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Abstract

This study aimed to obtain equilibrium concentration on adsorption removal of ammonia nitrogen by activated carbon, to
express the adsorption characteristics following Freundlich isotherm and also, based on the value obtained, to investigate the
relationship between physical characteristics of activated carbon and dynamics of ammonia nitrogen removal by obtaining rate
constant and effective pore diffusivity. The results summarized from this study are as follows. It was noted that powdered
activated carbon showed better adsorption ability than granular activated carbon. The value of constant (f) of Freundlich
isotherm of powered activated carbon was 4.6x 10™® which is bigger than that of granular activated carbon. The adsorption rate
constant on ammonia nitrogen of powered activated carbon with high porosity and low effective diameter was highest as 0.416
hr-1 and the effective pore diffusivity (D.) was lowest as 1.17x10°° cm?/hr, and the value of ammonia nitrogen adsorption rate

constant of granular activated carbon was 0.149~0.195 hr.

It was revealed that, with the same amount of dosage, the

adsorptive power of activated carbon with lower effective diameter and bigger porosity was better and its rate constant was
also high. With a little adsorbent dosage of 2 g, there was no difference removal ability of ammonia nitrogen as change of

adsorption properties.

keywords : Activated carbon, Ammonia nitrogen adsorption, Kinetics, Physical characteristics
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ALAF AA wElE ABFY 2 B AAY
el e, AEFHA IFEF AATHAE SBR (Se-
quencing Batch Reactor) &%, ICEAS (Intermittent Cycle
Extended Aeration System) &%, AYO (Anaerobic/Anoxic/
Aerobic) &%, 5T Bardenpho (5 Stage-Bardenpho =& 4=
“J Bardenpho) &%, MBR (Membrane Bio-reactor) &% %
CSBR (Constant Sequencing Batch Reactor) &% S(731],
2001; Arora et al., 1985; Burdick et al., 1982; Daigger and
David, 1988; Silverstein and Schroeder, 1983; Tetreault et
al., 1986; US EPA, 1993)¢] glom E235t&el Ai4 A
AgHole 331 dAFY(Breakpoink Chlorination), 9=
Yol &7](Ammonia Stripping) ¥ ©]2x%(Ion Exchange)
S(US EPA, 1975)°] 1oy o5& 23 LHEERS 2T
7hedol EAdth: 59 Bl Ut
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21. BME A E

Aol 2188 &4 AEE NANY ERdde 15
(AC-A)F 448 E 3F(AC-B, AC-C, AC-D)°olH E&F
B4 ¥aE 95 ¥ EHZH(Total surface area, BET), &2
E=7klodine number), ZE7] =X (Apparent density),
7 (Effective diameter) 5 EA 33t 22=719 =3
e A8 g90& 898 Jhsteq FEAZ v A

Ag gelste] o} Yt ne=d FEERY Fagow,

of rlo fob

v s}

incubator shaker W
I shakergl IJHFE 15

=

B2 1g 2g 3g 4
2g5¢g10g 15¢ 20¢g
A %ﬂr”ﬂﬂr H5ZA e FA

2339 A8e

F30ocE Q4 A%
sto] AAlstR e, A
ol 1 mQl A= o

H%N-’] T TELu

2IE ol &5t 4 (H=

EAS = Freundlich S&FH49 &5 94 Ihs T3k

o} 3 average capacity ratio(d)

s om,
Faa

A Al we 3

A (QF °l&std A
28 EE 4 (3)2=

(M

9 £ BY FE(mg/g)

