SRS EGEAEE] A Vol. 13, No. 3, pp. 21~26, 2008 LFED>

oisjojoicz FHINE El QAMEIMElS| AIAMAIA SxRkAro| mdE] ofj

X2l - MA| - Amit Bhatnagar - MHE*
At 7453k

r&

Modeling of the Nitrate Adsorption Kinetics onto ZnCl, Treated
Granular Activated Carbon
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ABSTRACT

Nitrate adsorption from agueous solutions onto zinc chloride (ZnCl,) treated coconut Granular Activated Carbon (GAC)
was studied in a batch mode at two different initial nitrate concentrations (25 and 50 mg/L). The rate of nitrate uptake on
prepared media was fast in the beginning, and 50% of adsorption was occurred within 10 min. The adsorption equilibrium
was achieved within one hour. The mechanism of adsorption of nitrate on ZnCl, trested coconut GAC was investigated
using four smplified kinetic models : the rate parameters were calculated for each model. The kinetic anaysis indicated
that pseudo-second-order kinetic with pore-diffusion-controlled was the best correlation of the experimenta kinetic datain
the present adsorption study.
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Fig. 1. Effect of contact time and concentration on adsorption of
nitrate on ZnCl, treated coconut GAC (temperature = 25°C, GAC
dosage=0.1g/10 mL, pH =5.5).
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Fig. 2. Pseudo-first-order kinetic plots of adsorption of nitrate on
ZnCl, treated coconut GAC.
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Table 1. Comparison of pseudo-first-order, pseudo-second-order, Weber & Morris and Bangham’s models parameters using Egs. 2-5,
and calculated Qgcay VAues using Egs. 2 and 3, and experimental gqe Values caculated using Eq. 1 for different initial nitrate

concentrations
Pseudo-first-order model Pseudo-second-order model  Weber and Morris model  Bangham’'s model
G Oep kX107 Ga 2 k<107  Gyea) 2 Kip 2 Kk o R?
(mg/L) (mmol/g) (I/min) (mmoal/g) (¢/mmol min) (mmol/g) (mmol/g min'?)
25  0.0339 119 0.0273 0.9777 0.1276 0.0374 0.9938 0.0043 0.9864 14.05 052 0.9989
50  0.0548 0.80 0.0468 0.9899 0.0419 0.0661 0.9962 0.0082 0.9846 28.10 058 0.9960
0.3 0.06+ 2
e 25mg/L e 25mg/L R"= 0.9846
= 4 50 mg/L 4 50 mg/L
o R,= 0.9938 —
€ 0.2- D 0.04-
£ 3
£ E
£ R,= 0.9962 € 2
2 0.1 . ZF 0.02- R?= 0.9864
g
0.0 T T T . 0.00 T T T T T 1
0 10 20 30 40 0 1 2 3 4 5 6
Time(min) (time)“r2 (rninute}1Jr2

Fig. 3. Pseudo-second-order kinetic plots of adsorption of nitrate
on ZnCl, treated coconut GAC.

(Oztirk and Bektas, 2004; Namasivayam and Sangeetha,
200504 % Kot v glom, & Ao AL dAb &
T 3 Bl fARE RAE VERITE

4.2. §At O|R} 2HI(Pseudo-Second-Order Model)

FwE 4} ol Rz 4 v JokHo e
a., 2001a; Ho and Chiang, 2001b; Ho and McKay,
1999). A} o|x} Edlo] WAl 4 (3 2t}

=—+=t 3)

A7 ‘gt ‘gre A AIRE to} HYERe ol2=
A7t Zob Fxbe ArdE A o] A (mmol/g)elit, ke fr
A} o]x} F2F] EmAdrolnt. tol] tigk tig o] #kS Fig.
Pl YeRlAet. tol] B3t tig FA1e] 71&7)9F HHe
A} O3} S (k)ot RS o831 Ak Hy e
oNX2] T2 (Qyeayy BAT] S8l AMEEISIOH 3
A(RH)eF A Table 19 YeRlIt. AFZEAE 28
3 Axt, A} o3} HERde] AAAE 0991
gtom, mdo) o3| ALHE ekl A AT
Ouepart 2 SI3ITE, o]9} fAlSE Auso] EAJg, 3=

o

fo !

Journal of KoSSGE Voal. 13, No. 3, pp. 21~26, 2008

Fig. 4. Weber & Morris intraparticle diffuson plots of
adsorption of nitrate on ZnCl, trested coconut GAC.

