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Abstract 

A feasible new technique has been developed to extract nickel ions from synthetic 

industrial wastewater. This study successfully modified waste glass containing 

silica, sodium, magnesium, and calcium oxides using an acidification approach to 

develop and evaluate it as an effective precipitating agent for heavy metal ion 

recovery. The waste glass was activated using 1 M hydrochloric acid at different 

times of 5, 10, 15, and 20 h. The morphology and physiochemical characterization 

of modified waste glass (MWG) were ascertained by X-ray diffraction, Fourier 

transform infrared and scanning electron microscopy. Atomic absorption 

spectroscopy was used to estimate the precipitation efficiency of metal nickel ions 

as a function of MWG particle size with varying immersion times. The laboratory 

findings revealed that the prepared participating agent effectively removed metal 

nickel ions from wastewater through a precipitation technique at alkaline 

conditions. The highest precipitation efficiency of metal nickel ions was observed 

with a fine MWG particle size of 87 µm by about (99 %), compared to other particle 

sizes. These results indicate that MWG has promising performance for precipitating 

heavy metal ions and maintains the alkalinity of aquatic environments. 

Keywords: Chemical leaching, Chemical precipitation, Nickel (ll), Wastewater, 

Waste glass. 
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1.  Introduction 

The depletion of non-renewable resources and raw materials has become a major 

global concern in recent years because of their strong correlation with detrimental 

environmental effects and primary energy consumption. Moreover, there has been 

an upsurge in concerns regarding the waste disposal and recycling shortage of 

massive quantities of solid and liquid material debris. In this respect, many 

researchers have been encouraged to find an effective way to economically use 

waste materials and reduce environmental pollution.  

Waste glass forms over 10.9 thousand tons of solid waste, of which 39.7 tons 

are derived from municipal solid waste [1, 2]. However, silica is composed of two 

naturally occurring elements, and their major constituents, oxygen and silicon, form 

over 90% of the Earth's crust. The wide range of applications of silica and products 

containing silica demonstrate the ubiquity of this material in daily life, and silica 

can be upgraded to improve its applications and make it more environmentally 

friendly [3]. 

The recycled waste glass was used as a low-cost [4, 5], naturally available 

adsorbent material to reduce the use of synthetic adsorbents that cause pollution 

during the synthesis process to adsorb Cd (II), Cu (II), and Pb (II) from 

contaminated mediums [6, 7]. Acid pretreatment is essential for synthesizing 

amorphous silica with high activity and specific surface area [4]. Fundamentally, 

several techniques have been employed to remove Ni ions from wastewater, 

including solvent extraction [8-10], electrolysis [11], ultrafiltration [12], co-

deposition [13-15], and electrooxidation flocculants [16].  

Despite the beneficial performance of these processes in waste treatment, their 

technical, environmental, and economic feasibility has restricted their use at the 

field scale. This is mainly due to waste sludge, which is enriched with heavy metals 

and is deemed highly toxic and unsafe to the environment [17, 18]. Additional 

expenses are incurred during the disposal of these materials [19, 20]. Recently, 

precipitation and flocculation have been introduced as a low-cost and 

environmentally friendly technique for removing Ni ions from wastewater [2-23]. 

Many studies have reported conventional precipitation approaches that utilize 

chemicals to facilitate the removal of heavy metals. However, handling sludge from 

precipitation products still suffers from restrictions, similar to the previously 

mentioned conventional methods [2, 5]. To address these challenges, a few 

researchers have attempted to develop eco-friendly precipitating agents and 

improve the removal efficiency of heavy metals. Kostrzewa et al. [24] reported that 

the precipitation efficiency of heavy metal ions was enhanced by augmenting the 

pH of the real medium up to pH = 5 through a hydrometallurgical process. They 

also claimed that the best removal of heavy-metal Ni ions was approximately 56% 

with 30% NaOH chemical additives.  

