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Enhanced COD Reduction of Olefin Plant Spent Caustic 

Wastewater using Easily Recyclable Cu(BDC)/MgO 

Nanocomposites 

 

Abstract 

This study explored the photocatalytic degradation process for treating industrial spent caustic 

wastewater, focusing on reducing chemical oxygen demand (COD). Cu(BDC)/MgO 

nanocomposites were synthesized using a microwave-assisted technique, serving as efficient 

photocatalysts. An artificial neural network (ANN) model was established to estimate COD 

concentrations and optimize treatment parameters, with a target of achieving a superior COD 

reduction. The research aimed to minimize the hydrogen peroxide to COD ratio and optimize other 

factors influencing COD removal. The synthesized nanocomposites were characterized by X-ray 

diffraction (XRD), field emission scanning electron microscopy (FE-SEM), and energy-dispersive 

X-ray spectroscopy (EDS) elemental mapping. Optimal parameters for achieving a 97.55% COD 

removal efficiency were identified as a nanocomposite dose of 1.30 g/L, an H2O2/Spent caustic 

wastewater ratio of 1.50 ml/L, a pH of 3.0, a treatment time of 35 min, and an aeration flow rate 

of 2.50 L/min. Catalyst recycling studies demonstrated the exceptional recyclability and stability 

of the Cu(BDC)/MgO nanocomposites, showing they could be reused as catalysts even after five 

treatment cycles. This highlights the potential for prolonged and sustainable use of these 

nanocomposites in wastewater treatment processes, effectively reducing COD levels in spent 

caustic effluents. 
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1. Introduction 

A large amount of organic wastewater is generated from industrial activities [1], especially from 

petroleum and refinery operations that contain persistent pollutants [2]. Spent caustic, a complex 

and hazardous wastewater from gas scrubbing and petrochemical processes [3], is difficult to treat 

due to its high pollutant content, highly alkaline conditions (pH > 12), elevated salinity (5-12 wt% 

sodium), and a high sulfide content (2-3 wt%) [4]. Effective management and pre-treatment of 

spent caustic are crucial before conventional wastewater treatment can be applied [5]. Olefin units 

in the oil and gas industry use caustic substances, particularly sodium hydroxide, to remove organic 

sulfur compounds, hydrogen sulfide, carbon dioxide, acidic components, and other impurities from 

hydrocarbon streams such as natural gas and liquid petroleum gas [6, 7]. Caustic is also used to 

treat furnace exhaust gases, absorb CO2, purify petroleum cuts, dehydrate hydrocarbons, and in 

processes like gas washing and oil sweetening [8, 9]. Additionally, it is applied for scrubbing 

gasoline, kerosene, and distilled oils. However, the resulting spent caustic is a hazardous and toxic 

industrial effluent with high alkalinity, unpleasant odor, and high concentrations of sulfide ions 

and volatile organic compounds [10, 11]. These properties restrict available treatment options, 

making conventional methods like open air, biological, and Fenton technologies less effective [12]. 

The treatment system design is further complicated by strict environmental policies. 

Treatment methods for spent caustic are mainly categorized as biological, chemical, and thermal 

processes, each with drawbacks related to efficiency, cost, safety, and secondary pollution risks 

[13,14]. Chemical treatments, especially chemical oxidation, are the most widely used and can be 

divided into classical and advanced oxidation processes (AOPs). These AOPs comprise various 
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techniques, including Fenton oxidation, electrochemical oxidation, photo-Fenton oxidation, UV-

based processes, sonolysis, nonthermal plasmas, photocatalysis, and radiolysis methods [15]. 

Photocatalytic degradation stands out for effectively degrading hazardous and refractory organic 

pollutants due to its strong oxidation ability and environmental compatibility [16]. However, its 

large-scale application is limited by the fast charge carrier recombination [17]. A two-step process 

of acid neutralization and steam stripping is used to treat spent caustic, reducing but not fully 

eliminating mercaptans and sulfides, which can still cause odors [18]. The effluent retains high 

BOD and COD due to persistent organic compounds [19], and the feedstock composition in olefin 

plants influences sulfur content and COD control [20]. Due to these limitations, photocatalytic 

degradation is proposed as a more effective method for COD removal. Conventional 

photocatalysts have limited efficiency due to small surface areas and dependence on UV light, 

resulting from their large band gaps [21]. To address these issues, new photocatalyst materials that 

can be activated by visible light are being explored to improve efficiency and applicability [22]. 

