Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 23, 5(12):1168-1178

Research Article ISSN = 0975-7384
CODEN(USA) : JCPRC5

Performance of adsorption/biosorption for removal é organic and
inorganic pollutants

'Abbas H. Sulaymon and’Hayfa'a L. Swadi

'Power Engineering Department, College of Engineering, University of Baghdad, Iraq
Chemical Engineering Department, College of Engineering, University of Basrah, Iraq

ABSTRACT

The adsorption/ biosorption of Hg*? and furfural from simulated water using granule activated carbon and granule
dead anaerobic sludge were investigated. Batch type experiments were carried out to find the equilibrium isotherm
data for single and binary system. Ten isotherm models were used for single component and four models for binary
system. Langmuir model gave the best fitting for the single system, while the binary system was fitted successfully
with extended Langmuir model. FT-IR analysis was carried out before and after adsorption/biosorption to
determine which functional groups were responsible for binding the Hg*?and furfural. Kinetic study showed that
pseudo- second order model was well fitted for Hg*? and furfural. R? used to enhance the justification analysis for
each used model.

Key words: Granule dead anaerobic sludge, Batch type expetim&ingle system, Binary system, Langmuir
model.

INTRODUCTION

Water pollution by toxic metals in industrial wastger has become a major issue throughout the witédcury
pollution results from metallurgical industriesechical manufacturing and metal finishing industfie2]. Mercury

in the liquid form is not dangerous and it is uged number of industries. In the vapor form meydoecomes very
poisonous. It attacks the lungs, kidneys and th@nbrThe vapor crosses the blood-brain and blooeast
[3].Furfural is used as a solvent in industékFurfural solvent has high capability for sepanattocomponent of
multi-components and especially in petroleum cormatidms to separate sulfur and carbonaceous compailihis
substance is used to remove aromatics in refinBmydustrial lubricant oil45]. Direct contact with this substance
should be avoided since this substance causegigignén the skin, eye, mucous membranes, evendgsruction

of the liver, kidney and osteoporog].Adsorption as a wastewater treatment process &as found to be an
economically feasible alternative for metal removd&ctivated carbon is one of the most well-known
adsorben{s,8,9,10,11,12,18jut the high costs of the process has limited s&s. The search for new technologies
involving the removal of toxic metals from wasteerahas directed attention to biosorption, basedetal binding
capacities of various biological materials. Biogmnp can be defined as the ability of biological temals to
accumulate heavy metals from wastewater throughalmeditally mediated or physico-chemical pathways of
uptakg¢l4]. The major advantages of biosorption over conveatidreatment methods include low cost, high
efficiency of metal removal from dilute solutionjnimization of chemical and/or biological sludge additional
nutrient requirement, regeneration of biosorbernt tre possibility of metal recovdfb, 16, 17] Biosorption for
the removal of heavy metal ions may provide araetive alternative to physico-chemical metHags.

The variety of materials tested includes bark,ichlignin, modified wool and seawedi9]. They can be used for
the effective removal and recovery of several ggefriom wastewater streams.
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Anaerobicsludge was investigated as a substitute for gramdtvated carbon (GAC), for prepared low cost,
available, efficient, economic and practicable brbgnt material in granular dead anaerobic slu@jeAS) for the
treatment of organic and inorganic pollutantdiis sludge is a biomass waste generated fronreelar
biological activities of municipal wastewater tne&nt plants. The volume being produced is likebyrélased with
increasing municipal wastewater to be treated. &atiian disposing of the sludge, considered usthisfwaste
material seems to be a promising way of turninigtis a useful resource. The microorganisms overgrowsuch
wastewater systems can be utilized for removakaf/ly metal as an abundant and cheaper biosorbent.

Sludge wastes generated from wastewater systemsideoad as heterogeneous microorganisms contents,
contain bacteria, fungi, yeast and protazblcroorganisms have a high surface area to voluatie because of
their small size and therefore, they can providéarge contact interface, which interact with metéism
surrounding environmef®0]. The cell wall of these microorganisms essentialysists of various organic
compounds such agarboxyl chitin, acidic polysaccharidedjpids, amino acidsand other componentsffer
many functional groups which can bind metal ionshsas carboxylate, hydroxylamine, etc.Potent metal
biosorbents under the class of bacteria includeegeh Bacillus[21,22] Pseudomon#®3,24] and Streptomyces
[25,26]

The aim of this study was to investigate the sorpttapacity, removal efficiency and kinetics of may and
furfural from simulated wastewater as single anthbi system onto granular activated carbon andutganiead
anaerobic sludge.

