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Abstract

Sodium Sulphonated Polystyrene Resin and Moringa Seed Powder were used to soften hard water. Polystyrene sulphonation was
investigated across a range of periods, including 1, 2, 3, 4, and 6 hours. At the 4-hour intervals, there was a significant amount of
sulphonation (24.5%). At a 4 hour interval, the cation exchange capacity was 1.6 meg/g. At 4 hours, there was a significant degree of
edema that was 411%. Through the use of experimental testing, the effects of adsorbent dose, pH, contact duration, metal ion
concentrations, and temperature on adsorption effectiveness were investigated. The highest equilibrium absorption of Ca?* and Mg?* by
the adsorbent was 92.5% at the optimal pH of 7, contact period of 150 minutes, and temperature of 25°C 0.5 +°C. Fourier transform
infrared (FTIR), thermo gravimetric analysis (TGA), and X-ray powder diffraction were used to establish the composite's structural
integrity (XRD). Several isotherm models were used to analyze equilibrium adsorption; the Freundlich isotherm with R2=0. 9712 was
found to be the most favorable one. According to the Dubinin-Radushkrvich isotherm, which had an E value of 31.6 kJ/mol, the adsorption
was verified to be caused by physisorption. Redlinch Peterson's B=0.4 result also provided support for the multilayer adsorption.
Additionally, supporting multilayer adsorption was the Halsey isotherm, with R? = 0.9596. R?=0.9406 revealed that the kinetic model
was of the first order. The fact that the graph did not pass through the origin indicates that the intra particle diffusion and other kinetic
processes were to blame. The reaction was endothermic because H=8.041KJ/mol, according to studies on thermodynamics.. The fact
that H was less than 40 kJ/mol further reinforced the idea that the mechanism was physisorption. The results show an improvement in
the level of freedom of adsorbed species. It shows that the proportion of adsorption rises with temperature. The fact that the Gibbs free
energy is negative indicates that the adsorption process is thermodynamically possible, and the degree of spontaneous increase with
temperature. Titration and Flame Atomic Absorption Spectrometry (FAAS) techniques, respectively, revealed that the total water
hardness before adsorption was 1080 mg/l and 1272 mg/l. Using the titration and FAAS methods, it was determined that the
concentration after adsorption was 216 mg/l and 400 mg/I, respectively. This might reduce water hardness by 78% to 80%. The amount of
total chlorides was determined to be 313.11 mg/I prior to adsorption and 0 mg/l following adsorption, suggesting that all chlorides were
eliminated from the water.

Keywords, Sodium, Sulphonated, Polystyrene resin, lon exchange capacity
1. Introduction

Groundwater has become a crucial resource for residential supplies. 20-40% of the world's drinking water comes from groundwater
(Margat, 2013). According to UNICEF (2012), groundwater contributes to around 63.1% of the water consumed in metropolitan areas.
Disease outbreaks were mostly brought on by the usage of subsurface water, according to (Gleick, 2003) and (Soren, 2011). Rao (2004)
and Foster (2010) claim that a country's inability to offer enough clean water to its citizens as a result of the increasing consumption of
subsurface water. Van Der Hoven (2004) and Schot (2012) reviews found that pollution causes temporary quality decline in urban ground
water. According to Plonke (1985) and Lerner (2009), the dynamic interaction of several legal and illegal land uses with rainfall, runoff,
and the process of ground water recharge results in ground water contamination. All water samples tested from Gweru boreholes,
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according to study by (Mukanga, 2016), showed total water hardness levels that were greater than recommended.
Table 1: Ground water total hardness classes in Gweru City

Total water hardness Class Borehole location
0-75 Soft None
75-150 Moderately hard Mkoba Il, Riverside
150-300 Hard Mkobal9,20 and Lundi Park
> Very hard Senga, Mambo, Mkoba 13 andNashville

The felsite and porphyries, which are naturally occurring rocks rich in magnesium, calcium, sodium, and potassium, are the cause of the
hardness of the water. Water hardness is caused by the weathering of the metal ions Mg?* and Ca?* from the rocks. According to UNICEF
(2012), 1 in 8 people lack access to clean drinking water, and a sizable portiondrink hard water. In 2013, Tamrakar and Shakya provided
evidence that Ca?* and Mg?* contamination of ground water in numerous locations of Nepal contributes to the high degree of water
hardness. Out of 270 water samples, 60, 20 and 10% of the samples from wells, streams, and springs, respectively, exhibited hardness
levels over 180 mg/l (Tamrakar, 2013). In Kathmandu, water samples from wells were analyzed for water hardness, and it was
discovered that 50% of the samples had water hardness more than 180 mg/l. The Kathmandu Valley's groundwater has a hardness level of
up to 800 mg/l, according to Pant (2011). Hard water affects all household tasks, including laundry, bathing, and dishwashing, by
reducing the cleaning power of soap. According to (Suzuki, 2002). It has been found that the heating of hard water causes the formation
of lime scale deposits. Due to the obvious precipitates they leave behind, such as salts or insoluble soaps, these deposits can cause
problems with the operation of water-using appliances. Suzuki (2002) examined the idea that water hardness also contributes to the
buildup of scale in hot water lines, requiring routine pipe replacement. Water pumps' effectiveness and performance may suffer as a
result of scale buildup. Precipitation formation may result in a reduction in the boiler's ability to transmit heat, a slowing of fluid flow,
water pipeline breaches, and the development of stains on dishes and clothing. A high magnesium content in drinking water may cause a
bitter taste (Dimirkou, 2008). The use of Sodium Sulphonated Polystrene resin-Moringa seed Powder (NaSPR-MSP) composite will
address the financial problem of importing resin for water treatment. because moringa seeds and unwanted polystyrene products are
recycled to become useful materials rather than being discharged into the environment. Moringa seed powder is useless for humans in
terms of food and medication. . The only oil utilized for cooking and lighting is that which is extracted from Moringa seeds. The Council
for Scientific and Industrial Research claims that the oil may also be used in cosmetics, but that it is useless for softening or treating water.
This opens up the possibility of using moringa seed powder for water purification. This study will make use of the waste polystyrene,
which is contaminating the environment and causing Zimbabwe problems. There are now restrictions on the use of polystyrene in food
applications, and there are limitations on the potential uses of recycled polystyrene, which can only be used for packaging, insulation,
floating billets or boards, future, and drainage tiles. The creation of a complex combination of polyaromatic hydrocarbons (PAHS)
during the incineration of waste polystyrene, especially at low temperatures, has drawn criticism (800 - 9000C). When breathed, PAHs
have been shown to cause genotoxicity and carcinogenicity (Durlak S, 1998).

According to Hocking, the adoption of paper packaging as a substitute for polystyrene in packaging has helped most nations, including
the USA, reduce the threats to the public's health posed by PAHs. The usage of Styrofoam, commonly known as polystyrene, is
prohibited in several nations, including Zimbabwe, the USA, and India, as part of their certification requirements. Before 2007, Taiwan
forbade the use of polystyrene foam in restaurant service (Quan, June 13 2006).

