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Abstract

In this work, the efficiency of activated carborrided from carbonized date pits (ADP) and rice sugkRH) was
compared with commercial activated carbon (CAC) ttee reduction of COD in wastewater arising fronsime
manufacturing plant. The process was studied fohbanode with employing different absorbents opting various
parameters, such as adsorbent dosage, contacanichpH. Adsorption equilibrium and kinetic datarevdetermined
for the three adsorbents and were fitted to seveogtherm and kinetic models accordingly. The ltssndicated that a
maximum COD reduction of 92.4% was obtained at pisifig 30 g/L CAC, 90.3% using 40g/L ADP and 88.98ing
60 g/L ARH. Kinetically, the results data showédttreduction of COD onto the three adsorbentshetter fitted to
pseudo second-order model. Equilibrium adsorptlata for the reduction of COD effluent using CACDR and
ARH were best fitted to the Langmuir isotherm model

Keywords: COD Reduction, Low Cost Adsorbents, Resin Wastawieatment

1 Introduction contain high concentration of organic nitrogen and
Resin is a synthetic polymer and a film-formingdissolved chemical oxygen demand (DCOD) and require
component that identifies the paint [1]. The fotation further chemical treatment to meet the effluenthisge
of a paint material and the particular chemicalsduare ~Standard [10]. . . o
influenced by the particular resin or resin combom Activated carbon is considered very effective in
used. The blend of resin (sometimes referred tthas reduction of color, absorbable organic halides aod-
binder) and solvent is sometimes referred to aptiet Piodegradable pollutants present in wastewaters2]L
vehicle.  Alkyd resins are main product of polyThey have been used to remove COD and BOD from
condensation reactions between poly carboxylic sacighany industrial wastewaters [12-16] as well as mtu
and poly alcohol present in fatty acids or vegetatils ~Organic matters (NOMs) from raw waters [17]. Asllwe
[2]. These resins are used for decorative paintinle combined activated sludge-powdered activated
applications more than other binders because oerdowcarbon (AS-PAC) system was reported to improve upon
cost; inexpensive raw material, easy manufactueng biological treatment efficiency, to remove refragto
high solubility of resin in less expensive solvents organic compounds, and to enhance nitrification].[18
Several methods have been developed for thEhiS was attributed to the PAC enhancing the
decontamination of several industrial wastewatdysg]. ~ Performance of the system through the biological
These include coagulation, foam flotation, filtcatj ion ~ rémoval and adsorption of pollutants simultaneausty
exchange, aerobic and anaerobic treatment, advanc@ddition, it was reported that the biological irtidn
oxidation processes, solvent extraction, adsorptiorf@used by some organic compounds decreased dbe to t
electrolysis, microbial reduction and activateddgel [4- Presence of PAC. However, of the disadvantages of
7]. applying commercial activated carbon is the highepof
The content of these wastewaters (also known d&eatment and difficult regeneration, which incesashe
process water) arising from resin producing indestis  Cost of wastewater treatment and thus, low cost
dependent on the manufacturing process as welhas talternatives have to be investigated in order tercome
raw materials used and final product. Howeversghe this shortcoming [12]. o
wastewaters are generally characterized by higbldenf Many researchers have identified a number of low
organic matter and organic nitrogen compounds [8-10¢0st adsorbents (agricultural and industrial wastes
Thus, biological treatment for the combined cartaonl viable alternatives to activated carbon in wastewat
nitrogen removal is required [8, 9]. Nonethelesiter ~treatment [19]. Agricultural materials particuiathose

biological treatment, these effluents were foundstiti ~ containing cellulose shows potential sorption cépdor
various pollutants [20]. As well, these materials

subjected to physical and/ or chemical treatment to

Corresponding author: F. M. S. E. El-Dars Chemistry modify the chemical nature of their surface and to

Department, Faculty of Science, Helwan Universkiy ~ enhance  their adsorption performance [19, 21].
Helwan Helwan Cairo Egypt E-mail: However, the selection of the most suitable adsurise

fkeldars@hotmail.com. based upon the end use of the activated carbon,
availability, adsorption capacities, cost of thewra

126




Journal of Environmental Treatment Techniques 20M)lume 1, Issue 3, Pages: 126-136

material and economic considerations [16, 22]. wel,  equalization balance tank at PACHIN Factory fornBai
the properties of the finished material are govérnet and Chemical Industries, EI-Obour City, Egypt.

