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Abstract: This study addressed the use of conventional and vegetable origin polyurethane foams to extract C. I. Acid Orange
61 dye. The quantitative determination of the residual dye was carried out with an UV/Vis absorption spectrophotometer.
The extraction of the dye was found to depend on various factors such as pH of the solution, foam cell structure, contact
time and dye and foam interactions. After 45 days, better results were obtained for conventional foam when compared to
vegetable foam. Despite presenting a lower percentage of extraction, vegetable foam is advantageous as it is considered a

polymer with biodegradable characteristics.
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Introduction

All existent animal and vegetable life on the Earth are
constituted of great percentages of water. On average, 60 to
70% of the weight of a human being is constituted of water
molecules. Despite its apparent abundance, potable water is
becoming scarce in various places on earth, given that only
3% of water on the planet is available as fresh water!l. Of
this 3%, only 2% consists of rivers, lakes and groundwater
available for human consumption; almost 1% is snow and
permanent ice cover and 0.0005% is water vapor present in
the atmosphere!?.

This scarcity of water is principally the due to the worl-
dwide increase in the human population and resulting waste
and pollution of the waters. The treatment of effluents is
one of the most important issues related to pollution con-
trol. The great volume of wastewater effluent generated by
tanning facilities (an average of 600 L of water is used in
the processing of just one cattle hide), is composed of di-
verse harmful elements and causes a great environmental
impact?®l. It is important to note that tanning activities are
an expanding sector in Brazil: The number of hides pro-
cessed increased from 16,010,000 (sixteen million and ten
thousand) in 1984, to 32,500,000 (thirty-two million, five
hundred thousand) hides in the year 2000, a real growth of
103% in 16 years™.

Among the most harmful compounds present in the
wastewater of leather processing facilities are the coloring
agents that are applied in one of the final stages of the tre-
atment of leather, called, dying. The majority of coloring

agents are resistant to biodegradation due to the presence of
substituted chemical groups that are difficult to remove by
biological treatment, and their photochemical degradation
in aqueous solution which may occur in lakes and rivers, is
a very slow process because synthetic dyes are designed to
have high stability under light. The colored effluents, even
in concentrations below 1 ppm are visible in an aqueous
solution and can generate a series of consequences to the
receptor bodies, such as a reduction in photosynthetic acti-
vity and the growth of algae.

Other industrial sectors such as textiles, for example,
coexist with the problem of colored effluents, and various
efforts have been made to attempt to reduce the dying pro-
cess itself, such as electrochemical treatment'® and ab-
sorption of coloring substances on the surface of natural
solids!”!. The use of activated charcoal in effluent treatment,
due to its adsorption capacity, has been given great attention
by the industry. However, because the chemical surface of
carbon is positive, the inability to adsorb cationic coloring
agents is a very significant limitation™, and when analyzed
from the viewpoint of environmental damage, this process
corresponds to a non-destructive process in that the dispo-
sal of the final solid phase waste is still a problem with no
solution®.

Flexible polyurethane foam derived from castor oil has
demonstrated the capacity adsorb molecules of textiles pre-
sent in aqueous media'”, With the growth of environmental
responsibility since the 90’s, polyurethane foams have be-
come a focus of research because they possess the desirable
characteristics of removing pre-concentrations and sepa-
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rating a variety of substances. The sphericity and the open
cellular structure offer a greater flow and better concentration
ability compared to other sorbent solids!!.

The utilization of polyurethane resins results in greater
adsorptive capacity making the process more advantageous
than activated carbon!'. Adsorption is the result of a favo-
rable interaction between an adsorbent solid and a species of
dissolved solute. Many interactions such as electrostatic at-
traction, covalent chains of hydrogen among others can con-
tribute to adsorption and the process of desorption!'®!. Fong
& Chow! relate that there are many studies on extraction
but few of these studies have discussed the mechanisms of
extraction.

The synthesis of urethanes involves the reaction of func-
tional isocyanate groups with functional hydroxyl groups.

