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Abstract: A new waste material, characterized by low caggilability and ligno cellulose composition, wasted for its
ability to remove reactive dyes from aqueous syst@menvironments. This paper continues our stud@serning
utilisation of sawdust as low-cost sorbent for deanzation of different textile effluents which e@in synthetic textile
dyes with a high molecular weight. In this contelihetic and thermodynamic studies were carried inubrder to
establish all favourable conditions to uptake o&i@e 16 reactive dye from aqueous solution of pHhylsing batch
technique. The kinetics of adsorption of Orangeetive dye are following a pseudo-second ordetehd he values of
thermodynamic parameter&G andAH, were calculated using Langmuir constant)(kind showed a spontaneous and
exothermic sorption process. The results inditdad¢ waste of wood (like sawdust) is an attractiwebent for removing
reactive dyes from the wastewater.
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1. Introduction Sorption onto activated charcoal is a very useful
technique, but the high cost implied to obtain #asbent

The presence of synthetic dyes in the environmant cStimulated the search of cheaper alternatives.
generate serious problems because their possikieityo In this context, the overall attention was movedht
and carcinogenicity, heightened by the fact thabymdyes non-conventional and low-cost materials which idelu
formerly were made of known carcinogens (i.eindustrial and agricultural by-products and wa§#8,7].
benzidines). Due to their aromatic structures these Thus, the sorption of reactive dyes on solid materi
compounds are more stable, no biodegradable aficuttif based on wood wastes (i.e. special types of sajvtiase
to remove from the industrial effluents before theiPeen intensively studied and the principal data are
discharges into the urban wastewater sewage systemsumarized in Table 1.
different emissaries.

The industrial effluents are characterized by caxpl VABLE 1. Application of sawdust as biosorbent for removal of

compositions that make impossible a general adailabdmerentdy%

method for removing textile dyes. Several tech_nimlsg Sorbent Retained dyes Sorption capacin, q  RE.

have been developed to remove dyes from industriaivood shavings

wastewater; these include chemical precipitation,- untreated - Methylene Blue | 0.056 mmol/g 8

coagulation/flocculation process, membrane filtnai - Egacid Orange

oxidation process, adsorption, reverse 0smosis, ion ::\E/lgegggegfaﬁg: 0.033 mmol/g

exchange, solvent extraction [1-4]. Many of thesg. chemically 0.039-0.091 mmol/g

processes are often complicated and time consumingdgeated 0.036-0.111 mmol/g

generate sludges or other toxic wastes and may [pBine sawdust Acid Blue 256 280.3 mglg 9

ineffective or expensive for diluted dye solutions. l:/\fgﬁgt wood) Basic Green 4 74.5mglg 10
Sorption has been found to be an efficient andywooqsawdust Basic Blue 69 | 74.4 mgig 1

economic method for dyes removal. One of the acwps Acid Blue 25 5.99 mg/g

is the possibility to use a large variety of salidterials: | Neem sawdust Basic Violet 3 | 3.78 mg/g 12

synthetic to natural low-cost materials (haturalvasl as Basic Green4 | 3.42 mg/g

wasted materials from different industries and adtirre) S:ngﬁgt wood) Bismarck Brown | 35 mg/g 13

as suitable sorbents for decolourization of indaltr
effluents [5].
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The results of these studies suggest that theisnrptwhere, C, and C are the initial and residual dye
onto wood wastes is a progression towards a pdmgpec concentration (mg/L): is the amount of sawdust (g) avd
method. is the volume of solution (L).

This paper continues our studies concerning The extent of sorption was expressed by taetibnal
utilisation of sawdust as low-cost sorbent fomttainment of equilibrium:
decolourization of different textile effluents whicontain
synthetic textile dyes with a high molecular weifft#,15]. F-G (2)
In this context, kinetic and thermodynamic studiesre q
carried out in order to establish all favourableditons to
uptake of reactive dyes with large molecules. where, g andq (mg/g) are the amounts of dye sorbed at

timet and at equilibrium (24 h), respectively.

