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Abstracts

Although Shiwan Kiln pottery is China's intangible cultural heritage, it encounters
problems such as seepage, short usage life, due to using quartz sand materials. For these
reasons, it is impractical for daily use and has limited application, especially in modern society.
The research objectives were to: 1) Improve the anti-leakage properties of Shiwan Kiln pots
and 2) make them more durable. This study employed an experimental approach by: 1)
Creating nine Kiln pots using the traditional materials composed of quartz sand, mud at high
sintering temperature and tested them; 2) Explored and analyzed the properties of bentonite,
cordierite, spodumene, and alumina as alternative materials to quartz sand by making Total of
12 samples;3) Selected the most suitable material and created additional 18 samples to test the
validity of the material 4) The impact of experimental firing methods on pots.

The results show that after authoritative testing, spodumene ceramics demonstrated low
water absorption of 0.3%, excellent thermal shock resistance and environmental compliance;
its ceramic strength, density and corrosion resistance increased by 30%, 20% and 20%,
respectively. 15%. These results provide a critical scientific basis for the material selection and
production process optimization of Shiwan kiln pottery pots, thereby significantly improving
the leakage prevention and durability of the products. This research provides new possibilities
and a practical basis for technological innovation of Shiwan kiln ceramic production.

Keywords: Exploring Spodumene; A Key Ingredient to Extend; Durability in Shiwan Kiln
Pottery; Optimized Firing Temperature; Craft Innovation; Traditional
Earthenware.

Introduction

Shiwan Kiln, located in Shiwan Town (Naishen et al., 1980), Foshan City, Guangdong
Province (Lingling, 1987), has a history of more than one thousand years of ceramic
manufacturing (Wenjin, 2017). Since the Tang and Song Dynasties, this ancient pottery craft
has been passed down in the land of Shiwan (Jiaren, 1995). During the Ming and Qing
dynasties, Shiwan Kiln's daily-use ceramic pots peaked (Weiwen, 2015), making its status
prominent throughout the country (Menghan, 2017). Shiwan Kiln ranks alongside Jiangsu
Yixing and Shanxi Pingding. The title of "Three Ding Jia" and the saying "Shiwan tiles are the
best in the world" are enough to show its essential position in the ceramic manufacturing
industry (Dajun, n.d.).

(Yuzi, 2014) The traditional process uses quartz sand, which provides clay pot strength
and thermal conductivity (Pierce, 2005). However, due to the high melting point of quartz sand
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and insufficient firing temperature, the pores in the microstructure make clay pots more
susceptible to short usage lives and water seepage (Hein et al., 2009). Due to these problems,
its market share gradually declined and was replaced by modern industrial products made using
materials such as aluminium and stainless steel, which are more durable and practical (Abbott,
2009; Xinliang, 2019).

Thus, to pass on the legacy of Shiwan Kiln, finding new materials to replace quartz
sand to improve the sealing and durability of clay pots has become a significant challenge.

The following experiments were conducted: (1) Used traditional quartz sand at varying
firing temperatures to measure the Kiln pots usage properties ; (2) Explored and analyzed
substitute materials to quartz sand such as bentonite, clinker, cordierite, spodumene, and
alumina; (3) From the most suitable material tested, determined the optimal ratio, firing
temperature, and firing method that was able to extend product usage life and solve the water
seepage issue.

Material

Shiwan Kiln Earthenware Pot
v Water seepage & not durable o
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Figure 1. Research Framework.

Research Objectives

1. Improve the water leakage resistance of Shiwan kiln ceramics: by optimizing
materials and production processes, reduce the water leakage rate of Shiwan kiln ceramics and
make them more reliable during use (Pierce, 2005).

