol 5l ylages ¥ SCE L(0F) ST 5 (Sl
Olge 4 iy JT slPCM aes o oylis |, PCM
Wgd oo gy Ak (Sl 2 g Sk SWPCM
FRSTTIRE R NWRPPSENTPIN Jo
PCM g4 O+ 51 Jiw (OA BV FO) Ggd oo (5350
slos 5 Ol sleS a5 o)l d9z (eian 5 sunb
—09) Oh5le ax,0 VA0 B -0) wjle galaie gd
039950 b PCM ‘é)‘)’ U;;;.,"LJ ol8l gl ()
5 algiee ol T cBle a0 FO U VA Ged e
Ole ;0. (FY BY) Wgis oolaim] Sl guie g b ylossLes
(PEG") JoSl5 L3l (b 5 o5oLST (] daPCM ples
S s Sl gt 355 (51 LPCM (5 gl

1. Polyethylene glycol

999

GL&b sl La> 4 .\3|5SGA 5 () autws ‘5'5)1).>
oS g LSl Lé)‘)’ WL.;T odgazte o b lesslus
GL“; 6)’L..)oj.::’>.5 u‘).».c (FF) oS S LS'))-" J)..an
Slo,S silwopuzd dlae W YT B O olge cpl jo oles
5)13 ).:..».u .\.».’T)S J}lﬁ 5o ‘L)] » 05)1.9 9 Sl VG0
Sbes o3game o wiles o g Wylo oo a5 ol 1 Lo
B s dazgr b U(TO) 0gd dezie g wgd dslllas 5490
JUSILPCM &S wil wSe p b 58-mle 8-l
Y Ol 0pd sl s 4wl a4 el
B Jds a olge ol (TY) ol g9 0 50 0,8 5
Sl YU Gl sl )T g 00,08 (g5luo B3 pian YU
g)|)> Sl 0 pd B SaSS sles jo (655l 03
yeb & LQJT 5 (FUFA) sses dxg B 09> g0
S35 (sl y93 551 (Silwo S 45 slos S
oolawl L’:’)«9)b dLmoﬁ)lS 9 b_,Lxs: c.iLHa eu_:l.o.ol.w
b Sy 0 uizren PCM .(OY-0+) Sl 0
S olgre a4 Olg anS g 8 (eSS sle

1€ 10 3l /W0 a)Laidd /11€ sla (5 lay) g Cublagy aslibnd


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

Sl (VYY) Wigds g0 0amel ldgil b JaueS sl 50
Lol oo B J5uaS 9 3 sl clie sy Slse
- omodho (Sl ST (50 e e pacly 1 Vsans
hoonbel b wdalle g sk iradle wasalle b
Wy U3l )3 8lge ol 5 (Bl (S « Db STl it
el xSl ln sl b oo s S
sV (VAVY) 595 e oolial lie PCM
@l (i Glaghy, L ol 1) 96U L 5,5
b tsy cnl salez 5ol bl olerdsSosd s
WP b s (i (sl 095 St 4 g o
Ol yolsS e el (gl yordy o )0 (gl yocdy
5,5 o)Ll s (Somdgal (o gl yenly oy
Pl 25 9 o gl oy (Oloe 0l 50 (V)
o SLBLPCM (35,5 jpae sl i, slaghs,
3 Tl o )5 sl g s polie slaJpmsS
oS (Jlo gl (A VAT ss cwslis
S L (@M STt Jos L) PMMA! slacewg,
L oo 5 Jl> 50wl consy Pl puses
Ot 3 youdy 51 oolainl b asalle 8- dle slaang,
90 3l (Seoleds ¥ USS LV FA) Wigd oo jow b jo

