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I was first introduced to ceramic art in college. At that time, where everything seemed
worth a try, ceramic art satisfied my strong desire to make things on my own thanks to its
variety and mystique. However, | noticed countless ceramic “orphans” that could be found
anywhere in ceramic classrooms, along with broken pottery and ceramic fragments being
placed in corners. The scene left me in confusion, which had not been cleared up until |
began working for the National Taiwan Craft Research and Development Institute
(NTCRI) and took charge of the ceramic workshop affiliated to the institute’s manage-
ment center, where | finally knew where those unclaimed ceramics and ceramic scrap
come from. Each of these objects represents the history of the workshop where it was
made. It seems that once you blow the dust off them, they could tell you stories about
annual ceramic training events and product development projects happening across differ-
ent ceramic workshops. Despite the romantic memory, these orphans reveal existing
problems in the ceramic industry.

A5 RBFRARINMEEZMRT - BIEREhEEEE - 51
ZHETENEAMEE  LERKEBRU TFEIME TS > &
[EEEREIENIBERLT  REERMEMBETERAZUWENRS - E—
W HTE R EENA X RIRIE RS - BAINAWEDECRIE -

One can hardly recycle ceramic scrap in Taiwan as there is no such service provided by
local trash pickup authorities. Many ceramic artists, particularly those running their own

studios or small workshops, have no choice but to let ceramic scrap pile up in corners,
which have added to spatial costs and environmental problems without a solution.
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The NTCRI has long been dedicated to developing green craft ideas that emphasize the
nature, ecological circulation and balance, tolerance and vitality, which are related to the
cultures and people behind any craft as a physical object. We have realized that crafting
can encourage people to care about the environment and prompt them to call for environ-
mental circulation rather than simply focusing on maximizing economic benefits in the
culture of capitalism. To solve problems of ceramic scrap treatment, we have launched a
series of action plans to explore ceramic scrap-related issues. As the word “rebirth”
indicates—in addition to its positive meaning for ceramic scrap recycling during manu-
facturing—we expect our readers to put aside thoughts like “wasted” and “useless”, and
use their imagination to redefine ceramic scrap and develop its potential with a greater
tolerance instead.
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Managing the Procurement Project for Application and Promotion of Ceramic Scrap
Circular Design assigned by the NTCRI requires not only expertise of processing ceram-
ic—as a traditional material—in practice, but also understanding of cutting-edge technol-
ogies and trends in sustainability. Taking on this job has helped me broaden my mind and
horizon, which is also a challenge accompanied by fruitful results.
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For the 2022 project, we launched three
campaigns to raise awareness of ceramic
scrap issues. By holding various lectures and
workshops, participants were allowed to
have first-hand experience in relevant issues,
thereby understanding scrap-related
problems and identifying the possibility of
ceramic scrap recycling. In brief, the NTCRI
has received positive feedback from partici-
pants after achieving cross-domain collabo-
ration and technological optimization.
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A total of 16 craft artists and designers were invited to develop new materials (using
ceramic scrap) and explore new issues for the 2022 project. They exchanged opinions on
technical aspects and created 16 works made of ceramic scrap, for which they integrated
various design-oriented ideas in addition to countless trial and error with different materi-
al combinations. The artists brainstormed ideas of transforming ceramic scrap into a new
material for their creations. Moreover, they created

works using their craft expertise, demonstrating the beauty of this novel material.

HEEEPEHE T FERETAEGUMEERTRE - R EMEERRITE
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It is our pleasure to invite industrial designer Chung Yu-shan to be the design director for
the project, for which she provided design guidance during the entire process of innovat-
ing ceramic scrap use and helped artists finish their works in eight lectures. At first
lecture, Ms. Chung guided artists to brainstorm the design theme and chose “Perspective
Reorganization” as the final theme, hoping that the public can look at ceramic scrap from
different perspectives. Ultimately, creations inspired by ceramic scrap use will have more
room for individuals to interpret a work and even its failed or successful experiment as
well as regeneration process.

