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Adsorption of phosphate from aqueous solution by marble dust

Nureddin Ben Issa?, Suheir M. Derrbal®, Yaseen Elhebshi?
'High Institute of Science and Medical Technology-Abo-Saliem
2 University of Gharyan, Faculty of Science

Abstract— A simple and economic experimental sorption procedure is developed for efficiency removal of phosphates from
aqueous solution using experiments batch system. Many experiments were conducted to use marble in powder form which collected
from the workshop was used to adsorption phosphate PO,* from aqueous solution. Equilibrium concentration has been measured
using distribution coefficient to evaluate the removal efficiency. The PO,> adsorption experiments were carried out to analyze the
influence of governing factors such as pH of the solution, mass of marble dust MD, initial PO4* concentration, temperature and
contact time, on the adsorption efficiency of PO.>. The equilibrium test showed that, the sorption efficiency depended on the pH of
the solution. The adsorbed of PO,* increased with range (pH 5.0 - 6.5). It was found that the maximum adsorption capacity of MD for
removing of PO4* reached to 13.68 mg g and 13.57 mg g* at pH 6.0 and 6.5 respectively.
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introduction

Phosphorus is the most abundant element on the surface of the earth, and its common compounds are abundant in phosphates,
which exist in water system naturally by dissolving out of igneous rock, anthropogenic activities and the environmental practices of
industries and agricultural practices through the use of large quantities in fertilizers [1], detergents [2] and some other industries [3].
PO4* plays an important role in biochemical processes as well as enriching surface water [4]. The excess of phosphate into the water
bodies causes a significant low of oxygen and excessive growth of algae [5] which causes of environmental system for plants that
need oxygen. Some studies confirmed that the exposure to high concentration of PO,* cause chronic kidney disease and
cardiovascular [6-8].Various technologies are employed for removing PO4% from polluted waters such as HFeO [9] Mg-laden biochar
synthesized at different temperature [10], lanthanum-modified zeolites [11]. Many previous studies used low-cost material which
requires little processing, ,abundant in nature, or a by-product or waste material from another industry such as shale, sandstone, and
laterite [12]. Electrochemical removal is one of the most procedural for removing POs* by using Electrocoagulation as a green
technology [13, 14].

Various Mesoporous sorbent materials, including metal-coordinated amino-functionalized silicas, ammonium-functionalized
silicas [15] and ,6-amine—functionalized copper ferrite [16] have a strong affinity for removing phosphate. Oxide as Fe3Os,
nanocomposite of titanium oxides and magnetite core/zirconia is expensive, available and chemically stable over a wide pH range.
Many previous studies [17-20] confirmed that the oxides have high sorption affinity toward phosphate. The use of natural sorbent
material of the removal contaminated substance such as activated carbon, clay. Zeolite, vegetal cords, carp scales, [21-24] which give
promises results with low cost technologies. The use of the those natural or recycled materials in the removal of PO.* such as
seashell, biochar, proteins, cotton stalk, steel byproduct [25-28] provide high adsorption capacity without additional cost. One of the
sorbent materials which give high capacity in the removal of PO,* from aqueous is marble dust MD as a natural material, which
produced from crashing and cutting of the founded marble block, where the main component is calcium which has good affinity for

bonding with PO4*ions as conception to form of amorphous calcium phosphate Cax(PO,),, dibasic calcium phosphate CaHPO, .2H,0
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, and Cas(PO4)3s0OH [29]. A simplified scheme of the MD process (chemical sorption) based on the activity of Ca?* is presented in
fig.1
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Fig.1. Scheme of the sorption of PO, on the surface of MD

This research reports the use of marble dust as natural sorbent materials, inexpensive and easy to find to remove PO4*from

aqueous solution by forming insoluble metal phosphate.

EXPERIMENTAL PROCEDURES
Materials
In this experimental work, the following chemicals were used: sodium dihydrogen phosphate KH,PO, p.a Aldrich (Munich,
Germany); HNOj3 p.a sigma; NaOH p.a Merck; Ammonium molybdate , ascorbic acid ; Stannous chloride SnCl, p.a Merck.

Phosphate
A stock solution of PO* (1000 mgL™) was prepared by dissolving 1.43g of sodium dihydrogen phosphate KH,PO4 in 1L:

volumetric flask with deionized water.

