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High-purity silica is valuable in modern industries. Colored 

glass waste, however, is an environmental pollutant and 

difficult to recycle. Therefore, silica from sustainable 

sources presents both industrial and environmental 

challenges. The study aims to convert this waste into silica 

using the alkaline fusion method (an economical, relatively 

low-temperature method). The methodology involved 

immersing crushed waste glass in 2M HCl for 24 hours. 

Solid sodium silicate was formed by heating 20 g of 

purified waste glass with 80 g of NaOH at 500 C° for 2 

hours. Sodium silicate solution and 3M HCl were mixed to 

prepare silicic acid. The aging took 18 hours, followed by 

filtering and 48 hours of drying. XRD confirmed the 

product's amorphous nature. Chemical analysis revealed 

that the final product contained 99% silica, compared to 

69.94% in raw glass waste, with a yield rate of 98.59%. 

There was a significant decrease in impurities (Fe₂O₃, 

Al₂O₃, MgO, and SO₃). BET analysis showed a specific 

surface area (53.04 m²/g) and a low total pore volume 

(0.263 cm³/g). BJH analysis confirmed the mesoporous 

nature, with pore volumes of 0.261 cm³/g and mesopore 

surfaces of 52.93 m²/g. This process was stable across all 

waste glass colors, indicating potential for industrial and 

nanoporous material applications. 
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1. Introduction  

     Soil pollution is one of the most serious environmental challenges facing the modern world. 

Land degradation is characterized by the loss of environmental and economic value due to 

excessive human activity or pollution [1]. Among the factors contributing to this problem are 

waste management practices, particularly the irresponsible disposal of non-biodegradable 

materials such as glass, plastics, and aluminum cans. Glass waste takes thousands of years to 

decompose naturally in landfills, which depletes large areas of land and contaminates soil and 

groundwater with heavy metals such as cobalt, chromium, and iron [2-3].  

Globally, glass production exceeds  130 million tons each year, contributing approximately 30–

35 million tons of post-consumer waste; 60–70% of this waste ends up in landfills [4]. In this 

waste stream, mainly colored glass— green, brown, and white— constitutes the majority, 

although mixed colors often prove difficult to recycle using conventional methods [5-6]. In Iraq, 

glass waste management is underdeveloped, and there is no large-scale recycling infrastructure. 

The beverage, food, and construction industries in Basra generate significant volumes of glass 

waste, but it is either landfilled or disposed of informally. There is a pressing need to develop 

locally applicable valorization pathways for glass waste [7].  As global production of these 

materials continues to increase, their disposal in landfills has become unsustainable from an 

environmental and economic standpoint. As a result, recycling is one of the most effective 

methods for reducing the environmental impact of this waste and converting it into a valuable 

economic resource  [8]. Recycling glass not only conserves energy—using 20% to 30% less 

energy than producing new glass from raw materials—but also preserves natural resources by 

reducing the need to extract sand, limestone, and sodium carbonate [9]. Additionally, it lowers 

greenhouse gas emissions by decreasing the carbon dioxide released during melting [10-11]. 

Nonetheless, the presence of metal oxides like iron, cobalt, chromium, and copper can pose 

significant challenges to the glass recycling process. For instance, mixing colored glass with 

transparent glass significantly reduces the final product's quality  [12]. After examining the 

colored glass problem, it is critical to note that colored beverage bottles, light bulbs, and 

laboratory glassware are rich in silica and can serve as alternative silica sources [13]. The use 

of high-purity silicon dioxide extends beyond traditional containers for beverages, window 

glass, and household items to advanced industrial and biotechnology fields like fiber optics (the 

backbone of communication and internet networks), optical glass (used in lenses and 

telescopes), and pharmaceuticals and cosmetics (as a filler and property enhancer) [14-15]. As 

a result of these expansions in applications, the demand for ultra-pure silica is increasing, which 
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has led to a growing interest in finding sustainable and alternative sources of silica for 

production, rather than relying on limited natural sands that require costly and environmentally 

damaging mining operations [16]. 

