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Abstract- The capability of modifying synthetic resin
(MSWPS) prepared from waste polystyrene plastics to
remove hardness and some inorganic pollutants from
synthetic hard water was investigated in this study. The
waste polystyrene (WPS) was prepared from the foam of
food packaging and white coffee cups, and then active
adsorbent cationic resin was synthesized from them,
forming sulfonated waste polystyrene (SWPS). The first
preparation for hard water was made by dissolving MgCl.
or CaCl; salts in deionized H,O (DW) and passing it
through SWPS resin to study the performance evaluation
of the flow rate (mL/min), resin dosage (g), temperature
(°C) and pH on the removal percentage of calcium,
magnesium, and total hardness from this hard water. The
efficient removal of water hardness and some inorganic
pollutants was done using different concentration safety
nano marine algae extracts (Ulva fasciata) embedded in
SWPS then passing the second prepared hard water
through the MSWPS resin. After adding nano marine algae
extract (Ulva fasciata) to the (SWPS), the started removal
efficiency of water hardness (1323 mgCaCOs/L), Ca®,
Mg?* ions (200mg/l) increased from (80% to 85%) for
water hardness, (66% to 88.5%) for Ca?* ions, and (61.6 to
80.5%) for Mg?* ions respectively.

Index Terms- “Inorganic Pollutants, Nano Marine Algae,
Removal efficiency, Water Hardness, Waste polystyrene"

. INTRODUCTION

Hard water (HW) can cause problems in heating and
cooling  systems,  steam  generation, and
manufacturing in industrial chemical production and food
processing (Gray, 2010 and Klemes, 2008). Drinking very
hard water can cause cardiovascular problems and kidney
stones due to the presence of unfavorable high
concentrations of hardness. Hardness concentrations in
natural water are up to 100mgCaCOs/L, depending on the
associated sources, and are present in the range of 10-
500mgCaCOa/L in drinking water (Pentamwa et al, 2011).
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The problem of using HW directly without treatment may
cause: salty deposits that

lead to corrosion of metals; increased detergent demand
when used for laundry; longer time required for cooking,
etc. The most effective method for removing selective ions
from groundwater is the ion exchange process using
synthetic resins and natural materials. The most effective
method for removing hardness at the household level is by
using the boiling method (Schaep et al, 1998). The ion
exchange resins have different commercial and industrial
uses, especially in water purification and metal ions
removal at very low concentrations in chemical processes
industries (Alexandratos and David 1986).

Global world production of plastics rose from 204 M tons
in 2002 to 288 M tons in 2012 (about 41%) (Europe,
Plastic 2013). Polystyrene (PS), is one of the six most
common types of plastics, forms 7.3% of this production
(Uluturk et al, 2013). It is a cheap and hard plastic and is
manufactured by vinyl polymerization of styrene free
radical. A large portion of PS is used in production and
protective packaging (clamshells, cups, plates, trays,
bowls, cottage cheese containers and yogurt). There are
some methods for recycling polystyrene waste, including
chemical and thermal recycling. The waste plastic (WP) is
formed from many types: polystyrene, polyethylene,
polypropylene, and others. Moreover, the form of these
materials is extremely varied; it includes films, bags,
plastic bottles, and Styrofoam (Chaupart et al, 1998).

WP can be generally modified or treated depending on
the chemical structure of the backbone chain. In order to
obtain valuable raw materials from polyesters or
polyamides, they should be treated chemically, which
could be used for different applications (Jacques et al,
2002; Tabekh et al, 2012 and Tabeikh et al, 2013). WP
resins are characterized by: long life, low cost, low
maintenance, easy to handle, easy to recover and reuse,
etc. (APHA, 1960).

Yasuhito and Shigeo (2001) succeeded in converting
waste polystyrene from electrical appliances into a
polymer flocculent for treating some kinds of waste after
chemical modification. Bekri et al, (2008), Mohamed
(2016), Ehssan et al. (2018) studied the possibility of using
waste  polystyrene to remove water hardness.
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Sivasubramanian et al. (2012) deal with the application of
algal technology (Phytoremediation) to reduce total
hardness in waste waters and industrial effluents.

