
		
			[image: Cover image]
		

	
    
      
        
          	
          	
        

        
          	
        

        
          	
            [ Article ]
          
        

        
          	Archives of Design Research - Vol. 38, No. 3, pp.25-48
        

        
          	ISSN: 1226-8046			
					(Print)
				2288-2987			
					(Online)
				
        

        
          	Print  publication date  31 Aug 2025

        

        
          	Received  05 Apr 2025
Revised  21 Jul 2025
Accepted  21 Jul 2025

        

        
          	
            ADR_2025_v38n3_25

            DOI: 
            https://doi.org/10.15187/adr.2025.08.38.3.25
          
        

        
          	
            Optimization of the Design Material Production Relationship in Porcelain Tableware
          
        

        
          	
            
              ErtaşDemet Günal
            

          
        

        
          	
            
          
        

        
          	
            


          
        

        
          	
            Correspondence to: Demet Günal Ertaş  ertas@itu.edu.tr

          
        

        
          	
        

        
          	
            

            

          
        

      

      
        
          	
          	
        

      

      
        
          
            Abstract
          
        

        
          Background Ceramic and porcelain tableware are industrially produced items in the food industry where functionality, aesthetics, and technical performance are evaluated together. For porcelain to be suitable for intensive restaurant use, it must be durable and meet technical standards. Therefore, design, material, and production should be considered. This study focuses on optimizing the relationship between material, production, and industrial design in porcelain tableware. The study examines design and manufacturing processes, common defects, preventive design principles, and testing methods, while exploring the interaction between design and technical performance. The study hypothesizes that integrating technical analysis into the design process improves the overall quality of porcelain tableware.

          Methods To support the development of more functional porcelain plate designs, technical and experimental analyses were conducted. A pilot study was carried out with a restaurant chain to evaluate plates from various brands for their mechanical, physical, and visual suitability for large-scale use. Porcelain products were tested in accordance with relevant standards to assess their chemical, physical, mechanical, and visual properties. Visual inspections included checks for size consistency, flatness, and weight. Physical tests assessed microwave and thermal shock resistance, water absorption, autoclave durability, and light transmittance. Mechanical properties were evaluated using Charpy impact and Mohs hardness tests. Additionally, X-ray diffraction (XRD) and X-ray fluorescence (XRF) analyses were employed to characterize the structural and elemental composition of the porcelain samples. XRD was used to identify the crystalline phases and assess the degree of crystallinity, while XRF provided quantitative data on the elemental makeup of the material. These complementary techniques enabled a comprehensive understanding of the material’s mineralogical and chemical properties, which are critical for evaluating production quality and performance characteristics.

          Results Both tableware brands met standards for size, weight, cleanliness, and visual quality. They showed no damage in microwave and autoclave tests, and water absorption remained below 0.5%. Thermal shock resistance was effective up to 150°C. Both exhibited typical porcelain semi-transparency and a Mohs hardness of 5–6. The Y brand had 12% higher impact resistance and, based on XRD results, contained zircon and corundum in addition to quartz and mullite thus enhancing durability, scratch, and thermal shock resistance. Overall, Y brand demonstrated superior material performance.

          Conclusions The results underline the importance of design and production decisions in high-wear commercial environments. This research is original in the holistic evaluation of technical and visual qualities, the multi-stage approach, and the contribution to improving design strategies for porcelain tableware. In conclusion the study highlights the importance of integrating experimental methods into the design process to improve the durability and functionality of porcelain tableware. By following the outlined design principles, standards, and testing methods, manufacturers can produce higher quality and more reliable products. Optimizing design, material, and production processes together enhances performance and provides long-term benefits. The study offers a valuable reference for improving porcelain tableware in terms of quality, strength, and production efficiency.
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      1. Introduction
      This study aims to optimize the performance and overall quality of porcelain tableware by addressing its technical properties and industrial design in an integrated manner. It argues that aesthetic or formal design alone is insufficient to meet the demands of intensive use, particularly in commercial settings such as restaurants and cafeterias. Technical attributes such as durability, impermeability, microwave and thermal shock resistance are equally critical in determining the product’s success and longevity. Therefore, a balanced evaluation of both design and material performance is essential in the development of functional, durable, and high-quality porcelain tableware.

      The central hypothesis of the research is that integrating technical analyses into the design process will significantly improve the quality, usability, and life span of porcelain products. A well-designed form alone cannot ensure user satisfaction unless accompanied by technical adequacy; hence, technical data should inform and support design decisions.

      In line with this hypothesis, the study has several core objectives:

      
        	• To highlight the importance of aligning porcelain tableware design with its intended use, user profile, and technical requirements,


        	• To emphasize the prioritization of technical criteria—such as strength and resistance—over purely aesthetic considerations in high-demand environments,


        	• To identify the key technical features required in porcelain tableware, such as durability, impermeability, and thermal and chemical resistance,


        	• To explore the mutual interaction between industrial design and technical performance,


        	• To demonstrate that industrial design can enhance technical properties, and vice versa.


      

      Accordingly, the following research questions are addressed:

      
        	• How can the industrial design of porcelain tableware be improved and optimized?


        	• How can product performance under real-life conditions be enhanced?


        	• How can the expected technical and functional properties be ensured during design and production?


        	• What factors should guide purchasing decisions for porcelain tableware in commercial settings?


        	• What contributes to the long-term durability and usability of such products?


      

      To explore these questions, the study investigates how the integration of material properties, production methods, and design decisions can enhance the performance and durability of porcelain tableware. Emphasis is placed on common production defects, preventive design principles, and appropriate testing methods to ensure both technical and aesthetic quality. The relationship between design features—such as shape, size, and usability—and technical performance is at the core of this investigation.

      A pilot study was conducted to evaluate selected porcelain products under simulated commercial use, including exposure to impact, thermal shock, chemicals, and oils. Porcelain items from two different brands—including serving plates, dinner plates, salad plates, and bowls—were tested. Various visual, chemical, and mechanical analyses were carried out. These included measurements of dimensional consistency, flatness, and weight, along with resistance to microwave heating, autoclaving, thermal shock, and water absorption. Mechanical performance was assessed through Charpy impact and Mohs hardness testing, and internal structural analysis was performed using X-ray diffraction (XRD) and X-ray fluorescence (XRF) techniques.

      
        1. 1. Importance and Original Contribution of the Research
        Previous studies on porcelain tableware have generally focused on specific technical properties. As shown in Table 1 the topics of previous studies on porcelain tableware are generally limited in scope. Most have focused on specific technical parameters such as mechanical strength, water absorption rate, or translucency. Some have also examined chemical resistance or color changes caused by contact with various beverages. Additionally, a number of studies have addressed surface or body defects in porcelain products. However, these existing studies do not consider the subject from the perspective of industrial design. However, no holistic study has been found in the existing literature in which these technical properties are evaluated in the context of industrial design.