Do go Hlis 1y (g3l gunS 6 59,

ile VpueS U Lo -
(MePCMs") oo dlgunS 4,5 5B ,osd olge
WS Cwglie PCM oo s ol 50 ailed oo
ol gl (Sl ploel 5 Gyl sl
g a8l pwaS o)y Jlll asl wsd o
(Y)Y wl e olS K0 olse L LPCM usSTy
Cons (NePCM") PCM 55> slo JgunS 55 Ll
3,18 15 5,0 a4 S 6 5VL > 4 o
@ oM Cose Slp S8 &S e s &S
O)ke 4 (AT) 05 oo ool 3 (Sealiadge 5 slaoi ]
3 5868 ojlail b oo dlgunS gl sPCM (S0
1. Poly methyl methacrylate

2. Microencapsulated Phase change materials
3. Nanoencapsulated Phase change materials

1€ jsly /0 pyladd /1€ sla (5 (iel g Cublagy aslibod

ohBas g (ous) JBI

(F9) s &l >

b by Jbae pizr @ cwle PCM ol
5 ol slo)S bk s Glsie ) Wil 51> (ol
ts 95le) (S0 53 S S 9 (Gl et slos 03990
oo )0 g 5o« aliend 5 Ik (S 5 x>
S Sare GLPCM ax 31.(7Y) o )ls S (09
Wl G s )l Sy 5 Vb (5351 00
SLPCM 4 cos 298 LB Lo gs” sPCM
B silelaz pae g 05 SdgS g 4 4 b (Gone
2o bavolie 1o lag ST oL lagdl b .(77-5F) o5 ls
(bt (Sl oot 5B i 1) JJo 4 bPCM
B s sles edguze (Shgmen oLy Gl sbeS
ot ol g pleS slas )l sl el
Silwo S Ply oS anie g (SNyeE pas (o
Bl ;0 LPCM o390l (AY) iyl 6y &)L 65,
Sl )l Cande st i 655 5l eslaal
Ol 8 aiile caiiis MU 6ly)ls LPCM (ylieon
sbwl G Gl 50 23U 5 mle 4 el 5156 s
ol e 6l L) Gl ()l Culas Lawgs oad
085 yae sl Og¥esS el (5ol 5l eulee
O spase W0gdb oo oolalul Jlaul olee L LPCM
sl Bl o Sore b JI slaaiug o LPCM
2 ial3dl ) &l ] s S (g ,uF ol L]
Sk g aiS ade 5B Jlsl Jobo o ez S
bis slexil 5 098 ) S ez 12 o | a1~
V=F2 YY) wS

020 U i Olgo (s ilod)punS ol -
O JPERCH JCRUTOR PUCE ISP P o0
Do oo 00ilig (el Slge b atun Slge o o aS

Vet BY o S8 b olyd Chogs 6l JgmrS g e
FogSan )l 5SS DS wed oo osliinl teg S

9Vo


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

51 iy sle ag)ly (s eahi3 (Shy SEI)) p Exilalnu ())e

(@)

\J Phase change matenial
Q Monomer

= Surfactant

' Oil-soluble oxidant
‘ Water-soluble reductant
Q

Free radical

_,'}in NHCH.OH

o) pH=8-9
}'{ ér:l-. 5 (o3 ::il i -\
HoN™ "N "NH, H H HOH.CHN™ "N “NHCH.O0H

Prepolymer reaction

Emulsification

O PW droplet

Q\x SDBS MF resin

Miniemulsion
polymerization
by interfacial
redox initiation

PW/MF nanoPCMs

AY) B> gsliayordy o 3(D) (A)) (dans S50, 5,8 51 o3listl b Sgadgol (o cogmlizposk 3(2) PCMS (gl S 5 (slo oY JSW

ol s> sladsSsl Glea 5 Li (A1) o9
Ol & oo a ], (UF) adallejd ol 5 (IS0l5e
Ol oy () ) eoliial b atugy 5 s Sl
Ol @l 0,8 pw Gaedgal (see slal> 5o g0
ahd ol b Blo maw slhls b JauaS sl a5 ols
L oas sl lis @l uiores aiws fogl YV
oialidl 5 s JUST coliSE p lade il
098 LS Lix b LPCM &5 Sl 51.(00) Wb o
siss Juosl )y 55y Lorkinns g oo g oo
Dl gaie 50 slogall sles IS LNePCM (T9)