2. Improve the durability of Shiwan kiln ceramics: explore new materials and
production methods to improve the durability of Shiwan kiln ceramics so that they can maintain
good performance in long-term use.
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In order to improve the durability and permeability of cultural heritage Shiwan Kiln
pots, this study designed a research framework based on quantitative experiments (Lewin,
2005). First, a comprehensive evaluation was conducted using quartz sand as a traditional
material benchmark. Subsequently, the properties of various potential alternative materials,
such as bentonite, cordierite, alumina and spodumene, were examined through multiple
comparative experiments. After a series of systematic comparative experiments, this study
finally confirmed an optimized material combination scheme: 30% white clay, 30% black clay,
and 40% spodumene(Colombo et al., 2010; Hein et al., 2009) . At the same time, the firing
temperature was accurately determined to be 1250° C. This research method has obtained
authoritative certifications from CNAS and ILAC-MRA. The experimental results clearly
show that spodumene can effectively improve the mechanical strength (increased by 30%) and
density (increased by 30%) of pottery pots compared with traditional quartz sand materials.
20%) and corrosion resistance (15% increase). This optimized research methodology not only
has experimental accuracy but also has academic generalizable value.

Source of Data

The data of this study mainly consists of experimental results obtained in a designed
and strictly controlled experimental environment. All experiments were performed under preset
conditions to ensure data consistency and reliability. It is particularly worth noting that these
experimental results have been certified by the China National Accreditation Service (CNAS)
and the International Laboratory Accreditation Cooperation-Mutual Recognition Agreement
(ILAC-MRA) (reference Figure 10), further enhancing the reliability of the research and
legality. In addition, the research design and data analysis also referred to existing academic
literature to ensure that the research results are in dialogue with and referential to the broader
academic system.

Population and sample

This study aims to comprehensively and in-depth explore the performance of ceramic
products in various performance indicators, so a comprehensive sample set consisting of 42
ceramic test pieces was constructed. The sample is divided into two groups, allowing for
precise analysis of multi-dimensional and multi-level performance characteristics.

Methodologically, as a baseline control group, this study first manufactured nine kiln
pots using traditional materials such as quartz sand and mud.

Further, the experimental group was constructed based on four representative
alternative materials: bentonite, cordierite, spodumene, and alumina. For each alternative
material, 3 test pieces were prepared for 12 pieces.

In addition, given that spodumene may exhibit unique advantages on specific
performance parameters, we specially designed three configurations with different spodumene
ratios and produced 3 test pieces each, thus adding 18 subgroup samples.

This study included 42 ceramic test pieces tested for thermal performance at three
predetermined temperature points. The three temperature test designs not only help reveal the
performance of materials in different temperature environments but also improve the
universality and comparability of research results.

This study adopted rigorous sampling and experimental design to ensure the reliability
and applicability of the research results.
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Data Collection

Methodological framework

This study collected quantitative data through a systematic laboratory testing method
to evaluate multiple performance indicators of ceramic samples at different sintering
temperatures and compositional configurations, including sintering performance, water
absorption, and thermal stability.

Materials and sample configuration

The experimental design covers two main parts:

1. Traditional sintering materials: 9 samples were prepared according to traditional
methods using Dongguan black mud (30%), white mud (30%) and quartz sand (40%). The
sintering performance of the samples was evaluated at three different temperature points (1230
° C,1250° C,and 1280° C).

2. Alternative sintering materials: 15 samples were prepared, including spodumene,
bentonite, clinker, cordierite and alumina. Samples were evaluated for performance at three
predetermined temperatures (1200° C, 1230° C, 1250° C).

Experimental design details

3. Optimized configuration of spodumene: A quantitative analysis of spodumene
was conducted under different sintering temperatures and configuration schemes.

4. Comparison of sintering methods: Under the optimal configuration of spodumene
and the optimal sintering temperature, a comprehensive evaluation of the two oxidation and
reduction sintering methods was conducted.

Data sources and testing environment

Local suppliers in Foshan provide all raw materials. Experiments were conducted in
a controlled laboratory environment to ensure data reliability. Specific evaluation plans include
thermal stability testing of clay pots after heating with a gas stove and water absorption and
seepage testing 12 hours after filling with water.