The properties of nanomaterials are closely linked to their geometric structures, making the study 

of structure-property relationships crucial [23]. Various nano-metal oxides, such as magnesium 

oxide, have attracted attention for their unique properties [24, 25]. Combining different metal 

oxides allows for property customization [26, 27], with MgO standing out due to its non-toxic 

nature, cost-effectiveness, and reusability [28, 29]. Although nano-MgO can be synthesized by 

several methods [30-32], its photocatalytic efficiency is limited by the poor light harvesting and 

fast charge recombination [33]. Current research focuses on defect engineering, carbon 

composites, morphology control [34], and doping with transition metals to enhance sunlight-driven 

activity [35-38]. The present study aims to synthesize a novel Cu(BDC)/MgO nanocomposite for 

efficient photocatalytic degradation of COD in petrochemical wastewater. In Cu(BDC) MOFs, 
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photon-absorbing organic linkers generate charge-separated states, but photocatalytic efficiency is 

limited by electron-hole recombination [39]. Integrating MgO with Cu(BDC) reduces this 

recombination, enhancing performance. Copper is preferred for MOF synthesis due to its low cost, 

abundance, and non-toxicity, with Cu-BDC (from copper nitrate and terephthalic acid) offering 

easy, eco-friendly preparation [40, 41]. Cu-BDC shows high stability in aqueous solutions across 

pH levels, resulting from strong coordination bonding between copper and the -COOH functional 

groups of BDC [42, 43]. In this work, the microwave-assisted synthesis was employed for its rapid, 

energy-efficient, and safe reaction conditions. To elucidate the complex, nonlinear behavior of the 

photocatalytic system, an ANN was utilized, offering time and cost advantages over traditional 

experimental designs. 

 

2. Experimental Section 

2.1. Chemicals and Instruments 

All chemicals and solvents utilized in this study were procured from Sigma-Aldrich and were of 

analytical grade, employed as received without any subsequent purification. For pH measurement, 

an AL20 pH/Redox/Temperature meter (AQUALYTIC, Germany) was used. COD was measured 

using the LCK 014 kit (HACH company). XRD analysis was performed using a Philips instrument 

(model: PW 1800) with Cu kα radiation (40 kV and 40 mA). The morphology of the synthesized 

nanocomposites was examined using a FE-SEM (Sigma, Zeiss), while EDS tests were performed 

through a silicon drift detector from Oxford Instruments. 

2.2. Synthesis procedure 
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Cu(BDC)/MgO nanocomposites were synthesized using a technique involving microwave 

assistance [44]. Initially, a mixture of copper (II) nitrate trihydrate (1.45 g) and terephthalic acid 

(1 g) was combined with 75 mL of DMF and stirred at 25 °C for 10 min. Then, the solution was 

subjected to ultrasonic treatment for 1 minute to ensure complete dissolution. The resulting 

solution was then transferred to a microwave oven and exposed to a power of 700 W for a period 

of 8 min. The blue precipitate that formed was filtered and washed with fresh DMF on three 

occasions. Finally, the obtained Cu-BDC MOF was oven-dried at 220 °C for 24 h. 

The nano-sized magnesium oxide (MgO) powder was prepared through a precipitation technique 

[45]. The aqueous magnesium nitrate hydroxide solution was prepared by dissolving 0.02 mol of 

Mg(NO3)2.6H2O in 100 mL of double distilled water. The mixture was stirred for 4 h until it 

became transparent. To adjust the pH to 9, ammonia was added dropwise to the solution. This 

resulted in the immediate formation of a precipitate. The resulting precipitate was washed 

repeatedly with methanol and distilled water, subsequently filtered and dried overnight in an oven 

maintained at 100 °C. After grinding, the dried material was subjected to calcination at 500 ⁰C for 

three hours in a muffle furnace, yielding the final MgO nano-powder. To prepare Cu(BDC)/MgO 

nanocomposites, 0.5 g of the as-prepared MgO nano-powder was dispersed in a solution 

containing 1.45 g of copper (II) nitrate trihydrate and 1 g of terephthalic acid. After combination 

with 75 mL of DMF, the mixture was stirred at a fixed temperature for 15 min. Afterwards, the 

solution was subjected to an ultrasonic bath for 1 min to facilitate complete dissolution. Next, the 

solution was placed into a microwave oven and heated at 700 W for 5 min. The resulting solid 

precipitate was then centrifuged, washed three times with distilled, and dried at 220 °C in an oven 

for 24 h. Fig. 1 depicts a schematic representation of the synthesis process. 
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Fig. 1. Schematic of the synthesis procedure. 

