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Abstract

A Study on the Removal of Nitrate Nitrogen by

Carbonaceous Materials Prepared from Oak

By: Kim, Jung Ae
Advisor: Prof. Cheong Kyung-Hoon Ph. D

Department of Environmental-Biological Engineering

In recent, the nitrate nitrogen pollution in lakes, rivers and underground
water has become a serious issue. A new purification method for nitrate
nitrogen is required, because no efficient means of purification has been
established vyet. Carbonization processing is one of the techniques of
effectively using wood biomass. The obtained charcoal is widely used for a
variety of purpose such as water purification and humidity control, and as
soil conditioner. However, the charcoal obtained by mere carbonization is
expected to have limited use. Thus, a laboratory experiments have studied
charcoal with the ability to absorb nitrate nitrogen. 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
FeCls;-HCI treated charcoal (FTAT). Also, The influence of various parameters
such as NOs concentration, adsorbent dose, pH, different anion, repeated
adsorption and temperature has been studied.

The removal efficiency of nitrate was increased with increasing of dosage
of adsorbents. The NOs-N 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 KCI 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 Frendlich 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 NOs by the adsorbents(AT and FTAT).

The negative value of AS® shows that the freedom of molecules of NOs 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 AHx values were calculated from the slope of the curves. The
value of the AHc 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 NO; on to AT and FTAT. The results of the
investigation are quite useful for the removal of NOs from ground water

using batched or stirred tank flow reactor.

_Vi_
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Table 1. An equivalent and conversion coefficient calculated in terms of
Feb | &t

CaCOs for various chemical compounds
At
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Al
Ay
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00

5t

MgS0O.7H20
Mgs(POa4)2

=/

123.3
43.8
28.0

A=

righ

1.370
1.020

rige

Al
5

o

0.0 |HCI

1.136 |Ca0O
37.1

74 |H2S04

Ca(OH)2
50.0

0] 2

1.279
CO2

2.27

CaCQOg
81.1

2.78

4.10 |Clx

1.409

0.833 |Ca(HCO3)»

CaCle

5.55
68.1

2.50 |SiO2

1.613

1.250 |CaS0O4

86.1

1.818 |Na

20
CaS04.2H20

0.943

51.7

1.792

NaOH

0.855 |Ca3(PO4)2

44 .4

2.69

NaCOs

0.704 |Mn(OH)»

39.9
(121)

5.56

NaCl

26.6

2.71

1.062

NagSO4
F8203

(321)

35.6

A|3++

2
2.94

KO
2.94
Fe(OH)3

88.9

Fes'/
OH~

NH3
0.926
Fe(HC03)2

09

CI-

1.4

2.632

2.48

1.712 |FeSO4

N2Os
Fe(SO04)s

MgO

76.0
66.7
17.0

.807
1.185

=
62.0] 0

NOs

0.820 |Mg(OH)2
0.683 |Al203

26.0
57.0

HCO3~

MgCOs

1.667
1.050

Al>(OH)3
Al2(SO4)3

111.0

Mg(HCO3)2
0.883

CO,>

1.250
MgCls

A(SO4)s.18H:0

1.042
0.831

SOs2
S0,

MgC|2.H20

28.5

1.577
0.723

AlOz+Fe05/2

PO,

MgSOq

1.042
1.667

MQSO4.HQO

HPO,

0.516
SIOz

HoPO4
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HYI-DALAIOIS  Sel®  =2=° HEN oA Langmuir  model' Dt
O] HISZRAJCH. Langmuirale =Y

ol= OI24AI0ICH. 2Lt Langmuir 2l

SE0I20 LS = EHM= HoO, L8t HEs S& AOIEIN EMGHA
E= = 2 Otllch 222l S& AMOIEJN 22 & HUXE <X %22 =0Z
HEHC B0 =20t 20t

Langmuir equation2 Ct81 20| ZESHE = UL,

g:? — a_ll)+% ........................................................................................................ (32)

HIIOIA Cex= BEHAEMMY sS(mg/L)0IK, = a= 02X HEXE S
i 22 (mg/g), b= SHEUNUI(E=s )2 2AHEH=E E=(L/mg)2M 22
Ce/q. Vs (e plotsQ EBE J|ISIIZ2L2H FE £ ULt

Freundliche 272 HHUH AUWHAS A5 MOIEQ EFH=S LIEtW=E AZAS
MototAUCH EHEN =2 RIISS SH2 Langnuird 2CHE Freundlich&l
Z0| O Mottty LAN U200, £8F Freundlichal2 RS s& AL

Il E 2 1/nE& Freundlich 2 isotherm &==0112, 1/nt k 2 log q.
vs log C 2 plotel JI2J|2 ZHOICH. Freundlich constant 1/n gt0l 0.2 ~ 0.5
AOIO E02H EX0| S0|8 Aoz Ui UL



RO Ohst 2+SsH kinetic analysissS pseudo first-order'™ 2t pseudo
H 0l=2 HIS S9st2 A2t e 2229 SHO=zZRH F
& %= UL},

Pseudo first—order4!1l pseudo second-order &2 (34),(35)2 &Ct.

ln(qe ) IHQe_kl
t = 1 + t .................................................................................................... (35)

qt k2q€2 4c
Il q.2 q= TS (mg/L)t

AlZE t(min)OlA SEHO0 S=&E NOs-No &

[

3]

Ol4, k;2 pseudo first-order S (1/min)2 =&=&H=0/1, k,= pseudo second

-order H#=(g/mg- mim)OICt. EXET H(k )= In(g.—¢)) vs t2 =& plot

o JISJIZ2RH 2 = ULH, k, = t/ar vs t2 plot2 JISIIY BEHCOZR

BH 2g = UCH.

2-8. NOs-NJF S0l 0lXIs 259 H&r

NSUUX Est (AG), AL s (AH) L AEZI He (A 22 &
St N Wetlie s s 20

—/

AG? = AHY — TAS oo (36)

AG=— RTIH  w-rrrrrerrrererrreretesmte (37)
AS T AH" s

Inbd R T (38)

HIIA AG o &= [KJ/mol]l, AH® = [KJ/mol], AS’E [KJ/mol]OIH, T

Hles [K] 0l2, R2 gas constant® [J/kmol]OI0d, b= Langmuir constant
Al =2

[L/mol]OICt. Enthalpy ©1&t2t Entropy B&l= Van't Hoff A& A28t AHAE
2 QOM AH?F AS’= In bOll THEF 1/T9 Van't Hoff & & plote JIS2J12 &

e

HOZEH HAE £ QUCH. AHC positive 2t



0
H
1
it

LI, AG’JI negative gt E0l= A2 JgEo=2 E=0| LojLis A
& £ Q. ASII positive 22 LUEHHE E=0 2oLl =9 solid
/solution HHUHA REANEZI Solcte 2122 WAE = UL,
2-9. Enthalpy HlA
QAXNSH S2E A0 A S HEI= S22 jsosteric HEIZM LA™ U
O 0/ Clausius—Clapeyron&l 2 0|26t HALE £ UCH
Clausius—Clapeyron &2 G2 &0l &€ = UL,
C, AH , 1 L e
11'1( C2 )_ R ( Tl T2) (39)
OII0A Cit Co= S=E 22 22 220 tolM THE 2% T3t T.0l o6t
= 29| ST0ICH. 02 surface loadingOllAl In C2F iTp|ot9| 2019 B
O2LH AI(39)E AtE5tH AHES & £ QL.
B o2 S| SO -AH &2 20 KJ/mol0lat0lD stst E=2 40 KJ/mol
o] QLI E5t Ohe S®2 sistE=t| J|0sts dign Bg e
0 KJ/mol 0l3t2 E1D5tD QUCKE?.
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EXAE EU2 ZUTES MECHH s 50 mg/LE2 ZMOHAUTH. =M £
A Helgt AlI2E 2Zed 100 umllotE Z4H5tH 0IXS 110TCOHA S5AI2 A
HOIELHOIA 2GR, O AIZE 282 100 S Z20tA a2 =ct