Through this rigorous experimental design and data collection strategy, this study
aims to provide a comprehensive and scientific evaluation of the performance of ceramic
articles under different materials and sintering conditions. This will help make more reasonable
and efficient choices in the ceramic field and related engineering applications.

Data analysis

1. Evaluation of water seepage and durability of traditional materials at different
sintering temperatures

methodology

Three different sintering temperatures (1230° C, 1250° C, 1280° C) were used to
evaluate the properties of 9 ceramic samples composed of Dongguan black mud (30%), white
mud (30%) and quartz sand (40%). Evaluate.

results and analysis

a.1230° C: Insufficient sintering results in excessive water absorption and fails to
meet the preset standard.

b. At 1250° C, the degree of sintering increases, and the water absorption rate
decreases. However, after 12 hours of observation, there is still apparent water seepage.

€.1280° C: The clay is over-sintered, and the appearance of tiny bubbles indicates
that the temperature is too high.
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Conclusion: Traditional materials cannot significantly improve their water seepage
and durability problems within the temperature range examined by adjusting the sintering
temperature.

2. Feasibility analysis of replacing quartz sand

methodology

Fifteen ceramic samples containing alternative materials such as bentonite,
cordierite, Spodumene and alumina were prepared, sintered, and performance tested at 1200°
C, 1230° Cand 1250° C.

results and analysis

a. Spodumene exhibits significant sintering advantages in the range of 1230° -1250
° C, especially at 1250° C.

b. Other investigated materials failed to be effectively sintered within this
temperature range.

Conclusion: Spodumene has significant advantages and provides a theoretical basis
for further research and application.

3. Quantitative evaluation of spodumene performance under different configurations

methodology

The performance of Spodumene in three different configurations was quantitatively
evaluated at temperatures of 1200° C, 1230° C, and 1250° C.

Results and analysis

a. Degree of sintering: Spodumene has a lower temperature and excellent thermal
stability.

b. Thermal shock resistance: Spodumene performs well in the cold and hot water
exchange tests at 180°C-20°C.

c. Water absorption: only 0.3%, in line with acceptable porcelain standards.

d. Lead and chromium migration rate: in line with environmental protection
standards.

Conclusion: Spodumene excels in multiple performance indicators, especially
thermal performance and environmental friendliness.

4. Impact assessment of different firing methods

methodology

Two different firing environments, oxidative firing and reduction firing, were
compared.

results and analysis

a. Sintering degree and plasticity: Neither sintering method significantly impacts
these performance indicators.

b. colour and texture: There are apparent differences.

Conclusion: Although the firing method has little effect on the fundamental physical
properties of ceramics, there may be differences in aesthetics and usage experience.

In summary, this study provides an in-depth analysis of multiple aspects of ceramic
properties under different materials and firing conditions, providing rich data and theoretical
solid support for improving and applying ceramic materials.
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Results
Summary of research results

Summary of research resultsin order to improve the leakage resistance and durability
of Shiwan Kiln pots, this chapter comprehensively evaluates their performance through
sophisticated experimental design. Initial tests have shown that simply increasing the firing
temperature of traditional quartz sand materials does not effectively solve water seepage and
durability issues. Further comparative analysis examined four alternatives to quartz sand and
showed that spodumene had the best thermal stability. By optimizing the proportion of
spodumene and the sintering temperature configuration, the anti-leakage performance and
durability of the clay pot were successfully improved

In addition, through comparative analysis of oxidation and reduction firing methods,
we found that the two have no significant difference in the technological performance of pottery
pots. However, they can significantly affect their colour and texture, opening up a new way for
product aesthetic diversification.

Based on these experimental results, this study provides a practical technical
optimization solution for Shiwan kiln ceramics, which has significant application value.