        
          Table 1 
				
          

          
            Summary of Literature on Porcelain Tableware
          
          

        

        
          
            
              	Title of the article about porcelain tableware
              	Author
            

          
          
            	Porcelain-Raw Materials, Processing, Phase Evolution, and Mechanical Behavior
            	William M. Carty, udayan Senapati
          

          
            	Microwave processing of porcelain tableware using a multiple generator configuration
            	T.Santos,L.C.Costa,L.Hennetier, M.A. Valente, J. Monteiro, J.Sousa
          

          
            	Metal Marking Behavior and Testing of Porcelain Tableware
            	Manuel Ribeiro
          

          
            	Deformation and failure of reinforced porcelain tableware: impact and compressive test
            	Nobuaki Kamochi, Takanori Watari
          

          
            	Rim impact testing of alumina reinforced porcelain tableware: statistical and fractographic analysis
            	Nobuaki Kamochi, Hiroaki Katsuki, Takanori Watari
          

          
            	Characterization of porcelain tableware formulation containing bentonite clay
            	Boussak H, Chemani H,
          

          
            	Sanitary ceramics, tableware, porcelain
            	Marcel Engels and Christoph Piribauer
          

          
            	Development of Porcelain Pot Mill for Processing Ceramics Raw Materials
            	Aliu Ebenezer Tayo, Shado Adeniyi Samuel, Adewusi F. Oluwaseun
          

          
            	Minimization of water absorption and pyroplastic deformation of wollastonite-containing alumina-strengthened porcelain
            	Dong Haoa, Takashi Akatsu, Nobuaki Kamochi, Yuzo Shiwa
          

          
            	Study on the effect of handle in porcelain tea cup for its overall design and functionality
            	Dilshani Ranasinghe
          

        

        

        This study is distinguished by a holistic approach that addresses the optimization of porcelain tableware in both technical and design dimensions. While the literature usually focuses on one or two technical features, in this article, a large number of technical features (mechanical strength, thermal durability, thermal shock resistance, water absorption rate, light transmittance, etc.) are evaluated together and these features are associated with industrial design principles.

        The study highlights that analyzing the visual and technical features of porcelain tableware aids decision-making, particularly in corporate purchasing. However, to maintain a narrow scope, detailed evaluation is reserved for a separate study.

        In these aspects, the study offers an original and multidimensional approach that integrates technical and design parameters for the optimization of porcelain tableware. In addition, effective criteria for the industrial design of tableware are determined and listed systematically. Similarly, the technical features of porcelain products and the areas affected by these features are also defined and compiled in detail.

        The pilot study conducted during the research process clearly reveals the interaction between technical features and industrial design and in this sense contributes to an integrative perspective that is missing in the literature.

      

    

    

  
    
      2. Industrial Design and Porcelain Tableware
      Industrial design integrates aesthetics, functionality, ergonomics, and marketability to meet consumer needs through mass production (Erzincan et al., 2021). It supports economic growth by balancing visual appeal with usability and enhancing marketing strategies (Şık, 2020, p. 32). The Industrial Revolution spurred mass production and innovation, driving the creation of functional and modern products to meet evolving societal needs (Karabacak & Dilmaç, 2021, p. 32). Today, industrial design is shaped by market demands and technical expertise, aiming for innovative, cost-effective, and manufacturable solutions. Research and testing help control costs and align designs with consumer expectations (Erzincan et al., 2021).

      The design process generally involves problem identification, research, ideation, prototyping, and implementation to ensure successful outcomes (Fesligil, 2007, p. 15). Porcelain tableware, a prominent category in industrial design, merges function with aesthetics and reflects cultural heritage. Forms like plates, bowls, and teapots have evolved for both domestic and commercial use, increasing market value (Gençtürk & Türkel, 2023; Baruah, 2021). Porcelain is valued for its durability, hygiene, and appearance. Its impact and chemical resistance, microwave safety, and smooth surface make it ideal for both home and restaurant settings.

      
        2. 1. Technical Properties of Porcelain Material
        Porcelain tableware originated from early ceramic traditions in China and Japan around 19,000 years ago, later spreading to Anatolia and Mesopotamia with advancements like stamping, engraving, and the potter’s wheel (Gibbs, 2013; Cooper, 2002; Gençtürk & Türkel, 2023; Kocaispir, 2020; Yoleri, 2023). Proto-porcelain developed during China’s Shang dynasty, reaching Europe via Marco Polo in the 13th century (Min Yina, 2011; Gençtürk & Türkel, 2023). European production began in Meissen in 1708 and expanded in the 18th century (Cox, 1944; Coutts, 2001; Impey, 1984; Cooper, 2002). Visual features like color and form remain central to design today (Parlak, 2021).

        Porcelain is a durable, translucent ceramic made by firing refined clay, kaolin, feldspar, and quartz at 1,200–1,400°C. Hard porcelain, fired at 1,350–1,400°C, is fully vitrified, strong, and hygienic, containing roughly equal parts kaolin, quartz, and feldspar (Arcasoy, 1983). Soft porcelain, fired at lower temperatures (1,250–1,270°C) like Bone China, is more translucent with a creamier tone but less strong and hard (Üretim Teknikleri, 2019).

        Table 1 shows porcelain production methods, which vary by product type and quantity: isostatic pressing for economical plates, casting for bowls and jugs, and plastic shaping for mugs (Özen, 2015). Hard porcelain (1,350–1,400°C) is made of 50% kaolin, 25% quartz, 25% feldspar; it is white, translucent, fully vitrified, highly durable—suitable for technical and food containers (Arcasoy, 1983).

        Soft porcelain (1,250–1,270°C), such as Bone China, has more translucency and a creamier tone but lower strength and hardness (Üretim Teknikleri, 2019).

        The production methods of porcelain items are shown in Table 2. Production methods differ by product type and quantity: isostatic pressing is used for economical plates, casting for soup bowls and jugs, and plastic shaping for mugs and cups (Özen, 2015).

        
          Table 2 
				
          

          
            Porcelain production (Özen, 2015, p. 9)
          
          

        

        
        

      

      
        2. 2. Porcelain Tableware: From Design to Distribution
        The design process of porcelain tableware is a multifaceted one, encompassing both artistic and industrial stages. Below is an overview of the general design process of porcelain tableware, followed by material selection and production planning stages (Table 3).

        
          Table 3 
				
          

          
            Porcelain Tableware Process Overview
          
          

        

        
          
            
              	A
              	DESIGN PHASE
            

          
          
            	A.1.
            	
              Research and Conceptual Development
            
          

          
            	A.1.1.
            	User Analysis: Identify the target user group (e.g., daily use, special occasions, hotels) (Ulrich & Eppinger, 2016).
          