only by the raw material, but also by the method of

activation used [22]. In Egypt, rice husks andedaits Table 1. Average Chemical Composition of ADP (%

are problematic agricultural wastes that accoun2fi9o wit/wt)
of the rice harvested in tons annually [23, 24] abdut Characteristic Yowt/wt
10% of the total weight of dates [19,25]. Howevbgy Ash content 2.0
possess a granular structure as well as beinguipleoin Fixed Carbon Content 67.90
water, having a good chemical stability and a high Volatile Matter 30.46
mechanical strength [7]. Overall, both wastes a@iont Sulfur 1.43
lignin and cellulose which make them amenable f&& u Ash content Analysis
as inexpensive sorbents for the removal of somanicg SiC, 90.5¢
pollutants [23] and COD reduction in wastewaters Fe,0, 1.82
[19,20]. CaO 1.09
The purpose of this work is to evaluate the efficie MgQ 1.0C
of activated carbon prepared from carbonized déte p AlL,Oq 0.9¢
(ADP) and rice husks (ARH) as potential adsorbénits MnO 0.03
COD reduction in resin wastewater treatment congpare K,O 0.9¢
to commercial activated charcoal (CAC). The optimu TiO, 0.0€
operating conditions, equilibrium data and adsorpti P,05 0.28
kinetics for COD removal using the three adsorbent ZnO 0.10
materials were obtained using batch adsorption Na,O 0.0z

experiments. The experimental data were fitted t0
Langmuir and Freundlich models to analyze the Taple 2. Average Chemical Composition of ARH (%

adsorption equilibrium. wi/wt)
Characteristic Y%wt /wt

2 Materialsand Methods Ash content 54.82
2.1 Sorbent Materials Preparation and Characterization Volatile mate 15.6-

Date pits (DP) and rice husks (RH) were obtained Carbon Content 30.56
locally. Before use, both materials were washed Sulfur conter 0.32
thoroughly to remove any dirt and then dried. The Volatile Content 143
process of converting DP and RH into activated @arb Calorific Value (kcall kg) 3584
was carried out in two stages. First, carboniratibDP Ash content Analys %owt /wi
and RH was carried out in a muffle furnace at 260°2 Sio, 88.06
for 2 hours. Chemical activation of the carboniZze Fe, 05 2.86
and RH was done using 1M ZnChccording to the CaC 3.6¢
method described by Yakubu et al. [26]. Each atti MgO 1.1z
material was filtered, washed several times wittikid Al,O3 1.06
water until the final solution pH was neutral arrt MnO 0.04
dried in an oven at 100 °C for 4 hrs. Both ADP &RH K;0 1.8€
were ground using a mortar and were kept in a dasic TiO, 0.10
for use as is. Commercial acid washed activatedoca P,05 0.25
(CAC) from RPS Chemical Co, Ltd (England) was used ZnC 0.1z
in the current investigations. The chemical Na,0 0.1€
characteristics of the prepared ADP and ARH are
provided in Tables 1 and 2, respectively, and th&RF The plant generates around 28week effluent with
obtained for CAC, ADP and ARH is provided in Figurehigh pollutant load. Samples obtained were ofglab-
1. composite type representing a full week of operatio

including the daily and end-of week cleaning of the

2.2 Wastewater Sampling production line. Samples were stored at 4°C tacasay

The main wastewater streams arising from resighange in their physico-chemical characteristichware
production are resin-water condensation mixture ankkfrigerated during the experimental treatmentsrid he
washing waters from the cleaning of the productiomasic quality parameters for these wastewater ssmpl
reactors [27]. The condensed resin-water mixtarged  were determined according to standard methodsd28]
to a gravity separator for the removal of liquicsire are shown in Table 3.
which is recycled to the reactor while the resgjtimater
is treated in a special incinerator and used agla fAfter 2.3 COD Reduction Adsorption Experiments
process completion, the reactors are washed withtica Batch adsorption equilibrium experiments were
soda solution (2%) at 90°C and the wastewater isarried out to determine the optimal conditions @®D
discharged to the current treatment facility. Sasplere reduction in the investigated wastewater usingttinee
collected in clean and washed PE containers froen thtypes of activated materials (CAC, ADP and ARH).
resin effluent discharge point before the aerated
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These included the study of the effect of contauet
solution pH, and adsorbent dose.
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Fig 1. FTIR spectra of commercial activated car@®AC) and prepared activated date pits (ADP) astivated rice husks (ARH).
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50 mL of wastewater of a known initial COD of silicon-oxygen tetrahedrons as (9{81]. The broad

concentration were magnetically stirred with diéfier
weights of adsorbent material (1-10 g), at variousing
time (1- 200 min) at 25 + 2 °C. During these sjahe
COD of both the raw and treated effluent was detegth
using the closed reflux colorimetric method prdsedi by
APHA [28]. The COD removal
calculated as follows:

