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ABSTRACT

Environmental protection becomes a difficult task as many industries produce wastes that cause serious pollution.
An industrial solid waste of sugarcane had been converted into an inexpensive and effective adsorbent to be used for
the removal of some metal from aqueous solution. Effect of various parameters e.g., metal ion concentration,
adsorbent dose, solution pH, and contacting time on the removal of Cu (I1), Ni (Il), and Co (Il) ions had been
studied. Maximum adsorption of Cu (1), Ni (I1), and Co (1) ions were 78 %, 72%, and 69 %, occurred at metal ion
concentration 70 ppm and at pH value of 6.5, 6.0 and 6.0, respectively. A dose of 14 g/l of adsorbent was sufficient
for the optimum removal of metal ions. The material exhibits good adsorption capacity and the adsorption data
follow the Langmuir model better than the Freundlich model. Kinetic parameters of adsorbent for the removal of
each metal ion from wastewater were studied.

Keywords: Adsorption isotherm, Kinetic, waste of sugarcanetahions, Environmental protection.

INTRODUCTION

Environmental pollution, as a consequence of tdestrialization process, is one of the major protg¢hat have to
be solved and controlled. The presence of metalilomunicipal or industrial wastewater and th&itgmtial impact
have been a subject of scientific environmentadaesh for a long time because of their extremecttyxeven at low
concentrations, and their tendency to accumulathérnfood chain, causing various disorders fonljvorganisms

[1].

Heavy metals are released into the environment feomumber of industries such as mining, platinggiily,
automobile manufacturing and metal processing. fitesence of heavy metals in the environment haddeal
number of environmental problems. Heavy metalsrarebiodegradable and have become an eco-toxi@abgi
hazard of prime interest and increasing signifieaowing to their harmful effect on human physiolagd other
biological systems when they exceed the tolerageeld. The removal of toxic metals from wastewétex matter
of great interest in the field of water pollutiomhich is a serious cause of environmental degradaklieavy metals
such as copper, nickel and cobalt are among thé enasmon pollutants found in industrial effluengy.[

As a consequence, methods to remove metal speoiesifastewaters have been the subject of diffees#arches,
in order to improve the water quality. A numberméthods for metal ions removal from wastewatersHasen

used, but most have disadvantages, such as couasirinput of chemicals, high cost and even incomapiattal

removal. These methods are based on physical onichereplacement, generating yet another probtethe form

of a toxic sludge [3].

Adsorption is a very effective process for a variet applications, and now it is considered an ecoical and
efficient method for metal ions removal from wastéevs. The adsorption process provides an atteaatternative
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treatment, especially if the adsorbent is inexpenand readily available. Adsorption has been faionle superior
to other techniques for water re-use in terms irncost, flexibility and simplicity of designase of operation and
insensitivity to toxic pollutants. Adsorption aldoes not result in the formation of harmful substahe need of
alternative low-cost sorbents has encouraged theslsdor new and cheap sorption processes for agueffluent
treatment, as these materials could reduce signifiz the wastewater-treatment cost. With the iaseein
environmental awareness and governmental politiesethas also been an emphasis on the developrhestvo
environmentally friendly ways to decontaminate watesing low-cost methods and materials. Seveteiraltive
materials from natural sources have been propated [

Agricultural by-products are considered to be loalue products, which are arbitrarily discarded arnied,

resulting in resource loss and environmental pioltutUtilization of agriculture waste residues fbe wastewater
treatment at least has the following advantagethele are available abundantly at no or low @stlisposal of the
wastes is a serious environmental problem in tle& avhich has extensive agricultural activities. émtber of

agricultural waste and by-products of cellulosigiorhave been studied in the literature for tloaipacity to remove
adsorbate from aqueous solutions,such as fly asdl, biosorbents [5], barley husks, sugarcane lsagasheat
straw [6], corncobs, barley husks, tree ferns\Wigod chips, and corn-cob shreds [8]. Some researachedied the
natural materials including by-products and waftes agricultural and forest industries. These malg could be
assumed as low-cost since they require little gsiog and are abundant in nature. Also, they caunskd either
directly or after an activation treatment. Bailéyak reviewed a wide variety of low-cost sorbéioisthe removal of
heavy metals from wastewaters [3, 9].

