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Abstract: A phase-change material (PCM) is a material that has the ability to delay heat transfer by absorbing heat from
its environment or releasing heat to its environment while its phase changes from solid to liquid or liquid to solid at a spe-
cific temperature. As it is applied, it can contribute to environmental conservation such as energy savings and carbon diox-
ide emission reduction. In order for a PCM to store and release heat, the volume change during its phase transition should
be large, and thus a phase transition space is required. When a PCM is used as a polymer additive, it is confined within
the polymer, and there is no phase transition space; thus, its ability to absorb and release heat is significantly reduced. There-
fore, in this study, porous silica was used to provide EVA/PCM compounds with sufficient space for their phase transition,
and to improve the compatibility between the EVA and PCM, modified silica is used: surface-modified 5 wt% silica with
3-methacryloxypropyltrimethoxysilane. The compound was prepared and compared with the silica compound. The presence
or absence of the modified silica surface modification was confirmed using Fourier-transform infrared spectroscopy and
thermogravimetric analysis, the heat capacity of the compound was evaluated based on a differential scanning calorimetry
analysis, and its mechanical strength and morphology were determined using scanning electron microscopy.
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o] AREE|IL Qlot. 0|9} 2 Aol Ik 7H PCM =
< LEA J7HAE o2 AHE A ZAL 7HHER) Sl
e = ok, o H e o) oJgf) o] A o] F o
P&z Loig B2 AT vhe Woluth. £, B
& £9] AHo] EXL nHEA EHOE migration Tk o]
£ dst7] $iste] olF A A A&sE AU ez
Ae TUL 7Y A7 d77 AR

H & 3Lo| A= EVA/PCM compound?] silicaS AR&-5}e] AF
Ao & 4= Q)= T7HS Hods}a, silica F7THE R &2 reference
compound®} F-8FL v W&t 0w EVAS PCM 7t AH8-4
S J|A1517] 93t porous silicaS 3-methacryloxypropyltri-

3
B

hus

ool R &



Characterization of EVA/PCM/Silica Compound using Silica 73

methoxysilane 2. 2 5 wt% EH AA] 7§& A1 modified silica
E A=, A7} compoundE A&}, silica compound?} H| nL
715t ch® FT-IR, TGA 4L £3) modified silica A
NEFFE &AstHm, compound?] E-&F2 DSC £4,
compound®] 2a]7] EAL oty oste] 7143 AEs
7kt en SEME ©]83t% compound®] EEZHA|E 3
skt

Experimental
1. & TR

A% AHE A ARE
19.4 nm, surface area 184 m%gL Zrprecipitated silica
(Zeosil175, Rhodia Solvay, Belgium)& AR5} AAE
A 2= v El=Z Y 7] (-methacryloxy)E Zt+= 3-methacryloxy-
propyltrimethoxysilane (KBM503, ShinEtsu, Japan) A3}
o, 3182} $X|= EVA (EVA1317, Hanwha solutions, Korea),
PCMO 2= A-8-A 123 (RT24, Rubitherm, Germany )2 Ak
gahsict.

Compound A|ZE pore size

2. Modified silica M=

2 Aol d A4719] -OH71E 2= tsd A= silica

i = “
EHE ATAZYA Q] 3-methacryloxypropyltrimethoxysilane
o2 24 FHNES PCMIY -84 7iAdske A
A 44

TALZ, 120°CE NP = o] = 2&u 87| 9 silica
% 100 rppme 2 WHE FA|HHA] silica AL P& oA
ABAZYAE 12 g/ming] £ =2 dropdt £, 300 rpm
S 2 3min, 10 rpmeZ 10 min WEtste] THNASHA .

3. EVA/PCM/Silica compound H|=

EVA/PCM/Silica compound A% A A 0 Fsilicas 120°C
9] dry ovenof| Al 3A|17F o]} A= & & A 1% v|THUS
el &, dry ovenjoll A 271 YZHA|A AMESHA L
PCMZ 60°C9] dry ovenol| Al 12A]7t H3E A7l & ALE-5F
4Tt EVA®E PCME 70:309] F=FH|E wijdsto] 9lof,
200 ml kneaderof|A] EVA 70g & & 120 rpmo. 2 1587+

Table 1. Sample Designation and Composition of EVA/PCM/Silica
Compounds

Ref. Al A2 A3 A4 A5

EVA 70 70 70 70 70 70
PCM 30 30 30 30 30 30
Silica 0 2 4 6 8 10

Table 2. Sample Designation and Composition of EVA/ PCM/
Modified Silica Compounds