% COD removal= [G-C/Cg]*x100 Q)
and the adsorptive uptake of COD (mg/g) was caledla
by:

% =(G-CQ V/im )

where G and G are the initial and final COD
concentration in solution (mg/L), respectively; mthe

weight of sorbent used (g) and V is the volume etah
solution (L). At equilibrium contact time,tC; becomes
C. and the amount of COD load sorbet at) (i

equivalent to amount at equilibriumg)q

Table 3. Average Chemical Characteristics of disgbd
resin production unit effluent

Max. Allowable
Parameter Value (Standards

Decree 44/2000)
pH 13.C 6-9.5
Temperature 25°C 43 °C
COD (mglL) 8210 1100
BOD (mg/L) 3250 60C
TSS(mg/L) 1050 80C
Nitrate(mg/L) 6.373 100
Phosphate(mg/L) 9.396 25
Oil& Grease (mg/L) 152 10C

3 Results and Discussion
3.1 Characterization of CAC, ADP and ARH

FTIR spectroscopy is an important technique used itP

identifying characteristic surface functional greum the
adsorbent, which in some cases are responsibléhéor
binding of the adsorbate molecules [29]. The s@fa
functional groups of the prepared activated car#ddP

and ARH) and the commercial activated carbon (CAC

were detected by Fourier transform infrared (FT#RY
the spectra was recorded from 4000 to 400%cniThe
functional groups were identified by evaluating th
spectra using the available literature.

As for the spectra obtained for ARH, , the dispthye

band at 3437 cthwas associated with O-H both free and
bonded [32]. The band at 2928 ¢mdue to C-H
interaction with the surface of carbon; peak at@asi !
C=0 stretching from ketones, aldehydes or carboxyli
groups, while that at 1642-1506 €mmay be attributed

percentage wasto C=C stretching, vibration of the aromatic rings

carbonyl groups or C=O stretching all of which are
characteristic of hemicelluloses and lignin aromati
groups [33]. The band at 1447 tmay be due to C-H
asymmetric bending [34, 35].

For ADP, the spectra obtained also indicated the
presence of hydroxyl (OH) at 3841 and 373%cmhich
was chemisorbed to water molecules indicated by a
strong and broad band at (343474136]. As well, a
broad band between (3000-3700 tmay indicative of
Si—OH [12]. The band at 2924 ¢his associated to the
symmetric and asymmetric C-H stretching vibration
of aliphatic acids [34]; 2856 cth assigned to O-H
stretching vibration originating in the molecule7]3
2359 cm® denotes C=0 [32] and O-H stretching for
carboxylic groups [37]; 1739 cth the carbonyl (C=0)
groups in phenolic esters, carboxylic acids and
conjugated ketonic structures [31,38]: 1454'cmay be
due to the presence of the OH bending vibration and
indicating the presence of phenolic group [32]; 661
cm! associated with C=C stretching of alkenes and
aromatics or C=0 stretching that may be attribttethe
hemicelluloses and lignin aromatic groups [33]. eTh
peak at 1165 cm represents the stretching of C-O

functional group [36] and the band at 677 tassociated
with C—O-H twist out of plane [12].

Similarly for the CAC spectra, the presence of O-H

functional group was indicated by the band at 3860

3740 cm' and 3428 cm may indicate chemisorbed

water molecules to the OH group [36]; 2923 tm

symmetric and asymmetric C-H stretching vibration
of aliphatic acids [34]; 2360 cthdenotes C=0 [32] and
O-H stretching for carboxylic groups [37]; 1606 ¢rdue
C-C aromatic stretching [39]; 1500 ¢nfor aromatic
carbon—carbon stretching vibration [40]; 1461 cdue to
bending O—H and carboxylate ion —COO- [41]; 1221 cm
! may be associated with C-O-H stretching [39].eTh
region in between 700- 900 &ngontains bands related to
romatic, out of plane C-H bending with different
egrees of substitution [38] and 821 trmay be a
reflection of adjacent aromatic C—H stretching [4bd

ethe band at 756 and 677 ¢hare associated with C—O-H

twist out of plane [12].

bands at 3893, 3861 and 3740 tmmay be attributed to -2 Effect of Adsorbent Weight, Stirring/Contact Time