A, Gkt sElicrol) oa &dstE siEA 1Eja A%t
oldoz MAH I FEAS o8 AiddAr £
Apox T2 AFHE(Oztirk and Bektas, 2004
Namasivayam and Sangeetha, 2005)°| A= H.31H u}
Rom, B A {AF o3} Sk 3k vl vl
gt FAE YERdtE, F2A) 9§t 890 2 HE] 829
T2 #dsi] BEAog A 7R A&7 SdxdE o
A7L ek 1AL () 2 Bakdilm diffusion), (i) YA
W == =X Kintraparticle or pore-diffusion), (iii)
H fx=9] 4ZH(sorption into interior sites)o]tH(Ho
e d. 2001a Ho and Chiang, 2001b; Ho and McKay,
1999). o] F wiA TAlY] whg-2 wi- wiEA ot

7] wio] LT LS 2Hshs FadlE o Bk
I JARY mE= FFERE G0t} o)9)d Ak QS
olafal7] Slsf th2 AR DS (Weber & Morrise] =gl

3} Banghame] W)S 2 <A7o) Hg3Asch

4.3. Weber & Morris Modé

2T AEE Weber & Morrisoll 28] Aok A=}
W 2 2d(intra-particle diffusion)(Weber and Morris,
1963)9] AAlA BAI8le] Fig. 40 YERAITE. Weber



0.1+
= e 25 mg/L
E A 50 mg/L
T -0.3-
3
— 2 -
S -0.5- R* = 0.9989
2
=]
O -0.71 2
o R= 0.996
-
-0.9 T T 1
0.0 0.5 1.0 1.5
log t
Fig. 5. Bangham'’s pore diffusion plots of adsorption of nitrate on
ZnCl, treated coconut GAC.
& Morris 55l W42 4 (49 2ot
V2

qt = k]pt +C (4)

71 G BRI k= QAR Bte) Smaksolt.

[U]{e3

21 (@) webA F2F WAYEe] AR FAEs w
&, to] AFZ() U q ] WAe o] 2
Holth. Fig. 4= FARH Binde] Agsie AwE

oiZeh. 29 Feie] A AR L3 ABALRY
7} 0.9arr} vl etk ol FHAIR 1@ Faky
Az F3F vAYUZ0] Weber & Morris 28-S wEA]

_

Hos Avgtt SEHT K A R)SH A A
Aksle] Table 10 HERAIT

4.4. Bangham’s M oddl

ST ARE Bangham WAA0] AX|eA] 45}
ot Banghame] "4l 2] (5)¢} ZT}H(Aharoni and
Ungarish, 1977).

C k,m
loglog| == = log +ologt (5)
(C o= m) (2.303v)
o7 Coz €94 U F2E49] 27 %=(mmoallL), Vie

2] Boj(mL), me 8 LS ARE FEA A
L), g(mmoal/gy= AIZHtel We & =49 %4 o
C

toll we} 2elA Fig. 5 UEhigic. el
ARES BE3 A7) 090 oPe) £ AAGE B
or, ol Y= & F3 7ol Bangham 2
o) Agee BINA 9, T B2 doze) Hh
o] F3 HHS AP AL oInjshe Ajolrt.

o)A} &
A (o)l F Tors & 5 AT, SR =Y
55 283 A7} Banghame] ZdolA 0.99 o] &

e o
T BdS mEe A

& ABAF (R BolA]

2 Uehgtl mEb B dte] L FAF o= S
= 293} Banghame] o) o) 7Y 2 TAlE0]d
’}l:

5 4 =

@slold(ZnCl)e2 FTHNAS I YIRS

ol gsled ArAIAAL] T3l B FAAFY} 27
2dy A5 533 288 vy 2o

& 2347, FIW PFEAgere] g Es FE
105 ool EF&8-0] 50%e) ol=2ga FFH A A8

ERsiTt.
& 3oiioz Y Bdete] A
A2l disl oe7hA Send 55 A83 29, &

At At
$2]E 21C ZEEo] A ARRIEeE T A
A&A SR7ls R Ye] AFHIRd @A 3-4-

3)7} Brain Korea 21(BK-21) -7HIA1l Al ==t}

F

ik

fa

Mo

1

AT FATEA (PAL) 1 Sustaining Water(Population and the
Future Renewable Water Suppies), 1993.

He=r, o] 8v], AR, A8, A, A7 5, B&ES, 2004,
Y- FEA A0 A A Bl Ao B3 AR,
=718 eE)A], 30(2), 98-103.

A, E5, 1999, 754 A7 o] 27l gk -85
X} Ard AL AA, kg8, 21(1), 87-99.

AL, o)}, o g, B, A, ol A€, H 8, o1,
2007, W1 2713 Aej7lell B2 G7HE-S o 83 A A A
29, 8t 831X, 21(1), 139-147.