Wang et al. [25] introduced the chemical participant of developed silica xerogel 

for recovering the heavy metal in wastewater. The synthesized participant agent 

exhibited promising removal efficiency of Ni metal (99.65%) beyond 72 h in an 

alkaline pH range (10-11). The main objective of the present study is to synthesize 

a new and economical precipitant agent through a simple and direct method that 

can effectively recover heavy metal Ni ions from wastewater while maintaining a 

consistently high pH level. 
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2.  Materials and Methods 

2.1. Sample collecting 

Glass bottle waste was collected from household discards. Initially, the glass bottles 

were washed multiple times with water to remove soluble impurities. The bottles 

were then crushed and ground into a powder, and sieved to obtain a mesh-sized 

powder (+200 μm). Subsequently, the waste glass powder was washed and exposed 

to an air drier in a dry oven at 100°C for 12 h and stored for later use. The 

preparation process of modified waste glass powder (MWG) was used to formulate 

a precipitation agent from waste glass, as presented in Fig. 1. 

 

Fig. 1. Schematic diagram of preparation precipitant agent from waste glass. 

The elemental composition of the harvested waste glass (WG) was analyzed 

using energy-dispersive X-ray spectroscopy (EDX), as shown in Fig. 2. 

 

Fig. 2. EDX analysis of waste glass. 

2.2. Chemical modification of the waste glass 

The modification process of waste glass was modified by an effortless and direct 

method through immersion with 3 g of prepared waste glass powder in 600 ml of 

1.5 M hydrochloric acid (HCl). The immersed samples were stirred at 160 rpm for 

5, 10, 15, or 20 h. The glass waste containers with acidic solutions were filtered 

and rinsed with deionized water until the pH of the water became (pH = 7) to 

remove the modified WGP from the solution. The final samples were filtered and 

dried in an oven at 100 °C for 1 h to dehydrate and acquire modified waste glass 
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powder. The developed samples were defined based on their immersion time in an 

acidic solution, as illustrated in Table 1.  

Table 1. Samples of waste glass were used in this study. 

No. 
Time of immersion  

in 1.5 M HCl (hours) 

Sample 1 5 

Sample 2 10 

Sample 3 15 

Sample 4 20 

2.3. Characterization of modified waste glass (MWG) 

The MWG samples were analyzed using morphological, physical, and chemical 

techniques. The glass samples were characterized by X-ray diffraction (XRD) using 

(XRD 6000 Shimadzu (Japan), and the XRD patterns were obtained using an angle 

diffractometer 2θ in the range (10-80°) at room temperature with Cu Kα radiation. 

The chemical moieties on the glass surface were analyzed using Fourier transform 

infrared spectroscopy (Bruker ALPHA FTIR, Germany) in the wavenumber range 

(4000-400 cm–1).  

The surface morphologies of the MWG samples were investigated using 

scanning electron microscopy (SEM), type TESCAN, Czech Republic. The 

research's methodological process has used an image processing program (ImageJ) 

to determine the average particle diameter of the modified glass powder after the 

modification process. 

2.4. Precipitation of nickel from synthetic industrial wastewater 

Nickel sulfate (NiSO4·6H2O) in this research work has been dissolved in distilled 

water to produce synthetic industrial wastewater. The Ni ions concentration in the 

synthetic wastewater was 100 mg/L. After this process, different particle sizes of 3 

g of activated MWG were incorporated into the solution. Further, the resulting 

mixture was agitated for over 50 h at pH 7.5 and room temperature. An atomic 

absorption spectroscopy has been used to periodically determine the residual nickel 

concentration in the solution, and the following formula (1) was used for computing 

the precipitation efficiency (PE) [26]:  

𝑃𝐸 =  𝐶₀ +  𝐶𝑓                                                                                                        (1) 

3.  Results and Discussions 

The study has identified XRD as a method for examining the crystal structures of 

various materials. Also, X-ray diffraction is used to determine the atomic 

arrangement of the sample and the diffraction pattern. This method is also applied 

in other fields of science, such as chemistry and geology, to identify and 

characterize crystalline materials. Each MWG sample was investigated by XRD 

analysis at the Nanotechnology and Advanced Materials Research Center, Iraq.  