Ref. Bl B2 B3 B4 B5

EVA 70 70 70 70 70 70
PCM 30 30 30 30 30 30
Modified silica 0 2 4 6 8 10

80°C o]Ato 2 13 E#3slal, PCMI} porous silical FA]
£9], 20 rpm, 30&7F 235l EVA/PCM/Silica compound
A Z3%t & 6inch roll-millof| A 2F 1~2 mm F79] sheet2 T+
=9t}

AT

4.1. Falo| Het 221 (Fourier-transform infrared spectro-
scopy, FT-IR)

—CH;
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C=0
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—— Meodffied silica
4000 3000 2000 1000
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Figure 1. FT-IR spectra of modified and unmodified silica using
silane.
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Figure 2. TGA curve of modified and unmodified silica using
silane.
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Modified silica®] 7| F-F& 41517 {18l Ao d+33
ZA(FT-IR Series 6200, JASCO, JAPAN)Z A}-8-5}o] gHol5}
St A28 0.03g0) W3 Weh= AL ¥ e A7 32
scan, resolution 16 E=I}¥ © 2 wavenumber 4000~400 cm™
ol E4 peaks S5

4.2. g=aF BM(Thermaogravimetric analysis, TGA)

Modified silica®] 74 425 B43}7] 9I5) A% 24
7](Model Q-500, TA Instruments, USA)S ©]-83}4] modified
silica®] 2=0f T BAZAS ZHAL ARE N, 29
715}l A 20°C~700°C B 9ol A 10°C/mine] £XE 2 modified
silica 5% W3S STt

5. Compounde| &= EM

5.1. AR} F=AL g2H4| M (Differential scanning calorimetry,
DSC)

Compounde] A% 54 24L& giste] AAFAL A
(Model Q-25, TA Instruments, USA)S A}g31H o, A& &
10.0£1.5 mgZ gFulE Mol Y AL EL)7|sto] 10°C/
min®] £E 2 -80°C~200°C HYZ 52 A)7|HA compound
9% wske skt
6. Compound?| 7|A|IX EM
6.1. QIR (Tensile strength)

Compounde] A2l7t T AYFEE Zapr) Hstel
TSR 2 A E 7] (M-130, Instron, USAYS AR5t} Q137
L SO 527 F2) 3t 100 mm/ming] AJd £E 2 9l
A7ywg 23tch. B o] 20 mm, E 5 mme o}
3 AP A%, VhE Abste] Baghe ALgshen

6.2. H4l=(Elongation)

Compounde] Al2j7} Tl QA &S 2487 gatel w

Table 3. Heat Capacity of EVA/PCM/Silica Compounds

—— Ref.

— A1 (2wt %)
A2 (4wt %)
A3 (6wt %)

— A4 (Bwt%)

g A5 (10wt.%)

»)

Heat flow (a.u.) (exo

-20 0 20 40 60

Temperature(C)

Figure 3. DSC curve of EVA/PCM/Silica compounds.

SAZAE7](M-130, Instron, USA)E AMESIA T QA=
S A A SR EHE A2 A= AFHY FUT Al
dHolH BYAZE 7€ R (ot 2ol - EHA) x
100/&-A Y= A4bsto] ghe We F=d Zo] 20 mm, &
5 mmo| ofg P A|FHOE A2, INE AlFste] HAg=
AR5

6.3. el = (Tear strength)

Compound®] 42|17} E JAEF =S S4317] S5t
s A 2 A ¥ 7] (M-130, Instron, USA)YS ARSI A<E97}
E= ASTM D624 #4] £3t 100 mm/min®] Al &=
2 JAEA=E SAsH. = 3709 VE Z2ulj7] AldH
O 2 A&, Adst Batghe ARSI

7. Compounde| EH EHAM
7.1. FXEEAE0|A(Scanning Electron Microscope, SEM)

Compound W] BAE #zslr] $Jste] AAFARE
"] 7 (S-4200, Hitach, Japan)©. 2 SEM o|u|X| & &35}t

Ref. Al A3 A4 AS
(0 Wt%) 2 wt%) (4 Wt%) (6 Wt%) (8 Wt%) (10 wt%)
Heat capacity (J/g) 9.38 24.88 31.27 29.26 21.74
Table 4. Heat Capacity of EVA/PCM/Modified Silica Compounds
Ref. Bl B3 B4 BS
(0 wi%) 2 wi%) (4 wi%) (6 Wi%) (8 Wi%) (10 Wt%)
Heat capacity (J/g) 9.38 26.59 3237 39.63 3239 29.26
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Figure 4. DSC curve of EVA/PCM/Modified silica compounds.