YY) 5l bax )b g ol caisS pedas BLI

A%

2215 b 55 oab alyes 5, Sen SWPCM L el
W10 Gy (Sl el gl idlin S g gl
G G GPpSome LBl b JeunS gl (AV-AD)
oal5 1) PCM SedsS o 9 )18 b JgasS's S
a>g I).,.>| LNePCM  JJs (ped 45 .(AA) B o
g Fang .ailes S (> 0g 4 1, (gt liioe
opbl by lels] Q} LI, LNePCM ,Ken
WSS i Cubge b dngy g aled Slge (lyie @
G gl VYY-Ve o slaoslail b 65,5 sleNePCM
o @ o JouaS 95U 56 s oyl slo )5 o] s
OBLST ol 51 eS o plisl b awg G 092>

1€ 10 3l /W0 a)Laidd /11€ sla (5 lay) g Cublagy aslibnd


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

ohBas g (ous) JBI

5 5 e ) 1Y Joa

 ojlgunls
phase change materials OR PCM

Nanoencapsulated OR Nano-encapsulated OR nanoenhanced OR nano-enhanced Sk AguS 5l

Cotton OR cotton fabric OR cotton textiles

LY
(VoYF e YD) VF-Y ol ,5 )
0L slo i) oS5

(AY) 59 Bi>

Morgy =

Vs (g5 5 Car Jols aalllan (] IS ]
SYlae i3S 5l e el ooly pime slolSSL o
hol Jlsws ool s a3¥ Sl ol g oS
4 oaadil s Slge oS Hl) hagh
(a)ls gl slaaz )b 51> sla Sy » @b
2 88 1B el g 4o 3 90 9 05 gl
ol 00l 00l 58 axlllas plol > e cdolol

03ls (5 5laes

ool cans 4 @Ylis o b ol asdlas
IFY ooz Y b e Sliis e
Web of Sciences Science Direct (sbeolSiL
» leojlsads 51 .ol plxsl PubMed 4 Scopus
«nanoencapsulated phase change materials
« nanoenhanced phase change materials»
«cotton textiles» 5 «cotton fabric» «cotton»
ol 51 S 2 40 92 g Canz 0l 1050 )5 oolaul
el oals &Y Joaz 0 0ads S8 Sledlbl

Z57 5 0009 sloylss

Sl ) gyl 4 g b g0g5 Slallls
Ny S

5 @ SVl (aagn ol Ve .
03,5 Ao el | oaimsld s dlge a5 aislesl
il 035 glawty 4zl o )ls

1110 130 /W a)ladds /11€ sl )5 gies) g Culbblagy aslilnd

ERCEXS{ R P \
Y

ey el Y
obs f

52 9 e )b 3
57 9 o S5l #

Sl gucio 40 0us oS ol cloPCM o, 15 -
=P Ol L @l saiSedas sleas )l
L on sled Wilgs o a5 28,5 [l o welige 4zl
laas .L:_\m 6Lmb t._)‘),u.u ).7‘).» B Gﬂ.....‘@ 00gdte O
oM O D)l Pl 4 Slrgecs Sl S 08
LMePCM ax 51 .5 )l Sy Sl bl laxe g o)l
Lol aio oo lud olge 4 |y &l 1o oS pudas polss
odd odld idg slaazb (say g (SlandS Cugb,
e b Shg Gl s 4y ojg el (AY) 5l
Syobd 4 s 5l 6 s dz g8 il ojludl o IS
o)..)lf )‘ = ‘) CL:L..‘ ww 9 Sl 00 d}h_l.n 94[.;
NePCM (YY) ailed,g] Cows a0 Slrguia o
G L e @ i | Slrguie calize olo>
S LNePCM (oYL (6 )35 )L Ol g )l >
oolaiwl b ouds WaueS GPCM .(A)) Cl (oo
coating. laminating ale> ;I alixe sla g,
Slguco )0 pgd ZLlo 4 finishing (pad-dry-cure
31 yiw pad-dry-cure g, (A)) Wigd oo Jlos!
)‘ ooy aslu ul}w uu...uy 6‘)-' )f_n) L.SLDQJ"’S)
4.1....434 6‘)" .b}w‘sa oolazwl SEF-an L' Gv.....]o du‘
G potlae g, 30 coating e Dl guie
oy b &S Sl s pdy S 4zl Lol (S 1)
NePCM « 5ig, cpl j9 (1)) 598 o0 0950 coating