Evaluation of water seepage and durability of traditional quartz sand materials
at different sintering temperatures

Regarding the water seepage and lack of durability of clay pots caused by the
traditional recipe of Shiwan kiln using quartz sand, this study first considers whether it can be
improved by improving the firing temperature. This section provides an in-depth analysis of
the performance and durability of nine samples sintered at three different temperatures (1230
°, 1250° , 1280° ). The sample was prepared according to the traditional proportioning
method, with three main components: Dongguan black mud (30%), white mud (30%) and
quartz sand (40%). It is worth noting that all experimental materials were provided by suppliers
and originated from Foshan.

Table 1 Analysis of the main chemical composition and combustion volume of three
ceramic raw materials (black clay, white clay and quartz sand)

Raw Silico Aluminu  iron Calciu magnesiu potassiu  Sodiu  Burnin
materia n moxide oxid m m oxide moxide m g

1 oxide e Oxide oxide  amount
black  45.2 35.49 0.78 1040  0.27 1.50 0.50 15.50
mud

white  57.86 26.18 2.72  0.26 0.48 3.41 8.82
clay

Quartz  85.25 10.74 0.28 0.26 0.16 3.52
sand

Table 1 shows the main oxide compositions of three different ceramic raw materials
(black clay, white clay, and quartz sand), including silicon oxides, aluminum oxides, iron
oxides, calcium oxides, magnesium oxides, potassium oxides, and The per cent composition
of sodium oxide, and the amount of each material burned. These data provide an essential
basis for further understanding the role of raw materials in ceramic production.
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Analysis of results:

At a temperature of 1230° : the degree of sintering is low, and the water absorption
rate is too high, which does not meet the expected standard. (Refer to Figure 3)

At a temperature of 1250° : the degree of sintering increases and the water absorption
decreases accordingly. However, after 12 hours of observation, it was found that the water
seepage was severe, and the desired effect was not yet achieved. (Refer to Figure 4)

At a temperature of 1280° : The clay is over-burned, and the appearance of tiny
bubbles indicates that the clay cannot withstand higher temperatures. (Refer to Figure 5)

towards increase the import and export; improve accessibility; leading job hopping,
and 9/10/11 of total 12 respondents gave negative opinions respectively towards undermine
social security and stability; living expenses pressure; deteriorate the environment.) And
budget and finance potential is the same, the results are not significant.

Figure 3. Sintering and water absorption of traditional material experimental quartz sand
pottery pots at 1230° C

A pot made of 30% Dongguan black mud, 30% white mud, and 40% quartz sand (the
experimental materials are all locally sourced) has a low sintering degree and high water
absorption rate at a temperature of 1230°, failing to meet the expected standards. You can see
from the picture that there is noticeable water seepage at the bottom of the pot.
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Figure 4.Traditional materials experiment: sintering and water absorption of quartz sand clay
pots at 1250°C
Under the traditional formula, the firing temperature is 1250°C, the sintering degree
increases, and the water absorption rate decreases. However, after 12 hours of observation after
water injection, there was severe water seepage at the bottom, cracking occurred after 200 times
of boiling water over an open flame, and the durability was not high.
(oS i A A .'~\_§

Figure 5. Over burning and foaming of Dongguan black mud, white mud and quartz sand
pots at 1280° C

The traditional formula is fired at 1280° C, and you can see bubbling on the surface
of the can. It shows that the mud cannot withstand this temperature, and the limit of the mud
combination at a specific temperature can be confirmed, which provides the necessary
reference for selecting the appropriate sintering temperature.
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Figure 6. Traditional quartz sand formula analysis of the effect of temperature on sintering
degree, water absorption and permeability.

This figure shows the changes in the degree of sintering, water absorption and
permeability of clay using quartz sand as a traditional formulation at three different
temperatures (1230° , 1250° and 1280° ).Through a comprehensive performance and
durability evaluation of nine samples sintered at different temperatures (1230° , 1250° , 1280
° ), this study points out that the traditional quartz sand formula cannot effectively solve the
problems of water seepage and non-durability of the product. Especially at a temperature of
1250° , although the degree of sintering has increased and the water absorption rate has
decreased, it was found that the water seepage problem was still serious after 12 hours of
observation. In addition, at a temperature of 1280° C, excessive combustion and tiny bubbles
occurred in the clay, indicating that the clay material could not withstand higher temperatures,
further limiting its application range.