 

2.3. Treatment process 

To assess the photocatalytic capabilities of Cu(BDC)/MgO nanocomposites, this photocatalyst was 

employed to COD reduction of spent caustic wastewater. The optimal conditions for maximum 

COD removal were identified experimentally. The effect of various operational factors was 

examined in this investigation, including the loading of the photocatalyst (g/L), H2O2/SCW (ml/L) 

the concentration of H2O2 (g/L), pH, operation time (min), and aeration rate (L/min). To conduct 

the tests, a photocatalytic reactor was utilized with a capacity of 2000 cm3 (Fig. 2). A mechanical 

stirrer was present in the reactor to facilitate mixing. An air pump equipped with a sparger was 

used to guarantee sufficient oxygen transfer. The reaction temperature was regulated by means of 

coolant water recirculation through the jacket of the photocatalytic reactor. For each run, the 

solution volume of 1500 cm3 was adjusted to the desired value of pH by using 0.1M H2SO4 and 

0.1M NaOH. Then, the resulting solution was introduced into the photocatalytic reactor. 
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Subsequently, the stirring was initiated and a specific quantity of Cu(BDC)/MgO nanocomposites 

was added to attain the required concentration. To achieve maximum adsorption of the 

nanocomposites at equilibrium, the mixture was stirred for 20 min prior to activating the lamps. 

Once the lamps were turned on, both the lamps and the aeration system were activated. Following 

the designated reaction period, the samples were promptly collected and transferred into a flask. 

Sodium hydroxide solution was subsequently introduced to halt the reaction and eliminate any 

remaining hydrogen peroxide that could interfere with COD analysis. The samples were subjected 

to centrifugation at 4500 rpm for 5 min and filtered prior to measuring the COD concentration. 

COD analysis is widely utilized as a reliable method for quantifying the organic content present in 

wastewater. This technique assesses the amount of waste by determining the total oxygen required 

to oxidize organic substances into carbon dioxide and water. In this study, COD levels were 

measured using HACH’s COD procedure with the aid of a COD reactor. The standard closed reflux 

and colorimetric techniques were applied, and sample absorbance for the COD assessment was 

determined using a spectrophotometer [46]. The efficiency of COD removal was calculated 

according to the following equation (Eq. (1)): 

𝐶𝑂𝐷 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 (%) = (𝐶𝑂𝐷0 − 𝐶𝑂𝐷𝑡 𝐶𝑂𝐷0⁄ ) × 100              (1) 

where COD₀ corresponds to the chemical oxygen demand at the initial time, and CODₜ represents 

the value measured at the time t. To eliminate interference from residual H2O2 and terminate the 

reaction, a sodium hydroxide solution was introduced. 
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Fig. 2. Schematic of Reactor Set-up. 

 

The raw effluent characteristics (Table 1) were collected from the neutralization stage of the Olefin 

unit and used as the input wastewater sample for the photocatalytic reactor. 

 

Table. 1. The key characteristics of the used wastewater. 

Characteristic Measurement unit Amount 

COD mg/L 1360 

TDS mg/L 285 

Na2S wt % 0.5 

pH - 12.70 

Na2CO3 wt % 2.5 

NaOH wt % 3 

Phenols mg/L 420 

 

2.4. Process modeling utilizing artificial neural network (ANN) 
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The evaluation of process performance was conducted using ANN modeling to assess the impact 

of five major factors. These factors include photocatalyst loading, pH, H2O2/SCW, reaction time, 

and aeration rate. Table 2, presents the range and levels of the operational parameters. 

 

Table. 2. Range and level of main operational parameters. 

Parameter Unit Range 

Photocatalyst dosage  g/L 0.25-2.50 

H2O2/SCW  ml/L 1.0-3.0 

pH - 2.0-12 

Aeration rate L/min 0.5-5.0 

Reaction time min 10-60 

 

In the present study, experimental data were used in an established ANN model, which is composed 

of input, hidden, and output layers. Fig. 3. illustrates the network structure based on the selected 

input variables. To evaluate the performance of the artificial neural network, Equations 2-5 were 

employed to calculate the adjusted correlation coefficient (Adjusted R2), Mean Absolute Error 

(MAE), Absolute Average Deviation (AAD), and Root Mean Squared Error (RMSE).  