 In terms of preparation methods, researchers have developed several approaches for producing 

high-purity silica, which differ in their chemical principles, costs, efficiency, and suitability to 

different raw materials [17-19]. Among these methods are sol-gel processing, 

electrocoagulation [20], hydrothermal treatment [21], and alkaline fusion [22]. Sol-gel 

processing produces high-purity silica with precise control of pore structure, it is expensive and 

requires toxic organic raw materials such as tetraethoxysilane [23]. High-purity silica can also 

be obtained by hydrothermal treatment, but it requires specialized equipment that operates at 

high pressures and temperatures, resulting in high energy consumption and costs [24]. However, 

electrocoagulation has low productivity, and it is only suitable for aqueous solutions, not solids 

[16]. Raw material availability and ease of application are key features of the alkaline fusion 

method. Low-cost alkaline reagents such as NaOH, KOH, or Na2CO3 are used to moderate the 

temperature  in sand at a relatively moderate temperature (500 C°) to produce soluble sodium 

silicate, which is subsequently converted into silica, which is suitable for processing silica-rich 

materials like recycled glass and sand [25]. 

Several previous studies emphasized extracting silica from rice husks [26-27], fly ash [28], and 

clear glass [29]. However, colored glass waste has attracted relatively little attention because 

metal oxide colorants make silica recovery more challenging. [16] reported that high-purity 

SiO₂ (99.9%) could be extracted from colored glass using NaOH fusion. In contrast, the study 

adopted a high NaOH ratio (90%) and did not address extensive structural characterization, 

process optimization, or potential applications. 

The present study aims to overcome these limitations. First, introducing an acid pre-treatment 

step improves raw material quality and reduces NaOH utilization, thereby lowering chemical 

use, production costs, and environmental impacts. Second, the extracted silica is characterized 

using X-ray Diffraction, X-ray Fluorescence, Brunauer-Emmett-Teller, and Barrett-Joyner-

Halenda. Third, the study focuses on developing functional silica materials with potential value-

added applications rather than conventional recycling. Accordingly, by using colored glass as a 

waste resource, this study aims to fill a research gap by producing high-purity amorphous silica 

with an enhanced, simplified, and cost- effective version of the alkali fusion method. 
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2. Materials and Methods 

 

2.1. Raw Materials  

Waste glass of diverse colors, including green, white, and brown, was collected from the 

Rafaaiya sanitary landfill, located approximately 45 to 50 kilometers from the Basrah 

Governorate in southern Iraq (Figure 1). Also used were hydrochloric acid (HCl) at 37%, 

sodium hydroxide (NaOH) in granular form (99% purity), and distilled water.  

The equipment included a 250 mL glass beaker, a graduated cylinder, a pipette, a funnel, an 

RM 200 grinder, a pH meter, a thermometer, a Whatman No. 41 filter paper, a drying oven, a 

precision analytical balance, and a muffle furnace for heating. 

 

 

 

 

 

 

 

 

 

Figure 1. Colored glass waste collected from Basrah Governorate, Southern Iraq . 

 

The methodology consisted of several sequential stages, as described below. 

2.2.  Acid Pre-treatment 

Initially, glass waste was washed with distilled water to remove soil and other contaminants. 

Then, it was exposed to sunlight for 24 hours until completely dry. Subsequently, the dried glass 

was ground using an RM 200 grinder and passed through a 63 μm sieve [30] to reduce the 

particle size and increase the surface area between the solute and the solvent [31]. The grinding 

process was conducted at the Department of Geology, College of Science, University of Basrah, 

Iraq (Figure 2). 
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Figure 2. Different colors of crushed glass waste (A: green, B: white, and C: brown). 

2.2. Characterization of Colored Glass Waste  

 

X-ray diffraction (XRD) was used to identify the crystalline phases in the green, white, and 

brown waste glass powders (Department of Physics, College of Science, University of Basrah, 

Iraq). Analysis was conducted with Cu Kα radiation (λ = 1.5406 Å), operating at 40 kV and 30 

mA, with a scanning range of 10–80° (2θ). The samples were analyzed using an ED-XRF 

Spectro XEPOS system developed by Australian Laboratory Services (ALS). In accordance 

with the factory calibration protocol, the X-ray tube was operated under standard excitation 

conditions and vacuum. 