)l 5 oad Jlosl az )l (55, (SoSTy abews @l
‘;Lal é’L" Y ‘55-“4‘56 ool 9 S ‘b L_SL‘b S e )]

GVvp


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

e ) @iy slo an)ly (I)ha EaBIS (Shg SEI) B Sxilalmaw s)g)e

SYlie sbwodsSa 5 (rsbe Jiawe job & (Boimy
Sl il o Sl OS] 4isS 0 5 WS (o) |
O gin o5 )0 85 18 Cou 3550 (6 S A
@S35 I3 wyp 3)5e a0y p Vs S
adllas 3)ly oS b3l G e VY (S ok
ool Sl S o Wlie zlysenl anlg oS w

Sl 5]
28,5 )18 (srp )90 335 yeb 4 (639, DYl

oMLl ol s,8 zlsd bl 5l Y Sledl

P9y B gnS 5l gy 5w lge 1l Wisgy o )le

b el SYlas o

g ) 3lge Jold anlllas jlzg )5 ol

bijent gyoge b SVl

SYlEs (59,0 DY ie Joli cipgh b Yo e
5 OBy laciilooly (Ve pu (oS (ol jaiS
oS s Ay dals

B9 oy y0 eyl JalS e a5 Ve o

OVlio i 5
oobel ead cél Sldllas 0,5 o)ls 5l e
B> g A aseud Sgail i8le 4y SYle 692 g e
38 g0 I8 cds ol jekaie 4 oo, Sldlas

(n=1va1)

Web of sciences (n=1Y)

| W

Science direct (n=Y"4)

PubMed (n=14Y)

Scopus (n=A)

Ayl yp po ead bl i oo

.

M= 1Y) g5

@l 3,55, B 51 g oade B oVLEs s

5 skie b anlllae et 7l oYl

SN0 2

Y

(M= V1) o oaSx

Full text s als o 23 005 3l oY

A

(n= 1Y)
Full text 4y oymod pae Ly a4y a8 Wl
3 v g M=) wud Bl
.
‘1 Full text ;1950 Yl
@=18) Full text .y, 1 aslllae §l eas 5 ol

M=) oudyis allia

dalllas 4y 00t 5ly olad SYlEe

okt Al

=17

(M5 ) S0 L5 5l ol 4 allie

Solosaasr jgp0 Al y3 )logld :F IS

VYW

1€ 10 3l /W0 a)Laidd /11€ sla (5 lay) g Cublagy aslibnd


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

ohBas g (ous) JBI

V-
- - - EYRRY

- - - AATAL

Q4/00
- - AI9Q A34

- - - LAY

()]
Crew/m) - () s
(%) <0 TRy a

o2 e TP e by enS obs

AAL

A3\

AIRA

YIAN

@/r)
66 s
509 M0

AJAN

ATAN

(XA
AQ/\

Yol/+

@/r)
LIga

S0 N0

\/s FUAVA
Al FAIA4A

(%)
VAV
FALINL
(=)
AN/
FAAVSA

N)