BEEE X EE
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Based on their knowledge of aesthetics and materials, the artists underwent the process
from idea development to work creation. They had to monitor and take records of the
chosen material as regards its physical changes when being made into an artwork. During
this process, they encountered problems from time to time, such as structural defects in
relation to slurry formula with different ceramic scrap proportions, parameter setting
problems of 3D printing, and risk and decision-making during product manufacturing, all
of which tested their skills and experience.
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Emphasizing circulation-related issues, the 2022 project has attracted more people to
engage in ceramic scrap recycling through various campaigns and contemplate relevant
issues. The project has facilitated craft research, innovations, and cross-domain collabora-
tion, as well as giving birth to artworks featuring smart use of ceramic scrap, thereby
exemplifying ceramic scrap recycling and demonstrating the value of green crafts. The
NTCRI proceeds to explore and promote issues related to ceramic scrap circulation, which
will help identify effective resources and save sufficient capacity for the establishment of
a ceramic scrap circulation mechanism in the future. The project also corresponds to
concepts of environmental protection, recycling, and reusing, laying down the foundation
for sustainable product development, materials, and research. | would like to thank all
those who participated in this project for their efforts to realize the value of green crafts.
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Continuously Expanding the Project
to Explore the Future

of Green Crafts

TEMEBEERE MEE Application with Material Experience Lab

DIFEHARFNIRBHEBANGES - (EBEEMR - BRI E R R
Mkl TERODR2018FEER = KZIMEE + Mk (Material) ~ #1E
(Making) ~ B (Meaning) I T &M B RS ERZ=(Craft  Application
with Material Experience Lab, CAMEL.) - BREREHE B BET R
BIEEDIMOEE - BIEMERER  RMEREEIEER - BifFEEE
ZERMIE, ?_uxDJrZJ:EE%I;ﬁT ERHEFELNNE > URER
ANBAEENE - EREETEREF - B8R ~ 816 - BRISHIKEBR

Echoing the world’s growing respect towards the environment and nature, the NTCRI
considered local materials, recycled materials, and future materials when it established the
Craft Application with Material Experience Lab (CAMEL) in 2018 based on the three core
values: material, making, and meaning. The goal is to consider different dimensions
outside the box, including the meaning of materials, manufacturing techniques, and
cultural connotations through the traditional learning process. Experiments are expected
to demonstrate the feasibility of the design and craft, as well as realizing the commitments
made towards people and life. This is expected to achieve sustainable objectives, includ-
ing the conservation, restoration, transformation, and re-creation of Taiwanese crafts.
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Ceramics are craft materials that have been extensively used in the history of humankind.
The history of ceramics can be traced back to ten thousand years ago. For archeologists,
characteristics of ceramic fragments unearthed at archeological sites can be used as one of
the indicators to identify levels of civilization development. People can interpret the
evolution of ancient civilization through how ceramic fragments were fired, density levels
of materials, and whether the ceramic fragments were decorated. These characteristics of
ceramic fragments concurrently reflect the durability of ceramic materials. When ceram-
ics are used in daily life, industry, and technology, they enjoy a reputation for being easy
to be processed, their prices are affordable, and they are easy to be maintained and
durable. However, when they are broken, they are disposed of as scrap, causing difficult
problems such as they cannot be burnt and they do not rot after they are buried. They will
be like ceramic artifacts that have been buried for thousand or ten thousand years.

BHEE X EE
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Upholding the spirit of green crafts, the NTCRI, under the guidance of the CAMEL, re-de-
fines ceramic scrap as “a new material” when encountering everyday life and industrial
ceramic scrap. In 2020, the NTCRI initiated its first exploration of recycling and reusing
ceramic scrap. In the following year, the NTCRI added 3D printing and attempted to use
3D printing’s popularity and ease of expansion to create a ceramic scrap circulation
process that can be implemented at the ceramic craft site. This allowed the workshop to
process its ceramic scrap and then reuse it in new creations. Thus, the NTCRI invested in
a series of software and hardware to develop, adjust, and experiment on ceramic scrap
slurry. A process demonstration was organized by the workshop in the same year. In 2022,
the institute follows up on the previously accumulated knowledge, and continues to
optimize the printing technology and material processing procedures. Moreover, ceramic
ware creators and designers have opened the door to ceramic scrap application by using
ceramic scrap in their creations or product developments.

1B EEZEET
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Pathway to the Revival of Ceramic Scrap
through Ceramic 3D Printing

SDREIIENREBWFIR R ? MEIEH
MRS R EEFDESR ° BEREIER
EBENZRE L TE2P0RREE SAREERL
R ZEIDIIED - BR T IRFT G EERIFTAY AT
At - URIRHEEH TERIPIEEN ©

What’s special about ceramic 3D printing? How does
this digital technology contribute to the ceramics
industry? In response to the call for creating a circular
economy, this project analyzes the increasingly
mature technology of ceramic 3D printing, identifies
innovative approaches to ceramic scrap transforma-
tion, and explores the possibility of green crafts in
Taiwan.

