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Abstract

The aim of the study was to develop alternative adsorbent materials based on pyritic ash, with high iron
content, in order to retain phosphates from wastewater.

Experimental studies of phosphate removal efficiency have shown that the phosphates removal from water
using pyritic ash adsorbent materials is strongly influenced by some parameters such as: contact time,
stirring speed, amount of adsorbent material or iron content. An increase of phosphate removal efficiency up
to 53% could be observed for iron-rich adsorbent materials (PA1) by increasing the contact time to 6 hours
and the stirring speed to 100 rpm. An increase of phosphate removal efficiency was also observed by
increasing the amount of adsorbent material from 0.1 g to 0.5 g for all three adsorbent materials studied
(PA1, PA2, PA3). The best efficiency was shown for PA1 (53.13%), while PA3 showed the lowest efficiency
(19.74%).
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INTRODUCTION

Water is an essential and important planet resource, but in spite of this the phenomenon of water
pollution is very high nowadays. Water pollution affects both aquatic life and human health, so it
must be properly treated before it is discharged [1]. Industrial effluents represent one of the major
sources of water pollution. Industrial effluents loaded with phosphates and nitrates from the leather
industry, fertilizer industry, pharmaceutical industry, and mining industry lead to eutrophication [2].
The main classes of phosphates found in wastewater composition are orthophosphates occur in
H3PO4, H.PO4, HPO4* and PO,* forms, condensed phosphates and organic phosphates [3+5]. To
prevent eutrophication, the concentration of phosphates in water should not exceed 50 pg/L. When
the phosphates concentration in water exceeds 0.02 mg/L eutrophication begins by decreasing the
amount of dissolved oxygen and algae growth [6, 7]. Phosphates removal techniques include
chemical and physical methods [8+11], biological methods [12, 13], adsorption techniques [14, 15]
and nano-techniques [16+18].

On the other hand, management of the large quantities of pyritic ash produced is an environmental
challenge for the whole world [19]. Pyritic ash is a by-product of pyrite ores combustion process to
produce sulphuric acid [20]. Which after cleaning and cooling do burning pyrite ores at
temperatures between 600 °C-1000 °C, metallic oxides are obtained, mainly iron oxides (hematite)
[21] and gaseous sulphur dioxides process processed to sulphuric acid [22]. Sulphuric acid
produced is widely used in the fertilizer industry [20]. Countries such as: China, US, Russia, India
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and Morocco are in the top five sulphuric acid producing countries [23]. Approximately 15 million
tons of pyritic ash are produced annually [24].

Unfortunately, this waste presents a low or non-existent management, being stored in open spaces
[25]. The environmental effects of pyritic ash include acidification, acid drainages, water and wind
erosion, loss of vegetation or particles air dispersion [26, 27]. Pyritic ashes can also have negative
effects for human health, producing cancer, anemia, fatigue or cardiovascular diseases, because they
can enter into the human body through inhalation, dermal adsorption or dietary intake [28, 29].
Starting from the chemical composition of this waste, research has focused by valorization of this
waste through different methods based on the circular economy principles [30]. The most current
methods for pyritic ash valorization include: metals recovery [31+37], chemical lopping combustion
[38+40] or valorization in order to obtain value added products (pigments, catalysts, adsorbent
materials) [41+44].

In order to develop a new pyritic ash valorization and to solve the phosphate contaminated
wastewater problem, the present study attempted the valorization of pyritic ash wastes as adsorbent
materials for retaining phosphates from water.

MATERIALS AND METHODS

Chemical reagents and apparatus

The pyrite ash (PA), used in our studies, was collected from a sulphuric acid production enterprise
in Southern Romania.

Nobertherm provided the compact muffle furnace used for calcining the samples. Determination of
the metal content of adsorbent materials was carried out using ICP-MS 7900 provided by Agilent
Technologies. pH measurements were performed using inoLab_IDS multiparameter 9430. The
Mastersizer 2000 particle size analyzer was used to determine specific surface area and particle size
distribution. The grinding mill ZM 200 provided by Retsch was used for grinding de sample.

