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a b s t r a c t
This study examines the use of date stone powder-based plant natural coagulant in the treatment of 
iron and steel industrial effluent. Coagulation process was conducted using different dosage from 
date stone powdered (0.2–10 g/L) and different pH values (5–10) using orbital shaker at 200 rpm. 
The treatment efficiency was evaluated by examine the removal for chemical oxygen demand (COD), 
total suspended solids (TSS), ammonia-nitrogen (NH3–N), manganese (Mn), iron (Fe), zinc (Zn), alu-
minum (Al), and nickel (Ni). The maximal removal for COD, TSS, NH3–N, Mn, Fe, Zn, Al, and Ni 
were 59.4%, 99%, 92.1%, 87.1%, 97.7%, 94.8%, 65.8%, and 80.3%, respectively. Date stone powder has 
enormous promise as a plant-based natural coagulant for industrial effluent wastewater treatment 
and might be used to treat effluent from the iron and steel industries.
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1. Introduction

Water is an essential natural resource for human life. 
Water covers about three-quarters of the earth’s surface, 
with nearly 0.4% useable [1,2]. Water quantity and accessi-
bility have historically played an essential role in determin-
ing where people may dwell and their style of living. The 
considerable growth in population, economic development, 
and industrialization reflected favorably in an increase in 
the people’s living requirements and well-being, an increase 

in water demand, and excessive removal of freshwater 
resources [3,4]. The environment has degraded as a result of 
pollutants dumped into water bodies.

Fresh water is essential for human existence, and a 
shortage of it is the primary cause of most deaths and dis-
eases. Water quality is a public health issue; water-related 
and waterborne illnesses account for more than 80% of all 
infections globally. As a consequence, clean water and a 
sanitary environment can save around 93% of deaths [5].
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The industrial revolution and anthropogenic factors on 
our planet toward urbanization have severely impacted the 
environment in general, particularly water. Many compa-
nies create contaminated water as a result of industrializa-
tion processes, and this is one of the most significant water 
pollutants on our planet, not to mention the paucity of use-
able water supplies [6–9].

This compelled governments to act and adopt rules and 
regulations to limit water pollution caused by these indus-
trial operations and others. Since many developed nations 
have expressed an interest in the environment and its pres-
ervation, it is essential to focus on offering more sustainable 
options for acceptable wastewater treatment solutions [10].

As a result of low cost and compactness of chemical 
processes; coagulation–flocculation process becomes popu-
lar with various wastewater treatment approaches, such as 
biological and physiochemical processes [11–16]. However, 
many inorganic coagulants (such as aluminum or iron salts) 
are used in water and wastewater treatment, which has some 
drawbacks, such as cost, environmental impact, toxicity, 
and significant sludge volume creation [17–19]. Therefore, 
natural coagulants are being employed more often to lessen 
the environmental impact of the coagulation–flocculation 
process [20–22].

Numerous studies have emphasized the use of natural 
coagulants in the treatment of wastewater from varied indus-
tries, showing that they are equally effective as chemical 
coagulants in treating a wide range of problematic parame-
ters [23–25]. Industrial wastewater has also been successfully 
treated using plant-based natural coagulants [26,27]. Plant-
based products can act as coagulants because they can carry 
out coagulation activities such polymer bridging and charge 
neutralization in colloidal particles [28–32]. Karaağaç et al. 
[33] employed olive stone powdered as a natural coagulant 
for industrial wastewater treatment and reported signifi-
cant removal for organic and heavy metals from industrial 
effluent.

The present study aimed to examine the performance 
of date stone powder as a natural coagulant in treating 
wastewater from the iron and steel sector, specifically in 
terms of chemical oxygen demand (COD), total suspended 
solids (TSS), ammonia-nitrogen (NH3–N), and heavy met-
als removal. This work examined the effect of date stone 
coagulant dose and pH variation on the removal efficiency. 
Furthermore, the chemical structure, thermal stability, and 
shape of date stone powder were investigated using Fourier-
transform infrared spectroscopy (FTIR) and scanning elec-
tron microscopy (SEM). This experimental investigation 
aimed to determine the effectiveness of the coagulation/
flocculation process at the Karabuk iron and steel industry 
effluent near Karabuk University in Turkey.