_1

2itd 2 Z2H 50 ME Jiot 20T X222 24A12F MEGL

rr

> B

0 22 = = x 2
Ch OIS GIDIE 3 GIMS 02320 JHZR SHEHACH
1) FT &8
@ BH FeCly BY ST Ia
LIS & 10 gS 0.1 M 0.5 M FeCl S 100 me0jl 24A12F AX 5 800T Ol
E

M
gxXclAlZl LS 2t 2.5 g2 Z4td A 50 mg/L EH 100 meoll £ O
140 rpm2 2 20 COUIA 24A12 &IEGHALH.
@ g2xel2Eo g8
LIS & 10 g= 0.5 M FeCls S 100 me0ll 24A12H &
900TCHAM SHelAIZI HEUS Eat=
2 X

201 140 rpn22 20COIA 24AI2H &
® sz ¥z

&&= 400, 700, 800 &
2.5 9= Z&td A 50 mg/L A 100 meol|
=

EotALt.

UL & 10 g= 0.5 M FeClz; SN 800CUHAM SHel
A2l ZL2 Btst= 0.5, 1, 2.5 & 5 g= Zatd 24 50 mg/L E4 100 meofl £
O 140 rom2Z 20COIA 24A12t M EGHRILCE.

@ 27| BNLEL S5O Y

0

LS & 10 g= 0.5 M FeCls & 100 me0ll 24A12 & H = 800COHA EX
clAlZl U2 st , 100 & 200 mg/L &4 100 me

HO
N
(@)}
«
njo
U
P
Nooox
o
=
N
(@)}
o
(@)



o

g= 0.1 N HCI & 100 me0ll 24A12F X 400, 700, 800 ¥
90CHAM SHelAlzl HUSR Ests 2.5 g Z&td HEA 50 mg/L S84 100 ™
Ol €01 140 rpm2=Z 20COIAl 24A12F M EGHRUILCE.
@ FgEo I
LS & 10 g= 0.1 N HCI 4 100 me0ll 24AI12t & & = 800CTUH A Z X
A2l USSR Eat= 0.5, 1, 2.5 ¥ 5 g E&td 24 50 mg/L EH 100 meoll &
meZ 24A12t 20COlA &I EGHRAULE.

@ =) EMdEAL s59 I

2
=~
< 0
o

LIS & 10 g= 0.1 N HCl S 100 meoll 24Al12t & = 800CUH A Z X
A2l U EtstE 2.5 g= 24td EA 25, 50, 100 & 200 mg/L 4 100 meof|
201 140 rpm2 =2 20COIIA 24A12F XSO,

@ pHel P&
HUR & 10 g= 0.1 N HCI 24 100 me0il 24A12F E& = 800CUH A EXel

A2l BLR E3t= 2.5 g% 22 pH% TEE HotHY HA 50 mg/L X 100 mé
E_

® MYgEEo Het
LS & 10 g2 0.1 N HCI =24 100 meoll 24A12t & = 800CUH A ZXc
A2l LS EtstE 2.5 g= Z&td Z4 50 mg/L EH 100 Mol € 75, 140 &
250 rpm2 2 20COIM 24A12F RIESHACE

® e He
S 0.1 N HCI 8% 100 meojl 24AI2F BX = 800COHA 2H2l
20 g2 Eite Ed 25 ng/l ABA HEUA 5 B/ 22 S

0.1 N HCI 2% 100 me0il 24A12F EH = 800CUH A Xl
592 Z&td EA 50 mg/L EA 100 meol €01 140 rpm



® =8 0

=

229

02

Sk
S

FUE & 10

& g= 0.1 N HCI = 100 meoll 24A12t
A2l ZLS B3t= 2.5 g Ul JtXl 0l=2 F, NOs

X = 800CHAM Al
T, PO, SOS 2 BRE 20 mg/L
2o 100 M0l L0 140 rpm2E 20COIAl 24A12F EIEFSHQIC
© 2 ¥ 5o IF
ZU2 & 10 g2 0.1 N HCI 2% 100 me0fl 24A12+ &= = 800°COHA & X2l
A2l BUSR EtSI2 2.5 g2 EMA B 50 mg/L % 100
2 24A12F 2424 10, 20, 30 ¥

meoll €O 140 rpm2



HEUS & 10 g= 0.5 M FeCls S 100 me0il 24A12 X = CHAl 0.1 N HCI
Z 100 meoil 24A12F BXEGH 400, 700, 800 & 900COIA ZXelAIZl HEUR
= 5 g2 Eatd 24 50 mg/L 24 100 Mol €0 140 rpm =2 20T Ol A
=

LIS & 10 g= 0.5 M FeClz =M 100 meOll 24A12t A = CTHAl 0.1 N HCI
S 100 me0il 24A12F XSt 800COHIA EXclAlZl LS Etst= 0.5, 1, 2.5
2 5 g2 Fotd EA 50 mg/L EH 100 Mol €0 140 rpm 2 24A12F 20T Ol A

g ELs s
HUR & 10 g= 0.5 M FeClz S 100 meOll 24A12t X = CHAl 0.1 N HCI
Z% 100 me0ll 24A12 FEGHH 800CUHAM SHXelAlZl EFUS Esls 2.5 g2 &

st EA 25, 50, 100 & 200 mg/L =&°of S 100 meOl £ 140 rpm2 2

LS & 10 g2 0.5 M FeCls 2 100 me0il 24A128 X = CtAl 0.1 N HCI
O 24A12F ZEGH0 800COHA ZXEIAIZI EUSR BstE 2.5 g2 22
50 mg/L 4 100 meOil €01 140 rom2Z 20COUIA 24A12¢

2

Bl
©@ om oo
ol
@
Q

KEtE O Hek

CtAl 0.1 N HCI
st=2 2.5 g2 &
20COIM 24A12¢

HFUS & 10 g= 0.5 M FeClz & 100 meOll 24A12 B
EH 100 me0il 24A12 B HGH 800CUHA ZX2IAIZI FLR
shd HA 50 mg/L 24 100 Mol €0 75, 140 & 250 rpmL =

m

LS & 10 g= 0.5 M FeClz S 100 meOll 24A12t A = CTHAl 0.1 N HC
9 100 me0il 24A12F BAGHH 800COHIA EXcIAlZl BEUF Etat= 20 g= 2t



mg/L A=A HHUAM 5BV/hr22 SHAIZICHFiIg.13).
A

LS & 10 g= 0.5 M FeClz S 100 me0il 24A12F EH = CHAl 0.1 N HCI
ZH 100 me0il 24A12F HEEot0f 800CUH A SHelAlZl EUF E
st A4 50 mg/L 2N 100 MmOl €01 140 rpm 2 24A12t A E

|_

LS & 10 g= 0.5 M FeClz EH 100 meOll 24A12t A = CTHAl 0.1 N HCI
S 100 me0il 24A12F XS 800COHA ZXcIAlZI EUR Etet= 2.5 g= 4t
Xl ol F, NOos', PO, SOS 2 &SR8t 20 mg/L 2 100 mL0il 20! 140 rpme2
20COIA 24A12 HEGHALCH.

