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Effect of Domain Size of n-Octadecane Phase Change Material In situ
Shape-Stabilized in Alginate Matrix on Efficiency of Latent Heat
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Abstract: It was investigated to prepare composite films where n-octadecane as a phase change material was in sifu
shape-stabilized in alginate matrix through O/W emulsion formed by ultrasonication or high-speed stirring. The micelle
size of n-octadecane in the emulsion could be controlled by less than 10 pum. It was also found that the ultrasonication
process is more effective for smaller micelle sizes than the high-speed stirring process. The micelle size of n-octadecane
was confirmed to be maintained in the hybrid solution with sodium alginate resin. Alginate/n-octadecane composite films
were obtained by coagulation and insolubilization in an aqueous solution of calcium chloride. It was notable that the heat
of melting of the composite was much lower that the same amount of pristine n-octadecane. This phenomenon was con-
cluded to be resulted from the higher specific surface area of n-octadecane with smaller domain size in the composites,
where n-octadecane molecules located near the surface behave with lower crystallinity and perfectness.

Keywords: phase change materials, n-octadecane, shape-stabilization, alginate, ultrasonication.
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Figure 1. Optical microphotograph images of n-octadecane micelles
in O/W emulsions (n-octadecane 10 wt%, SDS 0.3 wt%): (a) ultra-
sonication; (b and c¢) homogenizing at 7000 rpm and 4000 rpm,
respectively.
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Figure 2. Diameter distribution of micelles in O/W emulsions of #-
octadecane by ultrasonication and homogenizing (n-octadecane
concentration: 10 wt%, SDS: 0.3 wt%).
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Figure 3. Optical microphotograph images of n-octadecane droplets
in the hybrid solutions composed of alginate solution and O/W
emulsion by: (a) ultrasonication; (b and c¢) homogenizing at 7000
rpm and 4000 rpm, respectively.
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Figure 4. Schematic mechanism of intermolecular ionic crosslink-
ing by calcium ion resulting in coagulation and insolubilizing of
alginate polymers.”
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Figure 5. FTIR Spectra of (a) pure n-octadecane, pristine alginate
film (b) before; (c) after crosslinking by CaCl,; hybrid films con-
taining 20 wt% of n-octadecane (d) before; (e) after crosslinking.
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(a-3)
Figure 6. Optical microphotograph images of (a-1) pristine alginate film; (b-1) ISSF through ultrasonication process; (c-1) homogenizing;
SEM images of (a-2/3) pristine alginate film; (b-2/3) ISSF through ultrasonication process; (c-2/3) homogenizing. Surface: -1/-2, cry-fractured

cross-section: 3 (n-octadecane concentration of ISSF: 20 wt%). The n-octadecane of ISSFs was etched out in toluene before observation of
SEM to avoid leak problem.
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Table 1. Composition of Solutions for the Preparation of n-octadecane-alginate ISSFs

Ag. Sodium alginate solution (A)

n-Octadecane emulsion (B)

Hybrid solution (A)+(B)

Sample
code’

Sodium
alginate

(2

n-Octadecane

(@

Conc.
(Wt%)

Water
€3]

SDS

(2)

Solid
content
(Wt%)

n-Octadecane
in hybrid film
(Wt%)

Water
€)

A
(2

B
@

9.0
8.0
7.0
10.0
8.0
7.5

U(10)
U(20)
U@30)
H(9.1)
H(20)

H(28.5)

231.0
222.0
213.0
230.0
222.0
2125

3.8
35
32
4.2
3.5
34

1.00
2.00
3.00
1.00
2.00
3.00

0.03
0.06
0.09
0.03
0.06
0.09

8.97
17.94
2691
8.97
17.94
2691

240
230
220
240
230
220

10
20
30
10
20
30

10.0
20.0
30.0
9.1
20.0
28.5

4.0

4.0

“Method of forming emulsion-U/H: Ultrasonication/Homogenizing (Contents of n-octadecane, wt%).
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Figure 7. DSC endotherms of ISSF having the same n-octadecane
content by 20 wt%: (a) ultrasonication, n-octadecane domain size
0.67 um; (b) homogenizing at 7000 rpm, 3.77 um; (c) 4000 rpm,
6.11 um; (d) pure n-octadecane.
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Figure 8. Effect of emulsion process and n-octadecane contents on
efficiency of latent heat for ISSF.
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Figure 9. Effect of PCM size in polymer matrix on latent heat effi-
ciency of nm-octadecane in composites. (U) ultrasonication; (H)
rpm=7000; (L) rpm=4000; (C) composites of n-octadecane micro-
capsules from reference.”® The numbers in brackets mean n-octa-
decane content.

o] FEa 8-S $X3] ISSF EIE &
ez Eabde] F7)0) wigditia AEX
2 AFdA Az ISSF E3H8E52] LHE #tel| & <&
7k 30-60%2 3E3] WA U AL & 5 Ak o] &
3 Agshr] flske] SERZE Eade] 709 mE ISSF
E312 529 LHE <] W= Figure 99l YERA AT

2 AoMe dEd F4S 53k 10 um °]se] 271

A3 S FHO R 3o, olHtt AN & A
SEHZE ol AR &S A HEe FaEde)®
FEETE g LHE 38 o] Yehlo] A4S 1|

op 1o

100 +
—&— IS5Fs of this study
from reference [33]

80 4

60 4

Efficiency of latent heat (%)

40 4

20 T
=20 -15 -1.0 05 0o 0.5 1.0 15

Log (surface area/volume) of n-octadecane phase (um?um?)

Figure 10. Change of latent heat efficiency of n-octadecane phase
in polymer matrix according to specific surface area. Only ISSFs
having 20 wt% of n-octadecane were used.
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Figure 11. DSC curves of ISSF with 20 wt% of n-octadecane
before cycling, after 1 and 5 cycling.
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