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Abstract

Adsorption behavior of phenadrtho-nitrophenol (ONP)metanitrophenol (MNP) angara-nitrophenol (PNP) on a kaolinite-type clay has
been investigated by means of spectrophotometric method at 298 K. Adsorbability of the phenolic compounds in aqueous solution decreases
in the following order; ONP > phenol > MNE PNP. Influence of an anionic surfactant, sodium dodecylsulfate (SDS), on adsorption behavior
of phenol and nitro-substituted phenols onto kaolinite is studied by determining their adsorption isotherms. Experimental evidence has shown
that phenol does not adsorb to the surface of kaolinite in the presence of SDS due to large repulsive, electrostatic barrier between negatively
charged phenol and negatively charged adsorptive SDS micelles or hemimmicelles. The adsorption capacity of kaolinite for the aromatic nitro
compounds in the SDS system is markedly increased compared with the adsorption onto bare kaolinite surface especially at high-concentration
region. Adsorption results were interpreted by comparing isotherms of phenolic compounds and SDS. It is shown that bilayer structure of
SDS forms even at low SDS concentrations. In this region, PNP molecules are adsorbed via adsolubilisation whereas penetration of ONP and
PNP is difficult because of their structural properties and electrical interactions. However, adsolubilisation phenomenon dominates adsorption
process of all nitrophenol compounds at higher concentrations. Data show that adsorption capacities of the adsorbates in the presence of SDS
follow the order ONP >MNP >PNP. The differences in the adsorption capacities depending on position of nitro group on phenol ring are
correlated with the capacity of SDS. The equilibrium isotherms of phenols have been analyzed using Freundlich and Langmuir equations.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Surfactants used in many human activities in domestic and
industrial applications are also responsible for water con-
Phenol like pollutants occur in wastewater of a num- tamination[14]. They may adsorb at solid/water interfaces
ber of industries such as high-temperature coal conversion,to form aggregates of various geometries depending on sub-
petroleum refining, resins and plastics. Among the technolo- strate, the surfactant and its concentrafioy. In the low-
gies for wastewater treatment, adsorption by solid phase isconcentration region, the adsorption of ionic surfactants onto

the most frequently used. Activated carb@hs4], silica[5], oppositely charged mineral surfaces occurs primarily through
glass powdef6], polymeric resingd7-9], fly ash[10] and attractive electrostatic forc€Es]. Itis generally accepted that
variety of geologic materials including kaolinifgl], mont- at a defined surfactant concentration, the adsorbed ions be-

morillonite [12], and zeolited12,13] have been proposed gin to associate through the hydrophobic effect into surface
to remove the phenolic pollutants from wastewater. Gener- aggregates. This surfactant concentration has been termed as
ally, these materials are modified with different ways such as hemimicelle concentration (HMC) and occurs at much lower
grafting of organic compounds, binding organic anions and concentration than corresponding bulk critical micelle con-
cations. centration (CMC). The micelles and hemimicelles adsorbed
at solid/liquid interface can be used to solubilize organic
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in the solution phasg.7,18] The term of adsolubilisation is
generally used to describe this phenomenon.
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in 0.1 M KCI as a supporting electrolyte. The system was

first titrated with 0.1 M HCI up to approximately pH 3 and

Benella et al. investigated adsolubilisation of phenol in then with 0.1 M KOH up to about pH 10. Suspension was

aqueous solution of dodecyltrimethylammonium bromide on
porous alumina silicates and non-porous silica surfaég

purged continuously with nitrogen gas. The value oppH
of kaolinite was determined as A20.2. It has been reported

They reported that uptake of phenol by the surfaces cationicthat the phlc value of kaolinite mineral with different origin
surfactants adsorbed was markedly increased. Talbot et alranges from 3.9 to 7.5 dependent on the particular kaolinite

studied the incorporation gbara-nitrophenol (PNP) into
kaolinite/water interface by addition cetylpyridinium chlo-
ride (CPC) which is a cationic surfactgi]. At low CPC

crystal structure, titration method and supporting electrolyte
[22]. Generally, this value has been found to be around 7
[23].

