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Abstract

Sulfate (SO.)? is ubiquitous in groundwater, with both natural and anthropogenic sources. At
high levels, sulfate can give water a bitter or astringent taste and can have mild laxative effects
The aim of this work is to present experimental results on the evaluation and removal of Sulfate
ions from drinking ground water in Wadi El-Assiuti — Egypt using anion exchange resin:
Amberlyst A21. The drinking groundwater samples were collected from different places of El-
Fath region (Assiut Government) Egypt Amberlyst A21 was characterized by swelling,
solubility, thermal properties like: thermal gravimetric analysis (TGA) and differential thermal
gravimetric (DTG), X-ray diffraction analysis, and scanning electron microscopy (SEM) were
also determined and the data were discussed. Moreover, the present study, anion exchange
resins was used to the removal of sulphate (SO,) from ground water used as a drinking water.
The effects of different parameters such as different resin dose, pH and contact time were
examined. The results show that anion exchange resin (Amberlyst A21) has good affinity
towards sulfate (SO4) ion removal that uses especial conditions such as large weight of resin or
long time for treatment. And the loading increases with acidity. The Langmuir constants model
for (SO4)2ions are fitted well on the adsorption isotherms. The RL value in the present
investigation was equal or less than one, indicating that the adsorption of (SO.)?ion by
Amberlyst A21 is favorable.
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Removal
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1. Introduction

Sulfate is a ubiquitous component of the dissolved load of natural waters and has a wide variety
of sources, both natural and anthropogenic. The anthropogenic sources of sulphate are often
associated with inputs responsible for water quality deterioration, first of all by introduction of
Sulfate with fertilizers or sewage and indirectly by precipitation of acid rain. Major natural
sources of sulphate are cyclic marine salts (in coastal areas), weathering of sulfide minerals and
dissolution of Sulfate evaporates.(1),(2) Weathering reactions can naturally supply large fluxes
of sulphate to groundwater.(3) both from sulfide mineral oxidation,(4) and evaporates. (5),
(6).Recent studies have shown that water table drawdown caused by changes in water
abstraction can accelerate sulfide oxidation reactions. Subsurface conditions become more
oxidizing during intense abstraction of water as shallow water is drawn into deeper flow paths
and ore sulfide dispersed within the extended vadose zone is exposed to air, (7), (1),
(8).Drinking water can come from different resources, such as it can pumped from the ground
through wells, or prepared directly from surface water resources, such as rivers, lakes and
streams. Clean drinking water is essential to humans and other life forms. Access to safe
drinking water has improved steadily and substantially over the last decades in almost every
part of the world. (8).Chemical contaminants of drinking water are often considered a lower
priority than microbial contaminants, as adverse health effects from chemical contaminants are
generally associated with long-term exposures, whereas the effects from microbial contaminants
are usually immediate. Nonetheless, chemicals in water supplies can cause very serious
problems. (9), (10)-The abundance of toxic chemicals in drinking water may cause adverse
effect on the human health such as cancer and chronic illness. (11).Sulfate in drinking water has
a secondary maximum contaminant level (SMCL) of 250 ppm, based on esthetic effects (i.e.,
taste and odor). (12).High concentrations of sulfate in ingested water can cause diarrhea in
humans, especially infants (13).However, adults generally become accustomed to high sulfate
concentrations after a few days. Sulfate in drinking water has a secondary maximum
contaminant level (SMCL) of 250 mg/L, based on aesthetic effects (i.e., taste and odor) (12). It
is estimated that about 3% of the public drinking water systems in the United States may have
sulfate concentrations of 250 mg/L or greater. (14)-Sulfate does not have a health-based
drinking water standard. There is a maximum contaminant level (MCL) of 500 mg/L (parts per
million). Sulfate has laxative effects and imparts an unpleasant taste to water. Aquifers with
high concentrations of hydrogen sulfide have a bad odor. The Minnesota Department of Health
(MDH) recommends a limit of 400 mg/L for water used in infant formula (see the MDH fact
sheet Sulfate in Well Water). (15).1on exchange has been applied in sulfate treatment because of
the following advantages: 1) no secondary pollutanl, 2) very compact facility, 3) easy recovery
of metals, and 4) more versatile than other methods. One problem often cited, the disposal of
regeneration solution, has been solved by combination with other methods. (16)
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2. Hydrogeological setting of Wadi EL-Assiuti

