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Surface modified mesoporous silica (SBA—15) for phosphate adsorbents in water
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Abstract

The excessive phosphate in water causes eutrophication which destroys water environment. In this study, mesoporous silica was

synthesized and several functional groups were attached on it. Samples were tested to identify the ability to remove phosphate.

The structures of synthesized materials were analyzed by X—ray diffractions (XRD), Fourier transform—infrared (FT—IR) and surface

area analysis, Brunauer—Emmett—Teller (BET). To determine the maximum phosphate adsorption capacities and sorption rate,

the equilibrium test and kinetic test was conducted. Among functionalized SBA—15 samples, pure SBA—15 didn't adsorb phosphate

but AI=SBA—15 and Ti—SBA—15 showed good performances to remove phosphate. The maximum phosphate adsorption capacity

of AI-SBA—-15 was efficient compared to other adsorbents.

Key words

FHO : 715318 SBA-15, HIEI|IBTEA, QA B2,

M B

o] ks TR A
HI 5o} 22 4o 9ol &
ole|gt BAEY AL AR A, T U af el #H11Y]
ol & AejAlell F7] YT TN ol F Fal 5
FeHE FLelo] ¢ S ATl Fadh a9le] drt
(Lee, 1993). o]2]g o]fF& 5ol FrEH= <
710l AHAo® AskE AL Jlvk

Tl QL2 Akl 0] Af el oaf Ak o)

o

* Functionalized SBA—15, Mesoporous materials, Phosphate adsorption, Surfactant

HHEIR|

(Phosphate ion) FEIZ &A1) o] 0] L2 3}EH7] ‘:Ef 3
O]B_o}o% Q.ELX‘] =] xﬂ /\ggzs]—ﬂ x}g] le— 13]
B 59 WS el $52) < A7} ool T 9
. 0] 7} Ca, Al T Fe 0,1 228 o] 43t 3kekA =
1:!] A‘EE.__ Ezﬂ- /\ggtﬂ—?ﬂ x}g] H]—lﬂ O 7].1]— L‘]“J/] ]_9_
A= 7IHEolt HARE o] - 7HA WS B w
7] o, %2 A vgat we SeA] Y
2l Sl AFE @4 24381 Qi) o]
Hekehr] Slsh oAl i ow teket FatAlE0]
ATEoix Utk Red mud,
hydrotalcite, activated alumina, zeolite, ion exchange

)=J

> o

o oy RO
fo
it oo S

A

o 2 o T oo d

T

4

Al

—

fly ash,

* Corresponding author Tel:+82-2-958-5844, Fax:+82-2-958-5839, E-mail: swhong@kist.re.kr(Hong, S.)

79—



Journal of Korean Society of Water and Wastewater
Vol.25, No.5, pp.719-724, October, 2011

EH
g
=2
]
rn
=2
Bt
N
oH
>
o
N
i
i)
0
%
-
ofy
10
o

I A

—] 720

resin 5°] HEAA A AAL S2AZ A AREE I 3
=3

FH W27 2 o] tost
A ZA ATE oA 3L Uk Bl 6|34} Wy

IS X 7] 59 EAS 2 w3 =
o|EE tAIE 5 Qe B
=719] x4 HolA t7]1% 7 7)E
o] gl o] Ha vk (3],
W27 FT2AE Tus, ol f71E 9 oA &
25 et FRAZA ol o] gx] a1 Qlt}. 1 opr), vk
1A - 7] 71s 719k 8 WA e MR Y
A7k 715718 8ol 718 EAE golsh o] &3 &
Atk

thoFst ArellA, 54 =4 FAARZ o8+ gl
2738 7HE 9l Satel A8ahs Wete] Ak vl gl
ThEh 2007). SHATE Ao ik el w2 58k %1

=)

7go]

B2 Ao A= & v (hexagonal) T35 ZH= Wz
7154217k (SBA-15) 9] 7]53kgl ol & B& o1 &l
& ATE TSI Wz TTEA Y x| v
H2s Bot 54 B4 gk 7|5 3he 7|E ofe AT E
F3l theFstAl AXE o] Qi) 1B, olE 54 7 2
AEAS AAs= 4835 At ALY §le Aotk
ol A El"* on, SBA-15% #4% &