EXPERIMENTAL SECTION

Adsorbent (Granular Activated Carbon)

Commercial granulated activated carbon was usethasglsorbent. It was supplied by (Unicarbo, Italjaand was
bought from the Iragi markets. The activated canyas washed before being used with distilled wiienemove
fine powder and then dried in an oven at i@Gor (24 h). The dry activated carbon was crushefw crusher and
sieved by successive sieves, then kept in a désisdar use. The physical properties were tabdlaieT able (1).

Biosorbent (Granule Dead Anaerobic Sludge)

Granule dead anaerobic sludge was used as a bémotbwas obtained from Hamdan wastewater treatistation
in Basrah city, Irag. The sludge was washed sevinals with distilled water to remove undesireddohaterials
and dissolved heavy metals, dried under sun ligjen dried in oven at 6¢C until having constant weight(24 h).
The dry sludge was crushed by jaw crusher and dibyesuccessive sieves, then after which the bliestdrwas
kept in a desiccators for use. The physical praggewere listed in Table (1).

Table (1) Physical properties of GAC and GDAS

Physical properties GAQ GDA$
Actual density, kg/rh 1542 | 1740.7
Apparent density, kg/fn| 640 | 608.9

Particle porosity 0.584 0.65
Bed porosity 0.42 0.45
Pore volume, ciilg 0.422| 0.544
Particle size, mm 0.501 0.501

Adsorbate

1000 mg/l of stock solution of Hjonand furfural (Fu) prepared by dissolving, Hg(N®3/2H0 and Furfural
respectively in distilled water. A solution of io®ncentration of 50 mg/l was prepared by dilut@hstock
solution. Chemicals were annular grade producellioka and BDH.

Methods

The adsorption/biosorption offfgion and furfural (Fu) decreases at low pH valuesaoise of competition for
binding sites between ions and protons, while at lpgher than 6, solubility of metal complexes deses
sufficiently allowing precipitation, which may cofigate the adsorption/biosorption processes. Theeethe
optimum pH was found around[22,28] So, pH was adjusted with the range of (4) fosalble and binary system
by adding the 0.1N HN@and 0.1N NaOH. For determination of equilibriunsaiption/biosorption isotherm, a
sample of (100 ml) of each solution is placed ittlbs of (250 ml), containing (0.1, 0.2, .... 1.4af)GAC/GDAS.
The bottles were then placed on a shaker and editaintinuously at 150 rpm and 303K for(6h). Aftérh) of
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agitation which was enough to reach equilibrium] [2the solution was filtrated using filter papgpé (Wattmann
no. 4) and a sample of (2 ml) was taken for analy&h ion concentration in the supernatant was oreasusing
atomic absorption spectrophotometer(model VGP-2&6kBscientific for mercury metal, while for furfurgmodel
UV PD-303)spectrophotometer, and computed frontiiration curves.

The functional groups of GAC/GDAS were detectedHIyIR analysis before and after adsorption / bipson.
The proportion of GDAS biomass/KBr was 1/100. Thekground was obtained from the scan of pure KB&GQO
FTIR 4200spectrum system was used for FT-IR aralyki GAC/GDAS. Kinetic experiments were carried for
understanding of the adsorption/biosorption dymanaif Hg? and furfural onto GAC/GDAS. A 2000 ml Pyrex
beaker was filled with 1000 ml of 50 mg/l solutiohHg"? and agitation was started before adding the adsorb
/biosorbent. At zero time, an accurate weight afasldent /biosorbent was added. The suspensionsagéeted at
450 rpm for sufficient time and 2ml samples ardemtéd at a pre-determined time intervals andrétiethrough a
filter paper type (Wattmann no. 4), then a samglé2oml) was taken for analysis. The adsorbed arhovas
calculated using the following mass balance eqnatio

de= (ViCo-ViCo)/W (1)
The performance of GAC/GDAS adsorption was evatliatderms of its removal efficiency as RE(%).
RE % = (G-Co)/Cy x 100 (2)

