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Abstract: Encapsulation of a paraffin wax core as a phase change material with polystyrene shell and the its thermal char-
acteristics caused by the encapsulation were studied. For the nanoencapsulation, the miniemulsion polymerization method
was selected. The factors affecting the thermal properties of prepared nanocapsule particles of phase change material were
analysed in aspect of the structure of crosslinking agents, amounts of surfactant, ratio of paraffin wax to monomer, and
hydrophilicity of initiators. It was assumed that Oswald ripening plays the most important role in the changes of particle
size, particle morphology, and thermal capacity of nanocapsule core. It was elucidated that the thermal capacity was also
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dependent on the hydrophilicity and crosslinking density of polystyrene shell components.
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Table 1. Basic Recipe of the Miniemulsion Polymerization of
Crosslinked Polystyrene Containing Paraffin Wax as Phase
Change Material

Component phm*
Paraffin wax 100
Styrene 65
Crosslinking agent’ 35
Deionized water 600
SLS 0.1
Initiator” 1

“The phm denotes a relative weight part to the total hundred weight
part of monomers. The amount of monomers is the sum of styrene
and crosslinking agents.

*Used crosslinking agents are DVB, HDDA, EGDMA, and AMA.
‘Used initiators are AIBN and APS.
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Figure 1. SEM image of PW nanocapsule: (a) MS100; (b) WD35.
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Figure 2. Thermodiagrams of DSC for pure PW (solid line) and
nanocapsulated PW (sample MD35) with crosslinked polystyrene
(dashed line).
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Figure 3. Particle diameter distribution of nanocapsulated PW
dependent on the amount of the surfactant.
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Table 2. Parameters of Thermal Characteristics of PCM
Paraffin Wax Encapsulated by Polystyrene Shell with Various
Amounts of Crosslinking Agent, Initiator, and Surfactant

Sample  Particle Dia. Heat capacity =~ M.P. F.P.

code’ (nm) (/g 0 (0
Pure PW - 124.5 48.6 41.5
MS100 197 46.9 43.9 34.0
MAO5 190 50.7 44.4 20.4
MA10 191 57.5 435 21.2
MAI15 188 76.7 49.5 19.9
MA20 203 61.7 46.7 23.5
MAZ25 195 58.7 47.0 25.1
MA35 213 57.5 45.8 25.2
MDO05 240 56.4 45.0 23.1
MD10 275 54.2 43.8 23.6
MD15 336 59.0 47.8 26.3
MD20 348 55.6 45.7 23.3
MD25 359 73.1 48.0 27.4
MD35 387 58.8 44.9 24.8
MEO05 185 51.5 43.1 22.8
MEI10 224 56.2 44.6 243
ME15 223 65.8 47.3 25.4
ME20 309 52.4 45.1 23.5
ME25 497 73.9 48.0 22.5
ME35 384 63.0 46.6 24.0
MHO05 204 55.8 45.2 223
MHI10 239 59.3 44.2 24.3
MH10-P60 264 75.1 44.7 24.8
MHI15 235 68.9 47.8 25.4
MH20 253 60.6 46.0 24.5
MH20-P60 294 85.2 44.5 24.7
MH25 270 56.4 46.2 22.9
MH30-P60 406 81.9 44.7 24.8
MH35 330 60.2 46.1 26.1
MH35-P55 318 71.7 44.6 23.1
MH35-P60 375 76.8 43.7 23.8
MH35-S02 290 66.7 46.6 21.7
MH35-S03 237 62.3 44.9 20.6
WA35 189 58.9 45.8 26.5
WD35 275 57.2 45.2 23.8
WH35 271 58.4 45.8 27.9

“The nanocapsule samples are coded by combining three indices,
which show the abbreviated name of initiator (M=AIBN, W=APS),
the following abbreviated name of crosslinker, and two numerals
denoting the weight percent of crosslinker in monomer mixture. The
variation in the amount of SLS and PW are additionally combined by
starting S or P with hyphen followed by their quantities.
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Figure 4. Average diameters of nanocapsulated particles dependent
on the weight percent of crosslinking agents in momer mixtures.
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Figure 6. DSC thermograms of nanocapsulated PW by crosslinked
polystyrene shell with DVB.
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Figure 7. Shift of freezing point of nanocapsulated PW dependent
on the weight percent of crosslinking agents in monomer mixtures.

off Theket mAl m=r1e] Al E WAske Zlow delA
ok ol gk A e e 2 ATl ARESE Al
o] B4 tjAlo] PWE tIAE ROz AAHchE fA}
dgo] Yol 0T YT  9low] o]t I
@z}@u]@i YA B BAFOTH HAT & Y
AOE o= F7he klo] wlojof H ARgfo R Azbert
B vuelEd ool oM 7iwAlE sk 71uA)
A7reA 2 dAekE e AAMEEE 7HE Zle= o
FEIT 4 7 A B "7 el 23] X 3 dAE=
15=0] 3}8H2] 7haol] )3k vie =7]9] wiA] ErjlEe]
K 31‘471] ] AR PWE ZEA} shell HHO2 3
42 AfolEol fal vFE = ATt
W 7l SRRk ofsf sPshd = vk ZERl Tkl

r°" o 0 2

Rl o mlru
> e

i%f‘

-

AE FETAN A5 F¥7 277t 7hAE AHEEHA]
e Znrh ol Y olF o] AT bl o)5te] At
o

Ao 2 PR el FAEE= A =Hle] FAQl A7E
A2 o 3ok 22y Figure 7914 Bo] 7A€l OUr
Ulﬂlﬂﬂ 9] A7)E A o= YeR AL wdk Fhyzte] A

