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Preparation process of functional particles .
I. Preparation of microcapsule by spray drying
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Ab 23t , F712/# 7122 microcapsuled- core EAE A7) Alzx F7]A 9 microcapsule
< shell AR ethyl celluloseg Ap&3lo] =7 4 microcapsule® A x3stoict. A==
microcapsulee] 71%54% 707] Psheie FHe T Tws AFTEA W Fasch *
7122t microcapsuleql 79 core/shell®] A Hn|7} O.3/0.7°,l AL T3 Fdd g
microcapsulee] A|Z=F o, Fr|A/F 712 microcapsuledl 7%, FA |7} 0.76/0.24d o
A48 EHE Zbe microcapsuleo] AZ =gt 714 /771 A% microcapsule?l ¢, F7]3
2} microcapsule 2t} Al L8 o] 7143} 9], shell& A (ethyl cellulose) 2] ofo] Z71¥4E2 =
Bo| Fd3A =, AFE&Hx oo

FAzHE o]&38e] F7]AR microcapsule® F7]1A/H-7]2 2 microcapsule
7

el microcapsule2 core A Z K,S0,%} clay shell 83 =Z colloidal silica®

o o ﬂ“

Abstract Inorganic and inorganic/organic microcapsules were prepared by spray drying.
K,SO and clay were used as the core and colloidal silica as the shell for the inoroganic
microcapsules. For the inorganic/organic microcapsules were used the inorganic microcapsule
which were mentioned above (core) and ethyl cellulose (shell). To characterize the prepared
microcapsule for the practical use, the homogenity of surface and pore volume are the dominent

factors. At the volume ratio of 0.3/0.7 of core/ shell, the spherical and homogeneous surfaces
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of Inorganic microcapsule could be synthesized. In the case of inorganic/organic microcapsules,

the weight ratio was 0.76/0.24. The pore volume of inorganic/organic microcapsules decreases

more than that of inorganic microcapsule. The more the amount of shell (ethyl cellulose) in in-

organic/organic microcapsules increases, the more the coating became homogeneous and the

pore volume decreased.
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Table 1

Properties of core and shell materials

r{m
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Core & shell materials Mean particle size

Solid concentration

Na,O in suspension  pH

(wt. %) (wt.%)
Core Clay 4 um 0.07 -
Shell Si500 < 6 nm 28.9 44 11.4
Si80P 80 nm 374 0.3 9.9

219l Si5003 Si80P= Catalysis & Chemi-
cals Ind., Co., Ltd.2] colloidal silica )%=
© 24 mean particle size7}b Z+z} 6 nm<}
80 nmZ vf$ vlAsict. Fr]EH MCE Al
z317] % Hetdy Az BAHe Fig 1o
vepuiglcl. Core 232 8" K,SO.=

K:SO. |grinding Roseki Si80P Sis00
mean diameter
5.68m
Mixing Mixing
Mixing
Suspension

Fig. 1. Schematic diagram of prepared sus-

pension for inorganic MC.

Grinder(ANM- 100 type, HF Rtk
i) E &3t HasdAe] 5.68 umrt Hx
E  grinding®dt % Clay?} mixing3d}gict.
Shell €73l colloidal silica Si5003 Si80P
T E%3te] shell &4& Azxstgct. Az
%l shell & Mol coreF AL wutslwia HA
5] #rhsto] Wetelg Azslct

Azg et o] 2o Table 29} 7o o
K,50,/Clay ¢}
volume fractione] 0.12/0.88, Ex.8& core
£ Al K,S0,/Clay9 volume fractione] 0.5
/0582 &9x, Ex.10& v|Bo FHEAEQ
K& Xt geo] §24]7]7] {3t K.SO./
Clayg 0.88/0.129] n|g =& ztzt &3+st o).
Shell &7l Si500/Si80P2] volume frac-
tione 0.6/0.42 1 A3}t Ex.37 Ex.10&
core/shell2] volume fractiong 0.3/0.72 3}
o Ex.8& core/shell?] volume fraction