(O—H) vibrations in hydroxyl groups located on &ob
and phenol groups while the latter band may inditlaat

hydrogen-bonded OH is chemisorbed to water [14, 30

The broad band between (3000-3700%mare indicative
of Si-OH; 793 and 465 cth for Si-H; the silica
functional groups of Si—-O-Si (1087 cHhand band at
677 cm® may be due to C-O-H twist bending vibration
[12]. An intense peak in the region 1200-1000 cfor
rice husks was considered to result from superipositf

and pH
Figure 2 shows the effect of varying the adsorbent

ose of CAC, ADP and ARH upon the COD reduction in
he investigated wastewater. The results inditaae a
maximum COD reduction of 89% was obtained using 30
g/L CAC, 83% using 40 g/L ADP and 84% using 60 g/L

RH. Therefore, these optimal adsorbent doses were
used for the remainder of the experimental trials.
Previous studies have shown that the applicaticBAE

vibrations of the C-O-H bond and Si-O bond in thd® wastewaters achieved over 90% removal of the non

siloxane (Si-O-Si) groups and the stretching \ibres

biodegradable and biodegradable content in waseewat
[11, 15, 37, 42-44]. As well, the variation in thleserved
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adsorption capacities among the three adsorbemtrigat reflect that intra-particle diffusion was involved the
may be attributed to the difference in number ofturrent process of adsorption and COD reductiorlf4
carbonaceous adsorption sites available within §ath

It was also noted that increasing the adsorbent do
beyond the optimum amount did not increase the % CO
removal, however, a slight decrease was observe 95

thereafter. This observation is accordance witk th %

findings of El-Naas et al. [19] in their study fehe TS Y

reduction of COD in a petroleum refinery effluersing 8 — \.\

ADP. This was attributed to the availability oflge, 20
75

—4—CAC —E-ADP ARH

interference  between binding sites, electrostati
interactions, and reduced mixing due to the high
adsorbent concentration in solution, which in turn 70
decreased the pollutant uptake and the adsorptic 0 20 40 60 80 100 120 140 160 180 200
efficiency. time (min)

COD reduction %

Fig. 3. The effect of varying the stirring/ corttéicne (min) upon %COD
reduction at pH 7, adsorbent weights (30 g/L CAC,giL ADP and 60
95 g/L ARH), T= 25°C, volume of solution 50 mL, and D®= 8210 mg/L.

AT~y Solution pH is a very important parameter thatcffe
M\T\T the properties of adsorbate and adsorbent as wetea
S adsorption process in aqueous solutions [33]. The
—=—ARH influence of initial pH on COD reduction in resin
——cAC wastewater was evaluated through the pH range tof 2
12 using the optimal dose of CAC, ADP and ARH and
the results are depicted in Figure 4. Overall, imaxm
10 20 30 40 50 60 80 100 120 COD reduction was obtained within the acidic range
adsorbent dose (g/L) (pH= 2-4) for the three adsorbents. This is ineagrent
Fig. 2. The effect of adsorbent weight (ADP, ARRICAC) upon cob ~ With the findings of Kabddi et al. [47] and Akyol [4]
reduction % at pH 7hc= 90 min, pp =120 min and4ww= 120 min; T= during their treatment of resin containing waters.
25°C, volume of solution 50 mL, and CE®8210 mg/L. Although these researchers studied the effect eaftre-
o . coagulation upon the final pollutant load, they daded
The effect of stirring/contact time upon the % CODinat the optimal COD and TOC reduction in resin
reduction using fixed op_timgl adsorbent dose o_f C_:Accontaining water was achieved at pH of 2. This was
ADP and ARH is shown in Figure 3. The results@at®  ,rinyted to the electrostatic interaction betwebe
that CAC, ADP and ARH achieved a high rate of CODyysorhed molecule and the adsorbent surface [19, 33
reduction during the initial 60 min. Theaximum COD  \ore explicitly, the amphoteric character of thebom
removal attained using ARH and ADP after 120 mis wagyrface exhibit may influence its adsorption préiperas
88.9% and 90.3%, respectively, while CAC achieved g sojution pH varies [19]. Effectively, as thél p
92.4% COD reduction at 90 min. These results argcreases from the acidic to alkaline, there mayabe
within the range of equilibrium times reported fitre  jncreased electrostatic repulsion or dispersiorwéet
reduction of COD in some industrial effluents ofngs ihe adsorbate and activated carbon surface and
CAC [37, 42], for ADP [16] and for ARH [7, 45]. Was  gpsequently a decrease in the uptake was obsertteel
also observed that the rate of COD reduction deextas pH range [33]. In conclusion, pH 2 was used as the
the optimal time was exceeded for CAC and lesgyimum pH during further experimental work.
significantly for the other material used. Devi]land
Kumar et al. [37] explained that after the lapseiofe
the occupied sites were starting to repel the &dger
molecules in the bulk phase and that the drivingefdor
these molecules to reach the vacant surface sittget
adsorbed was becoming weaker. Ho et al. [46] [eisil
that the decrease in removal rates was due to tk
predominance of pore diffusion of adsorbent pagtich

