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Characteristics of Phosphorus Adsorption on Titanium Meso-structure
Synthesized under Various Conditions of Surfactant
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Abstract

Eutrophication caused by the excessive supply of phosphorus to water has been considered as one of the most important

environmental problems. In this study, the titanium mesostrcture, which was prepared with the template of different surfactant,

was tested to confirm the applicability as an adsorbent for phosphorus removal and evaluate the phosphorus removal efficiency.

X—ray diffraction analysis, phosphorus adsorption istotherm and kinetic test were performed for the titanium mesostructure,

synthesized at various base material/ surfactant molar ratio and with different surfactant templates. From the results, we found

that mesostructure was synthesized at the base material/surfactant molar ratio of 1/0.25 was most uniformly and clearly formed

and thus the adsorption capacity was also maximized.
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ZA7)7] W] FRsR B 7] stEe] &9
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EHAHMobil Co.) 2] A7-71e] 2Jsto] s Ed=A,
Az et gkl 7152 271(2~50 nm) & 24 &
2= 913, ¥ v EAA (900 mY/g o) 7} 1 wjdo] npx|
RS A7 TS tha/d e F3o17] wiEel AA
staat she edEdel uist FERafo] wWe =
(Kresge, 1992). 18]1 8- AJollA] E7)/8}eh2 o=
QPgstar, 71A1A et Hrhe AE 2t Qlek wesk o
T MzzeAs 34 540 29 /e ujet FE45 =
= 7 SEs Adugon Fao) 7hss, AR % 3
I golsitt (e, 2007). EXIALe] 2laf wlzare| A A
7t £29] FAo] By o]F, Ay} o]9]e] thekst =7
A e iz dolus Akl digk #ilo] 7
7o) $ITh(E, 2006). o2 $t F=Alel 7118t #
AAZGA ] FFell S A =235 WzT2A 0 3t
A& AAgE A7 Ayt RuE vk glr(e], 2005).
Hexa—decyltrimethylammonium bromideZE AH &4
A2 AMgst] A 237FA A0 E (zirconium sulfate)
HETZAE IANA =2 82 AS AAS A7 A
7} ERE L A2 3F vFETRAE QJiko]e tiske]
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7V FE& R FAsE el Ao gefxl vt Qe
SHARE A 25t T ARA7F 2k Q)= Q1 Al tiet &
£oll vlste] s =2 7HA witell AAldo] v v
Zog e vk ey EelgS A23FY 22
=0l Sl SRHEEA Ak 5438 ZEaL Q1) wiiEel| H
ElgAl A#Ho]E (Titanium oxysulfate—sulfuric acid
complex hydrate) & & F2A713L A|A eh=d =&
BIE YERd 0= oA o]of & ATl 3714
EF59 AW XA (Do—decyltrimethylammonium

bromide, Hexa—decyltrimethylammonium bromide,
Octa—decyltrimethylammonium bromide) & ©]-8-3}¢]
o] Akl HEREAl  Add|o] E(Titanium
oxysulfate—sulfuric acid complex hydrate) ™ZF-ZFA|
=, 19 & 7FedS Hrketaat gtk megk v
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3

Y (Kresge, 1992).

B Ao M= micelle 725 843517] $13F template®
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Figure 1. Molecular structures of (a) hexa— (b) do- and (c) octa
—decyltrimethylammonium bromide



LSS, 2
243 45 pp.413-423, 8¥, 2010

1.96 g, 2.5 g® 60 mL9] ZHFo fAHTE o=
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SAIA T
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spectrometer (OPTIZEN, mecasys co, Korea) & A
sto 7383t (Yin, 2006).
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3R 01, equatione 53 Bt} (Bellier, 2006).

e N

afC

e

" 1tacC

A71A Se BFFEFHAA S FaAlel Eatd
F(mg/g)& “EO]'“% e T Lol s HAd &
Zek(grams adsorbate/grams adsorbent)= WERITE
83 G RN el EAlek= Q19 BHEEE gnlgt
=2

