J. Kor. Soc. Environ. Eng., 35(2), 131~136, 2013
T
Original Paper

ISSN 1225-5025

12 MalEl BN EANE 028 80| S M

H== 85 OL- OT10

Fluoride Removal from Agqueous Solution Using Thermally
Treated Pyrophyllite as Adsorbent

= +
et - Sl - J-ghl

Jae-Hyun Kim - Yang-Min Song* - Song-Bae Kim'

Agriet 3747542 9 wo] . Fo| =T A - +/btiskn AR
Environmental Functional Materials & Biocolloids Laboratory, Seoul National University
*Department of Global Healthcare Management, Gachon University

(20124 8% 292 H<= 20134 29 182 =)

Abstract : The aim of this study was to investigate the removal of fluoride using thermally treated pyrophyllite as adsorbent.
Sorption experiments were conducted under batch conditions to examine the effects of adsorbent dose, reaction time, initial fluoride
concentration and solution pH on fluoride removal. In the experiments, the pyrophyllite thermally treated at different temperatures
[untreated (P-U), 400°C (P-400), 600°C (P-600)] were used. Results showed that the adsorption capacity was in the order of P-400 >
P-U > P-600. The XRD analysis indicated that both P-U and P-400 were composed of quartz, dickite and pyrophyllite while P-600
was quartz. The BET analysis showed that the specific surface area was in the order of P-600 >P-400 > P-U. Kinetic data showed
that fluoride sorption to P-400 arrived at equilibrium around 24 h. Equilibrium test demonstrated that the maximum sorption capacity
of P-400 was 0.957 mg/g. In addition, fluoride removal by P-400 was not sensitive to solution pH between 4 and 10. However,
fluoride removal decreased considerably at highly acidic (pH <4) and alkaline (pH > 10) conditions. This study demonstrates that py-
rophyllite could be used as a low-cost adsorbent for fluoride removal from aqueous solution.
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Fig. 1. Structure of pyrophyliite clay.

diffractometer, XRD)+&4] ¥} Brunauer-Emmett-Teller (BET)

HERA BAS Sastdck

1.

2 Ao AR FAS AAARFAGEID A SaE Ae
ZA, 100 HJ(No. 100 mesh, US standard sieve)= ]| 23}
o] Ix}e] A7]7}F 0.15 mm o|3S AE3}o] Aol ARg3}
At A3 FA-L 400TC (P-400)2}F 600T (P-600)2]
|24 3AIZE dA RS S8 9 &, FAsHA @
‘4 (untreated pyrophyllite, P-U)¥} 374 A3 ofl AH&-3FAT-
4] FE FHE dokd7] $15ke] XRD £4(D8 Advance,
Bruker, Germany)2 433} +=4d], 40 kV, 40mA, CuKa ra-
diation (=1.5406 A)& o]&3sle] EA35}t}k 1831, BET
HSEHAL N7k~ =2} 71 H(ASAP 2010, Micromeri-
tics, USA)S ©]-&3}

N

ol
,‘>'J'I‘
Dy

o] AHREE AlOFS-S Sigma Aldrichol A 7o}t
Aol ALEE Bagole B ZRao] Hgere) B3
UYE&ENaF)2 &9, 1,000 mg/L B4 E5NL A X3 3

-
N
S
1o
i3
>.
ot
2
olr
o
B
=]
9‘1‘
rr
i

19e st 06 g
9] ZAA et 275 =7F 10 mg/Lel E489H 30 mLE 50
mLe Zg|zz23dd FYZ % H(polypropylene conical tu-
be)o] @i, A|RFE S3M1-S-7|(shaking incubator)o]| A} 25C,
40 pm 27102 24A17F WESAIZILE AR E A Aol
QPYBIE 1A 1417 A AANT T, HEFLS 045 um
oj i zof sl o, H4 0| LM =(9617BNWP, Thermo,
USA)Z o]&ste] &9 Saoleses ZHskq °f
o, th2 ol2E9] S Hsh] ffste] ol E=xd &
28 00(58 g NaCl, 57 mL CH;COOH, 6M NaOH £ 150
mL, 1,000 mL §9)S B4 A|2gHT} |12 T35h]
d o) e dgwzel Wi g,
=

o]

o

A0

A
2
o

AP ATE vgho 2 p-400S o] gate] e
219, &, F2A19] 3 eH(dosage)ol wHE A,
A1 (kinetic test), H & A3 (equilibrium test) 1

pH 93 U9S astalch. S2AI0) 5l

> o 1o
o 12 D oo

gl

T
M

> 1o
ot
L
2
il
=
3
wQ
=
g
B~
oo
12
W
S
=]
&
=2
o,
H

W2 Bao BAFS AYNAt FIEHUYE g
Farold 244 :