2. Materials and methods

2.1. Sample collection

Karabuk Iron and Steel Factory’s raw industrial effluent 
was collected in Karabuk, Turkey. The wastewater sample 
was collected at the discharge site and transported straight 
to the laboratory in a cool box within 1 h of collection and 
utilized; if not used immediately, the samples were stored 
at 25°C in the dark until use.

2.2. Preparation of date stone powder

Date stones (Fig. 1) were collected from a home in Gaza, 
Palestine, and transported to Karabuk University in Turkey. 
The date stone was cleaned with distilled water to remove 
any clinging bits. The stones were first allowed to dry at 
ambient temperature before being put in a 50°C oven for 8 h. 
The above procedures were done in order to make it easier 
to smash the date stones. As illustrated in Fig. 1, the date 
stones were grinded for size reduction using a (Retsch RS 
200) grinder to get homogenize powder form employed as a 
coagulant in the tests.

2.3. Analytical study

The characterization parameters and procedures 
employed are shown in Table 1. During the tests, the pH 
of the samples was adjusted with a 1N H2SO4/NaOH 
solution [34].

2.4. Experimental procedure

In order to imitate the coagulation–flocculation process, 
Orbital shaker (Type: PSU-10i, No:010144-1404-0228, Latvia) 
and three 500 mL beakers were used to test the effect of the 
coagulant dose. Each beaker held 200 mL of sample. The 
timing and speed for rapid and slow mixing were set using 
the shaker apparatus’s automated controller. The coagula-
tion–flocculation process in this research comprised 15 min 
of rapid mixing at 200 rpm, followed by 30 min of slow 

Table 1
Characterization parameters and methods

Parameters Method

pH pH meter
Total suspended solids (mg/L) SM 2540 D
Chemical oxygen demand (mg/L) ASTM D1252-A
Ammonia-nitrogen (mg/L) TS EN ISO 11732
Manganese Mn (mg/L) TS EN ISO 11885
Iron Fe (mg/L) TS EN ISO 11885
Zinc Zn (mg/L) TS EN ISO 11885
Aluminum Al (mg/L) TS EN ISO 11885
Nickel Ni (mg/L) TS EN ISO 11885

 
Fig. 1. Date stone and powder.
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mixing at 60 rpm, and then 60 min of settling [35] for further 
testing for percentage removal of COD, TSS, NH3–N, and 
heavy metals (manganese Mn, iron Fe, zinc Zn, aluminum 
Al, and nickel Ni). Throughout this experiment, the initial 
pH of the sample 8 was kept uncorrected, and coagulation 
was assessed based on the removal efficiency of COD, TSS, 
and NH3–N.

The optimal date stone powder dose determined in the 
previous experimental stage was next assessed regarding 
the effect of pH (range from 5 to 10) on removal efficiency 
for the desired parameters. Before adding the coagulant, the 
pH was adjusted using 1 M of hydrochloric acid solution and 
1 M of sodium hydroxide solution. To limit the risk of particle 
settlements, industrial wastewater samples were forcefully 
shaken prior to coagulation; removal efficiency is estimated 
as follows:
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where Ci and Cf refer to the original and the obtained levels 
of each parameter.

Table 2 shows the characteristics of the iron and steel 
factory effluent utilized in these tests.

3. Results and discussion

3.1. Characterization of date stone powder using SEM imaging

Prior to and after the coagulation procedure, the morpho-
logical surface structure of date stone powder was studied. 
Date stone powder has a condensed crystalline brick-shaped 
structure, as seen in Fig. 2a. The structure functioned as an 
attachment point for suspended particles and cations [36]. 
The coagulant aggregated the particles, producing bigger 
flocs that were easily settled, as seen in Fig. 2b. As a result, 
SEM pictures of date stone powder revealed that bridging 
might be to blame for date stone powder’s outstanding 
coagulation capabilities [36,37].

