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Abstract

Thermal comfort using microencapsulated phase change materials (MPCMSs) in innovative
textile products and are widely investigated for their highly added value and processes related
to microcapsule application to textiles are rapidly increasing to get the optimum performance.
This study is focused on the preparation, characterization, and determination of thermal
properties of microencapsulated n-hexadecane with poly(methyl methacrylate-co-methacrylic
acid) (PMMA-co-MA) to be used in textiles with heat storage property.

Introduction

In recent years, the use of phase change material (PCM) for thermal energy storage has gained
extensive attention owing to increasing energy consumption and environment pollution
problems [1]. Phase-change materials (PCMs) have been used as thermal storage and control
materials because of the heat absorption and release that occur upon a change of phase [2-4].
In 1987, the microencapsulation technology of PCMs was developed and incorporated with
textile materials [5]. Currently, for garments and home furnishing products,
microencapsulated PCMs are incorporated into acrylic fibers or polyurethane foams, or are
embedded into a coating compound and topically applied to a fabric or foam [6]. Some
researchers have tried to apply PCM technology to protective garments worn in extreme
environments, from cold water to hot deserts [7, 8].

Fabrics with thermal regulating property are intelligent textiles having the property
responding to external temperature changes. The thermal comfort property depends on the
heat fluctuations in the range of the human body and the environment. Many efforts have
been devoted to induce a thermoregulatory effect into textiles, for example the presence of
microcapsules containing phase change materials (PCM) are added to textiles [9, 10].

The microencapsulation of PCMs involves enclosing them in thin and resilient polymer shells
so that the PCMs can be changed from solid to liquid and back again within the shells [9].
Applications of PCM containing microcapsules into textiles include apparel, blankets,
medical field, insulation, protective clothing and many others [11].

This study focused on the preparation, characterization, and determination of thermal
properties of microencapsulated n-hexadecane with poly(methyl methacrylate-co-methacrylic
acid) (PMMA-co-MA) to be used in textiles with heat storage property. n-Hexadecane core-
poly(methylmethacrylate-co-methacrylic acid) (PMMA-co-MA) shell microcapsules were
prepared with 1, 5, and 10% MA content to make the outer surface functional.
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1 Materials and Methods

1.1 Materials

n-Hexadecane (Fluka) was of analytical grade and used as received. Methyl methacrylate and
methacrylic acid monomers (Merck) were used to synthesize co-polymer shell of
microcapsule. Methyl methacrylate monomer was washed by NaOH before use. Ethylene
glycol dimethacrylate was used as a cross-linker. Triton X-100 (Merck) was used as received.
Ferrous sulfate heptahydrate and ammonium persulfate were also of analytical grade and used
without further purification.

1.2 Microcapsule Preparation

Methyl methacrylate (100 g), methacrylic acid (1, 5, and 10 g in each of 3 different products),
ethylene glycol dimethacrylate (10 g or 20 g), and n- Hexadecane (100 g) were assembled as
oil phase in emulsion system in a total of 400 mL deionized water. Oil phase was emulsified
using 10 g of Triton X-100 (surfactant). Suitable mixing speed was determined as 10000 rpm.
The reaction mixture was homogenized at 50 °C using a mechanical homogenizer. Reaction
was initiated by the addition of 1 g of ammonium persulphate (Na;S,O7) and 8 mL freshly
prepared FeSO, ¢ 7H,O solution. Reaction medium was heated to 80 °C and maintained at
that temperature for 30 minutes by stirring at 500 rpm. The reaction continued for five hours
at the same temperature and stirring speed. The colloidal emulsion was concentrated by
casting water and the precipitate was dried under vacuum at 40 °C.

1.3 Microcapsule Characterization

Thermal properties of microencapsulated PCMs were determined using a differential scanning
calorimeter (DSC, Perkin-Elmer Jade) at the heating and cooling rate of 10 °Cmin™ between
—5 °C and 80 °C under a constant stream of nitrogen at a flow rate of 60 mLmin™. The
spectroscopic analyses of the microcapsules were performed on KBr disks using a FT-IR
instrument (Jasco 430) between 4000-400 cm™. The particle sizes of microcapsules were
measured using a particle sizer instrument (Malvern). Microcapsules were mixed in water at
10000 rpm to avoid clustering before testing. TGA was carried out on a thermal analyzer
(PERKIN-ELMER TGAZ7). The TGA instrument was calibrated with calcium oxalate from 25
to 600 °C at a heating rate of 10 °Cmin* in a static air atmosphere. DTG was also obtained to
determine maximum rate of weight loss.