RESULTS AND DISCUSSION

Single System

The adsorption/biosorption isotherms were obtalmgglotting the weight of the solute adsorbed pet weight of
GAC/ GDAS (@) against the equilibrium concentration of the smlun the solution (¢ at constant temperature
[29]. For a single system offfgand Fu , the equilibrium isotherms were conduced303 K) with initial
concentration of each component=680 mg/l. These isotherms are shown in Figs.(13nden isotherm models
were used to fit the experimental data. Isotherrdet®were given in Table (2).

The model parameters were evaluated by non-linaarecfitting method using STATISTICA version-16 and
EXCEL-2007 software. Table (2) represents the patara of each model, the correlation coefficie®d énd the
percentage reduction of adsorption/biosorptions Itlear from Figs.( 1 and 2)and Table (2), that douilibrium
isotherm for each single component was of favoréype, since 0 Rs <1 (Rs = 0.2460 and 0.1431) for Fuand
Hg*%nto GAC, while Rs= 0.2732 and 0.1372) for Fuand ¥gnto GDAS respectively . The experimental data for
furfural and mercury described successfully witmdpauir model with correlation coefficient 0.9952ab®938
onto GAC 0.9959 and 0.9922onto GDAS respectiveélywas found that the maximum metal uptakénag/g) for Fu
was greater than that for Fgnto GAC (G,r43.4824andgyg.=14.2857)while it was opposite for
GDAS(tn,r~45.8234andgng.~ 48.1370)respectively.

Fourier-Transform Infrared Analysis (FT-IR)

In order to find out which functional groups weesponsible for the Fu and Hg adsorption/biosorption, FT-IR
analysis of raw and loaded GAC/GDAS was carried mitared spectra of GAC/GDAS samples before dtel a
furfural and mercury binding were shown in Figsr@&)and listed in Tables (3and 4). Different fumeal groups
listed in Tables (3and4) were detected on the GAIXG surface. Spectra analysis of FT-IR spectrurarafations
adsorption showed that there was a substantiakedserin the wave number and adsorption intensitGAC.
Furfural can be adsorbed by means of electrostdtiaction between negatively charge furfural angditpvely
charged binding sites. In this case positive grospsh as amine (-NF) at 3449.62ci and alkane (-CH at
1639.49 crit considered to be responsible for this attracti®nysical adsorption was the main mechanisms to
adsorb furfural. Mercury adsorption depended maamythe electrostatic attraction by negatively geafunctional
groups(-OH) at 1543.05 ci. While the carboxylic acid, amide and alkyl hafidgroups at 3414, 2929.95and
1652.88 critwere the major groups in biosorption process.

Binary System

For a binary system of Hgand furfural the equilibrium isotherms were cortgdcat (303 K) with initial
concentration of each component=60 mg/l these isotherms were shown in Figs.(5gnEo6r isotherm models
were used to fit the experimental data. The isatherodels were listed in Table (5)which represeinésvalues of
the parameters of each model, the correlation wiefts (R) and the percentage reduction of absorption
/biosorption capacity. For the binary systems tkiereded Langmuir model seems to give the beshditfor the
experimental data i.e, highest value of)(Rn addition, Redlich-Petrson and extended Frécimdnodels may
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participate with extended Langmuir model to give thest fit for binary system. The behavior of amildsrium
isotherm was a favorable type. It can be seen frieenfigures and related tables, Blglways adsorbed more
favorably onto GDAS than Fu .

Removal Efficiency

The removal efficiency of adsorption/ biosorpti@presents the ability of adsorbent/ biosorbenéttuce or remove
the adsorbate from the solution. The removal eficy was calculated by using equation (2). Pergentamoval
are tabulated in Table (6) . From this table thaaeal percentage achieved for highest mass of GB@/&for the
single and binary system for all pollutants. Fweyéhe maximum percentage removal compared witff Hinto
GAC ,this may be due to the physical and chemitapgrties of Fu to be more favorable to be adsothad Hg?
.While onto GDAS H¥ gave the maximum percentage removal. For binartesyshere was a reduction in the
percentage of removal. This is due to the presefoeore than one pollutant within the same adsdrbesorbent
which will enhance the competition and the struggyliace of each pollutant to occupy an adsorbémtsid hence,
occupied sites will be a mixture of two adsorbeecsps. Therefore reducing the percentage removahef
adsorbate compared with the system.