- wu - -Q
wu

- dAAT A
wu

V4 RN
(%) (u)
™ Bl

s stk 9

g

ofone jeeyfo

wu 494 Y
wu
¥y -
(%Im)
Al
(wu) | s™60
= 9

Ivifo aef  Cerm@ 6060 (600 W (60

AU R TRt Sl R

[ 02-€0-920¢ uo JrFe'swnymsyl wouy pepeojumoq ]

2Ind

-Aip-ped | A VAN X ST
(W)

oo q s 19087

-Kap-ped |0 0o 060

aImo <4 dn)
-Kap-ped = HHQ flogloqest . 650 70

amo A dn)
-Kip-ped | foeloqese 57510 gt

s
(69 {02y ghebpy

obje ®ry  objo e

1110 130 /W a)ladds /11€ sl )5 gies) g Culbblagy aslilnd

gVic

[ 0zesT e TAMSUlZ0SST 0T :10d ]


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

5)9)0

9 S(E3)) p Syiladmuw

3!

)G 5o bS5

slo an

e S\

- \\ye/e

Orew/M)

(%) <0

- ba/4A
- Ae18A
- AlbA
NYA -
(o))
. Bl
ol {fey aeé

433 Am..) 433 Am}

QV/A4

bY/49

\[Q-\

3110

e s~
L B L G

0414

VA

310

s

Wy

jSjov w6 {: ke (9 [ (KA TRRD bc Ko

- A0/ 4
(%)

(ND ™S
sTrs st
Lallen) oo

[ 02-€0-920z U0 J1Ie'swnymsyl wouj papeojumoq |

3
¥
©OlL 15087 3
wu Ena AN SO (I z
\=-A - - - AR ke ¢ R R M
9
u
<
ol wnain 15797 .w
- Q
wu Ll e 62 2
- AL . ST AEE R RS wel Ml TG R BT E]
2
<
oA
wu wu oo e (VIN $7/0Y
NYEHY b4 Albb T S Q. —ygg), It
1afey Fahro
- - - -Aq-1oke] |42 yaad, = 17 isaes°
(%3m)
(wu) qlev
Ganall (wra) | s~ ~E
aeé N ae (69 7%y | sy

i€ jerifoné Ceron@ 606 (60 B (6o0

&

objc ey ofjo oy

AN

[ 0zesT W TAMSUlZ0SST 0T :10d ]


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

ohBas g (ous) JBI

(A'%%

om)
1AVd afclo
[Rleds ¢ saes?
wu wu = VINNG | e 610
- 00/ - A4IVA Lb/bA - - Y4i8Y cehme e 4IA - #e oo R0 (B
EVAR ~6Cenen
FO/+vA yan
VAR wu wu 2110 R0
AVIA - - AYVA Al4A0 NAA FAIQ4Q A4 -4 A - -fap-ped Soady | 2 <6
(ANd) 67 (G
o e ® )| oerre o &
- - - - -0\ AV = - = - 04 Sy §C e LK% 9 v @19 | oo oK g
3
0od, = Ises” ES
wu el el 6 e € \_0 m
- o
= - = QL/4A ANAA 03Iy = AASA oo\ - = - TS YININD (7 & M
g
(%IM) =l
o u
(o)) (%) (wru) 9%y =
Orwm) @) S0 @) G N M S0 (w0 e 3
(%) | < Ok afst L R e s a o 9% GD HlZy | gy 5
~
R T e R e P e L2 R L2 R e ofor rifewifonf Crn@ 66e (6e0 Hom® | (60 objo Koy | ofjo ey 3
2
fjor <60 L2 9K 121 KA MR e KO 4

[ 02-£0-9202 uo JrJeswnymsy( woij papeojumod | [ 0zesT e TAMSUlZ0SST 0T :10d ]


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

5)9)0

Aylalmaw

9 s@E3) p

)

o eabi3 ¢,5)

slo an)b ()

e S\

‘TowA[odoo proe oTjA10eTIowu-a)e[A 108 [AING-U—-aUaIL)s (€) *(SPIIOTYD WNTUOWEAYISWIPIA[TRIP)A[0d (7) "21e[AI0eIdIN [Aq1owAod (1)