2F U 559 ¥
BLIS & 0.5 M FeCly B% 100 ™0l 24A12F HX = CHAl 0.1 N HCI 8% 100

meQll 24A12F EXHGH0M 800CHA ZXclAlZl HUS Est= 2.5 g &ty A
50 mg/L 24 100 M0l 2 140 rpm= 24A12F 282 10, 20, 30 & 50COHIAM &
ot ALt

HYas

LIS & 0.5 M FeClz S 100 meOll 24AI2t X = CTHAl 0.1 N HCI &%
100 meOll 24A12 HHGH0 800CHA ZXElAIZI EUSR E3lE 2.5 g= 24ty
A 50 mg/L U 100 Mol 201 140 rpm 2 24A12t 20COIA &Eol=s &8s



1 Pipe
2 : FeCls—treated AC

3 Influent

4, 6 : GF/C Filter
5 : Effluent

7, 8: Valve

Fig. 13. Schematic diagram of experimental column for
continuous NOs—N removal .



2 AE0 ARE 2AE2S Table 20l LIEHND SHAZTHAIFELN® wet
AL 012 IC(lon chromatography, Shimadzu chromatopac C-R6A)E At
, HIEHAEZ BETHY (Shimazu, ASAP 2010)0l 2o SHSIU2H,
GtE Xl S48 HHE SEM (Scanning Electron Microscope S-4800, Hitachi

Co.), EDS(Energy dispersive x-ray spectrometer, ISIS 310)2 AI26tH 2 Z ol

Table 2. Analytical methods and parameters

Parameters Analytical methods
pH pH meter, 1Q. 150
NOz-N UV Spectrophotometric method
PO,~ lon chromatography, Shimadzu chromatopac C-R6A
S04 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.




SEol 242 Meso/Micro porous@ o U4 2&9 HIEHN, =223
S=210 S22 2 s&/egxgoz =HoIUT

Table 30l BETEE X21= LIEHHJUCH =S0HM B2HO JI2HA2 D=2 =
ol 2A0AE SEHEZAAHA ELHAL 2= SFolld BETALZ Hdtot U
EtLHR 20, 2% 300COAM 36AI12F S 24 8tALCtH
Table 3. Instrumental condition of BET
ltem Condition
Product Quantachrome
Model NOVA 3200e
Filling gas N2
Pre treatment
— Temperature: 300C
— Time: 36Al2¢
gxel Mo SEHsS I=5Y 4 (Thermo Gravimetry Analysis: TGA)SHH &
-2 Bt 2HCZRH AIES Zol e | B2 34 & Y =4

A2M, Table 40 2=5& =24 x2HS LIEHUHAUTH

Table 4. Instrumental condition of TGA

ltem Condition
Product Mettler Toledo (Swiss)
Model TGA/SDTA851e
Temperature 30 ~ 1,200C
Heating condition 10°C/min




Kl
_uu_

ol

)

V.

NOs-N Xl A

4-1.

2 Es=2 =4

Mettler Toledo

TGA=

TGA(Thermal Gravity Analysis) =42 t0|CtH.

4=

Fig.
DSC 823e

AH
(=]

=)

10°C/min

Aot 20, 1 0

HOIL A

2 =16

=2 Xl
=2 =

=
-

ERCMH,

2F
=]

0
290COIA 26.6%2 SEZ A

=23
S

2 =

(=]
=

KIO

ol
IH
<+

4ir

ESE= I

oF 355COIlA 80.3%

i

OF
=

Ct.

=22 =I1=01 O&l

1

o]
33
iy

i

S Xl

Ab o
o

TGA =421t 600COl

83
iy

i
nO

n0
Ko

F

A 86.6%2

Jel2=0l e LR

2 X

o3
3

iofl

wor

ol
Rl
KD
~J

o
0
<+

ol
Ul
Al

20



Weight (%)

120

—— Raw (N,)

100 1

80 |

60

40

20

o —
0 100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

Fig. 14. TGA curve of oak charcoal.
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Fig. 15. Nitrogen adsorption/desorption isotherms of oak charcoal

before dipping in FeCls solution.
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Table 5= BET(Brunauer, Emmett & Teller) &0l 2o HIZEHXNS Bl
OM, =231 S=XNEEZ OFT method LN 2o LIEHHUCH. 2= HELE
Ol ZXMele2Es SIAZN et BIEHAE0| SI6IR 20, 90T CHAl 24
SHUCH. FeCls0ll EEAIIIX LS MEO B ZH2IS2E 800CHAM 412 m/g2l
HEHEES 2= MES 22 = JRUCH 3332012 SIMEE 22 S
HO0f, 800CH A 0.166 cm’/gll 22372 12.318 AS ZIHXS U= ME

S ACEH.

m

k
Mo HL

Table 5. Summary of surface area, pore volume and pore width by
Nitrogen adsorption/desorption isotherms (pure carbon)

| tem Surface area [m*/g] Pore volume [cm’/g] Pore width [A]
600°C 394 0.116 12.318
700C 408 0.169 13.478
800C 412 0.166 12.318
900C 334 0.140 16.136

Fig. 162 FeCl;2 EHol)| & 22 EXcl2EE8 pore diameterlil HE ==
3012l ZO0ICEH. Fig. 16(a)= OFT method®il 2I8F Z20l10, Fig. 16(b)= BJH
method®ll 2|8+ Z0I0Y, Fig. 16(c)= HK methodOfl 2|8t ZDtOICH. LptHOo=Z
OFT method= mircropore & macroporeltX| Z&EE £ U= YO0, BH= =
£ mesopores B = USM, micropore= HK methodOl 2o E&FHE =+ UL,

2 A& 2D OFT method2t BJH method2= SHO| 2E2& X 220, BJHH
o 2lst ZUZLE 800CTOHA IJIE S mesoporesS &S £
method Z2UZLE 800CH M pore diameterJdt LASH microporeES 2EE £

UL,
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Fig. 16. Pore size distribution of oak charcoal before

dipping in FeCls solution
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Fig. 172 FeCl;2 Xelst
S EO Type IVO SHEHE B

AFOIOIl A hysteresis loopJt

EXRS2M0ICH HEHO

O T

H2lstd= P/Py 0.401M O

200

180

160

140

120

100

80

60

40

Adsorbed amount (cm>/STPg)

20

0.2 0.4 0.6 0.8 1.0
Relative Pressure (P/Pg)

Fig. 17. Nitrogen adsorption/desorption isotherms of oak charcoal

after dipping in FeCls solution.
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Table 62 BET 20l 2o HBIEHENE HluwotALH, =312t S=HE
OFT method 2O 2o LIEFHRUCH. 2= Hi2k 20l FeClsE XeIotkl %22 &
ot DtEHXIZ, EXel2=E SIHAIZ0 et BIEHEXH0| SItetA2M, 9007C o
= UAl Z26tALCEH.

FeCl:2 HM2l8 22 ZHel2E 800COIA 449 n’/g0! HIESE ME2 o8
S UACH BIA)E= FHASSIL SHEN Gt BoGIRen, Z2AXS
800COIA JHE 2 LIEHGCH 800COIA 0.183 cn’/ge B23J|% B=2H NS

14.748 A O|ALH.
Ol2t Z0l FeCls S
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Table 6. Summary of surface area, pore volume and pore width by

Nitrogen adsorption/desorption isotherms (FeCls treated carbon)

| tem Surface area [m*/g] Pore volume [cm’/g] Pore width [A]
600°C 421 0.101 12.886
700C 438 0.172 12.886
800C 449 0.183 14.748
900C 416 0.238 12.381

Fig. 182 FeClz2 XMclet =2 ZH2A2EE pore diameterOl [HE pore
volumell ZHOICH. Fig. 18(a)= DOFT methodOfl 218 Z 10111, Fig. 18(b)= BJH
methodOil 2/8F ZW0I10, Fig. 18(c)= HK methodOil 218+ ZWOICH. DFT method2t
BJH method2l ZItOIA & 900CZ0| mesoporedt JHE R0l LEHENH UA2H,
HK method ZWE 29 700C2 ME0| Blund 2L SHEHC micro- poredt 2

T U= He2 2EFIUL.
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Fig. 18. Pore size distribution of oak charcoal after dipping in FeCls
solution
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2) FTY EXcl 2%0 [HE Nos-N =