25

Single Fu and Hg?onto GAC C, =50 mg/l
20 41 Langmuir model

——2Hg+
—o—Fu

0 T T T

0 10 20 30 40
Co(mgll)

Fig. (1) Adsorption isotherm for single furfural and mercury onto GAC at 303K

30

Single Fu and Hg? onto GDAS G, =50 mgl/l
25 1 Langmuir model

20
\g’ 15
% 10
(o) . —fli—Hg+2
——Fu
0 T T T
0 10 20 30 40

C. (mg/l)

Fig. (2) Biosorption isotherm for single furfural and mercury onto GDAS at 303 K

1171



Abbas H. Sulaymon and Hayfa'a L. Swadi J. Chem. Pharm. Res., 2013, 5(12):1168-1178

Table (2) Adsorption/Biosorption isotherm models ad parameters of single solute isotherm for Fu and gf?

GAC GDAS
Model Parameters =" g’ =" Hg?
Freundlicti3(] K (mg/g)(I’mg)™ | 1.5508 | 1.5567 | 1.7184 | 2.0332
=KC 1n n 1.9583 | 2.2148 | 1.6483 | 2.3448
d. = e R? 0.9941 | 0.9851 | 0.9956 | 0.9750
Langmuif31] am (Mg/g) 43.4824 | 14.2857 | 45.8234 | 48.1370
qﬂbQ_} b (/mg) 0.0619 | 0.1197 | 0.0590 | 0.1249
Q= R? 0.9952 | 0.9938 | 0.9959 | 0.9922
1+b Rs 0.2460 | 0.1431 | 0.2732 | 0.1372
Qx Eaa. (%) 97.0740 | 96.4360 | 97.4403 | 97.5420
Toth[32]
K. (mg/g) 7.3241 | 259.6496| 5.8241 | 262.5796
_ KtCe a 0.1265 | 19.1391 | 0.1068 | 18.0189
e T T <t t 2.6184 | 0.7180 | 2.5086 | 0.6818
2
(q + Ce) R 0.9948 | 0.9932 | 0.9956 | 0.9922
Combination of Langmuir-Freundligh
Un am (Mg/g) 101.3116| 33.6012 | 103.3115| 157.6417
quCe b (Umg)" 0.0417 | 0.1243 | 0.0417 | 0.1243
e = T A n 1.4192 | 1.1270 | 1.3182 | 0.9776
n 2
1+ bCe R 0.9952 | 0.9908 | 0.9959 | 0.9907
Khan[34]
Qmax (MY/Q) 2.0543 | 53.1857 | 2.0343 | 52.4579
Q..bC. be (1/mg) 59371 | 00613 | 59081 | 0.0563
Q. =77 ——— a 0.4216 | 1.4752 | 0.4018 | 1.45587
CL-+ bk(:e)ak R? 0.9953 | 09925 | 0.9956 | 0.9922
Temkin35]
RT By(KJ/mole) 1.3642 | 0.9182 | 1.3642 | 0.9182
— In(K C ) Ky (I/mg) 0.9329 | 13.321 | 0.9329 | 13.321
Qe = TVe R? 0.9047 | 0.9481 | 0.9047 | 0.9481
BET [36]
B B (/mg) 6.5724 | 167.2391| 6.5724 | 167.2391
O = QG Q (mglg) 34.1201 | 15.3876 | 34.1201 | 15.3876
2
(CS_CG)[1+ (B —l)(Ce/ R 0.9776 0.7841 0.9776 0.7841
Harkins — Henders¢a7]
K 1/ny, Kn(mg/g)(mg/}, | 0.0357 | 0.63421 | 0.0143 | 0.0096
_\h My 1.2562 | -0.8328 | -1.8436 | -1.5986
Qe cYn R? 0.9636 | 0.9282 | 0.9689 | 0.9624
e
Redlich-PetersofB8]
Ag (img) 2.3514 | 0.8467 | 11.7562 | 0.5163
_ ARCe Br (I/Mg)"x 1.8769 | 0.2151 | 1.8432 | 0.2841
e T T o ~ma mg 0.8761 | 1.3153 | 6.14738 | 1.2652
1+ BRCe R R? 0.9938 | 0.9906 | 0.9942 | 0.9927
Radke-Praunsit{39]
K RP Ce Kre (I/mg) 21249 | 0.7182 | 17.2864| 0.5732
Oec = K Fre 10.1317 | 69.8716 | 6.7329 | 56.9483
1-N Ngp 0.7015 | -0.1934 | 0.7829 | 0.0743
1+(=RR)C. " R 0.9946 | 09921 | 0.9959 | 0.9931
RP
A ! MMMM M | £ ‘j
{1 L e im, P W"A \ /‘ | | M\ O pptir™t o N ,-l \
Mv ll‘ ;ﬁ%,\ww Vlf " | H f : \o ‘ '11‘ ‘f ; - o NS
1\" r.‘ﬁ '\.“ } f" | JL" r I\ﬂh ’;’I L - M X [ ." ! =
\ | bl i ! j
'\l ! i : !‘.‘ /
W | .f
a b - c