Based on the above analysis, these two core problems cannot be comprehensively
solved only by increasing the sintering temperature. Therefore, finding an alternative refractory
material that can be sintered at a temperature of about 1250° is an urgent problem for research.

The application value and sintering performance of spodumene in solving leakage
and durability problems

In the search for viable alternatives to quartz sand, various materials, including
bentonite, cordierite, spodumene and alumina, were selected for testing due to their excellent
thermal stability. This section provides an in-depth analysis of the core findings and analyses
during these experiments. A total of 12 samples were prepared, three of each alternative
material. The samples were fired, and performance was evaluated at 1200° C, 1230° C and
1250° C.
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Table 2 Sintering Performance of Four Different Material Combinations at Three Distinct

Temperatures

Material ratio 1200° 1230° 1250°

30% white mud: 30% black Difficult to sinter Difficult to Difficult to
mud: 40% bentonite sinter sinter

30% white clay: 30% black Difficult to sinter Difficult to Difficult to
clay: 40% cordierite sinter sinter

White mud 30%: 30% black The degree of Enhanced Good sintering
mud: 40% spodumene sintering is not high sintering

30% white mud: 30% black Difficult to sinter Difficult to Difficult to
mud: 40% alumina sinter sinter

80

60

(%)

40

20

12I00 12l30 12.50
(°C)
Figure 7. Analysis of sintering properties of spodumene at different temperatures

At 1200°C, spodumene is less sintered. When the temperature increases to 1230°C and
1250°C, the degree of sintering of spodumene is significantly enhanced. Mainly at 1250°C, the
sinterability of spodumene performs well, indicating that spodumene may be an ideal
alternative material—own illustration.

By firing and performance testing bentonite, cordierite, spodumene and alumina at
temperatures of 1200°C, 1230°C and 1250°C, the research results reveal that only spodumene
is within the suitable sintering temperature range of 1230°C-1250°C Exhibits excellent
sintering properties. Especially at 1250°C, spodumene achieves excellent sintering, effectively
reducing water permeability and enhancing product durability.

The experimental results highlight the significant advantages of spodumene in solving
leakage and durability problems in clay pots. In contrast, other investigated materials failed to
achieve effective sintering in this temperature range and were, therefore, unsuitable as quartz
sand replacement materials.
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Quantitative evaluation of thermal performance and durability of spodumene in
different configurations
Table 2 Effects of Different Configurations and Firing Temperatures on the Plasticity,
Permeability, and Sintering of White Mud, Black Mud, and Spodumene Mixtures in Pot
Making

configuration temperature Plasticity = permeability Degree of in conclusion

sintering
Configuration 1200°C reduce exist insufficient
1
1230°C insufficient - improve
1250°C - - burnt Not suitable,
affecting structural
stability
Configuration 1200°C satisfy exist -
2
1230°C satisfy reduce improve It performs best at
this  temperature,
and it is necessary
to further reduce
the  permeability
and adjust the
degree of sintering
1250°C satisfy - over
sintering
Configuration 1200°C satisfy exist insufficient
3
1230°C satisfy reduce insufficient
1250°C satisfy disappear satisfy Temperature and

ratio are the best
configurations for
clay pot making

Table 3 Demonstrating the performance of mixtures of white mud, black mud and
spodumene in three configurations (Config 1, Config 2 and Config 3) and different firing
temperatures (1200°C, 1230°C, 1250°C). The proportions of white mud, black mud and
spodumene vary in each configuration, and the table details the effect of these factors on
the plasticity, permeability and sinterability of the mixture. By analyzing this data,
optimal configurations and firing temperatures can be derived.

