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Abstract : A series of microcapsule were synthesized by using several PCM(Phase Change
Material) as a core material and gelatin/arabic gum, melamine/formaldehyde as a shell material.
Coacervation technique and in situ polymerization were adopted in synthesizing microcapsules. In
the microencapsulation by coacervation, tetradecane and octadecane were used as core materials. In
the microencapsulation by situ polymerization tetradecane, pentadecane, hexadecane, heptadecane,
octadecane, and nonadecane were used as core materials. The synthesized microcapsule was
examined to observe the shape of the microcapsule. The particle size analysis was performed by
particle size analyzer. The thermal properties(eg. melting point, heat of melting, crystallization
temperature, heat of crystallization, differences between melting point and crystallization
temperature) were obtained by  DSC(Differential Scanning Calorimeter). The stirring rate effect
was investigated during the microencapsulation. It was found that with increasing the stirring rate
much smaller microcapule was produced. However, this did not necessarily lead to formation of
spherical microcapsule.
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Fig. 1. Typical process for microencapsulation.
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Fig. 2. Interfacial polymerization.
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Fig. 3. in situ polymerization.
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2ol 9] A g RS EAEA
tetradecane® octadecane® ©| &€& %1z 73
EdEA dgd/oletlol HE ol gt in
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9 nonadecane(&£x 98%)& Acros A9 Al¢k

& Argasc
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Table 1. Characteristics of Complex
Coacervation

» G : Gelatine (water soluble protein)
Charge change from (-) charge
to (+) charge at pH 4.8

*A : Gum arabic (water soluble
polyanion) (-) Charge at whole
pH range

* Homogeneous aqueous solution at

pH

» Coacervatin occurs at pH 48 by

phase separation due to charge

change of G from (-) to (+)
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(1) Polycation (= Polyanion
Fig. 5. Phase diagram of gelatin/arabic gum
with pH change.
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Fig. 6. Encapsulation procedure by
coacervation.

Table 200y ®¥ &% 8000 rpm 2 9500
mmolAd AR AN G/AE °l&dn #4
2234 tetradecane® octadecane® °| & &
o] wigg ehidth

Table 2. Formulation Table of Coacervation

with G/A
N core | shen | Mixing
Formula speed
F1 tetradecane] G/A | 8000
F 2 octadecane | G/A | 8000
F 3 tetradecane| G/A | 9500
F 4 octadecane | G/A | 9500

A8 & 7hd Core B8 & o848 ¥4 Microcapsule Az 7]¢ 5

2.4. in situ ZEHO A% O|MH] Y= A=

2.4.1. Melamine/Formaldehyde(M/F) =:2| &2

H=E
M/F =Z2EnE WE7 A¥M= FF
(6mole)® formaldehyde?} ¥ .8 3}t
M/F =ZEIoE BEV] AT WS

Table 3] WelATH

Table 3. Recipe for M/F Prepolymer

Ingredients Parts
37% formaldehyde 100.2g
pH (by NaOH) 50~55
melamine 10g
reaction condition 65C~70C

olgA dolxl MF ZEYTE M2 W
gtof oo gEan JHE FAY 5 Ao
MF Ze &g 13 82 o83 5%
gkgo] o WA A Ang FAo @ 7
A}

242 MF Z2|E2io{ g o|&8 nlMY &S

Agoa d& MF =ZZEPE o834
#8a B3 tetradecane, pentadecane,
hexadecane, heptadecane, octadecane,
nonadecane £ WaA nA HFe3ddct 4
2 B #94 24 Aol AW ARHL F
ANZIA 98td MF Z2 &9 E caseindl
Qe olU(NH)H HHeAIA ¥Hg4d BE €2
ol=g A Tl ol v FEol=
oA casein® 4 EAQY tetradecane U3t
Ag NHAA Hol AT dHUHE B
casein® NH 183 w384 @& Fie
-CH,OH groupZt9 &% wh3-o2 u& A3}
A "ok, M/F ZE0E o] &% e W
¢4 BE F2OEE YAAIE Wyolth o
o thg W& Table 41 YEhAAT
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Table 4. Microencapsulation Recipe Using
M/F Prepolymer

Ingredients Parts
polyvinylpyrrolidone
(M,,=360,000) 2114g
HO 134mL
M/F prepolymer 27g
casein 8g

pH87, 80T, 1hr—257,
pH 44, PCM 50mL
—pH4.4, 60C, 4hr

reaction condition

mixing speed 8000rpm, 10000rpm

Table 40 el vfdtaiz 27428 @yt &
(8000, 10000 rpm)ol i3] A Agg A=
3t o] 848 PCME % 6% 22 o9 =&
4, 3t8t4 5& ¥ A8 Table 59 ol

