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Abstract: The Melamine-Formaldehyde-Tartaric acid (MF-T) porous polymeric resin was
synthesized in this work and examined as adsorbent for organic pollutants. Adsorption rate
and isotherm of tartarzine, as an organic pollutant, onto MF-T from a synthetic wastewater
was studied applying batch method. Initial concentration, contact time and temperature were
considered as the variables of the adsorption experiments. Linear forms of pseudo-first and
pseudo-second order kinetic models were applied using experimental adsorption-rate data.
More than 60% of tartrazine was removed in the first 10 minutes and pseudo second-order
model was found to well represent the adsorption Kinetics with average capacity of about 23
mg/g over the studied temperature span. Linear forms of Langmuir and Freundlich isotherm
models were applied using experimental adsorption-equilibrium data. In general, Freundlich
model is selected to represent the adsorption isotherm. It was found that adsorption
mechanism is temperature sensitive but retain spontaneous over the studied temperature span.
Thermodynamic study revealed that physical mechanism contributes at low temperature range
(15-30°C) and a dual mechanism of physical and chemical natures is postulated at the higher
temperature range (30-45°C). The chemical part is suggested to be endothermic amide
bonding of tartrazine with resin reactive functional groups.
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1. Introduction

Leather, carpet, textile, paper, printing and foodstuff industrial activities produce wastewaters
that contain a considerable concentration of different coloring synthetic dyes. These dyes are
poorly biodegradable under normal environmental conditions and their decay because of
sunlight and oxidizing agents is limited due to presence of aromaticity in their chemical
structures [1,2].

They often have toxic and carcinogenic effects to humans and these effects are increasingly
probable due to accumulation of such materials in water bodies such as lakes, rivers, seas and
ground water reservoirs. Industrializing countries suffers from such problem due to notably
recognized increase in activities releasing dyes with no parallel legislation and technical
progress that handle this subject.
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It is important to remove these types of dyes before discharge of contaminated-effluents.
Adsorption is a popular and effective separation methodology for the removal of many
pollutants (including dyes) from wastewater. Practically, activated carbon is the most
commonly used adsorbent in industrial wastewater treatment systems. However, many
synthetic adsorbents have been produced for such application and many are porous polymeric
resins. Synthetic porous polymeric resins are well dedicated for such application due to the
capability to control its physical properties such as porosity and hydrophilicity during
preparation as a chemical tailoring concept.

In the present work, the MF-T polymeric porous resin was synthesized under acidic condition
by anchoring tartaric acid through amide bond to melamine during the melamine-
formaldehyde gelling reaction [3,4]. According to its chemical structure, this resin is chelating
and can be used to remove some heavy metal ions from wastewater. Two similar chelating
resins (melamine—formaldehyde-NTA and melamine—formaldehyde-DTPA) have been
prepared and their removal ability towards Co(ll), Cu(ll), Cd(ll) and Zn(Il) as inorganic
pollutants from wastewater was studied [4,5]. MF-NTA and MF-DTPA resins have
successfully verified these ions removal [3,4]. These resins (MF-NTA, MF-DTPA and MF-T)
can also be classified as macroporous adsorbent and accordingly capable of removing organic
pollutants because of its porous matrix texture [6]. Using this type of resin to remove organic
pollutants may encourage its application for water treatment as a universal adsorbent (i.e, to
remove inorganic and organic pollutants). To examine its ability to remove organic
compounds, tartrazine was selected, for present study because it is a good representative for
contaminating organic dyes. Tartrazine is synthetic yellow azo-dye (has a maximum
absorbance in an aqueous solution at 426 nm) and is food, drink and drug coloring agent.
There is high chance to contaminate water by this dye because of its high water-solubility
(solubility = 110 g/1).