2.3 Surfactante| Hl &0l 2} HHE o E=FEHE
o|lgst olo| Wy = MY
w222 A S flElA ARS-SE 3 7FA ] Al S A
7he-d] ¢l F&50] £2 do—decyltrimethylammonium
bromide £} hexa—decyltrimethylammonium bromide S
o) 22 2] TIOSO,8 Z &S Salsle] dA4e &
Q1 2 AYE St 7N 223 A A L v
42 1:0.25, 1:0.5, 2831 1:1¢] vj&= &gl vz
TZ2AE 3l 71d E4<1 TiOSO4E 40 mLE]
Sirel 20 ARE ol gaATIA, BAlO
do—decyltrimethylammonium  bromide®}  hexa—
decyltrimethylammonium bromideZ H]&2] <Atz
0.978 g, 1.96 g, 3.91 g= 60 mL2] &7l Eaf|A5
o]F w72 I WHE 2.1.9] W8 FYsiAl
Ak sk whSel AREE 1 8942 potassium
dihydrogen phosphate (KoHPO,) & o]-&3fo] #2313 ch
st E mZ21FA 0.1 g= 50, 100, 150, 200 mg/L9]
TEE 2H= 50 mL 91 fhof =45t 24 AlRF F9k Rk
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A7 gz B EE gl S Al 2 Q1o SrEA B A7t FREHA Stk HZele v
F(mg/g)e %3 ki second—order reaction A7}t 22 AA2A AP3} ol ofe] 714 vzEy

constant®]th. ga= A7t M F&AS] F2E 919 ok 2 FRAY] FHOZ AMEHY -5 HzT2AE ¢
(mg/g) & LFERATEH skt 0] 4575 stk Figure 28 3 7H4 579 AW
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25 Surfactante] |0l w2t @M= HE=T=HE S yehd Zlojth CTABY] §HAaA912] Zolof ule} e}

o|gst olo| H|Hy F& AMH o el tgkdQl peak7F A AR Kol peak
2.29] AL Eg) olo] that Ea50] $5=5 2 71A] v intensity ¢} sharpnessellA] &M 2jo] & Rt 53]
ZT2AS AAsI] 719 401 TI0S0, 9 AdEAI A 2] hexa—decyltrimethylammonium bromide?] 3¢ At
= HES gEjste] S $ 2 nEY A AEE Y How 7P % intensityE 2= A0 7 SRl o]
soict. 71Nk 247 AHEAIA L] S-S 1:0.25, 1:0.5, AL hexa—2 79, thE 7 7HA AAEA Aol vlgto] 7}
T3 1:18) vlEE Egete] vixgz2AE e $ 0.1 & H<etal dH 9 hexagonal FEC 7]Fo] AU
g< 50, 100, 150, 200 mg/L2] E=%5 2= 50 mL ¢l = Uehl= Zlojrh
gollof] Fsto] REEAIA FoUTE 78 e Ql v S 3 7K A AE AHE-sto] A w2 2AE o]
42 913 sampling method 2} FAHIH-2 kA 2,404 g3to] Hay FHAHES 8 A, hexa—9F do—ollA
o133k &3} B 48 Qth EAwo] e Aupb= AL fAket FHs& eI 22 octa—E o] &gt
2.40°]4 2} 7] pseudo—second—order kinetic model= A= 2 7l vlgte] At o= v Q1 AlA 5
o]-g3to] FA 3T = YERASITE ofell Adgd A o] vl whE w7 2A]
9] EAS ol 7] $18] hexa—$} do—oll T3k XRD i
3. 41} g EQ9 H-g Flste] Bkt (Figure 3, 4). Do— 9} hexa—2] +

7HA Z8-oll skl S8l & A3t 1/0.25004 iAo

31 E|EHs M| =T x| TxEM EA E OB % peak WS YERfo] 7]¥e] A7]7F Bk
WETZAE 779 2 EWH o R oldle] ZuL} St wAs Zlo® FRlFHITh o= AMBAA] FFRe} 1

Intensity (cps)

2 Theta

Figure 2. X-ray diffraction patterns for titanium meso-structures synthesized with different
surfactant template of (a) octa- (b) hexa- and (c) do-decyltrimethylammonium
bromide
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—— Do- (1/0.25)
.......... Do- (1/050)
Do- (1/1.00)

