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networks can support future applications while maintaining user confidence and system resilience, security must 
be considered a fundamental design aspect rather than an afterthought [17]. 
 
1.1. Main Contributions 
 
This paper examines the security concerns and solutions in 6G wireless networks in detail and methodically. The 
following is an overview of this study’s main contributions: 
 
• Comprehensive Analysis of 6G Security Challenges: This study investigates new security concerns associated 

with 6G networks’ decentralized, intelligent, and heterogeneous architecture. Network slicing, THz 
communication, and AI vulnerabilities are all addressed.  

• Review of Advanced Security Mechanisms: This paper critically examines modern security techniques, 
including post-quantum cryptography, blockchain-based security, zero-trust architecture, and federated 
learning. A thor-ough investigation is made on their appropriateness and restrictions in 6G scenarios.  

• Detailed Analysis of Authentication and Key Agreement (AKA) Protocols: This paper provides a 
comprehensive overview of common AKA protocols in next-generation networks, including their working 
phases, security features, and weaknesses. 

• Classification of Security Threats and Attacks: Security approaches are evaluated using critical criteria such as 
latency, computational overhead, scalability, and energy efficiency, with an emphasis on balancing security 
and performance. 

• Security and Performance Evaluation: Security methods are evaluated based on key characteristics such as 
latency, computational overhead, scalability, and energy efficiency, with a focus on balancing security and 
performance. 

 
1.2. Paper Organization 
 
This is how the rest of the paper is organized. A thorough analysis of relevant literature is provided in Section 2, 
with an emphasis on current advancements in 6G security. The architecture of 6G networks and important enabling 
technologies are covered in Section 3. Advanced security techniques intended for next-generation networks are 
examined in Section 4. A thorough examination of AKA mechanisms, including their operating processes and 
security characteristics is given in Section 5. Security risks and attack models at various network layers are covered 
in Section 6. While Section 7 gives the security evaluation of suggested ways, Section 8 assesses system 
performance using pertinent metrics. The work is finally concluded and future research directions are outlined in 
Section 9. 
 
2. LITERATURE REVIEW  
 
The number of international research projects concentrating on the creation of 6G communication technologies 
has significantly increased in recent years. The goal of these initiatives, which are being carried out on several 
continents, is to specify the essential architecture, supporting technologies, and performance standards of next 
wireless networks. In contrast to earlier generations, 6G research has a heavy emphasis on combining THz 
frequency bands, ultra-low latency communication, AI, and extremely intelligent network topologies [5, 8, 12]. 
To speed up 6G innovation, several large cooperative projects have been launched between government, business 
and academic institutions. One of the most important initiatives is the 6G Flagship program, which was launched 
to synchronize research activities and identify key enabling technologies required for communication systems at 
the next level of development [2, 6]. In this way, the Hexa-X project supported by the European framework wants 
to develop a holistic vision of 6G networks with a focus on digital transformation, sustainability, and connectivity 
[1, 8]. Other important projects include the 6G Sentinel Lighthouse project, which aims to improve antenna 
systems and front-end hardware components for higher frequency operations, and reconfigurable intelligent 
sustainable environments (RISE)-6G, which investigates novel communication solutions and intelligent service 
designs. University of Texas (UT)’s 6G research program also includes new networking paradigms, machine 
learning (ML)-based wireless optimization, and improved sensing techniques [12, 13]. At the national level, the 
6G Brazil project contributes to the understanding of future strategies for mobile network deployment in Brazil. 
Together, these projects show how the world is working to create a cohesive vision of 6G networks by fusing 
interdisciplinary research with technology innovation [20]. 
 
3. ARCHITECTURE OF 6G NETWORKS 
 
The architecture of 6G wireless networks is designed as a multi-layered framework that integrates advanced 
communication, computation, and intelligent services. In general, 6G architecture can be described through three 
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main layers: the physical layer, the network layer, and the application layer [2]. The physical layer is responsible 
for enabling ultra-high data rate transmission and includes emerging technologies such as THz communication 
and RIS. These technologies are expected to significantly enhance spectral efficiency and signal propagation in 
future networks [9, 12]. The network layer incorporates AI driven mechanisms and SDN to enable flexible, 
adaptive, and self-optimizing network management. This layer plays a key role in supporting dynamic resource 
allocation, network slicing, and intelligent routing decisions. The application layer is designed to support a wide 
range of intelligent services and next-generation applications, including smart cities, autonomous systems, 
immersive XR, and industrial automation [5, 8]. 
 
3.1. Network Architecture for Migration Towards Beyond 5G/6G Networks 
 
The evolution from 5G to beyond 5G and 6G networks is supported by several key enabling technologies such as 
device to device (D2D) communication, non orthogonal multiple access (NOMA), ultra dense networks (UDN), 
small cell architecture (SCA), MIMO, massive MIMO, and cognitive radio (CR). These technologies aim to satisfy 
the increasing performance requirements of modern wireless systems. UDN improve system capacity by efficiently 
managing extremely high user density [1–6]. SCA enhance coverage and reduce traffic congestion by offloading 
data from macro cells. MIMO and massive MIMO technologies increase spectral efficiency and support massive 
connectivity through multiple antenna systems. CR enables dynamic spectrum utilization by allowing secondary 
users to access underutilized frequency bands. According to 3rd generation partnership project (3GPP) release 15, 
5G new radio (NR) is the first standardized air interface for 5G networks [7, 8]. It supports three major use cases: 
Enhanced mobile broadband (eMBB), massive machine type communications (mMTC), and ultra-reliable low 
latency communications (uRLLC) [9]. An Overview of 5G/6G architecture is shown in Figure 2.  
 

 
Figure 2. 6G architecture overview (CS: Cloud slicing and AP: Application slicing) 

 
The 5G NR operates in two main frequency ranges: Sub-6 GHz (FR1) and above 24 GHz (FR2). The FR2 band 
corresponds to millimetre-wave (mmWave) frequencies, which provide extremely high data rates but suffer from 
higher propagation losses. To overcome this limitation, beamforming techniques are used to focus signal energy 
toward the user, improving signal-to-noise ratio (SNR). Advanced beamforming strategies such as beam merging 
and beam broadening further enhance coverage and connectivity [17, 19]. The 5G networks enable a wide range 
of applications, including e-health, smart cities, industrial Internet of Things (IoT), remote surgery, fleet 
management, vehicle-to-everything (V2X) communication, drone delivery systems, and ultra-high-definition 
(UHD) video streaming. These services show how high-performance digital ecosystems and huge 
interconnectedness are becoming the norm [8]. Even more sophisticated features are introduced with the switch 
from 5G to 6G. Data rates of the order of terabits per second are anticipated to be possible with future 6G networks 
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operating in THz frequency spectrum. Future systems are also anticipated to heavily rely on optical wireless 
communication (OWC) technology, especially VLC. VLC supports the goal of green net-working by providing 
fast, eco-friendly, and energy-efficient communication. Furthermore, using adaptive resource allocation strategies, 
future 6G systems would prioritize low power consumption and energy efficiency [12]. By extending device 
battery life without sacrificing performance, these technologies will enable intel-ligand and sustainable network 
operations [14]. 
 
4. SECURITY MECHANISMS OF 6G NETWORKS 
 
Due to ultra-dense connection, AI-native architecture, and remote environments, the transition to 6G networks 
presents previously unheard-of security concerns. Advanced security measures are being created and included into 
the network architecture to address these issues [5, 8, 14]. 
 
4.1. Post-Quantum Cryptography 
 
The goal of post quantum cryptography (PQC) is to thwart quantum computer assaults. Quantum attacks can target 
traditional cryptography techniques like Rivest–Shamir–Adleman (RSA) and elliptic curve cryptography (ECC) 
[12, 15]. The PQC framework for 6G networks is shown in Figure 3 [8]. In addition, the PQC algorithms rely on: 
 
• Lattice-based cryptography, 
• Hash-based cryptography, and 
• Code-based cryptography. 

 

 
Figure 3. Post-quantum cryptography framework for 6G networks 

 
4.2. Zero Trust Architecture 
 
The idea of trusted zones is eliminated by zero trust architecture (ZTA). Every request for access is constantly 
checked [18, 19]. And overview of ZTA model in 6G systems is shown in Figure 4 [21]. core principles include: 
 
• Continuous authentication, 
• Least privilege access, and 
• Micro-segmentation. 
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Figure 4. Zero trust security model in 6G 

 
4.3. Block Chain-Based Security 
 
Block chain improves immutability, transparency, and decentralization [11, 16]. Table 1 presents advantages and 
limitations of block chain in 6G networks. Applications in 6G can be as follows: 
  
• Secure data sharing, 
• Identity management, and 
• Trust less communication. 
 

Table 1. Advantages and limitations of Block chain in 6G networks 
Advantages Limitations 

Decentralization High latency 
Transparency Scalability 
Immutability Issues Energy consumption 

 
4.4. Federated Learning for Security 
 
Distributed model training is made possible by federated learning (FL) without the need to share raw data [6] [9]. 
Figure 5 shows FL architecture in 6G networks. Benefits of the FL systems are listed as follows: 
 
• Privacy preservation, 
• Reduced data leakage, and 
• Edge intelligence integration. 
 

 
Figure 5. Federated learning architecture in 6G [10] 
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5. SECURITY PROTOCOLS OF 6G NETWORKS 
 
It is anticipated that 6G security protocols, especially AKA protocols, would develop from 5G standards. Secure 
authentication between user equipment (UE) and the network is guaranteed by the 5G-AKA protocol [17–20]. 
Step by step procedure is as follows (see Figure 6): 
 
• UE submits a network registration request. 
• The Authentication Server provides the network with authentication vectors. 
• It generates a random challenge (RAND). 
• UE uses its private key to calculate a response. 
• The response is confirmed by the network. 
• The session keys are set up. 
 

 
Figure 6. AKA procedure of 6G system (USIM: Universal subscriber identity module, SN: Serving network, 
SEAF: Security anchor function, HN: Home network, AUSF: Authentication server function, UDM: Unified data 
management, ARPF: Authentication credential repository and processing function, SIDF: Subscription identifier 
de-concealing function, SUCI: Subscription concealed identifier, SUPI: Subscriber permanent identifier, GUTI: 
Globally unique temporary identifier, 5G HE AV: 5G Home environment authentication vector, 5G SE AV: 5G 
Serving environment authentication vector, AUTN: Authentication token, MAC: Message authentication code, 
xMAC: Expected MAC, RES: Response, HXRES: Hashed expected RES, and AUTS: Authentication token 
synchronization) 
 
For more general authentication applications, such wireless fidelity (Wi-Fi) integration, extensible authentication 
protocol (EAP)-AKA expands on AKA [1, 8, 18, 20]. The main security features of these two protocols are mutual 
authentication, key freshness, and replay attack protection. A comparison of 5G-AKA and EAP-AKA is shown in 
Table 2. 
 

Table 2. Comparison of security protocols in 6G networks 
Protocol Strength Limitation 
5G-AKA Strong authentication Privacy issues 

EAP-AKA Flexibility Complexity 
 
6. Security Issues, Threats, and Attacks in 6G Networks 
 
Because of its open and intelligent architecture, 6G networks are vulnerable to a variety of sophisticated assaults. 
Figure 7 shows important security threats in 6G systems [6, 8, 18]. 
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Figure 7. Threat landscape in 6G networks [19] 

 
In addition, we can categorize the security attacks as follows [14, 18, 20]:  
 
• AI-Based Attacks: Attackers exploit AI models through data poisoning, or model inversion.  
• Quantum Attacks: Current encryption techniques are under threat from quantum computing. 
• Network Attacks: Denial of service (DoS), man-in-the-middle (MitM), and eavesdropping. 
• Privacy Threats: Location tracking, Identity leakage. 
 
7. SECURITY EVALUATION OF PROPOSED METHODS 
 
Different security methods employ different security metrics to prove level of security for networks. To confirm 
the robustness of suggested procedures, security evaluation is crucial. Some important evaluation metrics are 
confidentiality, integrity, availability, authentication strength [13, 18, 20]. For instance, a comparative analysis of 
some methods is shown in Table 3. Every approach has different advantages. Comprehensive security, however, 
necessitates the convergence of several approaches. 
 

Table 3. Security Evaluation Comparison 
Method Confidentiality Integrity Availability 

PQC High High Medium 
Blockchain High High Low 

FL Medium High High 
 
8. PERFORMANCE EVALUATION OF PROPOSED METHODS 
 
Performance evaluation focuses on efficiency and scalability. Some important performance metrics are latency, 
throughput, and energy efficiency [15, 18, 20]. Some performance comparisons of security mechanisms are shown 
in Table 4 and Figure 8. 

 
Table 4. Performance evaluation comparison 

Method Latency Throughput Energy 
PQC High Medium High 

Block chain Very High Low Very High 
FL Low High Medium 
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Figure 8. Performance comparisons of security mechanisms [20] (PEO: Professional employer organization, KPI: 
Key performance indicator, DL: Deep learning, TL: Transfer learning, CNN: Convolutional neural network, 
LSTM: Long short-term memory, DNN: Deep neural network, DQN: Deep Q-network, QoS: Quality of service, 
and QoE: Quality of experience) 
 
9. CONCLUSION 
 
Ultra-reliable, low-latency, and intelligent connectivity are made possible by the migration to 6G networks, which 
constitutes a paradigm leap in wireless communication. However, because these developments include distributed 
architectures, AI, and cutting-edge technologies like quantum computing, they pose serious security risks. The 
security mechanisms, protocols, threats, and assessment techniques in 6G networks were thoroughly examined in 
this article. Advanced security techniques including block chain, federated learning, ZTA, and post-quantum 
encryption were addressed as crucial ways to reduce new threats. Additionally, the function of current 
authentication protocols—especially those based on AKA—in guaranteeing secure communication was examined. 
The study also looked at a number of security risks, such as standard network vulnerabilities, AI-based assaults, 
and quantum threats. The necessity of flexible and intelligent security frameworks is highlighted by these dangers. 
Furthermore, security and performance evaluations confirmed that a hybrid approach is necessary for optimal 
security and performance, because no single solution is adequate. Finally, a multi-layered approach is required to 
secure 6G networks by integrating advanced cryptographic techniques, decentralized structures, and intelligent 
learning systems. Future work should be directed toward the design of scalable energy efficient and quantum 
resistant security solutions that are compatible with the dynamic nature of 6G environments. 
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Abstract 

This study presents the optimization of a previously developed baseline traffic sign recognition (TSR) system 
based on the MobileNetV2 architecture. The primary objectives of this study were to optimize the underlying 
MobileNetV2 model through fine-tuning and TensorFlow Lite (TFLite) quantization, develop a real-time inference 
pipeline using you only look once v8 (YOLOv8) for signal detection, and validate system performance through 
comprehensive analysis including confusion matrix, per-class accuracy, gradient-weighted class activation 
mapping (Grad-CAM) visualization. The base model, which achieved 93.6% validation accuracy on the German 
TSR Benchmark (GTSRB) dataset, was optimized using two different approaches. In the first stage, the model 
was converted to three types of TFLite formats (FP32, FP16, and INT8), achieving 80.86% test accuracy. In the 
second stage, the last 30 layers of the MobileNetV2 backbone were frozen, retrained over 15 epochs with a reduced 
learning rate of 1e-5, and a fine-tuning procedure was applied, ultimately significantly improving generalization 
performance to 98.71% validation accuracy. The fine-tuned FP16 TFLite model was selected as the most suitable 
model for this study, achieving 90.06% test accuracy with a model size of 4.58 MB and a latency of 13.4 ms; all 
models met the speed expectations required for real-time advanced driver assistance systems (ADAS) applications, 
as they operated in under 14 ms. A complete real-time processing pipeline was developed by integrating YOLOv8 
for traffic sign detection and then performing TFLite classification of the detected zones. A confusion matrix was 
applied for comprehensive error analysis, revealing two key confusion patterns. Grad-CAM visualization was used 
to verify that the model focused only on the sign itself and ignored the background (sky, and other vehicles in 
motion). 

Keywords: Traffic sign recognition, TensorFlow lite, Quantization, Fine-tuning 
 
 
1. INTRODUCTION  
 
With the increasing number of vehicles today, traffic congestion and the mistakes of careless drivers have made 
road safety a major problem. Since the vast majority of traffic accidents are caused by drivers, the automotive 
industry and academic researchers have aimed to use technologies that reduce driver error. Among the technologies 
used to minimize these errors, advanced driver assistance systems (ADAS) stand out. ADAS provides drivers with 
real-time access to numerous safety measures, such as pedestrian detection, lane keeping, traffic sign recognition 
(TSR), automatic emergency braking, and blind spot detection. These life-saving applications are key to the 
success of ADAS. The success of these applications alone is insufficient because another important factor is speed. 
Studies show that the human reaction speed to simple visual stimuli is between 200-300 ms [1]. For example, a 
vehicle traveling at 100 km/h covers 28 meters per second. Therefore, even delays at the millisecond level can 
cause accidents in traffic. In this context, ADAS systems need to be faster than human reaction speed and make 
decisions in a shorter time in order to detect possible dangers and take necessary precautions. 
 
TSR systems need to be integrated into embedded systems to function effectively in real-world applications. In 
cloud-based versions, model predictions are obtained from remote servers, and the results are used within the 
vehicle via an internet connection. However, cloud-based models lose reliability in situations involving connection 
problems such as tunnels, rural areas, and weak signals. Furthermore, transmission over the network inevitably 
causes delays. Running the model directly with the vehicle’s internal hardware eliminates these problems; it 
removes network and physical barriers, leaving the model’s success solely dependent on its own capabilities. 
However, in-vehicle hardware has significantly more limited processing and memory capacity compared to 
servers. Therefore, developing the lightest yet fastest and most efficient models for use in embedded systems is of 
paramount importance. With this motivation, an TSR model exists with the German TSR Benchmark (GTSRB) 
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[2] dataset through to the MobileNetV2 [3] architecture. In this study, the aim is to adapt this model to embedded 
systems and optimize real-time operation. 
 
The rest of the paper is presented as follows: Section 2 presents the most common related works. In Section 3, we 
review our methodology of this research shortly. Session 4 highlights results and discussion of our work along 
with the most important points in the system. Finally, in section 5, we conclude our research paper. 
 
2. RELATED WORK 
 
TSR has been a research area where many technologies have been developed and studies have been conducted for 
many years since the emergence of deep learning-based applications. Stallkamp et al. [2] created the GTSRB 
benchmark in 2011, which continues to be the standard dataset for European TSR systems. Their work showed 
that convolutional neural networks can outperform human performance in traffic sign classification. To meet the 
computational efficiency requirements for mobile and embedded deployment, Sandler et al. [3] proposed 
MobileNetV2, which uses inverted residual blocks with linear bottleneck layers. The architecture provides a good 
trade-off between accuracy and computational cost, making it well-suited for edge AI applications. Transfer 
learning with ImageNet pre-trained MobileNetV2 has been widely adopted for domain specific classification tasks. 
Gradient-weighted class activation mapping (Grad-CAM), proposed by Selvaraju et al., provides class activation 
mapping by computing gradients of the predicted class score with respect to the final convolutional feature maps. 
This technique has become standard for explaining and validating deep learning model decisions in safety-critical 
applications [4]. You only look once v8 (YOLOv8), developed by Ultralytics, represents the current state of the 
art in real-time object detection. Its lightweight variants, such as YOLOv8n, are specifically designed for 
deployment scenarios requiring low latency and small model size. Integration of a detection stage before 
classification has been shown to improve overall system accuracy by ensuring that the classifier receives properly 
cropped and normalized sign regions [5]. 
 
TensorFlow Lite (TFLite) quantization has been widely researched as a model compression technique for edge 
deployment. FP16 quantization achieves up to 4x reduction in model size with negligible accuracy drop. INT8 
quantization achieves more compression but at the cost of larger accuracy degradation in fine-grained classification 
tasks [6]. Fine-tuning of pre-trained convolutional networks has been shown to significantly improve 
generalization to target domains. By selectively unfreezing upper layers of a frozen backbone and retraining with 
a low learning rate, models can adapt their high-level feature representations to specific visual domains without 
catastrophic forgetting of pre-trained weights [3]. Several recent studies have achieved high accuracy on the 
GTSRB dataset using lightweight architectures [7], [8] and attention-based methods [9, 10]. However, these works 
primarily focus on classification accuracy without analyzing the trade-offs between model size, latency, and 
quantization required for embedded deployment.  
 
3. METHODOLOGY 
 
3.1. Optimization Strategy 
 
In the optimization process, a two-stage approach was followed. In the first stage, the focus was on model 
compression through TFLite quantization to evaluate the application characteristics of the basic model. In the 
second stage, fine-tuning was applied to improve generalization performance, followed by re-quantization of the 
improved model. These two approaches allowed for a direct comparison of the quantization effect, independent of 
the fine-tuning effect. 
 
3.2. TFLite Conversion and Quantization 
 
The base Keras model (baseline_best.keras) was converted to 3 different TFLite formats using the TFLite 
converter: 
 
• FP32 TFLite: Full precision conversion, no quantization. Keeps all weights and activations floating point. 

Provides a TFLite reference base and allows direct comparison of it with the original Keras model. 
• FP16 TFLite: Quantizing model weights from 32-bit floating point to 16-bit floating point. Model size 

reduction by ~50% with negligible accuracy loss during inference. Recommended for platforms with hardware 
accelerators of semi-precision 

• INT8 TFLite: 8-bit integer quantization of weights and activations with a representative calibration dataset. It 
gives the best compression (about 75% size reduction) and the fastest inference speed, but at the cost of some 
loss of classification accuracy because of quantization error. 
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For the INT8 quantization, we used 200 representative images from the GTSRB test set as a calibration dataset to 
estimate the activation range distributions of all layers. The input and output tensors were kept as float32 for 
compatibility with standard preprocessing pipelines. One important observation during the evaluation phase was 
that the preprocessing of the baseline model, the MobileNetV2 preprocess_input normalization function, was 
included directly in the Keras model architecture as a computation graph node. This preprocessing is retained in 
the TFLite conversion and no normalization outside of TFLite can be performed, i.e., raw pixel values in the [0, 
255] range have to be directly passed to the TFLite interpreter. During the evaluation process, we identified that 
applying preprocess_input externally caused a significant drop in accuracy. 
 
3.3. Fine-Tuning Procedure 
 
While the validation accuracy was 93.6%, the result was only 80.86% in the test set. This revealed that the model 
could not generalize sufficiently to real-world images while adapting to the training data Table 1 presents Fine-
Tuning configuration. The main reason for this is that the MobileNetv2 backbone was frozen during the training 
period. The following fine-tuning method was applied to address this problem. 
 
• The trained baseline model (baseline_best.keras) was loaded with all weights preserved. 
• The MobileNetV2 backbone was identified programmatically by searching for layers containing 

‘mobileNetv2’ in their name. 
• The first 124 layers of the 154-layer backbone were kept frozen to preserve low-level and mid-level feature 

representations learned from ImageNet. 
• The last 30 layers were unfrozen, allowing the network to adapt its high-level feature representations 

specifically to traffic sign characteristics. 
• The model was recompiled with the Adam optimizer at a learning rate of 1e-5, which is two orders of magnitude 

lower than the initial training rate of 1e-3. This conservative rate prevents catastrophic forgetting of pre-trained 
weights. 

• Training was conducted for a maximum of 15 epochs with early stopping (patience = 5), learning rate reduction 
on plateau (factor = 0.3, patience = 2), and model checkpointing based on validation accuracy. 