2

re
re
—Ll
o]r ﬂllﬂl
5 7

x4 7H%J_FJ SBA-15&
64 fle u].ﬁsﬂ

[

o)
7} ﬂﬂFJ} Rt 1°*E} T3t <l

35 Eolo] 71531 SBA-159] @1 F&A| 249
< ‘%J%—é}%iﬁk A7 7)1 skE SBA-159] <
Agstel] 2A ARE &89 F S oE AR

21 =7 |37=A =22 &
W27 g72A 24 AN f71EE
A 7] EAE ARl 4 HkeS
TR0, HxE NEEAA Uﬂiﬂ% 224
HhS o] &3kt
B Aol s Ak vz
SLRREEEREEER TR
d3k31aL, o]39 4”'101] 715715 —‘ﬂrﬂ@}'i’iq
SBA—15-§— 3] Slste] 714 At &4, P123
(Poly (ethylene glycol) —block—poly (propylene glycol)

271 5F2A 7k A
A %% zH= SBA-15%

2 [N

—block—poly (ethylene glycol))= micelle 3= 7l
HEgA R, AgE AFAZE TEOS (Tetraethyl
orthosﬂlcate)a AHE-3H3

4 g9 P123 & 2 M9 ?i ot
T, 313 K 7HA Wb 55 &3tk 919 80 8.5
g¢] TEOSE ¥ % = fAA171H 20 AIRE E<E Rk

AlZTE $HE S5 £3E2 373 K9 autoclaveel
A 24 AIZE oc’i—’Foeﬂ S 0}03‘3} T o] TrH A
AES dihe/FRTE AA $ f7Es A flst
823 Kol 6 AIZF 22438 t) ¥ SBA-159] A7
XA 3 EA (X-ray diffraction analysis, DMAX
—2500, RIGAKU, Japan)& & 7}k,

3 Q]
A

8ol 125 mLo) &

22 7|58kl ol =713
LRy 715718 BT

T=H =2 A
¥ SBA-159] 7|33} Fdof F
Zet7] flete] dFvlE AFAE aluminum  nitrate
nonahydrate (AI(NO3)3 - 9(H.0) & AFE3ISH 2.19
HPH o 2 s E SBA-15 5 g2 125 mL SfF<rol wwt
AR o ZH] TS FAATIL o] % £8E0) 1.684 g9
Fulg A4, aluminum  nitrate  nonahydrate
(AI(NO3)3 - 9(H:0) & ¥ar 24 A|IZk wnk 2703k A] wk
SAFE WHE E3ES S9lE 3EA7)7] 8l 353 K

2L Axst & G E HoRle f71EES AlASH
7] 98l 773 K 2o A F T
Hely 718719 §322 TBOT (Tetrabutyl

orthotitanate) & EJEHg AT-A 2} glycerol (99 wt%),
TPAOH (Tetrapropylammonium hydroxide) &vi&
o] g3t} o]Fojxh 7.5 mLe 20 % TPAOH
(Tetrapropylammonium hydroxide)< 40 mL glycerol
(99 wt%) & 2&3ta = 90 0.566 g9 TBOTE
J%HAVWP o] gofe] 2.1¢14 ¥ SBA-15 2 g& F
93l 3 373 KellA] 24 A|zF B9t wuksto] wk-g A7t
Pl TRE A= SRR o3 dx e AR
F HES Qlol7] 8l 773 Kol 4 AIzE B9t A7
e

99 F 714 71588 SBA-152 FT-IR (Mattson
Infinity Gold FT—IR spectrometer, USA) #2418 Z3
715719] 3 o2 BHlskgink

o (=

23 7157 &/l

Hri
0
s o
0
ol

[ - =
715719] Eitol wheh 948 SBA-159] Q) £ 54
& oliy] $I5jo] 2] thE SR 2 Folef U /)5
717} ol SBA-15% Wi Q) WY 3 49 s
ek



CZA 2 - ol Al - ol 2 - 0]7]% - E

Ofol
il
o

Ao ER], =2
253 5%, pp.719-724, 10&, 2011

o

2] gAML potassium dihydrogen phosphate (KoHPO,)
£ o]&sto] Alxeity. A7) Vsstd WETETEA
0.1 g& 100, 250, 500, 1000 mg/Le] FEE ZH= 50
mL Q1 F-Hel =9]3}0] 24 AIZF F]F 20 T2 255 74
17] air—shakerollA] WH-E-AIZITE REG o] 5 589 4k<]
TFZA9} o goS BeA|7)7] 5k 45 ime] syringe
filterE ©o]€3}Ac}t. €19 5%+ ion chromatograghy
(Dionex, USA) & ARE3alo] 43T (Yin, 2006).

Z}zye] 7ol il 71553k SBA-159] vl &2 59

>~

S 817] 98+ Langmuir equilibrium sorption model
< 0]83131 01 equation> T} AtH(Bellier, 2006).