Wadi EL-Assiuti area represents a segment of the Nile valley in Upper Egypt. It is location on
the fringes of the flood plane east of Assiut city. The area is bounded by latitudes 27° 5" N and
27°20° N and longitudes 31° 10°E and 31° 25'E. The area is located in an arid region with
almost no rainfall. Temperature varies from 5°c in winter to 45°c in summer. El fatah district is
a part of Wadi EL-Assiuti area in Assiut governorate from its eastern side (Figure 1). Several
studies were previously carried out on this study area for dealing with its evaluation of its
ground water potentiality. The study area is a rectangular flat area of about 400 Kmz2 It is
bounded from the west by the Nile River and from the other sides by the limestone plateau that
is dissected by a great number of wadis. Groundwater in this aquifer is characterized by fresh
water. The salinity from 800 to 1000 ppm The salt assemblages are: Ca (HCO3),, Mg (HCO,),
NaHCOg3, Na,SO, and NaCl which indicate a clear resemblance to the salt assemblages of
surface water. The study of hydrochemical characteristics in Wadi El-Assiuti — Egypt revealed
on the high concentration of Sulfate ion in some studied wells relative to(WHO2008),
(EHCW2007). (17), (18)

3. Material and Methods

Twenty four water samples of drinking ground water have been collected from four pilot
stations for drinking ground water at El Fath, EI Wasta, EI Masara, and EI Fyama villages,
Assiut governorate, for chemical analyses. The samples were collected in clean polyester bottles
which were thoroughly rinsed with sample water and tightly sealed and labeled after collection.
These samples were kept in refrigerated and transferred to the laboratory for analysis. All
analyses were carried out in the geochemical laboratory of geology department, Faculty of
Sciences, Assiut University. The average of chemical analyses results are given in Table (1).

3.1. Sampling

Water samples were randomly collected from private residencies at different 5 locations
“districts”. The study was undertaken at three different areas of Assiut valley considering the
surroundings and distance. The sampling stations selected for the present study are:

Samples land 2: El-Fyama-Assiut.

Sample 3: EI-Fyama (agriculture well) — Assiut.
Sample 4.1, 4.2, 4.3: Al Masara -Assiut.
Sample 5: El Wasta- Assiut.

Sample 6: El Fath- Assiut
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Of each location, one drinking ground water sampling was taken from each location.
Chemical studies were performed for of 24 samples have been collected periodically every
two months (February to August 2011) from the previous stations. An interpretation of these
results is achieved to define the physical and chemical characteristics of the drinking water
in the studied areas.as shown in Table (1). No preservatives were added to any of the
collected samples.

3.2. Elemental analysis

Analysis of the studied — Sulfate (SO.)  was determined by photometric method using Kits.
Samples were prepared according to APHA method (19).Instrument start- up and optimization
was carried out as detailed in the operating manual. As showed in Table (1). Preparation of
samples was carried out under clean conditions using deionized water. All chemicals and
reagents used were of ultra-pure reagent grade (BDH laboratory reagents, Ltd Poole England).
All glassware and plastic ware were washed three times with deionized water, and then soaked
in 20 % nitric acid overnight. After soaking the glass wares were rinsed three times with
deionized water and dried. Quality assurance was achieved by measuring blank test solutions.
Quality control was performed according to the specified conditions of the specific USEPA
method, (2004) (20) by analysis of laboratory reagent blanks, fortified blanks and samples as a
continuing check of performance. Rinse blanks and five calibrated standard solutions of all
monitored analyses were used at part per million (ppm) or part per billion (ppb) concentration
ranges for the different analyses.

3.3. The chemical:-

The anion exchange resins (Amberlyst A21) was purchased from Rohm and Haas USA and
used in this study for the removal of sulfate from drinking water. The physical properties and
specifications are presented previously in Table (1).