 

2.4. Alkaline Fusion Method 

A 25 g sample of waste glass powder was immersed in 30 mL of 2 M HCl for 24 h, stirring 

manually every 30 min to enhance the solute-solvent interaction and maintain a proper solid-

to-liquid ratio. As reported in [32], 2 M HCl can reduce CaO by 13% and increase SiO2 by 17%. 

[29, 33] recommend a 24 hours immersion because of diffusion limitations. Mass transfer is 

enhanced when the mixture is stirred every 30 min, as documented in [34]. Whatman No. 41 

Filter paper was used to filter the soaked samples, and distilled water was used to rinse them 

until the pH reached 7–8. They were then dried at 100 C° for 2 h [35]. After recovering the 

purified glass powder, 20 g of this purified glass powder were taken for further processing.  

Next, solid sodium silicate was prepared by heating a mixture of 20 g of purified glass powder 

and 80 g of NaOH (99% purity). The mixture was heated to 500 C° in a programmable furnace 

at 2.5 C°/min at room temperature. It was held at this temperature for 2 hours [36] (Figure 3). 

A 1:4 ratio of glass to NaOH was used to dissolve the amorphous silicate network completely. 



F. W. Al-Halfi & H. A. Al-Saad  Basrah J. Sci. 44(2) (2026) 302–322 

 

307 
 

According to [37], sodium silicate solutions can be produced in an adjustable ratio. The ratio 

provides the foundation for converting glass into soluble sodium silicate in a quantitative 

manner. By adding distilled water to solid sodium silicate, a sodium silicate solution was 

obtained (Figure 4). 

To prepare the silicic acid, the sodium silicate solution was gradually mixed with 3 M HCl until 

a white gel-like substance (at pH 1–2) was obtained. The remaining dissolved salts were 

removed by washing silicic acid using 300 mL of distilled water, ten times, as described in [22]. 

After 18 hours of aging, the gel mixture was filtered through filter paper and dried in a hot-air 

oven at 110 C° for 48 hours [38]. As a last step before analyses, the manufactured silica 

agglomerates were milled using an RM 200 grinder (Figure 5). 

  

 

  

 

 

 

Figure 3. Solid sodium silicate prepared from purified colored glass waste (A: green, B: 

white, and C: brown). 

 

 

 

 

 

 

 

 

Figure 4. Sodium silicate solution from purified colored glass waste (A: white, B: green, and 

C: brown) 

A C B 

A C B 
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Figure 5. White silica made by processing colored glass waste via the alkaline fusion method 

2.5. Characterization of Produced Silica 

Utilizing XRD and XRF techniques, the silica product was identified and evaluated. The 

specific surface area of the prepared silica was also determined at the University of Tehran, 

Iran, using a BET Prep VAC II instrument. The instrument operates on nitrogen (N₂) 

adsorption–desorption measurements. Before analysis, the samples were degassed under 

vacuum heating conditions to remove moisture and adsorbed impurities. The BET analysis was 

conducted under standard operating conditions using nitrogen as the adsorbate gas [32]. The 

BJH analysis is applied to the desorption branch of the nitrogen adsorption isotherm to 

determine pore size distributions and mesopore characteristics. A BJH analysis was performed 

on synthesized silica to determine its pore volume and pore surface area [39].  Silica 

nanoparticle yield rates can be calculated using the following Equation (10), according to [40]. 

Yield (%) =  
 weight of the extracted silica powder (g)×P synthetic silica

weight of the raw waste glass (g)×Pglass  
  ------ (1) 

P glass = fraction of SiO₂ in raw waste glass (determined by XRF analysis)  

P synthetic silica=  fraction of SiO₂ in synthetic purity silica (determined by XRF analysis)  

3. Results and Discussion 

3.1. Raw Colored Glass Waste 

3.1.1. Mineral Analysis of Raw Colored Glass Waste 

XRD analysis was performed over a 2-theta range of 2–60°. No sharp Bragg peaks were 

observed in any of the raw glass waste samples (white, green, or brown), indicating their 

amorphous nature and similar structural characteristics [41-45] (Figure 6). 
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Nevertheless, low-intensity reflections are observed between 31 and 33°, which may be due to 

baseline effects or residual trace crystallizations and do not affect the overall amorphous 

nature of the samples. 

