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ABSTRACT

In this study, we aimed to investigate the remawal decolorization of dye bearing textile effluebyssulfinated
furfural-acetone (SFA) resin. Various textile efifiis were collected and treated with various megusf SFA resin,
rice husk and animal charcoal. The resultant liquigere almost colorless with very low COD. The gdudan also
be used for pigmentation as well as filler for pi@snanufacturing. The produced polymers may hawéyein
environmental science. This sulfinated resin waaratterized by FT-IR spectroscopy and scanning telac
microscopy. The adsorption properties of this resire investigated under different adsorption ctinds with
different initial dye concentrations, contact timasd pH values. The adsorption equilibrium dataevanalyzed
with Langmuir and Freundlich models. The adsorptimhaviors of various textile effluents onto theASFesin
were better described by the Freundlich model.
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INTRODUCTION

Now a day, synthetic dyes are extensively usedanynfields of technology, for example, the textikgther, paper,
rubber, plastics, cosmetics, pharmaceutical, and fodustries. [1] Most of the synthetic dyes haeomplex
aromatic molecular structure and demonstrate sotistatructural diversity. [2] The chemical classd dyes ideal
more recurrently in the industrial field are theodmmsed chromophores mutual with different typegeaictive
groups. [3] The widespread use of dyes often pssesre pollution tribulations because of the efftugf industries
contain a number of contaminants, such as acidhostic dissolved and suspended solids, toxic comgmuand
coloring pigments. [4] In addition, some dyes adlwas their metabolites are either toxic or mutagesnd
carcinogenic. [5] Many dyes are also toxic to smpecific organisms, which causes the straight datitn of
marine communicates. [4] According to the conventid Ministry of Environment and Forestry of Turkethe
perimeter of these materials in wastewater shoaltbtver than 10 mg/L because dyes are considepeelcarious
and destructive materials”. [6] The conventionakthods for the removal of dyes from wastewater uidel
coagulation and flocculation, oxidation or ozonafianembrane separation, and adsorption. [7-11]vAisd
carbons have the benefit of exhibiting high adsorpability for organic pollutants such as dyeseHusorption of
different dyes from aqueous mediums onto activatathons has already been investigated, [12,13] thad
exclusion of various dye categories has been dieclig14—17] According to these studies, the adisorgapacities
of different dyes onto activated carbon changesfs® to 90%, depending on the properties of theatetd carbon,
the initial dye concentration, and the type of di8] Pereira and coworkers [20,21] reported thatpercentage of
dye deletion with activated carbon for differenpag of dyes changed in the range 5-80%. Howeverlatively
high price; high operating costs, and problems wétieneration prevent its large-scale applicafldrerefore, there
is a growing need to find low-cost, renewable, liycavailable materials as sorbents for the remmfalye colors.
[2] Some low-cost materials have also been diragsigd as sorbents, such as chitosan, zeolites,figlaash, coal,
natural oxides, and industrial wastes, for dye gutgm. [22] There are also many articles aboutaesh of basic
dyes with different types of sorbent. These stutliee shown that the utmost dye uptake capacifielfferent
types of sorbents change in a large scale fromo30 mg/g. [23, 24] In recent years, research mapge in the
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production of better substitute sorbents to reptame/entional sorbents has intensified becauskeif low cost and
local availability. The aim of this study is to estigate the possibility of the dye adsorption &ASresin. A
literature survey did not yield any research on ke of SFA-resin as a sorbeRtrfural-acetone resins are the
oldest industrial polymers that are still used lsea of some of their superior properties and thew
manufacturing cost. In addition, the reactive castb@roups of furfural-acetone resin can be modifeasily by
various modification agents containing -ssDand -COOH, -NH groups. Materials that have these functional
groups exhibit high adsorption properties. Consatijyewe attempted to incorporate the -5yroup into the resin
by a sulfonation reaction. Then, this resin wasduas a sorbent for the adsorption of basic dyes ftextile
effluents for the first time. Finally, SFA-resinsagnbe a new way to remove some dye molecules feodile
effluents because of their low cost and local amlity.

MATERIALS AND METHODS

Materials and all the necessary reagents like F(Fgnl Acetone (A), and other necessary chemicalse vadl
purchased from local companies. The rest of theeriadé were synthesis or analytical grade. Fouransform
infrared (FTIR (Randolph, MA, USA)) spectra of ts@mples were recorded on a Digilab Excalibur-FTG03dX
instrument in the range 400-4000 tnTo prepare the sample pellets, the samples wiéredl with IR grade
Merck KBr (sample/KBr 5 1 : 200 w/w). A Jeol JSM@B scanning electron microscope (Tokyo, Japan;
acceleration voltage = 5 kV) was used to examierestirface morphology of the resins. The micrograpde taken

at a magnification of 2500. Spectrophotometric meaments were also carried out with a Jenway 61i@&violet—
visible (UV-vis (Dunmon, UK)) spectrophotometer.

