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Abstract

A Study on the Removal of Fluoride by Carbonaceous

Materials Prepared from Bamboo

By: Mun, Kyung Do
Advisor: Prof. Cheong Kyung-Hoon Ph. D
Department of Environmental-Biological Engineering

Graduate School of Chosun University

In recent, The fluorine fixed quantity in the drinking water is very small amount
very with 0.5 ~1.0 mg/L and the symptom of existence at the time of fluorine
composure symptoms appears at 1 ~ 2 mg/L consistency. A variety of defluoridating
agents such as activated alumina, lime, zeolite, carbon, clay minerals, fly-ash and spent
catalyst have been used for the reduction of the fluoride content of potable water.
Activated carbon prepared from waste materials such as coconut, sawdust and coffee
waste, either by direct carbonisation of by sulfuric aced treatment, have also been
evaluated after aluminium sulfate impregnation. However, the removal of fluoride from
the spiked water samples using these methods was found to be about 80% and their
removal capacity decreased sharply in saline conditions. Overall these were found to be
unsuitable due to their poor attritional characteristics and low capacity for fluoride
removal. The fluorine removal research for old time was researched about the water
where becomes the materials of the drinking water with like this reason and was come.
In this paper, the adsorption behavior of nitrate anion and mechanism in aqueous
solution investigated using FeCls-dipped charcoal(FT), HCl-treated charcoal(AT) and
FeCl;-HCI treated charcoal(FTAT). Also, The influence of various parameters such as F
concentration, adsorbent dose, repeated adsorption and temperature has been studied.

The removal efficiency of fluoride was increased with increasing of dosage of

_iV_



adsorbents. The F~ removal was not affected by the pH under the experiment range of
pH. The degree of removal was found to be dependent on temperature and it is
increased as the temperature decrease. It was found that the obtained charcoal had the
ability to absorb nitrate and fluoride anion but not sulfate and phosphate anions. The
adsorbents was regenerated using KCl solution, and recovery was about 76.6% at 1 M
of KCI. Batch adsorption studies have shown that the adsorption reaction can be
described by the second-order reversible reaction. The process of uptake obeys both
Langmuir and Freundlich isotherms. The thermodynamic parameters were also calculated
to elucidate the adsorption mechanism.

The values of AH’ and AS°® were obtained from the slope and intercept of the van't
Hoff plots of in b vs 1/T. The negative value of the AH°’ suggests the exothernic
nature of adsorption. The negative values of AG® indicates the spontaneous nature of
adsorption of F~ by the adsorbents(AT and FTAT). The negative value of AS° shows
that the freedom of molecules of F is more restricted in the charcoal particles(AT and
FTAT) than in solution. The plots of the in C vs 1/T at different surface loading were
found to be linear and AHy values were calculated from the slope of the curves. The
value of the AHy was almost constant and was independent of surface loadings. The
order of magnitude of the value indicates a weakend chemical mechanism for the

adsorption of F~ on to AT and FT.
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OHFI-DAALAIOICl  =22le Ao TN alM  Langmuir  model® Dt
Ol HIStEACH. Langmuirdle <
ool SENN S=E0 SHEXNS === ol 0l240/CH Od2dLE Langmuirll

=
S= SHMe H2M, e E=et S AOIEJH EMGHK]

Ce _L_i_@ ........................................................................................................ (11)

q. ab a

HIIOIA Cex= BHEHAEMAMSY sS(mg/L)0IK, = a= 012X HEZXE S
i 22 (mg/g), b= SHRUNUI(E=s EEE)2 2AHEH=E E==(L/mg)2M 22

Ce/q, vs (e plotsQ EED JISIIZREH 28 = UL

Freundliche 222 ZOHH

=
HIoHoIRICH, EHdEH =32 RII22 &=2 Langnuird! 20 % Freundlich
F

I
m
-
rr
nx
o
Jz
Jz o

()
o
>
g
s
oy
>
0
0
0%
40
]
o
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12
HT
!