3.4. Measurements

FT-IR spectra were recorded on IR-470, Infrared spectrophotometer, Shimadzu by using the
KBr pellet technique. The solubility of the anion exchange resin was examined using 0.02 g of
resins in 3-5 ml of solvent at room temperature. The X-ray diffract graphs of the resin was
obtained with a Philips X-ray PW1710 diffract meter, and Ni — filtered CuK & radiations.
Thermo gravimetric analysis (TGA) and differential thermal gravimetric (DTG) were carried
out in air with Shimadzu DTG-60 at heating rate of 10°C/min. in air. The morphologies of the
resin was examined by scanning electron microscopy (SEM) using a Jeol JSM-5400 LV
instrument.
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4. Experimental

4.1. General procedure:

4.1.1 Batch experiments

These experiments aimed to define the optimum conditions for sulfate sorption and the effects
of (i) different resin dose(ii) pH (iii) contact time were examined (28)-, The experiments were
performed by adding different dose (0.1to 3 gm.)of the resin to 50 mL of contaminated water
(known contamination values) from samples no.(3,4.2). From (El masara, and El Fyama
(agriculture well) ) governorates .The contaminated water used could take from drinking
ground water wells . The water samples with resin were left for 2 hour on stirrer using
magnetic mixer on the room temperature. After that the resin was separated, the filtrate was
analyzed by photometric method using Kits. And the results are given in Tables (5) In a 2nd
second set of experiments, the effects of time and pH on sulfate removal from water were
explored by varying the initial solution pH from (2) to (8.5) and time from 1/2h to 13h. The
equilibrium sulfate concentration was determined after .Using the above general procedure with
the following anions:-

4.1.1.1 Effect of different resin dose on sulfate removal

The effect of changing initial resin dose (0.1 to 3 gm) on the removal of sulfate ions was
examined at different values including loading by Amberlyst A21. On removal of SO4 anions
from samples no.(3,4.2) from ( EI masara ,and El Fyama) governorates. Due to its highest value,
and equilibrated for 2 h, while other operational parameters such as temperature and initial
sulfate ion concentration of solutions were kept constant (T = 25-30C' at pH = natural). it was
found that the removal efficiency is increased by increasing the resin dose .and the SO4* (%)
removal reached a maximum value of 49% with resin dosage of 16 g for one liter contaminated
water after 2hoursin sample no. ( 4.2) from ( El masara) or22% with resin dosage of 9 g for one
liter contaminated water after 2hours in sample no.( 3) from (ElI Fyama) Table( 5), Fig. (6).
Also at more resin dose the removal % becomes constant. This is probably because the
resistance to mass transfer of sulfate from bulk liquid to the surface of the adsorbent and the
saturation of active sites, which becomes important at high adsorbent loading in the system in
which the experiment was conducted. It might have happened that the higher dose causes
particle aggregates and interference or repulsive forces between binding sites, therefore,
decreases the interaction of sulfate ions with the sorbent and reduces the total surface area of the
adsorbent.( 29)

4.1.1.2 Effect of different time on sulfate removal
Fig (7): depict sulfate loading by Amberlyst A21), at different time (0.5-2)h. At weights of the
resin (0.5)g on removal of SO42 anions from samples no.(3,4.2). From (El masara, and El
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Fyama) (agriculture well) governorates it was found that the removal efficiency is increased by
large increasing the time .and The SO4- 2, removal reached a maximum value of 98% with
resin dosage of 30 g/L after 12 hours. After which concentration of sulfate in the solution
decreases. This may be explained by the fact that initially for adsorption, large number of vacant
sides was available, which slowed down later due to exhaustion of the remaining surface sites
and repulsive force between solute molecule and bulk phase (30). As shown in Fig. (7).

4.1.1.3 Effect of pH value on sulfate removal by Amberlyst A21

The pH of exchanged ions is a very important character that determines the pH at which the ion
exchange resin surface has net electrical neutrality. At this value, the acidic or basic functional
groups no longer contribute to the pH of the solution (31). Fig (8) shows the effect of pH on
sulfate ions removal from samples number (3, 4, and 2) from (El masara, and ElI Fyama onto
0.5g of resins at different pH values (2-8.5). The solution was agitated for 2h and the residual
sulfate ion in solutions was determined .And It was observed that the maximum removal
percentage (62 %, 65%) from (ElI Fyama, and El masara) respectively .occurred at pH 3. Also
maximum adsorption at acidic pH indicates that the low pH leads to an increase in H* ions on
the resin surface which results in significantly strong electrostatic attraction between positively
charged anionic Amberlyst A21 resin surface and sulfate ions also this pH is encountered in
many sites. Working at this pH (32) And the removal percentage of sulfate adsorption gradually
decreased to (23%, 29%) from (El Fyama, and El masara) respectively at pH 8.5.but at pH
values greater than 8.5-9 adsorption of sulfate onto ion exchange resins were not significant due
to anions competition to be exchanged on the surface of the prepared ion exchange resins of
which OH-predominates. as shown in Fig. (8).