In this respect, the present study focuses on water
management through using low cost and waste materials
through recycling waste polystyrene into modifying
sulfonated waste polystyrene by using marine algae (Ulva
fasciata) embedded in SWPS. This treatment method can
reduce effectively the water hardness, Mg or Ca hardness
besides sulfate and phosphate from very hard water. This
work also aims to carry out performance evaluation studies
at different parameters namely; flow rates, resin dosages,
pH and temperature variations for sulfonated waste
polystyrene (SWPS) resin and modified sulfonated waste
polystyrene (MSWPS) resin to determine the optimum
removal efficiency.

Il. MATERIALS AND METHODS

2.1. Preparation of WPS Resin

White coffee cups and the food packing were crushed till
particles size (0.2 - 0.3) cm®. The method used for resin
preparation was according to Bekri (Bekri-Abbes et al,
2008). Five grams of dry material (WPS) and 100 mL of
95% H,SO,4 acid were poured in a flask and left under
agitation to react while temperature and time are varied.
Finally, the in used sulfuric acid was decanted and the
beads (SWPS) were washed with deionized water (6-7
times) and dried at 60°C for 2h. Then the beads (SWPS)
reacted with 1M NaCl solution for 2h to be neutralized and
convert H* to Na*. The degree of beads sulfonation
(SWPS) was estimated by titration through dissolving 0.3
g of SWPS in about 30 mL of a toluene/ methanol mixture
(90/10 v/v) (Bekri-Abbes et al, 2008). The solution of
SWPS was titrated against 0.02M NaOH dissolved in
methanol with phenolphthalein as indicator. The degree of
sulfonation was found (17%) using this equation:

Degree of sulfonation = [N.V/ ((w-81.N.V)/104)].100
Where: N; normality in (mole/L) and V; volume in (litters)
of sodium hydroxide methanol solution, w is the weight in
(9) of sulfonated polystyrene sample, 104 and 81 are the
molar mass of the styrene unit and —-SOsH groups;
respectively.

2.2. Collection and preparation of the marine Algae in
Nano-Scale

Ulva fasciata algae were collected from the Egyptian
Mediterranean Sea coast in front of Alexandria. The algae
were washed with fresh water followed by distilled water
in order to remove the salts, then dried for 5 days at a
shady place, followed by drying for 2 h in an oven at 70°'C
and milling to a powdery form. Five grams of the powder
was sonicated in 100 mL double distilled water for 2 h,
then micro filtered at mesh size (0.22um) to remove large
particles.

A simple sonication method was used to prepare the
Nano-extracts (Darvishi and Morsali 2010 and
Masoudzadeh et al, 2019) where the produced filtrate was
sonicated by (ultrasonic generator model: CREST
ULTRASONICS) for 5 hours, then centrifuged at 8,000
rpm for 15 minutes. By this centrifugation, it was seen that
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the extract was purified from a significant amount of
supernatants. The supernatant was collected and diluted
with a small amount of double distilled water to detect the
size of its particles by the Zetasizer Nano Instrument
(model: Malvern ZEN5600). The concentration of the
stock solution was determined using freeze-drying (model:
Labconco 3). The SWPS was immersed directly in the
supernatant nanoparticle aqueous solution extract (100
mg/L) without shaking for 2 h to obtain the modified resin
MSWPS.

2.3. Hard water preparation
Different types of hard water have been prepared:

most chemicals were obtained from Sigma Aldrich and
used without further purification unless specified.
2.3.1. The first hard water preparation used in (SWPS)
resin
Calcium and magnesium salt solutions of concentrations of
30, 50, 100, 150 and 200 mg/L were prepared by diluting
the initial calcium (Ca?*) and magnesium (Mg?") stock
solutions (prepared from CaCl, or MgCl; respectively) in a
liter of DW. Very hard water was prepared by dissolving 1
g of Ca Cl; and 1g of MgCl; in a liter of DW. The initial
and final Ca?* and Mg?* ion concentrations analysis were
performed using the EDTA method (Grasshoff 1999 and
Cash, 2008).
2.3.2. The second hard water preparation used in
(MSWPS) resin

Calcium chloride, magnesium chloride, Sodium sulfate
and sodium hydrogen phosphate were obtained from
Merck in analytical grade. To detect the removal efficiency
of MSWPS resin; four hard water samples were prepared
using deionized water (DW) were summarized in Table

).