=5 el o4 olF 229 A7] Alojolle A= 7&
01] FHBAE Fopd 47t QIith. 28y Figure 59} Figure
75 vl e YRk GeFs) oj=He] olF A=
AAA o2 A2 vl o] AAl S Fropd 4 QU
=, vAl E=HQle] A7|7F AR Aol 8T e AR
=39 olF Hrw sk A do] HEE

PW & Hsiof M2 ASYN. Tl tist pwe] Hl&
< 500014 55, 60%= S7HA Lozl Fedrte] 54 ]
Table 21 P55, P602= 37 LER T} Table 2] MH35,
MH35-P55, MH35-P602- H|s] B pWe| H|-&o] Z7}1at
TE E 48 B2 HIom PWe] &S 60%7HA =
2l MH35-P60°] 7H =2 G8%F 7H(76.8 Vs BTt o



mued A

Z}Aﬂd H2E 3l 7kwA o] v&-g SHA] PWE] H
2 503 60%= AT Table 24 MH10-P60, MH20-
P60 MH30-P600I1 4 & 5 d%o] ow gt 7haA] B0l A
= PWe] HE0] 50%Y WHT} 60%d w ¥ =& %%%k
Szt Ae & 4 9o, MH20-P602] 73-%- 852 1/
g & 7MY =2 I8 e etk B3 thermal cycle
Ao HE F9 TES vt EE =ie ko] PW
7F EEUeA] e ZoE Hol £ d S T
Ath= Zlo] ERIFTE. reu} ¥k pwel H]&-S o =11t}
H Pz FA7} ghotd Aolm dHog EqQPgste] 5
ez RS a&isﬂ S Al &o] PCM 2L H33R] Bal o
o] A7Al o2 PCM W=A&2A $-80] Alst=]A €
o go] =},

.

pau) m& mE
L%
S

a =

PCMO.E sl 25 ARE-SLaL o5 ZE#e] mo|
A Sl oJste] yefestshs WS Atk 4
7kl PCM Y= &5 7taAle] 57 2 3, 7AA2]

sl wetA thE €4 548 EATh F3A S St
oF WAIAIL] XA F7tell o)t AEdAke] A7 A
g AEPAE Y F AUtk & A AMgshe 7k
Aol slatAl EA3 1 S T2 YRR w)Al

zE _-_752%} T Jom ol Holrb PCM HedAte] d
‘—;G ‘:g = 46‘?!— 2= o]ot;] o]gﬁg} O]X]— LH
HWH‘LZ«] W= wo Just 32k ] gdasitt PCM 2

‘J_}‘Ij/}__)/] 9_,}/\/] U}Ekp_ }\E]Qﬂ 7]E zli O}*_
> PCM«] FESO] 60%7HA] =Y = Jor o] g 7t
ARE 4ol JojrE HDDAZ} 7F 243 Aoz o
b=

PCM 424 o2t gk2o] Hests 98] rjyeld
FTHHES AREshe A5 TR0l S JiIAAIE /\F%o}t

Fol) <)% el 2o] Lhegles) 9 AusE AR 95

nd
S

o] B m& 7AAIE AFQOF ZET At o=
., sERekse] Yelesls Fole] 1 S8RAE
ﬂ%%‘ TE Jo 50% el 8 A4, 3°C Bxe

=4, 17°C A= o4 g S&oF A8A] I

Oqolt gt}

o i oo

HARR| 2: B ATE (F) FHEE 2] An|R el ¢
8 = om ojo] A=,

¥
rot

g

1. B. Zalba, J. M. Marin, L. F. Cabeza, and H. Mehling, Appl.
Thermal Eng., 23, 251 (2003).

2. Y. Zhong, Q. Guo, S. Li, J. Shi, and L. Liu, Sol. Energ. Mater.
Sol. C., 94, 1011 (2010).

3. S. Park, K. Kim, and S. Hong, Polymer(Korea), 29, 8 (2005).

4. K. Choi and G. Cho, J. Appl. Polym. Sci., 121, 3238 (2011).

5. L. Sénchez-Silva, J. Tsavalas, D. Sundberg, P. Sanchez, and J. F.
Rodriguez, Ind. Eng. Chem. Res., 49, 12204 (2010).

6. E. T. A. van den Dungen and B. Klumperman, J. Polym. Sci. Part
A: Polym. Chem., 48, 5215 (2010).

7. F. Tiarks, K. Landfester, and M. Antonietti, Langmuir, 17, 908
(2001).

8. S. Park, K. Kim, and S. Hong, J. Korean Ind. Eng. Chem., 15,
323 (2004).

9. Z. H. Cao, G. R. Shan, N. Sheibat-othman, J. L. Putaux, and E.
Bourgeat-Lami, J. Polym. Sci. Part A: Polym. Chem., 48, 593
(2010).

10. Y. Luo and X. Zhou, J. A4ppl. Polym. Sci., 42, 2145 (2004).

11. Y. Li, Z. Wang, X. Kong, and G. Xue, Colloid Surface A: P, 363,
141 (2010).

12. L. Sanchez-Silva, J. F. Rodriguez, M. Carmona, A. Romero, and
P. Sanchez, J. Appl. Polym. Sci., 120, 291 (2011).

13. K. Landfester, Angew. Chem. Int. Ed., 48, 4488 (2009).

14. N. Han, X. Zhang, X. Wang, and N. Wang, Macromol. Res., 18,
144 (2010).

Polymer(Korea), Vol. 37, No. 1, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