[l
R—N=C=0 + H—O—R—»R—l\ll—c—o—R
H

The present study utilized polyester-type polyurethane
formulated from castor oil, synthesized by the Analytic Che-
mistry and Technology Polymers Group of the University of
Sao Paulo at Sdo Carlos, whose structure possesses molecules
derived from a vegetable oil that make it susceptible to mi-
croorganism attack, and thus can be considered to be a poly-
mer with biodegradable characteristics!'”!. It is synthesized
from the reaction of polyols with TDI diisocyanates(toluene
diisocyanate) and MDI (4,4 diphenylmethane diisocyanate).
The composition can be varied to obtain foams with different
characteristics.

The objective of this study was the extraction of dye uti-
lized in tanning facilities by conventional petroleum-derived
and vegetable-origin polyurethane foams. The dye studied was
C.I. Acid Orange 61 (sold under the brand name of Luganil
Orange GGC Basf), which is listed in the Color Index!'? as
code 19320. In accordance with the reference cited, the dye
utilized is obtained from metanilic acid and 8-quilinol of the
family of azo dyes, that are characterized as presenting one or
more groupings (- N = N -) linked to aromatic systems. The
structure of the dye is shown in Figure 1.

The ionizable substitution groups make the dye water-
soluble and are of vital importance in the dye application me-
thod in proteic and synthetic polyamide fibers through ionic
exchange!'”!. The azo dyes represent around 60% of the dyes
currently utilized in the world!"¥). Research studies have sho-

Na*O,S~

N=N OH

\_ 7/

Figure 1. Structure of C.I. Acid Orange 61 Dye.
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wn that azo dyes and their sub-products may be carcinogenic
and/or mutagenetic*2%,

Experimental

Polymeric material

Polyester type polyurethane formulated from castor oil,
synthesized by the Analytic Chemistry and Technology
Polymers Group of the University of Sdo Paulo at Sdo Carlos
was utilized. Conventional Polyether Foam, derived from
petroleum, was acquired in a construction materials store in
the city of Franca, SP, and had been produced by Metalic
Acessorios para Laboratério Ltda, and no detailed informa-
tion was available on its composition.

The foam samples were cut into cylinders 3.0 cm in leng-
th and 1.0 cm in diameter, and a mass of approximately 0.2 g.
Before utilization, the foams underwent a procedure that eli-
minated the organic and inorganic residues from the synthe-
sis of these foams, which prepared them functionally for use
in the experiment. This procedure consists of washing the
foams with a solution of 1 M of acid chloride, followed by
deionized water until the acid is rinsed away, then washing
with ethanol and air-drying.

Dye

The dye utilized was C.I. Acid Orange 61 (brand name:
Luganil Orange GGC Basf), supplied by Tropical Ltda,
Franca, SP, Brazil. The dye was dissolved in deionized water
and stocked in concentrations of 1 mg/mL, and diluted into
concentrations of 10, 20, 30, 40, 50 and 60 pg.mL"' for use.
The functionalized foam samples were placed in 10 mL of
the diluted solutions in the different concentrations, where
they remained for 45 days. The flasks utilized in the expe-
riment were made of brown glass and were maintained in a
refrigerator at a temperature of approximately 12 °C; these
procedures being important to impede any decomposition of
the dye by light or variations in the concentrations due to
temperature.

Measurement of residual dye

The quantitative determination of residual dye in all trials
were measured by absorption UV/Vis spectrometry, registe-
red by an UV/Vis Metrolab 1700 spectrophotometer, utilizing
1 cm de optic path quartz cuvette and deionized water as the
reference. The most convenient expression of this technique
is the Lambert-Beer law, which establishes a relation betwe-
en transmittance or absorbance, the thickness of the sample
(optic path) and the concentration of the adsorbing species?!,
as shown in Equation 1:

A =e¢ebc (D

where ¢ is the concentration of the sample (generally ex-
pressed in moles per liter), b is the optical path (generally

219



Cangemi, J. M. et al. - Vegetable origin foam employed in dye extraction in tanning and leather processing facilities

expressed in centimeters) and € (epsilon) is known as molar
absorptivity, expressed in units of M cm'.