2. Material and Methodology
2.1 Sampling

Waste polystyrene plastics were sampled from residential bins in Cowdray Park, municipal trash sites, and the sides of the road.
Sampling was done based on discretion.
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2.2 Cleaning of waste Polystyrene material

The plastics were washed with distilled water and detergent after being torn into smaller pierces. With new distilled water and detergent
solution, the process was carried again four more times. They were cleaned, washed with distilled water, and then dried in an oven at 60°C
for 30 minutes, or until they were completely dry. Clean polythene plastic bags were used to package the cleaned plastics in order to
prevent contamination pending further inspection.

2.3 Synthesis of waste polystyrene resin (WPS)

A 500 ml beaker containing 15 grams of discarded polystyrene plastics was filled first, and then 300 ml of 98% concentrated sulfuric
acid was added. WPS were allowed to react at room temperature for six hours. After that, the slurry was six times rinsed in 250 ml of
distilled water and filtered using a filter funnel. To guarantee that resin was removed, the pH paper was used to test the amount of acidity
that was still present in washing water. Following a 2- hour reaction with a 1M NaCl solution, the resin underwent a 30-minute drying
process at 60°C.

2.4 Preparation of Moringa seed powder

The powder was made by employing the Soxhlet method to extract the oil from the moringa seed. The extraction thimble held 20 grams
of powdered seed. 340 cc of the solvent hexane were placed in a flask with a circular bottom. A heater was used to heat the solvent; it
was activated when the solvent reached boiling point. The oil was eliminated within 45 minutes. The procedure was carried out four times
to obtain a sample of 100 grams of Moringa seed powder, which was then taken out of the thimble, washed with distilled water, and
allowed to dry for a whole night at 50°C inthe oven.

2.5 Characterization

FTIR, XRD, and TGA were used to characterize synthetic polystyrene resin, Moringa seed powder, and a mixture of the two. FTIR,
XRD, and TGA were also used to analyze the composite before and after adsorption

2.6 Preparation of synthetic hard water

In 1000 ml of distilled water, magnesium chloride (1.0079 g) and calcium chloride (1.0056 g) were dissolved while being agitated with a
magnetic stirrer. The solution was then filtered using two layers of filter paper.

2.7 Total hardness determination

Titration of prepared hard water with a 0.00991M EDTA solution was used to calculate total hardness. A volumetric flask that was empty
was filled with 25 ml of prepared hard water. Following this, 2ml of ammonium buffer and a few drops of Eriochrome black T were
added, causing the solution to become red. Once blue color was seen, indicating the end point, the solution was then titrated with
0.00991M EDTA. The same procedure was used three times, recording the starting and ending volume values on a table of values. The
average volume was used to determine thetotal hardness.

2.8 Water hardness removal

A composite resin made of Moring and Polystyrene in various weight ratios was prepared to test the removal of water hardness. Moringa
and sodium polystyrene resin of ratio 3: 1 respectively, moringa and sodium polystyrene resin of ratiol: 3 respectively, moringa and
sodium polystyrene resin of ratio 1:1, moringa and sodium polystyrene resin were prepared, and each was then added into plastic
containers each containing 100ml of hard water with a concentration of 1126 mg/I. It took 150 minutes to shake the solution. Following
filtration, the overall hardness of the solution was calculated. The previously manufactured hard water was then utilized to create hard
water in various concentrations, including 10 mg/l, 20 mg/l, 50 mg/ml, 100 mg/I, 150 mg/l, and 200 mg/l, each of which was created by
diluting the previously made hard water by 1126 mg/I.

2.9 Optimization studies
2.9.1 The effect of Time

The impact of time was assessed by treating 100 ml samples of hard water with a concentration of 150 mg/l with a composite of
Moringa and sodium Polystrene resin for a duration of 30, 60, 90, 120, 150, 180, and 210 minutes, respectively, using masses of 5.0056g,
5.0074g, 5.0067¢g, 5.00989, 5.00569, 5.0032g, and 5.0024g. Utilizing a 0.00991M EDTA solution, the solution was filtered and titrated.

2.9.2 The effect of pH

Water hardness of 150 mg/l, room temperature, 90 minutes of contact time, and a constant mass of around 5 g were used to analyze the
impact of pH on hardness removal. Hard water sample were treated with composite polystyrene resin and Moringa. pH levels 2, 5, 7, 9,
and 12 were used to treat the samples of hard water. A titration procedure wasused to determine the solution's ultimate concentration after
it had been filtered.
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2.9.3 The effect of concentration

A total of 1126 mg/I of hard water was diluted to create hard water concentrations of 10, 20, 50, 100, 150, and 200 mg/l. Around 5 g of
composite Moringa and polystyrene were used to treat 100 ml of each concentration in a room- temperature environment with a pH of
around 5.

2.9.4 The effect of temperature

The effect of temperature on hardness removal was determined by using pH around 5 water hardness of 150 mg/l and contact time of 90
minutes and a constant mass of around 5 g. The composite polystyrene resin and moringa were added to hard water samples. The hard
water samples were treated at temperature of 20°C, 30°C, 40°C, 50°C and 60°C. The solution were then filtered and final concentration was
determined using titration method.

2.9.5 Adsorption equilibrium models

In order to achieve equilibrium, 5 g of Moringa and modified polystyrene were added to a 250 ml conical flask that contained 100 ml of
hard water with a concentration of 150 mg/l. To ensure that the greatest amount of sorption was attained, the mixture was shaken at 200
rpm for 120 minutes at 25°C.When describing the adsorption equilibrium, Langmuir, Freundlich, and Temkin isotherms were used to
identify the mechanism for the simultaneous elimination of hardness.

2.9.6 Kinetics modeling

It was possible to study the kinetic adsorption of hard water ions on a composite of Moringa and Modified polystyrene adsorbents by
adding 5 g of adsorbent into a 250 ml conical flask containing 150 mg/I of hard water, adjusting the pHto 7, and shaking at 200 rpm for
intervals of 30, 60, 90, 120, 150, 180, and 210 minutes. The adsorption kinetics were examined using models of pseudo-first and pseudo-
second order.

2.9.7 Thermodynamic parameters for adsorption

The graph of Arrhenius was plotted using ! against In-(kl). The vaIueTs of AH and AS were determined from the slope
and intercept of the linear plot of 1 against In(kl).Calculation of In (kl) was done using the equation In(kl) =9¢ in —

T ce

which In(KI1) is related to Arrhenius plot which is shown by the equation In(Kd)=45 — AH.The_sIope_was determined

using the equation: Slope=— M and intercept =45.In all equations. R is the universal gas constant (8.314 J/K/mol)
R R

2.10 Application of Composite in removal of water hardness removal from borehole

A sample of 100 ml of hard water was mixed with the composite, which has a mass of 5.0025 g. The pH of the solutionwas 7 after 150
minutes of shaking the sample at room temperature. The solution was then filtered, and the filtrate was diluted to a level of 100 ml in a
volumetric flask before being titrated with EDTA

2.10.1 Preparation of Standard for FAAS analysis
2.10.2 Calcium determination

A volumetric flask was used to dissolve 0.0009375 g of CaCl,.2H,0 into 100 ml of distilled water to create the standard solution, which
has a 20 ppm concentration for calcium measurement. Using C1V1=C,V>, the standard solution of 0, 4, 8, and 20 ppm was created from
stock solution.