14 | BEXEE

fEEEIKBERNZENAHRRE - HRAKSEE2015F FTRENAYK
#BERBME (Sustainable Development Goals, SDGs) %+ I8 EiE
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Issues related to sustainable development have been widely discussed worldwide. For
example, the United Nations specifies, “by 2030, substantially reduce waste generation
through prevention, reduction, recycling, and reuse” in the Sustainable Development
Goals proposed in 2015 as Goal 12.5. Unlike plastic and glass products that have been
widely studied, ceramic—a material commonly seen in everyday life—has been relatively
unfamiliar to the public. This material is indispensable for goods like tableware, building
materials (e.g., tiles, roof tiles, bathroom fittings), artificial human skeletons for medical
use, and dentures. Despite its high stability and durability, ceramic can break easily due to

its brittleness. Have you ever wondered whether a broken ceramic is recyclable? And how
should it be treated after being disposed of?

£ T EROPTREINRe ramiclI 2B INERETER - BEAMTERT
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To help the public learn about the transformation and application of crafting technologies,
the NTCRI launched the Re’ramic Cross-domain Value-added Craft Production Project
(hereinafter “the Re’ramic Project”) in 2020. During project implementation, the NTCRI
also identified that the ceramic industry in Taiwan is still lack of an effective recycling
mechanism. Therefore, the institute proposed a plan concerning the design and application
of ceramic scrap recycling, aiming to raise public awareness about the issue so that every
individual can become a better, responsible consumer and producer, ultimately living a
more sustainable lifestyle.
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Start with Problem Analysis: Ceramics Can Hardly Decompose

EIRESE (circular economy) fEA—TREBE R4 BEBEZENESR £
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P EEA B RIFIMBIREE O ZHE  E—EEENH R IR S —[EEN
A > ERTHINHEEREEN AN > B NEEZEEZ (Cradle
to Cradle, C2C) J WBE -

As a regenerative system, the circular economy has multiple definitions, but it basically
involves concepts aiming to achieve zero waste of resources or waste minimization
through mitigating, enclosing, and shortening material and energy cycles. With technolog-
ical and lifestyle advancement, limited resources on Earth have been consumed far faster
than their natural regeneration. Moreover, a large number of wasted materials have
imposed a heavy burden on the planet. Under such circumstances, the circular economy
aims to achieve good circulation and arrangement from manufacturing to recycling. In this
way, outputs from a manufacturing process could be input of another process, thereby
increasing the possibility of net-zero emissions and zero waste and ultimately reaching the
goal of Cradle to Cradle (C2C).

BHEE X EE
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As a symbol of ancient crafting techniques and cultures, ceramic has gradually entered our
daily life thanks to advancement in modern technology and crafting know-how. What is
little known is that ceramic products cannot easily decompose, nor can they be incinerat-
ed. Normally, people would not know that ceramic products should be treated as general
waste until they hand in some broken ceramics to waste management staff, making
product recycling a great challenge in the ceramic industry. Moreover, the ceramic scrap
recycling system in Taiwan has long been lack of a comprehensive plan. According to data
compiled by the Environmental Protection Administration of Executive Yuan, of the
10,081,614 tons of waste treated in Taiwan in 2010, only 0.67% was categorized as “other
non-combustible waste”, which included ceramic products. Accordingly, roughly 67,546
tons of such waste was ceramic scrap treated by agencies governed by the environmental
protection authority on the island throughout the year. Today, ceramic scrap is still largely
disposed of in landfills or dumped due to lack of resource recycling technology and
limited channels to reuse it, causing widespread impacts on the environment and soil.

AEHEIREEREEBMIELNFZINEECT - FRULOED
MEE . HHEREREE  RTBBEXEHEHELE  SRERER
N ERARRINRRNYT - BBREEFEROMEREENAE - X
SBEAKRMECEEUBOEIEER - WRRRWEEZENBNRSiE
F EREBMERNE - MR AIFAEEEFTEERIILLA - 0
ZRBMUMENER - ENABEENNSHELIZASTE -

Countries worldwide are racing to achieve net-zero emissions for climate change mitiga-
tion, where Taiwan, an export-oriented economy, plays a critical role throughout the
supply chain. Taiwan must also accelerate the pathway to sustainable consumption and
production as its carbon reduction agenda has fallen behind other countries. To create a
circular economy for saving major resources, entities on the island from government
agencies to enterprises should work together by transforming the existing linear economic
patterns, adopting recycling and waste reuse measures, and achieving a structural change.
As ceramic is a raw material that has been widely used to produce daily necessities,
solutions for its scrap treatment using digital technologies must be devised without delay.