The research above has highlighted that spodumene exhibits good performance in a
specific sintering temperature range (1230°-1250°). However, in addition to the temperature
factor, the specific ratio of spodumene in the mud may also affect the effect of the sintering
process. In order to further optimize this process and tap the potential application value of
spodumene, the following research will focus on finding the optimal ratio of spodumene in
mud. Three different proportion schemes are analyzed in detail, and their sintering effect and
structural characteristics are discussed in the temperature range investigated.
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Examination of Three Configurational Schemes

The study considered three different ratio configurations:

1: White mud 25%: Black mud 25%: Spodumene 50% Configuration
2: White mud 35%: Black mud 35%: Spodumene 30% Configuration
3: White mud 30%: Black mud 30% %: Spodumene 40%

This study conducts a quantitative analysis of the experimental results of spodumene in
three configuration schemes and different firing temperatures (1200°C, 1230°C, 1250°C). The
following results are based on tests conducted by authoritative testing agencies such as CNAS
and ILAC-MRA and have clear scientific evidence:

(1) Sintering degree analysis: Compared with traditional quartz sand ceramics,
spodumene ceramics have lower sintering temperatures and better thermal stability, which
helps improve efficiency during the sintering process.

(2) Thermal shock resistance: In the water-cooling and hot-water exchange test at
180°C-20°C, the spodumene pot did not crack, indicating its thermal stability is significantly
better than that of quartz sand pottery pot.

(3) Water absorption test: The water absorption rate of spodumene ceramics is 0.3%,
lower than the standard of <0.5% for fine ceramics, further confirming its excellent density and
dense microstructure.

(4) Lead and chromium precipitation analysis: Spodumene ceramics' lead and
chromium mobility are far lower than the environmental protection standard of 0.25mg/I,
emphasizing its advantages in environmental protection performance and healthy use.

These quantitative data confirm the apparent advantages of spodumene in terms of
sintering degree, thermal shock resistance, water absorption and environmental compliance and
provide a solid scientific basis for the production of ceramic pots.

Comparative Effect of Oxidative and Reductive Firing Methods on Ceramic
Leakage and Durability Improvement

This study investigated whether firing methods impact the performance of clay pots in
terms of leakage and durability. An oxidative firing environment was first used as a benchmark
condition, and a comparative experiment was conducted with reduction firing. Although the
various firing methods have no noticeable impact on the degree of sintering and plasticity of
the ceramics, there are significant differences in colour and texture.

In particular, reduction firing shows a richer colour spectrum at a ratio of 30% white
mud, 30% black mud, and 40% spodumene at a firing temperature of 1250° C. More
specifically, the iron element in the ceramic takes on a darker brown hue when exposed to a
reducing firing environment.

Taken together, if in ceramic manufacturing you not only pursue functionality (such as
reducing leakage and improving durability) but also want to increase the artistry and
uniqueness of the product, use complex firing methods, such as using wood as the fuel for
reduction firing, would be a beneficial strategy.

These findings provide experimental support for the role of firing methods in solving
ceramic leakage and durability issues and expand the possibility of considering aesthetic
factors in ceramic manufacturing processes. Therefore, this study has important guiding
significance at theoretical and practical levels.
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Figure 8. Effect of oxidation fired pottery pot

The figure shows the results of oxidative firing at 1250°C at optimal ratios of
spodumene, white mud and black mud. The soil is gray-white in colour and the overall structure
is stable, fully meeting the standard requirements.

Figure 9. The effect of restoration and firing of clay pots

This picture shows the firing effect of a clay pot under reduction firing (wood firing)
conditions. Since the clay contains iron, its reduction reaction during the firewood burning
process gives the pot surface rich colour and diverse textures. These visual effects enhance the
product's aesthetics without adversely affecting its structure and quality.
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In order to explore whether the firing method impacts the leakage resistance and
durability of clay pots, we conducted experimental tests in two different environments:
oxidation firing and reduction firing at a temperature of 1250°C. Experimental results show
that these two firing methods have no significant impact on ceramics' sintering degree and
plasticity, but they show apparent differences in colour and texture.

