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Abstract : Composite particles using inorganic and organic chemicals were synthesized and the results of those reaction
were compared to variation of temperature and agitation speed in presence of CaCO; which was adsorbed SDBS. Also
the synthesises were optimized according to conversion rate of composite particles.

In inorganic/organic core-shell composite particle polymerization, CaCOs adsorbed by 0.5wt% surfactant SDBS was
prepared initially and then core CaCO; was encapsulated by sequential emulsion polymerization using MMA at the
addition of APS 3.16X10”mol/L to minimize the coagulated PMMA particle itself during MMA shell polymerization.
Encapsulated PMMA on CaCO; as inorganic/organic core-shell particles was verified by FT-IR and DSC analysis. It was
found that the CaCO; was very well encapsulated by PMMA as shell. The surfaces were distinctly found as spindle
shape and broad particle distribution - after capsulation.
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Fig. 1. Effect of APS concentration on PMMA encapsuation
in the presence of CaCOs

MelobEatalx], M9 M1 %, 200441

&2 #AE Yehldch SDBSS] H7taol B
F2 AH Adee 7R Heshe 0.5w%
SDBS7} AH7bd Aol 7FF &gk} o] AL CaCOs
Az H719 SDBSZo| 0.5wt%7H4] Z7Vee) ut
2} CaCO; E'Hol|l A PMMA7Z} 8= %1 7] wiiEol L,
0.5wt% o)oll A= CaCO; YAEH FA= I
& o] SDBS7F & ol Hof o]Fo] S-3g A
29 PMMA JAE A7 il fest F&
2 rolx|= uidel A WSS ASHUY] o
Fo|t}. Fig. 32 CaCO:E A= o FHAIZ AR
g e ML 943 TF SDBS9} SLSE AR
st AREAAA 7 2 CaCOE A Z3ka MMA
o] Aggy Medt & vastyrh Fig 3014
SDBSE A3 7497} SLS A-¢Hoh HEE7 7
&3}o] #gol BF Edth o7& SDBS7} SLSH.
ot HEIHAHNA fEse] 3kl PMMAS
CaCO; EHoZ & Fa3197] wEolrth wabA
shell F3olld A& P&ste] +&& Fol7)
s BeF HHe #3834 ¥ I =% SDBS
0.5wt%o] k.

© Mixture particle
¥ Capsulation particte

Conversion (\W.%)
®

IR} 0.2 03 a4 05 a6 07 08 09 1 ﬁ

SDBS Content (Wt.%)
Fig. 2. Effect of SDBS content on PMMA encapsulation in the
presence of CaCOsz

§ w
< =<
[ =
s ® 05 8
e a
>
S m
8 O Mixture particle with SDBS

v Mixiure particle with SLS

7% O Capsulation paticle with SOBS

© Capsulation paticle with SLS

n 0

o1 02 03 04 05 06 07 08 03 10
Surfactant Content (Wt.%)

Fig. 3. Effect of kind and concentration of surfactants on
PMMA encapsulation in the presence of CaCOs

83



459, g, LBCL AR, olhe

Conversion(%)

O CaCO,adsorbed SOBS
20 - A CaCo, added SDBS
before polymerization

ot ' n 1 . e

'
80 120 180 240 300

Time(min)
Fig. 4. Conversion-time curves of MMA polymerization in the
presence of the CaCOs core

Fig. 49l CaCOzoll F2tgl AAEAA7L shell
S8l VA= 9FE B3] 918 SDBS/F &3
H CaCOsoll MMAE: shell F3tsle 799 53¢
SDBSE shell 53 2o CaCOol| #7715t MMA
7} shell g% wo] A#&-S el o o
0.5wt%2] SDBSZ H7lsted 2§ CaCO39)A
SDBSO] Fagg AT A7 025wt% 9L B
e o] AL 025w%<] SDBS:= CaCOsE A%
3w AAHF Arhagels AL wEolet
F&9r)

Fig. 40l 4] 025wt% SDBS7} &8 CaCOyol shell
TS NS W] dekgo] SDBSE At &3
A7 5t T Aol FFE H7HE CaCOsol
shell F3tsh= 4920} Wtk o] A& SDBS7} &
Zg A9 WL %o SDBS7F CaCO; ¥ol| &3
5 o] MMA7} CaCO; FEHollA F§o] AA3] do]
vhe whde, F3adel] SDBSE A7He A9
SDBS7} CaCO; ¥¥el| 2% Fabs|z] okx 4§
ol mAE st FU AL CaCOs
o WEsHA $e GEo] PMMA U7} th &
dElo] AEgo] F7HEA7] wEolu).

Fig. 59} 6ol AR 38 CaCOsU =}
o] APSEEE 3.16 X 10°mol/LE 319} PMMAZS 74
A7 CaCOYPMMA E3kizte] Aojn EgEA
AFE- S Vel Aolth Fig 59] CaC0s3l 7%
¥ 3400cm”, 1400cm” ~12)51 840cm’ oA CaC0;2)
FRol EAlshz s2elAM vEht= OH79F COs9
AENFOZRE CaCOE o3 4 ggon,
Fig. 69 4= CaCOso} 547 438ty PMMAR S
E} 2960cm’' 3} 2870cm’ o A] 27 71e) CH3 A1%7
5, 1450cm™ 5ol ] -CHy- WZ}R1%, 1750cm o] 4]

84

100.0

CaCOs

Ve s4per!
COs
1400¢a!

