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Abstract

The purpose of this study is to find out the effect of particle size of sediment on adsorption of

fluoride. Particle size is classified as sand, silt and clay. Adsorption equilibrium time, adsorption isotherms and
the effect of pH were investigated through batch tests. The pHp.c of sand, silt, clay was respectively 6, 8, 4.5
and AEC (anion exchange capacity) was highest in silt, respectively 0.0095, 0.0224,0.014 meqg~'. Adsorption
of fluoride on the sediment was in equilibrium within 300 minutes from all particle size. The experimental
data of isotherms at various pH were well explained by Freundlich equation. As the experimental results of the
effect of pH, the adsorption efficiency of sand and silt were reduced after the pHp... However, the adsorption
efficiency of clay was maintained after the pH.c, and decreased rapidly higher than pH 12.
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of food and drugs safety, 2010).
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A, 5mg LS 27t A9

o=l Eao k=3d AS %’:@_ 7HAE 4 A,
A7 eE Alole dAl B S vAE AL=
dHA Aok w2 24 s WS ASSHA BElE
i A Eolof st #E| FEOZ FAEIL Tt (Jeong,
2006).

Eae WAl Fob o7 Aol ARE Foltt. A|oF
FE FoF Ay, vtEA 34, dRvlE A, A

Id 5 1/\1 AHE Folm 3] Yo B4 Haee AR
At W= X 2 LCD (liquid crystal display) A& &4 o
A F2 IR Qo B4 4= pH 1~39 A9
2,300~500 mgL™'9] 25 F§5ta Qoh 2 B4k
(hydrogenfluoric) = HiE=™ A= FFA TH=H
1% =9 Nitrate, Phosphate, Br, Si & ¢4X 57|53} g7
HiE =32 91Tk (Woo, 2009). YREH o2 B4 4= A2 ¥
HO2E CaBgES SHAR o] &3 CaFr JHS A
AA Aste Wio] ok R 3 7]E°] 1~5mg
L7'el Aol 33 A H7H2] 2757 E gk (Woo,
2009).
Yol Ba HE5 47152 3HAG H$ 3mgL”
o|3}, 71t Hj& A gl tisted= 15mgL 0|5t 13}
ek FY s+ FS wiEHE7IECGmgLlHE F
5L Gl HolARE AR Y AL V& S de
£ Hol7|& g} A= A G AlTA A
20 14%1 P 2874mgL7'Y B4 EE By, o)
TR Ao A 20159 HH 688 mgL'Y B HEE
EdE}(Water Information System, 2016). 7 7] =of ¢ |3t
Z435149 A9 HFHE B4 557} 340mgkg ' &
E%ki"‘é.—rﬂi 1,229 7]&< 400 mgkg™'oll ZFg =3
£ 7HA 3 ok SFE (2013)0 4= EASE ZFE vl
7 ol vl X @3l dis BrFstR o sHd
ol n]X= FFol| A= obd A7t m|ekgt AE o]
ot 53] =Y skd EAHEY A s Astke, BEY
T ZE A=A SAYS ERst A G2 oA
5149 EHEo et RYEPo] fA &2 dFolth 7
T EHE Y e EsE ‘5‘19“71%% TAsA &
7] WZoll LBt oz, Ol% FHo g2 Brist
7] feliA= A= dE E4

é-brﬂl:l

A
A
FA

Absttefol ofs Eetxitt. o] A pHezcd HEL =
A 4= 9t} pHezce point of zero charge®] &FAL2 3
2] £517F 02 o ohel pH G2 etch. g4l
pH7} pHpzc BT} & Aol & (%ol me5o] 2ol
Stert & A9 Aol gt ol ol 4 ¢
oju=d|, ol B9 EHo| 2|3} (deprotonation) = H
Al ol nghEgo] astal, S5t EHI Jo|& AL
o]9] FA7|A whirgo] F7tsty| wjZolth pH7} pHezc
Hoh 4 o, goz A" BEF FEe AXA &9
W 2ol 9 ulgo] HolA A, ol Lao| Fo|Ex.
FAFSHA|, =& pHOl A & o] Sol& Hl&& F7H5HA]
g0 Y B RUE Z715HA Hol ol mE
o] AsfjEct A ow Ao Jol FHZ A&AHE
F Fol2F T Fol At Hs XolA TF T
E o} (Cornell and Schwertman, 1996).