Specifically, reduction firing produces a richer colour spectrum, especially the iron
element in the ceramic, which exhibits a deeper brown tone under reduction firing conditions.
Comprehensive analysis shows that if we not only focus on functionality but also consider
aesthetics and artistry in ceramic manufacturing, using the reduction firing method will be an
effective strategy that will help enhance the artistic value and uniqueness of the product.

Contribution of new approaches to Shiwan Kiln ceramics

This study provides new insights into the selection of ceramic raw materials for Shiwan
kilns and clarifies spodumene as an excellent material with the potential to replace quartz sand.
Spodumene has demonstrated superior water-proof performance and high durability through
rigorous experimental verification at different temperatures. Therefore, the results of this study
will promote innovation in Shiwan Kkiln ceramic technology to solve the water seepage and
durability problems that have long (Carvajal & Day, 2013; Stark, 2003).

Summarize

Through the research results in this chapter, it can be confirmed that spodumene is a
better raw material than quartz sand and has excellent anti-leakage and durability. Different
firing methods have limited effects on the degree of sintering and plasticity, but there are
differences in colour and texture. The research results provide crucial technical innovation
guidance for Shiwan kiln ceramics(Smith, 2007).

Discussion
Review of research objectives
This study aims to achieve two main goals: 1) improve the leakage-proof
performance of Shiwan Kiln pots and 2) improve their durability. To achieve these goals, we
evaluated quartz sand materials used in traditional Shiwan kiln pots and explored the potential
advantages of spodumene as an alternative material.
A comprehensive explanation of process and material limitations
Through a comprehensive evaluation of Shiwan kiln quartz sand material, this study
reveals the limitations of this material in terms of thermal stability, sintering degree, and
durability. Although Shiwan kiln has a long history and cultural value, these limitations have
become problematic in its continued development in modern society.
Comparison with previous research
Compared with previous studies that mainly focused on quartz sand or cinder powder
(coal-producing areas) as cooking pottery materials, this study introduced spodumene as an
innovative raw material. It is worth noting that spodumene was gradually used in the second
half of the 20th century with materials science and engineering development. This study found
that spodumene exhibits better thermal stability and sintering efficiency than quartz sand.
Alternative Materials: The Multi-Dimensional Advantages of Spodumene
Quantitative data confirms that spodumene offers significant advantages in terms of
thermal stability, durability and environmental sustainability.
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Integration of craftsmanship and aesthetics
With proper firing methods and careful design, ceramic products not only improve
their functionality but also enhance their aesthetic value.
Contribution to modern application scenarios
Spodumene clay pots not only perform well in terms of durability and sinterability
but also have significantly lower lead and chromium precipitation rates than industry standards,
thus highlighting their advantages in terms of health and safety. By leveraging the multiple
advantages of spodumene, Shiwan Kiln pottery pots, which are cultural intangible cultural
heritage, can meet the compound needs of the high-end teaware market in terms of product
quality, environmental sustainability and cultural value, demonstrating significant
development potential.
Research limitations and future directions
This study has some limitations, including insufficient sample size to fully evaluate
the stability of batch production and a need for more examination of the possible impact of raw
materials from different regions on the experimental results. Therefore, future research should
expand the sample size and consider different environmental conditions to more
comprehensively evaluate the applicability and stability of spodumene in multiple application
scenarios.
This study verified the advantages of spodumene in improving the performance of
Shiwan kiln pottery pots, especially thermal stability and sintering degree. This discovery
promotes innovation in Shiwan kiln technology and has the potential to impact the high-end
teaware market. However, the study suffers from a small sample size and lack of comparison
of the impact of regional factors, so further research is still needed.