The sweeping was carried out with a wavelength of 200
to 800 nm in intervals of 1 nm, and the readings presented
maximum wavelength of 464 nm in the visible spectrum
(responsible for color), which is used for measurement, at
a temperature of 25 °C. The quantity of the original solution
was measured before the addition of the foams and the re-
maining solution was measured 45 days after the addition of
the foams.

PpH Measurements

The values for pH were measured before the experiment
(solutions without foams) and after (foam in contact with the
solution for 45 days). A Nova Técnica pH meter was used and
the measurements were made at a temperature of 25 °C.

Scanning electron microscope (SEM)

The samples of polyurethane foams underwent analysis
by a LEO 440 Scanning Electron Microscope.

Foam characterization

The foams were characterized according to density and a
Scanning Electron microscope technique was used to measu-
re the diameter of the pores. The density measurements were
obtained from the relation of the quantity of mass occupied
by the samples to the volume occupied by the samples using
Equation 2:

d:V @)

Mass (g) from the arithmatic mean of five samples of
foam and volume (cm?) was obtained by multiplying the hei-
ght of the cylinder by the area of the cylinder:

V = hnr? (3)

where h corresponds to the height of the cylinder and r is the
radius.

Results and Discussion

Polyurethane foams

The density and pore diameter measurements are presen-
ted in Table 1 for each category of vegetable and conventio-
nal foam.

Table 1. Measurement data for characterization of polyurethane, conventio-
nal and vegetable foams.

Foam Density (g.cm) Pores (nm)
PU-vegetable 0.0750 0.66
PU-conventional 0.0120 1.1
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Dye extraction

A calibration curve in accordance with the Law of
Lambert-Beer was constructed for a chart of known concen-
trations of dye solution versus the foam absorbence as mea-
sured by spectrometer (Concentration X Absorption). Using
the calibration curve, the quantity of dye remaining unabsor-
bed can be known'*?!.

To obtain the calibration curve for C.I. Acid Orange 61
readings were taken of absorbency at six different concen-
trations of dye. Due to the highly significant coefficient of
correlation (r = 0.999), a linear relation between absorption
and concentration can be observed in Figure 2.

The percentage of extraction (%E) or proportion extrac-
ted from the dye was calculated by the absorbance reading
(A) of the analyte before and after extraction!?*, as shown by
the equation:

%E =[(A

initial

-A, DA

initial

1x 100 “)

where A, .. corresponds to the initial absorbance and A, |
corresponds to the final absorbance. Table 2 shows the per-
centages of extraction for the foams tested at various concen-
trations of analyte. Therefore, when we refer to 40% absorp-
tion efficiency, we mean the foam absorbed 40% of the initial
dye concentration.

From the results shown in Table 2, greater extraction oc-
curred with conventional foam, in relation to the extraction

verified for vegetable foam.
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Figure 2. Absorbance curves in function of concentration, in comparison to
standard curve and the curves obtained after adsorption.

Table 2. Extraction percentages, after 45 days.

Concentration % of Extraction % of Extraction
(ng.mL") after 45 days after 45 days
vegetable foam conventional foam
10 333 85.7
20 27.1 83.3
30 22.0 83.1
40 21.9 76.4
50 22.8 73.6
60 22.4 64.7
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In comparison of the standard curve (without foam) to
the curves presented after 45 days in contact with the foams,
extraction occurred in both cases, with a greater proportion
of extraction by conventional foam. This fact may be related,
among other things, to the cell structure of the foams utilized.
In Figure 3b, note that the polyether foam (conventional) pre-
sents an open hexagonal pore, while in Figure 3a, the polyes-
ter foam (vegetable) has a globular structure (spherical cells)
which makes diffusion of the solution throughout the foam
difficult and diminishes the efficiency of adsorption™!. The
shape of the pore is added to its size to calculate total contact
area. Conventional foam has a mean size of 1.1 nm, almost
twice the size of vegetable foam pores (0.66) (Table 1). Thus,
one could speculate there is a greater absorption efficiency
with a larger cell because the total contact surface for the
absorbent and dye is greater.