From all factors, it was found that the removal efficiency is increased by large increasing the
resin concentration. Or by increasing the time and the loading increases with acidity.it was
noted that the SO4 2 removal reached a maximum value of 65% from respectively .occurred at
pH 3 with resin dosage of 9 g/L after 2hours,or 49% with resin dosage of 16 g/L for one liter
contaminated water after 2hoursin so that It clears that The SO, ? removal by using anion
exchange Resin ( Amberlyst A21).is good .

4.2 Adsorption Isotherm. Of SO, “lon by (Amberlyst A21):

Langmuir and Freundlich are the best models to explain the trend of adsorption based on the
essence of absorbents saturated with adsorbate after enough contact time. (33), (34), (35), (36).
which were carried out by contacting 0.5g of the previous resin with different concentrations
The equilibrium adsorption of sulfate lon were carried out by contacting 1.5g of the previous
Amberlyst A21 with different sulfate concentrations (17,30,96 , 115)ppm from the studded
samples under room temperature, for 2 h .and at solution pH.on the shaker. The mixture was
filtered; the final concentration of sulfate in solution was determined by measuring the
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absorbance by spectrophotometer (using kits).And the data was fitted into the following
isotherms: Langmuir, Freundlich, which are shown in Fig (9a, b).

4.2.1 Langmuir adsorption isotherm is given as
qe =qmax xCeXK/1 + Ce xK

Where ge is the amount of the solute adsorbed per mass unit of adsorbent (mg/g); Ce is the
equilibrium concentration of the aqueous phase (mg/L); and gmax is the maximum. Amount
adsorbed. The parameters, gmax andK, are Langmuir constants. And ge can be calculated buy:

ge=(Ci—-Ce)V/X

Where ge is the amount of the solute adsorbed per mass unit of adsorbent (mg/g), Ci is
the initial concentration in the aqueous phase (mg/L), Ce is the concentration in the
aqueous phase at equilibrium (mg/L), V is the volume of the aqueous phase (L), and X is
the weight of the absorbent (g).

4.2.2 Freundlich isotherm
The nonlinear form of Freundlich’s equation is written as follows (37).

qe=KfCelln

Where ge is the amount of the solute adsorbed per mass unit of adsorbent (mg/g), Ce is the
equilibrium aqueous pollutant concentration (mg/L), Kf is Freundlich constant, and n is
Freundlich exponent, Kf is the indicator of adsorption capacity, and 1/n is a measure of
intensity of adsorption.

Freundlich is an exponential equation which can be used to determine the values of parameters.
The logarithm conversion is one way to determine Freundlich parameters. Therefore converts to
log ge = logKf +1n logCe. By plotting log ge against logCe, the values of Freundlich
parameters can be determined. The slope of line is the exponent and the logarithm of intercept is
the constant of Freundlich parameters.

Based on the data given in Table (6, 7 and 8) ,the plots of log ge versus log Ce, and 1/ge versus
1/Ce were depicted to show the Langmuir and Freundlich isotherms, respectively Fig. (9 a, b).
The results showed that Langmuir adsorption isotherm had better matching on data with R* =
0.93 than Freundlich adsorption isotherm with R2 = -19.that may be not obeyed the Freundlich
isotherm. Also the characterization of the Langmuir equation can be explained in terms of the
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equilibrium parameters (R.) which is a dimensionless constant referred to as separation factor
or equilibrium parameter. (38).