 

Figure 6. Mineral analysis of raw colored glass waste 

3.1.2. Chemical Analysis of Raw Colored Glass Waste 

The chemical compositions of colored glass waste show that the highest silica (SiO₂) content 

was in white glass (71.11%), followed by green glass (69.75%), and the lowest was in brown 

glass (68.95%). Brown glass had the highest Al2O3 + Fe2O3 content (4.90%) and MgO content 

(7.01%). A slight increase in SO₃ levels were also detected in green and brown glass (0.17% 

and 0.19%, respectively) compared to white glass (0.15%), as shown in Table 1 and  (Figure 7(. 

These variations in chemical composition can be explained by the contribution of transition 

metal oxides throughout production. Transition metal oxides are added during the 

manufacturing process to absorb specific wavelengths of light and create the desired color [46]. 

These oxides are present in low proportions in white glass, which maintains transparency. Iron 

(Fe₂O₃) contributes to the green color in large quantities, while chromium may also contribute, 

although it is not quantified in the present study [47]. Iron and sulfur (SO3) react in brown 

glass, forming iron sulfide (FeS), which gives its brown color [48]. To enhance mechanical 

qualities or enable the incorporation of coloring additives without crystallizing, many modified 

oxides are used [49]. 
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Table 1. The chemical composition of colored glass waste samples 

Chemical 

Composition 

 Glass Waste % 
Average 

% 
White Green Brown 

SiO2 

Al2O3 + Fe2O3 

CaO 

SO3 

Na2O + K2O 

MgO 

71.11 

4.3 

7.55 

0.15 

10.5 

6.09 

69.75 

4.5 

7.6 

0.17 

10.87 

6.98 

68.95 

4.9 

7.49 

0.19 

10.69 

7.01 

69.94 

4.57 

7.55 

0.17 

10.69 

6.69 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. A comparison of oxides weight percentages in raw colored glass waste 

 

3.2. Reaction Mechanism 

The alkaline fusion method for recycling colored glass waste into high-purity silica involves 

three sequential chemical reactions. 

First, the alkaline fusion method breaks down the glass network, which is composed 

of interconnected siloxane (Si-O-Si) bonds. Hydroxide ions dismantles the three-dimensional 

silica framework, transforming it into soluble sodium silicate materials, as shown in Equation 

(2). This change increases silica's solubility and facilitates extraction [50].  

2NaOH + SiO₂ → Na₂SiO₃ + H₂O ----------- (2) 
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Second, when hydrochloric acid is added to soluble silicate materials, silicic acid [Si(OH)4] is 

formed, and sodium chloride is produced as a byproduct Equation (3) [50]  

Na₂SiO₃ + H₂O + 2HCl → Si(OH)₄ + 2NaCl ---------- (3) 

The third reaction is condensation, which occurs when deprotonated silanol groups (Si-O) 

attack neutral Si(OH)4 molecules. It creates new siloxane bonds (Si–O–Si) and initiates the 

formation of a three-dimensional hydrated silica network. Gel structure is determined by pH, 

temperature, and aging time, which regulate condensation rate and pore architecture. When 

dried, amorphous silica with a specific surface area and a mesoporous structure is obtained [51]. 

Finally, the reaction shows that silicic acid loses water thermally at 110 C°, forming amorphous 

silica (SiO₂) and water vapor. Equation (4) illustrates this. 

Si (OH)₄ → SiO₂ + 2H₂O ---------------- (4) 

 

3.3. Characterization of High-Purity Silica  

3.3.1. Mineral Analysis of High-Purity Silica 

X-ray diffraction analysis of the silica produced by the alkali fusion process revealed a broad 

peak centered at approximately 22° (2θ) and a flat baseline; no significant crystalline reflections 

were detected (Figure 8), which confirms that the resulting silica is amorphous [52]. 