 
Table 1. Fine-tuning configuration 

Parameter Value 
Optimizer Adam 

Learning Rate 1×10⁻5 
Max Epochs 15 

Early Stopping Patience 5 
LR Reduction Factor 0.3 

Unfrozen Layers Last 30 of 154 
Loss Function Sparse category cross-entropy 

 
3.4. YOLOv8 Real-Time Pipeline 
 
YOLOv8 was combined with finely tuned TFlite for real-time detection. YOLOv8 specifically detected traffic 
signs in each video frame and determined their locations. The detected areas were cropped from the original frame, 
and the TFlite model was used to predict the sign category. The predictions for the last 7 frames were stored in 
memory, and the most frequently occurring class was accepted as the final prediction. The aim of using this method 
was to prevent momentary erroneous predictions caused by motion blur or obstructions 
 
4. RESULTS AND DISCUSSION 
 
4.1. Quantization and Accuracy Results 
 
Table 2 presents a comparison of accuracy and performance across all six different model versions evaluated on 
the GTSRB testset (12,630 images). The finely tuned FP16 TFLite model demonstrates the best overall balance in 
terms of accuracy, model size, and inference speed.The basic FP32 TFLite model achieved a test accuracy of 
80.86%, 12.74 points lower than the baseline’s 93.6% validation accuracy. This difference is consistent with the 
realism of the GTSRB testset, which consists of real-world images taken under various lighting, viewing angles, 
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and weather conditions. The finely tuned FP16 TFLite model achieved a test accuracy of 90.06%, a 9.20-point 
improvement over the baseline, while also reducing the model size from 9.09 MB to 4.58 MB. 
 

Table 2. Model comparison of accuracy, size, and performance (FPS: Frames per second) 
Model Test Accuracy Size Latency FPS 

Baseline FP32 80.86% 9.09 MB 13.4 ms 74.6 
Baseline FP16 81.08% 4.58 MB 13.4 ms 74.4 
Baseline INT8 69.96% 2.77 MB 8.7 ms 114.4 

Finetuned FP32 90.04% 9.09 MB 13.4 ms 74.9 
Finetuned FP16 90.06% 4.58 MB 13.4 ms 74.6 
Finetuned INT8 82.26% 2.77 MB 8.8 ms 113.5 

 
4.2. Fine-Tuning Behavior 
 
The fine-tuning process proceeded flawlessly for 15 epochs, and no evidence of overlearning was found. 
Validation accuracy increased from 94.84% in the first epoch to 98.71% in the 15th epoch. In the final epoch, 
training accuracy was recorded at 98.63%, and validation accuracy at 98.71%. The fact that the values are so close 
indicates that the model successfully generalizes rather than memorizing the data. Figure 1 shows training and 
validation accuracy of the fine-tuned MobileNetV2 model over 15 epochs. 
 

 
Figure 1. Training and validation accuracy of the fine-tuned MobileNetV2 model over 15 epochs 

 
4.3. Benchmark Results 
 
FP16 does not appear to be faster than FP32. This is normal because the central processing unit (CPU) we are 
using does not benefit from FP16. If ARM processors were used in the project, for example Raspberry Pi, it could 
benefit. INT8 is 35% faster because the model involves 8-bit calculations. Table 3 shows Inference Benchmark 
 

Table 3. Inference Benchmark (Avg: Average) 
Model Avg (ms) FPS vs Human 

Baseline FP32 13.40 74.6 14.9× 
Baseline INT8 8.74 114.4 22.9× 

Finetuned FP16 13.41 74.6 14.9× 
Finetuned INT8 8.81 113.5 22.7× 
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4.4. Error Analysis 
 
The first error pattern demonstrates confusion related to numerical similarity between speed limit signs. Signs in 
this category were observed to have the same shape, color, and edge design, differing only in the numbers. The 
model’s difficulty in distinguishing between 30, 50, 60, 80, and 120 km/h signs suggests further research into the 
possibility that 224x224 pixel resolution may be insufficient for reliable number recognition at smaller sign sizes. 
The second pattern relates to mirror symmetry in directional signs; here, the model was observed to confuse left-
right images. This suggests that the training enhancement line would benefit from asymmetric spatial 
transformations. Accuracy analysis per class revealed that the worst-performing class was ‘Go straight or turn left’ 
with only 31.7% accuracy, consistently confusing it with ‘Go straight or turn right.’ The best-performing class was 
‘No vehicles over 3.5 metric tons’ with 100% accuracy. This is likely due to its unique circular design, which 
probably has no visually similar counterpart. Figure 2 presents normalized confusion matrix of the fine-tuned FP16 
TFLite model on the GTSRB test set (43 classes). 
 

 
Figure 2. Normalized confusion matrix of the fine-tuned FP16 TFLite model on the GTSRB test set (43 classes) 
 
Table 4 shows top misclassifications. Per-class analysis showed the best-performing class was “No vehicles over 
3.5 t” (100%), owing to its unique design, while the worst was “Go straight or left” (31.7%), consistently confused 
with its mirror counterpart. 
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Table 4. Top misclassifications 
True Class Predicted Count Type 

Speed limit (60) Speed limit (80) 53 Numerical 
Speed limit (60) Speed limit (50) 52 Numerical 
Speed limit (80) Speed limit (50) 51 Numerical 
Turn right ahead Turn left ahead 45 Mirror 

Keep left Keep right 29 Mirror 
 
4.5. Grad-CAM Analysis 
 
The Grad-CAM visualisation demonstrated that the fine-tuned model’s attention was correctly allocated to the 
area of interest (the sign face) rather than other parts of the scene. For the validated category of six sign types 
(stop, yield, 30 km/h, 60 km/h, turn right ahead, and keep right), there was a high percentage of overlap between 
the areas of greatest activation and the sign face, which supports the model’s successful predictions regarding the 
use of appropriate visual features of the signs and not some irrelevant pattern of correlation with other parts of the 
scene. In contrast, for the misclassified signs, there were diffuse patterns of activation on the Grad-CAM maps, 
which suggests that the model’s uncertainties concerning the categorisation of these signs stem from true visual 
ambiguity rather than systematic errors within the model attentional process. The activation of speed limit signs is 
a prime example of this, in that activation on the Grad-CAM maps is spread throughout the numeral area, but there 
is little focus on the individual numbers as defining characteristics for the category. 
 
4.6. Real-Time Demonstration 
 
The GTSRB test image demo evaluated 43 representative images, one per class, using the fine-tuned FP16 TFLite 
model. The system correctly classified 36 out of 43 images (83.7%), operating at approximately 74 FPS. The 7 
misclassified images all belonged to classes with known confusion pairs identified in the error analysis. The 
YOLOv8 + TFLite real-time pipeline was tested on video captured inside a moving vehicle. The pipeline 
successfully detected and classified traffic signs in controlled conditions, with the temporal smoothing mechanism 
providing stable predictions by suppressing single-frame anomalies. Performance degraded in challenging 
conditions including high vehicle speed, adverse lighting, and partial sign occlusion, consistent with the limitations 
disscused above. The Streamlit web application demonstrated successful inference on user-uploaded images from 
multiple device sources, with correct classification of GTSRB-style traffic signs and accurate top-5 confidence 
ranking. Table 5 Presents a comparison between other method and Recent GTSRB Studies 
 

Table 5. Comparison with recent GTSRB studies 
Study Method GTSRB Acc. Edge Analysis 

Khan et al. [7] Lightweight CNN 98.41% No 
Wei  et al. [8] ConvNeSe 99.85% No 

E-MobileViT [9] MobileViT+Attn 99.61% No 
Triki et al. [10] Attention CNN 99.91% No 

This work MobileNetV2+TFLite 90.06% Yes 
 
5. CONCLUSION 
 
The baseline TSR system was changed into an edge artificial intelligence (AI) application ready to be used in a lot 
of systems through a lot of work this study was doing. All of the goals that were set for the baseline project were 
achieved and other goals were achieved too when the Optimizations and Evaluation Pipeline was created. The 
optimally deployed FP16 TFLite model is a fine-tuned model with a model accuracy of 90.06%, a model size of 
4.58MB, and an inference latency of 13.4ms. This model meets both the accuracy and real time needs for 
implementation into ADAS on embedded systems, operating approximately 15 times faster than a human can 
respond. People working on embedded AI system were able to create and test several methods to optimize the 
performance of an TSR system consisthat will be used in ADAS. 
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Abstract 

Intelligence is the biological and holistic capacity covering the ability of cognitive functions such as adaptation, 
generalization, learning-from-experience, problem-solving, reasoning, and pattern recognition. Artificial 
intelligence (AI) is the simulation of these functions on machines. While people rely on experiences and emotions, 
in AI this is on data, algorithms, models, and software/code. Moreover, a type of computer system capable of 
collecting, processing, analyzing, and learning-from data with reasoning and making (semi-) autonomous 
decisions is called an intelligent system (IS). Such systems are the machines/engines/services autonomously 
perceiving, interacting with, adapting to, and responding to the physical-world/environment. By 
mimicking/copying human functions, they transform unprocessed/raw-data into both the processes and results 
intended for taking necessary actions. In this study, we address the relation between ISs and AI technologies, 
supported with some examples. AI refers to a general concept, a theoretical domain from the field of computer 
science, covering the ability of machines to perform tasks in-a-manner similar to people. An IS, on the other hand, 
is a physical or engineered hardware-and-software system that integrates AI with physical and/or digital 
components such as activators/actuators, controllers, motors, sensors, other parts, databases, and applications-
services. An IS is the embodiment of AI (the whole/complete body) where AI is the brain. While artificial neural 
networks, computer vision, Internet-of-Things, large-language models, machine learning models, natural-language 
processing, and vision-language models are technologies where AI is involved, autonomous vehicles, healthcare 
(services) diagnostics, industrial automation, recommendation systems, smart-home devices, and virtual assistants 
are some others for ISs. Additionally, they are encountered in delivery drones, e-commerce platforms, robotic 
arms, self-driving cars, smart thermostats, and streaming services. ISs may not be able to completely replace the 
abilities of learning or problem-solving. However, by combining tools from the AI technologies aforementioned 
and analyzing data, they can make conscious decisions and adapt to continuously changing dynamic environments. 

Keywords: Intelligent system, Artificial intelligence, Computer science, Cognitive function, Machine 
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Abstract 

In this study, copper (Cu) powder was milled using a ball-milling method with two different solid process 
control agents (PCAs): Polyethylene glycol (PEG) and zinc stearate. The effects of different PCA additives on 
the particle size and morphology of Cu powder were investigated. The powders were milled using a high-energy 
planetary ball-mill (PM). Scanning electron microscopy (SEM) and laser diffraction analysis (Mastersizer) 
techniques were used to observe the evolution of powder morphology and determine the change in average 
particle size (APS). It was found that the powder morphologies changed significantly with the change in the 
PCA additive used. After 15 hours of milling, the APS values were measured as 16.113 and 7.108 microns for 
PEG and zinc stearate, respectively, indicating that zinc stearate additive was much more advantageous than 
PEG in terms of milling efficiency. 

Keywords: Ball-milling, Copper, Polyethylene glycol, Powder technology, Zinc stearate 
 
 
1. INTRODUCTION  
 
Ball-milling is a method involving numerous process parameters such as type and amount of process control 
agent (PCA), ball-to-powder weight ratio (BPR), milling speed, and milling time. It is frequently used in powder 
milling or in composite and nanomaterial synthesis [1–4]. Besides these parameters, the type of mill used, 
grinding vial volume, and grinding ball material (tungsten carbide, zirconia, stainless steel, alumina) are also 
important variables [5–7]. 
 
The PCA type and amount are particularly critical in grinding powders and reducing final powder particle sizes. 
They play a significant role in balancing the tendency for excessively cold welding, frequently observed in the 
milling of ductile powders, and facilitating the transition to fracture [8–12]. Therefore, in this study, two 
different solid PCA types, PEG and zinc stearate, were selected for ball milling of copper (Cu) powder. The 
morphological and powder size changes observed in the milling of powder mixtures were investigated to 
determine the most suitable PCA type. 
 
2. MATERIAL AND METHOD 
 
In ball-milling experiments, 99% pure elemental Cu powder with a maximum particle size of 44 µm was used as 
the starting powder (Figure 1). Table 1 lists the properties of the starting Cu powder. The morphology of the Cu 
powder was investigated using scanning electron microscopy (SEM) on a Zeiss Evo LS 10 model.  
 

 
Figure 1. Morphology of as-received Cu powder 
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Table 1. Type, particle size and purity of as-received powder used for ball-milling experiments 
Type of Powder Particle Size (µm) Purity (%) 

Cu max. 44 99% 
 
Table 2 shows the composition of powder mixtures prepared with two different PCA additives. These two 
different powder mixtures were milled in a planetary ball-mill (PM) (Retsch PM 200) for up to 15 hours. The 
milling parameters were selected as a milling speed of 300 rpm and a ball-to-powder weight ratio (BPR) of 10:1. 
Polyethylene glycol (PEG) and zinc stearate were gradually added to the milling vials as PCAs at the selected 
milling time intervals (Table 3).  
 

Table 2. Chemical compositions of the prepared powder specimens  
No Cu (wt.%) PCA (wt.%) 
P1 100% 6% PEG 
P2 100% 6% zinc stearate 

 
Table 3. Milling parameters used to investigate the effect of different PCAs on milling behavior of Cu powder 

Chemical Composition Cu 
Type and Amount of PCA 6% PEG; 6% zinc stearate 

BPR 10:1 
Milling Speed 300 rpm 

Grinding Mode 2 minutes grinding, 1 minute pause cycles / reverse mode active 
Diameter and Material of the Grinding Balls 10 mm, tungsten carbide (WC) 

Type of Ball-Mill and Vial Capacity Retsch PM 200 / 125 ml vials 
Milling Duration 3, 6, 9, 12 and 15 hours 

 
After the milling process, the particle size distribution of the powders was analyzed using a laser diffractometer 
(Malvern Instruments Mastersizer 2000). In addition, the interaction between the average particle size (APS, 
(d50)) and the milling time was investigated using SEM. 
 
3. RESULTS 
 
The SEM analysis in Figure 1 shows that the Cu powder has an irregular morphology. Table 4 shows the APS 
values obtained from the powder samples at specific cycle times as described in the Material and Method 
section.  
 

Table 4. APS values of Cu powder as functions of PCA and milling duration  

Chemical Composition 
Milling Time (h) and APS (µm) 

3 6 9 12 15 
Cu - 6% PEG 32.761 27.174 25.635 17.830 16.113 

Cu - 6% Zinc stearate 18.839 16.364 10.120 9.302 7.108 
 

Figure 2 reflects the time-APS variation diagram obtained during 15 hours of grinding of both powder mixtures 
using the APS data from Table 4. Both powder samples exhibited decreasing powder size with increasing 
grinding time, and there was no increase or fluctuation in APS values. For the zinc stearate-added sample, a 
significant decrease in powder size was observed, particularly in the first 9 hours, while this extended to 12 
hours for the PEG-added sample. The lack of a significant APS decrease (approximately 9.3–7.1 microns) after 9 
hours of grinding for the zinc stearate-added sample indicates that a steady-state has been reached. In the PEG-
added sample, the powder sizes were approximately 16–17 microns after 12–15 hours. 
 
Figure 3 shows the changes in powder morphology of Cu powder samples with PEG and zinc stearate additives, 
respectively, during 15 hours of grinding. During the first 3 hours of grinding, it is observed that the powder 
particles are deformed by the impact of the grinding balls, resulting in a flaky morphology (Figures 3(a) and 
3(d)). After 9 hours of grinding, the PEG-added sample still exhibits flaky structures (Figure 3(b)), while the 
zinc stearate-added sample shows more effective fracture and more active PCA behavior, resulting in a 
significantly lower APS value (Figure 3(e)). 
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Figure 2. Particle size variation of Cu powder as functions of PCA and milling duration 
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Figure 3. Morphology of the Cu having 6% PEG after milled for (a) 3 h, (b) 9 h, and (c) 15 h; and Cu having 6% 
zinc stearate after milled for (d) 3 h, (e) 9 h, and (f) 15 h 
 
After 15 hours of grinding, the PEG-added sample showed a low grinding efficiency (Figure 3(c)) with an APS 
value of 16.113 microns, while the zinc stearate-added sample exhibited superior grinding efficiency (Figure 
3(f)), with the powder size reduced to a minimum level of 7.108 microns. 
 
4. CONCLUSION 
 
This study investigated the effects of two different types of solid PCA additives, PEG and zinc stearate, on the 
grinding of Cu powder. It was found that the powder morphologies changed significantly with the change in the 
PCA additive used. Assuming both additives remained constant at 6% by weight, zinc stearate additive was 
found to be more effective than PEG in reducing APS and achieving a steady state condition. Evolution of 
powder morphology to a steady state was achieved after 15 hours with zinc stearate additive. However, it was 
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found that even after 15 hours, the grinding efficiency remained quite low with the addition of PEG. After 15 
hours of milling, the APS values were measured as 16.113 and 7.108 microns for PEG and zinc stearate, 
respectively, indicating that zinc stearate additive was much more advantageous than PEG in terms of milling 
efficiency. 
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Abstract 

In this study, the effects of two different solid process control agents (PCAs), polyethylene glycol (PEG) and 
stearic acid, on the production of nano-silicon carbide (SiC) reinforced copper (Cu)-based composite powder 
were investigated using the ball-milling method. For this purpose, powder mixtures containing Cu and nano SiC 
at weight percentages of 97% and 3%, respectively, were prepared. Two different types of PCA, namely PEG 
and stearic acid, were used to observe the changes in powder properties, particularly powder morphology and 
particle size, over specified grinding times. A planetary-type ball-mill having two grinding vials was used in the 
milling experiments. Scanning electron microscopy (SEM) and laser diffraction analysis (Mastersizer) 
techniques were used to observe the initial and milled powder morphologies and determine powder particle 
sizes, respectively. It was determined that the type of PCA significantly affected the powder morphology. 
Furthermore, it was found that particle size reduction improved in powder samples containing stearic acid as 
PCA, with a minimum powder size of 1.278 microns. 

Keywords: Ball-milling, Composites, Copper, Polyethylene glycol, Powder technology, Stearic acid, Silicon 
carbide 
 
 
1. INTRODUCTION  
 
Although copper (Cu) metal has favorable material properties such as formability, low cost, and high electrical 
and thermal conductivity when used alone, it may require additional enhanced properties for some applications 
[1–3]. Therefore, some small doped elements such as oxides, carbides, and refractory metals are frequently used 
with Cu to further improve its physical and mechanical properties [4–6]. In this study, silicon carbide (SiC) was 
chosen to reinforce the Cu matrix to improve material properties in composite production. SiC reinforcement is 
known to provide several properties, particularly high hardness, thermal stability, wear resistance, and corrosion 
resistance [7–9]. 
 
The conventional powder metallurgy (PM) method for composite production is often combined with the ball 
milling technique to produce more homogeneous and fine-grained materials [10–12]. However, there are a 
number of process parameters that affect the milling efficiency in the ball-milling method. These include various 
process parameters that need to be optimized, such as milling speed, type and amount of process control agent 
(PCA), ball-to-powder weight ratio (BPR), and milling time [13, 14]. This study aimed to investigate the 
synergistic effect of PCA type and SiC reinforcement on the synthesis of Cu/SiC composite powder using two 
different solid PCA additives, polyethylene glycol (PEG) and stearic acid. 
 
2. MATERIAL AND METHOD 
 
In this study, Cu powder was used as the matrix material and SiC as the reinforcement material. The morphology 
of the obtained powders was examined using a Zeiss Evo LS 10 scanning electron microscope (SEM) (Figure 1). 
Table 1 lists the size and purity values of the unprocessed powders before the milling process. 
 
The chemical compositions of the prepared powder samples are given in Table 2. These two different powder 
mixtures were milled in a planetary ball-mill (Retsch PM 200) for 14 hours. The milling parameters were 
selected as a milling speed of 400 rpm and a BPR ratio of 10:1. Meanwhile, PEG and stearic acid were also 
added to each milling vial at 4% by weight. All milling parameters are listed in Table 3.  
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(a) 

 
(b) 

    Figure 1. Morphology of as-received (a) Cu and (b) nano SiC powders 
 

Table 1. Type, particle size and purity of as-received powders used for ball-milling experiments  
Type of Powder Particle Size Purity 

Cu max. 44 µm 99% 
SiC 40 nm 99.9% 

 
Table 2. Chemical compositions of the prepared powder specimens   

No Cu (wt.%) SiC (wt.%) PCA Additive (wt.%) 
P1 97% 3% 4% PEG 
P2 97% 3% 4% stearic acid 

 
Table 3. Milling parameters used to investigate the effect of different PCAs on milling behavior of Cu/SiC 
powder 

Chemical Composition Cu/SiC 
Type and Amount of PCA 4% PEG; 4% stearic acid 

BPR 10:1 
Milling Speed 400 rpm 

Grinding Mode 2 min grinding, 1 min pause cycles / reverse mode active 
Diameter and Material of the Grinding Balls 10 mm, tungsten carbide (WC) 

Type of Ball-Mill Retsch PM 200 / 125 ml vials 
Milling Duration 2, 4, 6, 8, 10, 12 and 14 hours 

 
To compensate for overheating of the milling medium, the milling experiments were stopped at certain milling 
cycles until room temperature was reached. Powder characterization was performed using a laser diffractometer 
(Malvern Instruments Mastersizer 2000). In addition, the relationship between average particle size (APS, (d50)) 
and grinding time was investigated using SEM. 

 
3. RESULTS 
 
In this study, two different PCA compositions, PEG and stearic acid, were comparatively investigated for 
synthesizing Cu-SiC composite powder. From Figure 1, which shows the morphological aspects of the starting 
powders, it was observed that the Cu powder particles had an irregular shape (Figure 1(a)), while the SiC powder 
particles had an angular and irregular shape (Figure 1(b)). Table 4 presents the APS values of the ground powder 
samples obtained after the Mastersizer results. 
 

Table 4. APS values of Cu powder as functions of PCA and milling duration  

Chemical Composition 
Milling Time (h) and APS (µm) 

2 4 6 8 10 12 14 
Cu/SiC - 4% PEG 38.590 33.455 21.048 5.826 4.235 2.574 2.412 

Cu/SiC - 4% stearic acid 41.524 17.340 5.107 3.247 2.199 1.477 1.278 
 

The particle size variations of Cu/SiC powder mixtures depending on the grinding time are shown in Figure 2. 
As can be seen from this figure, the APS tends to decrease continuously for both compositions. 
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Figure 2. Particle size variation of Cu/SiC powder mixtures as a function of milling duration 

 
Figure 3 shows the morphological evolution of Cu/SiC powder samples containing 4% PEG and 4% stearic acid 
as PCA after 2, 8, and 14 hours of grinding. In the first 2 hours of grinding, flaky structures were observed in 
both powder samples as a result of cold welding effects (Figures 3(a) and 3(d)). However, the cold welding 
effect was more dominant in the stearic acid-added sample (Figure 3(d)), and this was confirmed by SEM 
images and Mastersizer results. The APS value, which was 41.524 µm with stearic acid, decreased to 38.590 µm 
with PEG.  
 
The first 8 hours were found to be critically important in terms of achieving powder size reduction (Figures 3(b) 
and 3(e)). The reduction in powder size slowed down in the 8-12 hour grinding interval, and a steady state was 
reached after 14 hours of grinding (Figures 3(c) and 3(f)). 
 
The composite powder sizes were determined to be 2.412 and 1.278 microns for the PEG and stearic acid-added 
powder samples, respectively, after 14 hours of grinding. As the high-magnification SEM images also show 
(Figures 4(a) and 4(b)), this result indicates that the addition of stearic acid is more advantageous than PEG in 
the synthesis of Cu/3SiC composite powder. 
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Figure 3. Morphology of the Cu-SiC having 4% PEG after milled for (a) 2 h, (b) 8 h, and (c) 14 h; and Cu-SiC 
having 4% stearic acid after milled for (d) 2 h, (e) 8 h, and (f) 14 h 
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(a) 

 
(b) 

Figure 4. High-magnification SEM images of composite powders obtained after 14 hours of ball-milling; (a) 
PEG-containing composite and (b) stearic acid-containing composite 
 
4. CONCLUSION 
 
In this study, two different solid PCA compositions, PEG and stearic acid, were comparatively investigated for 
synthesizing Cu-SiC composite powder. Accordingly, a decreasing trend in particle size values was observed for 
both compositions, but PEG was more effective for the first 2 hours. On the other hand, the addition of stearic 
acid exhibited better grinding behavior compared to PEG addition during the 2 to 14-hour grinding process. At 
the end of the grinding cycles, the APS values were recorded as 2.412 and 1.278 µm for PEG and stearic acid 
additives, respectively. Considering the SEM images and particle size values obtained after the grinding process, 
it was determined that the optimum condition for synthesizing Cu-SiC composite powder is a stearic acid content 
of 4%. 
 