sHHoA anA oz Wty AsiAe HA EGH
oA 9 4 Asol taf wofste Aol st Ea
of 72 QHEAL A FUE Fi ‘?JX]' o &2
= 9l s} Hier o] B A& 7‘}5]7‘]‘4' - 3l
ok A ET A Ato]o] BASE BiEo| 7PEP°L° =4
o] HFEEE ¢F2 FoE HAE AAs= AEAS
o £l J3) vhere] HHBo| BAHIE Tk SR
9 2 HE BUIEH] YA = ERE ofYeE EHE9
L EsEol et B} o] Foj A of AT dA ol A
AF AASHH ] E4 Fof et A 2= )
Aol 21 sHHe] Bo FEE et T
ojATt FAEL B4 F&o tisiAe 2EshA g1

Agolth. £AIEH oA E4 9] o]lF EAS & o]F)
Helsty] SAAE 2 pemE ohle B4} 5
g F&ste EAS Tofste Aol dasirt.

3 AEL YA =7)9 we} sand, silt,
335‘3*]7& &% pHOl WE &
sto] Ui 27]0] ME B FI
40l EH?‘?H a‘OHHJ_’JP ok S £5 59 23
wheh chopet b4 B QA BEE KT Slck 2
AFE T MY dA =7] W3t Al §HEY E4 °]
Foll sl sl B o UL, AR QS EaY o
Yotk pH 2719] ¥i3} A] EHE9 E4 & WHIE °1]
3 & 4= it
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Table 1. Summary of experimental conditions (Adsorption equilibrium time, Adsorption Isotherms, Effect of pH).

Initial concentration of F Reaction time Mixing

Tests 0 pH . .
(mmolL"™) (min) proportion
Adsorption equilibrium time 1.05,5.26 6~7 15,30, 60, 120, 180,240,300 2g:30mL
Adsorption isotherms 005~1.2 3,5,7,10 300 2g:30mL
Effect of pH 0.26 2,3,4,5,6,7,8,9,10,11, 12 300 2g:30mL
stielA ARsATh HHES F AHAI Whg BESY 1CoIH WU7IE 0183 WA Bl o2 3t
AEE AHste] 349 B TEAT FFo| AHE R TR 1T AHAS AYResto] H5AY B FES of

oA A2 Az 2mm A= AE F Z 40N ¢
s}ste] sand AR E AMHEEFIL, 0025 mm A2 54 AE
< 3t A= Fsilt AJR 2 ARSI

Clay A&+ 2yt B9 djuzdl HEF=E] 7t
< (kaolin, H ALSi0s- H20)& AHE-3HSATE

2. E|5=2o| EY mjt

E|ZE9 pHE &
2 1:10(5g:50mL)2.2 1A7¢
pHUE7| 2 &3}t

EZE9 pHpe= HYXE AW (potentiometric titration)
FHoR SR, A B2 o33 Zot B HE A
F25g& o]l =7}t thE 3719 NaCl€% (0.1 mol L™,
0.01molL™",0.001 molL™") 100 mLe]l 2o} 2A17F F¢t &
g5+, 0.01 mol L™ HCIZ} 0.01 mol L™ NaOHE A=k
’*—‘I F4sto] pHE HF o =54 gttt pH M 9= 2~12

248t I 5 off A (D)ol st BHASE
1*&0?‘2‘1]‘%.