1B EEZEET
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Evolution Continues: Putting Ideas of Ceramic Scrap Treatment
into Real-world Designs and Applications

1970FRIEATRMRBRENTE > BERKNEERE > SORTEN
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Public awareness of environmental protection began in 1970. Several decades later, green
design has revolutionized traditional design strategies and formulated the concept of
circular design nowadays. In 2012, the Ellen MacArthur Foundation and McKinsey &
Company announced the circular economy system diagram, emphasizing that humans
must adopt different strategies to repair, maintain, or prolong the lifetime of a
product—depending on the degree of damage—nbefore its life comes to an end (where it is
usually disposed of in a landfill or burnt). Currently, landfilling and dumping are
mainstream methods of ceramic scrap treatment, leaving more room for improvement in
resource extension, with the concept of circular economy being a key to problem solving.
The NTCRI proposed a ceramic scrap circulation mechanism for the Re’ramic Project
launched in 2020, signifying a preliminary exploration of recycling. In 2021, the NTCRI
introduced the concept of applying ceramic scrap to 3D printing. Since then, the institute
has extensively transformed software/hardware research and development strategies,
conducted experiments using various materials and formula, and presented the research
results by holding workshops. For example, a total of 14 workshop attendees were invited
to use modified 3D printers and applications, after which they produced 14 samples and
75 trial formulas. Entering 2022, the NTCRI has endeavored to find innovative ways of
recycling ceramic scrap for future development in addition to its continued efforts to raise
awareness of ceramic scrap-related problems and dedication to technical optimization.

BHEE X EE

Digital Manufacturing: Its Potential to Revolutionize the Industry

SDFNEN X ZiARNNEE (Additive  Manufacturing,AM) > F£1980F 1,
2B IEEENRIFT AT - EF R UBEENHUELR  ERFEMRRES
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Three-dimensional (3D) printing, also known as additive manufacturing, is an innovative
technology that rose to fame in the 1980s. With 3D model data, the technology can physi-
cally construct a 3D object layer by layer using glues and mixtures made of specific
materials. Thanks to increasingly mature technologies, 3D printing has been used in the
aerospace, healthcare, automotive, and even architecture industries, leaving people
amazed by its potential for any applications. Particularly, the technology is best known for
its ability to overcome various shape limitations, enabling the creation of complex and
delicate works. Additionally, 3D printing helps reduce manufacturing costs as it can be
adopted any time and is free from the time-consuming process required in traditional
manufacturing. Importantly, 3D printing is able to meet sustainability goals set by
countries worldwide. The small-scale production pattern helps avoid problems of heavy
resource consumption and gas emissions caused by conventional large-scale production.

1B EEZEET
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Since 2012, the idea of being a “maker”—anyone who is dedicated to changing the world
using high tech and their own hands—has gone viral over the world, to which 3D printing
is instantly related. Centering on concepts of “decentralization” and “open source”, the
maker movement has deeply reformed the industrial structure of traditional manufactur-
ing. A decade later, the movement has shifted from the initial expectation of “making a
thing that | want on my own” to strategic development for industrial revitalization and
transformation. These makers aim to boost market profitability, thereby giving rise to a
variety of makerspaces, exhibitions, accelerators, e-commerce businesses, and fundrais-
ing platforms. As digital technologies have taken off over the past decade, the maker
movement now focuses on putting ideas into reality, achieving industrialization and
integrating its philosophy with local cultures and the natural environment. This technolo-
gy-based movement also creates numerous opportunities for the transformation of
traditional craftsmanship.

BHEE X EE

Ceramic 3D Printing

SDIIENMNEREFRR - B T8K - AE - B/ - BEDNSITFRE
SEINMR e —  LH - A TE2REGEBEEELANEES - FHAH
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AMEETBINIAEL - EMmEDKEE @

In addition to plastic, gypsum, and metal, ceramic has recently become a popular raw
material for 3D printing. By combining ceramics—capturing a great share in the craft
industry—with digital technologies enabling flexible shape and structural designs, ceram-
ic 3D printing becomes a new, efficient ceramics manufacturing technique. With its
doable trial-and-error nature, this technique also enables experiments on reprocessing
ceramic scrap materials to achieve sustainability.