References 
 
[1] S. Biyik and M. Aydin, “The effect of the amount of process control agent on the properties of Cu25W 

composite powder,” WIT Transactions on the Built Environment, vol. 137, pp. 189–200, 2014. 
[2] S. Biyik, “Characterization of nanocrystalline Cu25Mo electrical contact material synthesized via ball 

milling,” Acta Physica Polonica A, vol. 132, no. 3, pp. 886–888, Sep. 2017. 
[3] S. Biyik, “Effect of polyethylene glycol on the mechanical alloying behavior of Cu-W electrical contact 

material,” Acta Physica Polonica A, vol. 134, no. 1, pp. 208–212, Jul. 2018. 
[4] A. Canakci, T. Varol, H. Cuvalci, F. Erdemir and S. Ozkaya, “Development and characterization of 

bronze-Cr-Ni composites produced by powder metallurgy,” Science and Engineering of Composite 
Materials, vol. 22, no. 4, pp. 425–432, Mar. 2015. 

[5] O. Guler, M. Celebi, R. Dalmis, A. Canakci and H. Cuvalci, “Novel ZA27/B4C/Graphite hybrid 
nanocomposite-bearing materials with enhanced wear and corrosion resistance,” Metallurgical and 
Materials Transactions A, vol. 51, pp. 4632–4646, Jun. 2020. 

[6] S. Biyik, “Influence of polyethylene glycol and methanol additions on the properties of ball-milled 
Cu4B4C composite powders”, International Journal of Computational and Experimental Science and 
Engineering, vol. 10, pp. 299–307, Jul. 2024. 

[7] F. Erdemir, T. Varol and A. Canakci, “Synthesis of SiC nanoparticles by central composite design 
response surface methodology directed mechanical milling,” Micro & Nano Letters, vol. 15, pp. 187–190, 
Mar. 2020. 

[8] H. Ahmadian, T. Zhou, A.M. Sadoun, A. Senthil Kumar, A. Fathy, Q. Yu, G. Weijia and A. Wagih, 
“Optimized ball milling and sequential addition of SiC and MWCNTs reinforcements for enhanced 
performance of copper hybrid composites,” Results in Engineering, vol. 24, art. no. 103471, Dec. 2024. 

[9] M. Shabani, M. Hossein Paydar, R. Zamiri, M. Goodarzi and M. Mohsen Moshksar, “Microstructural and 
sliding wear behavior of SiC-particle reinforced copper matrix composites fabricated by sintering and 
sinter-forging processes,” Journal of Materials Research and Technology, vol. 5, pp. 5–12, Jan.-Mar. 
2016. 

[10] C. Suryanarayana, A. A. Al-Joubori, and Z. Wang, “Nanostructured materials and nanocomposites by 
mechanical alloying: An overview,” Metals and Materials International, vol. 28, pp. 41–53, Aug. 2022.  

[11] S. Biyik and M. Aydin, “Effect of TiO2 content on the arc-erosion resistance of Ag/SnO2 electrical 
contact materials prepared via mechanical alloying-assisted powder metallurgy,” Journal of Electronic 
Materials, vol. 55, pp. 3850–3867, Feb. 2026. 

[12] S. Biyik, F. Arslan and M. Aydin, “Arc-erosion behavior of boric oxide-reinforced silver-based electrical 
contact materials produced by mechanical alloying,” Journal of Electronic Materials, vol. 44, pp. 457–



819 

466, Jan. 2015. 
[13] S. Biyik and M. Aydin, “Optimization of mechanical alloying parameters of Cu25W electrical contact 

material,” Acta Physica Polonica A, vol. 132, no. 3, pp. 909–912, Sep. 2017. 
[14] S. A. Tunc, A. Canakci, A. H. Karabacak, M. Celebi and M. Turkmen, “Effect of different PCA types on 

morphology, physical, thermal and mechanical properties of AA2024-B4C composites,” Powder 
Technology, vol. 434, art. no. 119373, Feb. 2024. 



 

3rd International Conference on Engineering, Natural Sciences, 
and Technological Developments (ICENSTED 2026) 

July 3-6, 2026 

 

820 

Investigation of Iron-Cobalt-Nickel Metal-Organic Frameworks 
(MOFs) for Electrocatalysis Application 

 
Saba Aman1, Hafeez Anwar1 

 
1Advanced Nano-materials and Devices Laboratory, University of Agriculture Faisalabad, Pakistan 

Corresponding author: Saba Aman (e-mail: sabaaman9298@gmail.com) 
 

Abstract 

Due to population growth and global development, the demand for energy has significantly expanded during the 
past century. Therefore, it will require clean and sustainable substitutes that can address present issues and support 
long-term growth. Water electrolysis termed as electrochemical water splitting, has been considered a clean, 
efficient and sustainable way to replace fossil fuels. Metal-organic frameworks (MOFs) play a crucial part in the 
electrocatalysis activity such as hydrogen evolution reaction (HER) and oxygen evolution reaction (OER). MOFs 
are advance class crystallized microporous substance, created when metal ions combine with organic linkers to 
create coordination bonds. Fe-Co-Ni MOFs are prepared using the hydrothermal method and then investigated for 
electrocatalytic activity. The reported work, concluded a band gap value of 2.89 eV, 4.00 eV, 4.15 eV and 4.06 eV 
for Fe MOF, Co MOF, Ni MOF and Fe-Co-Ni MOF respectively. Zeta Sizer analysis indicates particle size, 284.7 
nm, 238.9 nm, 159.38 nm and 301.6 nm for Fe MOF, Co MOF, Ni MOF and Fe-Co-Ni MOF respectively. The 
electrochemical results of Fe-Co-Ni MOF indicate, LSV analysis show overpotential 208.41 mV, 186.6 mV for 
HER and OER with Tafel slope 135.21 mV/dec and 107.32 mV/dec, respectively. CV analysis provide double 
layer capacitance (Cdl) 35 mF/cm2 with significant electrochemical active surface area (ECSA). Electrochemical 
impedance spectroscopy (EIS) analysis (Nyquist plot) indicates that Fe-Co-Ni MOF catalyst, dominated by 
diffusion-controlled electrochemical processes rather than pure charge transfer resistance. Resistance in the system 
were indicated by the measured Rs of 100 Ω. Additionally, Warburg(Yo) 1E-5 S, 1 s5 with capacitance 1E-5 F 
indicating an extremely high electrochemical active surface area.   

Keywords: Metal-organic frameworks (MOFs), Electrocatalysis, hydrogen evolution reaction (HER), oxygen 
evolution reaction (OER), Electrochemical techniques, Linear sweep voltammetry (LSV), Cyclic voltammetry 
(CV), Electrochemical impedance spectroscopy (EIS) 
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Abstract 

The accelerated discovery of high-performance structural materials, particularly MAX phases (Mn+1AXn) such as 
Ti3AlC2, has been significantly enhanced by the integration of data-driven approaches. This paper presents a 
bibliometric analysis of research trends concerning the application of machine learning (ML) in the discovery, 
design, and thermomechanical characterisation of MAX phases over the past decade. Using data extracted from 
the Scopus database, we map the evolution of research themes, identify key contributing institutions, and highlight 
the shift from traditional experimental methods towards computational, surrogate-based modelling. The analysis 
reveals a burgeoning interest in predictive modelling for extreme-environment applications. This study provides a 
comprehensive overview of the current research landscape, identifying critical gaps and potential future directions 
for researchers aiming to leverage artificial intelligence in materials science. This review serves as a roadmap for 
integrating advanced computational techniques into the development of next-generation aerospace materials. 

Keywords: MAX phases, Machine learning, Ti3AlC2, Bibliometric 
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Abstract 

This study aims to investigate and evaluate the microstructural changes occurring during the quenching of X70 
steel using magnetic incremental permeability (MIP). To examine the relationship between mechanical properties 
and micromagnetic parameters, direct quenching (DQ) treatment was performed after intercritical annealing at 
temperatures ranging from 740 °C to 820 °C. MIP measurements were carried out using a MikroMach instrument. 
Hardness measurements and microstructural examinations were conducted using a durometer and optical 
microscopy, respectively. The experimental results revealed that the DQ treatment produced a hard martensitic 
phase distributed within a ductile ferritic matrix. Both the martensite volume fraction (MVF) and hardness 
increased with intercritical annealing temperature increasing. The highest hardness values were obtained for 
samples treated at the highest annealing temperatures. Furthermore, MIP technique demonstrated high sensitivity 
to microstructural variations and changes in MVF morphology, highlighting its potential as a reliable non-
destructive tool for monitoring microstructural evolution in X70 steel. 

Keywords: Heat treatments, MIP, MVF, Microstructure morphology, Steel 
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Abstract 

Polymer selective laser sintering (SLS) is a well-established powder-bed fusion process for manufacturing 

functional polymer components, particularly from polyamide-based powders such as polyamide 12 (PA12). 

Although build time is often attributed to laser exposure and recoating, industrial SLS productivity is frequently 

limited by the extended post-build cooling period required before the part cake can be safely removed. The part 

cake is a thermally heterogeneous structure that includes sintered parts, unsintered powder, gas-filled pores, local 

density variations, and geometry-dependent heat-storage regions. Slow cooling reduces machine utilization, 

complicates production scheduling, and diminishes powder reuse efficiency. In contrast, excessively rapid or 

spatially uneven cooling can induce thermal gradients that increase warpage, shrinkage mismatch, dimensional 

drift, crystallization-related stress, mechanical-property variability, and powder degradation. This article reviews 

the scientific and technical foundations of polymer SLS part-cake cooling and proposes a literature-informed 

framework that reconceptualizes post-build cooling as an active process-control stage. Prior research demonstrates 

that internal temperature histories are position-dependent, airflow through shrinkage-induced cracks can accelerate 

heat removal, and prolonged thermal exposure contributes to PA12 powder aging. Existing technical solutions 

indicate that broad gas-assisted cooling strategies have already been investigated. Therefore, the most promising 

research direction is not generic forced-air cooling, but rather geometry-aware, multi-zone, sensor-guided, and 

quality-constrained cooling. The proposed framework integrates baseline characterization, fixed-flow-assisted 

cooling, computer-aided design (CAD)/standard triangle language (STL)-derived hot-zone and distortion-risk 

mapping, multi-zone dry-air or nitrogen flow control, thermal imaging, thermally protected sensor placement, 

removable gas-distribution cassette concepts, and comprehensive sensing of temperature, flow, pressure, humidity, 

and particulate emissions. Adaptive recipe updating is constrained by local dT/dt, inter-zone ΔT, pressure, 

particulate emission, and safety levels. The objective is to reduce cooling time while maintaining dimensional 

accuracy, mechanical performance, powder reuse quality, and process repeatability. 

Keywords: Polymer selective laser sintering, Controlled part-cake cooling, Thermal sensing, Sensor-guided 

process control, Artificial intelligence (AI)-assisted adaptive manufacturing 

 

 

1. INTRODUCTION  
 

Additive manufacturing (AM) has become an important manufacturing route for producing functional components 

directly from digital design data, particularly in applications where geometrical complexity, part consolidation, 

customization, or low-volume production limits the suitability of conventional manufacturing methods. The value 

of AM extends beyond the layer-by-layer construction of geometry; it should be regarded as a comprehensive 

process chain encompassing digital design, material preparation, energy delivery, thermal management, post-

processing, quality control, and increasingly, process data management. Among the various AM families, powder-

bed fusion methods are particularly advantageous because the surrounding powder supports intricate forms during 

fabrication, enabling the fabrication of nested parts, internal channels, mesh frameworks, and high packing 

densities without requiring conventional support removal. 

 

Polymer selective laser sintering (SLS) is among the most established powder-bed fusion methods for producing 

functional polymer parts. Since Deckard's foundational work on selective sintering, which used a directed-energy 

beam to consolidate successive powder layers under computer control [1], polymer SLS has progressed from a 

rapid-prototyping technique to a production-relevant manufacturing technology. In a typical polymer SLS cycle, 

a thin layer of powder is spread across a heated build bed, the powder is maintained near its sintering window, 

selected regions are fused by laser exposure, and the process is repeated layer by layer until the build is complete. 



824 

After printing, the fused parts remain embedded in a hot mass of unsintered powder, commonly referred to as the 

part cake. This post-build state represents a thermally and materially active stage of the manufacturing process, 

rather than a mere logistical detail. 

 

The industrial success of polymer SLS is closely linked to the properties of polyamide-based powders, especially 

polyamide 12 (PA12), which remains the most widely used material due to its favorable balance of processability, 

mechanical performance, dimensional stability, and powder handling [2, 3]. However, SLS quality is governed by 

a closely coupled set of material and process variables. Powder particle size distribution, morphology, flowability, 

refresh ratio, powder-bed temperature, laser power, scan speed, hatch spacing, layer thickness, scan strategy, 

packing density, build position, and chamber atmosphere all influence the final part [2–4]. For semi-crystalline 

polymers such as PA12, this coupling is particularly important because the material must be processed within a 

relatively narrow thermal window. The material must receive sufficient energy to fuse adequately, but it must also 

undergo cooling and crystallization without developing unacceptable shrinkage, residual stress, warpage, or 

dimensional drift. For this reason, the SLS process should not be viewed as ending when the laser exposure is 

complete. 

 

In many practical workflows, the longest and least actively controlled stage occurs after the nominal print is 

complete: the part cake must cool before parts can be safely removed and cleaned. While this delay is inconvenient 

in laboratory settings, it directly impacts machine utilization, delivery time, production scheduling, and powder 

reuse planning in service bureaus, industrial additive manufacturing centers, and high-mix production 

environments. Even after a build is finished, the production cell remains constrained because the hot part cake 

cannot be removed, handled, or depowdered without risking part damage or powder degradation. Consequently, 

post-build cooling initially presents as a productivity bottleneck but rapidly evolves into a material-quality and 

process-control challenge. The part cake is not a homogeneous body that cools according to a single predictable 

curve; rather, it is a thermally heterogeneous structure containing fused polymer parts, loose unsintered powder, 

gas-filled pores, local density variations, and build-dependent heat-storage regions. Fused parts and surrounding 

powder differ in density, thermal conductivity, heat capacity, and shrinkage behavior. The powder bed itself is a 

low-conductivity medium, causing heat stored in the center or lower regions of the build volume to dissipate much 

more slowly than heat near the surface or side walls. Large, thick components retain heat differently from thin 

beams, flat plates, lattices, or porous structures, and densely packed regions may cool at different rates compared 

to sparse regions. As a result, a single chamber temperature, surface measurement, or elapsed cooling time cannot 

adequately characterize the thermal state of the part cake. Thermal-history studies corroborate this perspective. 

Josupeit and colleagues demonstrated that temperature histories within laser-sintered part cakes vary with position 

and job layout, influencing warpage, crystallization behavior, and powder aging [5, 6]. This finding is significant: 

two parts produced from the same material, in the same machine, and within the same build can experience 

different thermal histories depending on their positions and surrounding geometries. This spatial dependence is 

particularly critical for semi-crystalline polymers. During cooling, for instance, PA12 undergoes crystallization-

related transitions, and the rate and uniformity of this process can affect shrinkage, internal stress development, 

and dimensional stability. Reviews of polymer SLS consistently emphasize the importance of thermal control, 

material qualification, and process-window management [2– 4, 7]. The challenge is not merely to cool the part 

cake as quickly as possible. Excessively slow cooling reduces throughput and prolongs exposure of parts and 

powder to elevated temperatures. In contrast, excessively rapid or spatially uneven cooling can generate heat 

gradients that result in shrinkage mismatch, residual stress, warpage, dimensional error, and mechanical-property 

variability. Long, flat, thin, or beam-like parts are especially sensitive to non-uniform cooling, whereas thick 

central parts may remain hot even after outer regions have cooled. The mechanical properties of SLS polyamide 

parts are known to depend on process conditions and build history [8]; therefore, any cooling strategy that modifies 

crystallization behavior, residual stress, or thermal exposure must be validated both mechanically and thermally. 

 

Powder aging brings an additional constraint. Unsintered PA12 powder remains at elevated temperature during 

the build and cooling cycle, and prolonged thermal exposure can alter its flowability, molecular weight, thermal 

behavior, color, and reuse performance. Pham et al. reported deterioration in the properties of polyamide powder 

during laser sintering [9], while Dotchev and Yusoff linked powder recycling performance to powder aging and 

refresh strategies [10]. Wudy and Drummer further showed that aging of PA12 in SLS can be associated with 

changes in molecular-weight distribution and thermal properties [11]. These conclusions create a practical conflict: 

keeping the cake hot for too long can reduce powder sustainability, but cooling it too aggressively can compromise 

part quality. An effective cooling strategy must therefore reduce total thermal exposure while avoiding local 

thermal shock and excessive inter-zone heat gradients. 

 

The literature also shows that controlled acceleration of part-cake cooling is technically plausible. Kobayashi and 

co-workers investigated rapid cooling of laser-sintered part cakes using airflow through cracks [12]. In their study, 
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dry air was introduced beneath the part cake through a lower pipe/manifold arrangement, while thermocouples 

monitored internal temperature histories (see Figure 1). The key insight was that shrinkage-induced cracks can 

form inside the part cake because sintered parts and surrounding powder contract differently during cooling. Once 

these cracks appear, they can act as favored pathways for airflow, allowing injected air to reach internal regions 

and enhancing convective heat removal. Kobayashi et al. reported that this mechanism allowed the internal 

temperature to reach the target cooling level approximately 17 h earlier than natural cooling, without notable 

deformation or adverse mechanical-property changes [12]. This result shows that accelerated cooling can be 

feasible when airflow is introduced in a controlled manner, and the internal thermal response is monitored. 

 

 

Figure 1. Conceptual schematic of gas-assisted SLS part-cake cooling, redrawn and adapted from the airflow-

through-cracks mechanism reported by Kobayashi et al. [12]. Controlled dry air or nitrogen is introduced through 

the lower manifold, while shrinkage-induced cracks provide preferential internal pathways for convective heat 

removal 

 

At the same time, the airflow-through-cracks mechanism emphasizes why fixed gas flow is unlikely to be 

universally reliable. Crack formation, airflow pathways, and heat extraction depend on part geometry, spacing, 

packing density, build position, material shrinkage, and cooling history. A cake filled with thick blocks will not 

develop the same crack topology as one filled with thin lattices, sparse regions, or small distributed components. 

Therefore, part-cake cooling is not simply an airflow problem. It is a coupled problem involving geometry, heat 

transfer, shrinkage, crystallization, powder aging, gas flow, sensing, and control. The responsible research question 

is not whether faster cooling is possible in general, but under what measured constraints cooling can be safely 

accelerated for a specific material, machine, build layout, and part geometry. 

 

Existing technical approaches also clarify the limits of novelty. Previous disclosures and technical concepts have 

already described broad cooling strategies such as thermal-transfer channels, ducts, cooling media, compressed 

part-cake cooling, inert-gas-assisted cooling, and external cooling stations for laser-sintered part cakes [13–15]. 

These examples show that a new contribution should not be framed simply as forced-air cooling or generic gas-

assisted cooling. The stronger scientific and translational opportunity lies in treating cooling as an intelligent, 

geometry-aware, and quality-constrained process-control stage. In such a framework, computer-aided design 

(CAD)/standard triangle language (STL)-derived geometry information can be used to estimate hot zones and 

distortion-sensitive regions; multi-zone manifolds can regulate dry-air or nitrogen flow spatially; temperature, 

flow, pressure, humidity, and particulate sensors can monitor the developing process state; and control limits on 

dT/dt, inter-zone temperature difference, pressure, particulate emission, and safety margin can prevent damaging 

cooling trajectories. This positioning is consistent with wider assessments of polymer powder-bed fusion, which 

identify process physics, material screening, and thermal behavior as central issues in material qualification and 

process development [16]. The novelty of the proposed framework does not lie in generic gas-assisted cooling, but 

in combining geometry-derived risk mapping, multi-zone external flow control, sensor feedback, and constraint-

based adaptive recipe updating into a reproducible cooling methodology for polymer SLS part cakes. 
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Accordingly, this article presents a literature-informed framework for controlled part-cake cooling in polymer 

SLS. The principal contribution is the redefinition of post-build cooling as an active, measurable, and adaptable 

process-control stage, rather than a passive waiting period. The proposed framework integrates baseline 

characterization, fixed-flow-assisted cooling, multi-zone gas-flow control, geometry-aware risk mapping, 

thermally protected sensing, practical gas-distribution cassette concepts, real-time monitoring, and adaptive recipe 

updating. The objective is to achieve the fastest safe cooling that maintains dimensional accuracy, mechanical 

performance, powder reuse quality, and process repeatability, rather than simply minimizing cooling time without 

constraints. The following sections detail the proposed methodological model, outline an experimental assessment 

strategy, and address industrial translation, risks, limitations, and future research directions. 

 

2. PROPOSED FRAMEWORK AND VALIDATION METHODOLOGY 
 

The scientific contribution of this work consists in shifting SLS part-cake cooling from a generic forced-gas 

operation to a geometry-aware and quality-constrained process-control problem. The proposed framework unites 

four elements: CAD/STL-based risk mapping to estimate initial hot zones and distortion-sensitive regions; multi-

zone gas-flow control to cool different regions of the cake selectively; sensor feedback from temperature, flow, 

pressure, humidity, and particulate monitoring; and constraint-based recipe updating using limits on dT/dt, inter-

zone temperature difference, pressure, particulate emission, and safety margin. For semi-crystalline materials such 

as PA12, cooling-rate limits should also consider crystallization dynamics and phase-transition behavior [17]. This 

integrated approach is intended to reduce cooling time while preserving dimensional accuracy, mechanical 

performance, powder reuse quality, and process repeatability. 

 

2.1. Proposed Controlled Cooling Framework 

 

The proposed cooling framework is designed as a step-by-step process (see Figure 2). The first step is to understand 

the natural cooling behavior of the SLS part cake. Before developing an advanced cooling system, it is necessary 

to answer a basic question: how long does the part cake cool naturally for a given machine, material, build volume, 

and part geometry? This baseline should include internal temperature data where possible, surface thermal images 

or infrared thermography-based temperature monitoring [18], breakout temperature, part quality, dimensional 

accuracy, warpage, powder condition, and operator observations. The safe breakout temperature should be defined 

for each material and machine because different polymers and build layouts may need different cooling limits. The 

second step is fixed-flow-assisted cooling. In this stage, dry air or nitrogen is supplied through a lower manifold 

or an external cooling fixture at low and controlled flow and pressure levels. The aim is not to create a complex 

product immediately, but to test whether gas-assisted cooling can reduce cooling time without damaging the parts 

or the powder. Dry air is simple and low-cost. Nitrogen may be useful when oxidation, moisture, or color change 

is a concern. However, nitrogen also requires extra safety control, especially oxygen monitoring in closed or poorly 

ventilated areas, because oxygen-deficient atmospheres are commonly defined below 19.5% oxygen content [19]. 

 

The third step is multi-zone cooling. Instead of cooling the whole build volume with the same airflow, the part 

cake can be divided into regions such as the center, left, right, front, back, and corners. Each zone can receive a 

different airflow through externally controlled proportional valves. Flow and pressure sensors should be used in 

each line. The part cake can be monitored by selected thermocouples or fiber-optic temperature sensors, which are 

suitable candidates for high-temperature monitoring applications [20], while a thermal camera follows the top-

surface temperature distribution [18]. Humidity sensing, exhaust filtration, and particulate monitoring should also 

be included to improve process safety and operator protection, particularly because fine polymer powders and 

airborne particles require careful combustible-dust and exposure-risk management [21]. The sensors near the hot 

cake should be protected with metal sheaths, ceramic sleeves, glass-fiber insulation, or thermally isolated 

feedthroughs. Electronic parts, batteries, wireless modules, and valve drivers should remain outside the hot powder 

region. This makes the system safer, easier to clean, and more reliable for repeated use. A practical way to apply 

this concept is to use a removable multi-zone gas-distribution cassette. Instead of placing separate tubes manually 

into the powder bed, a fixed cassette can be placed in the lower part of the build container. The cassette may 

contain parallel, serpentine, or grid-like channels divided into different cooling zones. A controlled powder layer 

above the cassette should separate it from the printed parts and keep normal powder support during the build. 