An industrial solid waste of sugarcane is the magidtane pulp remaining after the sugar has betaatad. It is
basically built by macromolecules with humic andviiw substances, lignin, cellulose, hemicelluloses proteins
that have adsorptive sites such as carbonyl, cgticpamine and hydroxyl groups, able to adsorbatisorbate by
the ion exchange phenomena or by complexatiorgf@ypt generates a lot of the industrial solid wastsugarcane
each year therefore it is important to highlighatththe use of agricultural wastes for the treatmanaqueous
effluents, primarily as alternative adsorbent niater may be an advantage, since they remove podititants from
the wastewaters and may contribute to minimizeetmdronmental impacts caused by inadequate dispdshkese
wastes.

This study aimed to assess the capacity of in@glstalid waste of sugarcane to remove Cu (1), INignd Co (11)
ions by using the adsorption process. Optimum perars affecting the adsorption, e.g., adsorbenesjogH,
contact time, initial metal ion concentration waseastigated. The experimental results were analyze¢drms of
three adsorption isotherm equations: The Langnrugundlich and Dubinin-Radushkevich. A detailedlgsia of
two kinetic models equations, pseudo-first-orded peeudo-second-order was studied to investigateetmoval of
Cu (1), Ni (Il) and Co (II) ions from wastewater.

EXPERIMENTAL SECTION

2.1. Materials

All chemicals used were of analytical reagent grallgueous metal solutions were prepared by dissglvi
appropriate quantities of metal chloride salts (i&lld Chemical Company, USA). Doubly distilled wateas used
throughout. The adsorption behavior was studietth@tsolution pH after 48-h period. Stock soluti@fis00 ppm
metal were prepared by dissolving appropriate amofirCuCh.2H,O, CoC}.6H,0O and NiC}.6H,O in 1000 ml
double distilled water. Other concentrations vagyibretween 20 — 120 ppm were prepared from stoakisol by
dilution; all reagents used are Analytical-gradéd¢(ih Chemical Company, USA).

2.2. Adsorbent and its characterisation

Low cost adsorbent industrial solid waste of sugaec(ISWS) is a waste byproduct from sugar industere
obtained from Abou-Korkas Sugar Factory, El-Minkgypt. (ISWS) was used as such without any pretreat
except for sieving of very fine particles. The gomero charge (p§d) of (ISWS) was determined by the solid
addition method [10]. The Boehm titration procedwas used to calculate the amount of surface aeiditbasic
functional groups [10].

2.3. Apparatus

The metal ions concentrations were determined by-Vidible Spectrophotometer, Perkin Elimer-lamda
spectrophotometer model 201. This is a double-béwyial reading and recording instrument whose Wength
range is 190— 1200 nm, quartz cell of 1.00 and @rGstandard path-length were used for measureniEmspH
values of all prepared solutions were measuredgupid meter model OP-02/2 (Germany) with a combined
electrode reading to +0.05 pH value. Water batmeoted with thermostat and 100 ml double jackelt (&#KT-
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Germany).

2.4, Batch adsorption studies

Adsorption experiments were carried out by adding50g of adsorbent in 25 ml of desired concentraid
adsorbate solution to be in contact for 48 h atrdemperature. All of the batch experiments wenedocted in
duplicate and the results are the means. Metaldonsentrations in the supernatant solutions weatyaed using a
UV-visible Spectrophotometer. The absorbance wassored at the maximum wavelengthg. = 777 nm, 510 nm
and 392 nm for Cu (llI), Co (II) and Ni (Il) ions gmectively. The adsorbate solutions were dilutecerwh
measurements of the absorbance exceeded the tinefitfie calibration curve.