2. Experimental
2.1. Theory

2.1.1. MF-T resin preparation

The matrix of melamine—formaldehyde resin (MF) is produced by methylolation of melamine
under acidic condition at elevated temperature (90 to 150°C). under these conditions, -NH;
groups of melamine react with formaldehyde to give methylol groups (-NH-CH,OH).
Methylol groups, then, condense to form methylene and ethylene-ether bridges between
melamine molecules and this process give the main platform of the matrix [3-5,7-10]. During
matrix formation by bridging and with the presence of tartaric acid [on molar basis; tartaric
acid : Melamine = 1/3], carboxylic groups (-COOH) of tartaric acid react with an amine
groups (NH2-) of melamine forming amide covalent bond. This process anchors tartaric acid
to the MF matrix forming the porous polymeric MF-T [11,12]. This procedure was previously
followed for the preparation of melamine-formaldehyde-NTA and melamine-formaldehyde-
DTPA where anchoring of NTA and DTPA to MF matrix was confirmed to be achieved
through amide bond [3,4]. The produced solid MF-T has the needed rigidity to withstand
grinding (during preparation of resin grains) and hydraulic stress (during adsorption process).
If tartaric acid not added, fluffy-pasty MF is produced which is not suitable for adsorption
applications. The suggested reaction of resin formation and final resin formula is shown in
Scheme 1 [4].
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2.1.2. MF-T resin characterization
The percentage of water content, intrinsically held by the resin, can be determined by the
following equation [3]:

W% = (Wyy — Wg) x 100 / Wiy (1)

where W\y and Wy are the wet and dry weights of the resin, respectively. The intrinsic water
content reflects the degree of hydrophilic character of produced resin. The surface area of the
resin was calculated using the following equation [3,13]:

As = GXNayx@x10 2/ (Mx M) (2)

where As (m?/g) is the resin surface area, G (g) the amount of adsorbed methylene blue, Nay
(6.02 x 10 mol™) is the Avogadro’s number, @ (197.2 °A?) the methylene blue molecular
cross section, My the molecular weight of methylene blue (373.9 g mol %) and M is the mass
of adsorbent (g). As a rough estimate of surface area was needed (and no detailed data about
surface area categories was required), this method was followed because of simplicity.

2.1.3. Tartrazine adsorption onto MF-T
Isotherm study of an adsorption system gives the capacity or a related parameter of an
adsorbent towards certain adsorbate. Also, it is helpful giving an idea about the energy
homogeneity of adsorbent surface and the nature of interaction between the solute and the
adsorbent.

Freundlich and Langmuir adsorption models were used in this work by applying their linear
forms. The linear form of Freundlich model is as follows [14,15]:

log ge = log Kg + 1/n log Ce (3)

where g is the adsorbed amount at equilibrium and C. is the concentration at equilibrium.
Freundlich parameters, K¢ and n, are related to the adsorption capacity and intensity
respectively. Freundlich model considers energy-heterogeneous surface of adsorbent and
suggests a multilayer adsorption process. The linear form of Langmuir model is as follows
[14,15]:

1/qe= 1/Qo+ 1/bQ,Ce 4)
where g, and C. have the same definitions as for Freundlich model. The term Q, is the
adsorption capacity (mg/g) and term b is related to energy of adsorption (I/mg). Langmuir
model considers energy-homogeneous surface of the adsorbent and monolayer adsorption
process.

Kinetic study gives the rate of adsorption of solute onto adsorbent surface. In this work,
pseudo-first and pseudo-second order kinetic models were applied. The integral forms of
pseudo-first and pseudo-second order have the following linear equations [16]:

Pseudo-first order: log(ge — qr) = log e — (kg / 2.303) t (5)

Pseudo-second order: t/g; = 1/ko Qe + t/qe (6)
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where ¢ and g; (mg/g) are the solute amounts adsorbed at equilibrium and time t respectively.
The parameters k; (1/min) and k; (g/mg.min) are the adsorption rate constants. The
experimental adsorption capacity (dexp) at equilibrium was calculated using the following
equation:

Qexp (MY/9)= (Ci—Ce) X V/ M (7)

where C; is the initial concentration (mg/l), V (I) is solution volume and M (g) is the mass of
the adsorbent. The values estimated from the kinetic models were compared to those
calculated by this equation.