£ 0.7/0.3% & Ac}.

sample Ex.3& core &4l

-—

212, #7)/%714% MC AZE 913
o A=
F71/%714% MC AZE 98 a9 A
z TA=E Fig. 29 o}
AzY FAT MCo f714%e )
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Table 2

opi
2
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[

Volume fraction of suspension for inorganic MC preparation

Sample No. Core material Shell material Core/shell
K.S0,/Clay Si500/5180P

Ex.3 0.12/0.88 0.6/0.4 0.3/0.7

Ex.8 0.5/0.5 // 0.7/0.3

Ex.10 0.88/0.12 // 0.3/0.7

- Titacoat Hz0(Hz0/2-propanol
$-151 = 10wt.96)
- inorganic EC 10cP
microcapsule heating(<60T)

EC Solution

for 20min.

Filtering

Titacoated
Particle

Fig. 2. Schematic diagram of prepared sus-

pension for inorganic/organic MC.

37] $i3ted, HA Fr)H= MCe
TiA EHAAE o] &3t 254
2 AHstadch. 3w g WA hex
ane(Wako Pure Chemical Industries, Ltd.,
Special Grade) o] Ti#A & = % 2] 4 ¢l Tita-

coat S-161( HAHEZHkAGIL)E H7Isto
Azg Ldo FrjA=t MCE 3Hrlshod
slurry S A Zstgct. AZ2F slurry g 308
7} shaking®} i filteringgt & ovenol|A 7
Z8}o] Titacoated particle(244] T g
g B2 MC)E AZshddch. Shell B3
2 AF4-3t7] 9% Ethyl Cellulose(EC 10cP,
Wako Pure Chemical Industries, Ltd., ©]3}
EC)+= H,0F iso-propanolel] tfs] 10 wt.%
2 A7}g iso-propanol £8& wulk 9
heating(< 60C)3tHA ECE #Hrlsled EC
Sds Az, AxZEH  ECEA
Titacoated particleg @ulslH Al HH3] A
7hsted Hetd g Az Aot Azd Ay
2] z4& Table 3o v}eluf 9ict.

Ex.4et Ex5& Azx® Ex39 F71H%
MCE o]&3le 34 Ao x| (Ex4:
Bottom sample, Ex.5 : Cyclone sample)<l|

& FrA/f71A" MC BEXHEE 3
A5t mak stdoh Ex.dl-13 Ex.11-2% A
Z9 Ex89 %7]4% MCE o|gshe] z9

2]

e BALA e

24 $7)4% MCsh #7)/%712
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Table 3
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Composition of suspension for inorganic/orgamc MC preparation

Sample No. Core Shell Water Iso - propanol
Synthesized inorganic MC EC (10cP)

Ex.4 Ex.3 Bottom Sample : 30(g) 5(g) 6.5(g) 65(g)

Ex.5 Ex.3 Cyclone Sample : 30(g) // // //

Ex.11-1 Ex.8 Bottom Sample : 20(g) 3.2(g) 4.16(g) 41.6(g)

Ex.11-2 // 6.4(g) /7 /!

Ex.13 Ex.10 Cyclone Sample : 20(g) 6.4(g) // //

Inlet

+

|
I

09m

Two-Fluid Nozzle

Heater Heated Air
Blower

Fig. 3. Schematic diagram of spray dryer.
22. 25 7A%

ot 2.1.17 212004 AZxH fHetHo 2
BEl F71A= MCet Fr)a/%-71d% MC
£ Azx37] f3te] AR EF
Fig. 3o vepdisicl. Ao &7
HE BE2 Folx 09 m, HFH Zol=
1.3 mojc}. 3 etale  Roller

scit., N-2333 type)Z o|%38le] Two-Fluid

Az
=
&

Pump(Furue

Nozzle(Air Nozzle : 2.53mm inner dia., 2.81
mm outer dia., Liquid Nozzle : 1.6 mm inner
dia., 2.53 mm outer dia.)8 ¥ F3}3or,
oo} nozzle9} st 2.5 kgf/em?eolsdct. F
A% MC AzA 4FS YTeEs o
120C2 soim, 7]a/87aet MC A=
Aol of 80CE sto} wEW dxe Az
shoich.