Il E 2 1/nE& Freundlich 2 isotherm &==0112, 1/nt k 2 log q.

vs log C 2| plot2 JI2J12 ZHOICH. Freundlich constant 1/n 2t0l 0.2 ~ 0.5
AOIO E0R2H EX0| 0|8 AHo=2 2 ULCH.



first-order® 9 pseudo

S0 gt 2t8t kinetic analysis= pseudo
2 Al2tll 8 S22 S&H2=ZRH

S ASH
S,

st 4= QLY.
Pseudo first-order4!1t pseudo second-order Al2 (13), (14)2t ZCt.

ln(qe_%) lnqe—klt .............................................................................. (13)
t 1 t
L B T T TP L PP P P PR ISP P (14)
qt k2q€2 e
| §&&E 24022

2 t(min)OlA EZA

HIIA ¢.2 gq= S (mg/L)DF Al o
20IH, k2 pseudo first-order &2 (1/min)2 =Z&F=0l1, k,= pseudo
E&&5C ¥2(k)e In(g—q)) vs to =

second -order &==(g/mg- mim)OICk.

& plot2 JISIIZRH 2 = ULH, k, =

CERH FE = UL,

2-8. F JI &0 0IXl= &9 &
NSRUEX Hst (AG), AEI HE (AH) & ANE=ZO Bigt (AS)2 22 &
At Itellle= s 0.
AGY = AH? — TAS oot (15)
AG=— RTInb  --rrrrerrrrrererrerssresttatt s (15)
_AS T AH T e
Inb= R T (17)



°= [KJ/mol]OIOd, T

[KJ/mol], AS
b= Langmuir

OII0A AG o &= [KI/mol], AH =
[J/kmol]OIOH,

[°K] 0lZ22, RE gas constant®2

= HU=RS
constant [L/mol]OICt.
Enthalpy B3t Entropy Bist= Van't Hoff Al AP0l AEE £ USOH,
NP et 2EEHOZ2H

AH?F AS’= In b0l CHEF 1/T2 Van't Hoff && plotl JI27|
, AG°Jl negative 2t

Harg =~ QUCEH.
AS°DF positive

AH2l positive gi2 &80 54
20l A2 ANEHO=Z S| dojLis A=z F=5 A0,
2AE LEIWE S=0| 20UsE =92 solid /solution HEHMA SEAMEZIE SOt
ol= 2122 &g %= QAL
2-9. Enthalpy Hl&t
QAAE SR A0A S HdEI = S isosteric HELZMH LM U
O M 0lHX2 Clausius—Clapeyron&!2 0|Eald HAE == QUL
Clausius—Clapeyron A2 St 20| & %= ULt
¢y AH 1 /N
11'1( C2)_ R ( Tl T2) (18)
Il Cit Co= SEE 22 2o &0 ol THE 2% T, T.0l ol & ot
= 222 sZ0IC
HEHOZELEH Al(18)2

MNE3E AHE 7& £ UCH

Ustmoz 22| EXO -AH 22 20 KJ/mol0I5t01 D, 58 &=t
OlatO2 AR QUCH L3t Ohe SP'2 ststE=tg JIQlcls ST B3 22
40 KJ/mol Ol&H0I0Y 22l E=0l F0l= 40 KJ/mol 015t2 215D ACH?.
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3-1. 83& B AM=22 HE

LS 2E((1.0~2.8 m)S SE HMX FSZ2 AESIU2H, EHEHE FeClsS
s 0.1~0.5 ml/L2 XRMGHACH. FeCls & 1,000 meOll =2lstst CHLIE 28 100
g= & 20IA 24A12F BX WEGHRAUCH. 11 = 110CUHA 5AI2F 2ZZAIZA GIAIAOI

AL 20 2 AMIEE Al ZJtUo €0 &
CTHA 10C/min22 s2 = 282 2Z0A 1Al

b RN = N YHAUCH. L£8 FeCls X0 FHAIDIX %2 HUSF 2EHE

ot st 201 ZEIIstth. = FeCls
= FT, 8HAIIX = AME= STZ HI|ett. st & Xl
AT=Z otH, FeCls Xel & HelE 8t AIZE FTAT2HD StCh. 12l

=258 =2 HIIoHT.

12
2
N
A
o
=

-|0||

o
Jt
>
I
0F0
2
ro

ESZES AEBotH =% 10~100 mg/L2 ZHMIGHACH. =M £
L= umOlotE =Mt OIS 110TCOIA SAIE

ar 0
M EYSIHUCH Ol AIEE 242t 2 g ZOLA A2 Beta

rir
-
[¢%]
(@p]
@
2
o
o
>

ZXst = OIAIIOIE LHOIA 2H

30 €2 = =4 N 100 ME Jtotd 10T, 20C, 30T, 50T 222l X242
Z 24A12t MESIALH 0IRE et = HHE 0I=2020tE JHEZ ZHoIN
Ck.