R =1/1+ (KL+Co)

This factor describes the nature of the adsorption: irreversible (R_ = 0); favorable (0 < R < 1);
linear (R. = 1); unfavorable (R.> 1). (39).so that From the data calculated in Table (8),in the
case of sulfate lon removal the adsorption is favorable (0 < R < 1); And From this research
work, the maximum monolayer coverage capacity (Qmax) from Langmuir Isotherm model was
determined to be 0.7 and K, (Langmuir isotherm constant) is 0.This again confirmed that the
Langmuir isotherm was favorable for sorption of sulfate ion onto ion exchange resin amberlyst
A21lunder the conditions used in this study. (37). (40)

5. Results and Discussion

5.1. Characterization of lon exchange resins: Amberlyst A21

In this study, a chelating resin, as well as a anion exchange resin was contacted with aqueous
solutions of Sulphate (SO.)%in a complex form. The commercial ion exchange resin, is
Amberlyst A21, solid acid resin catalysts, were obtained from Rohm and Haas Company
(USA). All the experimental tests were conducted in batch stirred reactors. The various
characteristics of the resins including: swelling, solubility, thermal properties like: thermal
gravimetric analysis (TGA) and differential thermal gravimetric (DTG), X-ray diffraction
analysis, and scanning electron microscopy (SEM) were also determined and the data are
discussed below.

5.2. Properties of the Resins:

5.2.1 Swelling

Water swelling of an ion exchanger is primarily a hydration of the fixed ionic groups and
increases with an increase in capacity to the limits imposed by the polymer network. Resin
volumes change with conversion to ionic forms of differing degrees of hydration; thus, for a
cation exchanger, there is a volume change with the monovalent ion species, Li** > Na*™* > K™
> Cs** > Ag™With polyvalent ions (21). To measure the swelling properties of the Amberlyst
A21 sample, approximately 1.5 g of each catalyst was mixed with 4.0 ml of solvent in gradated
cylinder. The present swelling was measured in both methanol and water. The dry volume of
the resin was taken immediately following the addition of the catalyst to the solvent. After an
equilibration time of 5-10 minutes, the volume of the resin was recorded once again. This final
volume was the volume after swelling. The% swelling was then calculated by tacking the
difference of the two volumes. Amberlyst A21 was obtained from the manufacturer in wet
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form, and it was dried overnight at 90 °C to remove water before the swelling experiments were
carried out. Amberlyst A21, according to manufactures data , contained less than 2% water and
was not dried further. Table 2 shows the results obtained from swelling experiments. The
anion exchange resin swelled more in water than in methanol .Also Amberlyst A21 was very in
their swelling properties,. One possible reason for the smaller swelling of Amberlyst A21 is that
this resin has appreciably smaller average diameter of its internal pores (=50A) This indicates
more cross- linking and a more rigid polymer network Table ( 2).

5.2.2 Solubility:

The solubility characterizations of Amberlyst A21 were  tested using various solvents
including: dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimeth-ylacetamide
(DMA) tetrahydrofuran (THF), chloroform — acetone (1:1), methylene chloride, formic acid and
conc. H,SO,4 at room temperature. A 0.5% (w/v) solution was taken as a criterion for solubility.
(22).

It can be clarified from Table 3 that Amberlyst A21 is freely soluble in protonic acids like
Formic and H,SO4 acids. In common organic solvents and halogenated hydrocarbons Amberlyst
A21 is insoluble. In polar aprotic solvents, such as DMF, DMSO, DMA and THF, it showed
partial solubility. Also, we found that Amberlyst A21 possesses better solubility due to the
presence of polar groups with high steric effect than those containing H atoms which make the
salvation easier Table (3).

5.2.3 FT-IR spectra

Spectral data support the structural assignment for the anion exchange resins, (23)-, and the FT-
IR data from KBr pellets for the two resins showed characteristic absorption due to, CH-
aliphatic groups at 2924.04 cm™ ; CH aromatic at 3020 cm™, and phenylene rings at 1635 -
1510 cm™. In addition, other characteristic bands, due to common groups present in various
polymers were also shown Fig. (2).

5.2.4 X- ray diffraction analysis:

The X- ray diffractograms of Amberlyst A21 is shown in Fig. (3). The resin shows a halo peak
lying in the region 26 = 5-60°. This indicates that there is a large class of structures that are in
the amorphous phases (with pronounced long-range order) in the arrangement of their atoms
and molecules. (24), (25).