Preparation of adsorbent materials
Sample preparation of adsorbent materials is described in figure 1.
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| Dry at room temperature |

| Grinding |

| PAL |
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Fig. 1. Sample preparation of adsorbent materials based on pyritic ash
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The collected pyritic ash sample was dried at room temperature until it reached constant mass. The
dry sample was ground using the grinding mill (Pyrite ash sample no.1 - PAl). The pyrite ash
sample no. 2 (PA2) was prepared by calcining a quantity of sample PA; at 800 °C for 2 hours, while
pyrite ash sample no. 3 (PA3) was prepared by neutralization with a certain volume of 10% NaOH
by stirring, until pH 9 was reached, followed by calcination at 800 °C for 2 hours. The final
adsorbent materials based on pyritic ash were shown in figure 2.
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Fig. 2. Aspect of adsorbent materials based on pyritic ash (PA1, PA2, PA3)

Characterization of adsorbent materials

Adsorbent materials based on pyritic ash (PA1l, PA2, PA3) were characterized in terms of pH,
specific surface area, particle size distribution and also compositionally by determining the content
of metals.

The L/S ratio for the pH measurement was 5:1 (volume: weight). Following pH measurements
(Table 1) it could be observed that PA1 shows an acid pH (2.82), PA2 shows a weak acid pH (5.4),
while PA3 shows a pH close to neutral (6.68). Particle size distribution analyses showed that all
three adsorbent materials had particle sizes smaller than 1.9 um for 90% mass, while specific
surface area analyses (Figure 3; Table 1) showed that the PA3 adsorbent material had the smallest
specific surface area (1.03 m?/g) for 90% mass.

Table 1. Characterization of PA1, PA2, PA3 in terms of pH, specific surface area
and particle size distribution

Parameter PA1 PA2 PA3
pH 2.82 5.40 6.68
Specific area (m?/g) 1.42 123 1.03
Particle size distribution (um) | <1.64 <1.75 <1.90
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Fig 3. Particle size distribution of PA1, PA2, PA3
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The results of the ICP-MS metal content analysis (Table 2) revealed the presence of iron in the
composition of all three pyritic ash adsorbents. Adsorbent material PA1 has the highest iron content
(49.77%), while adsorbent material PA3 has the lowest iron content (46.02%). The results also
showed the presence of significant amounts of calcium and aluminium in the composition of the
three adsorbent materials, while metals such as cadmium, phosphorus, copper, cobalt are found in
small amounts.

Table 2. Metal content of PAL, PA2, PA3

Metal content (%)

Sample Fe Ca As P cd Co Pb zZn cCu Al
PAL 498 177 015 004 00009 0014 028 043 0058 040
PA2 488 172 013 003 00009 0013 027 032 0054 040
PA3 460 178 013 003 00009 0013 024 033 0053 039

Metals leaching from adsorbent materials based on pyritic ashes in water

In order to observe the leaching tendency of metals present in the composition of adsorbent
materials PA1, PA2, PA3 in water over a well-defined period of time, different amounts of each
adsorbent material were placed in contact with water, ratio S/L was 1:10 (weight: volume) for 24 h,
at room temperature, stirring speed 50 rpm. After filtration, the filtrate was subjected to metal
content analysis. The amounts of metals leached into the water can be seen in Table 3. It can be
seen that the phosphor shows a very low leaching rate in water in the case of all three samples of
pyritic ash adsorbent materials

Table 3. Results of leaching tests in water for PAL, PA2, PA3

Metal oxides content (%)
Sample -
Fe,O3 CaO As03  P.Os TiO2 PbO 2ZnO CuO Al,03 MgO
PAL 86.8 2.55 0.28 0.20 019 038 075 009 419 0093
PA2 82.2 2.99 0.25 0.19 021 038 067 0.08 399 0.77
PA3 76.4 1.00 0.22 0.14 0.17 030 0.64 0.07 325 0.68

Process of the removal of phosphate from water containing phosphate

Phosphate removal-experiments were carried out by mixing well-defined amounts of pyritic ash
adsorbents (PAl, PA2, PA3) using orbital shaker with different volume of KH2POs 10 mg/L
solution at room temperature 22°C + 2°C. After a certain period of stirring, the leachate was filtered
using filter paper with porosity under 0.45 pum. Phosphate content in filtrate was measured
according to SR EN 1SO 6878:2005 (ammonium molybdate spectrometric method) using UV-VIS
spectrophotometer. All adsorption tests were done in triplicate.