Az" MC: 342 collectorgl cyclone
oA 3t Az " MCo #Hel % %
-2 SEM(ALPHA-25A, 8§/ Tech., Co.,
Lid)o 2 sz, Az MCEHE A
F823& Pore Sizer 9310(Micromeritics
Co.,, Ltd)& AH&3te] A3 A Azx=
MCe9 ¢l ®- I = Particle Size Analyzer
(LDSA -1400A, Tohnichi Computer Co.,
Lid)2 ZEAM3lgn). w3 9= W&z
7} (Accupye 1330 V2.01, Micromeritics Co.,
Ltd)2 =xskdch

3.1. MC #=& 9% suspensiond <FAA
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Fig. 4= K,S0,-H,0- Colloidal silica(SiO,) S 8i02
system2] <FA g suspension °ddE ZA}bs} Cv::ﬁiz:
7] #18ked K,S0,-H,0- Colloidal silica(Si0.) T
2] n]-gg =stslHA] suspension® FA A "%015_ . Ex6X)
< z=gk Azbo|tl. Z o)Al sample No. S
Hoj (O)= suspensiono] SHHF 7A-$o|w, ?;5),0_10_ e . Exo00
(x)E FAR Z$& gelatione] A3}t 3 . Ex10100
EAAF 7Agoln g 005+ » Ex150)

Suspension-& L84 B 4 glEo] &2
kol el K,S0,9) cko] Ajxo 2 Z7}3} 0.0 P ,

W Ergel:, colloidal silica®} oo

=
[
45 $LAT AUE Beizth olje

(c)

0.05

T T T ¥
0.10 0.15 0.20 0.25

T 1
0.30 0.35 0.40

SW (weight fraction)
Fig. 4. Stability of suspension (K.S50,-H.0-

Si0, system).

(d)

Fig. 5. SEM photographs of prepared inorganic MC according to Roseki/K,SO, volume frac-
tion in core materials (a) 0.88/0.12 (Ex.3, bottom), (b) 0.88/0.12 (Ex.3, cyclone), (c¢) 0.12/
0.88 (Ex.10, bottom) and (d) 0.12/0.88 (Ex.10, cyclone).
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Er Azl 2J3 microcapsule A& 527

3.2. A== MCe] 24 =4}

3.2.1. Morphology

Fig. 5+ core/shell®] volume fractiong
0.3/0.72 A3, core 2 AW K,
S50./Caly 2] volume fractiong (a)et (b)=
0.12/0.88, (c)=} (d)&= 0.88/0.128 w3}

(b)

(d)
Fig. 6. SEM photographs for the comparison inorganic MC with inorganic/organic MC (a)

inorganic MC (Ex.3, bottom), (b) inorganic MC (Ex.3, cyclone), (¢) inorganic/organic MC
(Ex.4, bottom) and (d) inorganic/organic MC (Ex.4, bottom).
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2} AW 2] volume fraction
morphology & SEMo 2 3
Az ol =3I (a)@} (c)+= bottom collec-
torel 4} 3 4% samplee|z, (b)) (d)=
cycloneo] 4| 343 sampleejt}t. (a), (b),
(¢) 28]z (d) B57F 739 HeE et

