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Phosphate Adsorption Characteristics of Zirconium Mesostructure Synthesized under

Different Conditions

Seung-Hak Lee - Kwan-Yong Lee - Sang-Hyup Lee' - Yong-Su Choi

Water Environment and Remediation Research Center, Korea Institute of Science and Technology

ABSTRACT : In this study, the phosphate adsorption characteristics of zirconium mesostructures synthesized under different conditions
were estimated. X-ray diffraction analysis, phosphate adsorption isotherm test and kinetic test was performed for the zirconium mesostructures
synthesized at different inorganic/surfactant molar ratio and with different surfactant templates. The test results were analyzed with adsorption
models. From this work, it was found that at the inorganic/surfactant molar ratio of 1/0.50(0.013 + Zr(SOq), : 0.068 - surfactant : 5.55 - H;O),
the meso-pores in the material could be most uniformly and clearly formed and thus the adsorption capacity and reaction rate of material
could be maximized. And the pore size in the mesostructure increased with the chain length of surfactant template used, and maximum

phosphate adsorption amount and reaction rate could be achieved with the zirconium mesostructure synthesized with the surfactant template
of dodecyltrimethylammonium bromide.

Key Words : Mesostructure, Zirconium, Phosphate, lon Exchange

R0 1 B dFME N2AF AXZTFERAE Q] FFAZ AL Qol, T2A FH AER A23E F/EDL AREIAY &
g AWEHA Y FH7F A23F WE2TRAY QA £35 2 FA4E A gFE HUhEgh ol F 98, FrIE/ADE8A
9 Hg 3 AUREYAY FFE 225l 23w WEZTFRAE FHEL XN JEEME FH 724 BYe e, §2
F37 kinetic AFE FP3 FAHN DL AL H 4 SHLFE vnddch A2RHOE, (23w METEAE 4T
3o A B/AHREHA Y Eu)E 1/0.50(0.013 - Zr(SO4) : 0.068 - surfactant : 5.55 - HO)E 8t= A$ 73 TAFolx S8l o H
Z713& 7 TRAE 4€ F AL, )2ZHE o AP F35d FFEEE AURE @ £ ASS € F AUtk BT AHREYA
9 gaAe] dojPe] w# F2AY 7|3aNt ARE ¢ F ARXT, £ A AHEE AEEEASF dodecyltrimethylammonium
bromideg FROZ AZIF WRTZRAE FAL 3¢ Qo U §25H FALEE dUE T 5 e ¢ F A

FHI0) - MzTEA, A2ZE, Q, ol2u

1.ME g v 2T-2A|(mesostructure)= YA F7|9] W ZI|F
2~50 nm)& FAHo2 7pAm 2 HEFH(>1,000 mg)
S YeEhlE 548 bEe g o8 2gERd s 34
2 2g98 v 9ot”” Zhao et al. & ARSHAIF ¥FE o
272AE o]g3d £59 $7]2EEL AANALY Mer-
chier and Pinnavaia Thiol& FY3 WZ{LZAE o] &3]
Fo3 e Foleg & AANYRY £, oEA 5
AREIAS ERog &(surfactant-templated) A EFZF
(zirconium, Zr) A ZFZAZE g8k A FHAAZY JE

A2 55 RYGEE dovle Fo UEAE A5+

& FYEo] Mg gt

g A3t AHgd V1€ AdIHERE 84 <8R
B, Al Fe, Ca §39] 2FAAY 5& £ & ok AT,
Y AL vAE B8 ol&SEE P AAR
€ 88 3 /7 #Ut olg L, ARFARLS 0T ol
2853 Jo AV FF 24

0%
ok
rir
M
>
S
%2,
rir
»,
o
il

BAGT Yok olo) wlsl, FAAE
Aol @ w27k golatm, 53 A% ) A
QA AAN gLF G Y Ao B

s
do
o,
re
2
X
oZ,

z

lo

off
i
ot
ly
3
o

T Corresponding author
E-mail: yisanghyup@kist.re.kr

Tel: 02-958-6945 Fax: 02-958-5839

4e B B golea@rAS g2 718 FHACN v
3 oF 2u) 7Pkl L FHEL BYL BAF v A

71E AFARNA Az H2FERAE A W Aol
% FAAE AGIIAL” FHEE L FAVR A
B} olRolF e B, FEA FH2A B2 A FF
s4ug So g ATE ofd PAE A

o

Ciptety 5ot X 283 6%, 2006F 6

i



584 o)z - oBE - HY - Hga

£ ATNNE, Bemplate)e TS ADLEAS T
249 WSENS YYSHE Azay Fr1E A, 2
UL FEA FY) AEHE AVBYAY B} A=aE
WEFEA < F35 % FRSE BAE 9BE 9o
AT oE A, FABAVDYA vg % AV
9 E7E g A==y METEAS PHHL XY
g2eae B4 1 724 BY2 vepgon, SRy
kinetic AV € +Pse] FHANEAL 48T 3 2 54
352 vz,