H XA F L N, gas sorption methodZ T3 T f, n: A2
ggdete] 2530 54& Table 19] YERASITE AC-A,
AC-B, AC-C ¥ AC-DY] BETE 772+ 600 m%g, 875 m/g, oy oo
875 mYg @ 1100 mYUg® ACAT 742 g e yeg - V. C—C @
3L, AC-D7} 7HE w2 & UehHUTh Effective dia-
meter= AC-A, AC-B, AC-C ¥ AC-D7} ZZF 106 um, 1 o714
mm, 2 mm % 1 mmZ E2ZE&JEA AC-A= vl Fgt a : FHFEFE
, AC-C7F 7Hg =& #S Uehiddth 8482 AHg A M : 248 FA(g)
°ﬂ SHF FAAA A B & AAT F Ax7] Vo &4 FI(mL)
FE3) Azstel A8 Co + 27) F3=(mg/L)
C. : 39 &E(mg/L)
22, 5|24 M
A o888 ¥EFE &9 NHCIE FHFI =9 E - G—-G 3)
FEE 2,000 mgLE ZAT AL Y@ HPsL o GG
o wet H45a AgAd. 2 BH =2 AT
S 2335 A= NH-N %7 9F 100 mg/Lel & 7] A
Table 1. Physical properties of the activated carbon
Classification AC-A AC-B AC-C AC-D
Total surface area (BET) 600 m’/g 875 m’/g 875 m’/g 1100 m/g
Iodine number 550 mg/g 800 mg/g 800 mg/g 1000 mg/g
Methylene blue adsorption 10 g/100 g 11 g/100 g 11 g/100 g 19 g/100 g
Phenol adsorption 2.5 g/100 g - - -
Apparent density 510 kg/m’ 290 kg/m’ 260 kg/m’ 500 kg/m’
Effective diameter 106 £m 1 mm 2 mm 1 mm
Particle size >150 gm 1 mass-% >3.15 mm 10 mass-% >5.0 mm 10 mass-% >2.36 mm 15 mass-%
Dso 25 gm < 0.70 mm 5 mass-% < 2.80 mm 5 mass-% <0.60 mm 4 mass-%

TAEH =2EaAEE|X| H242 HM35, 2008
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B (1 +erf- BVEE)]

o714

q : 249 &9 AT J5FEAY & F5(mg/g)
a, B: X+ 3aX + 3a =09 3

k o SESF0

¢ : A7)

Patterson®] 9|3l Z<FE Fig. 1 (Dryden and Kay, 1954)
3t E9} log kt 7+e] #A g =Z=HH

Azke AT A%l R ki S THT SFELFY F3
SaAote] FRBAS dehe A (9T o8t #a
S+ Faan
g L0 /7
E N7 7/;
o a=10
g / /}%
/YN
é 0.4 7 5”/ /Z\
A\mway s
= :/--—"/,‘_-,_/.%/ Lafinite [parn

0 ] solutiof]

-5 -4 -3 -2 -1 0 1
Log kt = Log (10D /ROt = Time function

Fig. 1. Graphical solution of equation 4 for various values
of a.
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Fig. 2. Determination of NH;-N adsorption equilibrium time
and concentration (AC-A).
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Fig. 3. Determination of NH;-N adsorption equilibrium time
and concentration (AC-B).
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Fig. 4. Determination of NH3-N adsorption equilibrium time
and concentration (AC-C).
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e A% Fsel 9IBPY] He) FHoz wo} 3
- e e A 540 1| mmd YABHE ACBE ¥
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Fig. 5. Determination of NH3-N adsorption equilibrium time
and concentration (AC-D).
100
Teble 2. Summary of experimental results on NH3-N adsor-
. . 1 .brium XM= L()(i)((}ll;))-llceslﬁgi
ption equili Q oL
Classification Effective |Dosed adsorbent Equilibrium 2
diameter quantity (g) |concentration (mg/L) = WM:“-&’E}X;&”W
1 97.6 %
2 95.5 g -+ XM= 1.72 X 1011Ces 172
(4o
AC-A 106 1m 3 87.6
4 85 5 X/M=3.03 X 1012Ce5642
. (AcD)
5 820 0.1 1 1 1
2 926 10 50 100 200
5 900 Ce(NH;-N mg/L)
10 348 Fig. 6. Adsorption of NH3-N on activated carbon.
AC-B 1 mm :
15 81.2 )
20 776 Table 32 Freundlich 528229 A4(f, 1/n) #ES
25 75.0 Uehd Aoz 2R8yeel AC-AY A fgkol 4.6x10°
2 95.5 o2 4dEdEl AC-B, AC-C ¥ ACDEY £2 #s
5 93.3 Hehilen fJ3Ede Fole AC-B7F M 2 &
AC-C 2 mm 10 90.7 et Tk 712719 1 3% 98849 AC-D7F 7HE
E 87.1 Egrom 2REdEq ACAT Mg 2 e ndd.
20 84.7
25 83.3 L.
Table 3. Constant of Freundlich isotherm on NH;-N adsorp-
2 95.2 tion
> oLT . Sample | Correlation
10 893 Classification f I/n .
AC-D I mm number coefficient
13 85.2 AC-A 46x10° | 376 5 0.88
20 824 AC-B 1.09x10™ | 537 6 0.90
25 800 AC-C L72x10" | 58 6 0.86
AC-D 3.03x10™" 5.64 6 0.84
Hehi o, 248 Fogo] F71EeE F8 P =
Yol ARkl ZolAA 25 g FIA] oF 20 hro2 AR Table 4= 4T FmUoly Ak 74 49 AuE
ok YA EEdE] AC-CY FF ACBET 92 §F5S o]-&38le] average capacity ratio(@E ot Al A
Byom AAMHOZ oF 12 hr A%} F £ FFPo =< 0E2 FPHFZEE)E T F Fig. 18 ol &3t kE 4
stttk @€ NH:-N §3F AA= o8 A a7 A Aoty AT ktS] FBFHBAE Fig. 791 Y
¥ vFe} Zo](Moon and Lee, 1983) <Qloll H]5le] uwf- Y Bgler, adl=9 7|gVEZERH SEEFKE T3