Fig.(3) FT-IR analysis for granular activated carba (a) raw GAC, (b) Fu-loaded GAC and (c) Hgloaded AC
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d e f
Fig.(4) FT-IR analysis for granular dead anaerobicsludge (d) raw GDAS, (e) Fu-loaded GDAS and (f) Hpaded GDAS

Kinetic Studies

Adsorption/biosorption kinetics were obtained Hgtiing the weight of the solute adsorbed per wwitight of
GAC/ GDAS against time Figs.(7 and 8). The expentakdata was fitted to the various kinetic modstsl there
parameters were listed in Table (7).The model patara were found by linear regression. The pseadorsi-order
kinetic model was more suitable for explanatiorad§orption/ biosorption process mechanism, dubedhighest

value of correlation coefficient.

Table( 3) FT-IR analysis for raw and loaded GAC .

Wave Tr (%)
number, Type of bond Functional group Tr (%) before adsorpt| after adsorption|
cm* Fu Hg”
3749.62 -OH Carboxylic acid 74 82 86
3549.02 -OH Carboxylic acid 59.5 70 66
3479.58| -OH-NH, -NH," | Carboxylic acid, Amide, Aming 55 68 62
3417.86| -OH -NH,-NH," | Carboxylic acid, Amide, Aming 53 59 59
3236.55 -OH Carboxylic acid 66 88 78
2360.87 -CH Alkane 60.5 90 67
1639.49 -CH Alkane 64.5 90 73
1616.35 -CH Alkane 63 96 70
1543.05 -OH Carboxylic acid 66.5 86 81
1400.32 -OH Carboxylic acid 68 95 80
1018.14 -C=0 Carboxylic acid 69 82 73
613.36 -C-Br Alkyl halides 67 100 69
Table (4) FT-IR analysis for raw and loaded GDAS
Nun\ﬁ\ga;vr(,ec i Type of bond Functional group Tr (%) before biosiam Tr ’(:f{:))after b|o|_s|g+r2pt|on
3741.90 -OH Carboxylic acid 76 95 96
3549.02 -OH Carboxylic acid 36 66 63
3475.73 -OH -NH, -NH," | Carboxylic acid, Amide, Aming 28 60 58
3414.00 -OH -NH, -NH," | Carboxylic acid, Amide, Aming 25 57 57
2954.95 -OH Carboxylic acid 51 72 74
2920.23 -CH Alkane 33 49 56.5
2850.79 -CH Alkane 47 66 67
2515.18 -OH Carboxylic acid 80 96 90
2360.87 -CH Alkane 80 93 103
1797.66 -C=0 Carboxylic acid 75 93 97
1639.49 -CH Alkane 35 59 96
1562.34 -NH Amide 38 50 63
1419.61 -OH Carboxylic acid 28 41 58
1080.14 -C-O-C- Alcohol 31 41 57
1029.99 -C-O-C-, OH- Alcohol, Carboxylic acid 22 31 74
875.68 -CH+ Aromatic 50 75 56.5
797.24 -PH+ Phosphines 58 80 67
713.66 -C-Cl- Alkyl halides 54 79 90
582.07 -C-I- Alkyl halides 44 76 103
513.07 -C-Br- Alkyl halides 32 62 97
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Fig. (5) Adsorption isotherms for (Fu-Hg?) onto GAC at 303 K

Table(5) Adsorption/Biosorption isotherm models ancharameters of binary solute isotherm for Fu and H&?