          
            	A.1.2.
            	Design Trends: Investigate current design trends in form, color, decoration, and functionality.
          

          
            	A.1.3.
            	Competitor Product Analysis: Analyze competitor products to assess market expectations.
          

          
            	A.1.4.
            	Sources of Inspiration: Gather visual and conceptual inspiration from cultural heritage, nature, architecture, or geometric principles (Yücel, 2016).
          

          
            	A.2.
            	
              Ideation and Sketch Development
            
          

          
            	A.2.1.
            	Generate initial form&decoration sketches-digitally or by hand.
          

          
            	A.2.2.
            	Explore multiple design alternatives with a focus on usability (e.g., stacking, grip, handling).
          

          
            	A.2.3.
            	Shape the product’s visual identity through iterative, creative exploration (Dodd & Murfin, 2008).
          

          
            	A.3.
            	
              Surface and Decoration Design
            
          

          
            	A.3.1.
            	Design surface patterns and graphical elements.
          

          
            	A.3.2.
            	Choose suitable application techniques such as transfer printing, screen printing, or hand painting (Tunalı, 2011).
          

          
            	A.3.3.
            	Anticipate color changes during high-temperature firing processes (Incedayı, 2004).
          

          
            	A.4.
            	
              3D Modeling and Prototyping
            
          

          
            	A.4.1.
            	Create digital 3D models using CAD software.
          

          
            	A.4.2.
            	Produce physical prototypes via 3D printing or traditional plaster molding.
          

          
            	A.4.3.
            	Evaluate prototypes in terms of ergonomics and visual quality (Ulrich & Eppinger, 2016).
          

          
            	B
            	PRODUCTION PHASE
          

          
            	B.1.
            	
              Material Selection
            
          

          
            	B.1.1.
            	Define porcelain composition and any required additives.
          

          
            	B.1.2.
            	Choose glaze type (e.g., glossy, matte, transparent, colored).
          

          
            	B.2.
            	
              Production Planning and Execution
            
          

          
            	B.2.1.
            	Plan key stages: shaping, biscuit firing, glazing, final firing
          

          
            	B.2.2.
            	Prepare molds and necessary production tools.
          

          
            	B.2.3.
            	Employ automation and quality control systems for efficiency (Rosenthal GmbH, n.d.).
          

          
            	C
            	TESTING AND EVALUATION
          

          
            	C.1.
            	Conduct tests in accordance with international standards.
          

          
            	C.2.
            	Evaluate mechanical performance (impact resistance, crack propagation, thermal stability).
          

          
            	C.3.
            	Verify compliance with food safety regulations.
          

          
            	C.4.
            	Assess usability (e.g., ease of cleaning, user interaction), and incorporate user feedback (Bohner & Fuchs, 2015).
          

          
            	D.
            	FINALIZATION AND MARKET LAUNCH
          

          
            	D.1.
            	Begin mass production following final approvals.
          

          
            	D.2.
            	Revise design or production if quality issues arise.
          

          
            	D.3.
            	Develop branding, labeling, and packaging.
          

          
            	D.4.
            	Define launch strategies and sales channels (Ulrich & Eppinger, 2016).
          

        

        

      

      
        2. 3. Technical Requirements and Defects in Porcelain Tableware
        Porcelain tableware combines function, durability, and aesthetics in dining culture. It supports food safety, heat retention, and user comfort. Good design accounts for form, ergonomics, and usage context. Technically, it should resist impact, thermal shock, and chemicals, with low water absorption and a smooth, semi-translucent surface.

        Ensuring defect-free porcelain tableware requires careful control of design and production. A common issue is shape deformation (Özkan, 2019, p. 35), which may result from several factors:

        Raw Materials: Must be high-purity, clean, and finely ground (<45 μ), selected according to product type and production method (Özen, 2025, p. 1).

        
          
          

          Figure 1 
				
          

          
            Defects in porcelain tableware (Özkan, 2019)
          
          

          

        

        Mold Design & Demolding: Mold design must prevent deformation, allow easy release, and include touch-up allowances. Isostatic pressing can cause bending.

        Mold Geometry: Sharp or reverse angles should be avoided for smooth demolding (Özkan & Acartürk, 2019).

        Pre-Stress Application: Cylindrical and flat items are intentionally bulged during modeling to prevent collapse during drying and firing.

        Bulge size depends on model dimensions, clay type, and firing temperature (Kundul, 2013). To avoid deformation in porcelain tableware, both product and mold must be designed in line with material and production constraints (Figure 2).

        
          
          

          Figure 2 
				
          

          
            Surface deformation in plates (Kundul, 2013, p. 133)
          
          

          

        

        Reinforcement Foot for Models: Wide-based models should include support feet based on form—oval plates use flat feet, round ones circular, and large plates may need multiple feet.

        Raw materials greatly affect porcelain deformation: Ideal firing temperature is 1220–1350 °C for a white, translucent finish. Plastic clay lowers translucency, bentonite improves plasticity, and quartz size influences vitrification. Materials should be clean and finely ground (<45 μ) (Fraser, 2010; Özen, 2025). Table 4 lists the materials used.

        
          Table 4 
				
          

          
            Raw materials in porcelain products (Özer, 2009, p. 8)
          
          

        

        
          
            
              	Raw Material
              	Composition
              	General impurities
            

          
          
            	Ball clay (plastic)
            	Al₂O₃, 2SiO₂, 2H₂O
            	Kuvars, TiO₂, Fe₂O₃
          

          
            	Kaolen (china) clay
            	Al₂O₃, 2SiO₂, 2H₂O
            	Montmorillonit, kuvars
          

          
            	Sodyum Feldispat
            	Na₂O, Al₂O₃, 6SiO₂
            	K₂O, CaO, MgO, kuvars
          

          
            	Potasyum Feldispat
            	K₂O, Al₂O₃, 6SiO₂
            	Na₂O, CaO, MgO, kuvars
          

          
            	Nefelin Siyanit
            	K₂O, 3Na₂O, 4 Al₂O₃, 9SiO₂
            	CaO, MgO, kuvars
          

          
            	Alümina
            	Al₂O₃
            	Na₂O
          

          
            	Kuvars
            	SiO₂
            	TiO₂, Fe₂O₃
          

        

        

        Surface and Foot Cracks: Cracks often result from thin sections, uneven thickness, poor drying, or improper touch-up. These can be minimized through adequate thickness, uniform surfaces, and controlled drying.

        Production Method Weaknesses: Each forming method has limitations. Isostatic pressing requires precise mold design; casting demands careful model shaping(Özkan, 2019).

        Production Conditions: Deformation can result from uneven pressure, moisture imbalance, or improper demolding. Cracks in deep forms often stem from poor compression.

        Weaknesses of the Casting Process: In casting, issues like fast drying or thin walls also lead to defects Vardar, 2018; Özkan, 2019).