The effects of various parameters were determingthgl batch experiments. The effect of the pH osoagtion
was studied by shaking 0.35 g of the adsorbenbimRof adsorbate solutions for 48 h. A series7df ppm] of Cu
(11, Co (II) and Ni (Il) ions were adjusted to amtial pH range of 1.5 — 12.0 by adding dilute H&INaOH. To
study the effect of contact time, the samples watledrawn at increasing contact time intervals raggrom 5 min.
to 2 h for each metal ion. The kinetics of adsamptivas determined. The effect of the adsorbent gioseas
investigated by varying the amount of adsorbentftbto 20 g/l. Blank runs, with only (ISWS) in 88 of double
distilled water, were conducted simultaneouslyimilar conditions to account for any color leachlmdthe (ISWS)
and adsorbed by glass containers.

The removal (%) of each metal ion by (ISWS)wasdated using the following equations: Removal (%160
(Co-Co)/Co )

Where G and G are the concentrations of the adsorbate in iratial final solutions, respectively[11].

1.5. Equilibrium adsorption isotherm
The most commonly used isotherm theories have bdepted in this work, namely, the Langmuir, Freigidbnd
Dubnin—Radushkevich equilibrium isotherm theories.

1.5.1.Langmuir isotherm model

The Langmuir adsorption model is based on the gssomthat maximum adsorption corresponds to arated
monolayer of solute molecules on the adsorbentaseft2]. The Langmuirequation can be described Hey t
linearized form [13]:

Cdle= (1/amb) + (G/am) (2)

The linear plot of specific sorption 8. against the equilibrium concentration{Ghows that the adsorption
obeys the Langmuir model. The adsorption capagitarig energy of adsorption b were determined fraenstbpe
and intercept of the plot.

The essential characteristics of the Langmuir mothcan be expressed in terms of a dimensionlesstart
separation factor Rthat is given by equation:

R. =1/ (1 +bQ) 3)

R_ values between 0 and 1 indicate favorable adsorgti metal ion on resin at the concentration stddi

R, value | Nature of adsorption process
R>1 Unfavorable
R =1 Linear

0<R<1 | Favorable
R =0 Irreversible

1.5.2.Freundlich isotherm model

The Freundlich adsorption isotherm represents g¢kaionship between the amount of metal adsorbedipiémass
of the adsorbent.cand the concentration of the metal in solutioratilibrium. The Freundlich adsorption isotherm
[13]is:

e = Ke G (4)

The equation can be linearized by taking logarithonfind the parametets: and n:
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log g = logKg + (1/n) log G )(5
The logarithmic plot of the Freundlich expressiar the amount of metal ion adsorbed per unit mdsthe

adsorbent (§ and the concentration of metal ion at equilibri(@g). The values oKr and n were calculated from
the slope and intercept of the plot.

1.5.3.Dubinin—Radushkevich (D-R) isotherm model

Langmuir and Freundlich isotherms do not give amhyai about adsorption mechanism. D-R isotherm descri
adsorption on a single type of uniform pores. s thspect the D-R isotherm is an analogue of Lamgtype but it
is more general because it does not assume a hapmge surface or constant sorption potential [prder to
understand the adsorption type, D-R isotherms wbtained. The D-R isotherm which is given with thBowing
equation:

Ge = O €XP (-Be”) (6)
And linearized form of the equation is given as:

In g = Ingy, — P&’ ()
Whereg (Polanyi potential) is:

£ =RT In (1+ (1/Q)) (8)

, e is the amount of solute adsorbed per unit weidtgdsorbent (mol/g)p is a constant related to the adsorption
energy (molkF) and q is the adsorption capacity (mol/g).

The values of gandp were calculated from the intercept and slope efithg, versuss? plots.