2. Experimental

_ 3. Results and Discussion
2.1. Materials and reagents

The principal material and reagent used in thislystu 3.1. Effect of contact time

are presented and characterized in Table 2. The information on the sorption rate is required fo

selecting optimum conditions of operating in futhte

TABLE 2. Characterization of material and reagent . .
9 batch process. Thus, we studied the effect of coriime

Material Characteristics on removal the Orange 16 reactive dyes from saiatiof

Sawdust Represents waste material from the woazkpsing. initial concentrations of 86.45 mg/L, by sorptiomt@
Preparation: dried in air, sieved and collected the fractiansggwdust (Fig. 1)_

with particle size of 1-2 mm
Congtituents: like other lignocellulosic materials the majpr
constituents are: cellulose, hemicelluloses amdriig
Physical properties: humidity 9.85%; ash: 0.5234 %;
density 1211 Kg/rhand caloric power 2035 kcal/Kg 1

Reactive dy| Concentration of the stock solution: 500 mg/L

-Orange 16| Working solutions were prepared by appropriate dilutipn 08

with bidistilled water of the stock solution. 0.6
Concentrations of working solutions: 24.7 — 197.6 mg/L w 04
Properties: MW = 617.54 Amax = 495 nm '
Chemical structure: 0.2

OH o o

- - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
NaO3SOCH2 - CH2 - SOzON = NN*C\CH 0 150 300 450 600 750 900 1050 1200 1350 1500
2
NaOzS - t (min)

Figure 1. The fractional attainment of equilibriufR) versus time for
sorption of Orange 16 reactive dye onto sawdus®€; pH=1;

. 4 g sawdust/L, €= 86.45 mg/L
2.2. Working Method

As it can be seen in Fig. 1, the rate of sorbtive

The effect of contact time against the sorption ofemoval of this reactive dye is rapid into thetfit0 min
Orange 16 reactive dyes onto sawdust was deterntiped and after has a constantly proportional increasinij the
the ‘limited bath’ technique. A sample of 0.2 gsaiwdust equilibrium establishment (after more than 4 hourst
was added under stirring to 25 mL of dye soluti@g. ( usually corresponding to a contact time of 24 hpurs
86.45 mg/L initial dye concentration) into the awaliflask
(capacity of 250 mL) placed in a thermostatic asgdgm 3.2. Kinetic study
The solution pH was adjusted to the value of 1 gishre
IN HCI solution, and was measured at a Hach One Tpee gifferent kinetic models were used to process
Laboratory pH Meter, U.S.A. The temperature of 808 o experimental data of Orange 16 reactive dyptisor
was maintained at XT. After appropriate time intervals (5 onto sawdust (Table 3).
- 400 min), volumes of supernatant were taken for Tne kinetic parameters related to each maudale
determination of residual dye content by absorbanggculated from the intercepts and slopes of the

measurements (495 nm) at a SP-830  Plygyresponding linear plots (Figure 2a,b,c).

spectrophotometer, Metertech Inc. Version 1.06. The values of kinetic parameters togetheth witeir
The amount of sorbed dyg(mg dye/g sawdust), was cqrrelation coefficients (B are synthetically presented in
evaluated by the next equation: Table 4.
q:(CO—C)[V )1
G
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TABLE 3. Mathematical equations and the main parameters of  values of gy are not in a good agreement with the