Table 1: Samples preparations of different
concentrations of hard water and some
inorganic pollutants in a liter of DW.

Parameter | 1% 2nd 3 4t
conc. conc. conc. conc.
Camg/l 100 150 200 | 250
Mg mg/l 100 150 200 250
PO mg/l | 95 190 285 380
SO4%g/l 1 1.5 2 2.5

The concentration of phosphate or sulfate was
analyzed according to the methods described by Grasshoff
(1999) and Bather and Riley (1954). The total hardness
(T.H) analysis was measured using the EDTA titrimetric
method and calculated according to the equation of water
hardness (Cash, 2008), where:

Water total hardness (T.H); mg/L as CaCO3 = 2.497 [Ca;
mg/L] + 4.118 [Mg; mg/L].

The percentage removal of hardness was calculated using
the following relationships (Srivastava et al, 2008):
% Removal = C; - C¢/C; x 100
Where, C; and Cs are the initial and final hardness in mg/L
respectively.
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2.4. Experimental Setup

The experimental setup consisted of two columns of
a height of 15 cm and a diameter of 2 cm in which
sulphonated waste polystyrene (SWPS) and modified
sulphonated waste polystyrene (MSWPS) were performed
(Fig. 1). The column is closed with end caps at both ends
as in Fig. 1. The mesh was made at bottom in order to
avoid any column flow. SWPS beads of 5-6 mm in
diameter were used as packed media to study elution
efficiency. Hard water (HW) sample (1L) was pumped in
the column with a flow rate of (100 — 400) + 5 mL/min,
pH=45-115%0.3, T=20-35C £ 5°C and resin dose
of 1- 5.0 £ 0.1 g to find out the optimum condition for each
test. For SWPS, the HW samples were analyzed for Ca*?,
Mg*? and T.H, while for MSWPS the HW samples were
analyzed for Mg*, Ca*’, T.H, SO~ and PO to
determine the removal efficiency.

- Sample Tank

Heater Inles

Coulmn 1l
Coulmn i
15x 1 Cm

coutiet

Fig. 1. Schematic of Experimental Setup for column
studies

2.5. Characterization of Resin

The FTIR spectra for the KBr discs of the WPS,
SWPS and MSWPS were recorded using a Bruker Vertex
70 spectrophotometer with a spectral domain 400 — 4000,
4 cm™ resolution. Surface morphology analysis of
adsorbents before and after modification was characterized
by the SEM technique using QUANTA and FEG250.

I1l. RESULTS AND DISCUSSION

3.1. Characterization the average particles size of Nano
natural extracts of (Ulva fasciata) algae

The image in Fig. 3 (c) demonstrated uniform dispersion
of nanoparticles throughout the SWPS, with no evidence
of aggregation, which was only visible in this MSWPS
image. These results demonstrate that the SWPS surface
alteration was influenced by the modification process. As a
result, the MSWPS had a large surface area, which
improved the efficacy of hardness removal by increasing
the area of absorbents on the resin surface.

Using the ultrasonic radiation method in the preparation of
nanomaterials is a low-cost, high-efficiency technology
that does not require high temperatures or pressure. In
addition, it can be applied widely in industrial applications
due to its low cost and environmentally friendly nature
(Zhan et al, 1999).
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Furthermore, the average particle size of the nano-
extract of Ulva fasciata algae is 86.78 nm according to this
study’s dynamic light scattering analysis (Fig. 2).

Intensity (Percent) Size Distribution by Intensity
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Fig. 2: The average size of Ulva fasciata algae
particles in water extract

3.2. SEM Analysis
The surface morphology of the WPS, SWPS and

MSWPS was examined by using a scanning electron
microscope as shown in Fig. 3 (a, b, ¢). The (WPS) has a
highly smooth and shiny surface with almost no holes. The
SWPS surface was porous with many voids and holes due
to the sulfonation of WPS. The surface of SWPS was still
smooth despite the presence of a few large blocks. The
surface appeared to be rougher, fractured with random
small pores after treatment with nano extract of marine
algae (Ulva fasciata), as illustrated in Fig. 3.