        Design Factors: Porcelain tableware should be designed to be resistant to deformation and suitable for mass production, taking into account the material and production conditions (Ural, Akyurtlaklı Acartük, 2017, p. 326).

        Designers must know material behavior and production methods to avoid deformation and waste. Effective design meets technical needs like mold shape, material thickness, and easy demolding.

      

    

    

  
    
      3. Technical Examination of Porcelain Tableware
      This study analyzes commercial porcelain plates, emphasizing technical specifications for better performance, appearance, and durability.

      Two brands were evaluated through visual, physical, mechanical, and structural tests, in accordance with relevant standards (e.g., TS 10850, TS EN 1217, TS EN 1184, TS 4422 ISO 6486-2, and TS EN 101). The process is outlined in Table 5 and detailed in the following sections (Günal Ertaş, D., Tuncel, Y., & Acun Özgünler, S., 2020).

      
        Table 5 
				
        

        
          Porcelain Tableware Technical Inspection Flowchart
        
        

      

      
      

      
        3. 1. Physical Properties Determination
        Porcelain plates were evaluated for visual quality, light transmittance, thermal shock, microwave resistance, water absorption, and autoclave crack resistance.

        
          3. 1. 1. Sampling
          Samples from two brands were selected per TS 10850, based on batch size and number sent to the lab.

        

        
          3. 1. 2. Visual Inspection
          Following TS 10850, 24 plates from six models (X and Y brands) were inspected for defects such as glaze gaps, rough edges, cracks, size deviations, and surface flaws. Plate models are shown in Figure 3; inspection results are provided in Tables 6,7,8,9.

          
            
            

            Figure 3 
				
            

            
              Examined porcelain plate models
            
            

            

          

          
            Table 6 
				
            

            
              Visual and Physical Properties of X Brand Plates
            
            

          

          
            
              
                	
                	Joker Plate
                	Jar dish
                	Joker Bowl
                	Oval Salad
Bowl
                	Square Salad
Bowl
                	Flat Square
Plate
              

            
            
              	Type of defect
              	X1
              	X2
              	X3
              	X4
              	X5
              	X6
              	X7
              	X8
              	X9
              	X10
              	X11
              	X12
            

            
              	White burr
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Glaze defect
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Rough edge
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Cassette burr
              	✓
              	✓
              	1
              	1
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Dead spot
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Deviation from
plane
              	*< 0.5
mm
              	< 0.5
mm
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Deviation from
squareness and
roundness
              	✓
              	✓
              	✓
              	✓
              	
              	✓
              	✓
              	✓
              	*1 mm
              	*1 mm
              	✓
              	✓
            

            
              	Dimensional
tolerance
              	**6
mm
              	**6
mm
              	*-2
mm
              	*+0.7
mm
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Air bubble
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Foot crack
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Mold defect
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Touch-up error
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Plaster mark
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Edge crack
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Base crack
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Edge waste
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Glazed edge
waste
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Foot adhesion
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

          

          
            
              *Any small dimensional deviations observed in some plates are within the acceptable range, as they fall below the values specified for Class 1 in the standard.
            

            
              **6 mm - The plates were made smaller as part of the design. This is not a defect.
            

            
              ***The porcelain plate samples of Brand X are labeled X1-X12.
            

            
              ****The ✓ symbol indicates that no error was detected.
            

          

          

          
            Table 7 
				
            

            
              Dimensions and weights of porcelain plates (X brand)
            
            

          

          
            
              
                	Sample Model
                	1st Edge Size
                	2nd Edge Size
                	Height
                	Weight
              

            
            
              	Joker Plate
              	61 mm
              	61 mm
              	28 mm
              	85 gr
            

            
              	61.2 mm
              	61.1 mm
              	26.8 mm
              	85.1 gr
            

            
              	Jar dish
              	87 mm
              	120 mm
              	27.7 mm
              	143.5 gr
            

            
              	88 mm
              	120.7 mm
              	27 mm
              	147 gr
            

            
              	Joker Bowl
              	104.8 mm diameter
              	104.8 mm diameter
              	49.6 mm
              	246.9 gr
            

            
              	103.8 mm diameter
              	103.8 mm diameter
              	49.5 mm
              	247.8 gr
            

            
              	Oval Salad Bowl
              	147 mm diameter
              	147 mm diameter
              	Asymmetric form
              	318.5 mm
            

            
              	145 mm
              	145 mm
              	Asymmetric form
              	324.5 gr
            

            
              	Square Salad Bowl
              	158.5 mm
              	159.2 mm
              	4.8 mm
              	370.8 gr
            

            
              	159.4 mm
              	159.7 mm
              	4.8 mm
              	370.8 gr
            

            
              	Flat Square Plate
              	168.3 mm
              	168.3 mm
              	22 mm
              	387.8 gr
            

            
              	168.9 mm
              	169.1 mm
              	22.6 mm
              	386.7 gr
            

          

          

          
            Table 8 
				
            

            
              Visual and physical properties of Y brand plates
            
            

          

          
            
              
                	
                	Joker Plate
                	Jar dish
                	Joker Bowl
                	Oval Salad
Bowl
                	Flat Square
Plate
              

            
            
              	
              	Y1
              	Y2
              	Y3
              	Y4
              	Y5
              	Y6
              	Y7
              	Y8
              	Y9
              	Y10
            

            
              	Type of defect
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	White burr
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Glaze defect
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Rough edge
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Cassette burr
              	✓
              	✓
              	1
              	1
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Dead spot
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Deviation from plane
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Deviation from
squareness and
roundness
              	✓
              	✓
              	✓
              	✓
              	*+0.5-
+1.3
mm
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Dimensional
tolerance
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Air bubble
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Foot crack
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Mold defect
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Touch-up error
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Plaster mark
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Edge crack
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Base crack
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Edge waste
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Glazed edge waste
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

            
              	Foot adhesion
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
              	✓
            

          

          
            
              *The very small dimensional deviations observed in some plates fall below the values specified for Class 1 in the standard, so there is no issue.
            