0.
Orew/m) (D) Fraual¥ @10
(%) <N Ry LTl ef s+6 [

R e | arPn o cb 0P obes | LR N0 L0 M©

‘souexofisAxoyjakjod paypueiqradAy rosmoaid (g) oprxo suayderd pazijeuonouny ()

aImd-AN

b -9 - - B 0o el o0

(%3m)
(%) (vrw) 027

m® S0 (wu) S

s s neé i acé D Hley by

o jeeife yerifoqes rro)@ 6o (60 Ko

[fow <¥6[ L2 Ko |9 (KA TmR ECc Ko

[ 02-€0-920¢ uo JrFe'swnymsyl wouy pepeojumoq ]

PMMA

1€ 10 3l /W0 a)Laidd /11€ sla (5 lay) g Cublagy aslibnd

RT27

objo Koy | b0 @y

9VvyY

[ 0zesT W TAMSUlZ0SST 0T :10d ]


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

oo Saled 50 ol Bdo aalllae Sl pz Gy 4 JoIS
28,5 )18 el g 4528 9590 i VY b5
S JgueS 9l clalllas plos o aS sl lis s
A Gl 4zl 5o 9 Wad j Codlse L PCM
ST addu sgnn 1) 4z )b (5l (olgS g a5
e Oglireddy 9 50 gl yecly 5l Olalllas
RCIV PRV S-SV S WPV POWOC 9 FRP SR POUM PN
3l oolaiwl gl 0,85 &g, 5 pad-dry-cure g,
Sl slaodls g sy sbeaz )l 9, » LS5l
55U 9 ¥ Jgaz j0 ol gy Slalllas Lol Sledbl
2 ezl Sl pé Sleogas 2 PCM gla JgurS 5l

oy =
26 Sletans 6900 olol » anlllae ()l

b pll sl glaaz )b ;0 PCM (g5lualsu S ol
et ols Ul 4 az gy alidl easplis b
e Slge Slesliiul b gl leaz )l o Sl
SilodlguS 6l ooy o onl 50 9 Sanl oaimsjld
b baz )l Pl asl aiil age LiE g
i) ilie glo S wlsi o PCM (slo JgusS sl

3,90 Olalllas cdalol jo aS aas (18 SU cou |y ax L

a5 1,8 Jdow g 4y 0590 (s DS b S

ohBas g (ous) JBI

Silodrge Azl (8 e ) wsiledlganS
w56 degl LSis asye g ojlail de JeunSgils
Sfles g ols y oaiadld s Slge SlaJomeS Sl
beS wo9d sled) (5l (Pl dlex l sty 4z )b
e Slge i o Sl ol (Gl calae (ol
ol i il Cwglie ( anS plSouul casas;ld
A2k Gl S 5 58 5 S Sl ez )y vy

NePCM | a5 ais plowl Yo jg,0 b aslllac oyl
oolitul glay ax )b &)l @elals (oles Sse sln
ol )0 42 5 oz 5 o a5 5 )50 SYlEe 00 ,S
asdlas 4 09,5 o lae il &ygo o Sledlbl
0,5zl el lag T Sledbl ¢ Gl
St ) sy 5 3 ¥ S 4 g
G 6,0 Oldlae Bi> L g ol cdl alie VYO
038> 5 Glgxe dsdllae L .cdl  als alie VY-

Lo oog e fdo 4 alae VWY olass (oYlas

VY oolaws o8 Bdo (0 gl b Eadge
lin ¥ owlass ol 5l as ol Qbasl swyp sl dllas
e ah B S e &y g i s &
a allie S 28)F 18 w050 dlie VO LS
O G o s allie S5 5 09 (oS s