Fig. 3: SEM of: (a) (WPS); (b) (SWPS); (c) MSWPS)

The image in Fig. 3 (c) demonstrated uniform dispersion
of nanoparticles throughout the SWPS, with no evidence
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of aggregation, which was only visible in this MSWPS
image. These results demonstrate that the SWPS surface
alteration was influenced by the modification process. As a
result, the MSWPS had a large surface area, which
improved the efficacy of hardness removal by increasing
the reaction between the ions and resin.

3.3. FTIR Analysis
3.3.1. FTIR Analysis of Nano Extract (Ulva fasciata)

Fig. (4) shows the infrared spectra of nano extracted
signals. The hydroxyl group (O-H) in water has a
significant stretching band at 3337 cm™ due to the
presence of phenolic or alcohol groups, whereas the CN
stretching band at 2361 cm™ is due to the presence of the
nitrile group. The stretching band signals of C=C, C=0
and C=N appeared at 1637 cm™ for phenyl amide and
protein groups. The aromatic C-C stretching band
appeared at 1455 cm*. The C-O stretching group appeared
at 1277 cm™. The C-N stretching band of the aliphatic
amines appeared at 1058 cm™. The carboxylic acid’s O-H
signal appeared at 927 cm™. The alkyl halide group bands
of C-Cl stretching appeared at 849, 667, and 623 cm™ and
the aliphatic chloro group band appeared at 789 cm?
(Radhika and Mohaideen, 2015 and Arockia sahayaraj et
al, 2015).
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Fig. 4: FTIR Spectrum of Nano Extract (Ulva fasciata)

3.3.2. FTIR analysis of Resin From the FTIR
spectra of different WPS beads are shown in Fig. 5 (a, b,
c). The FTIR spectra of waste polystyrene (WPS) as
shown in Fig. 5a represents the following groups: OH"
stretching band (at 3354 cmt), C-H stretching vibration (at
3027 cm™), CHjy stretching vibration (at 2917 cm™), C=C
stretching band (at 1645 cm™), aromatic ring (at 1487 cm-
1), CH, + C=C stretching band (at 1445 cm™), C-O-C
stretching band (at 1082 cm™). The characteristic infrared
absorbance of sulfonated polystyrene was studied by
(Martins et al, 2003). In Fig. 5b, the FTIR spectra of
SWPS are observed at (3420), (1324, 1078), and (1027,
572) cmt, which can be attributed to the vibration of the
OH in SOsH and to the SO; asymmetric stretching, SO3
symmetric stretching, and C-S in the R-SOsH group,
respectively. The SOsH groups symmetric stretching
vibration at 1127cm™ indicate a sulfonate anion attached
to a phenyl ring. This is in good agreement with the result
reported by Bekri-Abbes (Bekri-Abbes et al, 2006) who
observed the same peak at 1129 cm™ and Mahmoud et al,
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who found it at 1128 cm™* (Mahmoud et al, 2006). The
spectrum of modified sulfonated waste polystyrene
(MSWPS), Fig. 5¢, shows new absorption bands at 1506,
1228, 1178, and 1096. They were assigned to the
stretching of the C=0, S=0, C-0O-H, and C-O-C groups,
respectively. Shift in absorption peaks were evinced on
inoculation of MSWPS from 3348 cm™ to 3195 cm, 2917
cm*to 2923 cm*and 2110 cm! to 2149 cm.
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Fig. 5: FTIR Spectrum of: a- WPS, b - SWPS, c-
MSWPS

3.4._Column Studies

The column studies were carried out to know the
treatability of water in terms of total hardness, Ca®* and
Mg?* ions removal efficiency using SWPS and MSWPS
beads as packed media by the mechanism of ion exchange,
where calcium and magnesium ions were replaced with
non-hardness ions, typically sodium ions.

3.4.1. Column | (SWPS) applications in hard water
samples

Column I (SWPS) studies were carried out to test the
ability of using SWPS to reduce the hardness of HW. The
treatability of samples (1L) is measured in terms of
concentration of Ca?* or Mg?* (30-50mg/L) and T.H (198-
1323 mgCaCOs/L). For each concentration, triplet time
preparations were carried out. Fig. 6 (a, b, ¢, d) illustrates
the removal efficiency of SWPS as a packed medium.