Journal of KoSSGE Voal. 13, No. 3, pp. 21~26, 2008



26 A5t A9-2] + Amit Bhatnagar + AHE

o] g3 WIR3], AES, 73K, 2006, o)L SR 9) L odat
oRS o8-k ArHd A Ao A AEAG v, e dslrE k5] gk
BB E)3] e A S 3] =1, 20086, pp. 171-176.
AT, HFE, 524, o E, AAE, 1Y), oFBluELL

AR, AR, B E, A, 2007, Fsfold 0w R AE

AEAgete] 24 AL FEAT, SR FA 2 'l Feks) A,
44(6), 492-499.

it

174 5-, 2007, 2006 A8l EEAY -9 47
S35, S HA | 452-458, 2003.
Aharoni, C. and Ungarish, M., 1977, Kinetics of activated

chemisorption Part 2.- Theoritical moddls, J. Chem. Soc. Fara-
day |., 73, 456-464.

Chiu, H.-F, Tsai, S-S, and Yang, C.Y., 2007, Nitrate in drink-
ing water and risk of death from bladder cancer: An ecological
case-control study in Taiwan, J. Toxicol. Environ. Hith., Part A,
70, 1000-1004.

Dore, M., Simon, Ph., Deguin, A., and Victot, J., 1986, Removal
of nitrate in drinking water by ion exchange-Impact on the
chemica quality of treated water, Water Res., 20, 221-232.
Haribabu, E., Upadhya, Y.D., and Upadhyay, S.N., 1993,
Removal of phenols from effluents by fly ash, Int. J. Environ.
Sudies, 43, 169-176.

Ho, Y.S. and McKay, G, 1999, The sorption of lead(Il) ions on
pest, \ater Res., 33, 578-584.

Ho, Y.S,, Ng, JC.Y. and McKay, G, 2001a, Removal of lead(Il)
from effluents by sorption on peat using second-order kinetics,
Sep. i Technol., 36, 241-261.

Ho, Y.S. and Chiang, C.C., 2001b, Sorption studies of acid dye
by mixed sorbents, Adsorption, 7, 139-147.

Ho, Y.S. and McKay, G, 1999, Pseudo-second order model for
sorption processes, Process Biochem., 34, 451-465.

Huang, Y.H. and Zhang, T.C., 2004, Effects of low pH on nitrate
reduction by iron powder, Water Res,, 38, 2631-2642.

Kumar, M. and Chakraborty, S., 2006, Chemica denitrification
of water by zero-valent magnesium powder, J. Hazard. Mater.,
B135, 112-121.

Lagergren, S., 1898, About the theory of so-called adsorption of
soluble substances, K. Svenska \etenskapsakad Handl., 24, 1-
39.

I

Journal of KoSSGE Voal. 13, No. 3, pp. 21~26, 2008

Mohanty, K., Jha, M., Melkap, B.C., and Biswas, M.N., 2005,
Preparation and characterization of activated carbons from ter-
minalia arjuna nut with zinc chloride activation for the removal
of phenol from wastewater, Ind. Eng. Chem. Res,, 44, 4128-
4138.

Mohanty, K., Jha, M., Meikap, B.C., and Biswas, M.N., 2005,
Removal of chromium(VI) from dilute agueous solutions by
activaeted carbon developed feom Terminalia arjuna nuts acti-
vated with zinc chloride, Chem. Engg. <ci., 60, 3049-3059.

Namasivayam, C. and Sangeetha, D., 2005, Removal and recov-
ery of nitrate from water by ZnCl, activated carbon from coir
pith, an agricultural solid waste, Ind. J. Chem. Technal., 12,
513-521.

Oztiirk, N. and Bektas, T.E., 2004, Nitrate removal from aque-
ous solution by adsorption onto various materias, J. Hazardous
Mat., B112, 155-162.

Panday, K.K., Prasad, G, and Singh, V.N., 1985, Copper(Il)
removal from agqueous solutions by fly ash, Water Res,, 19, 869-
873.

Pintar, A., Batista J., and Levec, J,, 2001, Catalytic denitrifica-
tion: direct and indirect remova of nitrates from potable water,
Catalysis Today, 66, 503-510.

Periasamy, K. and Namasivayam, C., 1994, Process develop-
ment for removal and recovery of cadmium from wastewater by
a low-cost adsorbent: Adsorption rates and equilibrium studies,
Ind. Eng. Chem. Res,, 33, 317-320.

Schoeman, JJ. and Steyn, A., 2003, Nitrate remova with
reverse osmosis in a rurd area in South Africa, Desalination,
155, 15-26.

Soares, M.I.M., 2000, Biological denitrification of groundwater,
Water. Air. Soil Pollut., 123, 183-193.

Tutem, E., Apak, R., and Una, C.F,, 1998, Adsorptive removal
of chlorophenols from water by bituminous shae, Water Res.,
32, 2315-2324.

US Environmental Protection Agency, 2000, Drinking water
standards and health advisories, US Environmental Protection
Agency, Office of Water, 822-B-00-001.

Weber Jr., W.J. and Morris, J.C., 1963, Kinetics of adsorption on
carbon from solution, J. Sanit. Engg. Div., ASCE 89 (SA2), pp.
31-59.