Method for the determination

The concentration of PO,* before and after adsorption was analyzed with ammonium molybdate method by using a CO7500
Colorimeter (WPA UK)
Physical and chemical properties of MD.

The marble powder used in this study was collected from marble workshop considered as refused material. The chemical and

physical properties are listed in Table 1.

Table 1. Physical and Chemical Properties of Marble Powder

Chemical Composition Physical Properties
Test Mass % Test Unit

Loss on ignition 39.05 Moisture 0.036 %
Calcium Carbonate 98.61 Particle Size <300 micron
Magnesium Carbonate 0.59 .
Calcium Oxide 55.16 Density 142 g/cm?®
Silicon Oxide 1.09
Aluminum Oxide 0.69

The MD was used in this experimental work without any further preparation.
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Method of sorption process

The phosphate sorption process was investigated in the batch system, a vessel used was 500mL glass beaker holding of the PO *
solution, with a range (0.5 mgL™* — 15 mgL™ ) concentration of 100 ml of solution, a shaker speed used to distribute the MD into
solution at 25 C°,30 C°, and 40 C° was 120 rpm, the pH of solutions were conducted within range ( pH 3.0 to pH 8.0 ), the mass of
MD was varied from (0.5g to 5.0g ) and the contact time was constant (90min).

The following equation was used to evaluate the sorption capacity:

— Cr—Cf 1”;
4 m

Where:

g : sorption capacity, mg/g.

Ci : initial PO4*> concentration, mgL™*
Ct : final PO4* concentration, mgL™*!
m : mass of MD, g.

V : volume of solution, L.

RESULTS AND DISCUSSION

Effect of pH

The effect of pH value of agueous solution contaminated with PO4% on the adsorption capacity was studied. The conditions of the
procedure were: pH value was varied pH 3.0 to pH 8.0, mass of MD (m=1.0 g), concentration of PO,* (15 mgL1), temperature (room
temperature), volume of solution (V= 100 mL), shaker speed (120 rpm), and contact time ( 90 min) was constant.. The efficiency of

phosphate adsorbed on MD s calculated for each pH value. The mass of PO4* removed from aqueous solution is presented in fig.2.
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Fig.2 The effect of pH on removing POs* by using MD

The fig.2 showed that the adsorption of PO,* by using MD is affected by pH value, the PO4* is highly sensitive to the change in
pH. At low pH value 3.0 to 5.0 (acidic media) the removal capacity up to 50% , while at pH 4.5-6.0 up to 80% .The optimal pH for
MD is 5.5 and 6.5, at this pH value the MD has excellent efficient reached to 91.0% . At higher pH value the Ca-MD is consumed
in the form of hydroxides Ca(OH);

Effect of MD mass

Elucidate the effect of the mass of MD on adsorption capacity was studied and presented in fig.3, the procedures were carried out
following the standard experimental, pH of the solution was constant 6.0, concentration of PO, ( 0.5, 1.0, 5.0, 10, 15 mgL ™), volume
of solution ( V=100 mL), temperature (room temperature), time of contact (90 min), shaker speed( 120 rpm) and mass of MD was

varied between (0.5g and 5.0 g). For each mass of MD the capacity of PO4* adsorbed (in %) and bonded to the MD is calculated and
presented.
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Fig. 3 Adsorption capacity of MD for PO,* at various masses

Fig.3 shows the results of influence of MD mass on adsorption of PO,%. The PO,* adsorption efficiency increased with the mass
of MD increase , 58% at 0.5g of MD , 93.5% at 5.0 g, while the adsorbed capacity was approximately the same it were, 91.5%, 89%
and 94% at 2.0g, 3.0g, 5.0g respectively. In this case the concentration of PO,* was 10 mg L.

Effect of temperature

The influence of temperature on the adsorption of PO,* was studied at temperature rang ( 20 °C to 35 °C) . The results are shown in
fig.4. Removal of PO, was conducted using the following condition: the concentration of PO, (10 mgL™?), mass of MD (m= 2.0g),
pH of the solution (pH 6.0), volume of solution (V=100 mL), shaker speed (120 rpm) and contact time (90 min).

