MY, 134Y
CELELEES

I A =

Silicax® T4 449 713 dutdel &gEoln, FHS %F60 wt T A
sted] o2 Abaok AEstd silicate A2 FEA G olgpe] AT wWe] EAGE
EAolng AAFHor Fod %ut ope} FdHor F&F Edovim Tk 2 £
= AZAAZRE AzA, FAA, 234, FAA, F05 d7A70 Qo {2 A
gho), Behatd Sele F98 712 Fgolchl)

silicat tetrahedra 9 7|E&F25 7p2d, F Ao F49A7 & AY AdaF &
Fobe A4S bk old FREA R Akes SAHE qAEE 9ol =4, HE
ofo) &3t A=A ek ol eldt ool AL silicate 725 zerh silicad Al
AQA i AAZ Gy F28 silicat v Add &b, 2 vyt S
Qd 27 & AR E EXHS A, ZHelE silanol group & EFste] F4H Folf o
g TEE wol FEEs vk

TFAb Arhgol e Ho| @ o} momosilicic acid® v, SiO, 4 £ 100ppm ©]

SN = FolA FAlzt dATF G E FREeh 22 Si0, b E5el A Sl E B
o} 2 el 100 ~ 200 ppme]dolw F&= ) olw] W= siloxane groupol iz 9
2 silanol group& #Ast particleol A=, Tzl PH ¥ 99 9%
of wet g st 2ebach F, pH7F 7.0 ~10. 5019 silicaw &dsE 92 o
Arel Az wrskiA g4 SHol glel YA AH sol & FYskx, pHA 7
olstolmd ahzlol o7k wpHol glorng Qe 42 YAA gellingo]l HstA =
o 3xYe gel network & A5k "ol ulE ol Ze] silica gel o g et 2)
244 silicad F7] Aol oal Alzshd 7]&S silica 543 tjdol A=
5ol BaslE Mgz Aok A nelaz Qeshgel d2lE v T8
oo o3t T3 mlY A BAE Al zske AlZlEolch A Akl A% 4,

Mo
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FEUA Azude wddswsh A48 18y, A44d, AReRY Foz ¥
F2 4 ek e WA et Brhn g o)
+

ASl FEAL ARBIAS TR 718000l Boksel WOR RHE AT, of &
shel 4ol g Bl Lol Yol faheA Umel Aeld WS o] o Fold C2A
of 44sel Waslz Dol LA Tol 44t ol F3HgAL Boj gl g 3o
ged A gyl el

A uresol o A zde 79 oA del S4¢ dofund, gAY 9

@ FHolz 4420l 2t FEARE EF Aom ARAAL 1~20 pm) HAF S
Ach wg AR Hgdoln] B wMEWHL v Rpsl wFS An K5 AYTF
2% e PAE 45 4 Aok 449 FRAAE 48, FUA, 9A, 44 52
Sl 1o Wi wWobd wazch olkrol ARl kel ol% RA vld A §PL 3t
HE Yaol 847 Ao Aol Gaulld wek o $rsel H3F AsAz
bt ot 4ol T Ao nE GRS v A %ol Faze ohEe ALz
A Aol Ex chEAt FEE AR $o140 Fob £3 5E¥T olzus @
t}.3)4)5)8)

debd silicad N4 Aw el A 74 vidARAS EAE Azshm, ool
2 silicad BFYA wEHAe) A e AREL 4o ke w3 silica“]iﬂ"%

gg2A g o, silicat ZTAEol ol A AdEat drke dHE A

7] 9all silican|&F Bwol TiO, & Zr0, 24 ZHagAA A Astas 5§
gopmrgkrt, el silicav] &7 frideld E44S FAAIN7 Al titanate 2}
silane 02 g Agsted 29 b3 sl Fot AFAS A=neE 49 B

I-4 K
2.1 Al AU 2§t Silicab|aTe| M=

ujo] &4 AA&YA s} &al=E tolueneol] sodium silicate -8R L 7}stod b4
A W/OH 982 A7 o] FEHEAS 0.6 mol/1AAELAe] skl A4 mkat
@ sodium silicate F&H 2 dito]l Fatda AelA A& FFstd dbgol dol vty
FA 422 silicar} AAH 3 BA 4L sodium chloride & H,07F A=l 30
7o wbgo] A= oAFAA wlubS-EQd A4t fsldel 4l toluene &}l FE
A AAZ kA 3E Aadae] Agls A3 2E methanol 24 A Al silicayd AL
of #Z% toluene & AW FAAE AAstw 24 Fastd 47 sodium chlo-
ride & $HA3] AAA 7 thgell 110 Coll A 347 AzAIH T35, &4 silica