the three tested kinetics models performed experimental data.
Kinetic model/ Linear form of, Model parameters, significance
equation TABLE 4. The kinetic parameters of Orange 16 reactive dye
Lagergren model (pseudo-first| k; (min?)- the rate constant of the Sorption onto sawdust wastes
order kinetic model) [16] pseudo-first order sorption
|Og(qe - qt) = |09Qe - k1-t Kinetic model Parameters Value
Ho and McKay model (pseudo-| k; is the rate constant of pseudo- Lagergren model - ke (MinY) 0.02073
second order model) [17] second order sorption (g/mg.min) pseudo-first kinetic R 0.8682
t_ 1 .t h=k,q2 (mg/gmin) is the model %(Mglg) 7231
q, k, @9 a, initial sorption rate (mg/g.min) at k2 (g/mg.min) 0.431x10
value close to zero Ho mode! - pseudo- h (mg/g.min) 0.044
Intra - particle diffusion model | k, is the rate constant for intra- second kinetic model o (Mmy/g) 9.62
[18] particle diffusion (mg/g.mitr) R2 0.9823
q, =k, 0% +c ¢ is an experimental sorption Intra-particle k,mg/g.mirf* 0.2217
constant diffusion model R 0.9633
1 The pseudo-second order model (i.e. Ho model)
0s " assumes that the sorption follows a second ordgatien
3 06 | \ mechanism and the rate limiting step can be thenate
o * sorption involving valence links or covalent linketween
2 041 sorbent and adsorbate [17]. The value of coraati
02 coefficients higher than 0.9 for this model showgamd
o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ compliance with the pseudo-second order kinetic ehod
0 50 100 150 200 250 300 350 400 450 Also, the good correspondence between the calclibate
t (min) experimental values of sorption capacity indicates the

kinetic data are in very good agreement with theugs-
second order rate equation.
The intra-particle diffusion model assumes that

Figure 2a. Pseudo-first order sorption kinetic©adinge 16 reactiv
dye onto sawdust: T= 20; pH=1; G = 86.45 mg/L; 4 g sawdust/L

(0]

200 sorption is a multi-step process involving transpof
175 adsorbate from aqueous solution to the sorptias sif the
E‘s’ sorbent and the diffusion into pores is the slowera
& 100 determining process. From Figure 2c it is obsertrent,
T s ’ after saturation of the surface (into the first @n), a
50 1 linear equation form of theg vs t°° is obtained indicating
0 | o | | the diffusion of adsorbate species through the riatle
0 200 400 600 800 1000 1200 1400 1600 porous structure of the sawdust.
t (min)
Figure 2b. Pseudo-second order sorption kineticrahge 16 3.3. Thermodynamic study
reactive dye onto sawdust: T="20 pH=1; G=86.45mg/L; 4 g
sawdust/L The aim of thermodynamic study is to establish the
thermodynamic parameters that can characterize the
10 sorption process of Orange 16 reactive dye ontodeaiv
8 1 material. The thermodynamic parameters, usuallye fre
o energy AG), enthalpy AH) and entropy AS), have an

important role to determine spontaneity and heanhgk for
the adsorption process.
In order to evaluate the effect of temperature loa t
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Orange 16 reactive dye sorption onto sawdust, piparent
0 S thermodynamic parameters were determined using the
values of binding Langmuir constant, KL/mol) at 2, 20,

q, mg/g

172
t

Figure 2c. Intra-particle diffusion model for thea@ge 16 reactive and 48C, previously determined [19], and also the
dye sorption onto sawdust: T="20 pH=1; G=86.45mg/L; 4 g following two equations
sawdust/L )
In this context, it can be mentioned that tHfevRlues AG=-RTInK, (4)

are below 0.90 suggesting the fact that the Lagergr

model is not the most indicated model (the begedit

model) for the obtained kinetic data; also thenmeated whereR is the universal gas constant ands the absolute
temperature.

AG=AH-TIAS (5)
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The calculated values of the
parameters are synthetically presented in Table 5.

-15
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Figure 3. The plot oAG versusT

TABLE 5. The thermodynamic constants of the sorption process of
Orange 16 reactive dye onto sawdust

T AG AH AS
(K) (kJd/mol) (kJ/mol) (J/mol.K)
278 -20.725

293 -22.625

318 53352 -4.8115 -59

thermodynamic

The kinetics of Orange 16 reactive dye sorptioroont
sawdust were studied using the pseudo-first, pssadond
order and intra-particle diffusion kinetic models.

The results indicated that the pseudo-second order
equation provided the best correlation with the
experimental data. Also, this fact suggests thantbal
sorption instead of mass transfer is the rate-odimg step
for the sorption process.

The thermodynamic parameters of the sorption
process were also evaluated. The negative valuAGf
confirms the spontaneous nature of sorption procEss
negative value ofAH indicated that the sorption process is
exothermic.
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