A core 3

il
Shof] wtE i

W ek EHe vl wjuef Hefol
4 ()9 A= ohE sampled) w8 k7
AR et sbwe] Ewel AW wae
HolFEo} =3 (a)9} (¢), & bottom collec-

toroll A 3¢k F-7)A= MCrE (b)9} (d),
= cyclonell 4] 4% F7]A% MCRot o
e} =277 WA F& 4 F Aok oA
JEo o3 v AT YA7E cyclondl A £A
7] wjFeolct. =7 *JEH&“’E K.SO.9] <
o] 7k (c)9} (d) sampled] 77}

& & ath

Atg =
Fig. 62 Ex.3¢] bottomel| 4] 3|4

am
ples} cycloneol| 4] 348 samples é% F
sample/EC=0.86/0.14) 9]

Azse]

A 8--& (inorganic
ECZ F714/%71d% MCE

(a)

(b)

SEMe 2 333 ZAfolr}.
(a)E= Ex.39 bottom sample, (b)+ Ex.39]
cyclon sample, (c)= (a) sample® EC=E
coatingd 7A$olv, (d)x (b) sample¥
ECZ #&3 7%o|th ()9 (b)= Fig. 5
9 (a), (b)e} & sampleO]E}. (a), & 2

morphology &

P14% MCE EC Sg & 344 (0
AANA E 4 el @ A WAl EC
A} zdsA e Ae @ 4 Ut F

maxocore 2] MC7]» F 2
¥ off At ek H2D Aes A
s EC 3%o] 97 e A$E o} SEM
A Fapol BAY 4 Asdch B (A)
o A$E (D)F EC A%3 342
ofeirlel Azl £qsel EC H2o] 53,
Td3HA coating°] 01—_‘?"—°‘]7‘]X]

2 Azsd. 2

z} o,
b -

71& /571 Ae MCe] morpholog}’r:: SEM&
2 B3l AFe|t). (a)= Ex.89 bottom
sample 2 4] core/shell?} volume fraction®]
0.7/0.30]t}. Al B 4 SlZel F71A

Fig. 7. The comparison of MC prepared by difference of EC amount (a) nothing (Ex.8,
bottom), (b) 0.14 wt% (Ex.11-1, bottom) and (c) 0.24 wt% (Ex.11-2, bottom).
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EHE HojFEr} o] shell
colloidal silica7} core® A& <213
T e %ol ¥=F& el (b
(a) samples] ECE FA&E8[(a) sam-
ple/EC] 0.86/0.142, (c)+= 0.76/0.24% EC
o] okg WAl A+EA (b)Y A
(a) sampled} 79 FA3 Hef R4 EC 3
Eo] & 7 $Ugs & F U ukd
(c)®] 7%+ vlxdy ECo] F7lgozA
Edo] #d3A FAE HASE & 5 o
Fig. 8& ¥7]d% MCst F7147/%714
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(b)
Fig. 8. SEM photographs of (a) inorganic

MC (Ex.10, cyclone) and (b) inorganic/or-
ganic MC (Ex.13, bottom).

Holl B AF

Px

Holl 2% microcapsule # Z 529

2 MCE 4% vlagt SEM #}zlelt}. (a)
= Fig. 59 (d)9} %<& sampleo|d (b)=
(a)& EC(FAEE 10.76/0.24)F  coating
& As2A ofel e dxbrh S
dense®} | coating® Ziz g 7He] f=prt
coating® 3HeE, A HoF EC coating®]

288 o]FHEL % 5 Uch ole Fig
79 (c) sample?®} F U v]&9 ECE 7}
@ A$2A, ECH7bE Zrtol ape w2

Table 4
Mean particle size and density of prepared

inorganic MC and inorganic/organic MC

Sample No. Mean Density Remark
particle (g/cm?*)
size
(pm)