1.6. Adsorption kinetic models
1.6.1.Pseudo-first order (Lagergren’s kinetics):
Lagergren-first-order equation [15] is the most ylapkinetics equation. The form is:

do/dt= k(e — & ) 9)

After definite integration by applying the conditbq=0at t=0and,F q att =t, Eq. (9) becomes the
following:

Log (6. — ) = log ¢ — (ki/2.303) t (10)

Where qis the amount of adsorption at time t (min) (mgikg)the rate constant of the equation (I/min);igjthe
amount of adsorption at equilibrium (mg/g) [16-18he adsorption rate constant;, kcan be determined
experimentally by plotting of log {(¢-q) against t.

1.6.2.Pseudo-second order
The pseudo-second-order model is represented as:

da/dt = k(0e-q)° (11)

where k is the pseudo-second-order rate constant (g/mg initegrating Eq(11) and noting that (g 0) at (t = 0),
the following equation is obtained:

G = tkzqze/ (1+t kQe) (12)

The initial sorption rate, h (mg/g min), ab0 is defined as:
h = ke (13)

The @ is obtained from the slope of the,tigrsus t and h is obtained from the interceptc&mp is known from the
slope, the kcan be determined from the value of h [19].
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RESULTS AND DISCUSSION

3.1 Adsorbent characterization

Industrial solid waste of sugarcane (ISWS) congi$tsellulose (50%), hemicellulose (27%) and lig23%). The
presence of these three biological polymers caadssrbent to be rich in hydroxyl and phenolic g{g0]. The
mechanism of adsorption for (ISWS) is linked to thée played by the essential stretching functicgralups like
Hydroxyl (-OH), Carboxylic acid (—COOH), carbon@£0), C-H, and other aromatic and phenolic grougistiag
in the sorbents.

3.1.1.Determination of the point of zero charge

It is well known that aqueous phase distributiosaiite species is dependent on the pH of theisnolufhe data on
the adsorption of solute species onto the surfa@elsorbents at different pH values should givaidyf good idea
about the pH range favorable for the adsorptiorcgss. The point zero charge of (ISWS) was detednamal the
results are shown in Fig. (1). Since KN€blution was used, it is desirable to have a fikadkground electrolyte
concentration that is high enough to minimize thtaltsalt concentration changes during the titratiad no clear
effect of KNGy was found on the mobility. The pid values were known by determining the position ehitre
resulting curves cut through the pldxis as shown in Fig. (1). The pklwas found to be 5.25, for (ISWS)
sample .This is a convenient index of a surfacenwtire latter becomes either positively charged egatively
charged as a function of pH. When the pH of theeage solution is below the pid the surface of the adsorbent
will become positively charged. Meanwhile, the aoe of the adsorbent will become negatively chargleen the
solution pH is greater than g4

a

3

ApH

pPHo
Fig.(1) Determination of Point Zero Charge (pH.c)of ISWS

3.1.2.Characterization of the surface functional groups

The Boehm's techniqgue was used to characterize stidace chemical property of the adsorbent. Several
assumptions were made before the surface aciddybasicity could however be calculated. It was aesi that
acidic group generally, could only be neutralizgdNmaOH, NaCO; and NaHCGQwhile all basic groups would be
neutralized by HCI.

The properties of the surface functional groupsewsvestigated through the Boehm titration. Thetibns results
confirmed the presence of —OH (0.15 mmol/g), —COQ@HL92 mmol/g), Lactone (0.013 mmol/g), acidity
(0.355mmol/g),basicity (0.037mmol/g) functional gps in the lignocelluloses moiety of the adsorbertd
probably these groups are the major binding groeggonsible for adsorption.

