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Abstract —Biosorption is considered to be a promising alternative to replace the present methods for the
treatment of dye-containing wastewater. In this study, sewage sludge was used as a biosorbent which could be
one of the cheapest and most abundant biomaterials. The objective of this work is to develop a surface-modified
biosorbent with enhanced sorption capacity and binding affinity. The FT-IR and potentiometric titration studies
revealed that carboxyl, phosphateand amine groups played a role in binding of dye molecules. The binding sites
for reactive dye Reactive Red 4 (RR 4) were identified to be amine groups present in the biomass. In this work,
based on the biosorption mechanism, the performance of biosorbentcould be enhanced by the removal of
inhibitory carboxyl groups from the biomass for practical application of the biosorbents. As a result, the
maximum capacity of biomass was increased up to 130% and 210% of the increment of sorption capacity at pH
2 and 4, respectively. Therefore, chemically modified sewage sludge can be used as an effective and low-cost
biosorbent for the removal of dyes from industrial discharges.

Key words : Biosorption, Biosorbent, Biosorption mechanism, Chemical modification

* To whom correspondence should be addressed.
E-mail: ysyun@chonbuk.ac.kr

215



216 FZ7/= A137H X332, 20074 9%
LA E

H AR 1E3Hs Y gokst oo g3 g2 9 ¢
H7r wAsta glow, e &2 dEUt o5 d )
ol viEs 1 ok FAEFE ArE dABE A
Aol Sofi} o] thite] 1 glo, FA Y FRYHUNE
¢ BAFE AAGGoZH $FAE Y Yl dGTFE 1]
(1} =3 A7 AN i Ed & st g, &
ol ftgiths A7 A7t HuETH2] ol Ay
T FEEAQ 98 dielth O F w3 dEe BAE
(618-1221)0] vjw 3 2 EAEA YESH sy LEEA
ojth. 20033 % 2/4%-7) ¥k5A 259 271 1996 F710)
H] 21.6—-34% 9 S7H&-& Holi glom, ALHE ElE
BTt FET FSAE R8s 2102 Yehgt) o)X 3
W3 B E ) AR SR Q1S o) A 4Tt oA E ) o)
Fofl ool gt A%k A z)eto] A Eojof ghr}{3-4]).

FAHF 52 RS A AN ol 383, 2238y
2 FETE My o) ANHZ ATk B3R HIPHe
EEURAHOEZ QAN HE AP, CEH TEET
ATH5). o] Xy 38hd A& dAsty AR F
Tr R EC] BAER 231 8o] vtk o] ok AE
st eluhg e ditd o 2 A3 e 3714 n A& 8 &
7S FE EE FHA7IE &R I3l 78 Bol o] &
H Qo) &R wAlEe] g1 HAZA st 2
HA e S 7 2 QAeH6] 28l FAHSYY dEE
o] AEEFA 0 ZE E3h) o7 EAE THH Y
237t Hojgts SAEAS AT F V] el M agol
A R3t7). 34, 293 HdHozs 9, olend
FAH, g Fo] Aok o2 n{FAH S A8 AAF
o] & 45127t 0] 2 W 252 Q) 7HF o] ) AT AR 4
Eof e ARt FaE o] $-57317] ol G X2l A&
sk} a7y JUTHS, 8). EHEE)H 2 989 FRl daglol
AASA R 2] Fof Foldls FHE FAEY Aol &
3ttt o] Yo% clogging?] 7}/d 7 ot @A Q) B &
A oty Yot 8HE, FHL AT2RE LB EHS AA S
EAEH AAAQ M FH ol 2adt] AAF o ARS F
Reol FHENT] i Foll et uhy ol vl & 7H el ol =
2o gei QItHol 18 2y oA AUnbE o2 AL
L5z gk 7o) nia L 2 Aol HA ket
7o) QItH5, 10]. o] 2 R18}e ghol A G F 2ol G4 o)
£ F A AEFTAIIE digt @40 FoA|n itk B E
Fa2 nlol QuAE o] LR FLTAATY 0] 83t FEEAS
AASE 712N v 2 F 2 AR ST B8t
#87b/d0) ot B2 A7 7 13 3 Qi 11-16]. @A) A}
451 9l o] QU AR E 25, v go}, F330], A& Fo|
‘3,1\:}[17-19].