concentration PNP adsorption decreases whereas it increases
at concentration above CMC. These results suggest that CPQ.3. Adsorption experiments

is adsorbed in micellar form on kaolinite surface only above
CMC because of low cation exchange capacity of kaolinite.
On the other hand, Hanna and Somasundft@hobserved

a 130% coverage of the kaolinite surface for the adsorption

2.3.1. Adsorption of phenol and nitrophenols in the
presence of SDS
Amount of adsorbed solute was calculated by the follow-

of an anionic surfactant, sodium dodecylbenzenesulfonateing well-known relation:

(SDBS), onto kaolinite. It has been reported that PNP is ad-
solubilized by the anionic surfactant, sodium dodecylsulfate ¢ = (Co — C)—

(SDS), on bentonit§21]. This suggested that adsolubilisa-

1)

tion can be applied to remove phenol and nitro-substituted whereCy is the initial concentratiorC is the final or equilib-

phenols where anionic surfactants have been used.

rium concentration (mol/L)Y (L) is the volume of solution,

In the present work, the adsolubilisation of phenol and its andm (g) is the mass of adsorbent used.

nitro-derivatives onto kaolinite/water interface has been stud-

ied by addition of SDS commonly used in the formulation of

In order to obtain relevant data for constructing adsorption
isotherms of phenol and nitrophenols two types of adsorption

detergents. In order to compare adsolubilisation phenomenonexperiments were performed as follows:

with adsorption, experiments were also performed in the ab-
sence of surfactant.
2. Experimental
2.1. Materials
The kaolinite-type clay used in this study was obtained

from Sogut-Inhisar region of Turkey. The anionic surfactant
was provided by Sigma. Its CMC is 8:210~3 mol/L. Phe-

- Initial concentrations were changed at constant ratio of
Vim.

ii- Ratios ofV/mwere changed at constant initial concentra-
tion.

Firstly, the experiments were carried out at constant
ratio of 0.01L/0.19 (i.e., 0.1L/g) and variable initial con-
centration in the range of 2:;6107° to 5.0x 10°*M in
distilled water and in the presence of 5@0*M SDS.

It was not attained to a plateau region on isotherm curves
of ortho-nitrophenol (ONP)metanitrophenol (MNP) and

nol and nitro-substituted phenols were supplied from Merck PNP even in the most concentrated solution. On the other

(Darmstadft).
2.2. Adsorbent specifications
X-ray diffraction method (XRD) was employed to study

the structure of Sogut-Inhisar clay. XRD analysis indicated
that the clay was essentially comprised of kaolinite. It con-

hand, both phenol and substituted phenols were hardly ad-
sorbed on kaolinite/water interface at higher concentrations
than 5.0x 10~4 M because of solute—solute interaction in the
solution. Therefore, further adsorption experiments were per-
formed at constant solute concentration of £.00~*M by
increasing solution volume up to 0.025L.

In the experiments, the adsorbent was contacted with the

tains minor impurities of mica and quartz. The clay had the solution for 1 h at 298 K in a thermostatic shaker/water bath.

following chemical composition by weight: AD3 22.0%,
Si0, 60.5%, Fe032.0%, CaO 0.6%, Ti@2.0%, MgO 0.3%,
K20 1.85%, NaO 2.0%, loss of ignition 8.0%. The surface

The mixture was then allowed to equilibrate for 48h and
liquid and solid phases were separated by centrifuging at
3500 rpm (825 G) for 20 min. Solution spectra were scanned

area measured with methylene blue adsorption method andn the range of 190-500 nm wavelengths using a Perkin Elmer

cation exchange capacity determined by usiida as index
cation were 27.05 g1 and 0.18 meq !, respectively.

554 UV spectrophotometer. The final concentration of solu-
tions was determined by measuring absorbance at the wave-

Potentiometric titration experiments were conducted for lengths of maximum absorptionfax). The values ofimax

determining the value of pH at the point of zero charge
(pHpzo). Acidimetric and alkalimetric titrations were per-

of phenol, ONP, MNP and PNP in distilled water were 270,
350, 330 and 320 nm whereas they were 266, 344, 326 and

formed on a system containing suspended kaolinite particles312 nm in SDS solutions, respectively.



Download English Version:

https://daneshyari.com/en/article/9676128

Download Persian Version:

https://daneshyari.com/article/9676128

Daneshyari.com


https://daneshyari.com/en/article/9676128
https://daneshyari.com/article/9676128
https://daneshyari.com