2 Results and Discussion

DSC curves of poly(MMA-co-MA)/n-hexadecane-1 microcapsules were shown in Figure 1
and the data from the DSC analysis of poly(MMA-co-MA)/n-hexadecane microcapsules were
given in Table 1. Thermal properties evaluated from the curves indicate that poly(MMA-co-
MA)/n-hexadecane-1 microcapsules melted at temperature range of 16.4—17.5 °C, crystallized
at temperature range of 14.5-15.5 °C when pure n-hexadecane had a melting point of 18.2 °C
and a crystallization point of 16.2°C. The latent heats of melting and freezing of
microcapsules were measured to be between 127.9-67.9 J/g and between — 69.3—129.7 J/g,
respectively.
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Fig. 1: DSC curves of poly(MMA-co-MA)/n-hexadecane-1 microcapsules

Tab. 1: DSC results of poly(MMA-co-MA)/n-hexadecane microcapsules

Melting | Melting - N
. Monomer . Crystallization | Crystallization
Microcapsules constitution Enthalpy PS'”t Enthalpy (J/g) Point (°C)
(J/9) O

Poly(MMA-
co-MA)/n- 1% MA 127.9 17.5 -129.7 15.5
hexadecane-1
Poly(MMA-
co-MA)/n- 5% MA 76.9 16.9 -77.9 15.3
hexadecane-2
Poly(MMA-
co-MA)/n- 10 % MA 67.9 16.4 -69.3 14.5
hexadecane-3
Source: Own

The thermal stability of the microencapsulated PCMs was investigated using TGA. Figure 2
shows the TGA curves of Poly(MMA-co-MA)/n-hexadecane microcapsules and the
degradation temperatures of microcapsules were tabulated in Table 2.

Tab. 2: TGA data for PMMA/n-hexadecane microcapsules

Microcapsules Degradation interval Weight loss
[°C] [%0]
80-175 (1 step) 37
Poli(MMA-co-MA)/n- hexadecane -1 175-270 (2 step) 6
270-410 (3 step) 55
100-175 (1 step) 22
Poli(MMA-co-MA)/n- hexadecane -2 175-275 (2 step) 6
275-410 (3 step) 71

Source: Own



As it can be seen from the Figure 2 and Table 2 that poly(MMA-co-MA)/n-hexadecane-1
microcapsules degraded in three steps. The degradation of n-hexadecane started at 80 °C in
Poly(MMA-co-MA) microcapsules while Poly(MMA-co-MA) shell degraded in two steps at
175°C and 270 °C. Degradation processes were complete at around 410 °C in the
microcapsules.
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Fig. 2: TG curves of poly(MMA-co-MA)/n-hexadecane-1 microcapsules

FT-IR analysis were used to prove the synthesis of microcapsules. For this reason the spectra
of the ingredients and the microcapsules were given in Figure 3 and tabulated in the Table 3.
The following remarks are from the FT-IR spectroscopy analysis;

e The peaks of C =0 at 1741 cm™ and 1698 cm™ in the IR spectra of MMA and MA,
respectively were overlapped and emerged at 1731 cm™ in the microcapsules.

e The peaks observed at 2923 cm™, 2854 cm™, and 1455-1388 cm™ and 1241-1149 cm™
ranges in IR spectra of microcapsules are characteristic peaks of paraffins. These
peaks are proving the paraffin constitution in the microcapsules.

e The peaks at 1631 cm™ and 1635 cm™ in the spectra of MA and MMA are —C =C —
stretching peaks and they are invisible in the spectra of microcapsules. This result
proved the synthesis of poly(MMA-co-MA) microcapsules.

e According to the spectra of microcapsules, intensity of carbonly peaks at around 1440
cm™ increases with the MA content and -OH stretching vibration band at 3400-3600
cm™* becomes apparent.
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Fig. 3: FT-IR spectra of MA (a), MMA (b), n-hexadecane (c), poly(MMA-co-MA)/n
hexadecane-1 microcapsules (d), poly(MMA-co-MA)/n hexadecane-1 microcapsules
(e), poly(MMA-co-MA)/n hexadecane-1 microcapsules (f)

Tab. 3: FT-IR data of poly(MMA-co-AA)/n-hexadecane microcapsules

Materials Fr(egntﬁr)lcy Bond Functional groups
Poly(MMA-co- 2923 and 2854 C-H stretch | Paraffin
MA)/n-hexadecane-1 | 1731 C=0 stretch | Esters and Carboxylic acid
1455 and 1388 C-H bend Paraffin
1241 and 1149 C-O stretch | Esters
Poly(MMA-co- 3400 and 3600 OH stretch | Copolymer
MA)/n-hexadecane-2 | 2923 and 2854 C-H stretch | Paraffin
1729 C=0 stretch | Esters and Carboxylic acid
1452 and 1388 C-H bend Paraffin
1241, 1147 C-O stretch | Esters




Materials Fr(egrlrj]ir;cy Bond Functional groups
Poly(MMA-co- 3400 and 3600 OH stretch | Copolymer
MA)/n-hexadecane-3 | 2923 and 2854 C-H Paraffin
1729 C=0 Esters and Carboxylic acid
1454 and 1386 C-H bend Paraffin
1267,1241 and 1147 | C-O stretch | Esters
Source: Own