3.4.1.1. The effect of flow rate (ml/min) on the % removal
of calcium, magnesium ions concentrations and T. H.
from synthetic hard water

The effect of flow velocity on Ca?*, Mg? ions
concentrations and total hardness removal by SWPS resin
was investigated by changing the flow rate from 100 to
400 (ml/min). The initial concentrations of Ca?*, Mg?* ions
and total hardness were 150, 150 mg/L and 540
CaCOsmgl/L; respectively. The pH was fixed at (4.5) and
the resin dose was fixed at (5.0) g. It was observed that the
removal efficiency of Ca?*, Mg?* and T.H were increasing
with a decrease in the flow rate as shown in (Fig. 6a).
These results can be interpreted as follows: at a slow flow
rate, the aqueous solution will have enough constant time
to exchange between metal ions and ion exchange resins,
resulting in an increase in the amount of ions retained on
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the ion exchanger surface. Anh et al, (2020) obtained the
same findings that when the flow rate decreased, the initial
concentration, and the mass of sulfonated polystyrene
increased, the adsorption capacity was observed to
increase through their study by investigating the feasibility
of sulfonating polystyrene waste by using sulfuric acid to
form sulfonated functional groups on the polystyrene
matrix then used for heavy metal removal from
wastewater.

3.4.1.2. The effect of resin dosage (g)

The removal amounts are shown in Fig. 6. The
removal amount of calcium, magnesium and total hardness
from synthetic hard water prepared in triplicate was
investigated in relation to the resin dose that was between
1 and 5g under experimental conditions when Ca?* or Mg?*
concentrations were at 150 mg/L, T = 25° + 0.5C and pH
of the solution was adjusted at (7.5 + 0.3). The removal
efficiency of calcium, magnesium, and total hardness
increases as the amount of resin is increased, as shown in
Fig. 6 (b). The amount of resin used is a crucial factor in
determining the calcium and magnesium ions guantitative
uptake as well as total hardness. This could be explained
by the fact that when the resin amount increases, it causes
a great ion exchange sites to replace earth alkaline metals
of a fixed initial concentration of calcium and magnesium
in the solution of hard water and total hardness (Mahmoud
etal, 2015).

The effect of various doses of resin from 1 gto 5 g
was studied. From Fig. 6 (b), it was found that with an
increase in resin dosage from 1 to 5 ¢, the removal
capacity increased due to the active site increase on the
surfaces of the resin, as discussed by Mahmoud et al,
(2016).

3.4.1.3. The effect of varying temperature (°C)

The removal percentage of Ca, Mg ions and total
hardness samples at different temperatures are shown in
Fig. 6 (c). The maximum removal capacity of Ca?*, Mg?
and total hardness obtained from samples were found at
pH= 11.5 £ 0.5, flow rate=100 = 10 ml/min, resin dose =
5.0 £ 0.1 g, Ca, Mg and total hardness concentrations were
150 mg/L, 150 mg/L and 540 mg CaCOs /L; respectively.
As the temperature of the reaction increased from 20°C to
35°C, the removal capacity for calcium ions, magnesium
ions, as well as total hardness increased (Fig. 6 (c)). As the
temperature rises, the energy levels of the molecules
participating in the reaction rise, increasing the rate of the
reaction. According to Mohammad et al, 2013, this shows
that the process is endothermic.

3.4.1.4. The effect of pH

The variation in hydrogen ion concentration affects
the number of metal ions binding sites on the adsorbent
surface. The initial pH of the hard water solution was
controlled with a pH meter by adding hydrochloric acid or
sodium hydroxide solutions. The temperature, the flow rate
and resin dosage were kept constant in this experiment at
25 + 0.5°C, 100 £ 10 ml/min for 1L and 5.0 £ 0.1g. The
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effect of different pH values (4.5, 7.5, and 11.5) on the
removal of calcium and magnesium ions from synthetic
hard water solution and total hardness is shown in Fig. 6
(d). Because there is an abundance of hydrogen ions in
solution, the values of the metal ions adsorption capacity
rise with increasing the solution pH, as the adsorption of
magnesium ions and total hardness values are higher in
basic media than in acidic media (Maicaneanu et al, 2014).