Fig. 212 FeCl; EU0 & = ZHels U SEH(FT)Y EXal =2=0 o
ALH. = 20 MESet SEe 22 25 2.5 g0IH
S g2 100 moItt. FTEl B2 ZXcl =& 800 CIHKl
= 2k o0 Wet Nos-N HHE S0l SItotA 2Lt 900 CUH M= 800 CUH A EX

clet ASE0 LUCH XMl 2% 400, 700, 800 & 00CTOHA NOs-N MAHA==E
262 12, 24, 36 € 20%0IRUCH. 0= LIEIHXT HRUAKXIE FeCls SHUH S HA
X @10 2Xels FUSR SE(ST)Y R MASE2 10% 0l5t2 2ot EA
= H2 & MAZKX &HRUCH
Olet 201 FUR &= ZXcelot)l &0l FeCls 40 EHAIZID LA ZX2lat
B NO-N MA==0l SHEASH, L&t HIZEHAS SItete Loty UL &
2

012 20| STS Z2 NOsN EX2 UNLIX LXIOF FeCl; M| &N 5 DX
218t FTOIAl NOs-N SX0| 2€0iLis 22092 2 [ NOyN S22 269 Y| EHXA
S20F OfLl2t ol oft 2HO 2HUFNAN MAS EF 2SIIF 206D U=
HoZ Al2EC.

Yokoyama S%'C (a2 T st SEESIS0| 95 DAY BAO SE SXNA
EX ZSI|9 BOAHS BD6IAUCD, Banno S¥E ZHEH 9EH HASHAEAL B
0 0 JIR0A SEAL Aol EES FIIM 2SI FE 5EHA nE
Sz JisSAHZS BIGIYCOM, T8 013220 EXBLIs FIHBSI|I0 O
EX0| Q45 AOZRH FEZS OE [Hls HIEHAO U YN 2SI
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Fig. 21. Effect of temperature of heat treatment on the
adsorption of NOs-N by FT.



3) FT2 =J| NOz-N s< 0l [}E Nos-N E&

Fig. 220 FT 5 g2 AFZ5H0I NO=-N S 25 ~ 200 mg/LOIA NO-N RIDied5H2
LIEHHSICH. FTOl S22 E= 800C0/D BH2 S 100 m0|Ct.

NOs-N S 25, 50, 100 2 200 mg/LY 4 24AI2t0IAl NO-N MIHESESS
73, 43, 26 ¥ ST 2 =S [ MASS0l SOI6SICH E5t 242
M OFT g2 HIHZS 242+ 0.316, 0.41, 0.46 2 0.48 mg/L2 XI|=E
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oF 2.6 mgo| NOs—N M H2S LIEHWH HE UCH

Ol9t HImH 28 =2 ABUA HstE FHOZ2E A2 1 g2 NO-N MO0l
IHR SHE 2Ot OlLI2t AEFOZ AR50 REYE AC2 AI2CACH. ©
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Fig. 22. Effect of NOs—N concentration on the adsorption
of NOs—N by FT.
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Fig. 230ilA2t 201 3UF 2dE=s 2= I X2l &0l FeCls R0
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Fig. 23. Effect of temperature of heat treatment on the
adsorption of NOs—N by AT.



5) AT2l HCI=s =0l & NOs-N &=

Fig. 240ll= & Melol AISG= HCI £ G2 otAS e NosN E&

LIEFURICH. HCI S&& 0.5 ~ 5 NOICH. 2 &E0AH AFS8 0.5 ~ 5 N HCI
2 NosN RIAESE 73 ~ 7842 A 2 XH0l=
SHOIE 73% HEO NosN MHEES LIEHHRL

FABAHE 1N HCIS AFB3I0I & HM2l5HA
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Fig. 24. Effect of HCl concentration on the adsorption

of NOs—N by AT.
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6) ATS| S0l [E NOs-N

Fig. 250l= ATE AMESIH Eat=22 FHEN THE NOs-N SEAIH HetE LHE
LHACH. Etst==2 800TCHAM SHelstA2H BrESEE2 100 me0l2 NO-N= 50 mg
/LOIC}.

Fig. 252t &0l EtS 4AI201H THRE=E S MHEHON HE0H <ot
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Fig. 25. Effect of amount of AT on the adsorption of NOs—N.



7) ATS XE S50 HE No-N E

Fig. 262 ATE AsolH JESEZWH [HE NN S&s2 LENYH H0oICH. &E
== 75~ 250 rom0IH CHE Bts A2 {2 Adgl 20, 74 ~ 250 rpme &
LEEEE U2 otHE NOs-N E2 HAgseE=2 25 UL

Vinod®t Anirudhan®”’2 Zirconium pillared clayE AIE6tH tannic acidE =
e [ MESEIF SOHE S tannin HMIAE=0] SIIGIR2H OlH=2 =&EY
ol AAHA boundary layer M&EOl 2ActHUL E= tannin & AH2] Kinetic energy
Jb SIto)| 22! Hdez F=Fotl AU 8 a9 Y AWM= NOs-NIt
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Fig. 26. Effect of shaking speed on the adsorption of NO3-N by AT.



8) AT pHOll THE NOs-N S

LIEFLHRACH. NOs-NIF EmE S

Fig. 270l= ATS pHOIl & NO-N SHZIWUE
A[2B NOs-N S MHMHEE=2 71 ~

ol DH% 2 ~ 100X EE5I0 MBS +85

=2
EXSS AES ZI pHE LED NN

Banno S¥'2 Z=EIS A28 NOg-N
S0 BIGIYSS LA 0/AS pHE HCIR ZEES I Helol 28t ¢170]
ExH ZHO EZE S NN DESHE 202 B8 HE UL

= AB0AE Banno S®o AB = (2N 2E2 DHSD| H0f| FeCl:2 &H
AZIHLE = HCIZ2 & H2lE 5t M20 Nog-N 8242 pHE ZZ&HI| 2560
MECE HCIS CIT §t= XS 2002 AIREIC.
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Fig. 27. Effect of pH on the adsorption of NOs-N by AT.



Fig. 28~310i ATSl 10, 20, 30 & 50COIMS NOs-N =JI=s& 25 ~ 200 mg/LOil

HE S&HMH HalE UEHHACH. SHH2 SEHE=2 2.5 gOICH.

Fig. 281t 20l 10COAM= =JIs% 25, 50, 100 & 200 mg/L 24A12t J|&E2=2
S HAgs2 22 81, 75, 67 & 3ME =JIsEI &= W MAHAE=01 St
ot= &= UEHUHRACH OHEIEXIZ Fig. 292 20C ER= Fig. 281 &2 =D
SEOA NOsN E& MAHEEE2 92, 83, 71 € 42%=2M HA=ss2 =J| s=It
== SItotRUCE. Fig. 2921 30C ZR0Z NOs--N E& HAsE2 22 93,
85, 76 & 47%0104, Fig. 312 50C B0 <= NO-N S& MAHAE=E2 42 94, 86

78 & 50%= AN HIIsTIt RE+S S MAH=E=0 SItotrth.
Lot BS25 10 ~ 50CTHXIS NOs-N E& HMHESE2 442 sZ0lA 2=t
ASEN M2t SOtEs 2 & JACH 0l 20l U SIS(AT)S AE
=]

b &t 0l et NOs-
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Fig. 28. Effect of NOs—N concentration of NOs-N on the
adsorption of NOs-N by AT at 10TC.
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Fig. 29. Effect of NOs—N concentration on the adsorption of

NOs-N by AT at 20C.
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Fig. 30. Effect of NOs—N concentration on the adsorption of
NOs-N by AT at 30°C.
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10) AT ExsS2d

ts2dsS LEtY X0ICH ATl S& &= NOs-N
tOIl ek SototA Lt BEsE 22 ~ 32 mg/L

Fig. 32 ATOI UOIA NOs—

N
2 ZJ|0l= Nos-N Ee€sE2
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S20A LEs 20 TEotACH. HIAMEHUA =2%0 O EXEE 2O
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AT &2 2HEY SHE0| S22 L 4= UCH. WM2kA ATH CHEE NOs-N E=2 250
et XoIJH U 250t ==+8 &40 Sltole A2 = M 2%t S0t
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Fig. 32. Adsorption of isotherms of NOs-N onto AT.