|

H3t7] 91 BB 2es
B Agste] 4

0o=(Ca—Cg)— (H"—OH") (1)

ol o= EHAS} (mmol g”' adsorbent) S YEHY 12, AL}
BE 2k B4o] o8 AHHCHI 97] (NaOH)E 4]
gtk T3 (Ca—Co)e AR E40A Fo9H (HCHF
o3 — (NaOH)F o F& 2u|stct, 18|31 vpz|gto 2 (HY)
=107 (OH )& 1077 ?e Jely 1, pK=
K= 9 sg|dsE gnit

—logKuy,

A=) Fol& n 5= 54317 3l AEC (anion
exchange capacity) A8 A3ttt 24 HFHE 5
1 N NH4Cl 200 mLZ AN A@3le] oS CI o]2oz X

_(_>_

51'/\] Atk 2 5 80% &< o]&sto] A& gttt E
ZES 1N NaNO; 200mLZ A&t} ool ClI'e 5=
€ 575t meqg' ] GYE Ak

24 E4 B4 (water soluble F)y2 ZF A& 2g9] &
T +

30mLE(1:15 H]&) 50 mL conical tube®]] go] 25+

L2 = (ISE meter, Thermo scientific ORION STAR A214)
o2 A4t

ScientificA}b] B4 F38H (NaF 1000 mg L) 343}
o] AHg-shiTh A S 272 Table 10 U $ict.

1) S2MEHS = 2A|ZHAdsorption equilibrium time)
B2 gH9 27] ¥EF T 71X (1.05, 526 mmol L)

2 2Asto] SFAHFEZA AP S APsch A= 2
goll 49 27] 525 AT NS 247 30mLE(1:
15 H]$&) 50 mL conical tubeo] 2o 25+ 1°Cof|A] HFS}H
o} g0 wHA| 7R Z+Z} 15, 30, 60, 120, 180, 240, 300
208 g2 ¢t dEdSs AR s ] ASAHY

E2 52 o] 2 (ISE meter)S ©|-&3 2434 th

IIIOII

2) S2E& 2} (Adsorption Isotherms)
Yl 7}A] pH 27 (3, 5,7, 10)014 5252 AL A
st Ag A g9 pHE HCIY NaOHE ©]&3}e =
Al B40 27] 52 0.05~12mmol L™ AFo] o]l A
107HA 2 2488tk A& 2gof pHY £49] 27] 5%
£ 243 §HE 22 30mLE(1: 15 H]&) 50 mL conical
tubeo]] Fof 25 1°ColA] wRE7|E o] &3 BH-gA|A B
of ol2&=5% sttt “‘Wﬂ SAHFEGAIE AES

mlo

|

=10 O =2
Az Adstr. 1 F dgele dyEestel 439

o] 4 FEE °|2AS (ISE meter)& °|-8-3) 33t

3) pHoll 2 &% 4 (Effect of pH)

zhol] §lojA pHE] FFS Fotr7] fste] &
% 026 mmol L' M) pHE 2~12 Ato| 2 2 H3}
Hslglth. pH 2 AL 948 HClTZ} NaOHE ©| 8315
T2 AP T S HHE 2g91 &9 30
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Table 2. Some properties (water content, LOI, AEC, pH, pHpzc,
Water soluble F) of sand, silt and clay.

Property Unit Sand Silt Clay
Water content % 0.13 527 0.28
LOI % 048 10.32 325
AEC meqg” 0.0095 0.0224 0014
pH (H20) 6.73 6.55 371
PHpzc 6 8 45
Water soluble F mgkg™ 6.61 27.58 0.96

mLE(1:15 ¥]-&) 50 mL conical tubeo] o] 25+ 1°Coj|A]
IH7)E o] &3l HHSAIA WY o]2EEE STt 1 &
dgdg dAEsI AF5HY] EA FEE oA

(ISE meter) 2.2 =43} ).
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1. A2l £ mte}

A& E4 miot ATHE Table 20 YERHITH AR &
gt o] pHE sand$} silt= 6.733 6.552 7M7te $AE
2l ¥hd clay®] A 3712 AL Wrh @2 pH 99