)

jud
oo
>
N

Journal of KSEE | Vol.35, No.2 | February, 2013



J. Kor. Soc. Environ. Eng.
T2 xe|El HAMS SANZ 0|25 KA 24 |7

= S oo—

99| pHel wg F2HA
NaOH E+= 0.1 M HNOs=

< wlmatgich wE
A5,

3%, 9] pHE 0.1 M
[g8lo] 247 BpH 3-11)
E(triplicate) .2 4=

94
o

Tz Alsl e 39
| . f

2.3. |0|E| 2A
oisty FHARATE the §AF 13} wel(pseudo first-
}_

=1 o
29 (pseudo second-order model)S

order model)@} J-A} 2
olgelo] Alstaic:

gt = qel[1-exp(-ki1)] 1
_ kg’

7 U+ hgut )
o] 7)o A qi= AIZE Y u B wo| Ry Saty &

49| Hmglg), ¢ = FFAH) =ESAS W SZA o

H"‘Ek ?ﬂ% %M OJ(mg/g) & A IR s

S= ke ©
S = KeC" “)
oA71ollA S= &9l AR F2A & F2HE 49 4 (mg/

g), C= BFAFH A A 249 FE(mgl), K 2
& o9 x] e} #AE Langmuir ZVV\(L/mg) Que &9l
Aspe) FAA o Bao] Ao BAHE 89 (g, Kr
= B A$(L/g), 183 ne Freundllc Ao, Ki, Qm,
Kr, 283 ne A3 ZAto] Langmuir 2@} Freundlich
Bag Agelo] ke P,

11101’ U'Iol'

A4(P-U, P-400, P-600)2]
E4 AAZH)E Table 19
0 mg/LoA F2ANFUE =
P%ﬂﬁ% o, FAsHA] ¢S o
29 mg/go| ATt 400TCT oA &
22 0.399 mg/gl 24, P-UQ
o 5 7FeF3itE. BHH, 600°C oA HA
% 0.090 mg/go 24, P-US &
239,

H(P-U)O] B4 3
xqa] 3t 1/”\4(P 400)©]
5ol Hlske] of 21%
& WP-600)e] E2
Fsol u]ste] oF 73%

o
)

El\l oh‘

Table 1, Characteristics and fluoride sorption capacity of py-
rophyllite

Adsor- Fluoridg sorption BET sun‘zace XRD peak

bent  capacity (mg/g) area (m®/q)

P-U 0.329 1342  Quartz, Dickite, Pyrophyllite
P-400 0.399 1.673 Quartz, Dickite, Pyrophyllite
P-600 0.090 1.935 Quartz

*P-U = untreated pyrophyllite; P-400 = pyrophylliite treated at 400C;
P-600 = pyrophyllite treated at 600 C
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Fig. 2. X-ray diffraction patterns for pyrophyllite: (a) untreated
pyrophylite (P-U); (b) pyrophyliite treated at 400TC (P-
400); (c) pyrophyllite treated at 600°C (P-600).
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Fig. 4. Kinetic adsorption data and model fits in pyrophyllite
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Table 2. Kinetic model parameters obtained from model fitting
to experimental data (P-400)

Pseudo second-order model
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Fig. 5. Equilibrium adsorption data and model fits in pyrophy-
lite treated at 400C (P-400).

Table 3. Equilibrium model parameters obtained from model
fitting to experimental data (P-400)

Freundlich model Langmuir model
K (L/9) n R®  Qmimg/g) K.lumg) R
0.310 0212 092 0.957 0.070 0.83
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