Ex.3 Bottom 34.90 2.1427 Inorganic

Cyclone 20.67 2.2168 MC
Ex.8 Bottom 39.90 2.6582

Cyclone 10.58 2.5178
Ex.10 Bottom 45,51 1.7568

Cyclone 7.56 2.0758

Ex.4 Bottom 54.23
Cyclone 17.85

1.8531 Inorganic
1.8646 /organic

Ex.5 Bottom 52.81 2.0434 //
Cyclone 17.65 2.0008
Ex.11-1 Bottom 5257 2.2862 //
Cyclone 17.23 2.1820
Ex.11-2 Bottom 97.05 2.1057 //
Cyclone 13.67 1.9055
Ex.13 Bottom 73.70 1.8840 //
Cyclone 20.57 1.7975
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o I o do L o
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Hdo rr Ho wd =2 M4 rr
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ek ol= F71Ad 48 closed porer}
tek Easly] " E o AR EH, cyclone
oA 34~ sample?] W=7} bottom sam-
ple Bt} 2o 738 SEM Alzlo| A% #iks
vlepzbo] sl m 2k ECEul AR ¢z}

3.23. Al&8&Ax £

Fig. 99} Fig. 102 F71Ad9 MCs}
/5719 MCeo] 3843 wsts
230tk RA Fig. 9ol 4 F7] et
Ex.82] samples} ECE Ex.89 0.1
2 7t Az F71A /1A MC
ql Ex.11-19 Al344 HstE =AM 7]

1.5
—+—Ex8
3. e Ex.11-1
: .
3
2
& os
\
0.04

——T—
80 100

Pore Diameter (;m)

Fig. 9. The difference of pore volume be-

tween Inorganic MC and 1norganic/organic
MC.
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a4 E 5 sl wbet el Fr1AR
MC(Ex.8) Bt} ECE &3 F7]/f 7] A=
MC(Ex.11-1) 9] AlF-43Ho] #4rgs &
dem el EC7F F71d MCe AF
AEge ey AFEHe] st Ao
AR EE, ol Aded ¥ ¢ SEM Apxle
Aot AdAEE o 5 Utk = 7
0.0066 pmell 4] 100.27 u
™, 10 pm o|4e] AFHE AxH
Abole] FFell gk Aoz Aty =
olate] gt Axx MC =k 9
e AlFe =272 Als =

Fig. 102 ECe] cfo] Al-F&A -l
d¥s TAs7] st EC & F7
MCo digh FAlEE2 0.24 Hrisled A
H FUIE/a71Ad MC(Ex.13) el e
Folrt. Fig. 10914 & 5 ARl
B3k A, AlFgAe] F71d9 MC(Ex.10)

s
o
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Fig. 10. The difference of pore volume be-

tween Inorganic MC and inorganic/organic

MC.
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Fig. 99 Azhe} e Z%g vhepdlz glo
o, ECol &, 2 m% E79 Zsjel et
ATE4AHE A ZFagds & F o oe
EC7H 58gaol ool Z7bsteial 7)4e
MC Ede 2A43ts Ags &3, 49
Sk 2obarel ek AZo] 2o 4
02 A3 59, N. Yamada®] Zaolz =
od 2| ghcH4-5]
4.8 B

4719 Ay AFAENE ot e 2R
T e 4 A

1) Shell 2=l Colloidal silicat= CoreZ2]

)
A A Eda KSOwel s "ol =4

2) Core/Shell®] volume fractione] 0.3/0.7
A

o A%, FUAL EWE FE THY F
1

21

Ho
ro

[1] Meis, 7154 2AA8e A4 714,
A78 adds ALAE, pp. 5-25.

[ 2] N. Yamada, E. Abe and H. Hirosue,
Kagaku Kogaku Ronbunshu 8(6)
(1992) 781.

[ 3] Cataloid S (Colloid Silica), Catalysts
& Chemicals, IND., Co., Ltd.

[ 4] N. Yamada, E. Abe and H. Hirosue,
J. Soc. Powder Technol., Japan 32
(7) (1995) 326.

[5] N. Yamada, E. Abe and H. Hirosue,
J. Soc. Powder Technol., Japan 32(5)

(1995) 459.