@b )t Sluogad 5 PCM (o JpuuS sl 16 oV Jgo>

Sy 2158 b b JpurS 5 of5en 2015

%) - - ol
G Seaid
" Sl G331 b JomurS 3 (yee 20l
AH) - - - -
sy Cant
@an - - il a3l Sals
“af) - - ol ol Laels’
X slasw Gl b e JeueSeil oy 2als
Q0) - ) - - -
G Seatd
. slaws (il Bl b b JeunS 6l e sralS
@7 - ) - - -
sy Cant
Mol a> )b 4 Cad) w5
@av = 7% t
(Sl 00,55 (6 updS 0025 - - - -
= slaws (il b b JeuaS 6l e sralS
QU] - ) - - -

99 Sy

1110 130 /W a)ladds /11€ sl )5 gies) g Culbblagy aslilnd

VA


http://dx.doi.org/10.18502/jhsw.v14i3.18320
https://jhsw.tums.ac.ir/article-1-7042-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-20 ]

[ DOI: 10.18502/jhsw.v14i3.18320 ]

e ) @iy slo an)ly (I)ha EaBIS (Shg SEI) B Sxilalmaw s)g)e

layer-by-layer (s, b g e Todezmey (gl ylsS
5 Oyl @il ploy S isges Jlesl 4zl s,
oS C)La‘ 9 0 C)La\ 4>)la LgLMJyoJ O Lo A.)gLG.:
azx b o cah S bJeeS gl lade 4 [EXoes
5 &l b Glojae daJounS ol L ol Lo
Jle yo oL,Ken g Chen (V) og yin Los O
il ok g L 1, UAT JySlh Y18
Soslsal (sem Dselinrocly Gy 4T ST L
9330,5 i ® s (wSg3, £9,5 a8 5l eslaul b
sged sl az )l o)l "M o gileSis by, &
L UA Gpem¥gmeS 5l o ombas (590, 9,5 il 3
Glrax b Lyl ol pll YU (5ludlguns slodl, L
Sl ol weas gl (s ndideh ColB L sl i
ol 1) axiws Ccusal Pl mls cpl el e
Toio S5 59, 32 NePCM (YL ()35, a5 aimo oo
S9b (Sl pean o Shee Bl 4 e Wlgi e
4l PCM XY+ Jls o o, Sen o Aftab .(A))
il slwo pd Bua LPNFY aswgs jo 1) b6l b
Sl gunS G 0 (gl oy (29, 4 G095
Sl s gls wsges Jlosl az)ly 595 2 9 WS
ol 0 VU ey il dnwg az )l 45
oYY Jle o ol )Ke g Zhang .(AA) ols &)l >
93, & PEOS atwg L1y N-docosane sla JguesS 55U
45 W) 425 (ol Ay 9 3,5 T (ygmmglyal (e
ClilB L plaols wlge ol b ooy 2ol glacy ax> )L
i elygle andl ply j0 pglie 5 o> () i
30 o) g Prateepmaneerak aslllas ,o .(0F) ol
a5 else L PMMA/RT27 (gl JguursS il ¥+ YY Lo
P Ggedgal (e geli ek () 4 (295
Slay 4z 5, UV-cure (o0 (idgy (b, b g o
shls ssnlawoas ax b as ol lis pls b Jles!

2. Complex coacervate core micelles technique

3. Undecanoic acid

4. Styrene-butyl acrylate copolymer

5. Mini-emulsion polymerization using interfacial redox
initiation

6. Vacuum suction filtration and drying

7. Phosphorene nanoflakes

8. Precursor hyperbranched polyethoxysiloxanes
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1. Poly(diallyldimethylammonium chloride)
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2. Graphene oxide

3. Scanning Electron Microscopy

4. Field Emission Scanning Electron Microscope
5. Transmission electron microscopy

6. Fourier-Transform Infrared Spectroscopy

7. Urea-formaldehyde
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1. functionalized graphene oxide
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2. Differential Thermal Analysis
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1. styrene-n-butyl acrylate-methacrylic acid copolymer
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1. Thermal Gravimetric Analysis
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