During printing, the gas channels should remain closed so that the cassette does not act as an unwanted heat sink. 

After the build is finished, dry air or nitrogen can be slowly supplied to each zone through external valves. The 

cassette should be designed as a thermally neutral passive insert during printing and as an active cooling device 

only after laser exposure is complete. It should have low thermal mass, cleanable channels, powder-resistant 

outlets, sealed feedthroughs, and low-pressure operation. Large metal parts with high thermal conductivity should 

be avoided because they may disturb the powder-bed temperature. Before using airflow, the cassette should first 
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be tested in a no-flow build. This test is important to confirm that the cassette itself does not change part quality, 

powder-bed temperature distribution, or dimensional accuracy. 

 

 

Figure 2. Proposed staged framework for controlled part-cake cooling in polymer SLS. The workflow progresses 

from baseline characterization and fixed-flow-assisted cooling to multi-zone cooling, geometry-aware control, and 

adaptive recipe updates based on real-time sensor feedback 

 

In this architecture, wireless communication may be used between the main controller and the external valve 

manifold. However, the airflow path should remain physically connected and mechanically reliable. Active 

wireless valves should not be placed inside the powder cake in the first implementation. This would create serious 
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risks, such as overheating of electronics and batteries, RF signal loss inside the machine and powder bed, valve 

clogging by fine powder, powder contamination, cleaning difficulty, leakage uncertainty, and poor fail-safe 

behavior. Therefore, the preferred design is an external automatic valve manifold connected to passive internal 

gas-distribution zones through protected feedthroughs. 

 

The fourth step is geometry-aware control. Before cooling starts, the CAD/STL file is analyzed. The software can 

extract important features such as part volume, local thickness, surface-area-to-volume ratio, part spacing, packing 

density, build position, and Z-height distribution. These data can be used to estimate hot zones and distortion-risk 

zones. For example, thick central parts may keep heat for a long time, while long and thin parts may be more 

sensitive to warpage. Dense regions may also affect crack formation and airflow paths. 

 

The fifth step is adaptive recipe updating. The first cooling recipe should not remain fixed. It should be corrected 

using live sensor data. If the center of the part cake remains hot while the edges cool too fast, the system can 

increase airflow in the central zone and reduce airflow near the edges. If one corner cools too quickly, the controller 

can reduce flow in that zone. If pressure suddenly changes, the system may detect blockage, leakage, or a newly 

opened crack path. If humidity or particulate emission increases, the system can reduce flow or pause cooling. All 

control actions should stay within clear safety limits, including maximum dT/dt, maximum inter-zone temperature 

difference, maximum pressure, maximum particulate emission, oxygen safety limits, and minimum safety margin 

before breakout. 

 

Artificial intelligence (AI)-assisted adaptive recipe updating can be added as a support layer after enough 

experimental data have been collected. In the first stage, AI should not be used as a black-box controller. Instead, 

it should support transparent rule-based control. The AI model can use CAD/STL information, previous cooling 

data, and real-time sensor measurements to estimate which zones are still too hot or cooling too quickly. It can 

then suggest small recipe changes, such as increasing airflow in hot zones, reducing airflow in sensitive zones, or 

pausing the process when safety limits are reached. In this approach, AI does not replace process physics, operator 

judgment, or experimental validation. It helps the system learn from previous builds, improve repeatability, detect 

abnormal behavior earlier, and make part-cake cooling more traceable and controlled. 

 

This framework connects academic understanding with industrial use. It does not require a perfect thermal 

simulation. Instead, it uses CAD/STL data as a first estimate and then corrects the cooling recipe with real 

measurements. As shown in Figure 2, the process begins with baseline characterization and fixed-flow cooling, 

then moves toward multi-zone cooling, geometry-aware control, and adaptive recipe updating. In this way, part-

cake cooling becomes a measurable and controllable part of the SLS process rather than only a passive waiting 

period. 

 

2.2. Empirical Confirmation Strategy 

 

A robust experimental program should be comparative, staged, and focused on quality outcomes. At a minimum, 

comparisons must include natural cooling, fixed-flow gas-assisted cooling, and adaptive multi-zone cooling. 

Consistent material selection, similar packing density, comparable part geometry, and controlled environmental 

conditions should be maintained wherever feasible. 

 

The primary metric is time to reach a safe breakout temperature. However, this metric must never stand alone. A 

faster breakout time is useful only if quality is preserved. Therefore, each test should also measure maximum 

center-edge temperature difference, local dT/dt in critical temperature ranges, warpage of sensitive geometries, X-

Y-Z dimensional deviation, surface quality, mechanical performance, and recovered powder condition. 

Mechanical validation should include at least tensile or flexural testing for representative samples. Powder 

validation may include flowability, color observation, melt flow rate, DSC, and reuse behavior. The build geometry 

should be chosen intentionally. A thick block-like geometry is useful for evaluating heat-storage limitations. A 

long, thin beam or flat plate is useful for warpage sensitivity. A lattice or porous structure is useful for airflow and 

low-mass cooling behavior. A mixed production build is useful for industrial realism. If adaptive cooling only 

works for one idealized geometry, it is not yet an industrial solution. 

 

The cassette concept should also be validated separately from the cooling-control concept. A suitable sequence is: 

first, a standard build without a cassette; second, a build with a cassette but no airflow during printing or cooling; 

third, a build with a cassette and airflow only after build completion; and fourth, a build with a cassette and adaptive 

multi-zone airflow after build completion. This sequence separates the thermal effect of the cassette itself from the 

effect of forced gas cooling and from the additional effect of adaptive control. It also allows the cassette design to 
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be rejected or modified if it disturbs the powder-bed temperature distribution before any cooling advantage is 

considered. 

 

The experimental data should be interpreted in terms of constraints rather than a single optimization target. The 

goal is not the fastest possible cooling curve. The goal is the shortest cooling curve that stays inside acceptable 

limits for thermal gradient, dimensional accuracy, mechanical properties, powder quality, and safety. This 

constraint-based interpretation is important because it aligns the validation strategy with production realities. 

Where possible, each cooling condition should be repeated using at least three comparable builds or representative 

coupon sets, and acceptance should be based on predefined equivalence margins rather than visual comparison 

alone. 

 

A suitable validation table is shown below. The values should be filled experimentally for each material and 

machine platform. 

 

Table 1. Recommended validation matrix for controlled SLS part-cake cooling 

Validation 

Parameter 
Measurement / Characterization Method Acceptance Criterion 

Spatial thermal 

non-uniformity, 

ΔTmax 

Maximum center-edge, top-bottom, and inter-zone 

temperature differences measured using embedded 

thermocouples and/or thermal imaging. 

ΔTmax should remain below 

geometry- and material-specific 

distortion thresholds. 

Local cooling 

rate, dT/dt 

Temperature drop rate calculated at critical locations 

and within crystallization-sensitive temperature 

intervals. 

dT/dt should remain within a 

controlled range to avoid thermal 

shock, non-uniform crystallization, 

and residual-stress build-up. 

Cassette thermal 

neutrality during 

build 

Temperature distribution above and around the 

cassette measured during a no-flow build using 

thermocouples and/or thermal imaging. 

The cassette should not introduce 

unacceptable vertical or lateral 

temperature gradients or measurable 

deterioration in part quality relative 

to a standard build. 

Gas-flow 

distribution 

stability 

Zone-specific flow and pressure data measured 

during fixed-flow and adaptive cooling. 

Each zone should maintain stable, 

controllable flow without blockage, 

leakage, powder entrainment, or 

excessive pressure. 

Geometric 

distortion / 

warpage 

Out-of-plane deformation measured on flat plates, 

long beams, thin sections, and other distortion-

sensitive geometries after breakout and conditioning. 

Warpage should be statistically 

equivalent to, or lower than, the 

natural-cooling baseline. 

Dimensional 

deviation 

X-, Y-, and Z-direction dimensional errors measured 

by CMM, optical scanning, or calibrated metrology 

on selected reference features. 

No statistically significant increase in 

dimensional error relative to the 

baseline condition. 

Mechanical 

performance 

retention 

Tensile, flexural, impact, or application-specific 

mechanical testing of representative coupons and 

printed parts. 

Mechanical properties should remain 

within the accepted tolerance band 

relative to naturally cooled reference 

samples. 

Recovered-

powder condition 

Flowability, color change, melt flow rate, DSC 

response, and reuse behavior of unsintered powder 

recovered after cooling. 

Recovered powder should remain 

within the defined reuse specification 

and should not show accelerated 

ageing indicators. 

Process and 

operator safety 

Monitoring of exhaust particles, chamber/manifold 

pressure, humidity, oxygen level during nitrogen use, 

gas leakage, combustible-dust risk, and ESD-related 

hazards [19, 21]. 

No unsafe dust release, overpressure, 

oxygen-deficient atmosphere, 

humidity excursion, or electrostatic 

hazard should occur. 

 



830 

From an industrial perspective, the most realistic early implementation is likely to be an externally controlled 

cooling station rather than an invasive modification inside a commercial SLS machine. Directly modifying the 

printer can create warranty, safety, certification, and OEM-compatibility problems. Instead, a removable build 

unit, cartridge, cassette-integrated build container, or part-cake container can be transferred to a dedicated cooling 

station. This would allow the main SLS machine to return to preparation for the next build sooner, while cooling 

is managed in a separate, instrumented environment. 

 

3. RISKS, LIMITATIONS, AND FUTURE WORK 
 

Several risks must be acknowledged. The first is local thermal shock. Too much flow in one region may create a 

cool spot while adjacent regions remain hot. This can increase stress rather than reduce it. The second is powder 

disturbance. Excessive pressure or velocity may move unsintered powder, disturb part support, or increase 

particulate emissions. The third is sensor intrusion. Internal thermocouples can disturb the cake, create local heat 

bridges, or influence crack formation. The fourth is cassette-induced thermal disturbance during printing. If a gas-

distribution cassette has excessive thermal mass, insufficient preheating, poor thermal isolation, or inadequate 

powder cover, it may alter the normal bed-temperature field before cooling begins. The fifth is material specificity. 

A recipe developed for PA12 may not transfer to polyamide 11 (PA11), thermoplastic polyurethane (TPU), 

polypropylene (PP), filled PA12, or high-temperature polymers. The sixth limitation is intellectual property. 

Because broad cooling concepts are already present in patents, any commercialization program should include a 

professional freedom-to-operate review. The research should remain transparent about prior art and position its 

contribution around control intelligence, geometry awareness, sensor feedback, and a validated cassette-based 

implementation, rather than on generic gas cooling alone. 

 

Subsequent studies should focus on experimentally determining safe cooling envelopes for different materials and 

geometries. The most useful outputs would include material-specific dT/dt limits, geometry-specific warpage risk 

thresholds, validated hot-zone prediction models, cassette thermal-neutrality criteria, gas-distribution design rules, 

and powder-aging reductions compared with natural cooling. Further work could also explore machine learning, 

but only after enough high-quality process data have been collected. In early development, transparent rule-based 

control may be more reliable and easier to validate than opaque algorithms. Embedded wireless valves inside the 

powder cake should be treated only as a long-term research option after thermal survivability, powder 

compatibility, radio communication, cleanability, and failure-mode testing have been demonstrated. For near-term 

industrial translation, the safer pathway is a passive cassette or manifold inside the powder region combined with 

external automatic valve control, external sensing, and conservative safety interlocks. 

 

4. CONCLUSION 
 

Part-cake cooling in polymer SLS is frequently regarded as a waiting period; however, it should be recognized as 

a quality-critical thermal process. This stage influences throughput, dimensional stability, crystallization behavior, 

residual stress, powder reuse, and production repeatability. The literature demonstrates that internal temperature 

histories are position-dependent and that airflow through cracks can accelerate cooling. Powder-aging studies 

confirm that prolonged exposure to elevated temperature is significant. The patent literature indicates that broad 

cooling concepts already exist, suggesting that future work must advance beyond generic gas cooling. The 

recommended approach is controlled, geometry-aware, multi-zone cooling. A practical system should begin with 

simple fixed-flow validation, progress to developing safe process windows, introduce multi-zone sensing and 

control, and ultimately employ CAD/STL-derived geometry analysis to generate adaptive recipes. A removable 

multi-zone gas-distribution cassette may offer a feasible implementation by establishing repeatable airflow 

pathways, avoiding embedded electronics, reducing uncontrolled powder loss, and enabling external automatic 

valve control. However, such a cassette must first be validated as thermally neutral during printing through no-

flow validation, adequate powder cover, preheating, low thermal mass, and temperature monitoring around the 

cassette. 

 

The objective is not to achieve the fastest possible cooling, but rather the fastest safe cooling within constraints on 

thermal differences, dT/dt, cassette thermal neutrality, gas-flow stability, warpage, mechanical performance, 

powder quality, and operator safety. When carefully developed and controlled, part-cake cooling can serve as an 

effective tool for improving productivity and quality in polymer SLS. This approach can increase machine 

utilization, reduce lead time, enhance traceability, and help preserve powder quality. More importantly, it 

transforms cooling from an uncontrolled post-build delay into an intelligent and measurable component of the 

additive manufacturing process chain. Controlled part-cake cooling should therefore be regarded not as a 

secondary post-processing step, but as a measurable, controllable, and optimizable extension of the polymer SLS 

process chain. 
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Abstract 

Polylactic acid (PLA) is characterized by its special mechanical properties; some of these properties may not be 
suitable for all applications. In this study, the tensile test stress-strain (TS) curves, elastic modulus (EM), and 
elongation at break (EAB) of the prepared PLA-ZnO composite films are studied. All the reinforcing films are 
prepared using solving casting method. The study shows that neat PLA film possesses TS (∼26 MPa), EM (∼8.5 
MPa), and EAB (∼12%). Addition of up to 2.5% nanoparticle of zinc oxide ZnO improves the EM by 4.6%. The 
increase in this modulus continued with the increase in the filler ratio, reaching 206% at 40% of ZnO nanoparticles. 
For the tensile strength (TS), it was generally increasing with the increase in the filling ratio. Finally, this study 
proves that the nanoparticle filler (Zinc oxide) was able to create a composite PLA saturated (40%) with the highest 
tensile strength and toughness by being successful. 

Keywords: PLA, ZnO, Composite, Nanofiller, Mechanical properties 
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Abstract 

The global transition toward sustainable and environmentally responsible materials has intensified interest in 
biocomposites derived from abundant regional resources. This study investigates the valorization of alfa fibers 
(Stipa tenacissima), widely available in North Africa, as reinforcement for poly(lactic acid) (PLA) to develop high-
performance and durable biocomposites. The fibers were surface-modified with 2 % BYK W-980 dispersing agent, 
improving fiber wettability and interfacial adhesion with the PLA matrix. Chemical composition, morphological 
observations, and thermomechanical characterization provided insights into the structural evolution of the fibers 
and their influence on composite behavior. Thermal analyses revealed accelerated PLA crystallization and 
enhanced thermal stability in treated composites, while differential scanning calorimetry indicated slight reduction 
in crystallinity at low fiber content. Mechanical testing showed a substantial increase in flexural modulus, from 
4800 MPa for neat PLA to 29,000 MPa for treated fiber composites, and scanning electron microscopy (SEM) 
observations confirmed improved matrix–fiber adhesion and reduced fiber pull-out. In addition, the aging behavior 
was evaluated through hydrolytic immersion and soil burial over 4320 h (180 days). Results indicate that untreated 
fibers significantly increase water absorption and accelerate degradation, whereas BYK W-980-treated composites 
exhibit reduced water uptake from 39 % to 16 %, minimized structural changes, improved thermal stability, and 
enhanced resistance to microbial degradation. These findings demonstrate that integrating modified alfa fibers into 
a PLA matrix enables the fabrication of lightweight, biodegradable, thermally stable, and durable biocomposites, 
combining superior mechanical performance and resistance to aging. Such materials offer promising solutions for 
packaging, transportation, and renewable energy applications 

Keywords: Biocomposites, Alfa fibers, Poly(lactic acid), Hydrolytic aging, Thermo-mechanical properties 
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Abstract 

Cellular structures, particularly honeycomb-based geometries, attract significant attention due to their high 
strength-to-weight ratio and energy absorption capabilities. Their mechanical performance depends not only on 
material properties but also on geometric configuration. In this study, hexagonal-based cellular structures with 
different rib-based internal structures are investigated to evaluate the effect of internal geometry on structural 
performance. All specimens are designed with identical external dimensions and wall thickness, ensuring that 
geometric configuration remains the only variable affecting performance. The samples are fabricated from generic 
polylactic acid (PLA) using fused deposition modelling (FDM). Experimental tests are carried out under lateral 
compression, where the load is applied perpendicular to the main axis of the cells. The results are compared in 
terms of load-bearing capacity, energy absorption, and deformation behaviour. Additionally, finite element 
analysis is conducted to simulate the mechanical response of each design. The numerical model used to predict 
stress distribution, deformation patterns, and failure behaviour. Constructed models are validated with 
experimental results. The combined experimental and numerical approach provides a comprehensive 
understanding of how internal rib-based geometries influence mechanical performance. The findings contribute to 
the design and optimization of lightweight cellular structures for engineering applications. 

Keywords: Honeycomb, Internal structure, Rib, Energy absorption, Finite element analysis (FEA) 
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Abstract 

This work presents an experimental characterization of steady viscoplastic fluid flow through stenosed circular 

pipes using laser doppler velocimetry (LDV). The study compares the hydrodynamic response of a non-Newtonian 

Carbopol 940 solution with distilled water used as a Newtonian reference fluid. A dedicated experimental flow 

loop was used to investigate circular pipes containing axisymmetric stenoses with different severities, reaching up 

to 94% area reduction. Rheological measurements confirmed that the Carbopol solution exhibits yield-stress and 

shear-thinning behavior, suitably described by a modified Casson model. Local velocity measurements made it 

possible to identify the main flow structures induced by the stenosis, including flow acceleration at the throat, post-

stenotic recirculation, secondary velocity peaks, and turbulence attenuation. The results show that viscoplasticity 

significantly modifies the downstream flow structure. Compared with water, the Carbopol solution generates 

longer and more stable recirculation zones while reducing velocity fluctuations in the post-stenotic region. 

Pressure-drop measurements were also used to assess the hydraulic resistance induced by the constriction. The 

obtained results provide useful experimental data for predicting pressure losses in constricted conduits and for 

understanding complex fluid transport in mechanical, industrial, and biomedical systems involving localized 

geometric restrictions. 

Keywords: Viscoplastic flow, Non-Newtonian fluid, Stenosed pipe, Laser Doppler Velocimetry, Pressure drop 
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Abstract 

This study experimentally investigates the drying kinetics of onion slices using a greenhouse solar dryer under 
the specific climatic conditions of Laghouat, Algeria. Experiments were conducted in April 2026, recording 
global solar irradiance, wind velocity, ambient temperature, and humidity. Internal temperatures were monitored 
at several points, including the ventilation inlet and outlet, sample locations, and the solar absorber. The results 
demonstrate significant drying rates, with internal temperatures consistently reaching 60 °C at the absorber. 
While effective, this temperature represents the critical thermal threshold for maintaining onion quality and 
preventing caramelization. The study highlights the potential of greenhouse dryers in arid zones but emphasizes 
the necessity of thermal regulation for heat-sensitive crops. Specifically, integrating thermal energy storage 
(TES) is proposed to dampen midday temperature spikes and discharge heat during low-irradiation periods, 
ensuring a more stable and controlled drying process. 

Keywords: Arid climate, Drying kinetics, Greenhouse Dryer, Solar Energy 
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Abstract 

Drilling of titanium alloys is often associated with excessive temperature generation and high cutting forces due 
to the material’s poor thermal conductivity and strong tool–workpiece interaction. Among various drill design 
parameters, the drill margin geometry plays an important role in controlling frictional contact between the tool and 
the hole wall. However, the influence of margin geometry on drilling performance has not been thoroughly 
investigated. In this study, a thermo-mechanical finite element model of the drilling process was developed to 
analyze the effects of drill margin width (Mw) and margin height (Mh) on drilling temperature. A face-centered 
central composite design was employed to systematically evaluate the influence of the margin parameters, and 
response surface methodology was used to establish predictive models for the drilling responses. The developed 
finite element model was validated against experimental results reported in literature, showing good agreement, 
with an average prediction error of approximately 2.5%. The results reveal that both Mw and Mh significantly 
influence drilling performance by altering the frictional contact between the drill margin and the hole surface. 
Increasing margin dimensions leads to higher temperature due to intensified rubbing contact. Response surface 
analysis further indicates a strong interaction between Mw and Mh. The optimal configuration within the 
investigated design space was identified at Mw = 9% and Mh = 2%, which minimizes thermal loads during drilling. 
The findings provide useful insights for optimizing drill margin geometry to improve drilling efficiency in titanium 
alloy machining. 
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Abstract 

This study presents a preliminary experimental analysis of the thermal behavior of photovoltaic (PV) panels and 
the subsequent decline in power output under the specific arid climatic constraints of Laghouat, Algeria. The 
experimental setup was monitored during a typical day in April 2026, characterized by high variability in 
thermal and radiative loads. For thermal mapping, ten temperature probes were distributed across both the front 
and rear faces of the PV panel. Key meteorological and operational parameters were recorded including global 
solar irradiance, ambient temperature and relative humidity, wind velocity and their effect on power output 
density (quantified via the kinetic energy density of a fan load). The preliminary findings indicate a significant 
correlation between rising cell temperatures and the degradation of power conversion efficiency. Data analysis 
reveals that during the peak solar radiation window (solar noon), the increase in cell temperature driven by high 
irradiance resulted in a significant decline in power output density. Despite the abundance of solar resources in 
the Laghouat region, thermal losses remain a critical limiting factor. This study underscores the necessity of 
integrated thermal management for PV systems in Saharan environments. The results provide a baseline for 
developing localized mitigation strategies, such as passive or active cooling, to optimize energy yield in arid 
regions. 

Keywords: Arid climate, Efficiency, Overheating, Power, Solar PV 
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Abstract 

Adhesively bonded composite patching is widely used for the repair and reinforcement of damaged composite 
structures in engineering applications, enabling the recovery of load-carrying capacity and the extension of 
service life. In this context, the present study investigates the optimal stacking sequence of single-lap composite 
patches particularly applied to E-glass fiber/epoxy mechanical structures whose second side is difficult to access. 
This technique enhances their uniaxial tensile strength, either by employing unidirectional reinforcements or 
balanced woven fabrics. The reinforcement is achieved using epoxy-based composite patches reinforced with E-
glass or carbon fibers. Various stacking sequences are considered, including a single ply oriented at 0°, cross-ply 
stacking sequences (0°/90°), or balanced angle-ply sequences (+θ/-θ), selected to ensure structural symmetry in 
single-sided patch repairs while reducing bending–extension coupling effects and improving interlaminar load 
transfer at the adhesive interface. The mechanical response is evaluated up to the onset of first-ply failure in the 
most critical layers using different failure criteria to predict damage initiation. A parametric analysis is 
conducted to assess the influence of fiber type, ply orientation, and stacking sequence on stiffness recovery, 
load-carrying capacity, and damage onset. The results demonstrate that optimized quasi-balanced stacking 
sequences, particularly those employing fibers compatible with the host material, provide superior mechanical 
performance. These configurations enhance load-carrying capacity, delay damage initiation, and improve 
structural integrity compared to non-optimized hybrid configurations. 

Keywords: Composite, Reinforcement, Bonding, Failure, Optimization 
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Abstract 

Recent interest in the use of nano‐enhanced phase change materials (Ne‐PCMs) for thermal energy storage (TES) 
has increased due to their improved thermophysical properties. A promising method to enhance their thermal 
conductivity is to incorporate an innovative fin geometry that accelerates melting process (MP). Here, we study 
the thermal performance of six varieties of fins in a latent heat storage unit filled with copper nanoparticle‐
enhanced paraffin wax. Three configurations use T‐shaped fins, while the other three incorporate fins tilted at 45°. 
The melting front and heat transfer (HT) were simulated using a numerical code that solved the enthalpy‐porosity 
approach. We focus on the evolution of mean temperature, liquid fraction, Bejan (Be) number, and stored thermal 
energy. Among all configurations, Case 3, which used optimal T‐fins, exhibited the fastest thermal response, with 
a total melting time reduced by 31.91% compared to the reference design (Case 1). Furthermore, the inclined fins 
in Cases 4, 5, and 6 were found to delay the MP, increasing the required time by 91.7%, 80%, and 56.25%, 
respectively, relative to their non‐tilted counterparts. These results highlight the superior performance of Case 3, 
which is recommended as the optimal fin design for enhancing the efficiency of Ne‐PCM TES systems. 