__WBC.
T 1+aC,

A71A S= FIF A A ] E2bA|o] E2bE Qle

=T

4 (mg/g) & 53t 2w F2d L/golth g+ AUl
E 22 (grams adsorbate/grams adsorbent)< YERH
th 2283 Ca 89 Ul EABHR: 1] BHFEE ©

ngtt (3, 2010)

l

231 HES-A]A
)

ARkl uq_ e 17.}%% se1stin.
33 o

ARy st e, < &
potassium dihydrogen phosphate (KsHPOy) & ©]
Ak 7] 7158k SBA-15+% 0.1 g & 50 mg/L §=2
Q1 & 50mLell FY4ste] RAIZAT Sampling 81 2%
HES B et B HpH O Aby] sl 2.39] Hh 3} Hola)
| 3= Ak

AlZhol| whE Q19 F2} el tial dtetatr] flete] &
2 Ao A 71 AgstAl 448 pseudo—third—order

=]
k) 4
kineitc model®] ©] €%l ° ™, equations T3} 2}

X

q . 0

Te= @™ (1 + 2k

25000

20000

15000

Intensity (a.u.)

Pure-SBA-15
Ti-SBA-15
——— AI-SBA-15

10000

5000 -

Figure 1. X-ray diffraction patterns for modified mesoorous

silica with (@) non (b) titanium (c) aluminium
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Table 1. The BET results of mesoporous silica(SBA-15) with different functional groups

Samples Seer(m?g™) Viem®g™) Da(nm) Daur(nm)
Pure-SBA-15 1076.7833 1.718222 6.7228 6.0476
Ti-SBA-15 638.6582 0.691040 47737 4.2970
AlI-SBA-15 842.4602 0.642049 3.0516 2.9664

721 ——



Journal of Korean Society of Water and Wastewater
Vol.25, No.5, pp.719-724, October, 2011

=]
e
=
1A
rn
=
P
N
O
1>
L}
N
i
2
oo
o
+
ol
10
o

I A

— 722

3 715 717F e ¥ SBA-150] B&5= nxHd 3
7% A717F ZolE s B F vk ol 91¢] XRD @
W} FL 715717 B2 7189 Hol FANA 7w
o] A7) W FUAo] Fol=E= AL QlFEsh= Zlo|t}

A E SBA-15¢] 7]571€] §-2 o= FT-IR& &3

Q.L-}oﬂ;]_ (Flg 2) 135 ﬁl/HE] A]g]% 7]1;_].3] SBA-15
+ Si-0, Si-0H¢ Zg-e Yehle 93 (960 cm ™,

1100-1000cm ™) & WehiITh. 3 4] 53} Elels
o] B SBA-15% 715717} F-ag o2 Heks 4%
o] 7haato] Aeks 93(960 cm™!,1100—1000cm ™) 7}
HolA A == AL ERIsk) Fig 29] Wsld 938 %
gﬂ 7]%7]5 ] g]_tslx-l_j SBA— 1501] _‘TLXLE]O-]\:]._ Al

& BT 5 Ak

=7|37EA o By B

7}7] 7153k A7 SBA—-159] F&o W& ¢l S35S
ohur] SJetol 1 F3 Y AGE AN Fig 9.

¢l 25 A= Langmuir isotherm modelol] 2§80
23 Ad < =Y 2 FyE @I 5 stk

105

% Transmittance

Pure-SBA-15
Ti-SBA-15
80 - ——— AISBA5

75 T T T T T T
4000 3500 3000 2500 2000 1500 1000

Figure 2. FT-IR peaks of modified mesoporous silica with (a)
non (b) titanium (c) aluminium
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Figure 3. Phosphorous sorption isotherms of modified
mesoporous silica with non, titanium and aluminium

Table 2. Langmuir parameters for mesoporous silica (SBA-15) with different functional groups

Langmuir  parameters
Functionalized SBA-15 - 5
a(l kg b (mgg) R
Pure-SBA-15 0.4567 0.7661 0.0923
Ti-SBA-15 16.2162 0.0111 0.9653
Al-SBA-15 39.6006 0.0666 0.9729
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Table 3. Kinetic parameters for mesoporous silica(SBA-15) with different functional groups

Pseudo-third-order kinetics parameters

Surfactant

g (mg g k (@ mg 'min’™) R
Pure-SBA-15 0.5817 0.0112 0.2706
Ti-SBA-15 7.28112 0.0719 6.7906
Al-SBA-15 15.597 0.0223 16.0493
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