𝑅𝑎𝑑𝑗.
2 = 1 − [(1 − 𝑅2)

𝑛−1

𝑛−𝐾−1
]                                               (2) 

𝑅𝑀𝑆𝐸 = √
∑ (𝑋𝑖𝑚−𝑋𝑖𝑝)2𝑛

𝑖=1

𝑛
                                                       (3) 

𝑀𝐴𝐸 =
∑ |𝑋𝑖𝑚−𝑋𝑖𝑝|𝑛

𝑖=1

𝑛
                                                              (4) 

𝐴𝐴𝐷 = {
∑ |𝑋𝑖𝑚−𝑋𝑖𝑝|𝑛

𝑖=1 𝑋𝑖𝑚⁄

𝑛
} × 100                                          (5) 

where, K represents the number of input variables, n represents the number of data points. Xim and 

Xip are the predicted and actual values, respectively for the response variable. 
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Fig. 3. Structure of the applied neural network for process modeling. 

 

2.6. Quality assurance of the data 

To ensure the results presented were reproducible and reliable, all procedures were performed in 

triplicate. Furthermore, the analysis of COD was conducted in triplicate for each sample, with a 

relative standard deviation (RSD) not exceeding 2%. This additional step helped to enhance the 

reliability of the findings. 

 

3. Results and Discussion 

3.1. Structure and composition of the prepared nanocomposites 
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Fig. 4 illustrates pronounced peaks with robust intensity for the Cu-BDC sample (XRD pattern). 

These peaks exhibit a remarkable resemblance to the patterns reported in earlier literature, thereby 

offering additional affirmation of the successful synthesis of Cu-BDC [47, 48]. The Cu(BDC) 

compound can be identified by its characteristic peaks at various angles (2θ) in the X-ray 

diffraction pattern. As indicated in the Fig. 4, the distinctive peaks related to the synthesized Cu-

BDC (CCDC no. 687690) are situated at 2θ= 9.9°, 12.0°, 13.5°, 17.1°, 20.4°, 24.9°, 34.1°, and 

42.2°. In Fig. 4, the pattern of MgO nanoparticles is also presented. The peaks located at 2θ values 

of 36.9º, 42.9º, 62.3º, 74.6º, and 78.6º within the 2θ range can be attributed to the (1 1 1), (2 0 

0), (220), (311), and (2 2 2) planes, respectively, of the structured MgO nanopowders. The absence 

of any additional peaks shows the high purity of the prepared MgO nanoparticles. 

 

Fig. 4. XRD pattern of samples. (a): MgO nanoparticles, (b): Cu(BDC) MOF, and (c): 

Cu(BDC)/MgO nanocomposites. 
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The SEM images presented in the Fig. 5 illustrate the as-synthesized samples. The SEM image 

demonstrates that the Cu-BDC MOF exhibits a uniform morphology characterized by well-formed 

cubic shapes. These observations align with the XRD patterns obtained, providing further 

confirmation of the agreement between the morphology and crystal structure of the Cu-BDC MOF. 

In Fig. 5a, a representative SEM image of the synthesized MgO nanoparticles is displayed. Upon 

examining these SEM images, it becomes evident that the surface morphologies of the 

nanoparticles appear as assemblies, with each assembly composed of round-shaped nanoparticles. 
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Fig. 5. FE-SEM images. (a): MgO nanoparticles, (b): Cu(BDC) MOF , and (c): Cu(BDC)/MgO 

nanocomposites. 
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In the Fig. 6 (a-c), the EDS analyses of the materials are compared. Findings indicate that the as-

prepared composite exhibits the presence of atoms characteristic of Cu(BDC), as expected. 

However, in addition to these atoms, the presence of Mg atoms is also observed. The detection of 

C, Cu, and O atoms can be ascribed to the Cu-BDC MOF components in the structure of the 