Keywords: PCM, TES, T‐fins, Enthalpy‐porosity, Liquid fraction 
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Abstract 

The aerodynamic stability of transonic axial compressors is significantly constrained by shock-boundary layer 
interactions (SBLI), which induce flow separation and increase aerodynamic blockage at high Mach numbers. 
While blade cooling is conventionally employed to ensure structural integrity, its potential as a flow control 
strategy offers a promising pathway for aerodynamic optimization. This study presents a comprehensive numerical 
analysis of the impact of surface cooling on the flow physics of a high-speed axial compressor rotor. The 
computational framework was rigorously validated against the National Aeronautics and Space Administration 
(NASA) Rotor 37 experimental benchmark to ensure the accurate capture of complex shock structures and 
secondary flow phenomena. A parametric study was conducted by applying surface cooling at three distinct 
cooling factors: 0.8, 0.6, and 0.4 (defined as the ratio of wall temperature to the total inlet temperature). The results 
demonstrate that decreasing the cooling intensity serves as an effective strategy for mitigating shock-induced 
boundary layer separation. By cooling the suction surface, the local fluid density is increased, and the boundary 
layer is energized, effectively suppressing the separation bubble downstream of the passage shock. This 
stabilization of the flow field leads to a progressive improvement in stage performance, including enhanced 
isentropic efficiency and a higher total pressure ratio. Notably, at the critical near-stall operating point, the 
application of targeted cooling resulted in a total pressure ratio improvement of 5.71% relative to the adiabatic 
baseline. These findings highlight the efficacy of thermal flow control in managing SBLI and suggest that 
integrated thermal-aerodynamic design can significantly extend the stable operating range and performance 
envelope of advanced compression systems. 

Keywords: Transonic Compressor, Blade Cooling, Flow Control, Shock-Boundary Layer Interaction, 
Aerodynamic Stability, NASA Rotor 37 
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Abstract 

This work presents a numerical study of the collision dynamics between a fundamental soliton and a Gaussian 
pulse propagating together in a single-mode optical fiber operating under the anomalous dispersion regime, a 
configuration of particular relevance for understanding nonlinear pulse interactions in modern communication 
systems. The propagation of both pulses along the fiber is rigorously modeled using the nonlinear Schrödinger 
equation (NLSE), which accounts for the combined effects of group velocity dispersion and the Kerr nonlinearity, 
and this equation is solved numerically using the well-established split-step fourier method (SSFM), known for its 
efficiency and accuracy in simulating nonlinear wave propagation. The simulation results clearly demonstrate that 
the fundamental soliton remarkably preserves its temporal shape and amplitude throughout propagation, a behavior 
attributed to the delicate and self-sustaining balance between chromatic dispersion, which tends to broaden the 
pulse, and the Kerr-induced self-phase modulation, which tends to compress it. In sharp contrast, the Gaussian 
pulse, lacking this intrinsic balancing mechanism, undergoes progressive and continuous temporal broadening as 
it travels along the fiber, illustrating the fundamental difference in robustness between soliton and non-soliton 
pulse shapes. During the interaction region where the two pulses overlap, a distinct temporal beating pattern 
emerges, arising directly from the central frequency difference between the two pulses, set at Δv0 = −5 THz, which 
induces an interference-like modulation in the combined intensity profile. Taken together, these results offer 
valuable insight into the rich and complex nonlinear dynamics that govern pulse propagation and interaction in 
optical fibers, and they carry important implications for the design and performance analysis of wavelength 
division multiplexing (WDM) systems, where multiple channels with different carrier frequencies coexist and may 
experience similar cross-pulse interactions and frequency-dependent beating effects. 

Keywords: Optical solitons, Gaussian pulse, Optical fibers, Anomalous dispersion, Kerr effect 
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Abstract 

Ovalene is a polycyclic aromatic hydrocarbon (PAH) characterized by a planar structure and high chemical 
stability, which confer unique electronic properties and make it a promising candidate for nanoscale applications. 
In this work, Monte Carlo simulations were employed to investigate the hysteresis behavior and magnetic 
properties of an ovalene-like nanostructure within the framework of a mixed-spin (3/2,1) Blume–Capel model. 
The ground-state phase diagrams as functions of various physical parameters were examined. The effects of the 
exchange coupling and single-ion anisotropy on the phase diagrams and magnetic properties were analyzed. The 
results indicated that the system exhibited compensation behavior as well as first- and second-order phase 
transitions. Furthermore, the influence of temperature, crystal field, and exchange interaction on the hysteresis 
cycles was investigated. Multiple hysteresis loop behaviors were observed for specific physical parameters, 
originating from the competition among anisotropy, temperature, and the longitudinal magnetic field. 

Keywords: Monte Carlo simulation, Ovalene nano-structure, Hysteresis behaviour, Magnetic properties 
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Abstract 

Glass is no longer merely a passive transparent material; it is increasingly engineered as an active substrate for 
thermal management, electronic packaging, and sustainable technology applications. This presentation highlights 
the evolution of glass from conventional architectural windows to multifunctional platforms capable of controlling 
heat, light, and high-frequency electrical signals. In modern buildings, untreated glass contributes significantly to 
heat gain, cooling demand, and energy loss. Low-emissivity coatings offer an effective solution by manipulating 
the solar spectrum, allowing visible light transmission while reflecting infrared radiation to improve indoor thermal 
comfort and reduce energy consumption. However, the sustainability challenge remains, as advanced coatings 
involve trade-offs between in-use energy savings and production-related environmental impacts. The discussion 
further extends the concept of active glass into electronics, where ultra-thin glass assemblies are emerging as 
promising alternatives to traditional polymer substrates. At high-frequency operation, especially in the gigahertz 
range, polymer-based substrates may suffer from signal loss, poor dimensional stability, and thermal limitations. 
Engineered low-dielectric glass assemblies can provide improved hermeticity, thermal stability, fine-feature 
resolution, and high-frequency performance. Processing strategies such as surface coating, lamination, curing, and 
annealing are key to tailoring glass performance for these applications. Overall, this work emphasizes that the 
future of glass lies not only in the glass composition itself, but also in the integration of functional coatings, surface 
engineering, and substrate design. This shift positions glass as an invisible yet essential foundation for energy-
efficient buildings, advanced electronics, and sustainable technological development. 

Keywords: Active glass substrate, Low-emissivity coating, Sustainable glass, Low-dielectric glass, Thermal 
management, Electronic packaging 
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Abstract 

This research work was undertaken under the domain of sustainable polymeric research, specifically with regards 
to preparing biodegradable plastics using carboxymethyl cellulose (CMC), a relatively eco-friendly substitute to 
petroleum-based plastic products. Essentially, the problem with using pure CMC films was identified to be their 
low strength, brittle nature, and high hydrophilicity. It also explored the combined effect of citric acid crosslinking 
and glycerol plasticization of biodegradable plastics. Seven samples of biodegradable plastic were prepared using 
the solution casting method, which included pure CMC, CMC cross-linked with citric acid (CA), and five other 
CMC-CA films that were plasticized using 3%, 6%, 9%, 12%, and 15% glycerol, respectively. Thermal analysis 
was carried out using thermogravimetric analysis (TGA). Additionally, other analyses was conducted such as 
measuring tensile strength to understand mechanical properties, measuring Water Contact Angle (WCA) to assess 
surface wettability, and electrical impedance spectroscopy (EIS). The results demonstrated that the cross-linking 
effect of citric acid enhanced the thermal stability and structural integrity of the CMC films, while the incorporation 
of glycerol improved the flexibility of the films, although the tensile strength decreased at higher glycerol 
concentrations. An increase in glycerol content also increased the hydrophilicity of the films. In addition, the 
electrical properties, including resistance, conductivity, and dielectric constant, were found to vary depending on 
the composition ratio of the constituents. Overall, the findings confirmed that an optimized combination of CMC, 
citric acid, and glycerol was capable of producing biodegradable plastics with favourable thermal, mechanical, 
surface, and electrical properties. 

Keywords: Carboxymethyl cellulose (CMC), Citric acid, Glycerol, Thermogravimetric analysis (TGA), Water 
contact angle (WCA), Electrical impedance spectroscopy (EIS) 
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Abstract 

This paper provides a comprehensive investigation into the propagation and interaction of high-order solitons 
within nonlinear optical fibers, governed by the generalized nonlinear Schrödinger equation (GNLSE). The 
primary objective is to evaluate the influence of Raman scattering—specifically intrapulse Raman scattering (IRS) 
and interpulse Raman effects—on the stability and collision dynamics of these pulses. Through detailed numerical 
simulations, we analyze the complex interplay between Kerr-induced interactions and Raman-induced frequency 
shifts. Our findings demonstrate that Raman scattering significantly alters fundamental soliton behavior, 
particularly during the fission process of higher-order solitons. We observe that the strong attraction typically 
caused by Kerr nonlinearity is modified, leading to asymmetric energy distribution and non-reciprocal time shifts 
between interacting pulses. Furthermore, this study quantifies how variations in the Raman rate, initial phase, 
chirp, and temporal separation dictate the collision outcomes. These results provide further evidence that Raman 
effects are a critical factor in determining the limits of high-bit-rate optical processing and the control of multi-
soliton systems in ultrafast fiber optics. 

Keywords: Higher-order solitons, Raman scattering effect, Kerr nonlinearity, Optical fiber, Generalized 
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Abstract 

In this work, an ab-initio investigation of the pressure-dependent structural, elastic, and electronic properties of 
cubic BaLiI3 perovskite is performed using the plane-wave pseudopotential method within density functional 
theory (DFT), as implemented in the Cambridge serial total energy package (CASTEP) code. The generalized 
gradient approximation (GGA) is employed for the exchange–correlation functional. The optimized lattice 
parameters at equilibrium are found to be in good agreement with available theoretical data. The structural 
parameters, including lattice constant, bulk modulus, and its pressure derivative, are determined by fitting the total 
energy versus volume data using the Birch–Murnaghan equation of state. The results indicate that the compound 
preserves its cubic structure and remains mechanically stable under pressures up to 18 GPa, as confirmed by the 
calculated elastic constants (Cij). Furthermore, bulk modulus, shear modulus, Young’s modulus, Poisson’s ratio, 
sound velocities, and Debye temperature are evaluated using the Voigt–Reuss–Hill approximation. Electronic band 
structure and density of states calculations reveal an indirect band gap (R → Γ) of 2.41 eV, confirming the 
semiconducting nature of BaLiI3. These findings suggest that BaLiI3 could be a promising candidate for future 
optoelectronic and solar-cell applications. 

Keywords: Pseudopotential plane wave (PP – PW) method, DFT, Perovskite, Electronic properties, Elastic moduli 
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Abstract 

Doped activated carbon (DAC) was synthesized from kolanut peels, a common agricultural waste, using a tube 
furnace. Potassium hydroxide (KOH) and thiourea (CH4N2S) served as the activating and doping agents, 
respectively, with an optimized synthesis temperature of 700 °C. Compared to undoped activated carbon (UAC), 
the DAC exhibited superior physicochemical properties, including perforated wall morphology, a combination of 
microporous and mesoporous carbon structures, and the successful incorporation of nitrogen atom only. 
Additionally, the DAC demonstrated an amorphous carbon framework. The electrochemical performance of both 
DAC and UAC was evaluated in a 2.5 M KNO3 electrolyte solution. Notably, the DAC displayed significantly 
enhanced performance, attributed to a higher proportion of capacitive-controlled energy storage. A symmetric 
supercapacitor device fabricated using the DAC achieved a maximum specific energy of 16 Wh.kg–1 with a 
corresponding specific power of 377 W.kg–1 at a current density of 0.5 A.g–1. Furthermore, the device exhibited 
remarkable cycling stability, with a coulombic efficiency of 99.6% and 90% capacitance retention after 5,000 
charge-discharge cycles. These results demonstrate that DAC derived from kolanut peels is a promising material 
for energy storage applications, offering high performance, sustainability, and cost-effectiveness. 

Keywords: Kolanut peels, Tube furnace, Doped activated carbon, Symmetric device, Energy storage 
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Abstract 

Transparent metal oxide thin films such as zinc oxide (ZnO) and titanium dioxide (TiO2) have attracted 
considerable attention due to their high optical transparency, chemical stability, and wide band gap. These 
materials are widely used in optoelectronic devices, sensors, and photovoltaic applications. Combining ZnO and 
TiO2 in multilayer structures can enhance their physical properties through interface interactions and controlled 
stacking sequences. This work aims to synthesize ZnO and TiO2 thin films and study the influence of the stacking 
order on their structural and optical properties. ZnO and TiO2 thin films as well as multilayer structures, were 
deposited using sol-gel and dip-coater deposition technique. X-ray diffraction analysis indicates that ZnO films 
exhibit a hexagonal wurtzite structure with a preferential orientation along the (002) plane, while TiO2 layers show 
lower crystallinity depending on the deposition conditions. The multilayer structures reveal that the crystallinity 
and microstructure are influenced by the stacking sequence of the layers. Ultraviolet (UV)–Visible spectroscopy 
measurements show high optical transparency in the visible region. Photoluminescence spectra display emission 
bands in the violet, blue, and green regions, which are commonly associated with intrinsic defects. These results 
demonstrate that the stacking configuration significantly affects the structural and optical properties of ZnO/TiO2 
thin films, highlighting their potential for optoelectronic applications. 
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Abstract 

Eye diseases represent a global public health priority. If left undiagnosed or untreated, these diseases can lead to 

irreversible vision loss. Therefore, early detection and accurate classification are essential for preventing 

permanent visual impairment. In this paper, the design of an eye disease diagnostic system based on convolutional 

neural networks (CNNs) was proposed. The proposed system serves as a diagnostic aid for ophthalmologists by 

enabling precise identification of eye disease types. Consequently, it helps reduce potential medical errors in this 

specialty while facilitating the prescription of appropriate treatments based on the detected pathology. The system 

is structured as a two-level ophthalmological consultation. The first level involves a qualitative analysis based on 

binary classification, which determines whether the eye is healthy (normal) or pathological (diseased). The second 

level corresponds to an advanced quantitative examination using multi-class classification to determine whether 

the eye is healthy or affected by specific diseases such as glaucoma, cataract, or diabetic retinopathy. Two 

databases containing ocular images in real vision and binocular vision were used to develop the first and second 

CNN models, respectively. The results obtained showed high performance of the proposed CNNs, achieving 

accuracies of 89% and 82% with short testing times of 257 ms and 239 ms for CNN1 and CNN2, respectively. 

Furthermore, these results also demonstrated good generalization capabilities for both networks, particularly for 

the CNN2 model in multi-class classification tasks. 

Keywords: Eye disease diagnosis, Artificial intelligence, Deep learning, CNN, Medical image analysis 
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Abstract 

Chronic diseases represent a major global health challenge and require continuous, coordinated, and patient-
centered care. In recent years, artificial intelligence (AI) has emerged as a promising technological approach to 
support healthcare delivery and improve system performance. This study aimed to synthesize current scientific 
evidence on the integration of artificial intelligence in chronic disease management and to assess its potential 
impact on healthcare quality and service efficiency. A systematic review was conducted following internationally 
recognized methodological standards. Four major scientific databases were searched to identify relevant studies 
addressing AI applications in chronic disease care. After the screening and eligibility process, 34 studies were 
included in the final analysis. Eligible studies evaluated clinical, organizational, and technological interventions 
using artificial intelligence tools in healthcare settings. The results indicate a growing implementation of AI-based 
solutions across multiple healthcare domains. Artificial intelligence applications were most frequently reported in 
clinical decision support systems, predictive analytics, remote patient monitoring, and care coordination. Several 
studies demonstrated measurable improvements in early detection of complications, patient follow-up, and 
healthcare workflow efficiency. In addition, AI-supported interventions were associated with improved 
responsiveness of healthcare services and enhanced patient engagement in chronic disease management. However, 
variations in study design, outcome measures, and evaluation methods were observed across the included studies, 
highlighting the evolving nature of artificial intelligence implementation in healthcare. Overall, the findings 
suggest that artificial intelligence holds significant potential to strengthen chronic disease management and support 
healthcare system sustainability. Future research should focus on standardized evaluation frameworks, 
interdisciplinary collaboration, and responsible implementation strategies to ensure safe and effective integration 
of artificial intelligence into routine healthcare practice. 

Keywords: AI, Chronic disease management, Quality of care, Healthcare systems, Digital health 



 

3rd International Conference on Engineering, Natural Sciences, 
and Technological Developments (ICENSTED 2026) 

July 3-6, 2026 

 

852 

Adoption of Artificial Intelligence in Healthcare among Health 
Professionals in Morocco: A Descriptive Cross-Sectional Study 

 
Mohamed Khalyfa1, Mounia Amane2, Echchakery Mohammed1 

 
1Laboratory of Health Sciences and Technologies, Higher Institute of Health Sciences, Hassan First University – 

Settat, Morocco 
2Higher Institute of Nursing Profession and Health Techniques of Marrakech, Morocco 
Corresponding author: Mohamed Khalyfa (e-mail: mohamed.khalyfa.doc@uhp.ac.ma) 

 
Abstract 

Artificial intelligence (AI) is increasingly being introduced into healthcare systems and has the potential to improve 
diagnostic accuracy, service quality, workflow efficiency, and decision-making. However, its successful 
integration depends not only on technical performance but also on the willingness of health professionals to adopt 
and use these technologies in practice. This study aimed to describe the adoption of AI in healthcare among health 
professionals in Morocco by examining perceived usefulness, perceived ease of use, perceived risk, facilitating 
conditions, and behavioral intention. A descriptive cross-sectional study was conducted among 400 health 
professionals from different professional categories and healthcare settings in Morocco. Data were collected using 
a structured self-administered questionnaire composed of 20 items distributed across five dimensions of AI 
adoption. Responses were measured on a 5-point Likert scale. Data were analyzed using descriptive statistics with 
IBM statistical package for the social sciences (SPSS) version 26. Participants generally reported favorable 
perceptions of AI. High proportions agreed that AI could improve healthcare quality, work efficiency, and 
diagnostic accuracy. Behavioral intention was also positive, with most respondents expressing willingness to use 
AI tools, recommend them to colleagues, and learn more about advanced AI applications. At the same time, 
perceived risk remained important, particularly regarding inaccurate results and risks in situations requiring human 
attention. Facilitating conditions were the weakest dimension, as many respondents reported insufficient resources 
and inadequate organizational technical support for AI use in practice. Moroccan health professionals appear 
receptive to AI in healthcare, but effective adoption requires stronger institutional readiness, adequate training, 
technical support, and governance measures to ensure safe and sustainable implementation. 

Keywords: Artificial intelligence, Healthcare professionals, Technology adoption, Behavioral intention, Morocco 



 

3rd International Conference on Engineering, Natural Sciences, 
and Technological Developments (ICENSTED 2026) 

July 3-6, 2026 

 

853 

Stability Evaluation of 2-[18F]Fluoro-2-Deoxy-D-Glucose (18F-FDG): 
Literature Review and Room Temperature Stability Study at Octreopharm 

Healthcare Industry Radiopharmaceutical Production Unit 
 

Anfel Belaich1, Meriem Sanaa Khelif1, Meriem Khobizi1, Imane Affoun1, Benali Yaniss 
Mezani1 

 
1Department of Pharmacy, Mouloud Mammeri University, Tizi Ouzou, Algeria 

Corresponding author: Anfel Belaich (e-mail: anfel.belaich@ummto.dz) 
 

Abstract 

The 2-[18F]fluoro-2-deoxy-D-glucose (18F-FDG) is a crucial radio-pharmaceutical in positron emission 
tomography (PET) imaging. Its short half-life and radiolysis pose significant challenges, requiring an evaluation 
of its compliance with specifications at room temperature (15–25 °C) and an analysis of the impact of elevated 
temperatures (35–45 °C) on its stability to ensure clinical efficacy. Two distinct analysis phases were conducted. 
In the first phase, at room temperature within Octreopharm Healthcare Industry, three batches of 18F-FDG were 
studied for 12 hours, with an analysis of physico-chemical parameters (visual appearance, pH, radiochemical and 
radionuclidic identity and purity, chemical purity), as well as microbiological parameters (bacterial endotoxins 
and sterility), in accordance with European Pharmacopeia and United States Pharmacopeia (USP) standards. In 
the second phase, literature data were exploited to examine the impact of elevated temperature on the stability of 
18F-FDG. The results of the room temperature stability tests showed that the ¹⁸F-FDG product remains stable for 
12 hours, demonstrating 100% radiochemical and radionuclidic purity, absence of any microbial growth, and 
bacterial endotoxin tests conforming to European pharmacopoeia and USP standards. Regarding the literature 
review, the consulted articles confirmed that temperature had no significant effect on the stability of 18F-FDG. To 
strengthen these conclusions and improve clinical practices, further studies including direct elevated temperature 
trials are recommended. 

Keywords: 2-[18F]fluoro-2-deoxy-D-glucose (18F-FDG), Stability, Temperature, Radiopharmaceutical, Positron 
emission tomography (PET) 
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Abstract 

Wnt signaling pathway is responsible for various developmental processes, including cell proliferation, regulation 
of gene expression, and cell differentiation. The dishevelled segment polarity protein 3 (DVL3) gene is part of the 
Dishevelled protein family and plays an important role in this crucial pathway. Mutations or dysregulation of the 
DVL3 gene can cause various developmental disorders and diseases because of its critical role in the signaling 
pathway. In this study, we investigated the deleterious single nucleotide polymorphism (SNPs) in the DVL3 gene 
reported in the open-access databases by employing the six widely used bioinformatics tools, including the 
screening of non-acceptable polymorphism 2 (SNAP2), polymorphism phenotyping v2 (PolyPhen-2), protein 
analysis through evolutionary relationships (PANTHER), SNPs and gene ontology (SNPs&GO), align-grantham 
variation grantham difference (Align-GVGD), and predictor of human deleterious SNP (PhD-SNP). A total of 
7975 SNPs were identified for the DVL3 gene, of which 603 were missense SNPs. These missense SNPs 
corresponded to 641 variants in total. Following the prediction tools listed above, we evaluated the effects of these 
641 point mutations on the protein’s structure, function, and stability. Our comprehensive in silico analysis resulted 
in the six pathogenic SNPs as L506P, G561D, R429C, R461W, L21P, and E427G with the common destabilizing 
impact on the structure and function.    

Keywords: DVL3, Single nucleotide polymorphism (SNP), In silico, Prognostic biomarker, Bioinformatics 
 
 
1. INTRODUCTION  
 
The dishevelled segment polarity protein 3 (DVL3) is a key component of the Wnt signaling pathway, which 
regulates numerous biological processes. The DVL3 protein activates the Wnt signaling pathway through different 
parts of its structure by promoting the inhibition of β-catenin destruction. Furthermore, by interacting with various 
receptors, DVL3 facilitates the intracellular propagation and transduction of Wnt signals [1]. Aberrant alterations 
in the expression of DVL3, a gene involved in cellular growth and differentiation processes, have been associated 
with various cancer types, including breast cancer, lung cancer, and glioblastoma. Studies have demonstrated that 
DVL3 overexpression promotes uncontrolled cell-cycle activation by increasing β-catenin levels, thereby 
contributing to the proliferation of cancer cells [2]. Given the role of DVL3 in tumorigenesis, investigating genetic 
variations within this gene is of considerable importance for understanding its contribution to cancer development 
and progression. 
 