3.2. FTIR analysis

To further investigate the existence of the powdered date 
stone’s main possible functional groups, the corresponding 
infrared (IR) spectrum using FTIR spectroscopy was gener-
ated, as shown in Fig. 3. FTIR analysis was adequately done 
to simplify and possibly spotlight its main functional groups. 
To ease the analysis of the IR spectrum obtained for date 
stone powder, the bands’ range- where its functional groups 
could highlight within the range of wavelength peaks. In the 
range of 300–2,500 cm–1, the detected peak may suggest the 
presence of strong amine salts (N–H), which are engaged in 
the bridging mechanism employed by particles during the 
coagulation process and may help to improve the removal of Table 2

Characteristic of industrial (iron and steel factory) wastewater

Industrial wastewater parameters Results

pH 8
Color (Pt-Co) 865.6
Total suspended solids (mg/L) 110
Chemical oxygen demand (mg/L) 840.24
Ammonia-nitrogen (mg/L) 42.8
Manganese Mn (mg/L) 6.27
Iron Fe (mg/L) 5.30
Zinc Zn (mg/L) 5.44
Aluminum Al (mg/L) 0.38
Nickel Ni (mg/L) 0.15

(a)

 

(b)  

 
Fig. 2. Scanning electron microscopy image (2 µm) of date stone powder (a) before and (b) after the coagulation procedure.
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Fig. 3. Fourier-transform infrared spectroscopy curve for date 
stone powder.
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ammonia and organics from wastewater. The peak between 
1,750–1,650 cm–1 shows the C–N link, whereas the ones from 
1,650–1,550 cm–1 either confirm a primary amine N–H or the 
aromatic C=C. The peak between a green region of 1,300–
1,250 cm–1 indicates an aromatic ester C–O bond, while the 
one between 1,200–1,000 cm–1 shows the N–H aliphatic amine.

3.3. Effect of date stones powder dosage

The effect of date stone powder on the removal efficiency 
of targeted parameters was evaluated. Therefore, different 
dosages of 0.2, 0.6, 1, 3, 5, 7, and 10 g/L of coagulants were 
adopted. The highest COD and NH3–N removal performance 
was 59.4% and 92.1%, respectively, using 7 g/L of coagulant, 
maintaining the initial pH 8 for industrial effluent (Fig. 4).

As shown in Fig. 4, there was a progressive trend in 
removing up to 7 g/L dosages; then, it began to decline as 
the date stone powder dose was increased (up to 10 g/L).

The decrease in COD and NH3–N removal takes place. 
This is due to the overcrowding of coagulants; This might be 
because when the coagulant was introduced, there has been 
increased availability of coagulation processes to take place, 
resulting in a proportional rise in removal; at 7 g/L dosage, 
the coagulation process may have achieved equilibrium, 
so that further dose did not affect removal [38–40].

On the other hand, TSS removal performance was shown 
to be consistent at 99% at all doses throughout the tests. 
Date stone powder effectiveness in COD, TSS, and NH3–N 
removal can be linked to coagulant chemicals in this date 
stone powder. Indeed, solid particles in industrial wastewa-
ter effluent agglutinate grow in size and decant in the backer.

Regarding optimal dose, the coagulation efficiency of 
date stone powder in COD and NH3–N removal differed. 
As a result, it is essential to determine the optimal coagulant 
dose to reduce material costs and sludge formation while 
ensuring peak performance in the treatment process.

The capacity of natural polyphenols in date stone pow-
der to adsorb organics and metal ions increased the removal 
of organic contaminants [41]. The improvement in organic 
and ammonia removal might be attributed to the action of 
electric double layers generated by carboxylic, phenolic, and 

amino groups [42]. When more significant doses of a date 
stone (>7 g) were used, the removal effectiveness of targeted 
parameters decreased. Date stone’s positively charged pri-
mary amino groups increased the bridging mechanism of 
the particles and colloids in the wastewater and improved 
the flocculation process [43]. Date stone powder has a high 
molecular weight and is unhydrolyzed in wastewater. Using 
a larger dosage of date stone results in the rapid precipita-
tion of a considerable powder volume, which may reduce 
flocculation effectiveness [44].

The performance of date stone powder on heavy metal 
removals from industrial effluent is presented in Fig. 5. 
The highest removal efficiencies for Fe, Zn, Al, and Ni were 
97.7%, 94.9%, 65.8%, and 80%, respectively, at 7 g/L. In con-
trast, the highest removal efficiency of Mn was 87.2% of Mn 
at 5 g/L, in the same time the removal efficiency of Mn shows 
significant removal efficiency of 87.1% at 7 g/L. Therefore, 
we consider that the optimal dosage of date stone powder 
is 7 g/L for all tested heavy metals in this experiment; fur-
thermore, when the dosage added was more significant 
than the recommended volume of 7 g/L, no significant 
reduction was found in this experiment.