5.2.5 Thermal Gravimetric Analysis (TGA)

The thermal behavior of the resin Amberlyst A21 was evaluated by TGA and DTG in air at a
heating rate of 10°C min *. TGA curves show a small weight loss in the range 2-4 % starting at
90°C until 120°C which may be attributed to loss of observed moisture and entrapped solvents
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.The thermographs of both Amberlyst A21 is given in Fig. (4). while Table 4 gives the
temperatures for various percentages weight loss. The initial decomposition of these polymers
(10% loss) started at at 250°C for the resin. The expected nature of the decomposition of these
polymers is through pyrolytic oxidation C=C and rupture of many bonds. The degradation
becomes maximal at around 510°C and is nearly complete at around 600 °C. The temperature
for 10% weight loss is considered to be the polymer decomposition temperature (PDT) (26). It
occurs in the range 360-387°C for the resin. In Fig (4) mass loss is seen to be rapid between
~340-392°C for resin in the first region, between ~395-473°C in the second region and between
~ 475-664°C in the third region. Table (4)

5.2.6 Scanning electron microscopy (SEM) measurements:

The morphological features of the resin were examined by scanning electron microscopy
(SEM). The samples were prepared by putting a smooth part of the resin beads on a copper
holder and subsequently coating it with gold palladium alloy. SEM images were taken on a
Penta Z Z-50 P Camera with Ilford film at an accelerating voltage of 15 Kv using a low-dose
technique (27). This technique gives us the ability to show the surface of the polymers and to
study the effect of structure on the surface of the selected polymer by comparison the images in
each case. The study of the resin showed that the surface of the resin Amberlyst A21, (fig. 5a,
X= magnification X=35) consisted of spherical particles, with higher magnification X= 50
(fig.5b) showed increasing in the spherical shape, while magnification of X=75 (fig.5c) , and
X=100 (fig.5d) showed more particles in this shape.

5.3 Evaluation of Cation and Anion exchange resin in purification of

drinking groundwater

Several techniques such as chemical precipitation, oxidation, reduction, coagulation, solvent
extraction, and adsorption have been commonly employed for the removal of metal ions.
Among these, ion exchange has been thought to be efficient and economically feasible as a
wastewater treatment operation. Several resins can be used to remove metal ions; one of them is
Amberlyst A21). In the present study, the anion exchange resin was used for the removal of
sulfate ions from drinking ground water. The main objective of this study was to investigate the
ability of it to remove the inorganic metals ions from water.

6. Conclusions:

The anion exchange resin named: Amberlyst A21, was used in the purification of drinking
ground water in Wadi El-Assiuti — Egypt from Sulfate (SO4) ion. The resin was characterized
by swelling, solubility, thermal properties like: thermal gravimetric analysis (TGA) and
differential thermal gravimetric (DTG), X-ray diffraction analysis, and scanning electron
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microscopy (SEM). At using (Amberlyst A21) for water treatment it was found that resin dose
,time and pH impacted sulfate specie removal: the SO42- uptake increased with the increase of
resin dose and decreased with increasing pH values. It is also seen that a further increase in
time affects the uptake of sulfate adsorption greatly. The results showed that the adsorption of
sulfate ion onto the anion exchange resin Amberlyst A21 follow Langmuir adsorption isotherm
so, it has good affinity towards the removal of this (SO,) ion which needs especial conditions
(such as large weight of resin at the low pH or long time) for its treatment.
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Table (1): Results of physical and chemical analyses of the water samples collected from the
drinking groundwater wells in the study area.