A single nucleotide polymorphism (SNP) is a common genomic variation in which a single nucleotide at a specific 
position in the genome is substituted by another nucleotide. SNPs are widely used as genetic markers for 
investigating genetic variation among individuals and populations and for understanding the genetic basis of 
phenotypic diversity and disease susceptibility [3]. The location of an SNP within a gene can influence the structure 
of the resulting protein or alter gene expression levels. SNPs occurring within coding regions may lead to changes 
in the amino acid sequence, thereby affecting protein structure and function. Such variations can have either 
deleterious or neutral effects on the protein’s stability, activity, or overall biological function [4]. Deleterious SNPs 
that alter protein function are often responsible for genetic variations associated with human diseases. Therefore, 
the identification and analysis of SNPs that contribute to disease development are of considerable importance for 
understanding disease mechanisms, improving risk assessment, and facilitating the development of targeted 
therapeutic strategies [5]. 
 
2. MATERIALS AND METHODS 
 
In this study, we employed six widely used bioinformatics tools to analyze reported deleterious SNPs in the DVL3 
gene. Following the prediction of pathogenic variants, we investigated the effects of these point mutations on the 
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protein’s structure, function, and stability. Furthermore, a comprehensive analysis is being continued through 
evolutionary conservation analysis, genetic interaction network analysis, and clinical correlation studies to 
elucidate the potential biological and pathological significance of the identified variants. 
 
2.1. Collection of nsSNP Data 
 
The gene identifier (ID) (1857) and protein sequence of the DVL3 gene were obtained from the National Center 
for Biotechnology Information (NCBI) database [6]. The FASTA sequence of the corresponding human protein 
(UniProtKB: Q92997) was retrieved from the UniProt database [7, 8]. The total number of reported SNPs in the 
DVL3 gene was collected from the dbSNP repository of NCBI, and the sequences of missense SNPs were extracted 
and retained for subsequent analyses. 
 
2.2. Identification of Pathogenic nsSNPs 
 
For the analysis of missense SNPs retrieved from the NCBI dbSNP database, six different bioinformatics tools 
were employed, including the screening of non-acceptable polymorphism 2 (SNAP2) [9], polymorphism 
phenotyping v2 (PolyPhen-2) [10], protein analysis through evolutionary relationships (PANTHER) [11, 12] SNPs 
and gene ontology (SNPs&GO) [13], align-grantham variation grantham difference (Align-GVGD) [14, 15], and 
predictor of human deleterious SNP (PhD-SNP) [16]. These tools were used to evaluate whether the point 
mutations in the protein were predicted to have deleterious or neutral effects. 
 
SNAP2 tool analyzes the functional effects of point mutations on proteins based on sequence information and 
variant characteristics, providing a score ranging from 0 to 100, where higher values indicate a stronger predicted 
impact on protein function [9]. PolyPhen-2 evaluates the potential effects of amino acid substitutions on protein 
structure and function using two models, HumDiv and HumVar, and classifies variants as probably damaging, 
possibly damaging, or benign [10]. PANTHER provides a comprehensive analysis of evolutionary and functional 
information related to protein-coding genes [11, 12]. SNPs&GO is a method that predicts the relationship between 
mutations and disease by integrating functional annotation data [13]. Align-GVGD assesses the impact of missense 
mutations using the biochemical properties of amino acids, classifying variants from least to most likely to be 
deleterious [14]. PhD-SNP is a web-based bioinformatics tool used to predict whether missense SNPs are 
associated with disease. It employs support vector machine (SVM)-based classifiers and assigns a score between 
0 and 1 to indicate the probability of disease association.  
 
2.3. Protein Stability Prediction 
 
For protein stability analysis, MUPro and I-Mutant 2.0 tools were employed. MUPro is a bioinformatics tool used 
to predict the effects of amino acid substitutions on protein stability. It utilizes SVM and neural networks (NN) to 
assess the impact of mutations on the structural and functional integrity of proteins. By integrating amino acid 
sequence information, mutation position, and amino acid substitutions, MUPro generates a confidence score that 
indicates whether a mutation is likely to increase or decrease protein stability [17].  
 
I-Mutant 2.0 is an SVM-based tool that predicts changes in protein stability by analyzing the free energy difference 
(ΔΔG) using either protein sequence or structural information [18]. It also considers experimental conditions such 
as temperature and pH to provide condition-specific predictions. The results are categorized into three classes to 
evaluate the effect of mutations on protein stability [19]. 
 
3. RESULTS 
 
SNPs data for the DVL3 gene were obtained from the NCBI dbSNP database in May 2023. A total of 7975 SNPs 
were identified for the DVL3 gene, of which 603 were missense SNPs. These missense SNPs corresponded to 641 
variants in total.  
 
3.1. Identification of Deleterious SNPs and In Silico Analysis 
 
The missense SNPs of the DVL3 gene were analyzed using the bioinformatics tools described above. According 
to PolyPhen-2, based on the HumDiv model, 272 of the 641 variants were predicted to be highly damaging and 
147 as mildly damaging, whereas the HumVar model classified 185 variants as highly damaging and 167 as mildly 
damaging. SNAP2 identified 382 variants as functionally impactful (deleterious to protein function), while 
SNPs&GO predicted 184 variants to be potentially disease-associated. Using the PANTHER tool, 36 amino acid 
substitutions were classified as highly deleterious, 12 as mildly deleterious, and 593 as benign among the 641 
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variants. In Align-GVGD analysis, 20 variants were assigned to the C0 category. Among the remaining variants, 
59 were classified as C15, 72 as C25, 49 as C35, 24 as C45, 95 as C55, and 322 as C65, representing the highest-
risk category. The PhD-SNP tool classified the 641 variants into disease-associated and neutral categories, 
predicting 211 variants as disease-related and 430 as neutral. Based on the consensus classification from six 
different tools, 7 missense SNPs were identified as highly deleterious and high risk. As a result of these analyses, 
seven deleterious nsSNPs (L506P, G561D, R429C, R461L, R461W, L21P, and E427G) are presented in Table 1. 
 

Table 1. Prediction of deleterious nsSNPs using multiple in silico tools 

 
3.2. Impact of Deleterious SNPs on Protein Stability 
 
Point mutations can also cause a loss of protein function by changing the structure and then stability. These 
structural disruptions play a significant role in the pathogenesis of genetic disorders [20]. The analysis performed 
with I-Mutant2.0 evaluates the change in protein stability and resulted in the finding that the L506P, G561D, 
R429C, R461L, R461W, L21P, and E427G variants all decrease the stability. By checking the stability results 
with another tool, MUPro, however, the R461L variant was predicted to have a stabilizing effect, whereas the 
other variants were observed as supporting I-Mutant2.0 results (Table 2). Therefore, we continued with the 
common destabilizing mutations as L506P, G561D, R429C, R461W, L21P, and E427G to be a total of six 
pathogenic SNPs for further analysis. 
 
Table 2. In silico prediction of the mutation effects on protein stability. Except for the mutation R461L, which 
showed an increased stability, the rest of the mutations were indicated to cause a destabilizing impact on the 
structure   

SNP ID Amino Acid Change I-Mutant 2.0 MUpro 
rs752732066 L506P Decrease Decrease 
rs768658829 G561D Decrease Decrease 
rs771458852 R429C Decrease Decrease 
rs772486800 R461L Decrease Increase 

rs1187186969 R461W Decrease Decrease 
rs1208232744 L21P Decrease Decrease 
rs1418995595 E427G Decrease Decrease 

 
4. CONCLUSION 
 
DVL3 possesses a multifunctional position involved in the organization of cytoskeletal structure, maintenance of 
cell polarity, and transduction of cellular signaling. Mutations occurring within these biological processes can lead 
to abnormal cellular behavior. In this ongoing bioinformatic analysis, deleterious SNPs identified in the DVL3 
gene have been shown to disrupt the gene's integrity and structural properties. In this context, analyzing the 
pathogenic effects and variations of DVL3 is of great importance for understanding disease mechanisms. Our 

SNP ID 
Amino 
Acid 

Change 

PolyPhen2 
HumDiv 

PolyPhen2 
HumVar SNAP2 SNPs&GO Panther Align-

GVGD Phd-SNP 

rs752732066 L506P Probably 
Damaging 

Probably 
Damaging Effect Disease Probably 

Damaging  C65 Disease 

rs768658829 G561D Probably 
Damaging 

Possibly 
Damaging Effect Disease Probably 

Damaging  C65 Disease 

rs771458852 R429C Probably 
Damaging 

Possibly 
Damaging Effect Disease Probably 

Damaging  C65 Disease 

rs772486800 R461L Probably 
Damaging 

Probably 
Damaging Effect Disease Probably 

Damaging  C65 Disease 

rs1187186969 R461W Probably 
Damaging 

Probably 
Damaging Effect Disease Probably 

Damaging  C65 Disease 

rs1208232744 L21P Possibly 
Damaging 

Possibly 
Damaging Effect Disease Probably 

Damaging  C65 Disease 

rs1418995595 E427G Probably 
Damaging 

Probably 
Damaging Effect Disease Possibly 

Damaging  C65 Disease 
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study suggests that the high-risk SNPs identified in the DVL3 gene may serve as a valuable reference for guiding 
future experimental studies in laboratory settings. The SNPs predicted to be highly deleterious can be prioritized 
in experimental validation processes.  
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Abstract 

This work updates the development of an agricultural bioinput through the extraction and nanoencapsulation of 
polyphenols (PF) from the native species Aguaribay (Schinus molle). Building on previously presented findings, 
this new research systematically evaluated the critical extraction variables (time, temperature and solvent 
composition) to optimize the yield of PF extraction and compare the bioinput potential of different plant matrices 
(specifically in peels and seeds). The optimized extraction protocol achieved a total PF content of 6.49 mg gallic 
acid equivalents (GAE) /g dry weight for the peels, representing a nearly eight-fold increase compared to the initial 
non-optimized yield of 0.819 mg GAE/g dry weight. The antioxidant profile using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method revealed a significant difference of one order of magnitude in the inhibitory 
concentration 50% (IC50) values between the peel and seed extracts, thus establishing the peel as the superior 
matrix for the recovery of antioxidants. These findings successfully validate the scalability and chemical efficiency 
of the extraction phase, to then establish a robust, high-performance subsequent nanoformulation with liposomes 
or solid lipid nanoparticles (SLN). Current stages focus on evaluating the in vivo biostimulant activity of these 
polyphenols in key crops to achieve their potential as next-generation agricultural bioinputs. 

Keywords: Nanoencapsulation, Polyphenols, Biostimulant, Schinus molle 
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Abstract 

This study investigates the performance optimization and economic viability of a waste heat recovery system for 

marine diesel engines utilizing an organic rankine cycle (ORC). Specifically, biohydrogen is evaluated as the 

primary working fluid. To minimize the total system cost, comprehensive optimization was conducted utilizing 

both nonlinear and linear algorithms. The optimization results demonstrate a maximum biohydrogen mass flow 

rate of 0.14 kg/s at an exhaust gas outlet temperature of 353.15 K. Under optimal conditions, the system yields a 

turbine power output of 215 kW against a pump power consumption of 3.39 kW, necessitating evaporator and 

condenser surface areas of 84.33 m2 and 124.22 m2, respectively. Economic assessments estimate the annual 

biohydrogen feedstock cost at approximately USD 11 million, culminating in an optimized total annualized system 

cost of roughly USD 43 million. Notably, the biohydrogen-driven ORC achieves a superior efficiency of 

approximately 68% when compared to conventional working fluids. However, this high performance is 

constrained by the requirement of a substantial annual total air mass flow rate of 97.3 kilometric tons. 

Keywords: Organic rankine cycle, Biohydrogen, Microalgae, Economic analysis, Optimization 
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Abstract 

Clinical simulation is increasingly used in health sciences education because of its value in developing technical, 
decision-making, and interpersonal skills. However, its effective integration into curricula remains uneven across 
institutional contexts. This study aimed to assess students’ knowledge and perceptions of simulation as a teaching 
method at the Higher Institute of Nursing Professions and Health Techniques in Safi (ISPITS), and to identify the 
main barriers to its curricular integration. A descriptive cross-sectional study was conducted among ISPITS 
students using a structured self-administered questionnaire exploring sociodemographic, cognitive, academic, 
technological, organizational, and attitudinal dimensions related to simulation. A total of 212 valid responses were 
analyzed. Among participants, 73.6% reported being familiar with simulation as a pedagogical method, and 87.4% 
considered it an effective learning approach. In addition, 88.6% expressed a desire for more simulation sessions 
in their curriculum. Nevertheless, only 18.9% believed that simulation was well integrated into their training 
program. The main barriers identified were the insufficiency of simulation tools (nearly 85% negative responses), 
inadequate infrastructure for realistic simulation (more than 77%), insufficient time allocated for simulation 
sessions, limited access to educational resources, and a negative perception of teachers’ training in simulation use 
(more than 73%). These findings highlight a gap between students’ strong support for simulation and the perceived 
limits of its pedagogical integration at ISPITS Safi. A more structured institutional strategy is needed, based on 
faculty development, improved infrastructure, better educational resources, and progressive integration of 
simulation into the nursing curriculum. 

Keywords: Simulation in healthcare; Nursing education; Pedagogy; Students; Curricular integration 
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Abstract 

Dietary fiber has long been recognized as an essential component of a balanced diet, contributing not only to 
digestive health but also to the prevention of chronic diseases. Despite its well-documented benefits, inadequate 
fiber consumption remains common worldwide, particularly in populations with diets high in refined 
carbohydrates, fats, and processed foods. The aim of this study is to investigate the impact of increased dietary 
fiber intake on metabolic health markers in adults. A cohort of 103 participants aged 20–50 years was recruited 
and randomly divided into two groups. The control group continued with their habitual diet, while the 
intervention group consumed an additional 25 g/day of dietary fiber through whole grains, fruits, and legumes. 
Dietary adherence was monitored using food frequency questionnaires and dietary records. Health indicators, 
including fasting blood glucose, total cholesterol, triglycerides, body mass index, and bowel function, were 
measured over an 8-week intervention period. Statistical analysis was conducted using IBM statistical package 
for the social sciences (SPSS), with results expressed as mean ± standard deviation, and mean differences 
assessed at a 95% confidence interval. The intervention group demonstrated significant reductions in fasting 
blood glucose and total cholesterol compared to the control group. Improvements were also observed in 
triglyceride levels and bowel regularity, alongside reduced self-reported digestive discomfort such as bloating 
and constipation. Participants reported high acceptability of the intervention, particularly when fiber-rich foods 
were incorporated into familiar meals, suggesting that dietary changes were both feasible and sustainable in daily 
practice. These findings reinforce the role of dietary fiber as a cost-effective and accessible strategy to improve 
metabolic health. Increasing fiber intake through diet or functional foods represents a practical approach to 
reducing the risk of type 2 diabetes and cardiovascular diseases. Public health programs should actively promote 
fiber-rich diets through nutrition education and policies supporting healthier food choices. 

Keywords: Dietary fiber, Glycemic control, Lipid profile, Digestive health 
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Abstract 

Personalized nutrition and food design are emerging as innovative approaches to improve individual health 
outcomes. This study aims to evaluate the application of personalized nutrition in the development of tailored 
food products adapted to specific metabolic and lifestyle profiles. A cohort of 120 adult participants was 
recruited and assessed through dietary surveys, genetic markers, and metabolic profiling. The data were analyzed 
using IBM statistical package for the social sciences (SPSS) version 28 and expressed as mean and standard 
deviation. The mean difference was presented at a 95% confidence interval, and machine learning algorithms 
were employed to generate individualized dietary recommendations. Based on these recommendations, a set of 
personalized food prototypes, including snacks and functional beverages, was developed and tested. The 
prototypes were evaluated for nutritional quality, palatability, and consumer acceptance through sensory analysis 
and structured questionnaires. Additionally, changes in health indicators such as glycemic response, lipid profile, 
body mass index, and digestive comfort were monitored over a 6-week intervention period. Preliminary findings 
suggest that participants who consumed personalized food products showed improved glycemic control, reduced 
cholesterol levels, and reported higher levels of satiety and overall satisfaction compared to those following 
generalized dietary advice. This study also revealed important challenges, such as the need to balance nutritional 
optimization with affordability and convenience, which are key factors influencing consumer adoption. 
Furthermore, the integration of artificial intelligence demonstrated strong potential for translating complex 
biological data into practical dietary solutions, while also highlighting the importance of user-friendly tools to 
guide decision-making. Overall, the results underline the promise of personalized nutrition as a strategy for 
chronic disease prevention and health promotion. By combining advanced data analysis with innovative food 
design, this work demonstrates how tailored dietary interventions can offer both scientific and practical value, 
paving the way for more sustainable and individualized approaches to nutrition and wellness. 

Keywords: Personalized nutrition, Food design, Dietary, Recommendations, Consumer acceptance 
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Abstract 

Patatin, the major storage protein of potato tubers, has attracted increasing attention due to its high nutritional 
value, non-allergenic nature, and important functional properties, including emulsifying, foaming, gelling, and 
antioxidant activities. In this study, Patatin purified from potato protein extract and its interaction with chitosan 
was investigated for potential nano/microencapsulation applications. Purification performed using ion-exchange 
chromatography. Initially, diethylaminoethanol (DEAE)-Sepharose chromatography was carried out under acetate 
buffer conditions at pH 5.5. Different purification strategies involving quaternary amine (Q)-Sepharose and 
sulfopropyl (SP)-Sepharose chromatography subsequently evaluated to optimize purification efficiency. Protein 
purity monitored by sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) electrophoresis together with 
ImageJ densitometric analysis. The results showed that the optimized DEAE→SP purification strategy provided 
the highest purification efficiency, resulting in approximately 96% protein purity. In contrast, consecutive anion-
exchange chromatography steps using DEAE-Sepharose and Q-Sepharose under similar conditions led to only 
limited additional purification. Following purification, chitosan-Patatin complexes prepared at different chitosan 
concentrations. Interactions between Patatin and chitosan were investigated using ultraviolet-visible (UV-Vis) and 
fluorescence spectroscopy. UV-Vis spectra showed increased absorbance intensity without the appearance of new 
absorption peaks, suggesting that the interaction mainly involved non-covalent forces. Fluorescence spectroscopy 
revealed concentration-dependent fluorescence quenching after the addition of chitosan, confirming successful 
complex formation while indicating that the overall structure of Patatin remained relatively stable. Overall, the 
findings demonstrate that optimized ion-exchange chromatography is an effective approach for obtaining highly 
purified Patatin and that chitosan-Patatin complexes may represent a promising system for future food, 
biotechnology, and nano/microencapsulation applications. 

Keywords: Patatin, Ion-exchange chromatography, Chitosan, SDS-PAGE, Nano/microencapsulation 
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Abstract 

Spring water is an important source of fresh water in semi-arid areas such as Tlemcen, Algeria, but its quality is 
vulnerable to natural and human influences. This study provides a comprehensive assessment of the physical, 
chemical and bacteriological quality of nineteen natural springs in the Tlemcen region. A distinctive emphasis is 
placed on comparing its intrinsic properties with three nationally prominent commercial mineral waters. The 
analysed parameters include pH, electrical conductivity (EC), turbidity, total hardness, the main ions (Ca2+, Mg2+, 
Cl−, etc.), nitrites, and the main bacteriological indicators (total aerobic mesophilic bacteria, total and faecal 
coliforms, faecal streptococci). The results indicate that the spring water is highly mineralized and hard, with 
mostly physico-chemical parameters within the Algerian and who drinking water standards. Bacteriological 
Analysis revealed the absence of faecal indicators in three springs, which confirms their safety. However, two 
springs were tested positive for faecal streptococcus, which makes them unfit for direct human consumption. 
Comparative analysis with commercial mineral waters has shown that spring waters possess a much higher mineral 
content, especially for calcium, magnesium and bicarbonate, in line with the typical "Hard water" profile of 
calcareous aquifers. This study emphasizes the generally good quality of local springs but highlights the urgent 
need for systematic monitoring, source protection and public awareness to mitigate bacteriological risks and ensure 
sustainable access to Safe Drinking Water. 

Keywords: Spring water quality, Bacteriological contamination, mineralization, Algerian and World Health 
Organization (WHO) standards 
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Abstract 

The increasing consumption of ultra-processed foods among adolescents has become a major public health concern 

and may contribute to the progressive erosion of the traditional Mediterranean dietary pattern. This study aimed 

to compare the 2004 and 2019 versions of the Mediterranean Diet Quality Index for Children and Adolescents 

(KIDMED) in their ability to identify eating behaviours associated with ultra-processed food consumption among 

Moroccan adolescents. A cross-sectional study was conducted among 129 adolescents aged 14–18 years. 

Adherence to the Mediterranean diet was assessed using both the original (2004) and updated (2019) KIDMED 

questionnaires applied to the same sample. Mean scores, adherence categories, agreement between classifications, 

and item-by-item differences were analysed. Overall adherence to the Mediterranean diet was moderate according 

to both versions (KIDMED 2004: 5.88 ± 3.22; KIDMED 2019: 5.61 ± 3.05). The 2019 version resulted in a higher 

proportion of adolescents classified as having low adherence (30.2% vs. 22.5%) and a lower proportion classified 

as having high adherence (25.6% vs. 28.7%). Moderate agreement was observed between the two classifications 

(κ = 0.455). Compared with the 2004 version, the 2019 version identified a significantly higher proportion of 

adolescents reporting fast-food consumption (47.3% vs. 34.1%; p = 0.03), breakfast skipping (30.2% vs. 19.4%; 

p = 0.01), industrial pastry consumption at breakfast (40.3% vs. 29.5%; p = 0.04), and sweets consumption several 

times per day (45.0% vs. 35.7%; p = 0.03). These findings suggest that the updated KIDMED version provides a 

more demanding assessment of Mediterranean diet adherence and may better identify adolescents presenting 

dietary behaviours associated with ultra-processed foods. 

Keywords: Mediterranean diet, KIDMED, Ultra-processed foods, Adolescents, Morocco 
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Abstract 

The double burden of malnutrition, characterized by the coexistence of nutritional deficiencies and excess weight, 

has emerged as a major public health challenge in low- and middle-income countries undergoing nutritional 

transition. This study aimed to investigate the coexistence of different forms of malnutrition among Moroccan 

adolescents in the Moulay Abdellah region. A cross-sectional study was conducted among 265 school-aged 

adolescents aged 14–18 years. Sociodemographic characteristics, anthropometric measurements, and dietary 

intake data were collected. Nutritional status was assessed using body mass index, while dietary intake was 

evaluated through 24-hour dietary recalls and compared with international dietary recommendations. The results 

highlighted the coexistence of multiple forms of malnutrition within the study population. While most adolescents 

exhibited a normal weight status, a considerable proportion were affected by excess weight, including overweight 

and obesity. Simultaneously, dietary assessment revealed several nutritional inadequacies, particularly insufficient 

intakes of dietary fibre and essential micronutrients, alongside excessive consumption of sodium, free sugars, and 

saturated fatty acids. These findings demonstrate the presence of a double burden of malnutrition among Moroccan 

adolescents, characterized by the simultaneous occurrence of nutritional deficiencies and excess weight within the 

same population. Addressing this challenge requires integrated interventions combining nutrition education, early 

screening, and context-specific prevention strategies aimed at improving dietary quality and preventing both 

undernutrition and excess weight during adolescence. 

Keywords: Double burden of malnutrition, Adolescents, Nutritional deficiencies, Excess weight, Morocco 
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Abstract 

E-methane production represents a sustainable approach to valorising carbon dioxide (CO2) captured from energy-
intensive industries. In this context, the methanation process is assessed with respect to energy efficiency by 
utilizing locally produced green hydrogen (H2) and captured CO2, supporting the transition to low-carbon energy 
systems while addressing the intermittency of renewable energy sources. This study evaluates the transition from 
laboratory-scale experiments to an industrial-scale e-methane production plant, leveraging surplus renewable 
energy, which is inherently subject to fluctuations. The studied plant operates with a methane output of 300 kg·h⁻1, 
achieving a CO2 conversion rate of 88% at 550 °C and 30 bar. Various plant configurations, reactor designs, and 
performance scenarios were assessed based on available bibliographic data. CO2 methanation was carried out using 
a ruthenium-based catalyst (0.5 wt.% Ru/γ-Al2O3) in a plug flow reactor. A modified Langmuir–Hinshelwood–
Hougen–Watson (LHHW) kinetic model was found to best fit the experimental data. A sensitivity analysis was 
conducted to quantify the influence of key parameters, including temperature, pressure, catalyst mass, and reactant 
feed ratio, on reactor efficiency. The results provide valuable insights into process optimization and evaluate the 
potential of this approach for future industrial-scale development. 