Transmittance (%)
-1
3
—
/
8

a
4000 3000 2000 1000
Wavenumber (cm”)

Fig. 5. FT-IR spectra of CaCOs adsorbed SDBS

a
8|CaCOs-PMMA
g
3 ~
=
: 4
g \ 280cr?
& o-H
b 3400c!
=
€0
/ 1250cm, 1160cr !
C0s X
0 1
et
o
3 .
4000 i) 2000 1000

Wavenumber (cm™)

Fig. 6. FT-IR spectra of CaCO¥/PMMA core-shell particle

oz olES] C=0 A1&7%, 183 1250cm’ 2
1160cm™ o ] o} do]EL] C-O AZRE0)] L}g}
1L, 1650cm’ ol A @ MMAS) o]ZAgo] &
Al e AoF Kol CaCOsol PMMAZ} 53}
o] HAUeS Felarh

313 gL

Fig. 7& MMAS] &35 98 T34 v
58 50~95C7HA 2elst deg7 Heste] -
& A1) oldf AMAAE APSE Algalo]
FTEANE 1At 2 sk 85TolA Adgw}
Aashgo] 7P it} ol AL FHLEIF A3
off wel HAIAS gt dAjo] Fol FE&wr)
F7MEBR HESo] Y FEAI A o
Folr} 85Co)de) xoAe & o2 H3kg:
& Z715) 2% PMMAS] 554 0] ol CaCOsx
Holl 257 9h5l PMMA 718 ME §X =] 7)
“#38le] Fgo] Yol A& YeRz gk

Journal of the KIS, Vol. 19, No. 1, 2004



#AxIsiHol 27)/87| Core-Shelle] xizol| a5t o1

100 10

8

-
x
<
8
2 =<
£ w 05 B
2 a
<
Q
]
O Mixtwe paticle
n v Capsulation particle
1] 1}
4 50 80 70 80 €K 100

Reaction temperature (°C)
Fig. 7. Effect of reaction temperature on PMMA encapsulation
in the presence of CaC0s

314, WHkEE

Fig. 8oll= nRl& %7 MMAS] 738l 12
FEFES VERSILE Aghee unmE ) mELE
S7Veta HEslel 8-S 250mpmoll A 713 =gk
ot B wWHEEI A HEgo] BA U e
Saito 57°] kg EAskl A MMAS] F-8-8h4]
THE AR A} 2 Aot Saitool] oJFHH b
< ANE T A g B4 Agrt A
ato] ZAFEHOIY ghex Aol 2 FigAo

Hol & £ A E B A7l 289

PO e e ke Re A Ago] 2t

AL WiEEd B2 wRHe F/) F3lE 3
wolm, 250mpm o)A FEYAL]
be e wE i ARE A TP
MMA7} CaCO; QREE®o) F25]2] a1 5249
Fol &= e oAl o) @5 PMMA ¢
A7F B457) dgoltk. AArlel A Fgel 7 A
A3 Wy 250mpmo] ek,

¥ oi:, e £
Y
N

fo g

o
2o
L

100 10

Eal
g
5" 3
= [}
g 05 &
c n
Q
Q

O Mixture paiticle
& < Capsulation particle
50 o
0 100 200 300 400

Agitation speed (rpm)
Fig. 8. Effect of agitation speed PMMA encapsulation

Lteformsts|x], &19A M1E, 200444

315 dEAo] 2]3 Coreshell YA}

Fig. 9= SDBS¢} APSE 33 PMMA zhel~
(@9} CaCO3E coreZ 3t PMMAE HA&3A7]
CaCOyPMMA core-shell 2H20/80wt%)b)e] 2]
Hol 2 E(TY)E 243 DSC ZAolth. oAl b
Ehd ujel 2ho] (@9} (b) BT <F 10T Tzt v
EPstTt. ()] PMMAS} (b)2] PMMAS] Ty7} u]s:dh
Ao 2 Hol shell HEo] 5= PMMA= PMMA
gtel 20l FAL3E HE|E CaCO;TWHNA Z3H 0]
AL IS & F AUk

50

&

(a)

s
=}

(b)

Heat Flow Endo Up (mwW)
2 ®

®

=

40 60 80 100 120 140 160 180 200 20 240

Temperlture("t:)
Fig. 9. DSC curves of PMMA homopolymer
(a) and CaCO3/PMMA core-shell polymer(b)

(b)
Fig. 10. SEM micrograph of CaCOs@) and CaCOy/PMMA
core-shell particles (b) at 5000 X magnification

85



4o, A, o

b
Fig. 11. SEM micrograph of surface of epoxy resin dispersed
with CaCQs (a) and CaCOs/PMMA core-shell parti-
cles (b) at 20,000 X magnification.