For thermodynamic study, the adsorption equilibrium stability constant can be determined
applying the following formula: K= (C; — C¢) / C [17,18]. The Gibbs free energy of the
adsorption process (AGygs) can be calculated using the VVan’t Hoff equation:

Enthalpy (AH.gs) and entropy (ASags) of adsorption can be determined from the slope and
intercept of plot of InK; versus 1/T according to the following equation:

2.2. Materials and Procedures

2.2.1. Chemicals and instruments

Analytical grade of melamine 99% (Aldrich), formaldehyde 38% (BDH), tartaric acid 99%
(Sigma) were used in this work. Tartrazine (form EI-Nasr chemicals, local company) was
used in its commercial form and no extra purification was performed. Deionised water was
used for MF-T resin synthesis and for the preparation of tartrazine and methylene blue
solutions. The following instruments were used in this study: Shimadzo spectrophotometer
(UV-120-02) for measuring tartrazine concentration in solutions, Hanna instrument pH-meter
(H18519), Lab. Companion SI-300R shaker and Perkin—Elmer FT-IR spectrometer.

2.2.2. Preparation of the MF-T resin

One important advantage of preparing MF-T is simplicity as it is a one-pot process. To a vial
(50 ml) containing 25 ml of acidified water (pH 1.1), melamine (6.3 g) and tartaric acid
(2.5 g) were added and agitated until forming dense suspension. Then, formaldehyde (10 ml)
was added to the suspension and the vial was tightly closed. The vial was again agitated until
homogenous white thick slurry was formed. The vial was then placed in a preheated oven at
120°C. Shortly after 5 minutes, a clear colorless slightly viscous gel is produced. After
another 15 minutes, the gel solidified into white monolithic MF-T resin. The resin was left for
an extra 30 min for more curing (melamine bridging) at same temperature. Then, the vial was
removed from the oven and left about 24 hours on bench (at room temperature) for more
hardening. The resin sample was picked from the vial and ground. The formed grains were
washed several times each by agitation with 500 ml of hot (~95°C) deionised water for an
hour until pH became about neutral. After washing, the resin grains were left to cool. The
excess water was removed by centrifugation leaving grains with intrinsic water only. Resin
grains were then sieved and each fraction was kept in a tightly closed vial.
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2.2.3. MF-T resin characterization (water content, surface area and IR analysis)
Intrinsic water content: MF-T resin grains (355-710 um) were soaked in deionised water for
48 hours to ensure water content equilibrium. Excess water was removed by centrifugation for
45 minutes at 1000 rpm and then weighed. The same sample was dried at 500C for 72 h and
reweighed. The difference between the two weights gives the intrinsic water content. This
process was performed three times to get an average. The percentage of intrinsically held
water in the resin was determined applying the following equation (1)

Surface area: The bulk surface area of MF-T resin was determined by adsorbing methylene
blue dye of known initial concentration. It is suggested that monolayer adsorption of this dye
occurs on solid adsorbents [21]. Diluents solutions of methylene blue were prepared from
initial stock solution of concentration 0.0178 g/l and a calibration curve was determined using
spectrophotometer, at 2 = 660 nm, by measuring diluents-absorbance. To calculate MF-T
resin surface area, 0.1 g of MF-T was immersed in 25 ml of methylene blue of concentration
0.0178 g/l. The treatment continued until there was no more decrease in absorbance. The
amount of methylene blue adsorbed was calculated according to difference in concentration
between the initial and equilibrium values and then surface area was determined by applying
equation (2)

IR analysis: The spectra of dried samples of MF-T, MF-T-C (resin bearing tartrazine due to
adsorption at 15°C) and MF-T-W (resin bearing tartrazine due to adsorption at 45°C) were
recorded in the range 400-4000 cm™ using KBr disc method.

2.2.4. Tartrazine adsorption characterization
A stock solution of 100 ppm of tartrazine was prepared by dissolving 0.1 g in 1000 ml of
deionised water. Other working solutions were prepared from this stock solution by
appropriate dilutions. All adsorption experiments in this work were carried out applying batch
method with some conditions kept fixed: tartrazine solution volume (50 ml in 200 ml conical
flask), sample agitation rate (100 rpm), pH of tartrazine solution (6.7 £ 0.02), amount of resin
in hydrated form (0.2 g) and its grain size (355-710 um).

Kinetic study was performed at three different temperatures, 15, 30 and 45°C and each sample
has tartrazine initial-concentration of 50 ppm. Every 10 minutes for a total period of 90
minutes, a liquor sample of 3 ml were withdrawn from sample flask with a micropipette and
absorbance was recorded and the liquor volume returned back to the sample flask to avoid
change in initial concentration for the next record.