RETSETEMRERPOREIEFE - ECTERFTERLAIESE
A RIS 20 B E 17 5 PR X 3 K 22 B FR B4l b 55 PR BN IR B = @A PR 1T Y
(B EZEREMNERNIDEET SR 2 1T HR) HmEPER -
BHREBRET > AMGFEE BRI - AREREMEELIFoHER
BIEE S LR HUR AZURH B LR RO - (B3R RN A 2 7B
) > DIBREINAE R BB NS R - MaASE SR A @ BIEEM R
FFHHASD@JED IR R R 25 > TMZ oM - BEBEIRET
AEEVMRNARTABHAGERIRTHE > Uk BN LBRET RS DR
(Zhao, 2021) »

“Application of Recycled Ceramic Scrap Materials to Ceramic Slurry for 3D Printing: A
preliminary study ”, compiled by Weng Tzu-hsin (technician of the NTCRI), Chen
Chiung-ju (CEO at Crown Craft Design), and Li Jian-you (assistant professor at the
Institute of Applied Arts, National Yang Ming Chiao Tung University), describes that
“There is an existing technique often adopted by artisans when producing large ceramics
or sculptures; specifically, they mix grog with soil (i.e., aggregates of sintered soil, except
that grog does not contain any glaze) so as to reduce the shrinkage rate and enhance their
works’ texture. Regarding digital manufacturing techniques, numerous studies have
applied ceramic materials to 3D printing using diverse and mature digital technologies.
Digital design can help expand the structural and textural characteristics of ceramic
materials and create a labor-saving process through automation (Zhao, 2021).”
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Ceramic 3D printing works by mixing ceramic powder, binders, and additives in a specific
ratio, transforming the mixture into powder, sauce, wires, or films, and constructing the
final object using a suitable 3D printer and printing technique; the object requires second-
ary processing including glazing and kiln firing. There are mainly seven types of 3D
printing technologies: powder bed fusion, directed energy deposition, binder jetting,
photopolymerization, material jetting, material extrusion-based fused deposition model-
ing, and laminated object manufacturing. Except for directed energy deposition and
material extrusion-based fused deposition modeling that are unsuitable, nozzle extrusion
modeling is currently the most mature approach to ceramic manufacturing. However, as
the European Patent Office reported in its 2020 analysis of the trend in 3D printing
patents, the market size of 3D printed ceramics is still lower than that of mainstream
materials such as plastics. Nevertheless, 3D printing is a promising approach that will
help diversify the shapes of traditional ceramics with great potential.
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Now the question is: How to reuse ceramic scrap—often considered an impossible
mission due to its irreversible and unrecyclable nature—with the help of the increasingly
mature digital technology and related applications? Successful cases can be seen
overseas; for example, designers in India and the UK have adopted ceramic scrap to create
astonishing artworks. In Taiwan, Huafan University partnered with porcelain art brand
Franz Collection to create works using ceramic 3D printing. However, more creativity and
experiments are needed for this technology to advance in the Taiwanese ceramic industry.
The Re’ramic Project aims to make ceramic scrap sustainable by utilizing expertise
gained from traditional ceramic manufacturing. First, an experiment was implemented.
Specifically, powdered porcelain, powdered ceramic scrap, and tap water were mixed and
made into basic formula with a weight ratio of 10:3 (soil: ceramic scrap); the mixture was
then added to printing slurry for 3D printing. The researchers proceeded to verify whether
the slurry can serve as grog and strengthen support structures as well as whether the
process could make the recycled scrap sustainable. The research results showed that using
recycled ceramic scrap in 3D printing is possible and can help achieve material sustain-
ability. Moreover, adding ceramic scrap to printing slurry could boost structural support
by 2.2 times. However, the research only focused on the use of recycled ceramic scrap
without exploring the effects of ceramic scrap glaze on the formula. That being said, more
crucial breakthroughs for the combination of ceramic 3D printing with ceramic scrap
materials will surely be seen in the coming years as digital technologies advance.
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Exploring the Use of Recycled Ceramic Scrap