Cu(BDC)/MgO nanocomposites. The observation of Mg atoms further confirms the stabilization 

of MgO nanoparticles on the Cu(BDC)/MgO nanocomposites. In the Fig. 6 (e-g), the elemental 

mapping analysis of the Cu(BDC)/MgO nanocomposites is presented. The results demonstrate that 

the MgO nanoparticles exhibit a high dispersion throughout the sample, indicating that the MgO 

nanoparticles have been uniformly stabilized on the Cu(BDC)/MgO nanocomposites. This 

observation suggests that the synthesis method employed has successfully achieved a uniform 

distribution of MgO nanoparticles within the Cu(BDC)/MgO nanocomposites. 
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Fig. 6. EDS analysis: Cu(BDC) MOF (a), MgO nanoparticles (b), and Cu(BDC)/MgO 

nanocomposites (c). Elemental mapping analysis: Cu(BDC) MOF (e), MgO nanoparticles (f), 

and Cu(BDC)/MgO nanocomposites (g). 
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N2 physisorption analysis was applied to evaluate the textural properties (i.e., surface area and 

porosity) of the Cu(BDC) MOF, MgO nanoparticles, and Cu(BDC)/MgO nanocomposite. The 

surface area to volume ratio has a crucial role in the adsorption properties of prepared 

nanocomposite. Cu(BDC)/MgO nanocomposites follows a Type III isotherm, as per the Brunauer-

Deming-Deming-Teller classification. As shown in Fig. 7a, total pore volume of Cu(BDC) MOF, 

MgO nanoparticles, and Cu(BDC)/MgO samples are equal to 0.184, 0.095 and 0.277 cm3g-1 the 

total surface area of Cu(BDC) MOF, MgO nanoparticles, and Cu(BDC)/MgO samples are 22.9, 

13.3 and 189.8 m2g-1 (Fig. 7b).  

 

Fig. 7. Nitrogen adsorption-desorption isotherms (A) and the corresponding pore size 

distributions (B) of as-prepared samples 

 

3.2. The effects of operational parameters on COD reduction 

To assess the photocatalytic degradation capabilities of Cu (BDC)/MgO nanocomposites, this 

catalyst was applied to reduce the chemical oxygen demand (COD) in spent caustic wastewater. 
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The study systematically examined the effects of five variables including pH, nanocomposite 

dosage (g/L), aeration rate (L/min), time (min), and H2O2/wastewater ratio (ml/L) on reduction 

efficiency. Among these, pH plays a crucial role in photocatalytic reactions. Typically, such 

processes demonstrate greater effectiveness under acidic conditions. When the pH increases at low 

oxidant concentrations, a decline in process efficiency is observed, suggesting an inverse 

relationship between pH and oxidant levels. Additionally, raising the photocatalyst concentration 

often requires a corresponding increase in pH to prevent particle aggregation. 

The formation of hydroxyl radicals is mainly facilitated by the interaction of photogenerated holes 

with H2O molecules or OH⁻. When other sources for hydroxyl radical production (e.g., 

hydroperoxyl radicals), are insufficient, enhancing the photocatalyst dosage can compensate for 

this deficiency. However, in alkaline conditions, the adsorption of contaminants onto the catalyst 

surface diminishes, which in turn lowers the degradation rate. Investigating the effect of pH within 

the range of 2.0 to 12 revealed that optimal COD reduction occurs at a pH of 3.0 (Fig. 8a). 

The impact of photocatalyst dosage was also explored (Fig. 8b). Elevating the amount of 

photocatalyst increases the number of active sites available for electron-hole pair generation. These 

sites facilitate the formation of free electrons, which reduce molecular oxygen to superoxide 

radicals (O2
-). The positive holes oxidize H2O to produce hydroxyl radicals (•OH). As highly 

reactive oxidants, hydroxyl radicals can mineralize even persistent organic pollutants. Therefore, 

increasing the catalyst concentration enhances free radical production, thereby accelerating 

oxidation reactions and improving COD reduction efficiency. 

In AOPs, H2O2 serves as a strong oxidant. Higher concentrations of hydrogen peroxide result in 

more molecules per unit volume, and under irradiation with a photocatalyst, it decomposes to form 

additional hydroxyl radicals. The elevated presence of these radicals further promotes the 
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oxidation of various organic contaminants in wastewater, leading to more rapid reductions in COD 

(Fig. 8c). 
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Fig. 8. The effects of operational parameters on COD reduction. (a): pH, (b): photocatalyst 

loading (g/L), and (c): H2O2/SCW. 
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The study also highlights the importance of optimizing aeration rates as a significant factor in 

designing and operating advanced oxidation water treatment systems (Fig. 9a). Enhanced aeration 

improves mixing and facilitates better mass transfer between oxygen and catalyst particles, which 

increases free radical generation and results in greater COD reduction in treated effluent. 