 

Figure 8. X-ray diffraction pattern of the silica product 
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3.3.2. Chemical Analysis of High-Purity Silica 

Chemical analysis of the produced silica showed that alkaline fusion effectively purifies silica 

and removes impurities from colored glass waste, regardless of the original glass color (white, 

green, or brown). SiO₂ average increased from 69.94% in raw glass waste to 99% in the final 

product. In contrast, associated impurities (Fe₂O₃, Al₂O₃, MgO, SO₃) decreased to less than   %1  

(Figure 9) (Table 2).   

The presence of approximately 1% Fe₂O₃ in the final product can be explained by the 

incomplete removal of iron-containing impurities during the purification process. These 

residual iron oxides may originate from insoluble phases that are difficult to eliminate under 

the applied chemical treatment conditions. Compared with [32], which investigated silica 

extraction from dune sands, the alkaline smelting method produced high-purity silica (86.3%), 

although trace amounts of iron impurities were detected. It appears that, despite using different 

raw materials, the complete removal of iron oxide remains a challenge. The XRF analysis 

results demonstrated that the silica purity was about 99% SiO₂ with a very low content of alkali 

metal oxides (Na₂O + K₂O ≤ 0.007 wt.%), indicating the effectiveness of the washing process 

and the removal of sodium chloride residue, even though no electrical conductivity 

measurements were carried out. 

 

Table 2. Chemical analysis of synthetic silica 

Chemical 

composition 

Produced silica from waste glass   Average 

% White Green Brown 

SiO2 99.01 98.95 98.94 99.00 

Al2O3 + Fe2O3 0.98 1.001 1.004 0.995 

CaO 0.001 0.002 0 0.000667 

SO3 0 0 0 0 

Na2O + K2O 0.001 0.01 0.003 0.007 

MgO 0.003 0.005 0 0.000667 
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Figure 9. A comparison of oxide weight percentages in synthetic silica 

 

3.4. Specific Surface Area of Synthetic Silica 

BET analysis revealed that the synthetic silica has a specific surface area of  53.04 m2/g, a 

monolayer volume of 68.5 cm3/g, and a total pore volume of 0.263 cm3/g as determined by 

nitrogen gas adsorption (Table 3). The average particle size of 9.02 nm falls into the nanosized 

range that precipitated amorphous silica, which is consistent with what was reported by [53-

54].  

BJH method yielded a mesopore surface area of 52.93 m²/g, and a pore volume of 0.261 cm³/g.   

The study found that silica produced from different colored glass waste has almost identical 

surface areas and pore volumes, which indicates that the process is consistent regardless of the 

glass color. 

Table 3  :An analysis of the surface characteristics of amorphous silica with BET and BJH  

 BJH  BET  

Mesopore 

Surface 

Area 

(m2/g) 

Pore 

Volume 

(cm3/g) 

Specific 

surface 

area (m2/g) 

Average 

particle 

size (nm) 

Monolayer 

volume 

(cm3/g) 

Total 

pore 

volume 

(cm3/g) 

52.93 0.261 53.04 9.02 68.5 0.263 

 

BJH analysis was employed to assess the porous structure of the obtained high-purity silica. 

Figure 10 displays that the pore size distribution (dV/dr–p) vs (r–p) exhibits a distinct peak at 
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a pore radius of 1.21 nm, equating to a pore diameter of roughly 2.42 nm. This measurement 

aligns with the IUPAC classification for average pore sizes (2–50 nm), verifying the 

mesoporous characteristic of the extracted silica. According to BJH analysis, the average pore 

surface area was 52.93 m²/g, and the corresponding pore volume was 0.261 cm³/g. A narrow 

distribution of pore sizes is a characteristic of mesoporous structures. The BET measurement, 

which revealed a mean particle size of 9.02 nm and a specific surface area of 53.04 m²/g, further 

suggests that the material possesses nanoscale characteristics in light of these findings.   

 Figure 11 illustrates the nitrogen adsorption–desorption curve for high-purity silica. 

According to the IUPAC classification, this curve displays a Type IV pattern, typical of 

mesoporous substances. The adsorption and desorption branches align closely throughout the 

full range of relative pressure (P/P₀ = 0.0–1.0), indicating either open cylindrical pores or a 

structure dominated by the surface. 