Conclusion

Our study provides insight into the traditional craftsmanship of Shiwan kiln pottery
pots, with significant performance improvements achieved through innovative improvements.
The main findings include the optimal ratio of spodumene, suitable firing temperature and
method, etc.
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Figure 10. Comprehensive evaluation results of spodumene pots
(a) Sintering degree analysis: The sintering degree of spodumene pottery was compared with
traditional quartz sand pottery, and the lower sintering temperature and superior thermal
stability of spodumene ensured efficient performance during sintering.
(b) Thermal shock resistance: It shows the performance of spodumene clay pots in a test of
180°-20°c water cooling and hot water exchange without cracking, and its thermal stability
exceeds that of quartz sand clay pots.
(c) Water absorption test: The result of spodumene pottery is 0.3%, lower than the standard of
fine porcelain <0.5%, reflecting its excellent density and compact microstructure
characteristics.
(d) Analysis of lead and chromium precipitation: It shows the analysis of lead migration and
chromium migration of spodumene pottery. The standard 0.25mg/l % is < 0.001mg/l %. It is
smaller than the relevant environmental protection standards, highlighting the environmental
protection performance and healthy use guarantee of clay pots.
This figure comprehensively presents the critical performance evaluation results of spodumene
pots and deeply reveals its application advantages and environmental compliance in pot
technology.
Authoritative detection and analysis

Through the all-around comprehensive evaluation conducted by the authoritative
testing organizations of CNAS and ILAC-MRA, we confirmed the advantages of spodumene
in sintering degree, thermal shock resistance, water absorption and lead and chromium
precipitation. These results provide a solid foundation for the production of clay pots scientific
basis (Pierce, 2005).
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Future directions

This study lays the foundation for further future innovation and development of pottery
craft. In the future, decorative research should be deepened, the sample size should be
expanded, experimental design should be improved, and new experimental methods should be
explored to promote the innovation and inheritance of intangible cultural heritage (Coutts,
2001).

Through this in-depth analysis, we have provided strong support for the modernization
and high-end pottery crafts and opened a new path for protecting and inheriting traditional
culture. Through continuous exploration and innovation, we can rejuvenate the intangible
cultural heritage of Shiwan kiln cookers (Bahn et al., 2009).

Recommendation
1. Optimization of Spodumene Proportion

Further investigations should be conducted to pinpoint the optimal proportions of
spodumene. This would involve a more comprehensive analysis using various spodumene
types and exploring their interactions with other materials. Collaboration with materials
scientists could provide the necessary insights for fine-tuning these proportions.

2. In-Depth Analysis of White and Black Mud Ratios

The study's findings call for an in-depth analysis of white and black mud ratios in
future research. Analyzing the chemical and mineral compositions can lead to tailored
production processes that harness these ratios to enhance pot performance.

3. Standardization of Firing Techniques

Building on the insights into firing temperature and methods, it is advisable to
develop standardized firing techniques that can be implemented in traditional kilns. This may
foster a broader application and understanding of these techniques across artistic and industrial
practices.

4. Collaborative Approach to Innovation and Inheritance

The development and preservation of traditional Shiwan kiln techniques require a
collaborative approach. Partnerships between craftspeople, researchers, and technologists can
aid in bridging the gap between tradition and innovation. This collaboration may manifest
through workshops, joint research projects, or community-based initiatives.

5. Emphasis on Decorative Studies in Future Research

Given the noted limitations in the decorative studies of clay pots, future research
should focus on this area. This includes exploring decorative techniques that align with
traditional craftsmanship and modern aesthetics. Collaboration with artists and designers may
provide a unigue perspective in this area.

6. Funding and Policy Support

Governments and funding bodies should recognize the importance of preserving and
innovating traditional crafts. Financial support and policy initiatives to promote research and
development in this area could catalyze the implementation of the study's findings on a broader
scale.

These recommendations provide a logical extension of the study's key findings and
identify actionable paths for future research, collaboration, and support in the field of Shiwan
kiln pottery. It fosters a holistic approach that considers the various facets of this traditional
craft, aiming at both innovation and preservation.
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