2.1.Preparation of the sulfinated furfural-acetone (SBAesin as sorbent

Step 1: Preparation of the furfural-acetone (FA)rre

The polycondensation reaction of furfural and agetwas carried out according to a known proced2sé \vith a
3:1 molar ratio of furfural to acetone. The reattgystem was a 500-mL four-necked glass reactitttrelequipped
with a mechanical stirrer, a reflux system, a terapge control system, and a heating mantle. Aeet@7 g),
Furfural (52 g), and NaOH (0.42 g) as a catalystewadlded to the reaction kettle at room temperauacestirred
mechanically and the temperature was increasedB1€ @&nd kept constant. The reaction was followedthsy
determination of the free furfural amount accordingthe hydroxylamine hydrochloride method, [26dathe
reaction was carried out until a constant freeuaif value was reached. At the end of the reactios resol type
furfural-acetone (FA) resin was purified in vacuima rotary evaporator system. The product wasatherized by
FTIR spectroscopy.

Step 2: Sulfonation of the furfural-aceone resin

The sulfinated resol furfural-aceone (SFA) resirs wgnthesized by the sulfonation reaction of FAr,eshich was
prepared in step 1, with sodium hydrogen sulfitaISQ). The sulfonation reaction was carried out in 8-l
four-necked glass reaction kettle equipped witheztmanical stirrer, a reflux system, a temperatorgrol system,
and a heating mantle. At first, 84 g of FA-resinswadded to the reaction kettle at room temperatmd, the
temperature was raised to 56 °C. NaH$£b g) dissolved in 60 mL of distilled water waddad to the solution
with a burettevhere the adding velocity was 1.8 mL/min. Then, tdmaperature of the solution was kept at 65 °C
for 80 min. The resin prepared according to thiscpdure had a solid content of approximately 59-6U%e
number of sulfonate groups per unit of the polymetiain was determined by chemical analysis andfewasd to
be 1 wt %. [27] Finally, SFA-resin was used as ident for the removal of the basic dyes from agsesmlutions
after curing at 168 °C for 1 h.

2.2.Characterization of SFA-resin

The FTIR spectrum of FA-resin exhibited the chagastic absorption peaks. In this spectrum, absmmppeaks
1012-1019 cr (deformation vibration of OH due to the methylabgps and CO stretching), 1109 ¢riCO

stretching), 1232 cth(CO stretching and dimethylene carbonil bridgdé867 crt (deformation vibration of OH
due to the methylol groups), 1439 ¢igasymmetric bending vibration of GH

The spectrum of SFA-resin showed additional peak&h was different from the spectrum of FA-redihese new
absorption peaks were observed at about 621, 2%, and 1182 cth The absorption peaks at 621, 1038, and
1126 cn resulted from the symmetric stretching vibratidnS®;H groups and the stretching vibration of the
sulfonate anion, respectively. In addition, sulfogroup vibration bands were observed at 1182, @s reported
previously. Moreover, after sulfonation, a sigrafit decrease in the intensity of methylol group36QlL cm')
supported the occurrence of a sulfonation readi&mween the Sgpl groups and the methylol groups of resol resins.
These changes observed in the spectrum indicatechtiorporation of S groups into the resin structure after
sulfonation.
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2.3.Dye adsorption experiments

Adsorption experiments were carried out in 100 eaker flasks containing 50 ml of synthetic dyeuefits at 25
°C. SFA-resin (0.25 g) was added to the textilesdpfluents with concentrations of 500 mg/L for thetermination

of adsorption capacity. At different time intervais5, 10, 15, 30, 45, 60, 90, 120, 180, 240, 20@ 360 min and
24 h at pH 6, the dye concentration in the inflsewas analyzed colorimetrically with a spectromdigrthe
measurement of absorbance at the maximum absorptarelength. In the equilibrium adsorption isotherm
experiments, a fixed amount of sorbent (0.25 g) wastacted with 50 ml of dyes influents with ditfet
concentrations (50-500 mg/L). The amount of redidya in aqueous solution was determined with a-W%ible
spectrophotometer after 24 h. All of the experirsemére carried out in triplicate.
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RESULTS AND DISCUSSION

FTIR analysis of SFA-resin after dye adsorptionvehahe FTIR spectra of SFA-resin before and aftge d
adsorption. As expected, the adsorption peakswikat easily seen at 621 and 1126%cmhich were attributed to
the symmetric stretching vibration of §®groups and to the stretching vibration of thefandte anion, in the
spectrum of SFA-resin before adsorption disappeafint dye adsorption. In addition, because ofitiverference
between the peaks attributed to methylol group2§23383 crif) and to a newly formed band at 1330—-1420'cm
(SG; group), the intensity of the peaks in this regimreased significantly.