@
o

COD reduation %
~
o

=23
@

55

95

©
s}

=}
@

COD reduction %
oo
o

order to create new sites onto the inner surfacéhef e e CAC —m—nDP ARH

sorbent material. Faster initial adsorption ratese also

attributed to the solute being adsorbed onto tiase of 70

the adsorbent particles until surface saturations wg 0 2 4 6 8 10 12 14
reached [14]. After this point, molecules weredquire pH

more time to diffuse thr‘OUgh the pores to re_aCh theig. 4. The effect of varying pH upon %COD redustiadsorbent
interior surface of the particles. According to ti#tained  weights (30 g/ AC, 40 g/L ADP and 60 g/L ARH), B5°C, volume of
data, the effect of the formation of a monolayesolution 50 mL, and COP= 8210mg/L.

adsorption and surface mass transfer was evidéhttie

three adsorbent materials. The curves obtained may 'able 4 provides a summary of the main effluent
parameters before and after the treatment at optima
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conditions. Hierarchal clustering of the measurildent time intervals and the results are shown in Tahle 5
variables after treatment using the three adsorbefeveral kinetic models were tested in order tordete
materials was done using 'StatistiXL 1.8’ incorgeda the adsorption controlling mechanism and the mimmu
within the Microsoft Excel 2007 (Microsoft ® Windew time needed to achieve equilibrium. These were the
2007) software program. The result is depictedhim pseudo-first-order and pseudo-second-order equation
Dendogram (Figure 5) which indicates the splittioflg [19, 37] and the intra-particle diffusion [19, 288]. The
these variables into 9 clusters all of which wereuged linearized form of the Lagergren pseudo-first onshedel
together.  Basically, the variable clustering sggt is given as:
indicated that reduction in effluent phosphate aitchte
was dependent upon the adsorbent weight and solutidog (g.-q;) = log @ -kt/2.303 3)
pH while the optimal treatment time greatly inflaed
the reduction in wastewater oil and grease. Ad,weé where g and g (mg g') are the adsorption capacities at
reduction in these parameters showed as strorguilibrium and at time t, respectively, and(iin™) is
interdependency on each other and collectively therye  the rate constant for the pseudo-first order adsnrp
responsible for the decrease and reduction in esfflu process. This model assumes that the rate of ehahg
TSS and BOD contents. On the other hand, whileethe adsorbate uptake with time is directly proportiottathe
variables significantly represented the BOD loadhi$  difference in the saturation concentration andatmeunt
effluent, they represented part and not the tot@DC of solid uptake with time [49]. As well, in mosases,
content and their reduction was more related tdfitted  this adsorption reaction may be preceded by diffusi
BOD load reduction. through a boundary [49]. The experimental dataewer
fitted to equation (3) and the calculated valueskfoand
Table 4 Main parameters of resin discharged effluent g, are provided in Table 5. To quantify the appliigb
before and after treatment with CAC, ARH and ADP of this model, the correlation coefficient 2(ijas
(optimum conditions) relative to Egyptian standaadd  calculated and the results indicated that the tziroa
current chemical coagulation treatment system coefficients () for all three adsorbents were far from

Max. unity
Raw Allowable
P t CAC ADP  ARH Standard N
arameter ww ¢ Dir;r:; s The pseudo second-order rate equation is based upon
44/2000)  the sorption capacity of the solid phase and i®mias
pH 13.0 2.0 2.0 2.0 695  [50]:
COD(mg/L) 8210 610 780 900 1100
BOD(mg/L) 3250 256 386 412 600 2
TS(mg/L) 1050 196 314 631 goo o= 1lkege” + t/g 4)
Nitrate (mg/L) 6.37 046 094  2.60 100
(thOfILJ)hate 9.40 1.41 334 2.83 25  where k is the rate constant of second-order adsorption
e and the slopes of the plots of titersus t were used to
Ol & Grease 15,5 450 900 1230 100 : :
(mg/L) ’ ’ ’ ’ determine the second order adsorption rate conggant
* The current treatment processes Zwaek during the The fitting of the experimental data using the abov
morning 8 hours shift. equation rendered regression coefficient) (Rear unity
(0.99) for the reduction of COD onto CAC, ARH and
tmemin: ADP. As well, the calculated values farwere close to
A the experimental values obtained. Thus, it may be
P concluded that the studied process may be better
" explained by pseudo-second-order kinetic modelebett
o3 gt than the first order model. Furthermore, for auolse
" second order model, it was reported that the rati¢irig
> " step may be considered to be a surface adsorptiwess
BODimgiL — which involves chemisorption mechanism [19, 37, 49,
J—" 50]. Thus, in the current study, COD removal frome
0 coi00s investigated wastewater may be regarded as a
Square Euclidezn Distance physicochemical interaction between two phases.