1) ATSl Langmuir® Freundlich model

HTY-THA A0S =2lE SH oA ZES  Langnuir  model” Dt
22 e s&se 20| Mot

Freundl ich model™ 2

Langmuiral2 2 HOHO S=H N SHE0| =
0|20 e l2s SsHMe H#20, L£s HEs

Ct. 2Lt Langmuire ==
EX AIOIEJI &=MolXl ¢ = ot
(o]

[e] X =] o 1T o —
2 =202 HUH2 J=R0Uls

HXIE 22X =2
Langmuir equation=

N B¢
q,. ab a

OII0AN Ce= HHEHAEHMMS =5 (mg/L)OIO, &

g2 (mg/g), b SHEHNUXN(E=E HEE2)4 ZHL
Ce/q. vs (e plotsS B JISIIZE

SHIH

T,

Freundlichal2 Ci21t & L.

OMIIOIA k2 1/n2 Freundlich 2 isotherm &==0ICt. 1/nlt k& &2 log q.

vs log C (Fig. 33)2 S& & JISJ12 EHOIC.

Fig. 331 340l= 22 Langmuir2t Freundlichll == S24&=2 UEIUHR/UA 20,
EZ) S Y +E LIEFHRAUL.

Table 70l 222 model Ol ANHAMS S

Eotd= M 10, 20, 30 ¥ 50CH Al Langmuir constant a

Langmuir modelS &
Qb= 22 2.67, 2.99, 2.94 & 3.21 mg/gdt 0.126, 0.113, 0.114, & 0.105 L/
2 10, 20, 30 & 50COHAM 22 0.377,

mgO|ACt. S8t Freundlich constant 1/n&
0.316, 0.311 & 0.2962= OHIH 0.2 ~ 0.5 ALOIO
1/n 20l 0.2 ~ 0.5 AFOIOl E0HLH

Freundl ich constant
o2 M US0] 2 A2 Z= Freundlich model & & HEHeE Ao

SUHE N2 UEHRL.

S0l =0lgt A

ANz =
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Fig. 33. Langmuir isotherm plots for the adsorption of NOs-N onto AT.
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Fig. 34. Freundlich isotherm plots for the adsorption of NOs—N onto AT.

Table 7. Langmuir and Freundlich constant and thermodynamic parameters

for the adsorption of NOs—N onto AT

| tem Langmuir isotherm Freundlich isotherm
AT a b R K 1/n R
10C 2.865 0.107 0.988 0.742 0.395 0.842
20C 2.991 0.113 0.997 0.903 0.317 0.902
30C 3.338 0.201 0.998 0.923 0.334 0.910
50C 3.561 0.095 0.998 0.954 0.332 0.931




St Table 80IM £X0I Langmuir modelt Freundlich model & EEoIAS M
of M2UZUHE 2H Langmuir model2l HBS 0.988 ~ 0.998 OI04, Freundlich
model 2l B0 = 0.842 ~ 0.9312M Langmuir model 2 HEAIZNZS M HS &2
A =ULCEH.

0I2+ 20l ATE AtE6tH NOs-NE EZAIZ [ Freundlich S=24&0% & SEXIEH
Ol2CH Langmuir model Off I XH&st 2122 HHECH 0|02 E4HEHD 20 227

o HE 2= E=HE= Freundlich isothermOil & %= HAUHE =326t
N @]

ro
ke

Langmuir isothermOl G &gst A2 =2 AU AtESt ATOl NO;-NIt S = U
= S3 sitedl EME JIs4H0l UAJ| M&0letD A= S L.

Table 8. Parameters and corelation coefficient of two kinetic models

Parameter Pseudo first—order Pseudo second-order

Clmg L") ge(exp) Ki ge(cal) R ko ge(cal) R

25 0.89756| 0.012 | 0.986591] 0.9662 | 0.016347| 0.940911] 0.9986

50 1.6448 | 0.0058 | 1.128738 0.8007 | 0.012148 1.696353| 0.9994

100 2.8352 | 0.0051 | 2.387866) 0.9233 | 0.003688 3.007519 0.9996

200 2.8308 | 0.0025 | 2.485814) 0.8448 | 0.001531 3.2 0.9866
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CHSt kinetic analysis2M

Fig. 352 362 ATE AtEotAS el NOg-N S=0f
pseudo first-order'™ et pseudo second-order® 0l Th&r plotS LIEFH 240ICH. 3
& BFSII0A NS UWR=x2 =&22 0ls= &Y%otJ)| <IoHA  homogeneous
surface diffusion model, pore diffusion model % heterogeneous diffusion

model it 22 2 model0l HEBEZO ZXIEH O0l2&t modelS2 ==t =4 M

=

|I|0|I

=0 22822 AISobllle = 8e X2z AR

Bt HHN UM 22 el 2sDI(carboxylic, carbonyl, hydroxyl,
ether, quinone, lactone, anhydride) & HIEZ IR0 S=HMA S=HE AN O
o ASIR0| 2oy ACZ HEHIT B,

S0 st 2SSt kinetic analysis= pseudo first-order 2t pseudo second-

St k
orderOlH Ol=2 BE S92 A2l & NosN SH2Z2H Lagergren
first-order Aoz & 4 QL.

Pseudo first—order&!1l pseudo second-order &2 (42),(43)1t Z2Ch.

In (qP ) lan, _ k‘lt ........................................................................................... (42)

o

t 1 t
LA b e ( 43 )
qt que? 4e

oI q. 2 g BEE(mg/L)DF Al2E t(min)HIA E=HM0 S NOz-N 20|
M, k= pseudo first-order E&(1/min)e #=&Z&=0l11, k,= pseudo second
-order H4=(g/mg mim)OICt. E&&E (k)2 In(q.—¢q) vs t2 =& plot2

ig. 35), k, = t/ar vs t(Fig. 36)2 plot2 JI2

n

II2IIREH PE % US|
JI9 HEOREH [E & UCH kD k, O 24T A2AS A= Table 80 LIEH

LHRACE.

Pseudo first-order kinetic model®! B At g 2t2 &8 ¢gtdt LXIGHA
AASH, 01X Z2EH NOs-N S= pseudo first-order kinetic model 0 HEXI
2AS2 & = UCH. Lt pseudo second-order kinetic model2 AIESH &0

= FigureOlAd 250l 01 =&X0IH Rt Al pseudo first-order kinetic



model 2CH =10 HAME g &t &E ¢80 & U= Aoz =2 i 2
NOs-N S='2 pseudo second-order kinetic modelOf & 2= A= & 4= A
2
e 25 mg/L
o 50 mg/L

v 100 mg/L
A 200 mg/L

In{qe-qt)

-4 T T T T
0 50 100 150 200 250 300

Time (min)

Fig. 35. Pseudo first—order kinetic plot for the adsorption

of NOs-N on AT.
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Fig. 36. Pseudo second-order kinetic plot for the adsorption
of NOs—N on AT.