A volumetric flask was used to dissolve 0.0009806 g of MgCl,.6H20 into 100 ml of distilled water to create the standard solution,
which has a concentration of 20 ppm for measuring Mg. Using C1V1=C,V,, the standard solution of 0, 2, 4, 6, 8 and 10 ppm was created
from stock solution. Using FAAS, the produced standard solution was evaluated, and a calibration curve was made using concentration
and absorbance. The absorbance of a borehole sampleof unknown water and a sample of artificial water were then calculated.

2.10.2 Chloride determination

In order to make silver nitrate solution, 0.425 g was dissolved in a volumetric flask with a 1000 ml capacity. By adding 25 ml of borehole
water and a few drops of potassium dichromate to a conical flask, chlorides were then measured. Silver nitrate solution was used to
titrate the solution until a brick-red precipitate was produced. The following equation was used to determine the chloride concentration:

lCl gﬁg) _ (VAgxNAgxAR C)x100 (3_10)

VAg= volume of silver nitrate usedNAg=Normality of AQNO3z VVW=volume of water sample used
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3. Results and Discussion
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Figure 1: Sulphonation
3.2 Sulphonation of polystyrene.

Sulphonation reaction is categorized as aromatic electrophilic substitution reaction. The aim being to substitute H atoms with SOsH
group by chemical bonds on the carbon atoms as shown above. The presence of the sulphonic group causes the polystyrene to have a
charged group that can deliver proton. The sulphonation reaction in the polystyrene can occur in ortho and para position to the alky
chain. However the substitution reaction is easier to occur in the paradue to steric hindrance of the ortho position (Mulijani.S, 2014). The
sulphonation reaction at the para position can beseen in the figure 1 above.

3.3 Characterization of Adsorbent using FTIR
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FTIR OF SODIUM SULPHONATED
POLYSTYRENE AND MORINGA SEED
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Figure 2: FTIR for Sodium sulphonated polystyrene Resin and Moringa seed powder
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Figure 3: FTIR for Composite of Sodium sulphonated Polystyrene Resin and Moringa Seed Powder before and afteradsorption.

The FTIR for sodium sulphonated polystyrene resin showed peaks at 3427.42 cm™ for OH, 1639,78 cm™ for C=C stretching of aromatic
ring. The peak at 1108,95 cm™ was for O=S=0 in the benzene ring. The FTIR for Moringa seeds powder showed peaks at 3474.90 for
OH or N-H group and 1641,97 for C=0 group. The composite of NaSPR- MSP before and after adsorption showed new peaks at around
1543.89, 1449.64, 1236.22, 1060.58, 1110.44, 799.74 and 625.86. According to (Bozkurt.A, 2005) The FTIR peaks of composites of
NaSP and MSP before and after adsorption shows bands at 3349.00 and 3404.31 respectively this band indicate OH or NH functional
group. The absorbing band of in the range 2854-2962 cm™ exhibits vibrational bonds of aliphatic ring. The peak at 1673.40 and 1656.53
indicate C=0 group or C=C bonds in aromatic ring. The band located at 1543.49 cm™ is due to the benzene ring stretching. The peaks
ranging between 1000 and 1300 cm™ correspond to C-O (ketone). The peaks close to 1060.58 cm™ close to 1058.92 represent C-O
cellulose and that at 1236.221 may correspond to C-O-C (cellulose and hemicellulose. The spectra of composite exhibited the characteristic
bands at 625.85-799.74 represents the mono substituted aromatic ring of composite (Bozkurt.A, 2005).The decrease in sharpness of the
peak at 1640 and decrease
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of the broad peak at 3000 showed that the composite had adsorbed calcium and Magnesium ions .The decrease in the transmittance of the

composite after adsorption showed that Calcium and Magnesium ion cannot be detected by FTIR.

3.4 Characterization of Adsorbent using TGA

TGA of Sdium sulphonated Polysystrene
Resin and Moringa seed powder
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Figure 4: TGA for sodium sulphonated polystyrene and for Moringa seed powder
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Figure 5: TGA for composite of Sodium Sulphonated Polystyrene Resin and Moringa Seed Powder before and after adsorption

Thermo gravimetric analysis was used to characterize the decomposition stages and thermal stability of Moringa seeds powder, sodium
sulphonated polystyrene resin, and composite before and after adsorbent. As shown in Figure 4 the first weight loss for sodium

Sulphonated Polystyrene resin from temperature of 0°C to 100° C with 55% loss was due
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to evaporation of water. The second stage from temperature of 100 °C to 450 °C with 45 % was due to styrene degradation. The last
stage for decomposition was due degradation of sulphonic group from 450 °C to 575°C with 5

% loss. The mass loss curve of Moringa seeds powder in figure 4 shows three stages. The first stage from 0 °C to 100°C with 10%
weight loss was due to evaporation of water according to (Anwa, 2007). The second step from 100 °C to 325°C with 55 % weight loss
occurs due to the decomposition of organic matter mainly protein components, present in the Moringa seeds and the third stage which
occur from 325°C to 575°C may be due to decomposition of fatty acids for example oleic acid which has boiling points of 360°c and
gave weight loss of 20%.

In figure 5 the composite sure three sages for weight decomposition. The first decomposition occurs from 4 0°C to 100 °C with 20%
weight these was due to water evaporation. The second decomposition occurs from temperature of 100°C to 310°C this may be due to
decomposition of organic compounds and polystyrene and the last decomposition was due to sulphonic acid group and fatty acid group
which occurred from 310°C to 575° with 15% loss. The composite after adsorption shows a long temperature range of decomposition
from 20°C to 400°C with 40% loss this may due decomposition of Ca ions, Mg ions, and protein group. The third temperature range from
400°C to 450°C which has contribution of 45% may be due to decomposition of fatty acid group and the decomposition was due
decomposition of sulphonic group which occurred at a temperature range of 450°C to 575°C.

3.5 Characterisation of Adsorbent using XRD

PXrd for Sodium sulponated Polystyrene
1600
1400
1200
1000

800

PSD

600

400

200

0 20 40 60 80 100
Angle

-200

Figure 6: Xrd of Sodium sulphonated Polystyrene
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PXrd of Moringa
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Figure 7: Xrd for Moringa seed Powder
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Figure 9: XRD for composite after adsorption.

The XRD was used to determine the morphology of sodium sulphonated polystyrene resin, Moringa seeds powder, adsorbent of sodium
sulphonated polystyrene resin and Moringa seed powder before and after adsorption. The XRD diffractrogram of NaSPS in figure 6
shows peaks at 26 angle =22, 31, 33 and 68°. The shape peaks were due to Sodium chloride used modify sulphonated polystyrene resin.
This reduces the amorphous of sulphonated polystyrene resin and shows some crystallinity of NaSPS. In figure 7 the diffractogram of
Moringa seed powder showed a broad peak at 26=20° and the diffractogram shows that Moringa seed powder has amorphous structure.
The Xrd diffractogram ofcomposite adsorbent before adsorption showed narrow sharp peak at 26 =21° and broad peak at 20 = 35° The
structure showed that the composite has amorphous structure. After adsorption the composite showed a sharp peak at26 =21° and broad
peak at 26=30°. However the peak was sharper than that before adsorption and the broadness of the peak had reduced compared to that
before adsorption.