2 AFeM e vtol e AR S YA E o] §3tEd A
93 ol e the T 2ok Il X el A dA = o #7)
HE slrgelR= 2002 @ V)20 8 A7 1,902 M Eojge=

gy

ghf gt ko] HAE T =, I Fo ML AEE)
(73.1%), W (12.0%), A7ZH71.3%), AB-L6.2%)2] Zo|th
[20-21]. 3}A|%F o] HEWH & vt e ALY o), EXe o,
7198 51 22 oA A AR/EL 7HsAdel WS- 2
B A A FAZX D SF G BA o A3 A
ok 5ol of&l afeksr) w3t AAF A3 A Hof 2 i Az
wreto) wjg- Alggh Agolo, FA) u)¢- e =20 HED Y
= AGL u&Y S 94 P ad}22]. =3 B dFE w5
SHAE o] &3 95 AAFTFY 71xATEA SFEHAY
2 28715 % - HYEA sz pH g8 98 53 59
B o go] strd x| g 987 77 ZE dopr T 7]
Z3t s A 19 A4718 WA deAATE S T
AA N3 S8 7HEA S dot A} it

24

1. Hio|ojAS ZFH|et Hz

Q7o) AL F B SR = A X B o) opekslA) A8k
= 0] 28 FA40](proton) 2 2 thA] A]7]7] $j&) 1 N HNOs
FA0 2 2477k et 2o A 1A skt A e Sk
S A= FHRTE AFSHe H8E 33] REES T 60T oA 72
AZFEF Az EGth AdzE £8AE dAAolEd Bt

Aol A ZE A% BHES AT FBE AL
o} =g X(CI. 17757, Sigma, Korea)olA 418ttt
Figure 1> 9 2(RRH 9] 724 ebl 1 #8444 52
38 /e e £EZE7)L YL BiFT g8 Ot
# el 72 Table 14 F7) a3t

2.2. HIOIRO)A L) FEHY

4 3tE vlo) @ uiA 5 g v ek 50 mLg ool BAbA 7| 3

Table 1. General Characteristics of Reactive Red 4

Molar {Color index 2

Dyes Chemical formula mass number
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Figure 1. Chemical structure of Reactive Red 4.
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Figure 2. Potentiometric titration of the protonated
biomass and decarboxylated biomass. The line
is produced by the potentiometric titration
model.
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Table 2. Dissociation constants and the numbers of three types of functional groups in the
sewage sludge biomass *

Functional Ist groups 2nd groups 3rd groups
groups Protonated | Decarboxy-lated | Protonated | Decarboxy-lated | Protonated | Decarboxy-lated
Charge - — +
pKu 2.68 2.53 5.87 6.39 8.24 9.06
[-1° (0.03) (0.04) (0.09) (0.07) (0.06) (0.08)
b 1.38 1.23 0.50 0.45 0.88 0.89
[mmol g~*]¢ (0.03) (0.05) (0.03) (0.02) (0.03) 0.07)

® The coefficient of determination was protonated: 0.999 and decarboxylated: 0.999. Standard errors of the estimated

parameters are given in parentheses.

The 1st functional group indicates the carboxyl site; the 2nd group possibly the phosphate or dicarboxylic site; and
the 3td group the primary amine site.

¢ The pKy values represent the dissociation constants of the functional groups.

¢ The 4 values are the numbers of the functional groups.
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Figure 3.Fourier transform infrared absorption spectra Figure 4. Uptakes of Reactive Red 4 as a function of pH.
of the protonated sewage sludge. Biosorbent types are protonated (@) and

decarboxylated (O) biomass.
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Table 3. Parameters of the Langmuir Model to Describe
Isotherm Curves.

Protonated Decarboxylated
Parameters . .
biomass biomass
pH2 pH 4 pH?2 pH 4
Gmax [mg g~'] 24088 8274 27246  17.73

vk [L mg™] 0.0943  0.39 1.237 0.82
R’ 0.84 0.79 0.89 0.78
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Figure 5. Isotherms for the biosorption of Reactive Red
4 onto the protonated (dark symbols) and
decarboxylated (open symbols) biomasses at
different solution pHs. The data points are
experimental values and the lines are produced
according to the Langmuir model using the
parameters shown in Table 3.
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K : Proton dissociation constant

b : Molar quantity of functional groups of biomass [mmol/g]
C. : Equilibrium dye concentration in the solution [mg/L]

Cq, Cf : initial and final concentrations of reactive dyes [mg/L]
K. : Langmuir constant [L/g}

M : Weight of biomass [g]

Vo, V¢ initial and final volumes [mL]

e : Sorbed dye at equilibrium [mg/g]

Gmax : Monolayer biosorption capacity of the biosorbent [mg/g]
X : Biomass concentration [g/L]

[OH 1,us : Concentration of added hydroxide ions [mmol/L]

Subscripts

i : Negatively charged groups
j : Positively charged groups
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