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E8: 30-50 ume] Y=E zh= rlo|AZNES EEZ poly(acrylonitrile-co-methyl methacrylate)E 2, n-octaneS

R shz Fo|-d o] A vlolazes I SPG WEH S 3t T e FH sl 71Ee] dE
TR e YA FASIT Tk v B Al € ol EA] 7t o] FRe) el wE e 34
< X333tk Poly(vinyl alcohol)& QPEAIZ sle] s & HHo] miEslHA T FUs JEE BHom,
A ezl Fojo| AEslE o T3 a9t T3 71wA|E 1,4-butnaediol methacrylate (BDDMA)S 3
7188w #9473 36.8 um®| YAE LA FAEEATH g BDDMAE 0.05 mol% o= A5 dte]
&8t =7t 7P skt

Abstract: With aiming to prepare microcapsules having a particle size of 30-50 pm, thermally expandable capsules with
relatively uniform particle sizes consisting of a n-octane/poly(acrylonitrile-co-methyl methacrylate) core/shell structure
were synthesized using SPG membrane emulsification and suspension polymerization. Four steric stabilizers and five
crosslinking agents were employed. When poly(vinyl alcohol) as a stabilizer was used, the prepared capsules showed a
smooth and regular morphology and the liquid hydrocarbon (n-octane) was well encapsulated in the core. When 1,4-but-
naediol methacrylate (BDDMA) was used as a crosslinker, the uniform capsules with the average diameter of 36.8 um
were synthesized. The capsules prepared with 0.05 mol% BDDMA showed the best encapsulation efficiency.
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Scheme 1. Illustration of the experimental setup using Shirasu
porous glass (SPG) membrane emulsification apparatus.
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Figure 1. SEM micrograph of expandable microcapsules prepared
with conventional suspension polymerization method.
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Figure 2. Particle size distribution of microcapsules prepared by
conventional suspension polymerization method.

Table 1. Average Particle Diameter (Ds) and Size Distribution
(C.V.) of Microcapsules Prepared Using Different Crosslinking
Agent

Crosslinking agent Dsy (um)* C.V. (%)
BDDMA 36.8 66.8
BDDVE 6.51 39.5

DVB 86.6 81.8
DAC 0.124 13.0
AMA 26.4 59.1

“*Determined by particle size analyzer (Beckman Coulter, 1.S230%).
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Figure 3. Structures of various stabilizers used in this study: (a)
polyvinyl alcohol (PVA); (b) poly(methy! vinyl ether-co-maleic anhy-
dride) (PVM/MA); (c) methyl cellulose (MC); (d) polyvinylpyrrolidone
(PVP).
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Figure 4. SEM micrographs of expandable microcapsules prepared with different stabilizers: (a) PVA; (b) PVM/MA; (c) MC; (d) PVP.
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Figure 5. TGA thermograms of expandable microcapsules prepared
with different stabilizers.
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Figure 8. Optical micrograph particle morphologies prepared with
different types of crosslinking agents: (a) BDDMA; (b) BDDVE; (c)
DVB; (d) DAC; (e) AMA.
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Figure 7. Structures of various crosslinking agents used in this study: (a) 1,4-butanediol dimethacrylate (BDDMA); (b) 1,4-butanediol divinyl
ether (BDDVE); (c) divinyl benzene (DVB); (d) dially carbonate (DAC); (e) ally methacrylate (AMA).
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Figure 10. SEM micrographs of expandable microcapsules prepared with different BDDMA contents: (a) 0.00; (b) 0.03; (c) 0.05; (d)

0.08 mol%.
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Figure 11. SEM micrographs of heat-treated microspheres prepared with different BDDMA contents: (a) 0.00; (b) 0.03; (c) 0.05; (d)

0.08 mol%.
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Figure 12. SEM micrographs of heat-treated microspheres prepared with (a, b) 0.03 mol%:; (c, d) 0.05 mol% BDDMA at different magni-

fications.
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Figure 13. TGA thermograms of expandable microcapsules pre-
pared with different BDDMA contents.
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