Adsorption isotherm was performed at 30°C using five initial concentrations of tartrazine: 30,
40, 50, 60, and 70 ppm. Liquor samples were withdrawn at equilibrium which previously was
determined to occur within less than 2 hours and absorbance was recorded. For the
thermodynamic study, the adsorption equilibrium (initial concentration: 50 ppm) was
investigated for temperatures of 15, 22.5, 30, 37.5 and 45°C.

3. Results and Discussion

3.1. General
The produced MF-T resin is rigid and its grains are white. By adsorbing tartrarzine at any
temperature, its color changed into yellowish and this may imply physical adsorption as the
sole mechanism.
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3.2. Characterization of MF-T Resin
The intrinsic water content of resin was found to be notably high (about 53.89 mmol/g, i.e.
W% = 96.8). This obviously is due to the strong hydrophilic character resin surface [19]. The
hydrophilic character is basically due to presence of non-reacted carboxylic (of tartaric acid),
amide and non-reacted amino (of melamine) groups present in matrix structure. This high
hydrophilicity facilitates solution fast-migration inside pores and hence rapid adsorption of a
pollutant [20].

The 0.2 g of hydrated-resin used in adsorption experiments contains only about 0.0064 g resin
active mass. This indicates the high porosity of the prepared MF-T. According to equation
(2), surface area of the resin was found to be only about 11.6 m%g. It can be concluded that
macropores dominate the MF-T-matrix structure which are highly dedicated for the removal
of large organic molecules from wastewater [21,22].

3.3. Kinetics of Adsorption Process

Experimental data for tartrazine-removal rate by MF-T at temperatures 15, 30 and 45°C are
shown in Fig. 1. About 60% of tartrazine was removed during the first 10 minutes for the
studied different temperatures. Hydrophilic character is the basic reason of such behavior.
Removal at 15°C has the highest rate for the whole period. Accordingly, even at low
temperature, adsorption process did not face diffusion-resistance because of macroporosity of
resin. Experimental data from Fig. 1 was employed for the investigation of adsorption kinetics
applying pseudo-first and pseudo-second order models. Linear regression was applied to get
the plots of the two models as shown in Fig. 2 and Fig. 3. From the plots, parameters of each
kinetic model, correlation factors, r, and standard errors, SE, were determined by applying
regression tool of Microsoft Excel program and are given in Table 1. The two models, for
each data set (with respect to temperature condition), showed that all correlation factors are
significant (the probability that variables are uncorrelated was found to be < 5%) [23]. To
recommend a model to best represent these data sets, capacity at equilibrium (ge), correlation
factors (r), and standard errors (SE), were considered.

From table, it can be observed that each capacity value derived from pseudo-second-order
model (qe) better represents the corresponding experimental capacity (Qexp) than those derived
from pseudo-first-order model. Also, the values of correlation factors (r) and standard errors
(SE) assign pseudo-second-order model to represent the kinetics of tartrazine removal by MF-
T for considered specified temperatures. As adsorption rate follows pseudo-second order
model, a sort of chemical interaction involving sharing of electrons between tartrazine and
functional groups of the resin can be suggested according to Ho et al [24,25,26]. However, a
discussion about model-parameters (k,) and (h = k, g¢°>, which defined as initial adsorption
rate), may imply some different conclusion. Rate constant (kz) significantly increased as
temperature increased. This indicates that process shows a chemical behavior solely. But in
parallel to rate constant increase, the capacity (ge) on the contrary significantly decreased. For
an endothermic chemisorption process, this can not easily happen especially when isotherm
suggests monolayer coverage as discussed in section 3.4. It can be suggested that some sort of
exothermic physical interaction, even with comparatively small percentage, is responsible for
adsorption of certain amount of tartrazine. And that is why as temperature increases, the
capacity (ge) decreases due to desorption of physically adsorbed part. This means that
desoprtion occurs for higher temperature causing noticed decrease in capacity (ge). As will be
given in section 3.4., some sort of heterogeneity is suggested for MF-T surface towards
tartarzine and physical interaction has a potential probability in this case.
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These results suggest that pseudo-second-order model can represent physical adsorption as
well as a chemical adsorption. Accordingly, chemical and physical interactions involving
electrons sharing and/or exchange and/or intensive working van der waals forces between
adsorbate (tartrazine in this study) and adsorbent surface (MF-T in this study) can be
suggested.