X FE W 25927 28E - OHY|7} =40l
tolg o] AL 52 oo FAA U Rzt
of nA=o] kAstE FAH57] W] ol FF
o] Z7}3}A "t} (Schulthess, 1990). & E 2 A4S
I Y clay AlB7F G2 A RRT A F&go] 2 A
2 dArET A YA A H (potentiometric titration)©f| wh
pHp.c= snad, silt, clay”7} 242} 6, 8, 4.52 LERGTE

0] 213H53 (AEC) 74 27} sandE 0.0095meqg”
© 2 yetgtt Silte] gt Sol2ndsES S dat
0.0224meqg ' 2 sandol| B]3 F 2.4u) 73t Lol L w3t
Y& 7ML e ALeE gt o= silte] EHA
o] sand®] EH 2] vls| 27| wjZol2t A AEct. Sando}
silt 41 2] A= 7FAaA (plasticity)©] U A& (adhesion)
< 7HAA ZokARE, 2o HE A7 FREHA Tt
9] 7taA o1y SF A (cohesion)E YEFATH(Kim, 2006).
weba] FH| o B2 HE YAE FFBHL Gl il
AEC gto] ZA yepdtt.

Clay?] 2o|2ws582 0014 meqg ' 22 Uehytth,
Silte]] v} clay®] AEC gto] & o]f+= clay® AHE3H
A&7} kaolin©]| 7] wj&olg} oA 4 9l Kaolin IF
2AVAA ST GRuETAHAZC] 1:12 23d FEE
A FFXEO] AY dojuhA] Yot b E FAY F4HE

e
=

nu:

fu jo & oﬁ,

% 2~15cmolc kg '] A3}
Ho| lEEA] 7] wfZol
7~30m> g9 2 HEH ﬁ—g— 72t} (Dixon, 1989). @
A kaoling AHEE clay A|&7} silto]] H]F 22 AEC

< 7HA Aol Al FE 4= et

7+ X|29] water soluble F -2 sand= 6.61 mgkg™', silt
£ 27.58mgkg', clay:= 0.96 mg kg'o2 u}a};;m ol
TR EFE 9T aWAHE o $5HE EL 5
T2 AN2E QFT A-olY AHE Ali'aA 5ol wet
OE 525 7HX 2 gtk

3”0}"5“:} ¥ Z23= Fig. 1@ (b)oll Hetligich F
el B2 27] 2 o] wet okt 2ol 51
U A2 sand, silt, clay Al 7}A] 25 300& oo &+
o] o]FojA v|wA F-2 A7te] HP| =Est= A
& 4 gtk EF 27] =7 3 A 1008 o2
B By =gt 2eEE 2 A9 I &
Aol WRFATFE 300-%.9; dgsta.
Fig. I(b)lA] 2 sand®] 3¢ ¥Hg 27]d+= 23]
£&| 5]_’ o|Fo = wjL 2 8 FEES Bt o=
sand®] - EH| AY HE YA/} F2HE o] YA ¢
Aol X3PH pH 6~7°4 sand Y= F2to] AY o
oA ¢F7] wj&olc}. Silte] A 27] =7} 5.26 mmol
L' ff F2go| A 17%2 A =24 3 M &2
&S 29t Clay? 3¢ %27] %7} 1.05mmol L™

d o Hdj 15%9] F&Es Hdo

Jzi' o& mlo

3. S2&2(Adsorption Isotherms)

25325+ 1°0) A ZIHE Fig. 20 Uehfit. 2
A 274 §H9 27] B4 =7t SOl o

- =

2t F23HE E49] o] F7HHH ¥l 7HA] pH 27 (3, 5,7,
10)0ll4 AAIZE A3t sand®} silt®] 79 pH 304 2o &
AgFs B, Clay—J 3% pH 1004 Hdf F2FS B
%t Sand®} silto] 7% VJ W2 2290 pH 3004 F2+
o] B Z doju= ALE AA7IA Aoz A¥d 5 QL
t}. Sand¢} silte] pHp.c= 242 6, 82 YUERGTH 7HH A s}
E¢E pH &3 Q1 st E4L 7HA L 91O pH7} pHpwe
Hoh @5 v= B EHo| GRS (protonation) = o] =
o] o] gt F&F whgo] HA dojdrh IHER sand=
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Fig. 1. Adsorption equilibrium graph of fluoride on sand, silt, clay.
(a) Adsorbed amount of fluoride (mmol kgsoif]). (b) Adsorp-
tion efficiency (%).