2. AEy

1

21. XIZ3E HETZH 9 &y

A, TEA FP AR FUIE/AWNEEA Y Bug
o] 1/0.25, 1/0.50, 1/1.00 2.2 SA 3o A=3E W &5
ZAE FAHsHh o1F 94l zirconium sulfate tetrahydrate

(Zr(SO4), - 4H20, Aldrich Chemical Co., USA) 4.55 g& =

T 15 gl 83A1A A23F A& FH|okaL, hexadecyltri-
methyl ammonium bromide(HDTMA-Br, CHs(CHy);sN(CHs);Br,
Aldrich Chemical Co., USA) 1.25, 2.50, 5.00 g ®& z}z+ =
o 85 gl 8MAIA ARNEHA &AL Fulst o]
& S4% AVBYA 84 AT 24 EL F
AR old, ¥ g9 TRF FAll 2ae 17 3
B FYIE AL FIY + YA} oF A 100
CoAA 48212 5% FANIIL 448 FFES 045 pm
HEQ EHE AP H, 3FF 50 mL2 55 MY
o Ao s AFE FAES 80TAA 442 B¢ A%
H, 245t Iz Aho) Agstath

GeoR, F2A Fd ASE AUdgA Y mER B
AR ZAol(carbon chain length of tail)E el sl FzA=
25tk o]8 4, do-(Cre-), hexa-(Ci-), octa- decyltri-
methylammonium bromide(C,sTMA-Br, Aldrich Chemical Co.,
USA) 2.50 g& 27 7S 85 goll &3)A1A AREHA
42 FUEAL, 18 A=22E Y3} LA o),
B @/AREAA ) vl 105002 QFaA FQom, o
T AT A HES BHF 2ol shnk FHE A
B3y fEzTEAY 27 9 73TRE XA HRENX-
ray diffraction analysis, DMAX-2500, RIGAKU, Japan)& &
s HrlstA e

22. \IEFE HZTZAE 0|28t o F&t

7 24904 F4B A=2F WZTEAY 9 FASS

LEAPILUL B4 WAL o2 A 5T mL &
9 2 AIg#Ee) 0.05 0.1, 02, 0.4, 0.6, 0.8 g9 &%
€ ¥ % 1000 mg/Le] X71EEE JHAE A £48 50
mL¥ % F, rotary shakerE o] &a] A-L25T)oA 24
A7k FF wakslh ¢ 8992 anhydrous potassium pho-
sphate(K:HPOy, Junsei Chemical Co., Japan)g& Zf 4o &
SHAA FHEAL, AP L B3 2 AHo) AMEF mE

o of
40 Ty
e

2

). of KSEE / Vol. 28, No. 6, June, 2006

-

FHA e 61 ol FFB P =G FA5H) wt
€ ¥, 045 pym BB AHE o] 83 A4Y 1¥L £
33 Yo EAlss Q1T Fato)l (sulfate, SOS) EE
£ o]2 z=ntEI#d(on chromatography, DX-120, DIONEX,
USAYE o] &3 A5t

A2dE HETZAY FHEEE kinetic AP L 3
TaA o1& 98 57 mL £3F9 F2 A@@ 47 04
g9 FFAAE ¥ 1000 mg/LY) 27|1EE=E 7HAe A &
A& 50 mLA FPF H rotary shaker(FEAZHANA &
NFon, Aek & 20, 40, 80, 160, 240 £ AUl 14
I AFE Esgh 1% A U EAshe  BEE 9]
& AZEIHHE o] &3 BA5AT

=

23. E3leiMq 2l

Z 2740A §HE A23F RZTFEAY F35S Lang-
muir isotherm E W& o]&3] H7}5l9Y ) Langmuir isotherm
=de 4 ()2 E8E & Aok

_ bGua G
LAY Yel

)

olm, g.= F&A | F29 19 Fmgp), b Langmuir
AF(Lke), Onwe ANERF(/g), Cot BEIHANN 4
4 99 s=F yerddh