3.4. Adsorption Isotherm
Figure 4 shows the equilibrium capacity of tartrazine removal (qe) against equilibrium
concentration of tartrazine (C,) at 30°C. The isotherm curve shows regular increase of g, and
curve is concave to the concentration axis which indicates initial rapid increase in adsorption
process curve. This indication is in agreement with outputs of kinetic study. This plot is of
type | according to Brunauer’s classification which belongs to Langmuir model [27,28].

Figures5 and 6 present the linear plots of the data of adsorption isotherm according to
Freundlich and Langmuir models respectively. From these plots, the parameters of each
model, correlation factors and standard errors were determined by linear regression applying
Microsoft Excel program and are presented in Table 2.

Traditionally, Freundlich and Langmuir models are always applied to investigate the
adsorption isotherm of an adsorption isotherm. Such investigation is important to find out the
degree of heterogeneity of adsorbent surface towards the specified solute and to find out if the
adsorption is monolayer. For the present adsorption system, the two models showed
significant correlation [23]. Langmuir model have lower standard error and correlation factor
than those shown by Freundlich model. This discussion concludes that some sort of energy
non-homogeneity is predicted for resin surface and a certain dual mechanism may be
responsible for adsorption. It can be suggested that chemical interaction occurs between
tartrazine and resin-groups and the contribution of this reaction in the whole process increases
with temperature as kinetic section (3.3.) suggests. This chemical interaction can cause
monolayer coverage of MF-T surface by tartrazine. Physical interaction is also suggested to
contribute as temperature decreases and in this case monolayer coverage is not solely
considered.

This idea can be supported by discussion given about adsorption-kinetic. The Langmuir
model gives maximum capacity of 15.38 mg/g which is markedly lower than equilibrium
value given by kinetic study at the same temperature (i.e less by 30%, g = 22 mg/g).
Accordingly, although Freundlich model shows higher SE, it can be concluded that this model
is better to accept the represented tartrazine adsorption on MF-T.

3.5. Thermodynamic Behavior
Figure 7 shows the plots of InK. against 1/T for tartrazine adsorption onto MF-T. It can be
concluded from the figure that adsorption behavior changes with temperature. Two ranges can
be identified: 15 to 30°C and 30 to 45°C. Exact mid-point between the two ranges may not be
specified at 30°C, but it is likely to be close [3].

Table 3 gives the values of enthalpy and entropy changes upon adsorption. For the range 15 —
30°C, AH,gs is negative which means an exothermic adsorption process. Its comparatively
small value (5.73 kJ mol™) can indicate that physical-adsorption mechanism dominate this
range with minor contribution of chemical-adsorption mechanism, if present. For range 30 —
45°C, AH,g; is positive with a very low value (1.17 kJ mol™). The positivity may indicate a
complicated physical/chemical adsorption mechanism with overall endothermic behavior. It
can be hypothesized an endothermic chemical interaction which consumes energy emerged

7
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from the accompanying exothermic physical interaction and consumes another excess amount
from the surrounding. In this specific case, it can be suggested that energy-contribution of
endothermic chemical part slightly overweighs the contribution of exothermic physical part
even if its percentage-contribution may be less.

The postulated chemical interaction can be estimated by regarding the chemical structure of
tartrazine and the active groups present on the resin surface. Tartrazine molecule includes
two sulphonate groups (-SOsNa) which can react with linking amine groups (-NH-) due to
gentle heating (30 — 45°C) producing sulphonamide. This reaction release NaOH as a side
product. This postulated reaction was supported by simple auxiliary experiment in which pH
value of a sample was determined before and after tartrazine-adsorption at 45°C. A
measurable increase of about 0.1 (£ 0.02) was detected and can be explained by the release of
NaOH. The increase-value is small due to the small amount of resin used in this experiment.