£ ol &% dERYoHd ALY FF AAE 1L
FEUoHd AAE st Hade &0l ofF
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10 hr o]Fe=z §X3td AAW} 75
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Fig. 7. Correlation of NHs-N batch adsorption rate data. Fig. 8. The relationship between effective diameter and
NH;-N equilibrium concentration.
Table 4. Typical batch NH3-N adsorption data using integ-
rated method (AC-A) 05
Weight of activated carbon: 3 g, Volume of solution added: 200 mL
Initial solution concentration: 101.7 mg/L, Final output 04
concentration: 87.9 mg/L I
Elapsed time, t Concentration E= C,— C, kt §0.3
(hr) (mg/L) ¢,-C. 2
0.167 95.5 0.449 0.209 202 4
0.5 94.3 0.535 0.282 « s
1 92.9 0.688 0.525 01
2 91.7 0.724 0.794
3 89.8 0.862 1.479 0.0 : : : : : : : : : :
00 02 04 06 08 10 12 14 16 18 20 22
6 88.3 0.966 2.570 Effective diameter(mm)
9 87.6 1.017 ) . . . .
Fig. 9. The relationship between effective diameter and
NH;-N rate constant.
ETEHEQ AC-AE T8 24 v i 52 4R
Uold A2 FF 592 Bol $EYRK) @0l oi = ® g
. 45
A Uebgth @48 AC-A, AC-B, AC-C ¥ AC-DY #= 2 w0
FHAIFE ZH2F 1.17%10° em’/hr, 4.89x10* cm’/hr, 1.64x107 £
S 30
em’hr 2 3.73x10° em”h2 A4bE o] BTEHE AC-A .
7F Vg b2 e YEhisien, ddgde IddAe g
2 15
AC-B7} 7V w2 #& YERASIH L
3.3. %gﬂl' Eill‘ rggc:! %Egl jl.;l'ﬁl 00.0 0.2 0.4 0.6 0.8 1.0 12 14 16 1.8 20 22
Fig 82 FE2% gRdold Rad §2 ¥y v=A o
‘ ) ig. . e relationship between effective diameter an
A= Ao AEL EdAod= gAEe
J‘%Z_ﬂ"‘ ekl )\——-i‘%o_\]%:a 2 g FANAE 24w NH;-N effective pore diffusivity.
FEZ BAY F2 Y 3=/ izdaoy P
S Z7HAIA 5 g FAAYE 9F0] & 4EEEdEET o a7Zo] 0.106 mmz 73 FE Rugyele] &STagr)
Aol AL BLEHY & HF =7 doitk Mg Egon, a0 | mm 2 2 mmQl ¥
BF 2 AolE HolA &skth Fig. 102 Fad¥ 2%
34, EMI S35t Aol ZHH| A5 BAE U Aoz #98 AgY F7F 4714
Fig. 95 #2343 £=4<9 A Uehd Aoz & 2 BA Fol s tPs7le oy fFagel 0.106

Table 5. Rate constant and effective pore diffusivity of activated carbon NH;-N adsorption

Classification Rate constant, k Effective pore diffusivity, De Sample number Correlation coefficient
(hr') (cm/hr)
AC-A 0.416 1.17 x 10° 5 0.99
AC-B 0.195 489 x 107 6 0.94
AC-C 0.164 1.64 x 10* 6 0.97
AC-D 0.149 3.73 x 107 6 0.97
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