T

E

o

e
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N AFE 98 Uk

Aduredol] & silicanl&Fe] Azl oAA silicad=e] HF A= vl x4
Aol w]AE QdAE Aty e AW BYA Fx, sodium silicated SiO; 9
Na,09] 2w, fstale]l W/0u S Wi AFAAs v 234 S ddsgo 44
9l 4L particle size analyzer (Horiba,CAPA-700 )& AMg3tlar, w32 A4
Fatel 23 BETH(Quantachrome ,QUANTASORB Surface area analyzer }& o] 8¢
ek silica® 244 XA 3454 (Rigaku,4D/MAX-T1A)2 24 Flsiglsd
A8 v] 3 ( AKASHI ,DS-130C)S.& silicadAte] o3 2 Wiy T3 s F4¢
A rh.8)

2.2 TiO0,,Zr0, 0 2|8t silicaB|A72| EHMEA

TiCl 4 v Zr0 (SO4)% D.I Waterol &l Al71 o] F¥ol silica®ls75 UHA
A 7}k silican)4T AATHA TiCl, v ZrO (S04) & HAA I 2 ol AL F
A, Az, £49 TR0z Axstgic old Az 100C, 247HESk skl &4
550 Coll A 4 AZksked silicavl &7 &g TiO, W ZrO; Al & Fa2dsA st
Act 54 A" 29 AdA At 5FE FAsgEdl A7) $AE 0.3g, 4l
21¢ 360 grlate] BAAA &% FEAR 250 ~ 550 nm G Aol A FAH S ok

2.3 silicabjaT72| titanate 2} silane 2|

titanate @ silane & tolueneol] &a}A|#A ubZFel silicatE 7Ftd 50C, 2
Azt wke A7 3, A, Aze TAoZ Azsigch okl X1 3ol AH&" ti-
tanate = Kenrich Petro Chemicals® KR-TTS(isopropyl triisostearoyl tita-
nate Y& A238l9l s, silane-& Shin-Etsu Chemicals®] KBM -603(N-§ aminoeth-
yl r-amino propyl silane }& AR23}9lch,

Table 1. Structures and chemical names of titanate and silane

. . Trade
Materials Chemical Name Name Structure
Titanate Isopropyl triisostearoyl | KR-TTS ('3H3 ﬁ)
titanate CH;3-CH-O-Ti [0-C-C;H;3513
Silane N-8 (aminoethyl)
y-aminotrimethoxy KBM-603 HZN(CH2)2NH(CH2)3 Si (OCH3)5
silane

{espsafe @it A13% (1987) (17




silicamrl&729 titanated ¥+g oA EL w34ty &) WAy 3o silica

flatE AN F dAg aa2etE 289 Spectra Physics 7100 )24 24
st e, S gkS-o] AR H silicavl&TF ZHel titanateYt silaneo] A ds o]
AE ZHAHE FTIR(DIGILAB,FTS-40 )9 diffuse refractor & A}&3}o] =33}
RZ silicav]4a+ d5% 4 (OuPont,TGA 1090 )9] AA24 Azlg titanate A
=5 S0 4 24 A8 s AApellet)E whEa, 4l E &, toluene,liq-
uid paraffin &2 3}e] Surface Wettability Tester (AB Lorentzen & Wettre, Co-
de 28 )24 H&Z3 FAsted gdAeld 72 Ao A/4, A+-4d AxE vz 7
=3gier7)

23 g =3

3.1 M7t A|AaTe| SM4u} HRYF, H[EHH Alxls QIXt

Ag Adgel g A7 v1aFE A4 AuIFoE ABH AT 29 14 £ v}
Shel AL BAT FRoI YRS A A FAE FAANS oIk doz A
sho 7 dwie AR 1Y 2004 2R, R Aol i Fol Yk FFAL el 4
ek wqt Al olaTE XA 84 $Aoz 1933 Pol, ARFEE AW vlAY
ol AAMeR FAAG NAE b F4Y AdAde BT 4 Yk oY =
HES FERA $5Y A, FH 54 212Y Aotz $A ALyl A 23
o, 4ol &g $o40l Fx, T FHYL e ¥ dAE 9L+ glod,

B2 silanol groupel 9 FEEFHOE REAAE AL F kY

|

SILICA mca& BEAD
CAERY Puu:gsm_

Fig. 1. Scanning electron Fig. 2. Scanning electron microphotograph

microphotograph of silica spheres. of silica spheres. (vacant hole)
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28 44 B AHRYA FES Frlel wel AF YA LTS L £ QU 2
d 594 sodium silicate9 Si0, / Na,O%ulo] wa}= A9 st 236
AH W/Oul Frtel wet BFYAL 4TS & 5 ok ek Ael gt vl 9A
S Al W/Orle] d&g wor f3lqAe] 2] ute} AR B $gio)