3.6 Comparing % water hardness removal using different Adsorbent

Where MP=composite of sulphonated polystyrene resin and moringa seed powder, M=Moringa seed powder and P=sodium sulphonated
polystyrene

resin

Comparing % water hardness removal

80
70
E
g 60
o 50
[a's
X 40
30
20
10
0
MP(1:1) MP(3:1) MP(1:3)
Adsorbant

Figure 9: Comparing % water hardness removal of adsorbent
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Hard water of 1126 ppm was first synthesized and different adsorbent were then used to determine their potential for removal

of hard water. The % removal were found to be 57% for MP (1:1), 46.4 % for MP (3:1) , 38% for MP (1:3) 38 % for M and 35 for P..
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Figure 10: Sulphonation of waste Polystyrene resin
Mechanism for synthesis of composite and water hardness removal

The Sulphonated polystyrene resin has crossed linked polystyrene with divinyl benzene and contains sulfonic type functional groups.
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Figure 11: Neutralisation of Sulphonates Polystyrene Resin

The sulphonated polystyrene resin was the neutralized by NaCl to produce NaSWPS which was then used for ion exchange with water
hardness cations.

H Hz> H
H,C—C—cCc—C
Adsorption
+ CaZ+
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Figure 12: Water hardness removal using Sulphonated Polystyrene.

The water hardness ions from the sample were removed with resin occurred through mechanism that do not involve new chemical
reactions but only ion excharge reactions with participation of the functional groups which results in a rearrangement of surrounding
water molecules as a result of ion exchange process. According to Dean and Bekri- Abbes et al the FTIR peaks associated with chemical
bonding in this type of material are well known and the same observations were made by (Lilian, 2014).
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Figure 12: Schematic diagram for composite of sodium sulphonated polystyrene resin and Moringa Seeds Powder for Ca?* and Mg *
removal

The schematic diagram shows that the surface area of combine Moringa and SWPS resin is higher than that of WPS. The sodium ions on
the surface could be substituted easily by calcium or magnesium ions. The combined resin of NaSWPS and MSP has smaller random
pores indicating that the composite has a large surface area to increase the contact between ions and improving the efficiency of water
hardness removal.

3.7 Adsorption Parameters of Sodium Sulphonated Polystyrene Resin and Moringa Seed Powder (NaSPR-MSP).3.7.1.Effects of Dosage

EFFECTS OF DOSAGE
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Figure 13: effects of dosage on composite NaSPR-MSP for water hardness removal

The amount of dose utilized was shown to increase the percentage of water hardness reduction. The amount adsorbed ranged from 0.5 to 8
g. using a dose of mass 8 +/- 0.1 g, the greatest removal percentage of 92.5% was noted. The percentage removal marginally increased
after the mass of 5 g, demonstrating that further adsorbent increase generates minimal further adsorption. Ca?* and Mg?* have access to
more adsorption sites when the adsorbent dose is greater. According to Sarma and Chakrabarty the maximum quantity of adsorption is
reached at a given dose of adsorbent, therefore the number of ions stays constant even after adding more adsorbent. This explains why a 5
g mass generated a very slight increase in elimination. An explanation for the observation is by overlapping of adsorption sites as a
results of overcrowding of adsorption particles.
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3.7.2 Effects of time on water hardness removal

Effects of Time
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Figure 14: Effect of time on water hardness removal using NaSPR-MSP

At intervals of 30 minutes, the impact of time was examined at a temperature of around 25 °C, with an initial concentration of 150 mg/I
and a pH of 7 0.5. By altering the time from 30 minutes to 210 minutes while holding the other parameters constant, the impact of
interaction time was explored. The correlation between contact time and the effectiveness of hardness reduction is shown in Fig. 30. The
finding shows that as contact duration grew, hardness ions were removed more effectively. The percentage removal was 88% at the
period of 210 minutes, which was the greatest percentage removal. Since there is a little rise after 150 minutes, the optimal period in this
study was determined to be 150 minutes. Within 150 minutes, the percentage hardness elimination had reached equilibrium. Further
extending the contact duration did not reveal any appreciable changes in the hardness of the water. The difference in the amount of
adsorption may be caused by the fact that at first, the solute concentration gradient was strong and all sites on the adsorbent surface were
unoccupied. It was discovered that the optimal condition is when the period of reaction is 150 minutes, where by extending the time of
reaction, reactants push to the right and the product yield rise. According to Liu et al. (2013), as the time grows, the capacity of water
hardness removal also increases. The greatest removal efficiency of Ca?* and Mg?* ions is shown in one of the experiments by
Farmanbordar et al. (2016). Occurred in a pH range of 11, between 50 and 95%, and under optimal circumstances. The reaction time was
15 minutes. According to Pujiastuti et al. (2016), a pH range above 9 and a removal capacity of 97% were used to determine the
influence of reaction duration on the percentage removal rate of Mg?*. This shows that Mg2+ forms homogenously under specific
circumstances and that nucleation occurs quickly. Additionally, it was noted that occasionally the reaction time exceeded 30 minutes
because, as stated by Wang et al. (2013), the elimination of Ca2+ ions requires a certain amount of time.30 minutes from waste. There are
several studies by Ashley et al 2009, Kurosaki 2003 and Jenkins 1998 in the past mentioned the varying reaction and in this study’s
optimum conditions was at timeof 120 minutes

The reaction of the exchange is as shown in equation:

2ReMa + CaCl, — 2ReCa + ZhaCl
(4.3)

3.7.3 Effects of Temperature on water hardness removal using composite of Sodium Sulphonated Polystyrene Resinand Moringa Seed
Powder.
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Effects of Temperature
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Figure 15: Effects of temperature on water hardness removal using composite of Sodium Sulphonated polystyrene Resin and Moringa
Seed Powder.

The effects of temperature on the hardness ions' ability to adhere to Moringa and modified polystyrene resin were investigated by
conducting experiments at various temperatures of 20 °C, 30, 40 °C, 50 °C, 60 °C, 70 °C, 80 °C, 90 °C, and 100 °C, as shown in Fig. 4.20.
It was found that when temperature rose, the percentage of hardness removed increased. It was shown that adsorption of hardness ions
increased somewhat as temperature rises.

This finding may be caused by the adsorbent swelling, which would then make more active sites available for the adsorption of hardness
ions (Sivakumar.V, 2014). Additionally, the latter discovery demonstrates that the endothermic nature of the hardness ion adsorption by
Moringa and modified sulphonated polystyrene resin. This is because water hardness adsorption rises with temperature, as shown by
(Mohammad et al 2013). The increase in removal efficiency with increase in temperature shows that the Ca?* and Mg?* is endothermic in
nature.

3.7.4 Effects of pH on water hardness removal using NaPSR-MSP
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Figure 16: Effects of pH on water hardness removal using composite of Sodium Sulphonated polystyrene Resin and Moringa seeds
Powder.