Fig. 5. Dendogram depicting the relationship betwte reduced treated In general, the adsorptlon kinetics may be desdribe

effluent main parameters and the optimum adsortese (CAC, ARH @S the dlfquIOl_‘l thr_OUgh the adsorbent, such as N_Ore
and ADP), contact time and solution pH using Wardisthods for and surface diffusions and pore surface adsorpmiioa

minimum variance. combination of these steps [19]. In many adsomptio
) o processes, the adsorbate species may most probably
3.3 Adsorption kinetics transported from the bulk of the solution into thmid

The process adsorption rate was determined for CA@gnase through intra-particle diffusion/transport [For
ADP and ARH by contacting resin wastewater samplege intra-particle diffusion model, the equatioredisvas
with an initial average COD of 8210 mg/L with a[7, 19, 21, 48, 49, 51J:

variable adsorbent dose (20g/L- 100g/L) and atoweri
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Table 5. Kinetic parameters calculated for the Q®@uction /adsorption onto CAC, ADP and ARH at 25%Where
R? is the correlation coefficient

Pseudo-first-order Pseudo-second-order Intra-peufidfusion
Ky Ka2(g mg Ks
adsorbent (' (miny (R mn) b R megt ooy R
b x10® (M9 x 10* g'9 min99  (M9/g

10 6.22 173.78 0.5890 2.36 71429 0.9883 36.36 331.50 0.9980
20 2.76 45.80 0.1183 76.45 344.83 0.9908 13.76 220.30 0.9092
CAC 30 3.22 27.39 0.0863 49.00 238.09 0.9914  9.99 148.33 0.9133
40 2.99 15.30 0.0824 191.10 175.44 0.9906 7.31 110.68 0.8831
5C 2.9¢ 15.3C 0.082« 288.0( 138.8¢ 0.991C 5.5t 89.4C  0.888(
10 1152 236.76 0.6982 0.86 769.23 0.9920 39.70 280.42 0.9325
20 1152 103.68 0.6964 2.07 384.62 0.9941 17.48 167.93 0.9086
ADP 30 1152 57.23 0.6194 3.78 256.41 0.9952 10.82 124.27 0.8537
40 1244 4213 0.6779 5.34 192.31 0.9964  8.07 96.58 0.8437
50 11.05 32.62 0.6706 6.84 151.52 0.9959 6.25 77.93 0.8303
20 13.13 92.64 0.7250 2.08 370.37 0.9950 18.54 144.00 0.7770
40 1589 55.06 0.9029 4.30 188.68 0.9978  7.87 89.36 0.8115
ARH 60 1451 23.71 0.5947 9.59 126.58 0.9973 5.48 63.72 0.7954
80 9.44 15.54 0.4116 15.47 90.91 0.9937 3.89 4791 0.8521
10C 7.6C 15.0C 0.615¢ 15.7¢ 72.4€  0.993( 2.4¢ 41.4¢  0.780¢

Table 6. Isotherm constants and values’d®RCAC, ADP and ARH at 25°C and,€8210 mg/ L

Freundlich Isother! Langmuir Isothert
Adsorb 1/n n K¢ > >
ent (mg/L)  (LImg) (K mg/g) R Qo (mg/g) b (L/mg) R R
CAC 2.08: 0.48( 1.413 x10* 0.852¢ 625.0( 3.07 x 1(* 0.284( 0.900¢
ADP 7.055 0.142 1.033 x16 0.9092 54.05 7.59 x10 0.1380 0.9820
ARH 2.45" 0.40¢ 3.74 x1(® 0.628¢ 111.1( 3.69 x1¢* 0.248( 0.959(
G = kito'5 +1 (5)