The presence of SiO2 was indicated by a distinct peak at 2θ = 22°. In addition, 

the wide range of peaks between 20-30° indicates silicates, sodium silicate, 

calcium, and other impurities, and these materials are the original components of 

waste glass in the XRD measurements of all the specimens, as illustrated in Fig. 3. 



106       Z. Karm et al. 

 
 
Journal of Engineering Science and Technology               June 2025, Vol. 20(3) 

 

Moreover, the convexity of the peak in the same range implies that the powder is 

amorphous, without any characteristic peaks related to the crystalline structure 

[27]. Interestingly, the sharpness of this peak decreased with increasing acid 

immersion time for the waste glass powder. These observations confirmed the 

successful modification of the glass surface with chemical ions during the 

immersion process in the HCl solution.  

 

Fig. 3. XRD of MWG samples with different immersed times in 1.5 M HCl. 

The FTIR spectra of MWG powder via acid-leached at 5, 10, 15, and 20 hours, as 

depicted in Fig. 4. The peaks observed at 471.21,471.03,469.73, and 439.16 cm-1 are 

related to Si-O-Si bending vibrations. The stretching vibrations of Si-O-Al is 

represented by the peaks at 660.30 cm-1 [5]. The peaks ascribed to Si-O-Si 

asymmetric stretching at 1,027.37 cm-1 and 1,001.58 cm-1. The hydroxyl group (-OH) 

from the silanol (Si-OH) or adsorbed water molecule trapped within the silicate 

structure of the waste glass particles appeared at the peaks 3,725.22, 3,565.88, 

3,820.43, and 3,718.27 cm-1, respectively [25]. 

 

Fig. 4. FTIR of MWG samples in an acid  

solution of HCl as a function of immersion time. 
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The presence of silicates, carbon, metal oxides, and metal halides in the waste 

glass particles was generally confirmed by the different peaks in the spectra [5]. It 

is worth noting that the intensity of peaks at 1,027.37 and 1,001.58 cm−1 decreased 

with increasing the immersion time in the HCl solution. These functional groups 

might be attributed to the silanol groups and adsorbed water molecules through 

precipitation, electrostatic interaction, and other processes. Also, all the details of 

the peaks are mentioned in Table 2. 

Table 2. FTIR analysis of MWG samples.  

No. 
Wavenumber 

(cm−1) 
Appearance 

The assignment of 

the functional group 

1 439.16 medium Si-O-Si bending  

2 469.73 medium Si-O-Si bending  

3 471.03 medium Si-O-Si bending  

4 471.21 medium Si-O-Si bending  

5 660.30 strong Si-O-Al stretching 

6 1001.58 strong S=O stretching 

7 1027.37 strong S=O stretching 

8 1507.98 strong N-O stretching 

9 1508.33 strong N-O stretching 

10 2236.88 weak C-H bending 

11 2324.38 strong O=C=O stretching 

12 3565.88 strong O-H stretching 

13 3718.27 medium O-H stretching  

14 3725.22 medium O-H stretching  

15 3820.43 medium O-H stretching 

Figures 5 and 6 show the SEM images and particle size distribution of the glass 

powder after different activation times using a chemical solution of HCl. The 

morphology of the developed glass particles was somewhat similar to that of flakes 

or shards, which were reduced with extended immersion times in the acidic 

solution; these results agree with [28]. The mean MWG particle diameter was 

determined from the microstructure images of the SEM analysis, which revealed 

the average diameter value of all the glass powder particles in the range of 180-81 

μm, as presented by the particle size distribution in Fig. 6. 

 

Fig. 5. SEM of prepared MWG samples. 
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Fig. 6. Particle size distribution of prepared MWG samples. 