GAC GDAS
Model Parameters | (Fu-Hg?) Solution | (Fu-Hg'®) Solution
Fu Hg™ Fu Hg™
Extended Langmui#C]
bC O (Mg/g) 39.5823| 3.0988 | 21.3756| 36.6349
_ OniBiCe; b(I/mg) 0.0467 | 0.2167 | 0.0529 | 0.0830
Qe =— R? 0.9987 | 0.9963| 0.9973 | 0.9962
1+ z b C Rs 0.2999 | 0.0845| 0.2743 | 0.19142
k Evio. (%) 95.356 | 93.084 | 92.020 | 95.780
k=1
Combination ofLangmuir-Freundli¢l]
bC; Y O (Mg/g) 46.6867 | 1.5622 | 1.8709 | 6.7560
_ qm. . b 0.1258 | 4.4887 | 4.8381 | 4.3793
Oe; = /]/ n 6.2120 | 2.6794 | 1.4916 | 0.0833
1+ Z bC/ R? 0.9958 | 0.9832| 0.9877 | 0.7979
Redlich-Petersc{Al]
K _(b -)C _ K (Vmg) 6.9362 | 2.1773 | 1.4367 | 11.2354
= RATR /e br(/mg)"= 1.1822 | 0.0126 | 11.4763| 13.7829
el N m Mg 0.6590 | 0.4433| 0.1004 | 0.7116
1+ ZbRk( ek) h R? 0.9987 | 0.9904 | 0.9962 | 0.9944
Extended Freundlidd2]
i+nl
_ K iCe'i K (mg/g)(mg}" | 12.2001| 5.7838 | 7.3540 | 46.0430
g., = N n 0.0539 | 0.1000| 0.1159 | 0.6754
' 1 n | R? 0.9923 | 0.9775| 0.9895 | 0.9921
+> K C,,

Table (6)Removal efficiency for each pollutant

Single Binary
GAC RE% GDAS RE% GAC RE% GDAS RE%
Weight (g) | Fu HE Fu Hg? Fu Hg? Fu Hg?

0.1 19.65| 3655 20.8 24.13 19.844 1014 18.y44 335|4
0.2 62.66] 49.54 65.63 76.94 62494 37.724 54322 .7564
0.3 73.52| 68.73 77.08 82.792 75284 46.132 69]178.498
0.4 80.26] 78.22 8176 86.25 79.75 58.92 78.p56 1485
0.5 84.74| 84.07 858 89.248 84.604 66.026 81.954.7485
0.6 87.3| 87.65 88.3 931 86.048 69.248 82/47 87/804
0.7 90.03] 89.22 91.14 95.708 88.4P8 79.136 84[136.772
0.8 92.84| 90.33 93.47 96.048 89.884 83.978 86)5141.919
0.9 94.21] 92.3] 9243 096.208 91.682 86.902 89.2 92/6
1 95.24| 93.26] 94.43 96.694 93.282 88.514 89.498 4494.
1.2 96.05| 9553 9471 97.16 93.684 91.408 91.048.5985
1.4 97.09] 96.43 95.02 97.534 94.7P4 92.856 91)936.792
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Fig. (6)Biosorption isotherms for (Fu-Hg?) onto GDAS at 303 K
Table (7)The kinetic constants for the adsorption/lmsorption of Fu and Hg'?
GAC GDAS
Model Parameterg Fu Hg? Fu Hg2
Pseudo-first ord§#3] Qe (Mg/Q) 8.6437 9.2854 7.8235 9.1117
log(ge- q) =lo iy Ky(l/s) 4.4900x10 | 3.8000x10f | 4.1600x1C | 4.3200x1C¢
99€-qY =109 a8 ;. | r2 0.9815 0.9277 0.9771 0.9329
Pseudo-second ordéd] | q{mg/g) 9.6618 10.6270 9.1575 18.2815
t_ 1 + b Ka(g/mg.s) | 5.0002x10 | 2.6250x10 | 7.4681x10 | 7.8347x10
q.  k,q.2  q, R? 0.9985 0.9913 0.9953 0.9983
o i Kig 2.4300x10 | 1.0120x10 | 2.3510x10 | 1.5830x1CG
Intra pa_mlc(:let?}znis?{%] c 1.2460 0.4892 1514 5.2930
¢ = fia R? 0.9213 0.9498 0.8905 0.7256
Elovich[46] a 1.164x10° | 1.0479x1G | 1.237x1¢ | 1.189x10"
B 1l 5 1l . b 0.5371 0.4998 0.5781 0.3105
4 =zinab+4In R 0.9824 0.9813 0.9787 0.8963
50
45
40
35
@ 30
o 25
E 2
[}
o 15
10 —o—Fu
5 =—2Hg+
0 T T T
0 5000 10000 15000 20000
time (s)