3.2Determination of optimum conditions

3.2.1.Effect of initial metal concentration

The initial metal ion concentration provides an arpnt driving force to overcome all mass transésistance of
metal between the aqueous and solid phases. Téet eff initial metal concentration on removal affitcy of Cu
(11, Ni (1) and Co (Il) adsorption by (ISWS) watudied by batch adsorption experiments, which weareed out
at 28C and adsorbent dose (14g/l), using differentahitietal ion concentrations (20 — 120 ppm) at fipet The

results are shown in Fig. (2) which indicate thm percentage removal decreases with the incraaséial metal

ion concentration. This is because there were neradsorption sites on the adsorption surface efatitisorbent
material [21-22]. While the initial Cu(ll), Ni(lljand Co(ll) ion concentration increased from 20 28 bpm, the
adsorption % decreased from 98% to 49.2%, 96% % &8d 95% to 35% for Cu(ll), Ni(ll) and Co(ll) resgively.
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Fig. (2): Effect of initial Cu (11), Ni (Il) and Co (ll) ions Conc. on the adsorption (%) by (ISWS) [@se = 14g/l] in aqueous media at 25°C

3.2.2.Effect of adsorbent dose of ISWS on removal effiaigy Cu (1), Ni () and Co (1l)
The effect of the adsorbent dose on removal ofiIzN{(Il) and Co (Il) was studied by varying tdese of the adsorbent from 4 to
20 g/l at fixed pH, temperature and adsorbate otratien. The results are presented in Fig. (3. ddsorption increases from
20.14 % to 78 %, 15.29 % to 72 % and 12.43 % &YB& with increase in adsorbent dose from 4 tdl1d case of Cu (Il), Ni (1)
and Co (Il) respectively, and then became almostant in all cases, indicating that a dose ofl1f gdsorbent is sufficient for the
optimum removal of copper, nickel and cobalt [28}- &n increase in the adsorption with the adsartbesage can be attributed to
greater surface area and the availability of mdseration sites. The adsorbent dose of adsorbédetiahéo be used is of great
importance, not only to have an efficient remo¥ti® metal ions, but also to project the areaine)to stock the adsorbent material
resulting from the treatment process.

90
80
70
60
50
40
30 —&— Cu(ll)

Adsorption (%)

20 ——Ni(ll)
10
0

——Co(Il)

10 15 20 25
ISWS dose (gm/I)

Fig. (3): Effect of (ISWS) dose on the adsorptior£) of Cu (ll), Ni (1) and Co (Il) ions [70 ppm] in aqueous media at 25°C

3.2.3.Effect of contact time on removal efficiency of Cl), Ni (Il) and Co (Il)

The effect of contact time on the removal efficierad Cu (1), Ni (II) and Co (Il) by (ISWS) was diied. The
results are shown in Fig. (4) illustrated that thiee of uptake of metal ions was quite rapid; & finst 30 min. The

removal efficiencywas 38.5 % for Cu (Il), 31.0 % fdi (Il) and 34.7 % for Co (lIl), due to larger face area
available of adsorbent. At equilibrium, 78.0 % aif @) ions, 71.86 % of Ni (II) ions and 68.6 % 6D (ll) ions

were removed. The curves in Fig. (4)present a doobture, consisting of a linear curve followeddneling of the
curve at equilibrium time beyond which there isfagher increase in amount of adsorption. The lingartion of

the curve reflects surface layer diffusion andpitteau portion represents pore diffusion [25—-Egjuilibrium was
reached for Cu (Il), Ni (II) and Co (Il) removal thin 60, 70 and 80 min, respectively. This is ineggnent with the
results obtained by Sharma et al. for remediatfarthcomium rich waters and wastewaters by fly &H.[

In physical adsorption most of the adsorbate spemie adsorbed within a short interval of contaaet However,
strong chemical binding of the adsorbate with adsot requires a longer contact time for the attaintmof

equilibrium. Available adsorption studies in literee reveal that the uptake of adsorbate speciestst the initial
stages of the contact period, and thereafter,doimes slower near the equilibrium. In between theogestages of
the uptake, the rate of adsorption is found to &y constant. This is obvious from the fact thddrge number of
vacant surface sites are available for adsorptimng the initial stage, and after a lapse of tite remaining
vacant surface sites are difficult to be occupied tb repulsive forces between the solute molecuiake solid and
bulk phases [27].
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Fig. (4): Effect of contact time on the removal (%)of Cu (l1), Ni (Il) and Co (ll) ions concentration [70 ppm] by (ISWS) [dose = 14 g/I] in
aqueous media at 25°C