Table 5. The Kinds of PCM and Their
Properties
perties mp
Chemical formula MW
tetradecane 5 CH3-(CH2)12-CH; | 198.40
pentadecane | 10 CH3-(CHz)13-CHs 212.42
hexadecane | 18 CH3~(CH2114-CHs | 226.45
heptadecane | 22-24 | CH3-(CHz)i5s-CHs | 240.48
octadecane | 28-30| CHs-(CHz)1s-CHa | 254.50
nonadecane | 32-34 | CHs~(CHz17~CHs | 268.53
3. W % 2@

3.1. Iotd 2ol Mol 24t DM Wmo| HEN

Table 201 A|AE @il & Fojx viA
A&E #vld A& Figure 7, 8 9, 109

BERmEe

Yetldch Fig. 7, 84l4 B F 59| cored
4ol 5 T tetradecane Hui: §3 o] 28
T2l octadeane®] Y=7F BH HLe Aoz Y
bty wnk £58 8000014 950008 F7HA
718 YEE AFE ZAEA 48 ¢ F Uk
Wig 1, 2, 3, 49 28} AZE capsuled A
How ulAslgevicore 30| octadecaneg]
299 vlM fHgol FE o AL & F
;=3

Fig. 7. Microphotograph of microcapsule with
tetradecane(8000 rpm).

Fig. 8. Microphotograph of microcapsule with
octadecane(8000 rpm).
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100
Fig. 9. Microphotograph of microcapsule with
tetradecane(9500 rpm).

Fig. 10. Microphotograph of microcapsule with
octadecane(9500 rpm).

3.2. M/F =2|#2i0{i 0|88 Ym| HEN
Fig. 119l PCML.2A] tetradecaned o}&
39z olE 8000 rpm¥ 10000 rpmolAl WA
A&5atd S W ol = microcapsuled] A
o4 AR g Jdepdidc wt £x0t o1
TE a A 7| dojHE & F UATh

A§3E 717 Core 3§ o8¢ U4 Microcapsule Mz 71& 7

(a)

(b)

Fig. 11. Microphotograph of microcapsule with
tetradecane (a): 8000rpm (b) 10000
rpm.

Fig. 1291+ PCM2 24 pentadecaned ©]-&
3t ©]E 8000 rpm# 10000 rpmol A w4
Aessd e o dojAE v Peo ANE
v 7 ARRE JERIITH 8000 rpme 2 GukEt
AE 9 doiRe uA PEste BYo] o
MEE 4 7 AR, 233 ik &%
100002.2 F7HA1710 dibHez vt HA
e AE &+ ey miA fHe Bofol
oA Boldg & F U
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Fig. 12. Microphotograph of microcapsule with
pentadecane (a): 8000rpm (b) 10000
pm.

Fig. 1391+ PCM2 24 hexadecaned ol &
Bl ©o]& 8000 rpm3} 10000 rpmofA w] A
A& GL d doAAE vlA Pge AP
073 AMRE Jehdiid. 8000 rpmeg mub
e b4 oA ulA PEe Boko] FH
7SS ¢4 F Un, BY £xr FARS
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A ch

(a)

' (b)

Fig. 13. Microphotograph of microcapsule with
hexadecane {(a): 8000rpm (b) 10000
DM,

Fig. 149} PCM.2 24 heptadecaned o} &
B3 ©]& 8000 rpm3} 10000 rpmol Al m) A
RAadsd o dojxE vlH Yeo 4A4F
A A& e 8000 pme g myhat
A& W oA erd Faee Yol PN
Holg g o & UA¥z, ugt &£x71 S7igs
& BYol +8E FASH vlAE v Hgo
dolHE & F UUTh
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Fig. 14. Microphotograph of microcapsule with
heptadecane (a): 8000rpm (b) 10000
Tpm.

Fig. 1591 PCM2 24 octadecane® ©} &8
A3 ©o]& 8000 rpm3 10000 rpmel Al w4 #
£33 g W o= v Pee AAHN
7 ARE JEeERATE 8000 rpmo 2 weka g
& W FoXlE A Ys 2P
heptadecane® vl F3Ho A HojgdS
& £ Uda, ag £zt FAE4E 5ofol
THE& FAY Mg vlA Bgo] dojAL
4 5 YAt

AE&d& 7k Core #W & o] &% UH3t4 Microcapsule % 7}

o)
O

{(b)

Fig. 15. Microphotograph of microcapsule with
octradecane (a): 8000rpm (b) 10000
rpm.

Fig. 1691+ PCM2 24 nonadecaned ©| &
3G 3 ©]& 8000 rpm¥} 10000 rpmoll A v A
Ae HAAE W dolA:= oA Pgo ANF
7 AFRE JEht 8000 rppme 2 myka)
FE W dojxle mlA Aee HPL
heptadecane % octadecane® vl 7} 2 7§
AA Hoigdg & 4 UA:, WWERI F}
S4& Bofol FHE FAE Mg vA 7
o] dojA} Az §3Ho USE ¢ + o
o},
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Fig. 17. DSC thermogram for tetradecane.