            
              **The porcelain plate samples from Y Brand are labeled Y1-Y10.
            

            
              ***The ✓ symbol indicates that no defect was observed.
            

          

          

          
            Table 9 
				
            

            
              Dimensions and weights of porcelain plates (Y brand)
            
            

          

          
            
              
                	Sample Model
                	1st Edge Size
                	2nd Edge Size
                	Height
                	Weight
              

            
            
              	Joker Plate
              	69.4mm
              	69.5 mm
              	27.8 mm
              	79 gr
            

            
              	69.7 mm
              	69.8 mm
              	28 mm
              	81.3 gr
            

            
              	Jar dish
              	91.5 mm
              	147 mm
              	35 mm
              	201.8 gr
            

            
              	91.9 mm
              	146 mm
              	35 mm
              	214.5 gr
            

            
              	Joker Bowl
              	120.8 mm diameter
              	120.8 mm diameter
              	50 mm
              	337.8 gr
            

            
              	121.5 mm diameter
              	121.5 mm diameter
              	50.5 mm
              	333.5 gr
            

            
              	Oval Salad Bowl
              	150.3 mm
              	148.8 mm
              	Asymmetric form
              	312.8 gr
            

            
              	151.3 mm
              	149.6 mm
              	Asymmetric form
              	323 gr
            

            
              	Square Salad Bowl
              	160 mm
              	160 mm
              	14.5 mm
              	271.3 gr
            

            
              	160 mm
              	160 mm
              	14.5 mm
              	272.4 gr
            

          

          

          Brand X (X1–X12) and Brand Y (Y1–Y12) samples showed no dimensional or weight deviations beyond Class 1 limits. Visual and physical inspections revealed no defects or non-conformities. All samples met the required quality standards (Tables 4, 6, 8) (Günal Ertaş, D., Tuncel, Y., & Acun Özgünler, S. (2020).

        

        
          3. 1. 3. Microwave Oven Durability
          Samples were subjected to microwave testing at 900 W power for 2, 7, and 15 minutes according to the TS 10850 standard. Microwave tests at 900 W for 2, 7, and 15 minutes showed no visible damage (breakage, cracks, or deformations) in X and Y brand plates, confirming their microwave safety. (Table 10).

          
            Table 10 
				
            

            
              Microwave test (X and Y brand)
            
            

          

          
            
              
                	Sample Name and Model
                	Sample Code
                	Microwave for 
2 minutes
                	Microwave for 
7 minutes
                	Microwave for 
15 minutes
              

            
            
              	X Brand Soup Bowl
              	XM
              	No deterioration
              	No deterioration
              	No deterioration
            

            
              	Y Brand Soup Bowl
              	YM
              	No deterioration
              	No deterioration
              	No deterioration
            

          

          
            
              *XM and YM codes refer to the X and Y brand plate samples subjected to the microwave test.
            

          

          

        

        
          3. 1. 4. Determination of Crack Resistance in Autoclave
          According to TS 10850 (Art. 2.3.8), six samples (three per brand) were tested at 500 kPa for 2 hours. No glaze, color, or structural deterioration was observed in either brand (Table 11).

          
            Table 11 
				
            

            
              Crack resistance in autoclave test
            
            

          

          
            
              
                	Sample Name and Model
                	Sample Code
                	Observations after autoclaving
              

            
            
              	X Brand Joker Plate
              	XO1, XO2, XO3
              	✓ No deterioration in glaze, color, structure in the sample
            

            
              	Y Brand Joker Plate
              	YO1, YO2, YO3
              	✓ No deterioration in glaze, color, structure in the sample
            

          

          
            
              *XO and YO codes refer to X and Y brand samples tested for autoclave crack resistance
            

          

          

        

        
          3. 1. 5. Water Absorption Test
          Three plate samples from each brand were tested according to TS 10850. In this method, samples are broken, glazed surfaces are scraped, and pieces are dried at 105°C for 3 hours to remove moisture. Initial weights (W1) are recorded, then samples are boiled for 2 hours and left in hot water for 20 hours. After cooling, final weights (W2) are measured. Water absorption is calculated as:
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          The results showed 0.05% absorption for Brand X and 0.02% for Brand Y, both well below the 0.5% limit specified by the standard (Table 12).

          
            Table 12 
				
            

            
              Water absorption values of porcelain plates
            
            

          

          
            
              
                	Sample Brand
                	Sample Code
                	Water Absorption, %
                	Average Water Absorption, %
              

            
            
              	
              	XS1
              	% 0,07
              	
            

            
              	X Brand Plates
              	XS2
              	% 0,01
              	% 0,05
            

            
              	
              	XS3
              	% 0,06
              	
            

            
              	
              	YS1
              	% 0,00
              	
            

            
              	Y Brand Plates
              	YS2
              	% 0,04
              	% 0,02
            

            
              	
              	YS3
              	% 0,03
              	
            

          

          
            
              *The samples were selected according to the sampling method specified in TS 10850.
            

            
              *The sample codes are assigned in the order of the experiment.
            

            
              *XS and YS codes refer to the X and Y brand plate samples subjected to the water absorption test.
            

          

          

        

        
          3. 1. 6. Thermal Shock Resistance Test
          Five samples per brand underwent three heating-cooling cycles from 120°C to 150°C. No cracks or structural damage occurred, confirming compliance with TS 10850 (Table 13).

          
            Table 13 
				
            

            
              Results of the thermal shock test
            
            

          

          
            
              
                	Sample Brand
                	Sample Code
                	Observations After Thermal Shock Tests
              

            
            
              	X Brand Plates
              	XT1, XT2, XT3,XT4, XT5
              	✓ No damage in the sample
            

            
              	Y Brand Plates
              	YT1, YT2, YT3, YT4, YT5
              	✓ No damage in the sample
            

          

          
            
              *XT and YT codes refer to the X and Y brand plates subjected to thermal shock.
            

          

          

        

        
          3. 1. 7. Light Transmittance Test
          Light transmittance was evaluated according to TS EN 1184 by placing a 1 cm² opaque object beneath the plate. Both brands exhibited semi-transparency, confirming their light-permeable porcelain structure (Figure 4, Table 14).

          
            
            

            Figure 4 
				
            

            
              The appearance of light transmission in plates
            
            

            

          

          
            Table 14 
				
            

            
              Light transmittance test of porcelain plates
            
            

          

          
            
              
                	Plate model
                	Sample Code
                	Light transmittance
              

            
            
              	X Brand Flat Square Plate
              	XI 1
              	✓ Semi-transparent
            

            
              	X Brand Joker Bowl
              	XI 2
              	✓ Semi-transparent
            

            
              	Y Brand Flat Square Plate
              	YI 1
              	✓ Semi-transparent
            

            
              	Y Brand Joker Bowl
              	YI 2
              	✓ Semi-transparent
            

          

          
            
              * XI and YI codes refer to X and Y brand plates in the light transmittance test
            

          

          

        

      

      
        3. 2. Mechanical Properties Determination
        The mechanical properties of porcelain plates are important for their durability under heavy commercial use conditions. Mechanical performance was evaluated through Charpy impact and surface hardness tests.

        
          3. 2. 1. Surface Hardness Determination
          The MOHS hardness levels of porcelain material samples were determined using the “MOHS Mineral Hardness Scale” (Table 15).