3.2.4.Effect of pH on removal efficiency of Cu (Il), Ni (I) and Co (Il)

One of the most important factors affecting adsormpbf metal ions is acidity of solution. The meiah adsorption
is affected by the pH of the solution thereby chiagghe surface charge of the adsorbent and met¢aiation Fig.
(5)shows the effect of pH on removal of Cu (ll), (N) and Co (Il) ions by (ISWS).In pH range of 132.1, there is
littleor no adsorption and with the increase of i amount of metal ions uptake tended to increasea sharp
increase in removal (%) wasobserved in the pH rapgiom 3.0 to 6.0. At about pH 6.0 a plateau washed, e.g.,
there was no significant difference between pHa®\@7.0 in the maximum Ni(ll) adsorption capacithie$e seemed
toindicate that the optimum pH value for Ni(ll) adgtion would be around 6.0. This is agreeing i previously

explained in other papers [22]. Maximum removalkpatages were 69 % at pH 6.0 for Co (llI) and 78t%Ha6.5
for Cu (I1)

The two main factors influencing the variation idsarption trend at different solution pH for thestgm under
study may be due to the pidof adsorbent and metal ions speciation in soluéiera function of pHs. The piof

(ISWS) is 5.25 (i.e. the surface charge densitgtats.25 is zero) and it clearly shows that the aefis carrying
positive charge below pH 5.25 and negative chabgeepH 5.25. This observation is in line with theperimental
data indicating low amount of adsorption below pla5due to the repulsion of metal ions species dsitipely

charged adsorbent surface, whereas there is stibbtaorease in the amount of adsorption aboves@b when the
surface is negatively charged and metal ions spegit easily adsorbed due to inter ionic attrastigkt higher
pHvalues, especially after 6.8, the amount of guigmr is almost constant or slightly decreaseddudbé formation
of M(OH),, which tends to precipitateat higher pH values.

The surface of adsorbent generally displays ISW8 a@d ISWS —O surface entities. Thus the mechabishind
the adsorption of M (1) onto (ISWS) can be illeged by the following expressions:

2 ISWS —OH + M(ll)«<> (ISWS —O)M + 2H"
Or
2 ISWS -0+ M(l)« (ISWS -0} M

100
_ 80 B =) -8
;5
§ 60
2
0 40
-g —=—Cu(ll)
20 ——Ni(ll)
—— Co(ll
0 (I1)
0 2 4 6 8 10
pH
Fig. (5): Effect of pH on the removal (%) of Cu (Il), Ni (1) and Co (ll) ions concentration [70 ppm]by (ISWS) [dose = 14 g/I] in aqueous
media at 25°C
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The optimum pH for the adsorption of Ni (II) onttS(WVS) was found to be 6.0 and thereby the adsarptio
mechanism involves the exchange betweé&oithe surface of adsorbent and the Ni (Il) inajgeous phase. This
may lead to the formation of an ion exchanged cempihd was confirmed by the lowering of pH aftex Mi (11)
adsorption process [26]. The decreasing affinitfl8WS) for binding to the Cu (ll) and Co (ll) mktans can be
arranged based on their uptake values accorditigetfollowing order: Cu(ll) > Co(ll).

3.3 Adsorption Isotherms

In order to optimize the design of an adsorptiostesy to remove metal ions, it is important to dgthlthe most
appropriate correlations for the equilibrium daba €éach system. Three isotherm models have be&dtesthe
present study; Langmuir, Freundlich and Dubnin nedghe applicability of the isotherm equationsdnpared by
judging the correlation coefficient’R

3.3.1.Langmuir model

The Langmuir adsorption constants evaluated froeneifjuation (2) with correlation coefficients areganted in
(Table 1).The shape of the Langmuir isotherm was investightethe dimensionless constant separation terh (R
to determine high affinity adsorption. In the presstudy, the values of Rvere observed to be in the range 0.0006
—0.0790, indicating that the adsorption processviavorable [28].

