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Abstract — For application in adsorption process, we synthesized silica nanospheres by Stober method, and silica
particles with wrinkled surface as well as macroporous silica particles were also fabricated by utilizing emulsion droplet as
micro-reactors, followed by modification of the particle surface using suitable coupling agents containing amine groups.
These particles exhibited improved adsorption capacity for heavy metal ions and anionic dyes, which were difficult to be
removed by conventional silica particles without surface modification. Anionic dye, methyl orange could be removed
almost completely by adsorption using porous silica particles modified using APTES. The adsorption efficiency of heavy
metal like copper ions was close to 100%, when porous silica was used as adsorbent particles modified with AAPTS.
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Table 1. Molecular structure of coupling agents used in this study
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3-1. APTESZ HMI{ZSH A2[7} YX|S0f chet A

71 el QA EAE SHSHE B wo] ool &4 Pl
A 75 YT, kb 2 Qo) A2l o] AZYA
& 815t 21 5ol A1, el A el @1

]
ofRl7] Fow Xgato] ol dminl ohet FaEE AlA
5 e SHAR Fgetaat § ﬂE}. ] 289 AES
A|e] FA} -2 Table 19 LERHSITH

AEW W2 (Stober method)ell &3t -3 Al AE]7} RS
st TS FAlo] WaEle] o, Fig. 1(a)= APTESE
ERVNAS Het 5, Aej7ke] sEu o] Haprt SstelA st
Z e 2E Yk Zloltk APTES 9 /HAe 7leial g &
RS T2 nkgo] dojupr Aegt 332 OH7|7F ol 7| & ]
shejo] A st ARk AELGA ] GFA Al-R7|7E Eoll &3 7t
T w3 Eo] Aeks7(Si-OHy7t H ] o] Aeksr|9l Art 29
o] ZFh1-Sof o3 Trel A=Ak AgH(Si-0-8i)S FAI3H) Hck
[13,14].

TE A Ae] gk Ake] APTES 7|4 o -8 2lEh)
A8 FT-IR 2418 338193t} Fig. 1(b)= olvf €& FT-IR A3
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shEHEe] NS Fall AEvte] mde) A Hr 5% e
o] F3o] 7Fs3HAl $Htt. Fig. 1(c),(d)i= REEAIZ 2ol &
A3 AL Ae)7he] SEM AR I At BE LS v 1)
A A1)t} Fig. 1(c)2] 4%
Ygzte] Aafoln, Fig.
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Fig. 1. (a) A schematic diagram of modification of silica nanospheres with APTES. (b) FT-IR spectra of silica nanospheres modified with APTES for
19 hours. SEM image of silica nanospheres modified with APTES for different time interval. (c) 19 hr and (d) 70 hr.
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A1 A7t YAl Het 170 154.5 nm=E 19 A7k vk a5l wizolekar ke E} [17]. ©] FellM = 19 Al7Ee] A7)
AIZEE AZ AlEL] et §1AF 217191 82.5 nmel] ]38l oF 2 v 7 A AR Ags A7 dAE T2 348 1 AR sk 71
T 2 A0z FRIHTE o) vkE AlZko] Lol A4S R B3l oLt & a2t 7} glo] 1 ol F-o] 2 AP BF 2 ARt e R
A7} AR A8l Flo] kel A717F A= Zlolet wk FBEATE Fig. 2(bys 55502 ARE3E el et dve, %
A6 71EEE 2.5 x 10° mg/LZ A3 o v, HESAIZEE 3,19, 70 A]
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Fig. 3. Adsorption result of (a) methyl orange and (b) Cu?* according
to the initial concentration of the model contaminant. Silica nano-
spheres modified with APTES for 19 hours were used as adsor-
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Silica naonspheres modified with APTES for 19 hours were
used as adsorbent particles.
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Table 2. Adsorption efficiencies of methyl orange (APTES-treated particles)

Particle Type Surface Modification time Amount of APTES during Surface Adsorption Efficiency 9e
(hr) Treatment (mL) (%) (mg/g)
3 0.112 40.5 4.05
19 0.056 35.8 3.58
Macroporous Silica 19 0.112 100 10
19 0.224 41 4.1
70 0.112 344 3.44
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Table 3. Adsorption efficiencies of Cu ion (APTES-treated particles)

Particle Tvpe surface modification time Amount of APTES during Surface Adsorption efficiency e
P (hr) Treatment (mL) (%) (mg/g)
3 0.112 77.8 15.6
19 0.056 99.6 19.9
Surface-Wrinkled Silica
19 0.112 82.2 16.4
70 0.112 82.2 16.4
Table 4. Adsorption efficiencies of Cu ion (AAPTS-treated particles)
. Surface Modification Amount of AAPTS during Surface . . o Qe
Particle Type time (hr) Treatment (mL) Adsorption Efficiency (%) (mgle)
Silica Nanospheres 19 0.105 342 6.84
Porous Silica 19 0.105 100 20
Surface-Wrinkled Silica 19 0.105 100 20
Macroporous Silica 19 0.105 100 20
Table 5. Adsorption efficiencies of Cu ion (KR 44—treated particles)
. Surface Modification Amount of KR 44 during Adsorption Efficiency qe
Particle Type time (hr) Surface Treatment (g) (%) (mg/g)
Silica Nanosphere 19 0.2 100 20
Porous Silica 19 0.2 77.8 15.6
Macroporous Silica 19 0.2 60.4 12.1
Surface-Wrinkled Silica 19 0.2 429 8.58
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Additional information as noted in the text. This information is
available via the Internet.
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