2 Theta

Figure 3. X-ray diffraction patterns for titanium meso-structures synthesized using titanium
oxysulfatesulfuric acid complex hydrate/dodecyltrimethylammonium at different

molar ratios

Hexa- (1/0.25)
.......... Hexa- (1/0.50)
Hexa- (1/1.00)

2 Theta

Figure 4. X-ray diffraction patterns for titanium meso-structures synthesized using titanium
oxysulfatesulfuric acid complex hydrate/hexadecyltrimethylammonium at different

molar ratios
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i ZashA Hi= slolth & 2] skelA Q Fo] v dgetA dofvh= AE ¢
A = ATk 4 octa—2] AF-oll= Asolxe F

32 AHgMdr e 72t vl wE 2lo| By & 52 hexa—8} frAkstl o), Hol F2lsolA Az e

b AlS 293 78S JeERS A Langmuir modela Ag3 = 4
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223517] 2)8lo] Langmuir adsorption isotherms ©] & Lo A= hexa—7}F 9473 Ao 7 JeERh} o] = 71A] A
319ick Do—29] A9l 77.89 mg/g, hexa—x 69.20  ZEA Histo] fﬂﬁ‘ﬂ A& et (Figure 6,
mg/g, 712]3L octa—E 61.64 mg/g?] H) F2H5-S vl 7). Micelle FAJ51o] template?] 98-S skar 9l AW
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°
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Figure 5. Phosphorous sorption isotherms of titanium meso—structures synthesized with different

surfactant (CXTMA)templates

Table 1. Langmuir parameters for titanium meso-structure synthesized with different surfactant species

Langmuir  parameters
Surfactant
al kg™ B (mg g’ R
- (Ci2TMA-Br) 0.0124 77.89 0.953
Hexa- (CisTMA-Br) 0.0334 69.20 0.955
Octa- (C1sTMA-Br) 0.0330 61.64 0.793




ZA 2 - Hx|g - ol5d - oAby Bot+=88Xl, =g
243 45 pp.413-423, 8¥, 2010
400
[ ] 1/0.25
1/0.25 [Langmuir model]
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Figure 6. Phosphorous sorption isotherms of titanium meso-structures synthesized using titanium
oxysulfatesulfuric acid complex hydrate/dodecyltrimethylammonium at different molar ratios
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Figure 7. Phosphorous sorption isotherms of titanium meso-structures synthesized using titanium
oxysulfatesulfuric acid complex hydrate/hexadecyltrimethylammonium at different molar
ratios
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Table 2. Langmuir parameters for titanium meso-structure synthesized using titanium  oxysulfatesulfuric acid complex
hydrate/dodecyltrimethylammonium at different molar ratios

Langmuir  parameters

Inorganics/Surfactant

a ( kg B (mgg? R
1/0.25 0.0144 404.78 0.802
1/0.50 0.0114 162.07 0.857
1/1.00 0.0410 28391 0.853

Table 3. Langmuir parameters for titanium meso-structure synthesized using titanium  oxysulfatesulfuric acid complex
hydrate/hexadecyltrimethylammonium at different molar ratios