13) NOs-NJt &0l OIXls 29 &

NSUHX HaH(AG), AEI HSH(AH) ¥ NEZD HSH(AS)2} 22 2
St Wetlide s 20

AG = AH T TAS oottt (44)
AG=— RTIuH w+rerrrrerrrrerernrerntenttt (45)
L AS T AH e
Inb= R T (46)

OO0 AG o &= [Kd/mol]l, AH® = [KJ/mol], AS’= [KJ/mol]OIDY, T=
A% [K] 0112, RE gas constant® [J/kmol]OI0H, b= Langmuir constant
[L/mol]OICt.

Fig. 372 SEX2%0 WM& Inb2 BIStE LIEtYH 240ICH. Figure®lM 20C JI&E
2 M IS0 EEHE2 22 0.06242 0.06572 0| gt=2 (46)A101 CHYSHH AHSL
AS* &L AGE PE £ UAS2H Table 90l 01S2| gtS LIEILHRACE.

AH (26.11 KJ/mol)JF positive gftS BE0le 212 2 AE9 E=BtE0| 5dbt
222 UEtHE 2022 ==& = QUOM, AG(-25.76 KJ/mol)It negative U=
20l A2 ANEHo=Z S0 20les Hez == = UL

A
Est AS(89.18K/mol)Jt positiveOl22 NO-N EX0| 20Ll= S92 solid
/solution HHUHA REANEI Soicte 2122 o&E
SHH Fig. 28~310lM 2= Hi2t 201 SE= & XH2I6tH NOsNE EZAIZ
Jb 3otetol etdM MASE0l Sotot= 20t AE L HakIt negativel! A

< =5
oz =2 [ 2 AEHMY & Helst SEUI2 NOs-N S=2 chemical sorption 2!
(@]

=
==

A
Ohe S22 Bamboo @ Coconut shell Etat2ZS AF25I0! Nitrate anion K20
A QETD 815t AHDE negative 2t2 JFE [ physical sorptionOfl 2laoll Nitrate
anion0l MHMES UEIH HF A, Vinod2  Aniruduom®” <Al Zirconium

pillared clayS AtEst tannic acid2l sorptionOlA AHJE negative 8t LIEH
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Fig. 37. Effect of temperature on the adsorption of NOs-N onto AT.

Table 9. Thermodynamic parameter in the adsorption of NOs—N on AT

Temp.(C) AG°[KJ/mol] AH[KJ/mol] AS[KJ/mol]
10TC -23.758 25.213 89.716
20C —23.758 26.105 89.716
30T —23.758 26.997 89.716
50C —23.758 28.780 89.716




Fig. 380ll= & O &&& == HILISE2 8o fotd & KHel SE2 Al
2560 NOs-NE S=E [l 2] surface loadingllAl 20 2 BE=sZ2 H3l
E UEIUACEH. =, d8st S&2E 2UHAN S22 dEIl= S&2| isosteric
ElEhN 2HAMd UM 01242 Clausius—Clapeyronal2 0|=dt0d AHAME = U
Ct. Clausius—Clapeyron2 CIS1t 20 € &= ULt

Ciy__AH, 1 L N e
ln( C2 )_ R ( T1 T2) (47)

OO0 Cit Co= S&E Fig. 320M &2 22| NOs-NOl CHAHA CHE 2% Tt
To0l oHEol= NOs-N ==O0ICH. Fig. 380IA 23 044 surface loadingOlA In C
et Jjﬁl e MAHANMOZ LIEIGSM 0 Ao IS0 2EHOZEH Al(47)

S A2 AHE P 2 ACH HME -AHE 10.11 ~23.52 (KJ/mol)OICH,
UBIMOR 22| SO -AH 22 20 KJ/mol0I5t01 D, 3t8t E=2 40 KJ/mol
olatoz il UL
£t Ohe S22 38t S0 J|Qots NS 3 22 40 KJ/mol Ol AHOIOH
22| 20 H20l= 40 KJ/mol 0I18t2 B8t D AUCH".
= ABA NE B3 22 40 KJ/mol Ol6t2 22| E&22 BOLok &Lt 20
KJ/mol OlA0lZ), S8t Fig. 320 Al LIEFH HEQH 2001 2%t Soratoll et Nos-N
Ex260] ZIiots A2 2 M 4 HMel SE NNJF E&ets 242 ot
o 28Y IJtsAO

Chemical sorption@! Al physisorption 1t chemisorption

U= A2 MZELL.
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Fig. 38. Plot of InC versus I/T for the adsorption of NOs—N

onto AT at different surface loading.
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Fig. 39. Effect of various anions on the adsorption of AT.



15) ATE SAI& ZEHUME NN A S

Fig. 400ll= ATE &g ZEES AMESH HEH2Z NO-NE SHAIUS TS
FE72 NO-N s H3E UEHLHRACH. ZE0l S&et ATe] &2 20 g01H, =
NOs-N s&= 25 mg/LO

FigureOlA 2 201 S

F

¥ o
i
1>
I
H
rr
S
2
>,
=t
fm

& 2 600 M Kl= &4 NOs-N s5IF 0.4 mg/LOIRU2
= A

RA2M, s=& 1,000 wHlM= < 6.8 mg/LE

LF Ol & 8X &J16 st2 2
LIEFHHRA LD, S5 2,000 MU= 2 20.0 mg/LIFAl SELoHALCEH.

He 2 Y Y= MO £EIIEZNAM NOs-N s=2F 10 mg/L Olotel dsS 1Dedol
o 2 AEo TAHUHM=E & 1,200 M)Al HE5HC=z NO-NE S&HE = Y= A
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Fig. 40. Breakthrough curve for AT with influent concentration
of 25 mg/L as NOsz-N.



16) FTATSl S0l & NOs-N &=

Fig. 410l FTATS AI20ot0 Et3l29] SO0l 2 NOs-N EFHMA S L
EHLHACH. Etst=2 800TCUH M SHIotRH BHESEE2 100 M0l 2 NOs-N= 50
mg/LOICk.

Fig. 21 ~ 220l LIEFH BHIQF 20| EtSIE2 2USD MOl HEAID=
ABOZ2= NOg-N MHE 4 S FeCl,2H

= = =
of FHAIZID UM ESAIRI & HCIZHS 2 & Xelst HUS B3 (FTAT)S

>
==
M
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10 OIJO
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$Q
S
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MO
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Fig. 410IM &2 = UAXO0l &S 4A2H01H UIFE S MAHEO B0 ==ot

0.5 5,5, 7.5 % 10 g0IH
S 29 2t2f 31, 48, 78, 92, 93
=

e

[u}

bl

96%= SO St FTATS 20| ES=+5 M .
S 21200l THE Al= gE NOs-N KIHES 28 2824 3.06, 2.37, 1.42, 0.84,

0.57 & 0. SZHC 20| ES=+= NOs-N MIHE0l HUCH. 012

20l Fig. 212 FTE AME8 A0 M= NOs-N KMHZ0I 0.41 mg/g(2.59 JIE)OIA
SLt FTATS ER0l= 1.47 2.59 JIE)2=2 2 3.661 SIt5tALCE.
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Fig. 41. Effect of amount of FTAT on the adsorption of NOs—N.



17) FTATS pHOIl & NOs-N &=

Fig. 420ll= FTATSl pHOl & NOs-N =
0l pHE 2 ~ 107Kl £Zol0 &8s +otA2H NO;-N E= HHEES

75%21 BRZ pHOl HE MA=E2 HEt

S UE LEHUHATH. No:-NIH SRE &

71~

=
EXSS HES ZI pHE LED NN

Banno S¥'S Z=Et2 AL25H0! NOsN
S0 BIGIYSS 2ACH 0/AS pHE HCIR ZEES I Helol 28t ¢170]
ExH T EZE 3 NN DESHE 202 B8 Ht UL

= MBI AES Banno S0 ABI= CI2H 262 S| H0ll FeCl2 EH
AIIHU = HCIZ & M2l2 6t 20 NN Mol pHE XH5H)| 2I6H)
MEE= HCIO CIT St= XS 2002 AL2EIC.
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Fig. 42. Effect of pH on the adsorption of NOs-N by FTAT.