Table (1): Langmuir isotherm constants of Cu (1l),Ni (I1) and Co (II) ions [70 ppm] by (ISWS) [dose =14 g/l] in aqueous media at &

Adsorbate | Regression equationg {mg/g) | b (I/mg) R
Cu(ln y = 0.2390x + 0.2662 4.180 0.899 0.999
Ni(11) y = 0.2962x + 0.0197 3.380 15.020  0.9p9
Co(ll) y = 0.3314x - 0.1561 3.020 2.120 0.997

3.3.2.Freundlich model

The Freundlich adsorption model stipulates thatr#ti® of solute adsorbed to the solute concewinat a function
of the solution. The empirical model was shown ¢ocbnsistent with an exponential distribution ofivac centers,
characteristic of heterogeneous surfaces. The sldperanging between 0 and 1, is a measure of adsaorpti
intensity or surface heterogeneity, becoming matertogeneous as its value gets closer to zero.luevar 1h
below one indicates a normal Freundlich isothernilevivn above one is an indicative of cooperative adsonpti
[28]. The values oKr and 1h are determined from the equation (5) with correlattoefficients are presented in
(Table 2).

Table (2): Freundlich isotherm constants of Cu (I1) Ni (I1) and Co (l1) ions [70 ppm] adsorption by (ISWS) [dose = 14 g/I] in aqueous
media at 25C

Adsorbate | Regression equationg 1/n n K R?
Cu (1) y =0.3341x + 0.3211| 0.334 | 2.990] 2.093 0.993
Ni (11) y =0.6152x + 0.1608 0.615 1.630 1448 0.991

Co (1) y=-0.1356x + 0.7224 0.136 7.370 5.2f7 0.985

3.3.3.Dubinin and Radushkevich isotherm

Another equation used in the analysis of isothemas proposed by Dubinin and Radushkevich. Caladlate
DubininrRadushkevich constants for the adsorption for @y Mi (II) and Co (ll) were determined from the
equation (6-8) with correlation coefficients areggnted in Table (3).

Table (3): Dubinin isotherm constants of Cu (I1), N (II) and Co (ll) ions [70 ppm] adsorption by (ISWS) [dose = 14 g/I] in aqueous media
(o]

at 25°C
Adsorbate Regression Eq. R | p (molkd?) | gm(molig) | g(kd/mol)
Cu(ll y=-0.3831x + 1.3799 0.992 0.383 3.975| 1.142
Ni(ll) y =-0.4039x + 1.2674 0.978 0.404 3.552 1.1138
Co(ll) y=-0.3068x + 1.1945 0.981 0.307 3.302 1.277

3.4 Adsorption kinetic study
In order to investigate the adsorption processe€wf(ll), Ni (Il) and Co (Il) by (ISWS)in aqueouseuia at
different temperatures, pseudo-first-order and ggesecond-order kinetic models were used.

3.4.1.Pseudo-first-order model

The pseudo-first order rate constantakd the adsorption capacity, @f Cu (1), Ni (I1) and Co (ll) ions adsorption
on (ISWS)at 2%, 40°C and 56C were evaluated from the equation (10)and predant@able (4). It can be seen
that the adsorption rate of each metal ions ineeagth increasing temperature. This may be atteithio increase

in the rate of pore diffusion.
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Table (4): The pseudo-first-order equation parametes for Cu (l1), Ni (I1) and Co (ll) ions [70 ppm] a dsorbed by (ISWS), in aqueous
media at different temperatures