Fig.(7) Adsorption kinetics for Fu and Hg*? onto GAC
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Fig.(8)Biosorption kinetics for Fu and Hg*? onto GDAS

CONCLUSION

GDAS was more efficient than GAC in biosorption fofifural and mercury. Functional groups of GDAS
responsible for biosorption process exceeded GAQuidural and mercury adsorption .The equilibriisotherm
for each component Fu and H¥@nto GAC/GDAS were favorable type. Langmuir modet extended Langmuir
model were well fitted the experimental data forgké and binary system respectively. The adsorpb@sorption
capacity in single and binary (Fu and ‘Bgsystem onto GAC/GDAS are: Fu > Hgnto GAC; Hg%> Fu onto
GDAS. This difference in behavior due to high affibetween Fu and GAC and it is opposite for GDRSeudo-
second order kinetic model was found to be mortaila for adsorption/biosorption of furfural and nowey. This
was due to higher correlation coefficients as camgbavith other models.
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SYMBOLS
a Elovich model parameter, (mg/g.s)
ax Khan model parameter
a;Toth model parameter, (mg/l)
AgrReddlich-Peterson model parameter, (I/mg)
B BET model parameter, (I/mg)
B, Temkin isotherm congtant, (kJ/gm)
bElovich model parameter, (g/mg)
b Langmuir equilibrium parameter (I/g)
bk Khan model parameter, (I/mg)
brReddlich-Peterson model parameter ( I/mg)
C Parameter in intra-particle diffusion model, (mg/g)mg
C. Equilibrium concentration, (mg/l)
Ca Equilibrium concentration of component i, (mg/l)
Co Initial solute concentration, (mg/l)
FreRadke-Praunsitz model parameter
K Freundlich equilibrium parameter, (mg/g)(l/mg)“"
K, Rate constant of pseudo first-order adsorption, (1/s)
K. Rate constant of pseudo second-order adsorption, (g/mg.s)
Ky Harkins-Henderson model parameter, (mg/g)"(mg/l)
KisRate constant of intra-particle diffusion model, (mg/g.s>%)
KrReddlich-Peterson model parameter (binary system) (I/mg)
KreRadke- Praunsitz model parameter, (1/g)
Kt Equilibrium binding constant in Temkin model, (I/mg)
mgReddlich-Peterson model parameter
nFreundlich equilibrium parameter and Sps model parameter
n, Harkins-Henderson model parameter,
NreRadke-Praunsitz model parameter
Q BET model parameter, (mg/g)
Qmax Khan mdel parameter, (mg/g)
e Internal concentration of solute in particle at equilibrium, (mg/g)
de Amount of adsorbate adsorbed per mass of adsorbent of speciesi
Om Adsorption capacity defined by Langmuir eguation, (mg/g)
Omi Adsorption capacity for speciesi
R Universal gas congtant (=8.314 kJ/mol.K)
Rs separation factor
T Absolute temperature , (K)
tToth model parameter
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V; Final Volume of solution, (ml)
Vi Initial Volume of solution, (ml)
W Mass of granular activated carbon /granular dead anaerobic sludge (g)
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