3.4 Adsorption I sotherms
where gis the fraction of pollutant uptake (mg/g) at time  Adsorption isotherms describe how the adsorbate
t, k is the intra-particle-diffusion rate constant (mg/ interacts with the adsorbent and the relationsleigvben
min®®% and | is the intercept (mg/g). The intercept the amount adsorbed by a unit weight of solid surbe
represent the effect of the boundary layer thickressd and the amount of solute remaining in the solutn
the minimum the intercept values obtained indictites  equilibrium [49, 52-54]. The Freundlich and Langmu
the adsorption process was less controlled by thisotherm equations have been extensively to reptéise
boundary layer [49, 51]. Furthermore, if the gibty, vs.  equilibrium adsorption data obtained from activated
\t passed through the origin, then intra-partickudion  carbon- organic contaminant systems [37]. Frechdli
may be considered as the rate limiting step [7,. 21]sotherm model is based upon the assumption that
Generally, all the plots did not have a zero irgptcand sorption occurs on heterogeneous surfaces anis K
were curved to some extent at the initial portiohioh  useful for the evaluation of the adsorption capyaot
was followed by a linear portion and a plateauis thas solute in dilute solutions [37, 55]. The model also
more evident in the case of CAC and ADP. Similamssumes that as the adsorbate concentration iesrédes
observations were reported by Banat et al. [21]n&at concentration of adsorbate on adsorbent surface als
al. [51], Nandi et al. [49] and El-Naas et al. [19This increases and correspondingly, the sorption energy
may indicate that surface adsorption and intraigdart decreases upon the completion of the sorption ceiofe
diffusion were concurrently operating during thethe adsorbent [37, 55]. The linear equation for
adsorption process [7]. As well, the noted cumatim  Freundlich isotherm applied was [21, 37, 48, 56]:
the shape of the plot at a small time limit wasorégd to
be due to mass transfer resistance and bulk diffusiIn ge=InK;+ 1hln C, ) (6
while the linear portion was attributed to intrafjde
diffusion [19, 45, 51]. However, the’Ralues for CAC where K is correlated with the quantity of sorbate
and ADP ranged between 0.88 - 0.998 and 0.830&ssociated with the sorbent, amdis the Freundlich
0.9325, respectively, which may denote that thésotherm constant related to the strength of thptem.
adsorption process onto CAC and ADP tends to ptbced\ plot of In ge vs. In Ce is presented in Figurarfl the
as second order process and that that particle¢ pocalculations for K and ) for CAC, ADP and ARH
diffusion may be involved but it was not the onbte removal of COD in the studied wastewater are presid
limiting mechanism [21, 51]. in Table 6. Generally, the Freundlich constantsafid
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n) relate to the sorption capacity and sorptionnisity of  no interaction between absorbent molecules [49he T
the sorbent (also known as the heterogeneity fgpctodinear equation of Langmuir isotherm applied wag,[3
respectively [7]. They were also used to deterntiree 56, 57]:

adsorption capacity of organic pollutants and tkeerg

of COD reduction by adsorbents [11]. Essentialhe 1/q.=1/0Q,Ce)+1/Q @)
larger the Kvalue and the smaller the 1/n value indicates

that the adsorbent was more effective and thats#t & where @ andb are the Langmuir constants related to
higher the adsorption capacity for the easy uptake adsorption capacity and energy of adsorption,
COD from the attested wastewaters [37,53]. Deti [1 respectively. A plot of 1/gvs. 1/C resulted in straight
reported that 1/n was dependent on the order eftteEh  lines with a slope of (b/Q) and intercept (1/§) (Fig. 7)

in COD concentrations with the adsorbent dose wKjle and the values obtained for the Langmuir constargs
was dependent upon the extent of COD removal by thehown in Table 6. The Langmuir constdntreflects

adsorbents. quantitatively the affinity between the adsorbemd a
adsorbate and the higher the value obtained, thleehi
7 the affinity for COD adsorption onto the adsorbent
. - ’////’ material [42]. In addition, the dimensionless dans
M separation factor for equilibrium paramet&, is an
° essential characteristic of the Langmuir isotherictv is
o ? Y208 Seoas defined as [53, 58]:
£, ochc _ i
5 mADP v—7£5=5§>>;033717 R =1/ (14C,) (8)
ARH
1 Ry whereb is the Langmuir constant (L/mg) ang @ng/L)
0 is the initial COD concentration. There are 4
6.7 6.8 6.9 7 7.1 7.2 73 7.4

probabilities for the value of Rfor favorable adsorption

0<R <1; for unfavorable adsorption R>1; for linear

Fig. 6. Freundlich isotherm for COD reduction ésin wastewater onto  gdsorption R=1 and for irreversible adsorption £0.

CAC, ADP and ARH. The values for Robtained for the studied system (Table

6) indicate favorable adsorption on CAC, ADP and-AR

In order to assess the suitability of each modettie

planation of the studied process, the calculated

correlation coefficient (B for both models were
ompared and the data indicated that the adsorpten

confirms better to the Langmuir model for the three

InCe

Furthermore, values of 1/ ranging between
(0<1/n<1) were considered as a measure of thé;')<
adsorption intensity or surface heterogeneity, las t
system becomes more heterogeneous in nature, line v
of 1/n gets closer to zero [7, 14, 37, 56]. Theyniade

of n, on the other hand, was reported to give an inidicat .