A23F H2TZA Y kinetic 4¥ 25+ Ho and Mackay
o 9 ALH FAlolxpuE- R ell(pseudo-second order kinetic
model)& 0] &3 HAAALY FAlolARLRAL 4 )=
BEY F gt

dg
— =klg, —q)’ @

olm, g= Azt FRE A W mg)s, ¢. & FFY
Hol =23e o 2 FHFmg/p)e, it WHEEE A
mg - miny& YeRdA T

3. 21 H 1F

31 HIZFZA S 28 EM

Fig. 19 (a), (b), ()= ZZ, F7I1E/AFEPA e Evr)
1/0.50, 1/1.00, 1/0.252 ¥A4R A=23xy WFZTZAd o
¢ X3 FJEEA Z2HE Jepdoh Fig 194 2E 724
€ HEE 2719 §84020)A Fags Jed s g9
g 4 Q9w FARREA BH7E 10502 BS A
23§ WZTFRAN 877]F(hexagonal pore)?] EA T aZk
((100), (110), (200)F" (100)3} (200) T =27} ThE Aol w)
& Folo] vEbEE FIE 5= AUtk ol2HE FAE/AY
4R Eul7b 10,5090 240N, AezE WE2T2AY
Hz7|Fo] 7 wEAFL HEAY 49 FHE ARe



¢ & AAh

Fig. 29] (a), (b), (¢)& Z+Z}, octa-, hexa-, do-decyltrim-
ethylammonium bromide A|HE4AE & Ftemplate)2 2 &}
o 4T A23F WE2TFRA i XA IPES FAH
E vehdt. 9714 FEeg A AHEGA Y §iA
Qlo] Zoldo| mhekocta>hexa>do) HX]4x(100)9] EA¥]=
7} dehe gd7be] m7)7) 2.06°, 228°, 2.6°2 ARE
A & AATh 1ZRH FRAW FHE 71E9 e
octa>hexa>doFo & & ¢ % Udch

32 H=FxAHQ ¢ &E&ts

Fig. 35} Fig. 45 4%, A2 b8 F7|E/AREH4 4]
2 9 AZ3F vzTRAYG M2 92 AWSLEA 8
Boz P4 A23F UERTRAY Qo U 5287
AJZAAE Jehdth Table 13} Table 2= 2 A8 At

(a)
. K
g e,
z
i /' ©

] 25 45 6.5
RS

17 2.7 3.7 4.7 5.7 6.7 7.7
2 Theta(®)
Fig. 1. X-ray diffraction patterns of zirconium mesostructures
synthesized at inorganic/surfactant molar ratio of (a)
1/0.50, (b) 1/1.00 and (c) 1/0.25.
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Fig. 2. X-ray diffraction patterns of zirconium mesostructures
synthesized with different surfactant template of (a) octa-
(b) hexa- and (c) do-decyltrimethylammonium bromide.
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Fig. 3. Phosphate adsorption isotherms on the zirconium me-
sostructures synthesized at different inorganic/surfactant
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Fig. 4. Phosphate adsorption isotherms on the zirconium meso-
structures synthesized with different surfactant(C,TMA)
templates.
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Table 1. Lanmuir parameters of Zr-mesostructures synthesized
at different inorganic/surfactant molar ratios

Inorganic / Surfactant I b(L/mg) Ona(mg/g)
17025 0.998 0.0079 108.67
I /050 0.902 0.0056 134.65
1/ 1.00 0.837 0.0049 123.18

Table 2. Lanmuir parameters of Zr-mesostructures synthesized
with different CTMA-surfactant templates

Surfactant(CTMA) P b(L/mg) Omax(mg/g)
Do- 0.939 0.0029 287.52
Hexa- 0.989 0.0067 195.86
Octa- 0.953 0.0029 140.53
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structures synthesized at different inorganic/surfactant
molar ratio.
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Fig. 6. Phosphate adsorption kinetics on the zirconium meso-
structures synthesized with different surfactant(C,TMA)
templates.
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Table 3. Kinetic parameters of Zr-mesostructures synthesized
at different inorganic/surfactant molar ratios

Inorganic / Surfactant 5 g(mg/g) k(g/mg - min)
17025 0.989 96.338 0.303x10”
17050 0999 | 128.048 0.497x10°
1/ 1.00 0.998 117.523 0.458x10°




Table 4. Kinetic parameters of Zr-mesostructures synthesized
with different CTMA-surfactant templates

Surfactant(CTMA) P g.(mg/g) k(g/mg - min)
Do- 0.999 | 132.865 0.818x10-3
Hexa- 0.998 128.85 0.550%10-3
Octa- 0.935 67.074 0.537x10-3
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