Fig. 43 ~ 462 FTATE AtEot 22 10, 20, 30 € 50COIA NOs-N =JIIsT
A HEE UEHURACH. SHHMS F0g2 2.5 g0l

2 200 mg/L 24AI12F JIELE EF

ig. 4321 10C &2 =JI=sk 25, 50, 100

2 22 73, 70, 61 € 31%=2 =JIsTIt ¥= M MAH=E01 SJtot
ig. 442 20C ZRE 2H Fig. 434 &
2 MA=8E=2 79, 73, 65 H 36%R=EM HASE=2 =D

Ch.
Fig. 452 30C E<0lX Nos--N E= HHEE=2 22 88, 76, 69 & 40%0/H,
Fig. 462 50C Z=20 X NOs—N S& MA=E&S=2 22 90, 81, 77 & 46% 2 A

0N E& MAHEE0 &
SXEU= s SHY Jisds B0 A2 HHED
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Fig. 43. Effect of NOs—N concentration on the adsorption
of NOs—N by FTAT at 10TC.
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Fig. 44. Effect of NOs—N concentration on the adsorption

of NOs—N by FTAT at 20C.
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Fig. 45. Effect of NOs—N concentration on the adsorption
of NOs—N by FTAT at 30TC.
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Fig. 46. Effect of NOs—N concentration on the adsorption
of NOs—N by FTAT at 50C.



19) FTATY E&sS=2d

Fig. 472 FTATOHl AN KNS NOs-N SHS=2H0ICH. FTATH S&&E= NN &2
L 22

ZII0l= NOsN BE == SO0l Met SototALt BEsE 22 ~ 32 mg/
A st g0l ==otALt.

BHAEUA 2520 OHE xS 29 10, 20, 30 & 50Cg M 22 2.4,
2.8, 3.1 € 3.3 /LM 2=t === FTAT &2l 2 & 0 22 ¢
= AL

kA FTATON CHEF NOs-N S22 20 et X0 U 250t ==+5 S
0l Bltotes A= 2 I 25IF SItotH NOs-N2H ATSl HEHALOI0 & &ot=
eIg0l SJtot)|l =20 E2E0l Sltote X222 Atz&E .
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Fig. 47. Adsorption of isotherms of NOs-N onto FTAT at

different temperature.



20) FTATS Langmuir®t Freundlich model

Langmuir mode!™ 1t

=3
o —
MIOE A} L, Langmuirdle @<

Hol S5 S
EXM0I20 Lol s E=ME HCM, Est Hatst 2 AIOIEDJF =XHotK
22 = OF otLlet, =22 S AIOIED 22 & HUXNE XX 22 =27
HEHQ A=20= =20t 2ottt

Langmuir equation= Ct21 20| &g £ UL

Ce _ 1 L et (48)

Qe ab a

OO0 Ce= BEAHUAMS =%(mg/L)0INH, E= a= OIEXQ HEXE &
2 2(mg/g), b= SHUUX(EE HEE =) 2AHE=E = ( 2
Ce/q. vs (e plotsQ EEI J|IZIIZ2EH P& & UL

Freundlich &2 ChS1 ZLCt.

q = k‘FCI/” .................................................................................................................... (49)

OHIIOIA K 2 1/n2  Freundlich 2 isotherm &==0112, 1/nlt k &2 log ¢,
vs log C(Fig. 49)22H 2JI=22|2 &EHOICI. Fig. 481 490ll= 22t Langmuir @t
Freundlich& A2 UEHHA2O, Table 100ll= 222 model Ol A A
o EXNEYY EF BAI S LIEHHALH

Langmuir modelS &3S M 10, 20, 30 & 50CO M Langmuir constant a
o b= 22t 2.212, 2.575, 2.814 & 3.227 mg/gut 0.130, 0.115, 0.147 & 0.157
L/mgOI ALt

St Freundlich constant 1/n& 10, 20, 30 & 50COIA 22t 0.368, 0.380,
0.343 % 0.36022 O 0.2 ~ 0.5 AOIOI =0HRe H{L=Z2  LIEHSCE.
Freundlich constant 1/n 8t0l 0.2 ~ 0.5 AIOI0l EHLMH E0| E0I8t 222
AN US0l 2 A9 Z= Freundlich model s & HEBE = A2 A=

= Ct.
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ll

oIn

HO
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Fig. 48. Langmuir isotherm plots for the adsorption of
NOs-N onto FTAT.
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Fig. 49. Freundlich isotherm plots for the adsorption
of NOs-N onto FTAT.
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Table 10. Langmuir and Freundlich constant and thermodynamic parameters
for the adsorption of NOs~N onto FTAT

Item Langmuir isotherm Freundlich isotherm
FTAT a b R ke 1/n R
10C 2212 0.130 0.981 0.449 0.368 0.738
20C 2.575 0.115 0.988 0.448 0.380 0.820
30C 2.814 0.147 0.994 0.640 0.343 0.886
50C 3.227 0.157 0.994 0.713 0.360 0.866
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;_t — ki{f _|_é .............................................................................................. (51)
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Fig. 50. Pseudo first-order kinetic plot for the adsorption
of NOs—N on FTAT.
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Fig. 51. Pseudo second-order kinetic plot for the adsorption
of NOs—N on FTAT.
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(O OlH2Z2E NO-N S&2 pseudo First- order kinetic model 0 (HE X
QUCH. 4Lt pseudo second-order kinetic modelS At=Est 20
HAO0I R°2t Al pseudo first-order kinetic

Az RH = 489

oF A
= T

of two Kinetic models

Table Pseudo first-order Pseudo second-order
C(mg L") ae(exp) Ki ge(cal) R ko 0e(cal) R
25 0.7728 | 0.0126 {0.41383 | 0.8921 | 0.101541| 0.779666 1
50 1.44 | 0.0065 | 0.946959 0.822 | 0.017071 1.477105/ 0.9997
100 2.4712 | 0.0034 | 1.968752| 0.8102 | 0.003335 2.647604| 0.9944
200 2.3376 | 0.0018 | 2.019197| 0.7246 | 0.001499 2.69179| 0.9594




22) NO-NJt E&0ll 0IXl= 2%9 H&

NSUHX HaH(AG), AEI HSH(AH) ¥ NEZD HSH(AS)2} 22 2
PN Iletlie s OS2 &0,

o

AG O = AH O— TAS oot (52)
AG=— RTIH  w-rrrrreerrerrrrrrereteset (53)
L AS T AH e
Inb= R T (54)

OO0 AG o &= [Kd/mol]l, AH® = [KJ/mol], AS’= [KJ/mol]OIDY, T=
A% [K] 0112, RE gas constant® [J/kmol]OI0H, b= Langmuir constant
[L/mol]OICt.

Fig. 522 EX2%0 WOE Inb 2 23S LIEIH Zd0ICH. Figure®lAd D122t
HEE2 2t2 0.05732t 0.0392 0] 22 (54)A101 CHYGHH AH2E AS® 2 AGE
T & AS2D Table 1200l 0l =2 g2 LIEHHACE,

BA
AH(34.484 KJ/mol)JF positivegtsS BEOle 22 2 Ao SxbBHES0| &gt
222 LEHE 21292 F==8 £ UOMH, AG(-31.855 KJ/mol)Jt negativezt=S
H0ls 22 HINYROR X0l LoUE A0 2T 4 UCH

O
e

i

Est AS= 117.8 KJ/molZ negative OI22 NOs-N E=0| L0iLi=s
solid/solution HBOIA PEANTI BI5He A92 NlAE & UACKH 2,
SHH Fig. 43~460IlM 2= Hi2t 20l SES FeCls; U0 SHAIDILD EH3SS
OLE =0l CIAl & XMe2Iotod NOs-NE SZHAIZ I &0t SOt et MAES
| SOtot= A0t AET HSL negativell X2 = M 2 WAL & Xel
EHOIIS] NOs-N &2 physical adsorptionOlct) AtZE L.