RESULTS AND DISCUSSION

Effect of contact time and stirring speed on phosphate removal

In order to study the influence of contact time and stirring speed on the removal efficiency of
phosphates from water using pyritic ash adsorbent materials, 0.5 g each of PAl, PA2, PA3
adsorbent material and 100 mL KH2PO4 10 mg/L solution were placed in contact, by applying
stirring speeds between 0 and 100 rpm, at room temperature, in time intervals of 2 h, 4 h and 6 h,
respectively. The experimental results (Figures 4 to 6) showed that increasing the contact time (2h
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to 6h) and increasing the stirring speed (0 rpm=+100 rpm) leads to increasing the phosphate removal
efficiency on the surface of all three pyritic ash adsorbent materials.
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Fig. 6. Influence of contact time to phosphate removal efficiency at stirring speed (100 rpm)

It could be observed that, even if the agitation process is not applied, the efficiency of phosphate
removal from water increases (figure 4), the best results were obtained for the adsorbent material
PA1 (48.61%). The phosphate removal efficiency increased from 35.33% at 2 hours contact time to
48.5% at 6 hours contact time. For the adsorbent materials PA2 and PA3 a phosphate removal
efficiency increases from 0.80% to 9.90% and 8.82% respectively was observed. The adsorbent
material PA3 showed the lowest phosphate removal efficiency at 6 hours.

When a stirring speed of 50 rpm was applied, an increase of phosphate removal efficiency could be
observed for all three adsorbents (figure 5). The experimental results showed that at 6 hours contact
time of and 50 rpm stirring speed, the adsorbent material PA1 showed the best results (51.01%).
Compared to the results obtained at a stirring speed of O rpm, in the time interval 2-6 hours, for the
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adsorbent materials PA2 and PA3 an increase in phosphate removal efficiency was observed when
the stirring speed was increased at 50 rpm. For the PA2 adsorbent material an increase in phosphate
removal efficiency to 15.11% could be observed at contact time 6 hours, stirring speed 50 rpm,
while for the PA3 adsorbent material an increase from 1.58% at 2 hours to 14.02% at 6 hours was
observed.

At the same time, by increasing the stirring speed to 100 rpm and by increasing the contact time to 6
hours, were obtained the best phosphate removal efficiency results for all three pyritic ash
adsorbents PA1, PA2, PA3 (figure 6). Also, in these accounts, it was observed that PAL showed the
highest phosphate removal efficiency (53.13%), while PA3 recorded the lowest phosphate removal
efficiency (19.74%) from water at 6 h contact time and 100 rpm stirring speed.

Effect of amount of adsorbent material on phosphate removal

In order to study the influence of adsorbent material amount on the phosphate removal efficiency,
the amounts of PAL, PA2 and PA3 adsorbent materials were varied (0.1g + 0.5g) and brought into
contact with 100 mL KH2PO4 10 mg/L solution for 6 hours, under 100 rpm stirring at room
temperature. Experimental results (figure 7) demonstrated that increasing the amount of adsorbent
material significantly improves the efficiency of phosphate removal from water. In the case of PAl
adsorbent material, could be observed an increase of about 6 times of the phosphate removal
efficiency when the amount of adsorbent material increases from 0.1 g to 0.5 g. In the case of PA2
and PA3 adsorbent materials, a tripling of the phosphate removal efficiency from 8.58% to 23.91%
could be observed for PA2 and a doubling of the phosphate removal efficiency from 8.01% to
19.74% could be observed for PA3.
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Fig. 7. Influence of adsorbent material amount

CONCLUSIONS

Experimental studies carried out on the phosphates removal efficiency from water by the three
pyritic ash adsorbents (PA1, PA2 and PA3) showed that this indicator is strongly influenced by the
variation of some indicators, such as contact time, stirring speed and amount of adsorbent material.
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The obtained results demonstrated that by increasing the contact time between adsorbent materials
and the KH2PO4 10 mg/L solution from 2 h to 6 h and also, by increasing the stirring speed (0
rpm-=2100 rpm) is improving phosphates removal efficiency from phosphates contaminated water. At
the same time, following the studies carried out, an increase of phosphates adsorption capacity was
observed on the surface of all three pyritic ash adsorbent materials by increasing the amount of
adsorbent material.

All the experimental results obtained demonstrated that the iron content found in the all three
adsorbent materials (PA1l, PA2, PA3) composition also represents an important factor for
phosphates removing process from contaminated water. Thus, it could be observed that the
adsorbent material PAL, which presented the highest iron content, was the best material used in the
process of removing phosphates from water.
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