The results of the precipitation efficiency of the heavy metal Ni and the final 

pH as a function of the precipitation time at different particle sizes of the precipitant 

agent, using 3 g of the synthesized activated waste glass samples in a nickel-

containing solution at a concentration of 100 mg/L. However, the nickel removal 

efficiency increased dramatically in almost all MWG additive samples versus the 

variation in the precipitation time, as shown in Figs 7-10. 

 

Fig. 7. The precipitation efficiency of MWG and final  

pH with particle size 180 µm as a function of time. 
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Fig. 8. The precipitation efficiency of MWG and final  

pH with particle size 92 µm as a function of time. 

 
Fig. 9. The precipitation efficiency of MWG and final 

pH with particle size 87 µm as a function of time. 

 

Fig. 10. The precipitation efficiency of MWG and final  

pH with particle size 81 µm as a function of time. 
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Figures 7-10 show that the efficiency of nickel removal was progressively 

enhanced by 18.9, 25.6%, 30.679, and 12.7% with MWG precipitant particle sizes 

of 180 µm, 92 µm, 87 µm, and 81 µm, respectively, after 10 h under ambient 

conditions. The results of chemical precipitation indicated that the precipitation 

efficiency of heavy metal Ni ions increased with a decrease in the particle size of 

the developed precipitants, which is related to the high surface area of the fine 

particles. However, the highest precipitation efficiency (99 %) was obtained using 

a particle size of 87 µm of MWS. 

In this study, nickel ions were deposited under conditions at a pH of 7.5. We 

noticed that after adding the concentration of the precipitated material from the 

modified glass waste, the pH increased after 10 h to 8.2, 9.3, 9.9, and 8.7 at particle 

sizes of 180 µm, 92 µm, 87 µm, and 81 µm at 50 h under ambient conditions, 

respectively; these results are in agreement with [29]. Meanwhile, the modified 

glass waste under alkaline pH and the abundance of hydroxyl groups (-OH) led to 

ionization of the glass surface.  

These groups act as heavy metal binding agents and enhance precipitation 

efficiency. In comparison, the efficiency of heavy metals' chemical precipitation 

declined with a finer particle size of the developed precipitant at 81 µm. This 

behaviour is ascribed to the low absorption capacity, even with the fine particles, 

due to the loss of active functional groups, such as silanol groups, during the acidic 

treatment. This finding corresponded with FTIR analysis results and affirmed that 

functional groups on the surface-modified glass play a significant role in enhancing 

precipitation efficiency.  

4.  Conclusions 

In this study, low-cost precipitant agents were synthesized from glass waste to find 

a suitable green environmental solution focusing on sustainable aspects and green 

chemistry. Waste glass has been successfully modified through an eco-friendly 

process (acidification process). We can summarize the results as follows: 

• XRD analysis of MWG samples indicates the existence of silicates, sodium 

silicate, and calcium, which are the main components of waste glass.  

• The XRD analysis findings are confirmed the functional groups that detected 

through the examination of FTIR analyses.  

• The particle size of the glass powder decreased with increased immersion time 

using a chemical solution of HCl.  

• The MWG with 87 µm particle size revealed high precipitation efficiency of heavy 

metal Ni ions under alkaline conditions and room temperature after 50 hours.  

• The precipitation of nickel increased with increased immersion time. 

• The optimum conditions of precipitation findings exhibited that the ultimate 

precipitate of metal Ni ions was 99% after 50 hours by the inclusion of MWG 

with a particle size of 87 µm. 

•  In all particle sizes of precipitant agents, we noticed that the pH increased with 

time after adding the concentration of the precipitated material from the 

modified glass waste. Consequently, it can be deduced that the modified waste 

glass with functional groups has considerable potential as a low-cost 

precipitant agent for wastewater treatments. 
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Nomenclatures 
 

C₀ Initial concentration before precipitation, mg/L. 

Cf Final concentration after precipitation, mg/L. 

PE Precipitation efficiency. 
 

Abbreviations 

FTIR Fourier Transform Infrared 

HCl Hydrochloric acid 

MWG Modified Waste Glass 

SEM Scanning Electron Microscopy 

XRD X-Ray Diffraction 
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