5, < §|tos | ca?| Mg | i | Nat | k| €98 | HCOs | o | 594 | Noyt
22 4 = pH | 0 8
g5 & -
< p
ppm

1 | EIFayama(l) | 7.8 | 1002 | 540 | 45 | 11 [ 158 | 98 | 9 | 10 42 | 110 | 30 7

2 | ElFayama(2) | 7.9 | 1010 | 546 | 45 | 11 | 160 | 97 | 9 | 10 30 | 106 | 13 10

3 | EIFayama(3) | 8.1 | 2005 | 820 | 56 | 12 | 189 | 138 | 14 | 10 101 | 80 | 155 | 16
4(1) | Elmasra(l) | 8.2 | 2016 | 811 | 35 | 12 | 137 | 87 | 9 3 90 75| 5 17
42) | Elmasra2) | 8.1 | 1009 | 400 | 34 | 11 |131| 75 | 8 8 31 9 | 112 | 19
43) | Elmasra(3) | 7.7 | 1005 | 680 | 39 | 12 | 146 | 125 | 10 | 14 41 | 110 | 96 45

5 Elwasta 8 | 405 | 170 | 14 | 10 | 78 | 38 | 7 2 32 40 | 25 14

6 Elfatah 79| 706 | 350 | 35 | 11 | 134 | 56 | 8 3 60 60 | 17 13

Table 2: % Swelling of Amberlyst A21 in Water and Methanol
Type of ion exchange % Swelling in Water % Swelling in Methanol
resin
Amberlyst A21 28 23

Table (3): Solubility characteristics of anion Exchange Resins Amberlyst A21

Type of DMF DMSO DMA THF Chloroform | CH,Cl, | HCOOH Conc
anion + Acetone H,SO,
exchange (1:1)
resin
Amberlyst + + + - + - ++ ++
A21
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Table (4): Thermal properties of Resin Amberlyst A21

Type of anion

Temperature ( °C) for various % decomposition *

exchange resin

10%

20% 30%

40%

50%

Amberlyst A21

250

310 360

405

450

* The values were determined by TGA at heating rate of 10 °C / min.

Table 5: Results of effect of different resin dose on removal of sulfate by Amberlyst A21

SO47 concentration (ppm) ,
Before treatment from SO4 “Removal (%)After
M_etals Wt. _Of Time(h) treatment at
ion resin
El fayama El masara
El fayama | EIl masara
0.5 0 5
-2 1 2 13
S04 155 112 15 2 29 35
2 22 49
3 22 49

Table (6): Parameters for plotting Langmuir and Freundlich Adsorption Isotherms of sulfate ion
removal by (Amberlyst A21)

Ce(ppm) Qe(mg/g)) | 1/ Ce 1/ qe Log. Log. ge
Ce
17 8.2 8.8 0.12 0.11 0.9 0.99
30 19 11 0.05 0.09 1.3 1.09
96 76.8 19.2 0.013 0.05 1.9 1.28
115 89.7 25.3 0.01 0.039 2 1.4
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Table (7): Linear regression equations Langmuir and Freundlich isotherm and constants for
adsorption of sulfate lon by (Amberlyst A21)

Metal Langmuir Adsorption
ion Type of Resin Langmuir equations
gmax(Mg/g)| KL(L/m | R?
9)
804_2
Amberlyst A21 0.77 0 0.7 Y=0.77x
Freundlich Isotherm . .
So4'2 Amberlyst A21 Freundlich equations
n ki (mg/g) | R2
1.3 0 0.68 Y=1.3x

Table (8).RL values for sulfate lon concentrations

Sos2lon Type of resin R.

concentration value
(ppm) of So,”

17 0.05

Amberlyst

30 A21 0.03

96 0.01
115 0.009
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Fig (1): Map of study area
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Fig (2): FT-IR Spectrum of lon Exchange Amberlyst A21
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Fig (3): X-ray diffractogram of ion exchange Amberlyst A21

Sampie Name: A21 Assiut University
Sample Weight: 6 484[mg]
Ceit Alumenum Central Lap
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Fig (4) TGA and DTG diagram of Resin Amberlyst A21 in air at a heating rate of

10 °C / min
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Fig (5): The SEM images of the resin surface of the resin Amberlyst A21
(A, X =35,B, X =50, C, X =75and D, X=100).
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Fig (6): Results of effect of different resin dose on removal of Sulfate by (Amberlyst A21)
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Fig (7): Results of effect of different time on removal of Sulfate by (Amberlyst A21)
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Fig (8): Results of effect of pH on removal of sulfate by (Amberlyst A21).
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Fig (9) Equation for sulfate ion removal at various initial ion concentrations using ion
exchange resin (Amberlyst A21)
(a) Langmuir adsorption and (b) Freundlich adsorption isotherm
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