The result shows that the adsorption capacity of MD with respect to PO4® was good recoveries at 25°C and 30 °C , while the
adsorption capacity shows acceptable affinity at 35 °C  due to dissolving of calcium carbonate and calcium phosphate with increase
of temperature, where the solubility of PO,* is dependent of pH of solution.
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Fig.4. Effect of temperature on removal of PO,*

Interference: effect of Carbonate
The carbonates as the common ions present in water, and MD as sorbent material are strongly affected by pH value. The results of

MD tests for efficiency adsorbed PO4* and carrying carbonate concentration (at pH=6 converted to bicarbonate) in the solution was

studied and presented in fig.5.

100 -

90 /kq‘_\
S
S 80 -
3
3
4
S 70
3

60 -

50 T T T T T 1

0 100 200 300 400 500 600
Cono. Carbonate mg/L

Fig5. The effect of Carbonate on adsorption process.

The conditions procedures were: mass of MD (m=2.0 g), volume of solution (V=100 mL), concentration of PO,* (10 mgL™?), pH

value (pH= 6.0), contact time (90 min), shaker speed (120 rpm), temperature (room temperature), and concentration of carbonate was
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varied (50 mgL™, 100 mgL™, 250 mgL*and 500 mgL™). The efficiency of MD to remove PO,* from aqueous solution was measured
and the result showed that the 50 mgL™ , 100 mg L™* and 300 mg L"* of carbonate not have any effect on capacity of adsorbed PO,
where the 500 mgL™* of carbonate will have slightly effected on adsorption capacity.

Applications simple method to standard solution and real water samples
Standard samples

Four standard samples of deionized water were spiked with addition of different concentration of PO,% , the experiment was based
through the optimum procedure, mass of MD (m=2.0 g), volume of samples (V=100 mL ), pH of water (pH = 6.0), contact time ( 90
min), and shaker speed (120 rpm).The spiked range of deionized water was 0.5 mg L%, 1.0 mgL?, 5.0 mgL* and 10.0 mgL™?). The
results of samples analysis were spiked with different concentration of PO,%are presented in Table 2.

Table 2. Results of Adsorption recovery by MD in spiked standard solution.

Standard | PO.* content, standard addition Removed Recovery
solution mg L! mg L? %

1 0.5 0. 45+£0.004 91.45

2 1.0 0.967+0.03 96.7

3 5.0 4.56+0.052 91.2

4 10 9.31+013 93.1

The results in table 2 showed that, the good recoveries of 91.5%, 96.7% , 91.2% and 93.1 % were obtained and the relative
standard deviation (RSD) was 0.8, 2.98 , 1.14, and 1.4 for 0.5, 1.0, 5.0 and 10 mgL * respectively.

Real water samples

The Results of two real water samples were spiked with different concentration of PO,* presented in the table 3. The concentration
of carbonate and bicarbonate of two samples were analyzed before adsorption procedures (nil CO3s?* , 34.1 mgL* HCOz*, nil COz*,
170 HCOg3 ) for sample 1 and 2 respectively. The procedure of adsorption of PO,* based through the optimum procedure, mass of
MD (m=2.0 g), volume of water samples (V=100 mL ), pH of water (pH = 6.0), contact time ( 90 min), and shaker speed (120 rpm).

Table 3. Results of adsorption of PO,* using MD in real water samples spiked with addition different concentration of PO,*

Sample No. | PO.* content , standard addition Removed Recovery
mg L? mg L? %
1 5.0 4.72+0.05 94.4
1 10 9.20+0.12 92.0
2 1.0 0.93+0.017 93.1
2 10 9.66+0.23 96.6

The results presented in table 3, showed that good recoveries were found in the two samples ( 94.4%, 92.0% ) and ( 93.1%, 96.6% )
while RSD were (1.1% ,1.31%) and (1.8% , 3.2%) respectively.
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CONCLUSION
Adsorption of PO.%on natural material was studied using marble dust as sorbent material. The pH of solution had a significant effect

on the adsorption of PO.*. When the mass of MD was 2.0 g, 96% removal efficiency was achieved. The reaction occurred in mass of

MD scale and the reaction efficiency increased significantly from 0.5 g to 1.0 g, while the reaction between MD and PO/*

approximately had constant removal efficiency with increasing of mass of MD from 1.0 g to 5.0 g at pH value 6.0, the adsorption of

PO4* was favorable, where the effect of the presence of carbonate ions in the sample had no effect on the adsorption of PO,*. This

study indicated that the MD can be used as natural material which has good capacity in bonding of PO, in water samples.
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