The exact mechanism by which these processes occur is
still hypothesized as: adsorption, electrostatic attraction, ab-
sorption, cationic quelation, ionic exchange, van der Waals
interactions or even a set of these interactions. Chow &
Fong!', who have already published various studies in the
literature on the extraction of contaminants with polyuretha-
nes, state that there are a considerable number of studies in
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Figure 3. Scanning electron microscope (100 x): a) vegetable foam; e
b) conventional foam.
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the literature on extraction of contaminants by polyurethanes
but few studies which discuss the extraction mechanisms the-
mselves.

Figure 4 shows graphics of A/A (normalized absorban-
ce) in function of time, where A refers to absorbance variance
with time, and A0 refers to the absorbance of the initial con-
centrations of samples analyzed (t = Oh). In Figure 4a data
referent to adsorption of the dye utilizing foam derived from
castor oil, and in Figure 4b, data refers to the adsorption of
the dye utilizing conventional foam. Comparing both foams,
we found that the smaller the concentration of dye, the more
effective the adsorption of the dye by the foam, in both ca-
ses.

Effect of pH on extraction

Table 3 shows the pH values measured in the dye solu-
tions, before and after contact with the foams on the 45" day
of the experiment.

After 45 days, conventional foam leaves the solution with
a more acid pH that may be related to a characteristic in the
formulation of commercial foam (a formulation which was
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Figure 4. Normalized absorbance curves (A/A ) in function of dye adsorp-
tion time in various concentrations: a) adsorption utilizing vegetable foam; e
b) adsorption utilizing conventional foam.

221



Cangemi, J. M. et al. - Vegetable origin foam employed in dye extraction in tanning and leather processing facilities

Table 3. pH Measurements.

Concentration (ug.mL"') pH of samples without foams

PH of solutions with vegetable foam

PH of solutions with conventional

after 45 days foam after 45 days
10 7.06 7.63 5.71
20 7.20 7.60 3.84
30 7.24 7.67 3.50
40 7.30 7.46 3.41
50 7.39 7.37 3.35
60 7.85 7.41 3.34

not supplied by the manufacturer). In the case of vegetable
foam exposed to the same conditions, little variation was
observed in the values, and the solutions continued to be li-
ghtly basic. Thus, dye extraction is increased with acid pH.
Oshita®!, obtained a maximum extraction (%E) of azo dye in
a pH solution of 2.0 utilizing polyurethane foams. Accioly!*®,
studied the adsorption of C.I. Acid Blue 193 by polyurethane
foam and found that the pH directly affected the adsorption
efficiency. He found that an acid pH had 74.2% efficiency
in absorbing the dye in comparison to only 38% for a base
solution.

In the case of the present work, it can be deduced that
the acid surface of polyurethane acquires a positive charge,
with a consequently greater interaction between the surface
and anionics groups (hydroxyl, azo and sulfite) and C.I. Acid
Orange 61 dye. As a result greater interaction occurred be-
tween the adsorvent and adsorvate, and a greater percentage
of extraction (%E).

Conclusions

The results presented demonstrate the viability of making
a pre-treatment of contaminated effluents utilizing polyure-
thane foams. Tests of dye extraction by vegetable-derived
polyurethane (polyester) and conventional (polyether) foams
were carried out for a duration of 45 days. The percentage
of extraction (%E) obtained was superior for conventional
polyurethane and the more diluted the dye, the greater the
percentage of extraction by the foams. Thus, the best result
was obtained at a concentration of 10 pg.mL"', according to
spectrophotometric readings of adsorption at 85.7% for com-
mercial foam and 33.3% for natural origin foam.

The extraction mechanism for dye by polyurethane foam
has various physiochemical hypotheses such as adsorption,
absorption, cationic quelation, electrostatic attraction or even
a simultaneous occurrence of these actions.

In spite of having presented a lower %E in comparison to
conventional foam, vegetable-derived foam has two factors
in its favor that should be considered: first, the physical pro-
perties of this foam can be modified to extract more dye, whi-
ch can be tested in future studies; and second, its chemical
structure makes it susceptible to attack from microorganisms,
and it is therefore considered a polymer with biodegradable
characteristics that integrates into natural environment after
undergoing decomposition. In the case of conventional PU
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foam, like any polymer derived from petroleum, once discar-
ded, it does not degrade for decades or centuries, seriously
aggravating the problem of waste disposal.
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