 

Figure 10. A desorption isotherm showing the pore size distribution of synthetic silica 

created from waste glass. 
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Figure 11.  Adsorption and desorption isotherm of nitrogen on amorphous silica of high 

purity 

3.5. Yield Rate of Synthetic Silica 

From 25 g of raw colored glass waste, the highest extraction rate of high-purity silica (99%) 

was achieved with a product weight of 17.77 g, while the lowest yield rate resulted in the highest 

loss percentage (2.01%), as shown in Table 4. There are three main causes of these losses: 

mechanical loss, alkali volatilization, and acid solubility [55-57]. Our study (98.59%) is better 

than [16] (98.3%) and [58] (60.26%).  

Table 4: Yield rate of synthetic high purity from colored waste glass 

Raw glass 

waste 

Weight 

of raw 

glass (g) 

Weight of 

synthetic  

silica (g) 

       

SiO2      in 

raw glass 

% 

SiO2             

in raw 

glass % 

 

Yield 

ratio 

 % 

Losses 

rate  

% 

White 

Green 

Brown 

25 

25 

25 

17.77 

17.26 

17.20 

 

71.11 

69.75 

68.95 

99.01 

98.95 

98.94 

99 

97.99 

98.77 

 

1 

2.01 

1.23 

Average 25 17.41 69.94 99 98.59 1.41 

 

The synthesized silica exhibited a specific surface area of 53.04 m²/g, comparable to 

commercial low-surface-area fumed silica grades like AEROSIL OX 50, which typically range 

from  50 ± 15 m²/g . With a 99% SiO2 purity, the product aligns with high-purity silica grades 
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on the market, which generally boast purities exceeding 99%. These characteristics render the 

produced silica suitable for numerous industrial uses, including as fillers in polymers and 

elastomers, additives in coatings and paints, and in construction materials. Furthermore, its 

nanoscale particle size, approximately 9 nm, and mesoporous structure make it ideal for 

catalytic support and adsorption applications [59]. 

 

4. Conclusions 

As a result of the study, colored glass waste (white, green, and brown) has been successfully 

recycled, and high-purity silica has been synthesized at 500 C° by alkaline fusion with sodium 

hydroxide (NaOH), with an average yield rate of 98.59% and a loss rate of 1.41%.  X-ray 

diffraction analysis verified that the product was pure and lacked any secondary crystalline 

phases, confirming the product is amorphous and free of residual impurities.  Nevertheless, low-

intensity reflections are observed between 31 and 33°, which may be due to baseline effects or 

residual trace crystallizations and do not affect the overall amorphous nature of the samples. 

The final product contained 99% silica, compared to 69.94% in raw glass waste. The 

accompanying impurities (Fe₂O₃, Al₂O₃, MgO, and SO₃) significantly decreased to less than 1%, 

demonstrating that this technique is effective regardless of the color of the waste. In contrast, it 

appears that iron oxides remain difficult to remove even though trace amounts of iron are 

present.  BET analysis showed that the synthetic silica produced had a surface area of 53.04 

m²/g, indicating its nanoscale nature and potential adsorption efficiency. The final product has 

a mesoporous structure, as evidenced by the mean pore diameter (22.585 nm) and the total pore 

volume (0.263 cm3/g), making it suitable for selective filtration and catalysis. It is confirmed 

that the monolayer volume (68.5 cm3/g) corresponds to the calculated surface area. An analysis 

by BJH confirmed the mesoporous nature of the structure, with pore volume 0.261 cm3/g and 

mesopore surface area 52.93 m2/g. With its mesoporous structure and specific surface area 

(53.04 m2/g), synthesized silica shows potential for a variety of applications, including polymer 

fillers, catalyst supports, and heavy-metal adsorption. The current study, however, did not 

evaluate its performance in these applications  . 

There are some limitations to the study, notably the lack of an evaluation of the product's 

performance in the proposed practical applications. Moreover, iron oxide residues persist in the 

final product, which calls for improved purification steps. The effectiveness of washing and the 

removal of sodium chloride residues was not evaluated by electrical conductivity 
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measurements. The performance of synthesized silica in practical applications (for example, 

heavy metal adsorption and catalysis) should be evaluated in the future; the process for 

removing iron oxide needs to be optimized; and industrial-scale production needs to be 

considered. Electrical conductivity measurements are also recommended in future studies to 

confirm washing efficacy. The surface morphology and particle size of the prepared silica 

should also be evaluated using scanning electron microscopy (SEM), and the nature of chemical 

bonds should be determined through Fourier transform infrared spectroscopy (FTIR). To 

confirm the accuracy of the product's purity, the next studies should also include ICP-OES or 

ICP-MS analysis as a complementary measure. A future study should include statistical 

replications and formal statistical analysis, which are not included in this study. 