Furthermore, data indicate that extending irradiation time in photocatalytic processes directly 

boosts the removal efficiency of organic pollutants. Longer exposure allows more photons to reach 

the catalyst surface, generating additional electron-hole pairs that can participate in oxidation 

reactions with contaminants (Fig. 9b). This increase in both direct and indirect oxidation events 

with prolonged irradiation ultimately leads to improved pollutant removal outcomes. Collectively, 

these findings offer valuable insights for developing more efficient and cost-effective wastewater 

treatment technologies based on advanced oxidation processes. 
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Fig. 9. The effects of operational parameters on COD reduction. (a): Aeration rate (L/min), and 

(b): Reaction time (min). 

 

3.3. Degradation mechanism 

Photocatalytic processes primarily proceed through two main mechanisms. The first involves the 

utilization of hydroxyl or water groups located on the photocatalyst surface, while the second 

mechanism entails direct oxidation occurring within the catalyst’s cavities. When Cu(BDC)/MgO 

nanocomposites are exposed to light, electron-hole pairs are generated on the catalyst surface. The 

resulting holes associate with H2O or hydroxyl groups, leading to the formation of hydroxyl 
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radicals capable of degrading organic pollutants. The sequence of reactions can be described as 

follows: 

Cu(BDC)/MgO NCs +hv (energy from light) → e- +  h+              (6) 

e- +O2→O-
2 • (superoxide - radical)                                          (7) 

The photogenerated electrons reduce oxygen molecules to form superoxide and hydroperoxide 

radical anions, which subsequently convert into hydrogen peroxide and water. Hydrogen peroxide 

can further undergo photolysis to yield additional hydroxyl radicals: 

H2O2 + hv → 2∙OH                                                                   (8) 

h+ + H2O→H+ + OH•                                                               (9) 

The elimination of sulphides is attributed both to their thermal decomposition at elevated 

temperatures and to their direct reaction with hydrogen peroxide, as represented by the following 

equations: 

2H2O2 → 2H2O + O2                                                                      (10) 

S2- + 4H2O2 →SO4 
2- + H2O                                                   (11) 

The breakdown of hydrogen peroxide may release oxygen, which can further facilitate the 

oxidation of sulphides. During this process, sulphidic intermediates such as thiosulphates, 

sulphites, and sulphates may form. Additionally, phenolic intermediates including hydroquinone, 

p-benzoquinone, and catechol have been detected in lower concentrations relative to organic acids 

[49].   

The photocatalytic method proves effective for the degradation of organic contaminants. In this 

investigation, it achieved an 82.10% decrease in phenolic substances and a 97.55% reduction in 
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the COD of wastewater. Additionally, a 4.5% decrease in sulfide compounds was observed, which 

is probably attributable to the adsorption of these pollutants onto the catalyst surface. Inorganic 

ions, including Na⁺ originating from Na₂S, Na₂CO₃, and NaOH, remain mostly unchanged since 

they do not undergo oxidation. The total dissolved solids (TDS) exhibit minimal decrease—

generally less than 10%—because the treatment primarily targets organic compounds rather than 

inorganic salts. 

 

3.4. The process of modeling and optimizing using ANN 

To identify the most favorable experimental conditions with the ANN model, a total of 26 

experiments were conducted based on a systematic experimental design, which was developed 

after selecting suitable intervals for the independent variables. The investigated parameters 

comprised photocatalyst concentration (0.25–2.50 g/L), H₂O₂/SCW ratio (1.0–3.0 ml/L), pH level 

(2.0–12), aeration rate (0.5–5.0 L/min), and reaction duration (10–60 min). The ANN-based 

process model was constructed using the Single Layer Perceptron (SLP) architecture. The SLP 

network consisted of five input nodes, representing the loading of the photocatalyst, H2O2/SCW, 

pH, reaction time, and aeration rate. Additionally, there was a single output node, which indicated 

the COD removal achieved during the process. To train the network, a feedforward approach was 

utilized, where an input training pattern was passed through the network. In a feedforward neural 

network, each neuron in a layer is connected to all neurons in the adjacent layer. The training 

process employed the Trainbr function, which is responsible for updating the weights and biases 

using the Levenberg-Marquardt (LM) optimization algorithm. LM minimizes a joint function of 

squared errors and weights, aiming to find the optimal solution that enables the network to 

generalize well. This approach is known as Bayesian regularization. In this study, various numbers 
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of neurons ranging were examined in the hidden layer of the ANN. The optimal number of neurons 

was determined by evaluating the correlation coefficient and the minimum Mean Squared Error 

(MSE) of the overall data. Fig. 10. illustrates the results. To ensure the reliability of the results, 

three separate runs were conducted for each network structure. Each run utilized different random 

values for the initial weights of the neural network. This approach helps to account for any 

potential bias or variability introduced by the initial weight values. 