Langmuir  parameters

Inorganics/Surfactant

a (I kg B (mgg) R
1/0.25 0.0208 392.06 0.902
1/0.50 0.0357 240.77 0.911
1/1.00 0.0475 140.66 0.856
140
4; 120 -
[=2]
£
= 100
3
g .
o 804
2 :
=S :
2 60
% .
2 ®  Hexa-
g 40 1, O  Do-
%_ v Octa-
é —— Fitted (Hexa-)
< 20 ——— Fitted (Do-)
~~~~~~~~~~ Fitted (Octa-)
0 T T T T T
0 100 200 300 400 500

Time (min)

Figure 8. Phosphorous sorption kinetics of titanium meso-structures synthesized with
different surfactant (CXTMA)templates

S vEhd 1/0.502 w9] 162.07 mg/g¥} Hlw kS u, hexa—2] Z-$el% 1/0.25, 1/0.50, 1/1.0098] 4= 1
oF 2.5 1l A& 2 1 AA FAch Hexa—2 A9% ol as = S HolFolth B3 2 ghs vlaste]
w72 1/0.258] H]EY W] 392.06 mg/gl. = 7 = B3k ), hexa—7} do—°l| ®]|3}e] 2v) A& =4 Yeh}
& FH5E BT tH(Table 3). o] A= 3,104 1 W2 FoA] @l AlAEe] AR 945 2o o
ol XRD A7l AAeh= F107A, do—2] AW ek o o= AME/dA Firell whE Langmuir fitting
A vEE F253 XRD HEeA 9 intensity 7} Al FAFsE Adgolct

1/0.25, 1/1.00, 1/0.502] A2 FsHl YElsen,
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33 AHEMH o 7t H|E0 WE ¢lof H|HY

Zegoll Ato] o] A|A 7)2S BAE) Ho}"%
2ol whz} %Mj% Uﬂi?%ﬂl% ol P°1

TOF VRO vk & 4%7] oA octa—7} hexa—t+
do—ell Hlgto] wh=A 1S AAsH: = B3Ath
Pseudo—second—order kinetic model& &g ¥ Az}
M= k 7kl octa—2] 79 0.007383 g/mg/mino.= 7}
& =& FAE UERItHTable 4).

3 3.2004 53 A9E E)Z do— 9} hexa—2] ¥

ol w=

Ql Zzlokrke- Flols)y]

A= R e} =

95t v|FE FzHAE

S 338t Figure 9, 10). Do—2 7%, 1/0.25%
1/1.000] A8l fAFeE ge (mg/g) 9+ k (g/mg/min) #t< H
591, 1/0.5000AM = 38 S E oA 9} mpa7iA =

].xL \;\}2 7

S YeRZItH(Table 5). Hexa—9] 790

1/0.25, 1/0.50, 1/1.002] 2.2 q. (mg/g) 2] #ko] A
512 tHTable 6). Al7te] W Q1 A7) ekike] xjol7} =17

L]_E]_L]_x]% o}ol—ob]. ﬁﬂtﬂ

AT fAKEH okrke AlAE

Table 4. Kinetic parameters for titanium meso-structure synthesized with different surfactant species

ki

oﬂ/ﬂ §]—0 ]_oﬂ\:—] ﬁzsk

£ BojE AIgink

Pseudo—second-order

kinetics parameters

Surfactant
ge (mg g’ k (g mg 'min”") R
- (C12TMA-BIr) 89.8303 0.000573 0.9712
Hexa— (CisTMA-BI) 116.4341 0.000412 0.9812
Octa- (C1sTMA-Br) 92.2479 0.007383 0.9961
120

100

B D [}
o o o
1 1 1

Phosphorous adsorption amount (mg g™
S

° Do- (1:0.25)
o) Do- (1:0.50)
v Do- (1:1.00)

—— Fitted (1:0.25)

——— Fitted (1:0.50)

.......... Fitted (1:1.00)

0 100 200

Time (min)

300

400 500

Figure 9. Phosphorous sorption kinetics of titanium meso-structures synthesized using titanium
oxysulfatesulfuric acid complex hydrate/dodecyltrimethylammonium at different molar

ratios
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Figure 10. Phosphorous sorption kinetics of titanium meso-structures synthesized using titanium
oxysulfatesulfuric acid complex hydrate/hexadecyltrimethylammonium at  different
molar ratios

Table 5. Kinetic parameters for titanium meso-structure synthesized using titanium oxysulfatesulfuric acid complex hydrate/
dodecyltrimethylammonium at different molar ratios

Pseudo-second-order  kinetics parameters

Inorganics/Surfactant
ge (mg g’ k (@ mg 'min™") =4
1/0.25 86.6658 0.001225 0.9593
1/ 050 86.0804 0.000705 0.9902
1/1.00 86.9629 0.001544 0.9911
Table 6. Kinetic parameters for titanium meso-structure synthesized using titanium oxysulfatesulfuric acid complex
hydrate/hexadecyltrimethylammonium at different molar ratios
Pseudo-second-order  kinetics parameters
Inorganics/Surfactant
g (mg g’ k (g mg 'min”") =4
1/025 101.8915 0.000479 0.9827
1/ 050 99.6490 0.000538 0.9849
1/1.00 97.8065 0.000632 0.9820
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