The issue of circular economy has become widely discussed worldwide and ceramic 3D
printing hardware technology has become increasingly mature, creating new development
possibilities for ceramic scrap. Accordingly, for this project, we conducted ceramic scrap
regeneration research. The project is divided into several chapters. In this chapter, we will
introduce the stages of material testing, printing styles, and design and application, allow-
ing people to witness how ceramic scrap can be transformed into novel, creative green
crafts via correct material distribution and product manufacturing, design, and applica-
tion.
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Performing Scientific Analyses and Referencing Craft-related
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Ceramics are fragile materials that are easily broken when carelessly handled by consum-
ers. Additionally, they are discarded during product development, glaze testing, and
sampling; these incidents create ceramic scrap. Accordingly, since 2019, the NTCRI has
engaged in interdisciplinary endeavors and promoted the idea of integrating the skills and
materials of traditional industries to introduce innovative material application. The
institute has examined various processes in metal, forging technology, digital manufactur-
ing, and ceramic 3D printing projects. In 2020, the institute explored the topic of recycling
ceramic scrap, working with Excellence Collection to research ceramic scrap recycling.

Such an effort has enabled the concept of circular economy to be applied to the design and
application of ceramic scrap.
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According to the Taiwan Architecture & Building Center, “recycled green building
materials” refers to “building materials manufactured using recycled materials and reman-
ufacturing procedures that comply with the 3 R’s (i.e., waste reduction, reuse, and
recycling).” At present, recycled green building materials are divided into wood-recycled
green building materials, stone-recycled green building materials, and mixed material-re-
cycled green building materials, with ceramic scrap being categorized as stone-recycled
green building materials. Ceramic scrap that is properly sieved can be made into architec-
tural aggregate granules. By applying ceramic 3D printing technology that transforms
architectural aggregate granules into crafts, we gradually test and establish a ceramic
scrap regeneration mechanism, reducing the amount of ceramic scrap created while
producing crafts featuring favorable quality.
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Founded in 1909, Excellence Collection has witnessed and participated in the rise, fall,
and transformation of the ceramic industry. In this project, Excellence Collection utilized
the expertise and techniques that it has accumulated over the years and collected five
categories of ceramic scrap (e.g., fire-resistant shelf boards, quartz tiles, wall tiles,
pottery, and porcelain) provided by Horng Jou Ceramics Co., Ltd., Chun Syu Ceramics,
Dayu Ceramics, Meimei Potter’s Clay, Natural Pottery Art, Dongxiang Porcelain Co.,
Ltd., and other recyclers. Experiments were performed according to the characteristics of
each individual material and by changing the ratios of the materials. Additionally, ball
clay and potassium feldspar, a raw material that was highly viscous and plastic and a raw
material used in the ceramic industry, respectively, were used in all production processes
to manufacture recycled ceramic raw materials that could be used for grout production and
as handmade ceramic gifts and tableware. Finally, far-infrared and antibacterial materials
were added to increase product functionality, realizing the goal of mass producing and
marketing recycled ceramic products made from ceramic scrap, and facilitating and
promoting a circular economy for the ceramic industry.
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For half a year, Excellence Collection has endeavored in activities including test piece
making, test analyses, and product design, trial production, and measurements. During
powder analyses, Excellence Collection crushes and finely grinds the collected ceramic
scrap before placing it into XRF analyzers for component analyses. The crushed and
finely ground powder is then filtered via a 200-mesh sieve before particle size distribution
tests are performed.
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Component analyses were performed to obtain the formulas for recycled materials used to
make slurry via suitable kneading and throwing methods. The recycled materials were
prepared using a three-component triangular batching method and contained different
ceramic scrap, ball clay, and potassium feldspar raw materials. Based on the experiences
of Excellence Collection in production processes, the ratios of grout, hand-drawn clay,
and shelf board scrap used are described as follows:

1.;#8%Grout :
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£ 35%-42% Z [ -

Approximately 30%-35% of ball clay was used, allowing the clay materials to be highly
plastic and conducive to molding and demolding; approximately 22%-30% of potassium
feldspar was used according to the sintering temperature; and approximately 35%-42% of
ceramic scrap was used.

2.FfifHand-pulled clay :

EE T LEBIATE 43%-50%2[ » MRALEFINE 22%-30% Z[H -
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Approximately 43%-50% of ball clay was used; approximately 22%-30% of potassium

feldspar was used according to the sintering temperature; 2% of bentonite was added; and
approximately 30%-38% of scrap was used.