 

Fig. 10. The relation between MSE (%) and the number of neurons in the hidden layer. 

 

In the Table 3, the statistical values of the ANN model are presented, including correlation 

coefficients, AAD, RMS, and MAE. A good model is characterized by R2 being close to 1.0 and 

in good agreement with R2
adj. A high R2 value indicates a strong linear relationship. RMS should 

be close to zero, indicating the good agreement between the ANN model estimates and the 

experimental values. A small AAD between the observed and predicted values indicates a high 

degree of correlation between the model's estimations and the actual data. Higher values of AAD 
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and RMS suggest larger deviations in the estimation. It is worth noting that in the ANN model, 

large values of R2 and R2
adj, as well as small differences between them, indicate the accuracy of 

the model in predicting the desired outcome. 

Table. 3. ANN model examination. 

Model Factor Value 

R2 0.9912 

R2
adj 0.9983 

AAD 0.2966 

MAE 0.2095 

RMS 0.2240 

 

3.5. Catalytic stability  

The practical application of a catalyst relies significantly on its recyclability and stability. The 

stability of the photocatalyst was assessed through cycling experiments, which investigated its 

performance following multiple photocatalytic degradation processes. Fig. 11. demonstrates that 

even after six cycles of photocatalytic COD removal in caustic petrochemical wastewater, the 

Cu(BDC)/MgO nanocomposites sample exhibited remarkable stability, as it was able to maintain 

an 86% removal rate. 
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Fig. 11. Reusability of Cu(BDC)/MgO nanocomposites toward photocatalytic degradation of 

SCW. 

 

3.6. Comparison of the activity of Cu(BDC)/MgO nanocomposites with some reported 

catalysts 

The COD reduction performance of the developed system was compared with literature values, as 

shown in Table 4. The results in the table demonstrated that the proposed system effectively 

promotes the COD reduction, with the least time requirement. 
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Table. 4. Comparison of different treatment systems performance. 

System/Process Time (min) COD Removal (%) 

Photocatalytic degradation [18] 90 77.3% 

Membrane system [42] 480 93.71% 

Neutralization [5] 60 88% 

Fenton process [5] 60 96.5% 

Electro-photo-Fenton [43] 80 97% 

This work 35 97.55% 

 

4. Conclusions 

In summary, the Cu(BDC)/MgO nanocomposites were prepared by microwave-assisted technique. 

The materials were characterized by XRD, FE-SEM, EDS, and elemental mapping techniques to 

analyze their structural, morphological, and elemental properties. The ANN-based models for 

prediction of COD concentrations in the spent caustic effluent were formed applying a three-

layered algorithm ANN towards assessing the performance of a wastewater treatment. The 

fabricated nanocomposites demonstrated a high level of photocatalytic activity in reducing the 

COD of spent caustic. The optimal conditions for achieving the maximum COD removal (97.55%) 

were determined to be a photocatalyst loading of 1.30 g/L, H2O2/ SCW of 1.50 ml/L, pH of 3.0, 

time of 35 min, and aeration rate of 2.50 L/min. Furthermore, a remarkable degree of concordance 

was observed between the experimental data and the values obtained from the ANN model at the 

optimized conditions. 
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Nomenclature 

 AAD Absolute Average Deviation 

 ANN Artificial neural network 

AOPs Advanced Oxidation Processes 

BET Brunauer-Emmett-Teller 

BOD Biological Oxygen Demand 

COD Chemical Oxygen Demand 

DRS Diffuse Reflectance Spectroscopy 

EDX Energy Dispersive X- Ray 

FE- SEM Field Emission Scanning Electron Microscopy 

FTIR Fourier Transform Infrared Spectroscopy 

LM Levenberg-Marquardt 

MAE Mean Absolute Error 

MgO Magnesium Oxide  

MSE Mean Squared Error  

RMSE Root Mean Squared Error 

RSD Relative Standard Deviation 

SCW Spent Caustic Wastewater 

SLP Single Layer Perceptron 

WAO Wet Air Oxidation 

WWTF Wastewater Treatment Facility 
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