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Preparation and Application of
Charcoal-Encapsulated Methyl Silica Microcapsules
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Abstract

The charcoal-encapsulated methyl silica mucrocapsules were prepared by a O/W
microemulsion sol-gel method. and the adsorption properties on aquatic humic acid
were mvestigated. The capsules prepared were sphenical. 100 ~ 1000 ¢m in size. The
size distrtbution was controllable by adjusting the size of charcoal powder,
charcoal/methyl silica ratio, and agitating speed in O/W sol-gel process Adsorption
efficiency of charcoal for aquatic huwmic acid was decreased after encapsulation by
methyvl silica shell The decreased adsorption efficiency can be dependent on the
decrease of the BET surface area and pore volume after encapsulation Diffusion
properties of humic acid through the capsule shell also plaved an important role on
adsorption efficiency Therefore, the reasonable target pollutants for the capsules can
be VOC or odor molecules which can overcome diffusion barrier through shell of
capsules m air condition Functionalization methods for the charcoal-encapsulated
CHa(S10), microcapsules by incorporation of TiOz as a phtocatalvtic function and by
incorporation of morganic pigment as a color function were also investigated. TiO-
coating properties were controllable by adjusting pH. temperature, and the
concentration of TiOSOs. In XRD measurement. the crystal form of the coated Ti0:
was anatase. For the colorization of the capsules. inorganic pigments were more

efficient than organic dyves. and various color was mtroduced to the capsules using

inorganic pigments
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. Internal Core Materials
(Liquid, Solid, Gas)

— External Shell Materials
(Metal Oxides, Polymer)

Fig. 1 Schematic diagrams of two representative
types of microcapsules: (A] Continuous

corefshell type (B) Multinuclear type
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Fig. 3 Schematic diagram for the adsorption
experiment of aquatic humic acid using
Fig. 2 Conceptual diagram for the preparation of charcoal-encapsulated methyl sllica
the charcoal-encapsulated methyl silica microcapsules
microcapsules by O/W  microemulsion
sol-get method
25 gMelogae|st alo|a2W &Ll £

=4
23 Met/migde|st oloj]22H S0 TIO, 949 Be LA dolmzuss UA @
=29 4 % =7] 2AEe SEM  (Philips XL 305
001 M) H:S0; 100 midll 24% F% 92428 SEM/Phoenix EDS)S o] &8t t). Al4s sAder @
7h wolZ2RE 1 g2 TN F F84NM 50 Azd AEe THA 2 pore T7EEE 100 CA

= 3T2 2489 2 95 Ti0; Z¥ & A7 AN 14 AFo2 degasste] AHe ¥ F ASAP
2 067 M Ti0SOs 1mlE 001 M9 H A2 FF 4¥e Std E4EA

o £FE 5 1l m/mn £52 4T ¢F HEd E9HL BET methodZ o] &3te] AMHIAL
27} lelazAgel B8 Ao FRHA o} 27)¥ L= BJH method | 4% §3H5
st ANEYT MEY A A2

5
U o
O
=
[N~}
S
£
%J

>

I~
ol
lo,
11l

b

1~ 3h #gA2 g 95 2 4e 4 1+
Ti0:2 E¥o] ZHE Huael XYL TP h AZF F 100 ~ 500 TollA LA Aeted 24
AEAs} slo]la AL Azago 2529 o3 T34 L pore size BEY WHEHEZ
FARAt AWedd ZHEE T, 2HF Y £42

04 AN |7} alola 2 Ee| AAH XRD (?uK(l 1?1gakud”¥lax IB)E ol &ste] B3}
g Atk BHY F% 227 oYL 23

04 FYo] O 3 BE 49 £ 2L oF
24e T dWEdest vlolazdes M4 R o dgwgaadon 2Asgon 48 A
of MWL ZEHOE O/W rlojazdEd -2 9 ¥¥e Fig 39 dehdd 19 em « 30 cm9) &
TG o8 BAY TH A2} vholaz ¥ HU BHLL 30 wi%E FRAA Az o
9 Azx BN Fdith @ G FhF ZHEUI volZEAE 15 gf FAF F FAA
feEdgzl AFde g Az DARAA A EZEA FE 20 ppme FUA 200 mE v g
RAE Ashel Ion oxide $2E Felelo] vste}  (Masterflex” LSTHE olg3he} 10 mlmn 9%
1~ 10wt% 3748 & O/W slolagdad -2 =% B2E2 ANL F FAAF /5 AR
. UV/VISE#Z(UV/VIS  Spectrophotometer.  Vanan)

FEE Bohol Age] Rolg BES AzsAv ] ctrop _ vanan
% TOC (Phoerux 8000)8 &ATozH Fa &

ZEstat

o %



3.3 ¢ ug

-]

31. gHeydg4at afola2YyE M=

O/W wtolZ2dBH -2 wHoz Azxy &
dg 5§ vigdgst vlolzEHEe Image
Analyzer AFAE Fig 4°] ®Bgdh 2894 BE
vle} Zo] ¢k 60~1200 m =71 T FHEol A
ZEJY. FE Z7] Ade AE Ax FAA
wetE s o AgstE AT 229 37

600 ~ 700 /m 1000 ~ 1200 ¢m

Fig. 4 The charcoal-encapsulated methyl silica
microcapsules prepared by o/w
microemulsion  sol-gel method as a
function of agitation speed of 500 -~

1000 rpm
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Fig. 9 Vanations of TOC of the aguatc humic

acid before/after adsorption experment

using the charcoal(Yakur, 8 x 30 mesh)
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Fig. 10 UV/VIS absorbance spectra of the aquatic
humic acid before/after adsorption experiment
using the charcoal-encapsulated methyl silica

microcapsules {600~700 um)
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Fig. 1t Vanatons of TOC of the aguatic humic
acid before/after adsorption experment using the
charcoal-encapsulated methyl silica microcapsules

(600~700 xm)
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Table 1 BET surface area and pore properties of
the charcoal and the charcoal-encapsulated
methyl siica micro- capsules: (a) Charcoal

Yakur. 8 x 30 mesh, measured without thermal
treatment. (b) Heat treatment at 100 ~ 500 €,

Charcoal/CH3(SiO)n = 30 wi%

Sarrples Charcoal '@ Microcapsules ©
Properties - 100T 300°C 50
BET surface area (m?/g) 939.49 53908 596 58 505 0
Microspore area (m?/g) 76850 24475 300.26 %599
Total pore volume (cc/g) 0.48 033 03 040
Micropore volume (cc/g) 036 010 013 004
Average pore size (A) 1510 2480 2396 3137
e 2L THAE o83 LEEY A
Noid 2 x5 FAAY ERA 2 pore 54
o =A dzec AEd ¥ ooy Tud o
pore E49 W3lE Lolny] 9o BET EHA
9 A FFAYL Foel poreSHL BHGL
B[16-17], Table 1o} 2934 th. Table 1o 2<]
vlol o] &3t 3 & & BET WA o

50% ZF438k% 3L, pore volumeo| ¢F 15 ~ 30% %
Zasdd, 2822 BET 94 ¢
o g7t FF 289 Zid g
RNe AR AREH.
B3 A/F pore size X WIS Fig. 129
Wk e 93y Lxd oE 4% 2E,

pore volume
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