IR analysis may help understanding the adsorption behavior by considering the IR spectra of
MF-T (no adsorbed tartrazine), MF-T-C (tartrazine adsorbed at 15°C) and MF-T-W
(tartrazine adsorbed at 45°C) as shown in Fig. 8. The spectra of MF-T, MF-T-C are almost
identical and this means domination of physical adsorption (note: tartrazine does not clearly
attribute in the second spectrum due its very low mass percentage in the sample). On the
contrary, the comparison of IR spectra of MF-T and MF-T-W gives marked differences
especially at 1752.2 cm™ (carbonyls of carboxylic group and amide group of matrix-pendent
tartrazine). This peak slightly masked by 1552.9 cm™ band, spectrum (C), (however, has a
recognizable shoulder) due to shift of C=O lower value which masked by 1552.9 cm™ band.
Depending on this discussion, sulphonate reaction with amine producing sulphonamide is the
most probable one.

The azo group, and its environment, which is responsible for the color of tartrazine did not
involve in the reaction and that is why the color did not change with this chemical adsorption
as mentioned in section 3.1.

For 15 — 30°C range, ASags is positive and indicates increase in disorder during adsorption of
tartrazine from solution to the adsorbent surface. Adsorption of tartrazine molecule itself on
MF-T causes more order, but during adsorption hydrating water spheres (tartrazine is highly
hydrated due to presence of negatively two sulphonate groups and a carboxylate group) is
librated and become mobile in aqueous phase which increase disorder [4]. For 30 — 45°C
range, AS,qs 1S also positive obeying same mechanism. However, its value is less in this case
due to less water-molecules librated as tartrazine is already less hydrated for this range.

Generally, AGygs values are negative confirming the spontaneous nature of this adsorption
process in the studied temperature span, Table 4. The absolute value increases with
temperature which indicates favoring higher temperatures, i.e more contribution of chemical
adsorption mechanism with temperature increase [30].

4. Conclusions

In acidified aqueous medium, melamine—formaldehyde-tartaric acid porous resin (MF-T) was
successfully synthesized by anchoring tartaric acid to melamine-formaldehyde matrix. The
resin is macroporous with surface area of about 11.6 m/g and intrinsic water content of 96.8%
with a hydrophilic surface. The adsorption rate of tartrazine exceeds 60% within the first 10
minutes for the different temperatures and pseudo-second-order model is assigned to represent
the kinetics of tartrazine removal by MF-T. Due to detailed discussion about pseudo-second-

8
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order model parameters and correlation this with outputs of isotherm and thermodynamic
studies, chemical and physical interactions between tartrazine and resin are postulated and
temperature is the controlling factor to predominate one mechanism over the other. It is
important to clarify that, according to the discussions given above, pseudo-second-order
model can reflect the nature of adsorption processes which comprises interactions involving
electrons sharing and/or exchange and/or intensive working van der waals forces between
adsorbate and adsorbent surface. Freundlich model is selected to describe the adsorption
process due to concluded energy non-homogeneity of MF-T surface towards tartrazine.
Thermodynamic clearly elucidate that tartrazine adsorption onto MF-T is temperature
dependent where physical-adsorption dominate lower temperature range (15 — 30°C) and
physical/chemical-adsorption is strongly suggested for the higher temperature range (30 —
45°C). Adsorption process is spontaneous in the studied temperature span.

References:

[1] S. Chen, J. Zhang, C. Zhang, Q. Yue, Y. Li, C. Li, Equilibrium and kinetic studies of
methyl orange and methyl violet adsorption on activated carbon derived from
Phragmites australis, Desalination 252 (2010) 149-156.

[2] A. Cestari, E. Vieiraa, G. Vieiraa, L. da Costaa, A. Tavares, W. Loh, C. Airoldi, J.
Hazard. Mater. 161 (2009) 307-316.

[3] A. Baraka, P. Hall, M. Heslop, Melamine—formaldehyde—NTA chelating gel resin:
Synthesis, characterization and application for copper(ll) ion removal from synthetic
wastewater, J. Hazard. Mater. 140 (2007) 86-94.

[4] A. Baraka, P. Hall, M. Heslop, Preparation and characterization of melamine-
formaldehyde—-DTPA chelating resin and its use as an adsorbent for heavy metals
removal from wastewater, React. Funct. Polym. 67 (2007) 585-600.