With increasing pH, more water hardness is removed on a percentage basis. 95 percent was the highest percentage for removing water
hardness at a pH of 11, according to Figure 4.21, which illustrated the impacts of various pH levels.
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The number of metal ion binding sites on the adsorbent surface is impacted by variations in hydrogen ions. By adding hydrochloric acid or
sodium hydroxide solutions, the initial pH of the hard water solution was managed with a pH meter. In this experiment, the temperature,
reaction duration, and resin dose were held constant. The hard water volume was 100 ml, and the adsorbent mass was 5 g. Figure 16
depicts the results of varying pH levels from (2 to 12). The pH of a solution is a crucial factor in the adsorption, as stated by
(Maicaneanu.A, 2014). According to the study's findings, the pH of the solution had a significant impact on the elimination of water
hardness ions. The reason for this is because changes in hydrogen ion concentration have an impact on the quantity of metal ion binding
sites on the adsorbent surface. At lower pH levels, hydrogen ions (H+) surround the adsorbent's surface. According to, the latter inhibits
hardness ions from adhering to the binding sites of the adsorbent by repulsion, and, the concentration of H+ decreases with increasing
pH (Maicaneanu.A, 2014).

The decrease in competition between positively charged Ca®* and Mg?* ions and hydroxonium ions HzO* at the surface of modified
sulphonated polystyrene resin and Moringa leaves may account for the improvement in hardness removal (22). Because of this, it is likely
that hardness ions (Ca?* and Mg?* ) will become significantly more adsorbent as pH rises. It is possible that the almost equal
concentration of HsO* and OH- ions in the bulk solution, which affects the polarity of the adsorbent and makes it almost too neutral to
adsorb additional ions, is the reason why the pH is practically constant between pH 5 and pH 9. The reason why the pH is practically
constant between pH 5 and pH 9 may be due to the nearly equal concentration of H3O+ and OH- ions in the bulk solution, which affects
the polarity ofthe adsorbent and makes it almost too neutral to adsorb additional ions. It is possible that the increased hydroxyl ion (OH-)
concentration in the solution, which raises the negativity of the adsorbents, is what caused the rise in ion adsorption from pH 9 to 12.The
pH of 12 produced the maximum water hardness reduction of 95%. Due to the necessity to elevate the pH of the water before softening
and lower it to neutral pH after softening, this pH does not appear to be both inexpensive and safe. Chemicals used to modify the pH of
the water have an adverse effect and lessen the water's safety. Furthermore, additional costs must be invested to purchase the chemicals
needed for pH correction. So it's crucial to think about softening at a neutral pH to provide safe water in an affordable and secure
manner. Using the data, it was determined that the percentage removal at neutral pH was 85% greater than the 65% Rolence recorded in
2014 using coconut shell.

3.7.5 Effects of Concentration on water hardness removal using NaSPR-MSP
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Figure 17: effects of concentration on water removal using composite of Sodium Sulphonated polystyrene Resin and Moringa seeds
Powder.

Water hardness that ranges from 10 to 200 mg/l at room temperature, with an optimum 150-minute time, an ideal pH of 7, and a
composite mass of 5g. According to the graph above, the percentage of removal decreased from 97% to 75% as the initial concentration
of water hardness increased from 10 to 200 mg/l. In solution water hardness ions
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would surround the built adsorbent's active site more often and at higher initial concentrations. The NaSPR-MPS composite's
equilibrium adsorption capacity grows with increasing water hardness ion concentrations, hastening the adsorption process (Ghorbani.F,
2008). Water hardness percentage decreases as beginning metal concentration increases. When the initial concentration is low, the ratio
of the initial number of water hardness ions to the active sites that are accessible therefore the higher removal efficiency of water
hardness ions is higher and at higher concentration, further residual of water hardness ions remain in the aqueous solution
(Radnia.H, 2012)

3.8 Adsorption Isotherms

Table 2: Parameter for linear adsorption isotherms

Isotherm Parameter Value
Langmuir Intercept 0.01107
Slope 0.02885
gmax(mg/1) 34.66205
KL 1
RL 0.019608
R? 0.9461
Freundlinch Intercept 1.1354
Slope 0.55426
1/n 0.55426
Kf 20.67283
R? 0.9712
Redlich-Peterson (R-P) Intercept -3.0288
Slope 0.44574
B 0.44574
A 20.67241
R? 0.9562
Halsey Intercept 28.00218
Slope 28.73944
K 0.35832
R? 0.9596
Dubinin -R Intercept 6.4688
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Slope -0.005
E 31.62278
R? 0.81308
Temkin Intercept 28.00218
Slope 28.73944
BT(J/mol) 28.73944
KT (mg/l) 2.649436
R2 0.94948

012 Adsorption for Langmuir Isotherm
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Figure 18: linear isotherm of Langmuir on water hardness removal using NaSPR-MPS.
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Figure 19: Freundlich linear isotherm on water hardness removal using NaSPR-MPS.

Plot for Temkin Adsorption Isotherm
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Figure 20: Temkin Linear isotherm on water hardness removal using NaSPR-MPS.

Dubinin-Raduskevich (D-R) linear isotherm Model
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Figure 21: Dubinin-Raduskevich (D-R) linear isotherm on water hardness removal using NaSPR-MPS.
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Redlich -Peterson (RP) isotherm Model
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Figure 22: Redlich-Peterson (RP) linear Isotherm on water hardness removal using NaSPR-MPS.

Halsey Linear Isotherm Model
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Figure 23: Halsey Linear isotherm on water hardness removal using NaSPR-MPS.

To create an equation that can be used to compare various adsorbents under various operational conditions and to plan and improve
operating procedures, it is important to have equilibrium data for the adsorption process. An equilibrium process and a rate process may
both be used to mathematically explain the mass transfer action known as adsorption. The amount of metal ions dissolved in the aqueous
phase and the amount that is bound to the adsorbent are at an equilibrium (Bayramoglu.G, 2003).Temkin, Freundlich, Langmuir,
Dubinin-Radushkevich, Hasley, and Redlich-Peterson (R-P) models were used to fit the experimental data to characterize the adsorption
process' equilibrium. The plots for the adsorption of water hardness on the adsorbent and the findings displayed in the table above have
been used to construct the constants of isotherm models as well as correlation coefficients (R2). With 5g of composite, a pH of 7 and a
contact period of 150 minutes, adsorption equilibrium in the concentration range of 10 mg/l to 200 mg/l was examined. By raising the
initial metal concentration in solution, the number of adsorbed ions steadily rises. After 150 mg/l of beginning concentration of water
hardness, the rise starts to become consistent. This tendency is likely brought on by greater concentrations of the composite material
saturating the adsorption site.

3.8.1 Langmuir isotherm

The Langmuir isotherm is perhaps the most used model, according to Dubinin (1997). The theory behind this modelimplies that the
adsorbate covers the whole surface of the adsorbent in a monolayer.
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The Linearized equation of Langmuir model is given as follows:

L N (4.4)

qge Kiqmax @ qmax

Where ge is the amount of metal ions adsorbed onto adsorbent, Ce is the equilibrium concentration of water hardnessin solution, gmax and
K. are Langmuir constants related to adsorption capacity and adsorption energy respectively.