Ohe S22 Bamboo @ Coconut shell Etat2S AF250! Nitrate anion K0
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Fig. 52. Effect of temperature on the adsorption of NOs-N onto FTAT.

Table 12. Thermodynamic parameter in the adsorption of NOs—N on FTAT

Temp.(C) AG’[KJ/mol ] AH[KJ/mol ] AS[KJ/mol ]
10C -31.855 33.306 117.801
20C -31.855 34.484 117.801
30T -31.855 35.662 117.801
50C -31.855 38.018 117.801

- 101 —



Fig. 530l 5 O SAS 23 HIILISS I Aokl & Mol SES Al
s ¥y =59 @

M def surface loadingOllAl =0 Ot

0t NO-NE EXHE

StE LIEtWRALCH. =, dst =& 2N S22 dEIldl= S22 isosteric
NETEM LA Md U2M 0/ Clausius—ClapeyronalsS 0135t HAE %=
Ct. Clausius—Clapeyron2 CtS1t 20| € &= ULt

Ciy\_ AH, 1
In(-& =" Cp ~ 7,

HIIUAM Gt Co= EEE Fig. 470HAM 22 22 NOs-Nol CHaltA CHE 2% Ty
o T.01 aHEoSl= NOs-N =SO0ICH. Fig. 580 E9 2] surface loadingOll A
| D8e AdMo=z LIEIGed 0 Ao JIS2)I1e dHoZ22H Al

= 12.39 ~ 22.66 (KJ/mol)OICt.

(55)2 A5 AHE 7& & QUCH HAE -AHE=

Ubtxoz 22| EX9 -AH 22 20 KJ/mol0I5t01D 3t8t =2 40 KJ/mol
olatoz il UCH?

EEH OH2 HRXe SIStER JIQsts ST B 22 40 KJ/mol Ol AHOI T
22| E=0 H20l= 40 KJ/mol 0I18t2 B8t AUCH".

2 ABAN NS B3 22 40 KJ/mol0l5t2 221 EXOZ 200k ot 20
KJ/mol Ol&0l1) FE8 Fig. 47014 LIEHAH Hiet 2001 2=+ SIHefoll THet Nog-N
EX20| ZIiots A2 2 M 4 HMel SE NeNIF E&ets 242 ot

o 88 JtsH0

Chemical sorption@! =Al0l physisorption 1 chemisorption

U= A2 MZECL.
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Fig. 53. Plot of InC versus |/T for the adsorption of
NOs-N onto FTAT at different surface loading.
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Fig. 54. Repeated NOs-N adsorption of FTAT.
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24) FTATE SIS ZHN A2 Nos-N s EF

Fig. 550il= FTATS ZX&h LS ABGIH HEXNOZ NO-N2S ESERHAIRS O
SEL Nos-N =& PGS LIEHHQUCH. 20l =& FTATS %S 20 g0I, &
o NO--N SE= 25 mg/L0lD, E4 =& = 10 BV(h')OIC}.

S22 oF 600 MNKE RES NOe-N SEIt 0.4 mg/LOIKSLE 0 & HXt St
Sh= B82S BACH, S22 1,000 MOA=S o 2.2 mg/LE LIEHHAD, S42
2,000 MOIA = F 10.2 mg/LMK SZEIAUCH,

He 2 U e M29 AEJENA NO-N sEIt 10 mg/L 0156+Q! 242 Deist

H 2 a9 AUME = 1,700 MO HEHCZ NO;-NE E5E = U= A

10

NO,-N (mg/L)
»

0 500 1000 1500 2000

Troughput volume (mL)

Fig. 55. Breakthrough curve for FTAT with influent
concentration of 50 mg/L as NOs—N.
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2) 0.5 N2 & HelotdE 73% &2 NOs-N HH &22 LIEHHRAULCE.

3) ATS 20| HES+= MAESE0l SIHSIA2LE NOs-N MAEE2 UL

4) 74 ~ 250 rpme 2 NEYEEE U2 StHE NOs-N S& HAHES
ULH.

5) pHOIl & NO:-N S MHES22 A LEHOIALCH.

6) ZJIsEot 2 M MHS 2
50CHHXISl NOs-N E& MHEES

g = UL

£0[ SJtot
=

2A2%0| STUA 2Tt ASEO THet SOt

o

7) Langmuir modelt Freundlich model2 ZE&ol¥=S Mo AZAAHE =EH
Langmuir model2l 2% 0.988 ~ 0.998 0|04, Freundlich model2l Zd<0l= 0.8
~ 0.9312ZM Langmuir model2 EZAIAS I H= A22H I =UCH.

8) NOs-N 2 E=t2 pseudo second-order kinetic model Ol & (2= o2 H
e AUALCH

9) AH= 26.11 KJ/mol 2 positive 22 20 2 AE9 E&PIS0| &
£ UEE He=2 =58 £ /JU/USD, A= -25.76
LIEILHO Ttgeo=z EX0| Ldojltes Hez ==5E S
89.18 KJ/mol2 positive 0|22 NOs-N &0l 20{Lt= =S¢t solid/solution Ml
A PEMTI Eotcte 2H22 Hag = JU/UCH
A

HE -8 210 -AH= 10.11 ~ 23.52

ne
o

10) Clausius—Clapeyron &/ 0|25t
(KJ/mol)OIULH. 2 ASUAM et = 2
SOL0F StLE 20 KJ/mol OlAOlD S8t 2&DF =IOl M2k NOs-N E&20| =0t

ol= Ao = M & M2l SEHU NOs-NJF E&6l= 212 28 Chemical sorption

Z1 AT= = =
12) ATE SXIs ZHZ2 AI2ot AZ5Ho=2 NO-NE S A
o

10 BV/h) 2f 1,200 Mt HEHOZ NO;NE E2E += U= W22 BHHEIJUC
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4. FTATE AtE8t NOsN S=HAH

1) FTATSl 20| 2S5 MAESE0| SHGHA2LE NO-N MAZ2 HUCH
2) pHOIl [HE NOs-N MIHEES Hel LHGIRULL.

) EIsEIL 2 W MA=E0
50

w

CTHXI2 NOs-N EF HHEE=2 2422 sZ0M 2 450 Tet St

g2 2 = UALT.
4) Langmuir modelt Freundlich model2 ZEE&olFS [MHe AZAAHE =EH
Langmuir model2l 2% 0.981 ~ 0.994 0|04, Freundlich model2l ZB<0l= 0.738

~ 0.886 Z A Langmuir model S H2AIZS [l G2 A2ZHII =ULCH.

5) NOs-N &Z'2 pseudo second-order kinetic model O & 2= Aoz mHH

6) AG, AH Y ASE T8 Z1t AH= 34.484 KJ/mol & positive g2 20 &2
Ao SIS0l SZESYS UEUH= g = =
5 KJ/mol 2 negative gt2 LB XgNoz S0 LojLllse Hez =
& 4= QUUCH. E8t AS’= 117.8 K/mol 2 positive 0122 NOs-N E=01 LOfLE
SO solid/solution HHMA SEMEIL Sitote H22 HAE &= JUULY.
7) Clausius—Clapeyron A2 0l&3dt0d AHE F& Z1 -AHe= 12.39 ~ 22.66
KJ/mol O ACE.
8) FTATE ALE3t0 5310t
275~ 76% EFsES LFGHN
9) FTATE SZ&IsH Z2HE AEat

Z o0 =
10 BV/h) 2 1,700 MtXl HEHCO 2 NOs-NE EFHE += U=s A2 BHEEULH
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