10
st
(b) E ool
Fig. 16. Microphotograph of microcapsule with é
nonadecane (a): 8000rpm (b) 10000 ER
rpm.
10k
I i . i L " L
3.3. M/F Z2iR20E 0|88 s T - . t " r pos >
Yy Temperature (°C)
Table 6. Particle Size Data(8000 and 10000rpm) Fig. 18. DSC thermogram  for pentadecane.
. Mean particle size s
Microcapsules(rpm) My zem)
8000 10.9 tor
tetradecane 10000 35 Sl
tad 8000 25.4 T ol
pentadecane ™ 10000 15.2 £
8000 14.2 e 5r
hexadecane 10000 107 E ol
heptadecane 275
eptadec 10000 11.0 sr
8000 29.1 -20 | A X ) . A ) )
octadecane 10000 09 -5 [ s 0 15 20 25 30
g 8000 46.0 Temperature (°C)
nonadecane 140000 6.7 Fig. 19. DSC thermogram for hexadecane.

- 282 -



Vol. 18, No. 4 (2001)

Heat flow (mw)

| i i i
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Fig. 20. DSC thermogram for hepatadecane.

20 &

Heat flow (mw)

20 &

A 1. i i

10 20 30 40

Temperature ("C)

Fig. 21. DSC thermogram for octadecane.

Table 7. Thermal Data for the Microcapsules

A&8& 713 Core B2 &

o}-&-% W44 Microcapsule AlZ 7i¢ 11

20f
10}
%
E o}
2
[~
o
& -0f
20F
1 L. L 1 i
10 20 30 40 50
Temperature (°C)

Fig. 22. DSC thermogram for nonadecane.

Figure 17~229< 6%¢ PCMo| W&l +&
Al vdEhve FEn 583, 44 A JeEhe
Fdax dAHs 2xE OEZAEY] 93
DSC(Differential Scanning Calorimeter)ol] ]%t
g 248 dqrh ol 6%F9 PCME] W3l
T2 A vEhvE Fdd 58533, ¥ A YE
e Add 243 X & Table 790 eEhd
2t} Pentadecane, heptadecne, nonadecane®)
DSC thermogramol A & 2% g4
BEEd 9% xeiol veidoen, 84 B
9 HEE& ALY " ESdd o7 FAde
Adstn el At

Table 7904 7} 9o 713 &L diA
&L octadecane o & W}E}S 9 0 hexadecane

roperes or;l;g; Sglx)xe H?)?xt }?cfeagur?;on or’fscet(.‘lczzlue crys}t{ael?itzai_)t{ion AT(TC)
Microcapsules on heating (J/g) on cooling 0 &(/)gl)mg = | Tm-Tc |
tetradecane 47 124.88 356 91.46 121
pentadecane 9.42 143.23 5.33 139.34 0.09
hexadecane 1745 196.21 1556 186.22 1.89
heptadecane 21.00 82.82 20.32 79.70 068
octadecane 2821 24596 26.01 230.73 047
nonadecane 32.20 155.32 30.88 145.79 1.32
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> nonadecane *= pentadecane > tetradecane
> heptadecane?] €42 AL o F Uk
ddado] 714 EHE  microcapsule® YA
octadecane2 ® UE}yeu]  hexadecane >
nonadecane *= pentadecane > tetradecane >
heptadecaned] #AZ ZAA2EE ¢ + 9t 2
A3 2937 A] Aol 2=x AT(O)E
hexadecane®] 7}% =3I nonadecane >
tetradecane > heptadecane > octadecane >
pentadecane®] #A2 el o2 § 2EX
£ hydrocabon®] A8 o] & Ut

4. A8

WiAde] e PCM viAM Hed HE &3
Aa}el/o}2v|o} 2, melamine/ formaldehyde
ZEav e §4% o8 PCMd dig] =4 A
&2 A doiW PCM 9lA Aae YA ¥
HE 4AEr 3 AbeR BAGT Y
71o} ol8f HH Ydx My (pm)E FABH LY
DSCE& o83 ¢2 A §H(Tm) , 2 A
4% (J/p), 47 A BAS} &x(Tc), ¥4
A Llg= R J/e), AT(CHTm-Te) &
tetradecane, pentadecane, hexadecane,
heptadecane, octadecane, nonadecane® ¥ g3}
= A Aed du FAHIdAG FEF
Octadecane > hexadecane > nonadecane *=
pentadecane > tetradecane > heptadecane$]
A2 F2Ee 4 F UG SEF 9] FE
ZFo] Az AL & F Uy 28y §
£ -3k Al AHol 2xa AT(T)E
hexadecane®l 7} 23l nonadecane >
tetradecane > heptadecane > octadecane >
pentadecane®] &AM 2 YERRTH
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