1) ST &8

@ 2Hele&e I

400, 600, 700, 800 & 900COIA EXcIAIZI HUSR EtotE 2 g= SHZSEN



@ SYzgol s
Q0TCHA ZX2INZ HUS EtslE 2 g2 SIHLEEM 50 ng/L 4 100 m!
Ol 201 150 rpn22 20T A 24A12F FIE5HRACH
2) AT &8
® 2Hel 2= ¥
= BB 10 g2 1 N HOI 8

OH
=

2

@ =Ygyl ¥

® MEYgHEo FE

= USSR Est== 0.1 g,

T

400, 600, 700, 800 & 900TCOIA EttAIZI CHUS
o 20 mg/L S 100 meoil =0 150 rpm

100 meOll 24A12+ A
20COIA 24A128 MEoO
H 100 meOll 24A12F &

Etst= 10 g= 1 N HCI S &
= SEH 20 mg/L 22N

19, 29,49, 8¢9, 10g¢
fOFALE.

OCOIA EFSHAIZI CHLIS
512 s

00 meGil 204 150 rom2= 20COIlA 24A12H & E

1]

10 g= 1 N HCI S 100 meoll 24A12t &

Q0TCOIA EtFAIZI OISR ESI=E
20 75 rpm, 150

2 gS SILUSIM 20 ng/L M 100 mLO|

= U= 328 =l
rom,200 rpm2 2 20TCOIlAl 24A12+ & EGHIACE.
3) FTAT &8
@O 2Helece HE
2 900TCUHA ZH2IAIZI LIS EtSt2 10 g2 0.1 M FeCls S
ilI—IéI.

M 100 meoll 24412+ &

400, 700, 800 =
X = OHAl 0.1 N, 0.5N HCI X
100 me0ll 201 150 rpmZ

o 100 MLOfl 24AIR+ EH
Oof OIS ESI2 2 ¢S 232 E2H 20 ng/L 2N
20°COIl Al 24A12F ZIEHEHAC.

@ sz Hs

= 0.1 M FeCls S 100 me0il 24A[2F

OCUHA SXelAlZl CHUHS EstE 10 oS
2t A0 LR EetE 2

& = CHAl 0.1 N, 0.5N HCI 2% 100 M0l 24A12F &A
g, 5g, 8g, 10g= =S3ZESH 20 mg/L SH 100 M0l €0 150 rpme = 20Tl



Q0COAM SXelAlZl CHUHSR Et3t=E 10 g= 0.1 M FeCls & 100 mE0il 24A12¢
2l CtAI 0.1 N, 0.5N HCI S 100 meOll 24Al12F ARG HUSR Etst=E 2 g
S =SHZEESH 20 mg/L S2H 100 meofl €™ 75 rpm, 150 rpm, 200 rpm2 2 20C
A 24A12F ZESHALCE.

ol

® EHel2Eo F&

400, 600, 700, 800 & 900COHIA Et3tAIZ! THLIS EtSt= 10 g= 0.1 M FeCls
M 100 M0l 24A12F X = HUSR E5t2 5 g= SHESEW 20 mg/L 2N
100 meOl €01 150 rpm2=2 20COIA 24A12t M E AT

@ Fggo I

900CUHA EtStAIZI LIS &322 10 g2 0.1 M FeCls 8 100 me0ll 24A12¢
AN & UR S5122 29,549, 89, 10 g SAHZLEEH 20 mg/L 282X 100 ™
o 20 150 rom2@& 20COIlM 24A12F RIESHALE.
& 50l AE

900 COIA EtstAIZ!I CHLIS E3t= 10 g= 0.1 M FeCls £ 100 meOil 24A12t
o 20 mg/L X 100 M0l EAH 75
rom, 150 rpm, 200 rpm2 & 20COI A 24A12F EIESHAC.
@ 25 L 559 &

9Q0TOIA EtstAIZI THUS Bst=E 10 g= 0.1 M FeCls = 100 meOll 24A12¢
HE = USR EHI2ES 5 9= SAZESH 20 mg/L 224 100 meoll £ 150

o

rom2& 10C, 20C, 30C ¥ 50T

.