The gmax Was calculated using the formula;

Omac =
Intercept
(4.5)
KL was calculated using the formula:
Kl = 1
slope % 04
(4.6)

RI was calculated using the formula

=] I
1+ G+ Kl

4.7

3.8.2 Freundlich Isotherm

Affinity for the heterogeneous surface is assumed by the Freundlich isotherm to be non-uniform. heat distribution by adsorption. On
heterogeneous locations, this model is utilized for multilayer adsorption (Freundlich.H, 1906). These are some ways that this model may
be portrayed.

log g, = logKe + :l_ logCe

(4.8)

where Krrepresents the adsorption capacity (mg/g) n is a constant related to adsorption intensity. Linear plot of log ge versus log Ce
shows the applicability of this isotherm for water hardness adsorption onto adsorbent.

3.8.3 Dubinin-Radushkevich (D-R) model.

This model is used, in accordance with Dubinin, to estimate the apparent free energy of adsorption. He also developed an equation to
determine the adsorption process based on the potential theory and assuming a heterogeneous surface. the linearized from the provided
D-R isotherm is

In Cadszln Xm *ﬁfz (49)

where Cags is the amount of solute adsorbed per unit weight of solid
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Xm (mg/g) is the adsorption capacity, # (mol/K)? is a constant related to energy and ¢ is the Polanyi potential. Polanyipotential can be
computed by the following equation:

e =RTn( ' —) (@10

where R is a gas in KJ/mol and T is the temperature in Kelvin. If In Cads is plotted against €%, § and X can be obtained from the slope
and intercept respectively. The mean energy of adsorption (E) was calculated by the followingequation using the constant

Isotherm constants and mean free energy of the Dubinin-Radushkevich. The adsorption capacity (Xm) of this model was calculated as

1
E= = (4.11)

The size of E is utilized to calculate the adsorption process' reaction mechanism. Value E that falls in the range of 1 to 8 kJ/mol denotes
a physical adsorption. When E exceeds 8 kJ/mol, the adsorption process is chemical in nature.

3.8.4 Temkin isotherm

Pyzhev assessed the Temkin model, which presupposes a multilayer adsorption process and takes into account interactions between the
adsorbent and the adsorbate but overlooks extremely high and very large concentration values. The Temkin isotherm is represented in its
non-linearized form as follows:

98 =RT h(KkmC,)
b (4.12)

where R is the universal gas constant in (J/mol K), T is the temperature in K, b is the Temkin constant related to sorption heat in J/mol
and Ky, is the Temkin isotherm constant in L/g .

According to the Temkin isotherm, adsorbent-adsorbate interactions cause the heat of adsorption of every molecule in the layer to drop
linearly with coverage. Up to a certain maximum binding energy, the binding energies are distributed uniformly during adsorption. The
Temkin equation is expressed in linear form as:

qe = " maTe + X mce __ (4.13)
bTe bTe

where bTe is the Temkin constant related to heat of adsorption (J/mol); aTe the Temkin isotherm constant (L/mg),R the gas constant and
T absolute temperature (K).The plot of the ge versus InCe gives straight line and bTe and aTe constants can be calculated from the
intercept and slope(.

3.8.5 Redlinch-Peterson isotherms

This has three parameters. Adsorption isotherm does not display optimum monolayer adsorption behavior because it combines the traits
of both the Langmuir and the Freundlich isotherm (Liu.Q, 2010). The Redlich-Peterson may be employed in both homogeneous and
heterogeneous systems because it is a hybrid version. The model's mathematicalformulation is provided by:

__KrCe
liaCe"ﬁ

(4.14)

where K; is the Redlich-Peterson isotherm constant in L/g a is the constant in L/mg and S is an exponent that ranges between 0 and 1.At
low concentration(8~1) the model approaches the Langmuir and at high concentration (8~0) itapproaches the Freundlich isotherm.

The linear for of the Redlich-Peterson isotherm is expressed as:

In () = pinCe — InKr (4.15)

q
e
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Aplot of In ( Ce) versus InC. will provide g and K, from the slope and intercept respectively.
qe

3.8.6 Halsey Isotherm

At a considerable distance from the surface, the multilayer is evaluated using the Hasley isotherm. The model is appropriate for both
multilayer adsorption and adsorption on heterogeneous surfaces. The R? value of it verifies the heterogeneity of sodium sulphonated
polystyrene resin and powder from Moringa seeds as well as the potential for multilayer adsorption of water hardness on its surface.
According to Ayawei, the experimental data for the adsorption of methyl orange on pinecone-derived activated carbon and Pb%* ion on
coconut shell carbon were well fitted to the Hasley isotherm. This was an excellent fit for the tested adsorbent's multilayer and
heterogeneous distribution of activesites, at the very least. The presence of several groups, including

The adsorption can be given as follows:

g, = 1 1, Ky — == InC,,
My H
(4.16)

where Ky and n are Hasley isotherm constant and they can be obtained from the slope and intercept of the plot Inge
versus InCe

The Freundlich isotherm has a strong correlation coefficient (R?) value of 0.9712, which indicates that the composite model favors the
Freundlich isotherm model. Multilayer adsorption is appropriate to the model. The Freundlinch isotherm model presupposes the
involvement of many sites with various adsorption energies. It is well known that adsorption properties are best when n is between 2 and
10, challenging when n is between 1 and 2, and terrible when n is less than 1. In this work, Nasser-MSP demonstrated good adsorption
characteristics with n > 3. Adsorption intensity or surface heterogeneity is measured by the slope 1/n, which has a range between 0 and
1. The surface becomes increasingly diverse as this value decreases toward zero. This study's 1/n value of 0.3543 indicates the surface's
heterogeneity.

The values of R? for Freundlich obtained from this investigation were higher than those reported by Ridwan and Hamidin in 2011 for the
removal of hardness using Moringa seed powder as an adsorbent, where the values for R2 for Langmuir and Freundlich were 0.5 and
0.7, respectively. When employing cash nut shell activated carbon as an adsorbent, Rolence (2016) achieved values for correlation
regression that were higher. Redlich Peterson also endorsed the multilayer adsorption, which is applicable to both homogeneous and
heterogeneous surfaces. The obtained value of was 0.4, which is closer to zero and supports the Freundlich isotherm hypothesis. The R?
value for the Halsey isotherm was 0.9596, which was greater than the R? value for the Langmuir isotherm at 0.9461. The multilayer
adsorption is also supported by the Halsey.Since E= 0.32 KJ/mol and the value is less than 8 KJ/ mol, Dubinin- Radushkevich
demonstrated that the adsorption of water hardness on the composite of NaSPR-MSP favors physisorption. Redlich Peterson also backed
the multilayer adsorption, which is applicable to both homogeneous and heterogeneous surfaces. The obtained value of was 0.4, which is
closer to zero and favors the Freundlich isotherm model. R2 was greater for the Halsey isotherm (0.9596) than for the Langmuir
isotherm (0.9461). The multilayer adsorption is supported by the Halsey as well. Since E= 0.32 KJ/mol and the value is less than 8
KJ/mol, Dubinin- Radushkevich demonstrated that the adsorption of water hardness on the composite of NaSPR-MSP favors
physisorption.
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Zero order Slope -0.1744
Intercept 53.857
R? 0.8865