          
            Table 15 
				
            

            
              MOHS Hardness levels of porcelain samples
            
            

          

          
            
              
                	Brand
                	Sample Code
                	MOHS Hardness Scale
              

            
            
              	X
              	XM
              	5-6 Mohs
            

            
              	Y
              	YM
              	5-6 Mohs
            

          

          
            
              * XM and YM codes refer to X and Y brand plates in the Mohs hardness test.
            

          

          

        

        
          3. 2. 2. Charpy Impact Test
          The energy absorption capacity of the plates under impact was determined using the Charpy impact test. Charpy tests on three samples per brand showed that Y brand plates absorbed 12% more impact energy than X brand (Table 16).

          
            Table 16 
				
            

            
              Charpy impact test of porcelain plates
            
            

          

          
            
              
                	Brand
Name
                	Sample
Code
                	Sample Dimensions, mm
                	Charpy Impact
Energy, kN/m
                	Average Charpy Impact
Energy, kN/m
              

              
                	Width
                	Thickness
                	Length
              

            
            
              	
              	XC1
              	16.07
              	5.92
              	50.00
              	1.546
              	
            

            
              	X
              	XC2
              	12.82
              	5.92
              	65.00
              	1.938
              	1.707
            

            
              	
              	XC3
              	14.34
              	5.22
              	50.70
              	1.637
              	
            

            
              	
              	YC1
              	17.31
              	3.43
              	61.00
              	1.982
              	
            

            
              	Y
              	YC2
              	19.18
              	3.57
              	50.00
              	2.219
              	1.908
            

            
              	
              	YC3
              	19.12
              	3.87
              	56.30
              	1.524
              	
            

          

          
            
              * XC and YC codes refer to X and Y brand plates in the Charpy impact test.
            

          

          

        

        
          3. 2. 3. Surface Hardness Determination
          The MOHS hardness levels of porcelain material samples were determined using the “MOHS Mineral Hardness Scale” (Table 17).

          
            Table 17 
				
            

            
              MOHS Hardness levels of porcelain samples
            
            

          

          
            
              
                	Brand
                	Sample Code
                	MOHS Hardness Scale
              

            
            
              	X
              	XM
              	5-6 Mohs
            

            
              	Y
              	YM
              	5-6 Mohs
            

          

          
            
              * XM and YM codes refer to X and Y brand plates in the Mohs hardness test.
            

          

          

        

      

      
        3. 3. Determination of Internal Structure Properties
        XRD and XRF analyses were conducted to examine the internal structure of the porcelain. XRD identified mineral phases, while XRF determined Pb and Cd levels to assess compliance with ISO 6486-2:1999 and TS EN 101 standards.

        
          3. 3. 1. XRD Analysis
          XRD analysis of porcelain samples was conducted with a “Bruker D8” device, revealing the mineral types and proportions (Figures 5 and 6).

          
            
            

            Figure 5 
				
            

            
              X brand porcelain material sample XRD diffractogram and mineral content percentages
            
            

            

          

          
            
            

            Figure 6 
				
            

            
              Y Brand Porcelain Material Sample XRD Diffractogram and Mineral Content Percentages
            
            

            

          

        

        
          3. 3. 2. XRF Analyses
          The tables below (Table 18) display the major and minor oxides, trace elements (including Pb and Cd), and loss on ignition (%LOI) ratios.

          
            Table 18 
				
            

            
              X and Y brand porcelain material sample XRF analysis
            
            

          

          
            
              
                	Content and Concentration of the X brand products
                	Content and Concentration of the Y brand products
              

            
            
              	Na2O 2,81 %
MgO 0,31 %
Al2O3 20,07 %
SiO2 73,25 %
P2O5 0,05 %
K2O 1,57 %
CaO 1,14 %
TiO2 0,07 %
Fe2O3 (T) 0,29 %
CoO 0,01 %
Rb2O 0,01 %
SrO 0,01 %
ZrO2 0,01 %
LOI: Loss on ignition 0,39 %
TOTAL 99,99 %
Co 44 ppm
Sr 115 ppm
Zr 61 ppm
Pb None
Cd None
              	Na2O 2,90 %
MgO 0,69 %
Al2O3 21,73 %
SiO2 69,25 %
P2O5 0,03 %
K2O 0,71 %
CaO 1,57 %
TiO2 0,14 %
MnO 0,01 %
Fe2O3 (T) 0,30 %
BaO 0,03 %
CoO 0,01 %
SrO 0,02 %
Y2O3 0,01 %
ZnO 0,44 %
ZrO2 1,78 %
TOTAL 99,99 %
Zn 0,35 %
Zr 1,31 %
Ba 250 ppm
Co 55 ppm
Sr 133 ppm
Y 64 ppm
Pb None
Cd None
            

          

          
            
              ppm: miligram/litre (gram/ton)
            

          

          

        

        
          3. 3. 3.General Evaluation of Technical Examinations
          Laboratory tests were conducted on porcelain plates from two brands, following TS 10850, TS EN 1217, TS EN 1184, TS 4422, ISO 6486-2, and TS EN 101 standards. The results of the technical analyses can be summarized as follows.

          *Visual inspection confirmed both brands met size, weight, and cleanliness standards, important for aesthetics and functionality.

          *Microwave and autoclave tests showed no damage to either brand, indicating strong durability.

          *Water absorption was below the 0.5% limit for both brands, ensuring structural integrity.

          *Thermal shock tests confirmed both brands withstood 150°C, supporting heat resistance.

          *Light transmittance tests showed both brands were semi-transparent, characteristic of high-quality porcelain.

          *Charpy impact tests showed Y brand had 12% higher energy absorption, highlighting superior durability.

          *Both brands had a Mohs hardness of 5–6, similar to steel, ensuring scratch resistance.

          *XRD analysis revealed Y brand’s additional minerals (zircon and corundum), improving durability over X brand.

          *XRF analysis showed both brands met safety standards for lead and cadmium, confirming health compliance.

          In summary, both brands meet or exceed standards for durability, functionality, and safety, with Y brand having superior mineralogical properties.

        

      

    

    

  
    
      4. Interaction Between Industrial Design and Technical Characteristics of Porcelain Tableware
      In porcelain tableware production, material properties and industrial design are closely linked. The design’s structural and aesthetic qualities depend on the material’s physical, thermal, and mechanical behavior. This study’s technical analyses support design improvements by identifying how key material parameters affect form, thickness, and surface treatments, as well as processing and functional constraints.

      Visual and Physical Defects in Relation to Design: Defects like burrs, specks, cracks, foot adhesion, and mold issues often result from poor raw materials, improper glazing, or firing conditions. Specks and pinholes come from unclean materials or inadequate casting, while burrs and edge defects are tied to faulty finishing or glaze application.

      To reduce mold-related defects, molds must accommodate shrinkage, be smooth and clean, and enable easy demolding. Forms should avoid undercuts and favor rounded shapes and wide angles. Foot cracks are linked to thermal shock, thin designs, or inadequate support. Proper sizing and foot placement are essential.