2 AN AR 2HE2S Table 101 LIEID 2ZAZNHAIEHN® met

AL 012 IC(lon chromatography, Shimadzu chromatopac C-R6A)E At
8ot Ao, FaEH™el HEF HHE SEM  (Scanning  Electron
Microscope S-4800, Hitachi Co.)E AFSoH ZtESHRULCH.
Table 1. Analytical methods and parameters
Parameters Analytical methods
pH pH meter, 1Q. 150
NOa-N UV Spectrophotometric method
PO~ lon chromatography, Shimadzu chromatopac C-R6A
8045 lon chromatography, Shimadzu chromatopac C—R6A
F lon chromatography, Shimadzu chromatopac C—-R6A
EDS Energy Dispersive X-ray spectrometer, ISIS 310
SEM Scanning Electron Microscope S-4800, Hitachi Co.
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Table 2= BET(Brunauer, Emmett & Teller) ZHE0l 2lof HIEHES H
O, 223712 S=2HES OFT method 20Ul 2loH LIEFLHACEH.
HE Hie 201 2XHelR2EE SIAIZA ek HHEHAEO| SIietR M, 900C

Ol CHAl ZA0HACH. FeClsOl EHAIIIXN @2 822 3% ZXcl=2%< 800THl

£
ol
9%

Table 2. Summary of surface area, pore volume and pore width by Fluorine
adsorption/desorption isotherms(pure carbon)

| tem Surface area [m’/g] Pore volume [cm’/g] Pore width [A]
600°C 314 0.114 11.618
700C 319 0.138 13.178
800C 323 0.145 13.318
900C 329 0.156 14.483




Table 32 BET &0l 2of HIEHHS HIWGIACH, =312 Z2=HME=2
OFT method &0l 2loi LIEHLHACH. 2= Bi2k 201 FeClsE HMelotkl E2 B
ot DtEDIXIZ, ZXMel2=E SIHAIZ 0 et HEHAH0l SIetR 20, 900CH

= ChAl ZA6HRULH

FeCls2 HM2l8 22 ZM22E 800COIA 449 n’/g0! HIESE 4Bz 2
4 UNACH BIA)E= FHASSIL SHEN Gt BoEiRen, ZIAXS

800°COIIA JH& 2 LIEFGLCH. 800COIA 0.183 cm’/gSl B=3J12% B2HES
14.748 A OIALH.

Table 3. Summary of surface area, pore volume and pore width by Fluorine
adsorption/desorption isotherms(FeCls treated carbon)

| tem Surface area [m’/g] Pore volume [cm’/g] Pore width [A]
600°C 317 0.110 11.953
700C 329 0.164 13.765
800C 338 0.180 14.845
900C 342 0.191 16.136
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Fig. 7. Effect of temperature of heat treatment on the

adsorption of F by ST.
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Fig. 14. Effect of shaking speed on the adsorption of F by FTAT.
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Fig. 18. Effect of F concentration on the adsorption of F by FT at 10C.
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15) FT2l Langmuir 2t Freundlich model
OHF-DHA  AtOIQ =2lE ZXN et EEES  Langmuir  mode!® Dt
Freundlich model” 22 0ief &
Langmuirdle @Y HEHC S&A
Ct. OHLE Langmuir 2
S MOIEDJ EMGHAl %22 & 2F OtLlet, 222 &= AIOIED 22 & 0
HXE 2K 22 =27 HHQ A=20l= F20t

Langmuir equatione Ch

OII0IA Cee HEAEHONIAMS s=(mg/L)0IH, E+ a= OlEXHC HEXNS 8
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HU
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3

Freundlich &2 CI31F &Ct.

HIIOA K 2 1/n2  Freundlich 2 isotherm &==0112, 1/ndt k &2 log ¢,

vs log C(Fig. 20)28H 2JI=22|2 &EHOIC. Fig. 192 200ll= 22t Langmuir @t
Freundlich & S2&E UEUWA2O, Table 100l= 222 model 0ff U A

o SFREHYW SH BT +E LIEIHLHULT.
Langmuir modelS ZE&ZadIHS M 10, 20, 30 & 50CO M Langmuir constant a

o b= 22 0.956, 0.9721, 1.255 ¥ 1.33 mg/gut 0.321, 0.348, 0.535 & 0.254
L/mgOl ACH.

&S Freundlich constant 1/n2 10, 20, 30 ¥ 50COIAM 22 0.512, 0.512,
0.568 ¥ 0.4747=2 U0 0.4~0.5 AIOIO SUHL= {22 LEHGCH Freundlich
constant 1/n 2t0l 0.2~0.5 ALOIO SHLY S0l 0I8 A2z AN UAXOI

= AEo H= Freundlich modelOllE & E52&= A2 Al=E L.
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Fig. 23. Langmuir isotherm plots for the adsorption of F onto FT.