First order Slope -0.0053
Intercept 4.0756
R? 0.9406

Second order Slope 0.0002
Intercept 0.0128
R? 0.9082

Pseudo Firstorder

Intercept 4.28817
ge(mg/l) 72.83306197
Slope -0.02809

- 0.000133762
K1
R? 0.9014

Pseudo Second order Intercept 0.01207

- 73182.33378
ge(mg/l)
Slope -1.376E-05
ge2 5355653978
R2 0.78508
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Zero order Kinetics
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Figure 24: Zero order kinetics composite of NaSPR-MSP water hardness removal using composite of NaSPR-MSP
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Figure 25: First order rate law of water hardness removal using composite of NaSPR-MSP
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Second order Kinetics
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Figure 26: Second order kinetics on water hardness removal using composite of NaSPR-MSP
Pseudo First order Kinetic Model
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Figure 27: Pseudo first order kinetic on water hardness removal using composite of NaSPR-MSP
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Pseudo First order Kinetic Model
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Figure 28: Pseudo First order kinetics on water hardness removal using composite of NaSPR-MSP
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Figure 29: Pseudo second order kinetics on water hardness removal using composite of NaSPR-MSP

Due to the initial water hardness concentration's quick rise, the influence of contact duration on the adsorption of water hardness onto
composite material was investigated between 10 and 210 minutes. Next, as the amount of time increases, the adsorption constants level out.
The development of the adsorption capacity over time is depicted by the adsorption Kinetic. Testing the experimental data to look for a
potential rate-controlling step involved using zero order, first order, pseudo-first-order, and pseudo-second-order models. Kinetic factors
for the process of adsorption of water hardness at various concentrations (YUsan.S, 2012).

3.8.7 Zero order kinetics on water hardness removal using composite of NaSPR-MSPThe equation of zero order:

A, =-kE + [A
[Al, =kt + [Al (4.17)

The equation has the general form for a straight line y=mx+ b so the plot of [A]:vs t is straight line with the slope (- k) and the intercept
[Alo

3.8.8 First order kinetics on water hardness removal using composite of NaSPR-MSP
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The first order has the equation:

In[A], =Kt + In[A]
(4.18)

Where [A]= concentration of [A] after some time, tk= reaction rate constant in units of min
t=time in minutes
[Alo= initial concentration of A.

This equation has the general form of a straight line y= mx + b. so the plot of In[A]: vs t is a straight line with slope (-k) and intercept
In[Alo

3.8.9 Second order kinetics on water hardness removal using composite of NaSPR-MSPThe equation of second order:
1A =Kt + 1A,
(4.19)
Where [A]= concentration of [A] after some time, tk= reaction rate constant in units of min
t=time in minutes
[Alo= initial concentration of A.

This equation has the general form of a straight line y= mx + b. so the plot of 1/[A]: vs t is a straight line with slope (-k) and intercept
U[AL

3.8.10 Pseudo-first order kinetic on water hardness removal using composite of NaSPR-MSPThe employed pseudo-first order
(Lagergren’s) rate equation is given by;
In{g.-og=Inge- kK, t
(4.20)

where ge is the amount of metal ion adsorbed onto adsorbent at equilibrium (mg/g),qt is the time of adsorption durationand k1 is the rate
constant of the equation (min™) (Hammed.B.H, 2009).Slopes and intercepts of plots of In(ge-qt) vs time were obtained for adsorbent to
determine the first order rate constant k; at different water hardness concentrations.

3.9.5. Pseudo second order kinetics on water hardness removal using composite of NaSPR-MSP The pseudo-second-order model can be
represented in the following form by:

t 1 + 1

Oy HoOe qe

(4.21)

Where k2 (g/mol min) is the second order rate constant. The linear plot of t/qtas a function of t provided not only the rate constant kz but
also an independent evaluation of ge. The pseudo-second-order rate constant k, was determined from the slopes and intercepts of plots of
t/gvst (YUsan.S, 2012).

where ge is the equilibrium adsorption capacity, where g is the amount of water hardness adsorbed and t is time, Kris the pseudo first
order rate constant and Kz is the rate constant of pseudo second order Kinetics according to Jethaveet al (2017).

The first-order kinetic model's R?=0.9406 correlation coefficients were found to be greater than those for zero order, second order,
pseudo first order, and pseudo second order at various concentrations. For this reason, physical sorption or physisorption may be the rate-
limiting phase (McKay.1940). Depending on the concentration of the two reactants, this may be the result of diffusion. In the scenario of
two stages desorption, Atun and Sismanoglu reported. The sorption rate is regulated by either a film diffusion or an intra-particle
diffusion mechanism, with the first step occurring more quickly than the second. This could be the case because the macroscopic and
composite structure is probably more similar to a capillary system than a micro- or macro-porous honey comb. This monolayer
approaches saturation a process of rearrangement may start with a further increase in the desorbate molecules which constitutes the
second step. In order to calculate the adsorption rate for modeling and constructing the adsorption mechanism, Jayarathna et al. (2015)
claim that numerous adsorption kinetics factors must be taken into account. The first order and second order models were used to analyze
the kinetics of removing water hardness from sulphonated polystyreneresin and Moringa, respectively.

3.9.6 Intra-Diffusion Kinetic Model on water hardness removal using composite of NaSPR-MSPTable 4: Intra-diffusion Kinetic Model
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Figure 30: Intra-diffusion Kinetic Linear Model on water hardness removal using composite of NaSPR-MSP.

Xu, Gao, Yue and Zhong (2010) reviewed that both zero order, first order, second order, pseudo first and second order cannot be used to
identify the diffusion mechanism, but the intra particle diffusion was also proposed. The intra- particle was calculated using the
equation:

Q=K 124 ¢
(4.22)

Where Ky is intra-particle rate constant (mg/l min-0.5) and it is a function of equilibrium concentration in solid phase, Q: and the intra-
particle diffusion C can be determined.

There are several mechanisms that regulate the adsorption Kinetics, but diffusion, boundary layer diffusion, and intraparticle diffusion
are the most restricting (Guibal E, 2003). The only rate-controlling step will be intra-particle diffusion when the line of intraparticle
diffusion passes through the center (C=0). In this investigation, the plot of water hardness vs square root of time t1/2 did not pass
through the origin, C= 87.077, indicating that intra particle diffusion was involved in the adsorption of water hardness. This
demonstrated that other kinetic processes may also be active and contribute to the sorption mechanism, and intra-particle diffusion is not
the only rate-limiting phase in the sorption process (Xu.X, 2010).

3.9.7 Thermodynamic studies on water hardness removal using composite of NaSPR-MSP Table 5: Thermodynamic parameters on water
hardness removal using composite of NaSPR-MSP

Intercept Slope R(j/mo/l) H=(j/mol/l H=KJ/mol S=j/k/mol

6.15293 968 8.31 8044.08 8.04408 51.13085
Arrhenius

- y=-968x + 6.1529

’ R?=0.8945
33 =

\
3.2
\

3.1 ]

3 e ~

[ -

2.9 —~_®
2.8

0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035

1/TK)
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Figure 31: Thermodynamic plot for adsorption of water hardness on composite of Sodium sulphonated polystyrene resin and Moringa
seeds Powder.