23 4ol A Aelgh vlaFe] v B AWNLYA Feo wel A AFstm, 295
A4 Si0; /Naz09 v F7tel whel wlged 4L Zasta, 28 604 W/Oulel wa}
A 719 d4EE ¢ F drh

o 44l Ast2A v g4 sodium silicated Si0,/Na,0Zulo] whe} ofgg uk

1.
2m, Na,09 o] B&rd 52 v guAe 2Ed, oA Na,07F Bge4E ©

2 A waE %L"(_)__‘
A Fpores B4kl £ el EUAL AN B+ ok
[y 1 1 e ~p 4 '
20 30 40 50 60 70 80 90

Fig. 3. X-ray diffraction pattern of silica spheres. (amorphous)

SOF 1350

45 ¢

4.0 |

Mean particle size (um)
O
[\
W
o
(8/Zu1) BOIR J0BJINS O1J10adg

I 1 - R L I
20 3.0 40 50 6.0
Surfactant Concentration (%)

Fig. 4. The mean particle size and specific
surface area with surfactant concentra-
tion.
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Fig. 5. The mean particle size and specific
surface area with SiO2/Na20 mole ratio.
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Fig. 6. The mean particle size and specific
area with w/o ratio.
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3.2 TiO,,Zr0, 2 EHIHEE 42|37} |27 St A=A xletsn}

XA gAdgH oz A2lst vlaro ZuAASY g9 AA472E st 29 3
2 Zol Aelvt vt F4Y A2, TiO, & 2"AA ¢ 28 734 o] an-

atased HAAFZE 7}d TiO, & EHd] 3H=o] YLL & F 9ok =& 2dss 7t

L ARF2E e ZrO, 2 A7) vlat e ZEH Q&8 AT 4+ U

(101)

-
a Q ~ o~
[=] wy
o ~ o ~
S >~ 9 3
N
o~
Z

260 2o 30 40 50 60 70

80 90

Fig. 7. X-ray diffraction pattern of silica spheres coated with TiO,
(anatase)

1 1 1

1 1 L ]

20 20 30 40 50 60 70

1

80 90 100

Fig. 8. X-ray diffraction pattern of silica spheres coated with Zr02.

23 9% o8 EAY A4A AgEaE AT Aol Albes Al FHE0l 1.5
olmz AoA Agastst Heolch wtepy FAEFC] ¥ TiO, 4 ZrO, 2 XY
A7 Aol 2% 9ol4 mEuie}l o] Aalst EA(A)RTHE TiO,(B), Zr0, (C)E 2
g9 Aelst ol atrt A4 Adaast $AEE 4 F s A FolAR IRl

ogapol A FANA J(280~320nmpl A HHA AE A& F Adeh
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Fig. 9. Transmittance curves for various powders: (A), Silica
spheres; (B), Ti02 coated silica spheres; (C), Zr02 coated
silica spheres; (D), Ti02 contained silica spheres.

3.3 titanate 2} silane ME[2] IS MIF|LF1l &IB}A

titanate & H2lg Azt vlatod A AdE 28 100 deigies A
7b vl FHel titanate 7} FUSHA] AelEo USE AT 4 Aok Aelst o]aF
¢} titanate & WHSAIZL Foll A2lvt vlatE AT o AAE AFAaARRLE 28
AZA LA ZA4E 28 110 depi Aot 2 A2 8¥  isopropyl alcohol,tolu-
ene, "] ¥kg titanate 5ol EM TS ¢ F Uk ol2N Alstel titanate 7 HRS-3)
o] isopropyl alcohol o] 4=l triisostearoyl titanate”} A&l oo AF
ol Qg ¥ 4 vk oled AE FrAsy] 98 IR¥AL skt

2812, 28 1304 titanate 9 silane A 2ldt Ae]7}F o]t IREA AAE B

fertanib B @il 4133 (1987) @)



Fig. 10. Scanning electron microphotograph of silica spheres

treated with titanate.

TOLUENE

.48

IS0 PROPYL. ALCOROL

i8

1o Ld

Fig. 11. GC chromatogram for mixtures
and titanate.

TITANATE(KR -~ T13)