      Design can prevent many of these flaws by accounting for shrinkage, ensuring even wall thickness, avoiding sharp edges, and reinforcing large forms with additional feet. Slight curvatures can also reduce warping or shape deviation.

      Relationship Between Size, Weight, and Design: Porcelain plate measurements confirmed compliance with standards. Design must consider shrinkage during production to ensure proper dimensions. Excessively thin walls reduce strength, while too much thickness leads to stress, drying issues, and increased weight.

      Microwave Durability and Design: Microwave resistance is influenced by material content and design. Metallic decorations prevent microwave use. Plate shape and thickness affect heat distribution—flat, wide designs perform better than thick or deep ones. Edge and base design also impact thermal behavior.

      Autoclave and Thermal Shock Resistance in Design: Resistance to high temperature and pressure is affected by both material and design. Uniform thickness, rounded forms, and smooth transitions reduce stress. Sharp angles and abrupt changes weaken structure. Design should support durability under thermal and mechanical strain.

      Relationship Between Water Absorption and Industrial Design: Water absorption in porcelain depends mainly on material composition, firing, and glazing quality. While industrial design has a limited direct effect, design elements like surface texture and shape can influence how long moisture remains on the product. Minimizing textured surfaces, sharp curves, and fluid-retaining angles can help reduce water absorption. Along with technical adjustments, design refinements can support overall impermeability.

      Relationship Between Light Transmittance and Industrial Design: The translucency of porcelain depends on material composition, firing conditions, particle size, density, porosity, crystal structure, glass phase ratio, surface roughness, glazing, and cooling rate. Sintering affects porosity and crystallinity, which in turn influence translucency; excessive sintering can reduce it (Kingery et al., 1976). Finer raw material particles like kaolin, feldspar, and quartz improve homogeneity and light transmission (Reed, 1995). Higher density and lower porosity enhance light scattering (Rahaman, 2007), while a greater glass phase ratio increases translucency (Chiang et al., 1997). Smooth, glazed surfaces reduce reflection and scattering (Norton, 1974), and post-firing cooling affects opacity through crystallization (Barsoum, 2002). Design contributes by favoring thin, non-porous, smooth forms without dense textures or added elements, which support both translucency and distinctive aesthetics.

      Relationship Between Internal Structure Properties and Industrial Design: Porcelain’s material composition affects strength, translucency, and resistance to heat and pressure. Although industrial design does not change these properties directly, it can support insufficient materials. Rounded, thickened forms that avoid sharp corners or narrow angles help reduce stress and increase durability.

      
        4. 1. Design Optimization Via Technical Analysis
        Porcelain tableware can feature traditional, anonymous, or original designs, provided technical requirements are met through material, production, or design strategies. Aesthetic and functional features must align with intended use and user context. For instance, plates designed for household use may not withstand the rigorous conditions of restaurants. Thin walls or sharp edges may compromise durability.

        In such cases, design revisions can improve performance—such as rounding corners (Figure 7a), adjusting hole spacing (Figure 7b), or widening structural areas (Figure 7c). Similarly, complex forms with indentations and protrusions (Figure 7d) may hinder stacking or cleaning, while sharp-cornered square plates (Figure 7e,7f) are impractical for fast-paced environments due to storage or dishwasher constraints. Designers must evaluate environmental and functional needs, ensuring form supports durability, usability, and ease of production.

        
          
          

          Figure 7 
				
          

          
            Inappropriate Designs for Commercial Use
          
          

          

        

        Technical analyses play a crucial role in identifying weaknesses in porcelain tableware, guiding improvements in both design and production. By examining product performance under stress—such as heat, impact, and liquid exposure—designs can be refined to ensure better functionality and durability.

        Enhancing Functional and Original Designs: Analyses help test unconventional forms, complex surfaces, or unique sizes. This enables the development of innovative, yet functional, porcelain products. Even original designs must meet essential requirements such as structural strength, proper thickness, and ergonomic usability.

        Improving Durability and Usability: Porcelain products that resist heat, microwave exposure, impact, and scratches are more likely to remain in use longer and perform well under intensive conditions. Lightweight yet strong materials and designs increase user satisfaction and reduce replacement costs.

        Building Brand Trust: Technically reliable products enhance brand credibility and user confidence. Long-lasting, well-performing tableware positively impacts institutional purchasing decisions, especially in commercial environments such as restaurants.

        Guiding Redesign When Necessary: In this study, plates from two brands met key technical criteria and did not require redesign.

        However, when negative analysis results are encountered, improvements to form, material composition, or production conditions become necessary.

        Key Design Criteria: Design must consider multiple factors to ensure performance, usability, and production efficiency. Table 19 outlines the design-oriented criteria that must be considered during the conceptual and developmental phases of porcelain tableware.

        
          Table 19 
				
          

          
            Design Criteria in Porcelain Tableware
          
          

        

        
          
            
              	Criteria
              	Description
            

          
          
            	Functional Design
            	Form aligned with intended use and performance under real-life conditions
          

          
            	Context-Based Design
            	Suitability for usage environment, intensity, and user profile
          

          
            	Aesthetic and Originality
            	Visually appealing and creatively designed
          

          
            	Ergonomic Form
            	Comfortable to handle and use
          

          
            	Anti-Deformation Design
            	Design supports stability during shaping, drying, and firing
          

          
            	Structural Strength
            	Use of curved transitions and reinforced edges instead of sharp forms
          

          
            	Uniform Material Thickness
            	Consistent wall thickness for drying and strength
          

          
            	Wall Thickness Optimization
            	Balanced for weight, durability, and drying time
          

          
            	Minimized Weak Areas
            	Avoidance of unnecessary gaps and voids in design
          

          
            	Reinforced Joints
            	Thicker areas at connection points (e.g., handle to body)
          

          
            	Ease of Use
            	Designed for efficient storage, transportation, and dishwasher use
          

          
            	Proper Dimensions
            	Size and volume matched to function and meal type
          

          
            	Mass Production Suitability
            	Scalable and compatible with porcelain production methods
          

          
            	Firing-Safe Form
            	Inclusion of unglazed feet or projections for safe kiln placement
          

          
            	Proper Manufacturing
            	Correct mix, drying, and firing conditions ensured
          

          
            	Color and Glaze Selection
            	Microwave-safe, design-compatible, hygienic surfaces
          

          
            	Surface Texture
            	Non-obstructive to translucency or cleanability
          

          
            	Decor Design
            	Harmonious and firing-friendly motifs or patterns
          

          
            	Post-Design Planning
            	Anticipation of production needs in early design stage
          

          
            	Manufacturing Optimization
            	Enhanced conditions, skilled workmanship, and material formulation
          

          
            	Light Transmittance
            	Improved by minimizing dense surface patterns
          

        

        

      

      
        4. 2. Aesthetic Originality and Design Freedom in Porcelain Tableware
        Beyond functionality, porcelain design offers wide scope for creativity. Forms inspired by nature, geometry, or cultural heritage—combined with diverse colors, artistic glazes, and surface treatments—can enrich aesthetic value (Figure 8a–8f). Porcelain’s formability supports unique and innovative outcomes, especially when guided by technical awareness.