[5] A. Baraka, Removal of heavy metals from aqueous solutions by novel melamine-
formaldehyde-polyaminocarboxylic acid chelating adsorbents, PhD, The University of
Strathclyde, Glasgow, 2007.

[6] M.P. Tsyurupa, L.A. Maslova, A.l. Andreeva, T.A. Mrachkovskaya, V.A. Davankov,
Sorption of organic compounds from aqueous media by hypercrosslinked polystyrene

sorbents ‘Styosorb’, React. Polym. 25 (1995) 69-78.

[7] E. Minopoulou, E. Dessipri, G.D. Chryssikos, V. Gionis, A. Paipetis, C. Panayiotou,
Use of NIR for structural characterization of urea formaldehyde resins, Int. J. Adhes.
Adhes. 23 (2003) 473.

[8] X. Sun, Z. Chai, Urea-formaldehyde resin monolith as a new packing material for
affinity chromatography, J. Chromatogr. A 943 (2002) 2009.

[9] R.C. Baltieri, L.H. Innocentini-Mei, W.M.S.C. Tamashiro, L. Peres, E. Bittencourt,
Synthesis of porous macrospheres from amino-polymers, Eur. Polym. J. 38 (2002) 57.

[10] K. Mequanint, R. Sanderson, Nano-structure phosphorus-containing polyurethane
dispersions: synthesis and crosslinking with melamine formaldehyde resin, Polymer 44
(2003) 2631.

[11] T.W. Graham Solomons, Organic Chemistry, 6th ed., John Wiley & Sons, Inc., 1996.

[12] E. Sharmin, L. Imo, S.M. Ashraf, S. Ahmad, Acrylic-melamine modified DGEBA-
epoxy coatings and their anticorrosive behavior, Prog. Org. Coat. 50 (2004) 47.

[13] C. Kaewprasit, E. Hequet, N. Abidi, J.P. Gourlot, Application of methylene blue
adsorption  to cotton fiber specific surface area measurement. Part I. Methodology, J.
Cotton Sci. 2 (1998) 164-173.

[14] D.D. Do, Adsorption Analysis: Equilibria and Kinetics, vol. 2, Imperial College Press,
London, 1998.



Paper: ASAT-14-191-CA

[15] S.D. Faust, O.M. Aly, Adsorption Processes for Water Treatment, Butterworths, Boston,
1987.

[16] Y.S. Ho, G. McKay, Process Biochem. 34 (1999) 451-465.

[17] M.I. Panayotova, Kinetics and thermodynamics of copper ions removal from wastewater
by use of zeolite, Waste Manage. 21 (2001) 671-676.

[18] ILA.W. Tan, B.H. Hameed, A.L. Ahmad, Equilibrium and kinetic studies on basic dye
adsorption by oil palm fibre activated carbon, Chem. Eng. J. 127 (2007) 111-119.

[19] S. Pramanik, S. Dey, P. Chattopadhyay, A new chelating resin containing
azophenolcarboxylate functionality: synthesis, characterization and application to
chromium speciation in wastewater, Analytica Chimica Acta 584 (2007) 469-476.

[20] D. Prabhakaran, M.S. Subramanian, Enhanced metal extractive behavior using dual
mechanism bifunctional polymer: an effective metal chelatogen, Talanta 61 (2003) 431-
437.

[21] A.W. Trochimczuk, B.N. Kolarz, D. Jermakowicz-Bartkowiak, Metal ion uptake by ion-
exchange/chelating resins modified with cyclohexene oxide and cyclohexene sulphide,
Eur. Polm. J. 37 (2001) 559-564.

[22] N. Unlii, M. Ersoz, Removal of heavy metal ions by using dithiocarbamated-
sporopollenin, Sep. Purif. Technol. 52 (2007) 461-469.

[23] J.R. Taylor, An Introduction to Error analysis, The study of Uncertainties in Physical
Measurements, 2nd ed., University Science Books, Sausalito, California, 1997.

[24] Y.S. Ho, W.T. Chiu, C.S. Hsu, C.T. Huang, Sorption of lead ions from aqueous solution
using tree fern as a sorbent, Hydrometallurgy 73 (2004) 55-61.