Thermodynamic parameters such as enthalpy change, entropy change and free energy change were estimated using the following
equations:

Inkd=""-"" _ __ (4.23)
R RT

AG°® = AH® — TAS® (4.24)

Where Kd is the distribution coefficient, T is the temperature in Kelvin, and R is the gas constant (8.314J/mol K).The value of AH® and
As® were dertemined from the slopes and the intercepts of the plots in InKd against 1/T for europium adsorption. Gibbs free energy (AG®)
was calculated for each working temperature using equation distribution coefficient (Kd, mL/g) is also computed using the following
equation:

Kd m_L) — Ci—Ce % v _ (425)
g em

Where Ci and Ce are the initial and equilibrium concentrations of water hardness (mg/L) in solutions. m is the weight of the adsorbent
(9).v is the volume of the aqueous phase (mL).The calculated values of the thermodynamic parametersfor the adsorption of water hardness.

The outcomes demonstrated the nature of the reaction mechanism as being endothermic. The study's findings indicated that the value of H was
8.041 KJ/mol. The positive values of the enthalpy change imply that the adsorption process is endothermic. The kind of adsorption can
be considered as a physical process when H° is less than 40kJ/mol. The computed H° value for the adsorption of water hardness is 8.041
kJ/mol. This result indicates that physisorption is the adsorption reaction's mechanism. This outcome concurs with that of isotherm model
simulations. S=51.13J/k/mol has positive entropy. The endothermic nature of the reaction was indicated by the positive value of for H.
The increase inthe degree of freedom (or disorder) of the adsorbed species is shown by the positive value of S. As temperature rises, the
proportion of adsorption increases, indicating an endothermic process and the contrary. (Aytas, S.; Das, S.; 2009;2011).
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Table 6: Gibbs free on water hardness removal using composite of NaSPR-MSP
AG (j/mol/l
-482.7292611 -730.9232527  -998.3618481  -1299.967961

The adsorption process is thermodynamically viable, as evidenced by the negative values for the Gibbs free energy change, and the
degree of spontaneity of the reaction rises with temperature. This suggests that at higher temperatures, the adsorption process is
spontaneous and more favorable. The measured negative standard Gibbs energy changes show that the adsorption processes are strongly
oriented toward the products.

The increase in adsorption with temperature may be ascribed to the desolvation of the sorbing species or an increase in the number of
active surface sites on the adsorbents that are accessible for adsorption. The fact that S and H are positive and may be seen in
spontaneous reactions at high temperatures indicates that the boundary layer's thickness reduces with temperature, which causes the
adsorbate's mass transfer resistance to decrease in the boundary layer. This outcome is consistent with that of Mobasherpour, who used
nanocrystalline tri-calcium phosphate to thermodynamically adsorb cadmium metal from aqueous solutions (Aytas.S, 2009; Das.S.K,
2011).

3.9 Application of composite in water hardness removal from Borehole water

3.10.1 Determination of water hardness

035 ' CALIBRATION OF CALCIUM AND MAGNESIUM
y =0.0302x + 0.0052

03 R? = 0.9896

0.25

0.2

ABSORBANCE

y =0.0086x + 0.0016
R?=0.9978

0 5 10 15 20
CONCENTRATION (MG/L)

Figure 32: Calibration curves for determination of Calcium and Magnesium in water sample
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Determination of water hardness in sample using FAAS
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Figure 33: Determination of water hardness in water sample using FAAS
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Figure 34: Determination of water hardness in borehole water sample using FAAS
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Figure 35: Borehole water sample analysis using FAAS
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Figure 36: Borehole water sample analysis using EDTA Titration

Prior to adsorption, the total water hardness was determined to be 1080 mg/l and 1272 mg/l using the titration and FAAS methods,
respectively. After adsorption, it was discovered that the total water hardness was 216 mg/l and 400 mg/I using the titration and FAAS
methods, respectively. Using the FAAS and EDTA titration methods, it was discovered that the total amount of water hardness reduced
from the bore water sample by the composite was 78% and 80%, respectively. In the prepared sample, 85% of the water hardness had
been removed. According to the data above, magnesium had the highest percentage of elimination in both samples. The R? for calcium
was found to be 0.9896, whereas the R? for magnesium was found to be 0.9978, indicating that the composite favors the adsorption of
magnesium over calcium.
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3.10.2 Determination of Chlorides in Borehole water

Determination of Chlorides in Borehole water
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Con mg/I
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Figure 37: Determination of chlorides in borehole water sample using Mohr Titration

Before adsorption, the borehole water sample had 313.11 mg/I of chlorides, and it was discovered that the amount of chlorides was zero
after adsorption. This suggests that every last trace of chlorides was eliminated from the sample.Ca, Mg, and Na chlorides are the sources of
the water's chloride concentration. The fact that silver chlorides reacts with all chlorides precipitate before the interaction with chromate
indicator forms the basis of the Argentomeric techniquefor the measurement of chlorides in water.

24gN0, + CF  ——= AgCl + NGy

(4.26)

When all the chlorides ions are precipitated as silver chlorides the excess drop of silver react with chromate ions to form a brick- red
precipitation.

2agNO, + Cro, ¥ o—= A Cr0, + MO, -

Brick red
colour

(4.27)

The appearance of brick-red colour of silver chromate precipitate is the endpoint of titration. The reaction between silver nitrate
3.10 Conclusion and Recommendation
3.10.1 Conclusion

Using a composite of NaSPR-MSP, it was possible to study the softening of hard water by eliminating Ca2+ and Mg 2+. Utilizing FTIR,
TGA, and XRD, the composite's structure was verified. The elimination of cations increased with increasing adsorbent mass, contact time,
or beginning ions concentration. With an R? of 0.9712, the adsorption favors the Freundlinch isotherm..First order kinetic model was
discovered to have R?= 0.9406 as its value. As the graph did not pass through the origin, the diffusion mechanism was caused by intra-
particle diffusion and other kinetic processes. Because the value of H=8.041KJ/mol, thermodynamic analyses indicated that the reaction
was endothermic. Since H was less than 40 kJ/mol, this evidence further supported the notion that physisorption was at work. A rising
level of freedom for adsorbed species is shown by the positive s. This shows that temperature-dependent adsorption increases. The process
of adsorption is thermodynamically possible, as evidenced by the negative value for the Gibbs free energy, and the degree of spontaneous rise
with temperature. Before adsorption, 1080 mg/l and 1272 mg/l of total water hardness were observed in borehole water. Using the
titration and FAAS methods, it was discovered that the concentration was 400 mg/l and 216 mg/l, respectively, after adsorption. This
helps to remove water hardness by 78%
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and 80%, respectively. Total chlorides were determined to be 313.11 mg/l prior to adsorption and 0 mg/l following adsorption, showing
that all chlorides were eliminated from the water.

3.11 Recommendation

The author suggests that waste polystyrene be collected and recycled for use in removing water hardness by creating a composite out of
NaSPR and MSP.To establish the composite's potential for removing microorganisms, more research on it is necessary. It is also
important to investigate the composite's capacity for adsorption of additional anion species, such as sulfate and nitrates. It is important to
investigate both the regeneration mechanism and the composite's lifespan.
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