Results and Discussion

1. H2|71 7HEH |5 24

AHAAZHYAQl  3-methacryloxypropyltrimethoxysilane2
o|-gsto] A=t /HE A7t ¥ NES Fstr] 9|4
A FTIR 2% A7 Figure 4] Yehygich. v] 4 4
7he] 7S 1,060 e, 800 cm! A S| peakrt A Lk
ElLp o] stretching of the Si-O-Si bonding®] stretching®]]
71Q1%F Aoz SlE .

A Alg)7t= AHAZYA 3-methacryloxypropyltrimeth-
oxysilaneol| A UYEPA 2,946, 2,841, 1,718, 1,637 & 1,296 cm’!
A A2 peak7t UEFGTE. 2,946, 2,841 cm! FLof A <]
peak= methacrylate”] 2] —CH; 2 —CH,°]| 7]¢15}4] intensity
7} Z7gto] EelElga, 1,718 © 1,637 ecm’! peak: 3-
methacryloxypropyltrimethoxysilaneo| /] =% C=0 2 C=C
A3 217 Uehdith. methacrylate”] 9] ~CH; ® —CH,7] 9]
=93 C-0 % C-C ATe] BHS Sako] jue] 12 5

Table 5. Mechanical Properties of EVA/PCM/Silica Compounds

40

—a— EVA/PCM/Silica
—&— EVA/PCM/Modified silica

Tensile strength (kgf;’ch)

35 T T T T

Silica Content(wt. %)

Figure 5. Tensile strength of EVA/PCM/Silica, modified silica
compounds.
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EZAIE o] &sto] Azt A A=ze] #HE
helst7] YofA 2:=of wE 7HE Ae7te] A |
3} TGA &4 A= Figure 59 JEH AT TGA I8 ==2
o) 7§d Aejziet 9 V1A Azt 2= g FA S ¥
3= ERIgt A3, v A HErte] A W3ke 97.31 —
95.61(%)2 FAEIL 30014 100°C Ato]e] FEAIZAE=
H,08] g2to =2 QI3 A Zaxo]n, 10004 200°C Ato]of
Ae Azt 29 284 9 #2230 2 F3E H,09
Fao g RAGLR BoEn AR dejste] BA W
3= 9750 - 93.27(%)2 A Z 1] A A 71e] T4 H]
BT 2 52AE Uehon 3004 100°C Aol o] BAZ 2
L eyt Ewe ) yhg Aghee] g0 Qg AR
2 TEEm 200004 700°C Atelofl A= A2zt FHO H4
4 A2e 7|7} AR #HgBto] 444 0 2 SIRE methacryl-
oxy7] 9] FaFE L S50] oFe] A4S Uehiith. o] 2 Fato]
A7t 2ol 7jA 9 YL et e Ao Wy A
= 2.53%% )

Al A2 A3 A4 A5
(2 wt%) (4 wt%) (6 Wt%) (8 wt%) (10 wt%)
Tensile strength (kgf/cm?) 36.4 39.3 37.7 36.4 353
Elongation (%) 553.6 609.0 584.0 525.2 497.2
Tear strength (kgy/cm) 28.0 31.6 30.2 28.8 284
Table 6. Mechanical Properties of EVA/PCM/Modified Silica Compounds
Bl B2 B3 B4 B5
(2 wt%) (4 wt%) (6 Wt%) (8 wt%) (10 wt%)
Tensile strength (kg/cm?) 383 39.6 37.8 372 35.6
Elongation (%) 573.0 622.8 590.9 551.1 513.1
Tear strength (kgg/cm) 31.2 33.1 322 30.8 30.5
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Figure 6. Elongation of EVA/PCM/Silica, modified silica compounds.

2. Compound?| g EM

Compound®] & &= 4 W& A& dotr 7| 934 DSC
£ A3E Vet Ayt §EE compound®] &3
(Figure 6), 7§12 Agl7tE 718t compound?] FETF
(Figure 7)2 &H213}11#} silica] 2 0, 2, 4, 6, 8, 10 wt%
£ ¥gFsto] 423 compound?] 2=0f TE FEFE 54
o 23 FEFE A7t Il 6 winz F7HERE A

LEI 15.0kV X500

Figure 8. SEM image of EVA/PCM/Silica (4 wt%) compound A2.
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Figure 7. Tear strength of EVA/PCM/Silica, modified silica
compounds.