I BN EEZEET

29



3.1t EE#}Shelf board scrap :
AR R B g KA > 2 sl R AR R B R A RS T VRS E & »
EBIMERUEB L ~ REit+ - ERA « EEEAIM EMRERN -

The shelf board scrap was a fire-resistant material. To transform the material into one with
a low expansion coefficient in order to manufacture products such as heat-resistant pans
and others, ball clay, kibushi, petalite, spodumene, and shelf board scrap were added.
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After determining the ratios of raw materials to be used, we performed different tests (e.g.,
thermogravimetric/differential thermal analyses, water seepage tests, tests for determin-
ing the slurry peptization abilities of recycled materials during grouting processes,
strength tests, and water absorption tests) based on the thermomechanical properties of the
different recycled materials. These efforts enabled us to identify the recycled raw materi-
als to be used for each of the five major ceramic scrap as well as the powder analysis
results of two major raw materials.
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According to (a) the final experimental results; (b) the materials and manufacturing
processes of pottery and porcelain scrap; and (c) thermal analysis data, pottery and porce-
lain scrap are better suited for making ceramic products at high sintering temperature than
the other scrap materials are. The low water absorption rates and high flexural strength of
pottery and porcelain scrap allow them to be made into superior recycled ceramic
products. Among the different types of scrap used to make recycled ceramic products,
porcelain scrap is the most profitable. Wall tile and quartz tile scrap must be heat-treated
at under 1,250°C to manufacture recycled ceramic products. When making recycled
ceramic products using shelf board scrap, approximately only 25% shelf board scrap can
be used.
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Finding Innovative Possibilities to Support the Idea of Sustainability
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Technology and the COVID-19 pandemic have revolutionized our daily operations, and
circular economy has become an issue that cannot be overlooked worldwide. Material
testing and manufacturing processes are research and development activities that often
take years to complete. Following digital transformation, what opportunities are there for
ceramic scrap? By conducting small-scale tests using 3D printing technology in 2020, we
discovered the potential of using ceramic scrap.
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Teaching the Value of Ceramic Scrap via Workshops
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In 2019, the NTCRI established the foundation for material testing, confirming the
feasibility of using recycled materials and the value of recycled products in the future. In
2020, the institute incorporated 3D printing technology. As mentioned in the previous
chapter, today, the development of ceramic raw materials in the 3D printing market pales
in comparison to that of other mainstream materials. Nevertheless, it has great potential.
To build a new ceramic scrap recycling platform, the institute launched two sub-projects
in 2020. The sub-projects involved making slight adjustments to printing equipment
software and hardware, and performing ceramic scrap printing slurry configuration and
tests, creating a 3D printing model template prototype for ceramic scrap recycling. Next,
the institute hosted the “*Re’ramic’ Ceramic Scrap Recycling Technical Personnel Train-
ing Workshop,” inviting parameter design expert Li Jian-you and ceramic artist Chen
Chiung-ju to demonstrate ceramic scrap 3D printing to 14 workshop participants. The
goal was to teach the participants the concept of recycling and sustainability by using
ceramic scrap as a new material, showing that dumping ceramic scrap in landfill was no
longer the only option for used ceramic product cycles and using proper treatment to
remanufacture ceramic scrap into valuable products.
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Re’ramic Workshop Begins, Bringing Culture and Digital Technology Together
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In this project, ceramic scrap was used in a new ceramic 3D printing process; the goal was
to develop a mechanism that reduced ceramic scrap. Concurrently, digital ceramic 3D
printing technology was employed to create ceramic art. A workshop that taught people
ceramic scrap recycling technology was held. The workshop was 160 hours long and
received 14 participants. The participants had background in various fields including
traditional ceramics, industrial design, parameter design, and machinery. The participants
received two months of technical training, using the concept of recycled ceramic scrap
and their creativity to explore the potential and limitations of ceramic scrap, as well as
learning how to apply parametric design to ceramic 3D printing. This is how the NTCRI
realizes the concepts of design-driven innovation (DDI) and material-driven design
(MDD) while connecting and supporting different industries.