        
          
          

          Figure 8 
				
          

          
            Innovative porcelain plate designs
          
          

          

        

        However, even original designs must respect core porcelain principles: suitable draft angles, uniform thickness, reinforced edges, and adequate foot ring structures. These ensure structural integrity and production feasibility. Creative forms must be tested and refined to meet both visual and technical standards.

        Industrial designers should actively engage with the production process to balance creative vision and technical reality. Through such collaboration, technically sound and visually compelling products can be developed for varied contexts—from homes to institutional use.

      

      
        4. 3. Procurement and Decision-Making
        The article highlights that material, mold design, casting, and production conditions contribute to defects and deformation. Technical analyses help detect weak areas in design, allowing targeted improvements. These analyses also inform purchasing decisions—especially for institutions like cafeterias, dormitories, and hotels—by comparing technical performance between brands. Products meeting the criteria are prioritized in procurement, ensuring more effective design, production, and supply processes.

      

    

    

  
    
      5. Conclusion
      This study analyzes the characteristics of porcelain tableware under controlled laboratory conditions simulating real restaurant use. The tests confirm the plates’ resistance to impact, thermal shock, chemicals, oils, and high temperatures.

      The research underscores the importance of integrating both visual and technical aspects into the industrial design of porcelain tableware. It recommends using experimental methods to improve product design, selection, and durability. Technical analyses can add value and extend product lifespan.

      As a pilot study, it assesses the suitability of porcelain tableware for bulk purchasing, supporting the hypothesis and providing a basis for future research. Similar evaluations may apply to other porcelain products. Table 20 presents key technical features and their functional impacts.

      
        Table 20 
				
        

        
          Properties of porcelain tableware and affected areas
        
        

      

      
        
          
            	Property
            	Requirement
            	Impact Areas
          

        
        
          	Form
          	Should withstand heat and enable functional portioning and stacking.
          	Aesthetics, functionality, culture, brand identity, usability.
        

        
          	Size
          	Should be appropriate for light transmission and portion control.
          	Functionality, meal type, aesthetics, cultural alignment.
        

        
          	Weight
          	Must be balanced; correct material amount ensures handling ease and production efficiency.
          	Durability, perceived quality, heat retention, production cost.
        

        
          	Microwave & Pressure Resistance
          	Should resist heat, scratches, and pressure.
          	Safety, longevity, commercial usability.
        

        
          	Low Water Absorption
          	Requires low porosity to ensure hygiene and ease of cleaning.
          	Stain/odor resistance, cleaning, hygiene.
        

        
          	Thermal Shock Resistance
          	Must endure sudden temperature changes without damage.
          	Durability, versatility, cost-efficiency.
        

        
          	Transparency
          	Should transmit light with proper material and thickness.
          	Aesthetics, design flexibility, material efficiency.
        

        
          	Energy Absorption Capacity
          	Must resist impact and disperse stress effectively.
          	Impact resistance, handling comfort, thermal stability.
        

        
          	Hardness
          	Surface must resist scratches and wear.
          	Hygiene, durability, cleaning ease.
        

        
          	Low Lead (Pb) Content
          	Must comply with health regulations by ensuring minimal or no lead content.
          	Health, compliance, sustainability.
        

        
          	Design
          	Must be ergonomic, durable, and mold-friendly to avoid deformation and cracks.
          	Aesthetics, functionality, manufacturability, ergonomics.
        

        
          	Raw Material & Formulation
          	Correct raw material types and ratios must be used.
          	Strength, water resistance, heat resistance, hygiene, cost.
        

        
          	Production Method
          	Should match the design’s technical and aesthetic needs.
          	Quality, environmental impact, cost, visual appeal.
        

        
          	Casting & Production System
          	Casting must be applied uniformly and efficiently.
          	Structural consistency, strength, surface finish.
        

        
          	Mold Design & Modeling
          	Molds must be accurately designed for consistency and easy demolding.
          	Precision, efficiency, product durability.
        

        
          	Shaping
          	Proper shaping ensures accurate thickness and clean surfaces.
          	Strength, accuracy, production quality.
        

        
          	Drying Process
          	Must be gradual and controlled to avoid cracks and deformation.
          	Durability, cost control, shape retention.
        

        
          	Finishing
          	Requires surface refinement for smoothness and performance.
          	Aesthetics, hygiene, stain resistance.
        

        
          	Shrinkage
          	Design should compensate for shrinkage in early stages.
          	Dimensional accuracy, mold design efficiency.
        

        
          	Firing
          	Proper firing cycles must be applied to ensure vitrification and strength.
          	Surface finish, durability, shrinkage control.
        

        
          	Glazing
          	Should enhance surface quality, impermeability, and durability.
          	Shine, scratch resistance, hygiene, aesthetics.
        

        
          	Human Factor
          	Ergonomic design and quality workmanship should be ensured.
          	Comfort, safety, cultural suitability, sustainability.
        

        
          	Functionality
          	Should fulfill intended use effectively.
          	Usability, ergonomics, food compatibility, operational efficiency.
        

      

      

      Design and production processes should align with standards and literature, avoiding form or manufacturing defects while ensuring functionality and durability. The analyses presented offer guidance for improving performance and resilience. Prototyping and testing play key roles in refining the final product.

      Porcelain’s applications extend beyond tableware into decorative, kitchen, and technological fields. The experimental approaches discussed provide a framework for designing high-performance products. Further studies on stress, impact, and wear resistance are encouraged.

      This research explores design, production, common defects, preventive measures, and test methods for porcelain tableware. Two different brands were evaluated against standards, combining theoretical and technical perspectives. The analyses support quality assurance without increasing cost or production time.

      Following the outlined design and testing principles enables the development of more reliable tableware. Measuring quality through standardized tests ensures consistency.

      Optimizing design, material, and production together enhances both quality and performance, offering benefits on individual and industry-wide levels. The findings also inform other porcelain applications—such as medical, decorative, and electronic products. By identifying key design and testing criteria, this study provides a solid reference for improving porcelain tableware production.

      Future research could address environmentally friendly materials, energy efficiency, and ergonomic innovations. New forms may enhance the user experience and functionality. Modern production techniques—like 3D printing and robot-assisted forming—can modernize traditional porcelain. Exploring new material compositions can strengthen mechanical properties. The study’s insights are also relevant for other industrial fields where porcelain is used.
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