3.1.6. 4AFH 2|3 Coreshell YA}

Fig. 108] CaCOx@)%} CaCOYPMMA (20/80wt%)
core-shell YZHb)S] SEM (JSM-35CF)ol <9]&t mor-
phologyE& YER Zolth CaCOs@)t W&EEE
EMia glon} (bye] ¥wo| v3o utEAL |
23 CaC0sol E3¥ PMMAYL & 38lE0i17] o
Zo|th Fig. 112 1%9] CaCOs7t ollEA] 270l
AHE A 5(a)9} E3F<e] CaCOyPMMA core-shell 12
7t NEA FAel EArE AEb)e] EH morpho-
logyolth. 8 BE-L CaCOy} BAIH R g1 X%
Fojao)i £ BB CaCO7t ol EAL 4]
Eabgl wofolrh (@0l & Wil B3 Ao=
1o} CaCOs7} o} EA] Aol BAte] & HA &%
So] #AFAk 13y (b)) A= CaCOo; EH
o A3 PMMAR Q1A o ZA] 3o 2 &
Abo] o] gl5-& AT + AUk

4. 4 E

F3E%l olsh MMAZE <3te CaCO; Core-
shell B-g]1zto] wr8-& ARSI o5 EjFUA
Ao sl d4te Ade theE o] s.okd

F gk

86

#

Ql. HR, opie

1) CaCOYPMMAQ0/80wt%) Aol 4] CaCOsE A%
& o] 0.5W%2) SDBSE #7}shil 250rpm, 85°Col
A Z3st wWob APS F % 3.16X10°molLE Z§3
Ao| A&ste] &) 7 #Urh

2) HojM B3R AutzFE CaCOyPMMA &
gelatel AEs & HASS AT F AU

3) CaCOYPMMA E-3-Q)xte] G#A] Aol
Aol 2E(TY < 110C=E FAHNUH Y=}
zorel AeiE 243 AN T YESIHE &
ag = AT

A 2 AT BEFH A G kosed) 2|
NzEA ERA FANE AFMERIZ2002-
058-03003-0(2003)) A o2 F3P=UE.

=
[L

A2ungd

L. E. Nielsen, “Mechanical Properties of Polymers
and Composite”, Marcel Dekker inc., 1974.

M. Hasegawa, K. Arai, S. Saito, “Uniform Encap-
sulation of Fine Inorganic Power with Soapless
Emuision Polymerizaiton”, J. Polym. Sci. Part A,
Polym. Chem. Vol. 25, No. 11, pp. 3117~3125,
1987.

A, olulg, Ay, AL, TR, 873
%3}29] Core-shell Binder®] #|zo] #3k
T, 2kedetA 83 <] Submitted, 20031 6.
o]ME, FEL, olulf, AFY, 3t 3l
9]3t Methyl methacrylate/ StyreneA| Core-shell
ghels A} A zol| B A7, FIaFEE,
377, A1, pp. 21~30, 2002.

W. D. Hergeth, P. Starre, K. Schmutzler, S.
Wartewig, “Poly- merizations in the Presence of
Seeds : 3. Emulsion Polymerization of Vinyl
Acetate in the Presence of Quartz Powder”,
Polymer, Vol. 29 No. 7, pp. 1323~1328, 1998.
K. Furusawa, Y. Kimura, T. Tagawa, “Syntheses of
Composite Polystyrene Latices with Silica Particle
in the Core”, J. colloid and Interface sci,, Vol.
109, No. 1, pp. 69~76, 1986.

M. Konno, K. Shimizu, K. Arai, S. Saito, “Soa-
pless Emulsion Polymerization of Methyl Metha-
carylate in Water in the Presnece pf Barium Sul-
fate”, J. Polym. Sci. Part- A, Polym. Chem., Vol.
25 No. 1, pp. 223~230, 1987.

3)

4

5)

6)

7

Journal of the KIS, Vol. 19, No. 1, 2004



8)

9

shed

BYEsiEl 27|/7| Core-Shello| ®|=of kst o1

M. Hasegawa, K. Arai, S. Saito, “Effect of Sur-
factant Adsorbed on Encapsulation of Fine Inor-
ganic Power with Soapless Emulsion Polymeriza-
tion”, J. polym. sci. Part A, Polym. chem. Vol. 25
No. 12, pp. 3231~3239, 1987.

M. Hasegawa, K. Arai, S. Saito, “Selective Ad-
sorption of Polymer on Freshly Ground Solid
Surfaces in Soapless Emulsion Polymerization”, J.
Applied polym. sci., Vol. 33 No. 2, pp. 411~418,
1987.

QIRBIA|X|, M9 X1 &, 200414

10) M. Mosquet, Y. Chevalier, and P. Le Perchec,
“The mechanism of fluidization of concentrated
calcium carbonate slurries by poly(oxyethylene)
dishosphonates”, Colloid Polym. Sci., : Kolloid-
Zeitschrift & Zeitschrift Polym., Vol. 277, No. 12,
pp. 1162~1171, 1999.

1) A54Y, ol4%, oJuUl$, “CaCOs/Poly ethylme-
thacrylate® ol 8% 54 EF ezl )
W, 2ibAeksl x|, A174, A4E, pp. 133~
139, 2002.

87