Keywords: CO2 methanation, E-methane, Sensitivity analysis, Industrial scale, Ru/γ-Al2O3 catalyst 
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Abstract 

Palm oil milling process produces a massive amount of highly polluting lipid-rich effluent. The first source of 
effluent can be traced back at the sterilization unit that uses steam to soften the fruit. The discharged condensate 
is rich not only with lipids, but also value-added compounds such as polyphenols, β-carotene, and α-tocopherol, 
which are yet to be systematically recovered for various applications. Therefore, this work is aimed to leverage 
green separation techniques, i.e., emulsion liquid membrane, supercritical CO2 extraction and zinc chloride 
polymerization to transform lipid-rich condensate into active nutrients, pharmaceutical products and porous 
materials, respectively. Results show the successful extraction of active compounds and the produced carbon 
adsorbent exhibits a dye capacity of > 150 mg/g. This work is in line with sustainable development goals to reduce 
global emission intensity. 

Keywords: Separation techniques, Palm oil sterilization condensate, Resource recovery 
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Abstract 

Scheduling is a prevalent research area in combinatorial optimization and operations research, where exact and 
heuristic methods are available in literature. However, most scheduling problems are NP-hard, and as the problem 
size increases with system constraints and an increasing number of jobs and machines, the computation time also 
increases exponentially. This makes exact methods, and even heuristics, impractical for real-life scheduling 
problems. Modern research explores using Quantum Computing to solve scheduling problems for faster solutions, 
and this paper presents a brief review of single-machine and shop-type scheduling problems solved by Quantum 
methods. 

Keywords: Quantum Computing, Single Machine Scheduling Problem, Shop-type scheduling problem 
 
 
1. INTRODUCTION  
 
The scheduling problem has long been one of the most popular problems in the industrial engineering discipline. 
There is a myriad of papers on a wide range of problems, ranging from the simplest, such as the single-machine 
problem, to the more complex job-shop and open-shop problems. Many solution methods have been applied, 
including mathematical programming, heuristics, supervised learning, and artificial intelligence. Due to the 
structure of scheduling problems, as the problem size grows, complexity quickly increases to exponential levels, 
rendering classical optimization techniques computationally expensive or ineffective even for small instances. 
Conventional techniques are no longer sufficient to solve many practically relevant scheduling problems optimally, 
despite the continually increasing computing power. 
 
Quantum computing has been a facilitator in solving intractable problems since the 2000s, as it can provide an 
exponential speedup by employing quantum-mechanical principles, including superposition and entanglement [1]. 
Quantum computing has been applied to many areas, including cryptography, financial modeling, risk analysis, 
communication, and combinatorial optimization [2].  In search of a faster alternative, researchers began applying 
quantum computing to solve scheduling problems. 
 
In this paper, we focus on the application of quantum computing to single-machine and shop-type scheduling 
problems. The rest of the paper is organized as follows. Section 2 introduces the concept of quantum computing. 
Section 3 presents literature on quantum methods for single-machine scheduling and shop-type scheduling. Section 
4 concludes the paper. 
 
2. QUANTUM COMPUTING AND ALGORITHMS  
 
Quantum computing is a computing technology that originated in quantum physics. Classical computer processor 
logic is organized in bits with binary number logic. 1 Bit consists of 0-1. Various numbers and characters are 
created using 0-1s, and operations are performed using 0-1 logic. In classical computers, 0-1 states are defined by 
whether current passes through transistors. In quantum computing, classical bit logic is replaced by qubits 
(quantum bits, or qubits). Qubits are also in states 0-1, but they can also exist in a superposition of states at all 
possible values from 0-1. Superposition is the state in which different states of an object can occur together with 
certain possibilities. Another fundamental principle of quantum computing is entanglement. Entangled qubits 
cannot be measured independently of each other; The measurement result of one instantly determines the status of 
the other. This property is one of the fundamental mechanisms that allow quantum algorithms to evaluate a large 
number of solutions simultaneously [3]. 
 
Calculations that would normally have to be performed separately in many steps with 0s or 1s in a classical device 
can be completed in a single operation using a qubit in a quantum computer. This can make calculations much 
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2.3. Optimization Framework and Parameterization 
 
The optimization process is carried out using the Python-based optimization framework available within SU2, 
where the sequential least squares programming (SLSQP) algorithm is adopted as the gradient-based optimizer 
due to its capability to efficiently handle constrained nonlinear optimization problems. 
 
Geometric parameterization of the aerodynamic surfaces is performed using the free-form deformation (FFD) 
technique [18], where the geometry is embedded within deformable control points, and the displacement of 
selected FFD control points defines the design variables, Figure 1. Based on the obtained values of the design 
variables, the aerodynamic surface is modified accordingly, after which a mesh deformation routine based on the 
linear elasticity method is employed to generate the updated computational mesh. The flow solver then evaluates 
the state vector U and the objective function (J). 
 

 
Figure 1. FFD boxes over CRM configuration 

 
During optimization iterations, the RANS equations are solved to obtain the flow solution, and the discrete adjoint 
equations are solved to evaluate the sensitivities of the objective and constraint functions. These surface 
sensitivities are then projected onto the design-variable space through a post-processing step and provided to the 
SLSQP optimizer, which determines the search direction and updates the design variables. 
 
2.4. CRM Configuration 
 
The NASA CRM is developed as a standardized transonic benchmark configuration for CFD verification and 
validation studies [11]. The geometry features a conventional wing–body–tail arrangement, and its main geometric 
specifications are summarized in Table 1. 
 

Table 1. Full-scale geometric definitions of the CRM (metric units) 
Aspect Ratio 9.0 

Model Span (𝑏𝑏) 58.76290 m 
Reference Area (𝑆𝑆) 383.65 m2 

Reference Length (𝑐𝑐‾) 7.00532 m 
Fuselage Maximum Diameter 6.1976 m 

Fuselage Length 62.77751 m 
Wing Maximum Thickness Ratio 0.1542 

Wing Taper Ratio 0.275 
Quarter-Chord Sweep Angle 35.0° 

(X) Moment Reference Location 33.67758 m 
 
3. RESULTS AND DISCUSSION 
 
The direct flow solver is first verified through a mesh-convergence study, and the baseline configuration is 
subsequently trimmed to establish a consistent reference for performance evaluation. The optimization results are 
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–0.579°. The approximately 5 drag counts increase in the retrimmed case indicates a higher trim drag penalty 
compared with the trim-constrained optimization. 
 

 
Figure 3. Aerodynamic and geometric comparison of the baseline and trim-constrained optimized configurations 
 

 
Figure 4. Aerodynamic and geometric comparison of the retrimmed lift-constrained and trim-constrained 
optimized configurations 
 
A pronounced twist-up distribution is observed in the root region of the trim-constrained optimized shape, leading 
to a higher local lift distribution and, consequently, an increased pitching-up moment contribution. In this case, 
trim is achieved through a compromise between wing-shape deformation and tail-incidence adjustment, which 
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results in a more efficient distribution of the pitching-moment requirement, reducing the reliance on tail deflection 
and yielding a lower overall drag. 
 
4. CONCLUSION 
 
A discrete adjoint optimization framework is employed to minimize the drag of the NASA CRM configuration 
while satisfying cruise lift and pitching-moment trim constraints. Two optimization strategies are investigated and 
compared: a sequential optimization–trimming approach and a trim-constrained optimization approach. The post-
optimization trimmed case exhibits 8 drag counts higher than the trim-constrained optimization case, with 
corresponding tail-incidence angles of –1.596° and –0.579°, respectively. In contrast, the trim-constrained 
optimization shows a reduced reliance on tail incidence to achieve trim through a more efficient compromise 
between wing-shape deformation and tail-incidence adjustment, resulting in a more aerodynamically efficient 
configuration with a lower trim drag penalty compared with the sequential approach. 
 
These results demonstrate that the adjoint-based framework enables simultaneous enforcement of aerodynamic 
performance and trim constraint through a single global gradient evaluation, ensuring consistent satisfaction of 
both requirements during the design process. On the other hand, improving the sequential optimization–trimming 
approach would require a time-consuming iterative procedure, which is unlikely to converge to the optimal 
solution due to the absence of a unified gradient-driven optimization process. Overall, the findings highlight the 
importance of incorporating trim constraints within the aerodynamic optimization framework rather than treating 
them as a post-processing step. This capability provides a significant advantage for large-scale high-fidelity aircraft 
design, where aerodynamic efficiency and trim requirements must be satisfied concurrently in a computationally 
efficient manner. 
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Abstract 

Marine and ship structures are susceptible to corrosion due to the harsh sea environment. The integrity of materials 
on these structures deteriorates as a result of constant exposure to seawater and the atmosphere. Technological 
advancements have enabled the remote survey and inspection of corrosion on marine structures using remote 
ınspection technology (RIT) vehicles. Drone, crawler, and remotely operated underwater vehicle (ROUV) are key 
components of RIT. Videos and images of marine structures are recorded and captured, allowing for further 
corrosion analysis to be conducted remotely. However, the captured videos and images may contain noise that can 
obscure features and cause blurriness around corrosion boundaries. This occurs because RIT data acquisition can 
be affected by sea, ship, and wind conditions. Therefore, a noise removal algorithm is proposed to reduce blurriness 
on images of marine structures. First, the captured images will be pre-processed with a Wiener filter, which will 
filter the entire pixel array in the image. Subsequently, the proposed method will be evaluated using mean absolute 
error (MAE), mean squared error (MSE), and structural similarity ındex (SSIM). The results indicate that the 
proposed method effectively improves image quality using the Wiener filter. This is supported by promising MAE, 
MSE, and SSIM values, demonstrating that the Wiener filter can correct pixel intensities to address blurriness, 
thereby enhancing the distinction of corrosion boundaries. 

Keywords: Marine structure, Ship structure, Corrosion, Remote inspection technology, Wiener filter 
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Abstract 

Vanadium is a critical element that is widely used to enhance the strength and toughness of high-strength steel and 
advanced alloys for aerospace, nuclear, and high-performance industrial applications. It can also be used for 
vanadium redox flow batteries for large-scale energy storage. In recent years, its enrichment in coal-bearing 
systems has been crucial for both resource assessment and environmental geochemistry. In this context, the 
Miocene coal occurrences in the east–southeast of Canakkale province of northwestern Türkiye, which are low-
rank coals deposited in a volcano-sedimentary lacustrine-to-swamp environment, represent an important example 
for V enrichment. The studied coal-bearing layers consist of lignite, clay-rich lignite, organic-rich claystone, tuff, 
and tuffite. The V contents of the studied coals vary between 110 and 440 ppm. Crossplot diagrams of V vs. 
lithophile and detrital indicators such as Cr, Zr, Nb, and Hf show positive correlations, whereas there is a lack of 
correlation with the sulfur-associated elements, which shows pyrite is not the main host of V in these coals. In 
addition, the weak correlations between V and fluid-mobile elements, together with its moderate positive 
correlation with lithophile–detrital proxies, indicate that hydrothermal input was not the main control on V 
enrichment. Moreover, the moderate relationship between V and aluminosilicate-related proxies indicates that V 
can likely be adsorbed onto clay mineral surfaces and/or incorporated into aluminosilicate phases. However, the 
relatively high organic matter content also implies that adsorption onto organic matter may have played an 
important role in the V enrichment mechanism. Overall, the studied Miocene coals provide a multi-enrichment 
mechanism example for understanding V accumulation in low-rank coal systems. 

Keywords: Vanadium enrichments, Critical elements, Miocene coals, Canakkale province (northwest (NW) 
region of Türkiye) 
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Abstract 

The phosphatic horizon exposed at Fushëbardha represents one of several Upper Cretaceous phosphatic 
occurrences developed within the Ionian Basin of Albania along the western Tethyan margin. To characterize its 
mineralogical composition and depositional evolution, thin-section petrography, biostratigraphic observations, X-
ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, and scanning electron microscopy (SEM) 
combined with energy dispersive spectroscopy (EDS) (SEM-EDS) analyses were performed. Petrographic 
observations reveal a transition from micritic carbonate deposits rich in planktonic foraminifera to a dark 
phosphatic horizon composed of interlaminated phosphatic and carbonate micrite with dispersed bioclastic and 
peloidal components. Calcite-filled veins locally crosscut both carbonate and phosphatic intervals, reflecting a 
later stage of diagenetic cementation. The preservation of fine lamination and limited bioturbation suggest 
deposition under low-energy dysoxic to anoxic marine conditions. Biostratigraphic analysis identified 
representatives of the Globotruncanidae family, including Marginotruncana and probable Globotruncana cf. 
linneiana associated with Heterohelix globulosa, indicating a probable Santonian- Lower Campanian age. XRD 
analyses indicate calcite as the dominant mineral phase associated with carbonate fluorapatite. FTIR spectra 
display characteristic phosphate absorption bands together with carbonate bands corresponding to B- type 
carbonate substitution within the apatite structure. SEM-EDS analyses confirmed carbonate fluorapatite associated 
with a calcitic matrix and revealed accessory Fe-rich oxides, Fe-S phases, barite, quartz and Ti- bearing minerals. 
Rare Zn-bearing sulfides together with Zr- and Sn-bearing microphases were also detected. The coexistence of 
sulfide and oxide phases indicates a complex diagenetic evolution involving reducing conditions followed by 
subsequent oxidation and recrystallization processes. These results provide new data for Fushëbardha deposit and 
contribute to a better understanding of phosphogenesis and diagenetic evolution within the Upper Cretaceous 
phosphatic successions of the Ionian Zone. 

Keywords: Albania, Phosphorites, Carbonate fluorapatite, Upper Cretaceous, Tethys margin 
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Abstract 

Water erosion represents a major threat to Mediterranean watersheds. This study proposes an innovative approach 

based on artificial intelligence to map erosion susceptibility in the Oued Isser watershed (Algeria). A multilayer 

perceptron (MLP) model was developed to classify erosion into five levels, integrating five parameters: the 

topographic factor LS (slope length (L) and steepness (S) factor), the digital terrain model (DEM), and the 

normalized difference vegetation index (NDVI) for three years 2020, 2022, and 2024. Three MLP models were 

trained, each combining the DEM and LS factors with NDVI from a different year, in order to assess the influence 

of vegetation dynamics on model performance. This multi-temporal approach captures the dynamics of vegetation 

cover. The performance results indicate high model efficiency, with a consistent overall accuracy of 93.32%, a 

Cohen’s Kappa of 86.65%, and an area under the curve (AUC) ranging from 96.93% to 96.96% on the validation 

dataset. Analysis of the confusion matrix shows a clear separation between the different erosion classes. 

Furthermore, the evolution of the learning curves highlights a rapid convergence of the network, characterized by 

stable training process and the absence of overfitting. These results confirm the relevance of the pixel-by-pixel 

MLP approach for mapping areas makes this model a robust and directly usable tool for prioritizing soil 

conservation action. This study opens up promising prospects for the application of artificial intelligence in the 

environmental management of watersheds. 

Keywords: MLP, NDVI, LS, Oued Isser, Water erosion, AUC 
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Abstract 

This study focuses on the application of optimization techniques to the shear strength behavior at the soil-solid 
material interface. To achieve this objective, experimental tests were conducted to investigate the effect of 
roughness and texture model on the shear strength at the interface, and average diameter Dav. Four types of 
cohesive soils and steel interfaces were used in direct shear tests. All tests were conducted under drained shear 
conditions. The approach adopted is based on the Taguchi method. The model takes into account three main 
parameters: roughness, the texture model on shear strength at the interface, and average diameter. The objective 
is to establish a mathematical formulation to identify the optimal combination of these variables in order to 
optimize the interface friction angle. To this end, an L27 orthogonal array was used to analyze the influence and 
interactions of each parameter on the response of interest, namely the friction angle at the interface (δ/ϕ). The 
ranges of values considered are as follows: Surface roughness Ra = 0.21 μm, 5.69 μm, 21.04 μm, and 64.94 μm, 
texture models affecting shear strength at the interface TX1, TX2, TX3, and TX4, average diameter 17.50 μm, 
2.06 μm, 3.4 μm, and 11.85 μm. The simulation results were analyzed using Minitab 18, employing signal-to-
noise ratio (S/N) and analysis of variance (ANOVA). The study determined the optimal configuration of 
parameters leading to the maximum interface friction angle. The findings show that the shear strength at the 
interface is influenced by both the interface roughness and the soil properties. Furthermore, it can be observed 
that texture models have virtually no influence on the measured shear strengths. 

Keywords: Design of experiment, Optimum design, Taguchi method 
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Abstract 

Microbially induced carbonate precipitation (MICP) is an emerging bio-geotechnical technique considered a 
sustainable alternative to conventional methods (cement, lime) for stabilizing swelling soils. However, the majority 
of experimental studies have focused on granular soils, while the application to expansive clays remains relatively 
unexplored and faces specific challenges (low permeability, electrochemical interactions, precipitation kinetics). 
In this context, the present contribution proposes a synthetic review of existing studies on the effect of different 
calcium sources (chloride, nitrate, acetate, lactate, etc.) in the MICP process, with a particular emphasis on: calcite 
bioprecipitation efficiency, reduction of swelling potential, changes in permeability and compatibility with the 
bacterium Sporosarcina pasteurii. The objective is to identify trends, knowledge gaps, and optimal conditions 
reported in the literature, in order to guide future experimental studies without requiring an exhaustive testing 
campaign. Preliminary findings from this review suggest that calcium acetate offers promising performance (up 
to 62% swelling reduction), but that discrepancies exist depending on clay type, treatment protocols, and the 
performance indicators used. This review thus serves as a useful preparatory step for researchers wishing to direct 
their work toward the optimization of MICP for fine-grained swelling soils, particularly when limited access to 
experimental testing does not allow for a full experimental study. 

Keywords: MICP, Swelling soils, Calcium source, Sporosarcina pasteurii, Stabilization 
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Abstract 

The effective dissipation of hydraulic energy is crucial for ensuring the stability of hydraulic structures and 
mitigating erosion risks. This study presents the first experimental and analytical investigation into the combined 
effects of transverse bed inclination and roughness on hydraulic jump characteristics, energy dissipation, and free-
surface flow dynamics in an asymmetrical trapezoidal channel. A novel stilling basin configuration was developed, 
featuring a transversely inclined rough bed with an inclination angle of m = 0.307 and vertical lateral walls, with 
four bed roughness configurations of varying heights ke = 7.22, 14.32, 24.47, and 30.76 mm. New analytical 
solutions were developed to estimate the sequent depth ratio and energy loss, showing excellent agreement with 
experimental data within a margin of ±22%. The findings revealed three-dimensional flow patterns on the free 
surface, characterized by significant secondary turbulence that enhances energy dissipation. The results showed 
that increasing the bed slope and roughness led to a decrease in the depth ratio, with the percentage reduction 
varying across all configurations. The average reduction factor was 0.76 compared to the classical jump. 
Additionally, the relative length of the jump decreased by 31.16%, while energy loss increased by 13.56%, and 
the bed shear stress coefficient increased by 64.65%. Empirical equations were developed to predict jump 
characteristics, demonstrating error margins of ±10% and ±15%, which closely align with the observed data. 

Keywords: Energy dissipation, Non-rectangular stilling basin, Hydraulic jump, Dissipative elements 
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Abstract 

Artificial intelligence (AI) is rapidly transforming architectural design education by introducing innovative tools 
and approaches that support creativity, visualization, decision-making, and learning processes. The emergence of 
generative AI, machine learning applications, and intelligent design support systems has created new opportunities 
for architecture students and educators, reshaping traditional pedagogical methods and studio practices. While AI 
technologies offer significant advantages in enhancing design exploration, improving productivity, and facilitating 
access to knowledge, their growing adoption also raises concerns regarding critical thinking, academic integrity, 
authorship, and ethical responsibility. This paper presents a narrative review of recent literature on the integration 
of AI in architectural design education. The study examines the current applications of AI-based tools in design 
studios and educational environments, focusing on their potential to support concept generation, visualization, 
design development, and learning enhancement. Furthermore, the review discusses the major challenges associated 
with AI implementation, including overreliance on automated systems, limitations in design originality, and the 
need for adapting educational curricula to emerging technologies. Particular attention is given to ethical 
implications such as plagiarism, intellectual property rights, algorithmic bias, transparency, and the responsible 
use of AI-generated content in architectural education. The findings indicate that AI has the potential to become a 
valuable complementary tool within architectural design education when integrated thoughtfully and critically. 
However, achieving a balance between technological innovation and human creativity remains essential. The paper 
concludes by highlighting the importance of developing ethical guidelines, revising educational frameworks, and 
fostering AI literacy among future architects. This review contributes to the ongoing discussion on the evolving 
role of AI in design education and provides recommendations for its responsible integration into architectural 
curricula. 

Keywords: Artificial intelligence, Architectural design education, Generative AI, Design studio pedagogy, Ethical 
implications, Digital technologies 
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Abstract 

Industrial wastewater contains complex mixtures of suspended solids, colloidal particles, and dissolved 
contaminants that remain challenging to remove using conventional coagulants. While metal-based coagulants are 
effective, the formation of compact and settleable flocs remains a key factor influencing treatment efficiency. 
Consequently, hybrid coagulants incorporating natural polymers have attracted increasing interest for enhancing 
floc formation and pollutant removal. This study investigated the performance of a starch-enhanced copperas 
coagulant prepared from waste-derived copperas (ferrous sulphate) and rice starch (CS) for industrial wastewater 
treatment. As prepared coagulants were characterised using scanning electron microscopy (SEM), Fourier 
transform infrared spectroscopy (FTIR), and X-ray diffraction (XRD) analyses, while coagulation experiments 
were conducted to evaluate floc formation and pollutant removal performance. Among the formulations 
investigated, CS 70:30 achieved the highest treatment efficiency, with removal efficiencies of 99% turbidity, 84% 
total suspended solids (TSS), 82% colour, 72% iron, and 71% chemical oxygen demand (COD) under optimised 
conditions. SEM analysis revealed that starch modification promoted the formation of larger, denser, and more 
compact flocs than copperas alone, indicating enhanced aggregation and settling behaviour. This improved 
performance was attributed to the synergistic effects of charge neutralisation, sweep flocculation, and starch-
assisted polymer bridging, which strengthened inter-particle interactions and facilitated pollutant entrapment. 
Statistical analysis further confirmed that coagulant composition significantly influenced both floc formation and 
treatment performance (p < 0.05). These findings demonstrate that starch enhancement improves floc development 
and pollutant removal in copperas-based coagulation systems, offering a sustainable approach for industrial 
wastewater treatment. 

Keywords: Starch-enhanced copperas, Coagulation-flocculation, Floc formation, Pollutant removal, Industrial 
wastewater 
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Abstract 

Improving combustion efficiency while reducing exhaust emissions remains a major challenge in compression 
ignition (CI) engines operating with alternative fuels. Although water–diesel emulsified fuel effectively lowers 
combustion temperature, the combined effect of water emulsification and butanol addition on combustion 
development under low-speed engine operation remains inadequately understood. This study investigates the load-
dependent combustion behaviour of water–diesel–butanol emulsified fuel in comparison with neat diesel and 
water–diesel emulsion. Experiments were conducted using a four-cylinder turbocharged direct-injection CI engine 
operated at a constant speed of 1000 rpm under three engine loads (20%, 35% and 50%). Three fuels were 
evaluated: neat diesel (D), 5% water-in-diesel emulsion (W5D) and W5D blended with 5% butanol (W5DBu5). 
Combustion performance was characterised using in-cylinder pressure analysis, from which peak cylinder 
pressure, heat release rate (HRR), rate of pressure rise (ROPR), indicated mean effective pressure (IMEP) and 
combustion duration were determined. The results demonstrated that engine load substantially influenced 
combustion development. For W5DBu5, increasing the engine load from 20% to 50% increased the peak cylinder 
pressure by 2.55%, while the maximum HRR and ROPR increased by 96.72% and 93.12%, respectively. 
Furthermore, combustion duration decreased by 11.25 °CA, indicating accelerated combustion development at 
higher loads. Despite a marginal 0.84% reduction in IMEP, the W5DBu5 blend maintained stable combustion 
behaviour throughout the investigated operating conditions. Overall, the combined application of water 
emulsification and butanol addition promoted favourable combustion development under low-speed engine 
operation. These findings provide valuable insight into the optimisation of cleaner alternative fuels for sustainable 
CI engine applications. 