BEEE X EE

sETRREN AT BBt BE T B AN L EEEEZNBREAE » MM
RHEBEN AT R B T UM RS HER RS RNOTELRER - 28Uz
B2 T EIHAVERET AT P] DA 3B 2020 5 F 2V E P E2 i B B HH 2R RS TS 1 &N 34

RERS L)  BEREEAMRZBREBURMNASHEERENEMRES
SReRstRTTA B BT - BIWNE B sk m sk A DRI AR B AR ) & 25
B THERAE T MEMBERLER » HEEBRSHER  RRES

THRAEBNMUEBMBESZZENER ; IS 2WEEBFNER -
A& L B RE 2 SN A MIBEEE - %5 P ESDFIEDRIE A [ E 45 953
EE2KES » AlSHARACENMEDRMA « B EMMEBETRN
TR ERASHMRERGR AR HEA » BEAHNMEEA L

e mREETHENED  HREEIDIIERMNERERRIRL
ZIX{CRUPIEE - MAT A ERERTELCH  BEE N —BERRFTERIR
EHEE -

DDI allows design thinking to drive interdisciplinary innovation, while MDD allows the
nature and functions of materials to drive design. The aforementioned workshop partici-
pants used the soil preparation and experiment methods introduced by Excellence Collec-
tion in 2020, their creativity, and material properties to complete their own material
formulas. For example, Chang Yi-cheng utilized meshes and organism patterns to
compare the pottery and porcelain scrap. He continuously revised his parameter design,
ultimately creating an artwork that was translucent and conveyed the notion of a capture.
Kuo Chi added coffee grounds to porcelain and pottery scrap, performing ceramic 3D
printing and changing the strength and water seepage ratios to create coffee filter cups
with different designs. Other workshop participants also obtained different material
experiment results. By playing around with the scrap and making constant revisions, the
participants obtained valuable results, demonstrating the potential of practical, diversified
ceramic 3D printing application. All of the processes were fully recorded, building a
foundation for the next stage of design and application.

I BN EEZEET

35



SrEa iz E S Design and Application Stage

36

PARTJ3

.- EHER > KAEEEMHEHREREEM

PiEERE - RIRSIRCAIERET AR

Interdisciplinary Simulations, Showcasing
Diversified Design Results
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In 2022, the NTCRI held the Re’ramic Project once
again, promoting the reuse of ceramic scrap. For
this project, the institute organized activities that
promoted the reuse of the said scrap and invited a
group of craftsmen and designers to explore
ceramic scrap application and creation. During the
project, nine participants trained by the institute
and led by designer Chung Yu-shan created ceram-
ic art over the course of eight classes. Additionally,
senior ceramic artists Chen Chiung-ju, Chen
Wei-en, and Wu Chia-pei as well as three designers
from Chuangcifang were invited to participate in
the project. Through it, the participants presented
new ceramic scrap application based on their
unique interpretations.
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Design and Application, from Daily Living Objects to Household Products
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For this design activity, participants from different professions and backgrounds interact-
ed, learned from, and inspired each other, gradually creating new ceramic scrap produc-
tion and application-related knowledge. All of the participants’ designs stemmed from the
notions of ceramic scrap recycling and environmental sustainability in Taiwan. The
ceramic art designed included daily objects such as coasters, dinner plates, coffee filter
cups, beer mugs, and vases as well as large household items such as lampshades, seats,
and coffee tables, illustrating the remarkable potential of reusing and reproducing art
using ceramic scrap.
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Over the past three years, the world has undergone
rapid changes, and the material industry has faced the
pressure of accelerated design changes. Because
material development is a time-consuming, labor-inten-
sive, and costly process, identifying ways to shorten the
new material development time is a matter that must be
addressed to meet current global circular economy
trends. As for the craft industry, which is characterized
by its material processing technology and manufactur-
ing methods because it possesses interdisciplinary and
innovative capacity and its creative, talented personnel
often inspire novel ideas, art is no longer displayed
using existing material characteristics and via visual
representations; it is also displayed using new technolo-
gies and techniques, echoing global trends and the
social value of sustainability.
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It has been three years since the NTCRI began to work on the ceramic scrap circulation
issue in 2020. The institute explored the scientific properties of ceramic scrap from an
objective perspective and attempted to use ceramic 3D printing to develop a circulation
mechanism for using ceramic scrap. Finally, actual application was used to turn ceramic
scrap into daily living items. This success was only accomplished through the collabora-
tion of many cross-field partners.
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However, there is still a long road ahead for promoting ceramic scrap circulation and
solving ceramic scrap issues. The system especially lacks integration between production
lines and the market structure. We hope that we can maintain our humility regarding what

is known and curiosity towards the unknown. We will take steady steps in co-creating
goodness and beauty.
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for innovative circulation.
Countless failures are the key to scrap regeneration.
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