7 A7kl 6 w7t HE PCMe] el e 32, 2
oAy Bersn 7 o)y A7} A Ael Ewle] POMo]
FAE|ol Wi 24 AL of= gt Aeirt B9 7]
F 9] PCME bulkgt Ae o] POM3} 2] e A7)
o BW-PCME] A, 713 W, 91579 £ &, g A2
Q15ke] 2RBHE SI% AT POM 2Hito] whafutA] wu
2 PCMo| ZAsto] AZHET. A Azt @7k Al Gl
VA4S FGFol Z7HTE 6 with AFNA Ah 5D

15.0kV X500

15.0kvV X1,000
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Figure 9. SEM image of EVA/PCM/Modified silica (4 wt%) compound B2.

e 89l F th) wolxE AL Reom AL Yelvt
£ ASFORN 1A ALAE AGT ATRLC G 4
Aol o A7t A AoHE 9 4 e ol Aevt
¥ H8 = lste] EVASE PCMY] AFg-4o] ZTislm £
Aol Erie] ZA3HE PCMe] A7t 713 hE2 Y5
7] golsictn kgt

3. Compound?| 7|HX EAM

Ag]7}+e] g compound@} 7§ A 2] 7} T compound
o] AR} L=} AALS Figure 8, 99 eIt} Azt
4wt H7h Al HdighE Holm 6 wt%i e st AEFS
ok 4 wt% ol H71et A9 PCMo| A7t W2 2
A3HE Zotar Azt £Hol| S2FE o] EVA Ak PCM ¢
A7t £ == Wafists SR EA5H] compound?]
A S "ol A= AstE 2H st NE A
27}7F A7FE compound EZH FAREE H3A3S H9l=H N
AR QA7 E, dile 3 Uetidl= A A7t gdqd=
Ql3te] EVASL PCMO| AH-8/do] FHiE o] EATFoA &
Hol| 245t PCMo] A2j7t 715 WRE JAEE 7] d&

o2 woE

Ag|71e] g compound®} 7§& A2j7t FH compound
O] JIEAE L E Figure 79 Yt At 1A H A}
o 7R 2 A et 4 wi% 7t Al AdigEE Bolm 6 wt%
e Zastke A% EBoh JHE ARyt Jrr"
compound 3t ARG HEFAIS H A= oF 8% A <
A= g Yet s Ayt #HRE R Q1ste] EVAL}
PCMe] AFgAdo] ZdiEo] T3 THgol|lA FHo| EA5td
PCMo| )7} 7|3 YWH2 YT Q7| fEoz godct

N

4. Compound?| HEH £

Compound®] #AHIS ERlIst7| siA ATAEHAE
AeE)ala] ke A7HE Y3 EVA/PCM/Silica compound
AEL ARAZSZAE ARt EAMES A27HE £
3t EVA/PCM/Modified silica compound®] 7| A& E4Jo] 7}
F 93 A2, B2 MBS B SEM B4 Z3E e
Wich v7id Azt 28 Al 4T 53] @] Uehgten,
AE A7t A8t MEL LEA vjEYA YoA #d &
AtE|o] Aol S I o AUSIH
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Conclusions

H o] A& EVA/PCM compound?] silicaS ARE3}e] A
Aol & = Qe XS FostaL, EVA%E PCM 7t AH-8-A4<
MAsE7] Y3t silica®  3-methacryloxypropyltrimethoxy-
silane© 2 5 wt% ZEH7NAAIZ] modified silicad A=, FH7t
3} compoundE A|Z}, silica compound®} H] 1l H7}8}e]
S 2 285 Wt FT-IR, TGA £4]& 53l modified
silica EANERFFE Selstgon, oF 2.53% 7N APS
gelatgict. DSCEAE F3t compound?] B85 A7}
9 A8 Aei7} 6 Wit H71E compoundol A 713 3kev]
6 wi% 27 A| POMe] A2l} U2 Agskeicts Bo
o 71 o) M7F Al Azt o] PCMo] F2tE o] Y 2
43} AL o2 Xtk Compound®] 71412 H71E &3 A
27 2 A Azt 4 wie H7F Al 7P w2 7IAA A=
£ UEria A A=zt A7F Al o et E4to] Ths
stk A& SEMS o]8-5to] &ls}qirt.
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