For various concentrations of total hardness, it is
evident that as the concentration of the solution increases,
total hardness removal decreases, with the best removal
observed in the basic medium (Fig. 6 (d)).

/A % Removal of Ca by SWPS d
/| %:Removal of Mgz by SWPS
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Fig. 6: Effect of varying: (a) flow rate, (b) resin dosage, (c)
temperature and (d) pH on the ability to remove Ca, Mg
ions and T.H for SWPS

Finally, it can be seen from Fig. 6 (a, b, c, d) that the
optimum condition for removal capacity of Ca?*, Mg?* and
T.H was at a dose 5.0 £ 0.1g, flow rate of 100 mL/min for
1L, a temperature of 35 + 0.5°C and a pH of 11.5 £ 03.
3.4.2. An application on using (SWPS) for the removal
hardness in natural water conditions
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Given that changing the pH and the temperature of
the hard water to be treated will raise the treatment cost,
therefore it was decided in this research to change the
optimum state for the treatment of water hardness under
natural water conditions to be; temperature = 25°C and pH
= 7.5 as shown in Fig. 7 (a, b). For the preparation of hard
water, the concentrations of calcium, magnesium ions and
T.H were (30, 50, 100, 150, 200) mg/L of Ca?* or Mg?*
and (198, 330, 661, 992, 1323 CaCO; mg/l) for T.H,
respectively. The ability to remove Ca, Mg and T.H using
SWPS varies from 200 to 68 mg/L for Ca ions, from 200
to 77 mg/l for Mg ions and from 1323 to 251mgCaCOs/L
for total hardness. The behavior of SWPS resin for calcium
and magnesium ions sorption in solution is shown in Fig. 7
(a, b). SWPS select calcium more than magnesium, and its
exchange capacity for calcium is larger.

SS E%* Removal of ... m|
— BE -
g 86 -
£ 84 -
82
g% 80 -
78
76
198 330 661 1323
T.H CaCOs(mgL)
100 -
W % Removal of Ca d
oy -
E 20 O % Removal of Mg
E 70
e h
S0
100
mnc.lmglrll

Fig. 7: Ability of removal of ions: (a) calcium, magnesium
ions and (b) TH for SWPS at natural water conditions.

3.4.3. Column Il (MSWPS) applications for hardness
and Some Inorganic Pollutants water samples

Column Il (MSWPS) resin studies the removal of
Ca?*, Mg?*, SO4%, PO* ions and T.H from synthetic hard
water samples at a dose of 5.0 + 0.1g, flow rate 100
mL/min, temperature of 25 + 0.5°C and pH 7.5+0.3.
Parameter concentrations and the removal % were
measured at triple times. Table (2) shows that the MSWPS
resin which had nano extract of marine algae (Ulva
fasciata) improved the removal efficiency for Ca?*, Mg?*,
S04%, PO4* and Total Hardness. The same results were
obtained by Tadros et al, (2019). The increased surface
area of the cation exchange resulted in an improvement in
the hardness treatment performance, which improved the
removal efficiency of the investigated parameters.
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Table 2: Removal efficiency for Ca?*, Mg?*, SO4%, POs
% and T.H using MSWPS

Paramet | Con | St. Con |[St.D | % St.
er C. Dv C. V. Rem | D
befo | +. after oval | vx