miur 525240 2§35t A3 Table 37} Zo] Lhekiteh,

FEAL 4 (29 o] Yehd 4 glon
Aol A XE NEHA S A (mg), M FHA 9 A
(mg), Cx= 49 FFE=(mgL™), n kfiz FHH o]
ok Al APt 49 4 (3)3 2ol Yehdth Langmiur
FHAE @)k 2ol ekl & glon] oA Xk F
2Hd 849 A (mg), M2 F&A 2 A#F (mg), C= &
W §29 AFmgL”), aE AU BAH A4,

A BA EY 203

> (@)
3 4 Sand pH 3
= Sand pH 5
g 3 Sand pH 7
E Sand pH 10
(]
s 2
—
=]
&
=1
2
g o
o
z 0 2 4 6 8 10 12
=1 Fluoride in solution (X 10™* M)
14
- (b)
z 12 )
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~ .
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15
= 4
B
2 2
Z 0
o
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%D 8 Clay pH 3
g Clay pH 5
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=
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2
< 0
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Fluoride in solution (X 10™* M)

Fig. 2. Isothermal adsorption graph of fluoride about (a) sand, (b)
silt, (c) clay at various pHs.

Table 3. Correlation coefficient of Freundlich and Langmiur Equa-
tion applied to sand, silt, clay.

Sample Controlled pH Freundlich (R?) Langmiur (R?)
3 0.9571 0.0026
Sand 5 0.8096 0.1879
7 0.9106 0.2614
10 0.8645 0.0065
3 0.9368 0.611
. 5 0.7571 0.2158
Silt
7 0.7835 0.3059
10 0.9442 0.5574
3 0.9468 0.3193
Clay 5 0.9291 0.5837
7 0.8485 0.0881
10 0.9807 0.9558




294 2 -

(a)

25
3
g
E 15
Q
e
—
g 1
=
=
Q
g 05
3
<€
0
-05
2 4 6 8 10 12
pH
100 (b)
80
S
z 60
8
&
T 40
=
g
g 20
o
<€
0
-20
2 4 6 8 10 12
pH
Sand Silt Clay

Fig. 3. (a) Adsorption amount of fluoride according to the pH on
sand, silt, clay. (b) Adsorption efficiency of fluoride accord-
ing to the pH on sand, silt, clay.

ki F2H 5 Qe AdF(mgkg HS Yebdth A& A
B3 A A (5% Zo] vt
XXM =KixC" )
log XXM ' =log K¢+n log C 3)
XXM '=axkpXCx(1+axC)™"’ “4)
CXx(XXM ) '=(kxa)' +Cxk.™ 5)

Table 3014 2 2E ZZoA Freundlich4]¢] A4
FR)E 075 ool e, o] EoF EHA dojut
= 49 & ¥k39| Freundlich4]o2 Z AgE S o
u|gteh, A¥HE -2 Freundlich4] & EY3 Zo] 249 W
oA 9 & Z Ast= AR g4 ot Langmiur

_L

ok

= clay pH 10 2715 A QJstales *2

4. pHoj| 2 £ EM (Effect of pH)

E4 F2o] QlojA] pHY G Yot 7] flste] E4
%% 0.26mmol L' §H9] pHE 2~12 Alo|2 2A3}o]
AT pHOl wE E429] 2 ¥3} 217} Fig. 39
Uelt gtk Sand$} silt, clay+= pHoll whet o2 &3 &
A& Hola ik