Keywords: Water–diesel emulsion, Butanol, Combustion development, Compression ignition engine 
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Abstract 

Conventional exhaust emission studies primarily evaluate average pollutant concentrations, which may overlook 
transient fluctuations that reflect combustion stability. This study proposes a statistical approach to assess the 
exhaust emission stability of a diesel–biodiesel blend containing 10% biodiesel and 100 ppm palm shell 
nanoparticles (DB10PS100) operated at 20% and 60% engine loads in a compression ignition engine. Time-series 
measurements of O2, CO2, CO, HC, NO, and NOx were analysed using descriptive statistics, coefficient of 
variation (CV), moving standard deviation (MSD), and a newly developed emission stability score (ESS) that 
integrates normalized CV and MSD into a single stability metric. The results showed that increasing engine load 
increased the average concentrations of CO2, CO, NO, and NOx, whereas HC exhibited a slight reduction. 
Although the average NOx increased from 77.93 ppm to 214.25 ppm, its CV decreased from 90.16% to 60.50%, 
indicating more consistent emission behaviour at higher load. Similarly, CO exhibited a substantial reduction in 
variability, while O2 remained the most stable parameter throughout the experiments. The proposed ESS 
successfully distinguished the relative stability of individual emission species and provided a more comprehensive 
assessment than conventional average-based analysis. The findings demonstrate that integrating statistical 
indicators with a unified stability score offers an effective framework for evaluating combustion behaviour and 
exhaust emission dynamics of nanoparticle-enhanced biodiesel fuels under varying engine operating conditions. 

Keywords: Biodiesel blend, Exhaust emissions, Emission stability, Statistical indicators 
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Abstract 

The electrical energy a photovoltaic (PV) panel produces from sunlight is inconsistent due to meteorological 
factors like ambient temperature and solar intensity. PV panels have nonlinear P-V and I-V curves. Their 
electrical output does not change in a simple, proportional way with voltage or current. The 1Soltech 1STH-250-
WH PV panel, rated at 250.205 (W), is used in a single module configuration. Its equivalent circuit includes a 
shunt resistance of 313.3991 (Ω) and a series resistance of 0.39383 (Ω). This setup results in a specific maximum 
power point (MPP) where the panel delivers its maximum power along the nonlinear curves. Maximum power 
point tracking (MPPT) techniques keep the panel at its MPP and ensure maximum energy delivery. These are 
typically implemented via a direct current (DC)-DC converter, such as a boost converter. The converter adjusts 
the panel’s output voltage and current by increasing the voltage. This research compares two MPPT strategies: a 
feedforward artificial neural network (FANN-MPPT) and a fuzzy logic controller (FLC-MPPT). The FLC-
MPPT uses fuzzy logic, which mimics human reasoning in three stages. Fuzzification converts inputs into fuzzy 
sets. Rule-based inference applies logical rules to these sets. Defuzzification then converts the result back into a 
precise value. The choice of membership functions and rules is the primary focus. By contrast, FANN-MPPT 
uses an artificial neural network. This approach, inspired by the human brain, adjusts the DC-DC converter’s 
duty cycle to maximize efficiency. It keeps the panel at its MPP. The FANN was trained on 1000 samples 
covering irradiance from 0 to 2000 (W/m²) and temperatures from 15 to 30 (°C). The target was the panel’s 
output voltage. The network was optimized using the Levenberg-Marquardt algorithm and achieved a mean 
squared error (MSE) of 1.68×10–9. Models were simulated in MATLAB Simulink under varying operational and 
sunlight conditions to compare MPPT methods. Results show that the FLC-MPPT finds the MPP with a 
response time of 0.937 (ms) and a rising time of 0.919 (ms). The FANN-MPPT achieves faster response times of 
0.923 (ms) and rising times of 0.904 (ms), indicating greater efficiency. 

Keywords: Photovoltaic, MPPT, FANN-MPPT, FLC-MPPT, DC-DC boost converter 
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Abstract 

This study evaluates the thermal performance of a building wall incorporating a bio-sandwich panel composed of 
oriented strand board (OSB) and a bio-based phase change material (PCM). A reference multilayer wall consisting 
of 1.5 cm cement, 15 cm brick, and 1.5 cm plaster (18 cm total thickness) was compared with an improved 
configuration integrating a 5 cm bio-sandwich panel made of two 1 cm OSB layers and a 3 cm bio-based PCM 
layer. Heat transfer simulations were performed under summer climatic conditions representative of Constantine 
(Algeria), considering solar radiation, ambient temperature variations, and wind effects. The results show that the 
reference wall exhibits large temperature fluctuations at the interior surface, ranging from 24.2 °C to 33.9 °C, 
which is far from the thermal comfort zone. In contrast, the wall containing the bio-sandwich panel maintains the 
interior surface temperature between 26 °C and 28 °C throughout the summer period. The integration of the PCM 
layer significantly reduces temperature fluctuations, decreasing the maximum temperature amplitude from 7.35 
°C to 1.75 °C, while the average amplitude decreases by approximately 4.5 °C. These results demonstrate that the 
proposed bio-sandwich OSB–PCM panel effectively stabilizes indoor wall temperatures by combining sensible 
and latent heat storage. The optimized configuration therefore improves indoor thermal comfort while maintaining 
the same wall thickness and offering a cost-effective and sustainable building solution. 

Keywords: Bio-based phase change material, Thermal energy storage, Bio-sandwich panel, Indoor thermal 
comfort, Sustainable building materials 
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Abstract 

This study experimentally evaluated floating photovoltaic (FPV) and on-ground photovoltaic (OPV) systems 
incorporating monofacial and bifacial solar panels under coastal conditions, with the aim of determining the 
influence of tilt angle on thermal and electrical performance. Both systems were tested at 5 degrees, 10 degrees, 
and 15 degrees, and their performance was assessed in terms of energy yield, efficiency, performance ratio, bifacial 
gain, and panel temperature, with the experimental results further compared with PVsyst simulation outputs. For 
the OPV configuration, the best overall performance was obtained at 5 degrees, where the bifacial panel produced 
1724.82 Wh, compared with 1171.81 Wh for the monofacial panel, representing a 33.96% bifacial gain; efficiency 
increased from 9.11% to 12.50%, while performance ratio rose from 46.11% to 61.77%. Nevertheless, the highest 
bifacial gain for OPV was recorded at 10 degrees, reaching 41.98%, with energy yield increasing from 797.32 Wh 
to 1243.86 Wh. For the FPV configuration, the optimal tilt angle was identified as 10 degrees, at which the bifacial 
panel generated 1812.63 Wh compared with 1451.61 Wh for the monofacial panel, corresponding to a 13.65% 
gain; efficiency improved from 11.80% to 13.28%, and performance ratio increased from 57.90% to 65.80%. At 
15 degrees, FPV bifacial gain increased further to 22.53%, with energy yield rising from 1051.79 Wh to 1416.02 
Wh. However, at 5 degrees, the FPV bifacial panel underperformed owing to limited rear-side irradiance, which 
reduced the rear-surface contribution. Overall, the results indicate that bifacial panels generally achieved better 
performance, although the optimum tilt angle is installation-dependent, with 5 degrees most suitable for OPV and 
10 degrees most suitable for FPV. 

Keywords: Photovoltaic, On-ground photovoltaic, Bifacial solar panel, Tilt angle, Energy efficiency 
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Abstract 
Solar drying is widely used for food preservation because it can reduce electricity consumption and improve 
product storage life. However, the performance of solar dryers is affected by collector design, drying chamber 
configuration, airflow rate, thermal storage and changing solar radiation. This study aims to compare the 
performance of selected solar thermal collectors, drying chambers and thermal storage methods used in food drying 
applications. Published experimental studies were compared based on collector configuration, outlet-air 
temperature, airflow arrangement, thermal efficiency, drying chamber performance and the use of thermal storage 
or thermal buffers. The reviewed studies reported combined photovoltaic-thermal efficiencies between 35% and 
52%, with outlet-air temperatures ranging from 32°C to 46.6°C. Conventional double-pass collectors achieved an 
average thermal efficiency of 57.23%, while enhanced absorber designs increased the value to 73.36%. Mesh and 
baffled absorber collectors reported efficiencies between 69% and 80.39%. The reviewed studies also showed that 
forced convection and improved airflow distribution can increase heat transfer and reduce moisture inside the 
drying chamber. Thermal storage and metal-based thermal buffers can reduce short-term temperature changes and 
support more stable drying conditions during fluctuations in solar radiation. The comparison indicates that 
collector geometry, absorber surface, airflow control, chamber insulation and thermal buffering are important 
factors in improving drying performance. These findings provide a technical basis for the future design and 
experimental evaluation of a controlled solar food drying system under tropical outdoor conditions. 

Keywords: Solar thermal collector, Drying chamber, Thermal storage, Thermal buffer, Food drying 
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Abstract 

The depletion of petroleum-based resources and increasing environmental concerns have accelerated the demand 
for sustainable drilling technologies, including low-toxicity, biodegradable, and low-carbon emission drilling 
fluids at competitive cost. Ester-based drilling fluids (EBDFs) are the promising alternatives. However, their 
inherently high kinematic viscosity often limits desirable rheological performance. This study aims to overcome 
these limitations by blending a low-cost ester derived from palm fatty acid distillate (PFAD) with a selected 
commercial ester of lower kinematic viscosity to achieve balanced cost and performance. A 2-Ethylhexyl ester 
derived from non-edible PFAD (2EH-PFAD ester) was utilized as the primary base oil. The ester was blended 
with a commercial ester at ratios of 100:0, 80:20, 60:40, 40:60, 20:80, and 0:100 to produce six formulations. The 
base oils were then formulated into EBDFs using an 80:20 oil-to-water ratio at 12.2 ppg with standard additives 
including emulsifier, viscosifier, fluid loss agent, dispersant, brine, pH controller, and weighting agent. The flow 
behaviour and rheological modelling were evaluated at temperatures ranging from 25 °C to 100 °C and compared 
with commercial synthetic base oils derived from Sarapar 147 and Saraline 185V. The 2EH-PFAD ester exhibited 
higher flash point properties compared to Sarapar and Saraline while meeting minimum requirements for density, 
viscosity, and pour point at a lower production cost.  Although the commercial ester demonstrated lower viscosity 
and pour point, its production cost is higher. Effective blending of commercial ester and 2EH-PFAD ester 
complemented these properties, producing a cost-effective base oil with improved performance. All formulated 
EBDFs displayed non-Newtonian shear-thinning behavior and fitted well with the Herschel–Bulkley model (R2 > 
0.95). Blended esters reduced shear stress and viscosity values closer to those of synthetic base oils. Increasing 
temperature from 25 °C to 100 °C further reduced shear stress and viscosity. These findings demonstrate that 
PFAD-derived ester blending effectively mitigates rheological limitations of EBDFs, offering a sustainable and 
cost-competitive alternative for environmentally friendly drilling operations. 

Keywords: Ester-based drilling fluid, Flow behaviour, Rheological Models, PFAD, 2-Ethylhexanol 
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Abstract 

This study focuses on the adsorptive desulfurization of diesel fuel using nitrogen-doped graphene oxide (N-GO) 
as an engineered nanoadsorbent. The synthesis of graphene oxide was carried out through a modified Hummers’ 
method, in which the amounts of potassium permanganate (KMnO4) and sodium nitrate (NaNO3) were 
systematically varied to control the oxidation degree and surface functionality of the material. This optimization 
aimed to enhance the formation of oxygen-containing functional groups, particularly carboxyl (-COOH) and 
hydroxyl (-OH) groups, which play an important role in the interaction with sulfur-containing compounds. 
Nitrogen doping was subsequently performed using urea as a nitrogen precursor, leading to the incorporation of 
active nitrogen sites within the oxidized carbon structure. The prepared N-GO materials were characterized to 
assess their structural and chemical properties and to confirm the effect of synthesis parameters on the surface 
chemistry. Batch adsorption experiments were conducted to evaluate the influence of contact time and adsorbent 
dosage on desulfurization performance. The results showed that the highly oxidized and nitrogen-doped graphene 
oxide exhibited improved sulfur removal efficiency compared with less oxidized samples. This enhancement can 
be attributed to the combined contribution of oxygen functional groups and nitrogen active sites, which promote 
π–π interactions, hydrogen bonding, and acid–base interactions with organosulfur molecules. Overall, this work 
demonstrates that controlling the synthesis conditions of graphene oxide, followed by nitrogen doping, is an 
effective strategy for developing efficient adsorbents for deep desulfurization of liquid fuels. 

Keywords: Nitrogen-doped graphene oxide, Adsorptive desulfurization, Diesel fuel, Modified Hummers’ method, 
Organosulfur compounds 
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Abstract 

The Ramsar convention has recognized the Macta marshes as a wetland of international importance due to their 
diverse biological ecosystem. However, plastic waste poses a threat to this environment. This study is the first in 
Algeria to investigate the prevalence and physical and chemical properties of microplastics (MPs) in the surface 
waters of the Macta marshes. MPs were extracted by removing organic matter with 30% H2O2 and using ZnCl2 
for density separation. We examined the physical characteristics (shapes and colors) of MPs with a 
stereomicroscope, assessed their size using a scanning electron microscope (SEM), and identified their polymer 
types through Fourier transform infrared (FTIR) spectroscopy. The concentration of MPs was found to be 3.82 ± 
3.14 MPs/L in surface water. Observations with a stereomicroscope revealed four shapes of MPs: Fibers, 
fragments, pellets, and films, with fibers being the most common (74.41%). The predominant colors in surface 
water were transparent (27.91%), red (23.84%), and black (18.60%). SEM analysis indicated a majority of small-
sized MPs, while FTIR identified several polymer types, including high density polyethylene (HDPE), 
polyethylene terephthalate (PET), polystyrene (PS), polyethylene (PE), acrylonitrile-butadiene-styrene (ABS), 
acrylonitrile-styrene-acrylate (ASA), and polyacrylonitrile (PAN). In the study area, the main sources of 
microplastic pollution in the Macta marshes are domestic, industrial, marine, and recreational activities. This 
pollution can be reduced through improved waste management, wastewater treatment, industrial regulation, and 
public education. 

Keywords: Microplastics, Surface water, Wetland, Algeria 
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Abstract 

In the Mediterranean Basin, global climate change, anthropogenic pressures and land‑use transformations are 
altering habitats and affecting bird populations. On the southern shore, knowledge about the environmental 
factors driving seasonal distributions remains limited. This study aims to guide the management and restoration 
of Mediterranean habitats in Algeria by modelling the distribution of all Mediterranean warblers during the 
breeding season. Occurrence data were compiled from Global Biodiversity Information Facility (GBIF), 
iNaturalist and eBird. After filtering to reduce spatial bias, ensemble species distribution models (random forest 
and boosted regression trees) related warbler occurrences to nineteen bioclimatic variables, elevation, an 
enhanced vegetation index and land‑use classes. Response curves and suitability maps summarised the breeding 
preferences. Overall, the models indicate that suitable breeding habitats for most warbler species are 
concentrated in northern Algeria and mountainous areas, while steppe‑adapted species are confined to 
southeastern desert fringes. Temperature response curves show that the majority of species favour moderate 
annual mean temperatures (around 11–15 °C), although a few prefer warmer conditions (15–20 °C) or tolerate a 
wide range. Elevation patterns reveal a clear separation: some warblers are associated with high elevations (≈ 
1,000–1,700 m), others with mid‑altitudes (≈ 500–1,250 m), and some occupy lowlands below 750 m. Enhanced 
Vegetation Index (EVI) also differentiates species: Most reach maximal suitability at moderate EVI values 
(0.30–0.45), whereas desert and steppe species peak at lower values (0.10–0.20). This study provides a baseline 
for conservation planning in Algerian habitats. 

Keywords: Mediterranean warblers, Breeding season, Species distribution models, Habitat suitability, Algeria 
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Abstract 

The effluent discharge from dye industries poses serious environmental problems owing to its high stability, 
toxicity, and resistance to degradation which is hazardous to human health and aquatic organisms. Out of different 
treatment technologies, adsorption has proven to be one of the most promising and cost-effective methods. 
Biochar, a carbon-rich material produced via thermochemical conversion of biomass, has received significant 
attention, due to its high surface area, porous structure, and variety of surface functional groups. This review 
critically analyzes the application of biochar for dye wastewater treatment in terms of the physicochemical 
properties, preparation conditions, and adsorption performance. The effect of feedstock type, pyrolysis treatment, 
and pyrolysis conditions play an important role in determining the carbon structure development, pore formation, 
and surface chemistry that ultimately influence the adsorption efficiency. Biochar’s produced from those 
feedstocks with higher lignocellulosic and carbon contents have more stable aromatic structures and good porosity, 
while feedstocks with lower ash lowers pore blockages and enhanced adsorption accessibility. Pyrolysis treatment 
further regulates the structural evolution, where higher pyrolysis temperature increases the aromaticity as well as 
surface area whereas lower pyrolysis rate and longer residence time promote gradual removal of volatiles, resulting 
in good pore network development and structural stability. Furthermore, modifications methods like chemical 
activation and surface functionalization greatly enhance the adsorption efficiency, increasing surface reactivity, 
introducing oxygen containing functional groups that improve the binding affinity with dye. Factors that affect 
dye-removal efficiency such as the reaction time, biochar dosage, initial dye concentration, temperature and 
solution pH were also discussed. This review further discussed the adsorption isotherm, kinetic, thermodynamic 
models, and mechanistic studies of dye adsorption. Overall, this review provides a detailed understanding on the 
main factors affecting biochar performance and its optimization for sustainable dye wastewater treatment. 

Keywords: Dye wastewater, Adsorption, Biochar, Feedstock, Pyrolysis parameters 
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Abstract 

This study developed a site-specific forecasting model for fine particulate matter (PM2.5) concentrations in Nilai, 
Negeri Sembilan, Malaysia where the location is classified as a rapid developing sub-urban area influenced by 
residential, industrial and transportation activities. Hourly air quality and meteorological data collected from the 
Department of Environment (DOE) Malaysia monitoring station for two years were utilized to evaluate the 
forecasting performance of multiple linear regression (MLR) and artificial neural network – multi-layer perceptron 
(ANN-MLP) models. The dataset comprised PM2.5 concentrations, meteorological parameters including 
temperature, relative humidity and wind speed as well as gaseous pollutants including carbon monoxide (CO), 
ozone (O3), sulfur dioxide (SO2) and nitrogen dioxide (NO2). Prior to model development, data preprocessing was 
conducted through missing value screening, outlier removal and normalization to improve data quality and model 
reliability. Model performance was assessed using the root mean square error (RMSE) and coefficient of 
determination (R2). The results showed that the ANN-MLP model outperformed the MLR model in forecasting 
PM2.5 concentrations which achieving a lower RMSE (0.001 µg/m3) and higher R2 (0.424) compared to the MLR 
model (RMSE = 0.029 µg/m3 and R2 = 0.292). The superior performance of the ANN-MLP model demonstrates 
its ability to capture the complex non-linear relationships between PM2.5 concentrations, meteorological conditions 
and gaseous pollutants in a sub-urban environment. The developed forecasting model provides a reliable tool for 
predicting short-term PM2.5 levels and may support local air quality management initiatives and early warning 
systems aimed at reducing population exposure to particulate pollution in rapidly developing sub-urban regions.  

Keywords: PM2.5, Air quality forecasting, Artificial neural network, Sub-urban environment, Air quality 
management 
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Abstract 

The electronic band gap energy is a fundamental optoelectronic parameter in materials engineering used in energy 
applications, especially in photovoltaic solar cells. A reliable predictive model for estimating this band gap is 
highly desirable. This work introduces a novel prediction framework based on artificial neural networks (ANN) 
combined with the particle swarm optimization (PSO) algorithm. This hybrid structure overcomes the local 
minima problem commonly encountered in ANNs while maintaining high fitting accuracy. The proposed model 
accelerates the discovery of new chalcopyrite materials for photovoltaic solar cells with improved resolution. The 
model consists of two parallel subsystems: a primary ANN that provides conventional low-resolution predictions 
on the training data, and a secondary ANN—referred to as the error model—that compensates for the primary 
model’s uncertainty by addressing resolution quality issues. The PSO algorithm optimizes the parameters of the 
overall neural system. The method’s performance is evaluated using multiple criteria, and the results demonstrate 
strong agreement with experimental and other calculated values. Detailed comparisons with several benchmark 
approaches confirm the effectiveness of the proposed system. Extensive computational experiments confirm that 
the developed ANN–PSO framework significantly improves prediction accuracy, convergence behavior, and 
model robustness, making it a promising tool for accelerated materials discovery in photovoltaic research. 
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Abstract 

Recently, cuprous oxide (Cu2O) has garnered significant attention from researchers in the solar cell field due to its 
many properties and its theoretical efficiency of 20 %. A zinc oxide (ZnO) and Cu2O heterojunction solar cell 
structure was simulated by SILVACO ATLAS software. Numerical simulations have successfully reproducing the 
current density-voltage (J-V) characteristics in good agreement with the experimental results and output 
parameters. This study investigated the impact of absorber layer thickness Cu2O (the active layer) for J-V 
characteristic of this solar cell. Additionally, the study extracted the output parameters for this cell. These 
simulations enable us to understand how influencing the thickness of absorber layer on the cell performance. For 
these reasons, we changed the absorber layer thickness from 5 µm to 300 µm. The optimal output parameters are: 
short circuit current density of 9.49 mA/cm2, open circuit voltage of 0.72 V, fill factor of 63.54%, and efficiency 
of 4.37%; which corresponding the optimal thickness of active layer at 130 µm. 

Keywords: Solar cell, Simulation, Thickness, Absorber layer, Silvaco Atlas 
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Abstract 

The study explores the existence of solutions for fractional differential equations that involve the Caputo derivative 
and integral boundary conditions. The research employs a Banach space framework to analyze the problem, 
utilizing measures of noncompactness to handle the nonlocal aspects of the boundary conditions. By constructing 
a suitable operator within this framework, the authors apply Monch’s fixed-point theorem to demonstrate the 
existence of solutions. The approach effectively addresses the challenges posed by fractional derivatives and 
integral boundary conditions, contributing to the broader understanding of fractional differential equations. The 
findings not only establish conditions under which solutions exist but also enhance the theoretical foundation for 
analyzing similar nonlocal problems in fractional calculus. This work advances the mathematical theory of 
fractional differential equations, providing valuable insights for future research in this area, especially in 
applications where nonlocal boundary conditions are relevant. 

Keywords: Banach space, Caputo-fractional differential equation, Measure of noncompactness, Monch’s fixed-
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Abstract 

Rapid climate change has increased the difficulty of rainfall forecasting worldwide, creating challenges for the 
aviation industry in predicting weather conditions for effective operational planning. This issue is particularly 
important in Malaysia, where changes in climate may alter the characteristics of the Southwest and Northeast 
monsoon seasons, potentially affecting airport safety and operational efficiency. Therefore, accurate rainfall 
forecasting is essential for reducing climate-related risks in the aviation sector. This study evaluates the forecasting 
performance of the multivariate vector autoregressive (VAR) model using rainfall, temperature, and humidity data 
recorded at Kuala Lumpur International Airport (KLIA), Malaysia, from 2000 to 2022. Two model specifications, 
VAR(1) and VAR(4), were developed to forecast rainfall patterns. Their forecasting performances were compared 
using several error measures through both in-sample and out-of-sample evaluations. Forecast accuracy was 
assessed for 3-, 6-, and 12-month-ahead prediction horizons. The results indicate that VAR(4) consistently 
outperformed VAR(1) in both in-sample and out-of-sample forecasting. Furthermore, graphical analyses showed 
that the selected VAR models successfully captured the seasonal behaviour of rainfall. The findings demonstrate 
the potential of VAR modelling as a useful forecasting tool and provide valuable insights for aviation stakeholders 
in improving weather-related planning and decision-making. 

Keywords: Rainfall, Temperature, Humidity, Vector autogressive, Multivariate 
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