[25] Y.S. Ho, G. McKay, Pseudo-second-order model for sorption processes, Process
Biochem. 34 (1999) 451-465.

[26] Y.S. Ho, G. McKay, The kinetics of sorption of basic dyes from aqueous solution by
sphagnum moss peat, Can. J. Chem. Eng. 76 (1998) 822-827.

[27] Adamsom, W. Aurther, Physical chemistry of surfaces, 6th ed, New York, Wiley,
c1997.

[28] S.K. Parida, B.K. Mishra, J. Colloid Interface Sci. 182 (2) (1996) 473.

[29] M. Wawrzkiewicz, Z. Hubicki, Removal of tartrazine from aqueous solutions by
strongly basic polystyrene anion exchange resins, J. Hazard. Mater., 164 (2009) 502—
509.

[30] S.M. Hasany, R. Ahmad, The potential of cost-effective coconut husk for the removal of
toxic metal ions for environmental protection, J. of Environ. Manage. 81 (2006) 286—
295.

Table 1 Kinetics data fitting of TZ -removal according to PFO and PSO models

Pseudo first order Pseudo second order
k

Temp. | C; Qexp 2

° k Qe (9/mg.min) | g,

(C) (ppm) (mg/g) (mirlfl) (mg/g) R SE h (mg/g) r SE
(mg/g min)
8.7x107°

15 23.3 [ 0.0527 | 11.69 | 0.9547 | 0.1614 5 216 24.45 1 0.9999 | 0.0129
1.2x10™*

30 50 | 20.9 | 0.0610 | 7.88 | 0.8750 | 0.2999 5 565 21.93 | 0.9995 | 0.0298
2.0x10°*

45 21.3 [ 0.0576 | 453 | 0.8402 | 0.3554 9.443 21.95 | 0.9998 | 0.0211
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Table 2 Data-fitting of TZ-adsorption isotherm by Freundlich
and Langmuir models

Tempature (°C) Freundlich Langmuir
ke ((mg/g)(mg/l)") =2.12 | Q, (mg/g) = 15.38
30 1/n =0.3277 b (I/mg) = 0.7022
r=0.9971 r=0.9789
SE = 0.0109 SE = 0.0067

Table 3 TZ adsorption thermodynamic parameters, AHygs and ASygs

Temperature Range 15-30°C 30-45°C
AHags (k3 mol™) -5.73 +1.17
ASags(d mol™ K™ +41.51 +18.63
r 0.8930 0.9969

Table 4 TZ adsorption free energy, AGags

Temperasture (°C) 15 22.5 30 37.5 45
AGags (kImol™ | -6.18|-6.58|-6.80 | —6.94 | - 7.08

/Matrix
NH, HN
OH )\
N7 SN _ A OH H* NTXN  MET
| + O=CH, 4 e |
“ HO No gz
H,N™ N7 NH, OH T N
Melamine  Formaldehyde Tartaric Acid ’ o= OH
Matrix
HO OH
0]

Scheme 1. Formation of melamine—formaldehyde-tartaric acid resin from melamine,
formaldehyde and tartaric acid precursors under acidic condition.
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Time (min.)
Fig. 1 TZ removal rate by MF-T
at T =15 (0), 30 (o) and 45 °C (A)
and initial concentration 50 ppm.
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Fig. 2 PFO plots for TZ adsorption onto MF-T
at T =15 (0), 30 (o) and 45 °C (A)
and initial concentration 50 ppm.
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0 T T T T ]
0 20 40 60 80 100
Time (min.)
Fig. 3. PSO plots for TZ adsorption onto MF-T
at T =15 (0), 30 (o) and 45 °C (A) and initial concentration 50 ppm.
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Fig. 4 Adsorption isotherm (at 30 °C) of tartrazine onto MF-T
with initial concentrations: 30, 40, 50, 60 and 70 ppm.
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Fig. 5 Freundlich adsorption isotherm of tartrazine
onto MF-T (at 30 °C).
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Fig. 6 Langmuir adsorption isotherm of tartrazine

onto MF-T (at 30 °C).
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Fig. 7 Plots of In K. against 1/T for TZ adsorption

onto MF-T.
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