Figures 4, 5, and 6 present the particle diameter distributions of the prepared microcapsules. It
is clear from the figures that the average particle sizes vary at different amounts of MA
contents. The size of the poly(MMA-co-MA)/n-hexadecane-1 has a narrow distribution and
the average particle size is 19.2 um as shown in Figure 4 as it varies between 1-30 pum. When
the amount of MA content is increased to 5% and then 10%, the average particle size of
microcapsules goes to 14.77 and 24.51 um, respectively. In the meantime, the particle size
distributions are narrow as shown in Figures 5 and 6 as the particle size of Poly(MMA-co-
MA)/n-hexadecane-5 and Poly(MMA-co-MA)/n-hexadecane-10 varies between 1-20 pm,

and 2—-20 um, respectively.
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Fig. 4. %1 Poly(MMA-co-MA)/n-hexadecane microcapsules
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Fig. 5: %5 Poly(MMA-co-MA)/n-hexadecane microcapsules
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Fig. 6: %10 Poly(MMA-co-MA)/n-hexadecane microcapsules



Conclusion

Poly(MMA-co-MA) microcapsules containing n-hexadecane as a core material were
produced for their functional surface to be exploited in textile applications. The microcapsules
are capable of absorbing latent heats between 68 128 J/g during melting and releasing
between —69 and — 129 J/g during solidification. The data obtained from particle size
analyzer instrument indicated that the mean particle sizes of microcapsules were ranged
between 1 and 30 pum, which were suitably narrow for the applications. The synthesis,
presence of n-hexadecane, and reactive groups in the microcapsules were proven by FT-IR
spectroscopy analysis. The phase change temperatures of the poly(MMA-co-MA)/n-
hexadecane microcapsules prepared were very close to that of n-hexadecane. Three types of
PMMA/n-hexadecane microcapsules with suitable phase change temperatures and
considerably high enthalpy were produced to be used as thermal comfort additives in textiles.
The reactive surface of the microcapsules was bound to textiles easily due to electrolytic
interactions, or reacted to textiles by chemical means.
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MIKROKAPSLE POLY(METHYLMETHAKRYLAT — KOPOLYMER) / KYSELINY
N-HEXADEKANOVE PRO TEPELNY KOMFORT TEXTILII

Tepelny komfort ziskany pomoci mikrokapsulovanych materialti se zménou fazi (MPCMs) u
inovacnich textilnich vyrobkl je Siroce zkouman pro svou vysokou pfidanou hodnotou, a
procesy spojené S aplikaci mikrokapsli na textilie se rapidné zrychluji ve snaze dosahnout
optimalniho vykonu. Tato studie se zamétila na ptipravu, charakterizaci a stanoveni tepelnych
vlastnosti mikrokapsli  kyseliny n-hexadekanové s poly (methyl -methakrylat-
komethakrylovou kyselinou) (PMMA-co-MA), které mohou byt vyuzity u textilnich vyrobki
s tepelné izola¢nimi vlastnostmi.

POLYMETHYLMETHACRYLAT-MIKROKAPSELN ZUR GEWAHRLEISTUNG
VON WARMEKOMFORT IN TEXTILIEN

Der Wirmekomfort, wie er mit Hilfe von Mikrokapselmaterialien bei Anderung der Phasen
(MPCMs) bei innovativen textilen Erzeugnissen gewonnen wird, wird wegen seines hohen
Zugabewertes griindlich erforscht. Die Prozesse, die mit der Anwendung von Mikrokapseln
an Textilien verbunden sind, beschleunigen sich rapide bei der Bemiihung, optimale Leistung
zu erreichen. Diese Studie konzentriert sich auf die Aufbereitung, Charakterisierung und die
Festlegung von Wirmeeigenschaften der Mikrokapseln der Sdure n-Hexadekan-
Polymethylmethacrylat-Komethakryl-Saure (PMMA-co-MA), die bei Textilprodukten mit
isolierenden Eigenschaften genutzt werden kénnen.

MIKROKAPSULKI Z KWASU N-HEKSADEKANOWEGO Z POLIMETAKRYLANEM
METYLU — KOPOLIMEREM DO KOMFORTU CIEPLNEGO TKANIN

Komfort cieplny uzyskany przy pomocy materialdéw mikrokapsutowanych ze zmieniong fazg
(MPCMs) w innowacyjnych produktach tekstylnych jest przedmiotem szeroko zakrojonych
badan ze wzgledu na wysoka warto$¢ dodang. Coraz bardziej do tkanin stosowana jest takze
technologia mikrokapsutowania, co ma na celu osiagnigcie optymalnej wydajno$ci. Niniejsze
opracowanie dotyczy przygotowania, scharakteryzowania 1 okreslenia wtasciwosci cieplnych
mikrokapsutek kwasu n-heksadekanowego =z polimetakrylanem metylu-kopolimerem
(PMMA-co-MA), ktore mogg byé wykorzystane w produktach tekstylnych o wtasciwosciach
termoizolacyjnych.