Kinetic parameters Adsorption capacity, ¢ | pseudo-first-order rate constant, k R’
25% | 40°C | 50°C 25°C 40°C 50°C 25°C | 40°C | 50°%C
Cu(ln 3.88 4.00 4.07 0.0115 0.0177 0.0244 0.993 992.| 0.991
Ni(l1) 3.60 3.66 3.76 0.0212 0.0210 0.0237 0.9p2 99a. | 0.991
Co(ll) 3.44 3.54 3.62 0.0210 0.0212 0.0304 0.992 99a.| 0.991

3.4.2.Pseudo-second-order model

The pseudo-second-order,akd the sorption capacity,. @f Cu (1), Ni (II) and Co (ll) ions adsorption on
(ISWS)at258C, 40°C and 56C were evaluated from the equations (12and 13)aesepted in Table (5). It can be
concluded from Tables (4 and 5) that pseudo-firdepequation provides the best correlation caeffic whereas
the pseudo-second order do not give a good fitecekperimental data for the adsorption of Cu {li)(11) and Co
(11) ions.

Table (5): The pseudo-second-order equation parametts for Cu (II), Ni (II) and Co (Il) ions [70 ppm] adsorbed by (ISWS), in aqueous
media at different temperatures

Kinetic parameters Adsorption capacity, g pseudo-second-order rate constank; R?
25°% | 40°C | 50°C 25°C 40°C 50°C 25°C | 40°C | 50°C
Cu(ln 7.5760 | 7.0420| 9.116(0 0.0015 0.0020 0.0012 978.| 0.973| 0.984
Ni(ll) 6.0060 | 6.7890| 8.117Q 0.0021 0.0016 0.0012 98@.| 0.976] 0.987
Co(ll) 5.6180 | 3.6860| 4.8500 0.0024 0.0088 0.0051 970.| 0.971] 0.979

3.5.Mechanism of metal ion adsorption

Mechanisms involved in the biosorption process lgyodased biomasses include ion exchange, chelation
precipitation, adsorption by physical forces and émtrapment in inter and intra-fibrillar capillesi and spaces of
the structural lignin and polysaccharide networksaaresult of diffusion through cell wall and meante. Some
information about the surface chemistry characition of the (ISWS functional groups, can be useéwadences

in proposing the adsorption mechanism. Also adgmpkinetics and equilibrium can be used to expldia
adsorption mechanism.

In this studied chemisorptions controlled mechanésm be postulated as the mechanism governingds$eration
process. It was also possible that metal ions werand into carboxylate groups in the lignocellutosiructure of
(ISWS) by creating ionic forces with carboxylic @gn atoms. These oxygen atoms exhibited negatiaegehin
their structure as a result of the dissociationcafboxylic groups. The negatively charged oxygemmain
carboxylate anions will coordinate with metal caspresulting in the formation of metal-carboxylatanplexes
(COO-M) on the adsorbent surface. These conclussupport the mechanism previously explained in rothe
papersbased on the interaction of metal ions vgiti@functional groups in the biomass surface 2,

CONCLUSION

The Boehm titration results confirmed the presesiceOH and —COOH functional groups in the lignoakelses
moiety of the industrial solid waste of sugarcal®\S), and probably these groups are the majoritongroups
responsible for adsorbent adsorption. Thepias found to be 5.25.

The removal (%) for metals ions under investigatiesreases with increasing metal ions concentmiibagueous
solutions. The highest Cu (ll), Ni (II) and Co (Ins removal efficiency was 98%, 96% and 95% retbpaly, for

20 ppm concentration and (ISWS) dose 14 g/l. Tdsogption increases with time and attains equilirin 60, 70
and 80 min for Cu (Il), Ni (Il) and Co (ll) respaéatly, at 25°C for initial metal ions concentrat®af (70 ppm). The
maximum adsorption for Cu (ll) 78% at pH = 6.5, (N) 72% at pH = 6.0 and Co (ll) 69% at pH = 6.thel
material exhibits good adsorption capacity and ddsorption data follow the Langmuir model betteanttthe
Freundlich model. The pseudo-first order equati@vides the best correlation coefficient.
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