By linking with date stone powder particles, cations in 
wastewater can increase the coagulation process by neutral-
izing and destabilizing the negative charges of the coagulant 
functional group residue [45]. The presence of monovalent 
and multivalent cations in wastewater, such as Mg2+, Ca2+, 
Na+, and Fe2+, enhanced flocculation. These findings are sim-
ilar to those published by Okaiyeto et al. [46], Wang et al. 
[47], and Zhang et al. [48], who observed that multivalent 
cations such Ca2+, Mn2+, and Al3+ boosted flocculation activ-
ities. Nwodo and Okoh [49], similarly found that Ca2+, Mg2+, 
and Mn2+ increased flocculating ability.

3.4. Effect of pH variance

The effect of pH ranges 5–10 was evaluated, maintain-
ing the optimum coagulant dosage of 7 g/L. The pH was 
adjusted using 1 N H2SO4/NaOH solution. As illustrated in 
Fig. 6, the maximum removal performance for the param-
eters was observed at pH 8.0 with 59% COD removal and 
92.1% NH3–N removal. The removal of COD and NH3–N 
increased steadily as pH values climbed until the optimum 
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Fig. 5. Effects of date stone powder dose on heavy metals Mn, 
Fe, Zn, Al and Ni removal (pH: 8).
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value was achieved. The percentage removal of COD and 
NH3–N dropped when pH increased above the optimum.

The pH of each beaker was corrected to the requested 
pH before the coagulation treatment took place using date 
stones powder during the trials; as shown in Fig. 6, the per-
centage removal for COD and NH3–N were 59% and 92.1%, 
respectively, at pH 8, as illustrated in Fig. 6 the percentage 
removal begins to increase with pH increase from 5 to 10 
and then decrease trend occurs.

On the other hand, the percentage removal of TSS was 
observed to be constant at 99% as pH changed from 5–10 
throughout the experiments. Because of the neutral elec-
tric charge of COD and NH3–N, the adsorption capacity of 
the particles is strong at pH levels ranging from 7 to 9 [50].

Experiments were then carried out at various pH lev-
els using the optimal dosage of date stone powder (7 g/L) 
to determine the best pH range. It was discovered that the 
ideal pH was 8 and that employing the coagulant resulted 
in improved removals. The removals of Mn, Fe, Zn, Al, and 
Ni using date stones powder were 87.1%, 97.7%, 94.8%, 
65.8%, and 80.3%, respectively, at pH 8 (Fig. 7).

Due to the organic structure of date stones powder, 
the pH of industrial effluent remained unchanged after 
its addition. As a result, no pH correction was necessary 
throughout the treatment process when date stone powder 
was used as a coagulant.

4. Conclusion

Date stone powder has shown substantial potential 
as a plant-based natural coagulant in iron and steel mill 

treatment in COD, TSS, NH3–N, Mn, Fe, Zn, Al, and Ni 
removal. The experiment demonstrated the date stone’s sub-
stantial coagulation properties. The specific findings of the 
research are as follows. The presence of various functional 
groups involved in the coagulation process was confirmed 
by FTIR analysis. The date stone powder removed a high 
proportion of COD, TSS, NH3–N, Mn, Fe, Zn, Al, and Ni from 
effluent at pH 8 at a concentration of 7 g/L, with percentages 
of 59.4%, 99%, 92.1%, 87.1%, 97.7%, 94.8%, 65.8%, and 80.3%, 
respectively. The impacts of pH ranges from (5–10) demon-
strate that the best removal efficiency was 59.45% COD, 
99% TSS, and 92.1% NH3–N, while the percentage removal 
of heavy metals was 87.1%, 97.7%, 94.8%, 65.8%, and 80.3% 
for Mn, Fe, Zn, Al, and Ni, respectively. Due to its organic 
nature, industrial effluent pH remained unaltered after add-
ing date stones powder. As a result, no pH adjustment was 
required throughout the treatment when date stone powder 
was utilized as a coagulant.
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