re treat

treat ment

ment

Ca? 100 | 058 | 5.6 0.05 [ 944 | 0.3
(mg/L) 0 5
150 | 045 |13 0.08 {913 | 0.3
3 8
200 |.0.30 | 23 0.16 | 885 | 0.3
0 2
250 | 0.15 |45 0.05 |82.0 | 0.3
0 0
Mg?* 100 | 056 |13 0.06 |87.0 | 0.2
(mg/L) 0 1
150 | 0.50 | 26 0.05 | 826 | 0.2
6 0
200 | 0.3+ | 39 0.24 | 805 |04
6 0 0
250 | 0.21 | 67 0.07 | 73.2 | 0.2
0 5
PO 50 0.12 | 5.60 | 0.09 |88.8 | 0.3
(mg/L) 0 1
95 0.20 | 16 0.29 | 831 |08
6 2
150 (035 | 34 024 | 773 |04
3 7
200 | 0.10 | 89 0.52 | 555 | 0.2
0 5
SO4* 0.50 | 0.02 |0.13 [0.02 |74.0 | 0.2
(g/L) 0 7
100 {001 [0.36 [0.01 |64.0 | 0.2
0 0
150 {002 |0.71 [0.01 |526 |0.3
7 6
2,00 | 0.01 |1.05 | 002 |475 |01
0 0
TH 660 | 0.23 | 60.4 | 0.36 |90.8 | 0.6
(mgCa 5 1
COs/L) | 992 |0.17 | 113 | 055 |88.6 | 0.2
0 9
1323 { 0.12 | 198. | 0.26 | 85.0 | 0.5
. 5 0 2
1654 | 0.05 | 365 | 052 |78.0 | 05
0 5

After adding nano marine algae extract (Ulva
fasciata) to the (SWPS), the removal efficiency increased
for prepared water hardness (1323 mgCaCOa/L), Ca®*,
Mg?* ions (200mg/l) from (80% to 85%), (66% to 88.5%)
and (61.6 to 80.5%) respectively; beside removal of SO42
(1.5 g/l) up t052.7%, and PO43 (150 mg/l) up to 77.3%..
The marine environment is incomparable reservoirs of
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bioactive so this new function groups which is absorbed on
MSWPS is a result of the addition of a nano marine algae
extract (Ulva fasciata) as described by Zbakh et al.,
(2012).

3.5. The mechanism of water hardness removal

The mechanism of the ion exchange reaction is as follows:

~A Yy 71
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The SWPS cationic resin has a cross linked
polystyrene with divinylbenzene and contains sulfonic
type functional groups. The Ca (ll) retention from the
samples that were used in the experiment in contact with
the resin occurs through mechanisms that do not involve
new chemical reactions, but only ion exchange reactions
with the participation of the functional groups, which
result in a rearrangement of the surrounding water
molecules as a result of the ion exchange process. The
FTIR peaks associated with chemical bonding in this type
of material are well-known (Dean, 1995; Bekri-Abbes et
al, 2008; Singare et al, 2011) and the same observations
were made by (Liliana et al, (2014).

A schematic diagram shows that the surface area of
SWPS resin is bigger than that of WPS and sodium ions on
its surface could be substituted easily by calcium or
magnesium ions. The MSWPS showed the biggest surface
area, allowing for greater Na* ion replacement by Ca?* or
Mg?* ions (Fig. 8).
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Fig. 8: The mechanism of hardness removal using

MSWPS
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IV. CONCLUSIONS

[1 Sulfonation and the addition of a nano extract of
marine algae (Ulva fasciata) improved the WPS in
this study, which will be applied to investigate the
capability of sulfonated or modified recycled
polymers made from waste products.

[0 The optimum conditions for the removal of Ca?,
Mg?* and T.H. concentrations by using (SWPS) or
(MSWPS) were found to be at temp. = 35°C, flow rate
=100 mL/min, pH = 11.5 and resin dose = 5.0g.

[1 The SWPS was efficient in reducing Ca?*, Mg?* ions
and T.H concentrations to below the permitted limits,
which is necessary to meet drinking water quality
standards at temp. = 25°C, flow rate = 100 mL/min,
pH = 7.5 and resin dose = 5.0g.

[J The greatest removal effectiveness for calcium,
magnesium, and T.H was 80 percent, 75 percent, and
89 percent, respectively, for various samples treated
with SWPS under optimal circumstances.

[1 After adding nano marine algae extract (Ulva fasciata)
to the (SWPS), The removal efficiency of prepared
water hardness increased from 80% to 85%,66% to
88% ,61.6 to 80.5% for T.H..Ca and Mg respectively;
beside removal of SO42 (1.5 g/l) up to 52.7%, and
PO, (150 mg/l) up to 77.3%.

[1  The surface of SWPS treated with nano marine algae
extract (Ulva fasciata) appeared to be rougher and
contained smaller random pores, indicating that the
MSWPS had a large surface area to increase the
contact between the ions and the resin, improving the
efficiency of hardness removal.
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