0.6

0.4

0.2

0.0

-0.2

-0.6

In ge (mg/L)
s
>

-0.8

-1.0

-1.2

1.4

-1.6 T T T T
1.0 1.5 2.0 25 3.0 3.5 4.0 45

In Ce (mg/L)

Fig. 24. Freundlich isotherm plots for the adsorption of F onto FT.



roh

0

I.

e
e

Al

20

i

14

=St EHE 2=
1) Langmuir isotherm

!
i
50

Xt
=

ol O

o

= Ete 2

0.862Z2 Al Langmuir model 2| &f2k2t
Olet 20l FTE AtE5tH 22022
XIet OIZ2Ct Langmuir modelOil O =&t
Freundlich isothermOil
2 = Ag0l A=

= S& sitedt EME IJts40

o
Iy

H

O Langmuir model2 0.934~0.971 0|11,
Il =H LIEFGCE.
M Freundlich s=2&0

DICHEICH,

2

FA

H

A2

UI [0

=

-

—

o
A2

XF
=2

Freundlich model2

rr
Y
0

T
2
I
I

fon

He Bt

n

o =2
i

J

FH | Table 401 250| Langmuir model 2t Freundlich model S EE5I%S M2

0.75

. X+
- =

-

m

4

=
=

0l

ol

Table 4. Langmuir and Freundlich constant and thermodynamic parameters

for the adsorption of F onto FT

Langmuir isotherm
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a b R K 1/n R
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Fig. 252 262 FTE AtEot=

2 M pseudo first-order® 2t pseudo second-order® il CHEt plotS LIEHH
lE 2¢SJIM SHME WR=E =2 0ls= &dotJl fIoiAM  homogeneous

surface diffusion model,

el 2402 E=0| CHst kinetic analysis

=1 0ICt.

pore diffusion model 2 heterogeneous diffusion

model )t 22 S model0] HEZN &KAXI2H 0[S model=2 =& =S M
20 AEHOZ AIEoH)|ll= S8e A2 LB/

Bt HOOH UMY ES el &SDi(carboxylic, carbonyl, hydroxyl,
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S0 st 2t&EE kinetic analysis= pseudo first-order 2t pseudo second-

= T

orderOl04, OIS2 Bt SEe=2 AlZHHl E =402 SH2ZSH Lagergren
first-order 2192 & %= QUC}.
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ln( Qf) — lnqp—k’lt ................................................................................... (19)
t 1 et (20)
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Fig. 25. Pseudo first—order kinetic plot for the adsorption of F on FT.
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Fig. 26. Pseudo second-order kinetic plot for the adsorption of F on FT.



kot Ky 2 2t A2 4 R= Table 501 LIEFLHRUCE.

o

Pseudo first—order kinetic model QO Z2 HAE ¢ = &8 ¢dtd LXISHA
LUCH 0|2 ZEEH =240/ SE pseudo First— order kinetic model Off [+
EX 232 2 4= UCH. il pseudo second-order kinetic model 2 AlE8H &

LU= Fig. 25% 260IA BS0| 1 MO0, RBt DAl pseudo first-order

[

kinetic model 2CH =10 HAE g2t &Y ¢80 & Y= A22RH 2

o

o 240|229 == pseudo second-order kinetic model Ol & M= =

njo

Table 5. Parameters and corelation coefficient of two kinetic models

Table Pseudo first-order Pseudo second-order
-1y Ge(exp) ge(cal) 2 de(cal) 2
Clng L) (mg/g) ki (mg/g) R ke (mg/g) R

20 0.254 0.9365 0.142  0.8365 0.000952 0.25 0.9972

50 0.7462 0.0059 0.354 0.5664  0.199 0.655  0.9994

70 0.8404 0.0054 0.506  0.6881 0.094 0.71 0.9987

100 0.7848 0.0035 0.598  0.7712  0.057 0.5609  0.9845
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Fig. 27. Effect of temperature on the adsorption of F onto FT.
Table 6. Thermodynamic parameter in the adsorption of F on FT
Temp.(C) AG(kJ/mol) AH(kJ/mol) AS(J/K- mol)
10C -4.006 2.570 14.163
20C -4.147 2.570 14.1683
30T -4.289 2.570 14.1683
50C -4 572 2.570 14.163
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Fig. 29. Adsorption energy for the adsorption of F onto bamboo charcoal.
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