2.4.Scanning electron microscopy analysis of SFA-resine
The scanning electron micrograph of the SFA-resibent was taken at a magnification of 2500. Thensing
electron micrograph of the SFA-resin sorbent shoitgesmooth and nonporous surface.

2.5.UV-vis spectroscopy analysis of SFA-resine

At the end of 6 h of adsorption, the adsorptionacities of the SFA-resine were determined as abdbtmg/g for
all of the basic dyes efulents. Because the SFikeesurface demonstrated a nonporous structureawesay that
the incorporation of SgM groups into the structure provided sorbent chargstics to the resin.
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2.6. Adsorption behavior of the cationic dyes

The sulphinated resol-type FA-resin had many idizaroups, such as @ groups. At pH 6, the S groups
were in their ionized form, and electrostatic iat#ion could occur between the ${groups of the resins and the
cationic groups of the basic dye molecules consatyye¢he dye adsorption ability became better.

2.7.Effect of the contact time and pH

The residual dye concentrations in solution werereined at different times from initial solution$ 500 mg/L
and a sorbent dosage of 0.2 g/L. According to tleogption studies, which were carried out at défferpH values,
the optimal pH value was determined as 6, andxaleements were carried out in triplicate at this yalue. This
result was compatible with other results given mresly in the literature. Furthermore, it has ale@n reported that
the pH values of the basic dye effluent from theidg processes are below 7.39. The adsorption itegsafor dyes
effluent were increased with the increase of theogation time. After the equilibrium adsorption &nof 6 h, the
adsorption capacities for different dyes influemtsre measured. As a result, the dye uptake capsaiti this
sorbent for these basic dyes were compatible anthbamable with that other sorbents that have beeengn the
literature.

2.8. Effect of the initial dye concentration

The adsorption isotherms were determined in befl&sks containing synthetic dyes effluent at 253¢@ pH 6. A
fixed amount of 0.25 g of sorbent was contactedh \sid mL of dyes effluent with different concentosits. The
initial concentrations [Co’s (mg/L)] of solution we 50, 100, 200, 300, 400 and 500 mg/L, respegtivEhe
amounts adsorbed by the resin particles [ge’s (ha/gre calculated by the mass balance relation:

_(Co-Ce)x V
qe— W

Where Co and Ce are the initial solution conceiatmagmg/L) and equilibrium concentration (mg/L)spectively;
V is the volume of the solution; and W is the weighthe dry sulphinated resol type FA-resin (gv&al models
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have been published in the literature to descrits®igtion isotherms. The Langmuir and Freundlicldet® are the
most frequently used models. [28, 29] In this stutlg Langmuir and Freundlich models were usedeszidbe the
relationship between the amount of dye adsorbedtaratjuilibrium concentration in solution. Howeyaihen the
Langmuir isotherm model was applied to these systéhe regression coefficient (R20 s) values wetmd to be
0.4917, 0.3617 and 0.5389 for different dyes inftse Therefore these results are not suitable éscrbes the
adsorption of these basic dyes.

The logarithmic form of the Freundlich model is givby the following equation:
Log ge= logK; + 1/n logC,

whereK; and n are Freundlich constants related to therptiso capacity and adsorption intensity, respetyiv
When log ge was plotted against 1@, a straight line was obtained with slope 1/n, Wwh&howed that the
adsorption followed a Freundlich isotherm well. Tgerameters of the Freundlich isothe#®, which is calculated
from the intercept of the plots, and n and R2,given in Table I. Rs indicate whether the Freundlich isotherm is
applicable for a system or not. The R2 values 09865, 0.9889, and 0.9882 for ST, NBA, and BCBpestively.

n values between 1 and 10 indicate beneficial gdisor. [30-34] For the adsorption of textile effhteover the
surface of SFA-resin, where value of n is alwaysater than 1, but above the critical beneficiabgglson the value
ofn=1.

CONCLUSION

In this work, FA-resin was prepared and sulfinatéith sodium hydrogen sulfite. Then, this sulfinatedl-resin was
used as a sorbent in adsorption studies for thtileeeffluent. The adsorption properties were iriggged under
different adsorption conditions with different iait dye concentrations, contact times, and pH \@luehe
adsorption equilibrium data were analyzed withEneundlich and Langmuir models.

Our results show the following:

* After the incorporation of S{Bl groups to the resin structure, the adsorptioraciéy of the resol resin increased
noticeably. The adsorption capacities for textidlieents increased with the increase of the adsnrgime until a
plateau value was reached.

* After the equilibrium adsorption time of 6 h, tadsorption capacities for the textile influentseveeached about
maximum values of mg/g.

At the end of this study, we can say that the saifed resol resin may be used as an alternativeisofor the
removal of some dye molecules from wastewaters.
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