. ! adsorbents rather than to the Freundlich model.wél§
O.f the faVOI’ab.Illt)./.Of adsorpt|on.[14, 37, 56] anlde it was proposed that for chemisorption process,
higher then signifies that the biosorbent surface was,,nojaver coverage of pollutant molecules was the
heterogeneous in nature and was high enough f?)rredominant phenomena and, therefore, the adsorptio

effeqtive separation [53]. More specifically, values rocess may be better represented by Langmuiresath
ranging between 2-10 represent good, 1-2 modera_te&ther than the Freundlich isotherm model [49].
difficult and less than 1 denote poor adsorption

characteristics of the adsorbent [14, 37, 56]. wadl, a
large value ofl/n was indicative of a larger change in

9.00E-03

effectiveness over different equilibrium conceritias 8.00E03 =15867x-0009
[6, 22]. However, it was reported that a value fdm 7.00£:03 RE=0559
above 1 was indicative of cooperative adsorptioR, [2 6.00E-03 | —#CAC

43]. Concerning the data obtained in this studhg t 5.00€-03 s

y=24.374x-0.0185

4.006-03 | MADP R#=0.9 -

values obtained fon werelessthan 1 for all adsorbents,

which may be indicate that the adsorbent had poc

adsorption characteristics, something that wasrapnto 5 0050

the experimental findings. As well, the value obéal for L oot03 ¢ | y=52096x-00016

K; for ADP was significantly smaller in magnitude tha ' e

that obtained for CAC and ARH which may denote its o R . . R Z s

ineffectiveness for adsorption according to thiiglo Dty “Wep,  Prg, o, “Peg, "y, e,
The Langmuir model was successfully applied tc 1/ce(L/mg)

explain real adsorption processes for the reductibn Fig. 7. Langmuir isotherm for COD reduction in ires/astewater onto

COD using adsorbents by Ahmad and Hameed [14]. Ttﬁ'c, ADP a?]d ARH.

model was used to describe monolayer adsorptigheof

sorbate based on a kinetic approach and it assamess 5 Environmental and Economic considerations

uniform surface, single layer of adsorbed material One of the main objectives of this study has been t

occurring at a constant temperature [22, 37, #8lwell,  improve upon the quality of treated wastewater gisin

it assumes that all binding sites have the sanieitgffor  activated charcoal produced from abundantly avilab

adsorption of a single molecular layer and thatetheas  agricultural residues which will in turn decreabe tise
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of chemicals.

Another aim was to produce easilynaximum COD reduction of 92.4% was obtained using

filterable sludge that was more amenable for saf80 g/L CAC, 88.9% using 60 g/L ARH and 90.3% using

disposal or for recycle and reuse. In the curmeatment
system, the suspended solids were reduced throu
coagulation with a polymer and alum after adjusihy
of solution from 13 to 7 in balance tank usingS&). In
the DAF and to aid in the biological treatment @ss
urea, phosphate and molasses were being added
enhance the degradation of the effluent organidenat
The treated effluent is discharged to public sesystem
while sludge formed in a biological reactor, reattank
and dissolved air flotation unit
dewatered in the filter press after 5 hours. Foirétmal
COD of 8210 mg/L, the solid content in the 2&week
effluent was estimated to be 120 g/L, which is eglgnt
to 3600 kg/week. The sludge after filter preseitber
dumped in the desert or together with the municsoditl
waste at the Obour City, which
environmental problem.

Resins are widely used in a number of industrigl

applications. Wastewaters from the production esfir
are extremely turbid, white colored that contaighhi

suspended solids content, suspending agents, surfac

active agents, catalysts, emulsions, small amoofts
unreacted monomer and significant amounts of viery f

40 g/L ADP at the optimal pH 2. The optimal timasv
86 min, 120 min and 120 min for CAC, ADP and ARH,
respectively. The results also showed that redootif
COD onto the ADP and ARH followed second-order rate
kinetics which involved particle/ pore diffusiors part of
cteemisorption controlled mechanism. Equilibrium
adsorption data for the reduction of effluent CO&ing
ADP and ARH was best represented by the Langmuir
model. Furthermore, the addition/ mixing of adsorb

is thickened andmaterial to the raw wastewater may produce sludigfe w

a higher carbon content that may significantly éase its
potential for reuse either as compost and recyrieith
some economical consequences in the future.
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