Sand9| 7% pH 594 Hd &= 0.5 mmol kgen ' T
Y 10% F&&S Holi I o|F & Zaste] pH 7 o4
M= BEG W 7HI | E471 238 &E5HE AL
2 YElt). o] sand XA 7} water soluble F & 6.61 mg

kg ZHA T Q7] B Aoz AT o e AF
= H“HH“ SmgL™'Boh 1% 279 Ao ey
a A2 gt Sand9] pHp.es 622 pH 6 o]3fol| A &

_ﬂ._rq o FAHFE Wi B 0] 2ojoz ZA5}
7] 2ol 2 BA7] Aol o7t FA whgo] Yot
o} 28y pH7L wolA WA FHBHR shdE FHol &
51 B4 Fol23te] whlrgo] Frtete] FabeFo]l a
ghet. oy dojub= %ﬁ% EY 29| f7t=Endte| 9
g AR dE3) & ¢ ot HUELEE AEFE &
FAEHES] A4 mA gl £45t= Al Fe 59 24
ARt vi Q= o] ¢l —OH7|7F thE ol e =
Aotk F & Zo] ykg/do] 7t Zol 23t g vzt
Ao g fteZdo] o|FqA Y, 4t AFH Fol22
LA Fo & ol A nHAY FEEHA e
t}. oot T2 =W FS Jo] 25 0] &2 (anion specific
adsorption)©|2t3L 3} (Kim, 2006). Silt] 7% pH 2014
AAd F2L 77%E Eol9 pH 8& o|F=E gzHgo] 7+
23ttt Silt9] pHp.ci= 82 pH 8 0] T2 F&o| FojEo]
sand®} A A O 2 H|gt FFS Bl

Clay+= Fig. 3(b)°ll ©|5tH pH 4.5 o]3}tol A= 60% ©]3t
o] FAEE Holt} pH 458 7|€ 22 F2&0| S7tst
o pH 11914 | 70%9] &2&& K o]l pH 12914 40
%7 A Fraste FEHE 2t Clay?] pHpee 4.52 pH
45 o|stof| A= EF A TR Qs &0l 37
ok 3} A9k clay 7% 238 Zragith B3 pH 4.5 0|4
A= F2Hgo] HE TASHA] ¢gal fAHE AR U
BT of= pH7F phaiith WE W, Fo= shdd =¢
o] L AXAT A Y Jol2 F9 H|Eo| oA
Sol29] o] FojE, B st AHollAE F o

57b BHEA Rohn 549 Yol B 2FHL AW

l'l

o

i‘ll‘

|

l



SH E|

HF (08 374
Ak fAHHA,

Ao 7MY 5
Hol A 89} o] ol w2
FhAE g0 SHiE B BUE S75Pl o] &
0] & 9] &&-go] AT 4 Qlth(Cornell and Schwertman,
1996). B3 BA4L As)A 2 A7 B P20 Tt
F7HA Q) AE7L X E| oo

2 Aol AHEE EAHEY EA4 ot A, pHpwes
snad, silt, clayZ} Z}Z} 6, 8, 452 LERGAL °o]iﬂ_pj_
3 AEC+ Z+ZF 0.0095,0.0224,0.014 mqu oz Slltoﬂfq
7P = vetEh sk - E A9 & =
St AE A 3008 oo HF o =gs }‘fi‘:}- Ry
Z+ A% Ayl 2% Freundlich?]of| 2 2+9k31, sand @} silt
pH 3914 clay+= pH 10914 2t §2HFS B ok pH
02 F2 54 A% 27 sand®} silts pHpe O] F2
teo] Zasts WA clayQ] 7% pHpe?l 45 0|1 F 2%
F&o] FAI =t pH 12 o] o] §43] Fdt= AR

o

°f

=

;__'(
;__‘(

2 d+E 3 HHES g 2710 e} sand, silt,
BYP=GAIZE 52532 pH fﬂrE %
EA s go PHF—' A} sttt dtel 37101] o2 24
o] F& EAQE 59l shH 9 E4 5%, pH, 5P e AR
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