The results indicate that recycling colored glass waste can yield high-quality silica with surface 

properties comparable to AEROSIL® 50.Data Availability  

The data used to support the findings of this study are available from the corresponding author 

upon request.  
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 القلوي ررالانصها بطريقة الملون الزجاج نفايات  من النقاء عالية المتبلورة غير السيليكا تحضير

 1وحارث عبد الحليم السعد 1فادية وليد الحلفي

 المستخلص 

  الزجاجّ  نفايات  تشُك ل  المقابل،  في.  الفريدة  لخصائصها  نظرًا  الحديثة  للصناعات  كبيرة  قيمة  ذاتمادة    النقاء  عالية  السيليكا  تعُد ّ

  صناعيًا  تحديًا  مستدامة  مصادر  من  السيليكا  على  الحصول  يمُث ل  لذا،.  تدويرها  إعادة  ويصعب  البيئي  للتلوث  مصدرًا  الملون

  نفاياتتهدف هذه الدراسة لتحويل    ،(نسبيا الطاقة  ومنخفضة  اقتصادية  طريقة  وهي)  القلوي  الصهر  طريقة  باستخدام.  وبيئيًا

النقاء  سيليكا  إلى  الملون  الزجاج الطريقة  .عالية  هذه    الهيدروكلوريك  حمض  فيّ  المسحوق  الزجاج  نفايات  غمر  تضمنت 

  مع  المنقى  الزجاج  نفايات  من  غرامًا  20  بتسخين  الصلبة  الصوديوم  سيليكاتّ  ثم تحضير  .ساعة  24لمدة  مولاري    2  بتركيز

 حمضّ  مع  الصوديوم  سيليكات  محلول  يخُلط  .  ساعتين  لمدة  مئوية  درجةّ  500  عند  الصوديوم  هيدروكسيد  من  غرامًا  80

  وتجفيفّ  ترشيح  عملية  تليها  ساعة،  18  المعالجةّ  عملية  تستغرق.  السيليسيك  حمضمولاري لتكوين    3  بتركيز  الهيدروكلوريك

 المنتج  أن  الكيميائي  التحليل  وكشف.  للمنتج  المتبلورة  غير  الطبيعة(  XRD)  السينية  الأشعة حيود  تقنية  أكدت .ساعة  48  لمدة

 ولوحظّ%.  98.59  إنتاجية  بمعدل  الخام،  الزجاج  نفايات  في%  69.94  بـ  مقارنةًّ  السيليكا،  من%  99  على  يحتوي  النهائي

 نوعيةّ  سطحية  مساحة  BET      تحليل  وأظهر (Fe₂O₃, Al₂O₃, MgO, and SO₃)   .الشوائب  في  ملحوظ  انخفاض

 بلغ  حيث  المتوسطة،  المسامية  الطبيعة  BJH  تحليل  وأكد(.  غ/³سم  0.263)  منخفض  إجمالي  مسام  وحجم(  غ/²م  53.04)

  نفايات  ألوان  جميع  مع  مستقرة  العملية  هذهّ  وكانت.  غ/²م  52.93  المتوسطة  المسام  سطح  ومساحة  غ/³سم  0.261  المسام  حجم

 .المسامية النانوية المواد وتطبيقات الصناعية التطبيقات في استخدامها إمكانية إلى يشير مما الزجاج،

ّّ.مساحة سطحية ،النقاوةسليكا عالية  ،القلوي لانصهارا ،التدويراعادة   ،الملون الزجاج نفايات :المفتاحية الكلمات
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  Yield    ( % ) =       weight   of   the   extracted   silica   powder   ( g ) × P   synthetic   silica  weight   of   the   raw   waste   glass   ( g ) × Pglass        