28. 32

18.88

after the reaction of silica
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ofFa ek 27 129 AoA 2800~2900cm L ¥-Z9 -CHy, -CH,-, 1736cem 19 C
=0, 1458cm 19 -(H,~, 1150em 19 C-O, 1400em 19 -CH; & 744l isopro-
pyl-triisostearoyl titanate® B2l Algls} v]lato] uiAeldt A$o 23 Colr}
Bhd whebito] titanate 7b A2|7HF Fulol 33t AdHo & & 5 ok vhAshA|
2 238139 AclA 2800~2900cm " loflAe] -CHg 9 -CH,-, 1600cm 12 -NH- |
1458cm ™19 -CH,~, 1050~1120cm ™19 Si-O% C-Si%& 7M4 N-B aminoethyl 7-
aminopropyl trimethoxy silane-& B2l Azlst vl4F Folol et A= Ye
& 4 9lc},9%10)

ol 49 ANEEHE titanate® silaned Azl7tebel kg w7 EL 23l 149 7
o] vtepd = olrh Aalsk w9 silanol group (SiOH)e] titanate 9+ silane 3 vl
S3lo] Ae]7k Zrdol triisostearoyl titanate 2t N-B8 (aminoethyl) #-amino
propyl silane°] 332 % vtz & 4 vk 28 159 Al vt dFFEA
(TGAE #ok 281 16 9] titanate A2l® A2l7} v]4&F9] TGAZ S wadozx A

t
Zd titamate 452 & + rh

cB 9
m3>m-0—71-(0-0-c,75”)3
(XR - T13)
1 ] L Kl '] L 'l 1 L 1 1 1 L.
4000 3200 2400 1800 1400 1000 600

Fig. 12. IR spectra: A), KR-TTS; B), silica spheres; C), silica
spheres treated with KR-TTS.
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Silica

ng(caz)zn(CHz)351(oc53)3
A (xB¥ 603)
- I 1 1 2 d 1 e 1 ] A
4000 3200 . 2400 . 1800 1400 1000 600

Fig. 13. IR spectra: A), KBM 603; B), silica spheres; C), silica
spheres treated with KBM 603.

0
%on + E:z;cn ~0-Ti- (0-'6-c17H35)3————> g%o ~Ti -éog-c”H35)3 + Eﬁi>CHOH
(KR-TTS) 7 )
.
2(}1 + N (CHZ)ZNH (c142)351(0r,r13)3 — = 0-5i CHZ)SNH(CHZ)ZNHZ + 3CH,0H
(KBM 603) ’

Fig. 14. Reaction mechanism of the surface modification of silica with titanate
or silane.
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Fig. 15. TGA curve of silica spheres.
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Fig. 16. TGA curve of silica spheres treated with titanate.
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Table 2. Results of contact angles measured by tablet method.

o
Dispersion Medium Contact Angle (°)

Sample Water Toluene Liquid Paraffin
(SS;C;:::;ZTS 15 12 28
(S'i'lri::tfa%hfvriilsl Titanate) 106 15 17

' (S"i"lriz:t?:ihirii; Silane) 83 14 10

7zh FAlY ARA, A HeE A AsEA AAE B FAFIE E, toluene,
liquid paraffin &= 1,;3"74’—% FA45t wZA ] AE T 20 Yepl ot Foll A B
upol zlo] Alg]st vl4 Al ol FrAel T8l Asgel YT ¢ F A=, 53
titanate 9} silane & & 7‘]'310}91 Aole Af4del Axst 24 Fds FH459
aEA FRAAZA A2l vl aFE AEE Aol AR TR ¢ FEsA "l

V. = =

1) A4 A=ukgsl o8 AMz" At vl4&T
%74, silanol groupol &8 %2 ulgAe] &
ol 7lsAel 7 A elch,

2) A4 A ukewo] e At rlaTE Az W P AL ARSI T
o} W/Ooulol whet sk wrow ol A7E A AVl IR 2ol wel A
ot A "l Edh

3) Alalst oj47e] v F¥HAL sodiun silicate d SiO, / Na,O-Ewlell whe} o
#ko o] Na,O0 7} &5 Azlsbzl 49 o 2L 7138 J45tod 52 vjxoy
ZpAet & 4 9lch

4) AzlF) AT dAEHA TiO, 9F ZrO, 24 e 4o A9 A Atasr 2
A FAE A5 EA S35

5 Aals} vlaFv FAol} fadel 33 AL sxlv, 53] titanate & silane
oz Aelvt v4aTFE FHAZG gl Al fdel A TE sk ARAol
25 ZR"c

e 74, %4;— chEdel g e vl
& A ol HAud] S8EA

o*‘l’

Gk

ool

tjo
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ABSTRACT

Silica spheres were prepared by interfacial reaction method. Factors in-
fluencing to the mean particle size and specific surface area of silica spheres
were investigated. The experiment about the surface modification of silica
spheres was carried out.

It was observed that silica spheres have characteristics of the spherical shape
with the vacancy in.the inner side, high surface area, and reaction tendency by
many silanol group. The mean particle size of silica spheres is dependent on the
surfactant concentration and W/O ratio. The specific surface area is influenced
by SiOz/Nazo mole ratio in sodium silicate. Silica spheres coated with titanium
dioxide or zirconium dioxide improve the UV protection effect. Titanate and
silane coupling agent make chemical bond with silica surface and improve the
organophile and the dispersibility of silica spheres.
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