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Background to the Research:
During the AHRC funded three-year research project ‘The Fabrication of Three Dimensional Art and
Craft Artefacts through Virtual Digital Construction and Output’ the investigators Huson and Hoskins
developed a patented ceramic material. Whilst there are several research groups working
internationally in this field, the CFPR team are currently at the forefront of these developments with
a method which uses 3D computer aided design (3D CAD) software to design an object on a
computer and print a model directly in a ceramic material to be subsequently fired, glazed and
decorated.
Tableware and whiteware companies already use 3D CAD and computer numerical control (CNC)
models to produce tooling that has fed into traditional mould making methods. Some companies
have advanced further and use 3D printing machines such as Z Corp and Objet to print out 3D
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visualisation design models. The positive model produced from this process can then be used to
continue the process by traditional techniques.
Denby are at the forefront of these developments in the UK using 3D printing in their design studio
to aid in the development of new design concepts. They are extremely positive about these
technologies and cite great advantages in terms of time, cost and design flexibility. Denby are
seeking a concept model process that looks and feels like the final product which can be fully tested
for functionality.
The traditional ceramic design method involves transcribing dimensions for a design from a drawing,
turning it on a lathe or modelling it in solid plaster then turning and adjusting the design as the
model develops. From this a mould is made in potters plaster from which a slip cast clay model is
produced which is then fired and glazed.
The disadvantage is this method can be a very slow and labour intensive process and one that
requires a great deal of skill. The model is difficult to alter and modification often means starting
again to adjust the shape. CNC milling uses 3D CAD software to create a virtual model which is then
machined using a CNC miller out of a modelling material. The model has a potters plaster mould cast
from it, this is then slip cast with clay and fired. This is a much faster process allowing the designer to
make design iterations, speeding up the modelling process.
The Z Corp printing method used by Denby employs the 3D CAD software to develop designs that
are directly printed in 3D using Z Corp material. The design process allows for multiple iterations to
take place and creates a model with the same shape and section as the final piece. However this is in
a plaster material that cannot be fired, take glaze, decoration or be tested for its functionality. What
the customer wants to see is a concept model in the actual material of the finished product - glazed
and decorated. Using conventional methods this is a slow and very expensive process. By using the
CFPR 3D printed ceramic process it is possible to directly translate a 3D CAD model into a ceramic
artefact that can be fired, glazed and decorated as required conventionally.
Aims and Objectives:
The primary aim of the project ‘Solid free-form fabrication in fired ceramic as a design aid for
concept modelling in the ceramic industry’ was to prove the commercial viability of 3D printed
ceramic bodies as a design tool for concept modelling of tableware and whiteware for the ceramic
industry. A further aim was to investigate ceramic firing supports and their advantages in the
production of one-off ceramic design concept models.
To achieve this the project team:
Collaborated with designers from Denby Pottery, by using both existing production shapes
and concept model designs to develop a method of producing 3D printed and fired ceramic
concept models.
Explored the design considerations and physical and material constraints for shape and form
to suit the 3D printed body.
Collaborated with Denby Pottery design and technical team to develop custom supports and
profile settings in order to fire complex ceramic items.
Investigated the potential of producing short run bespoke ceramic designer items and one
off ceramic artworks by working with an internationally renowned ceramic designer (Peter
Ting) and a group of ceramic design students from the Royal College of Art.
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Undertook a survey of the UK and European ceramic industry to establish the state of the art
of the use of 3D printing and rapid prototyping techniques in tableware manufacture.
Survey of industry:
Hoskins and Huson undertook several visits to European and UK ceramic tableware manufacturers specifically Costa Verde Porcelain based near Vagos in Portugal. They have also made contact and
developed an on-going relationship with Steelite International and the Dudson Group, both leading
UK based manufacturers of tableware.
The project team also had regular meetings throughout the duration of the project with the design
and technical teams from Denby pottery. A trip was also made to ‘Ceramic Network 2011’ at the
ESTER Technopole in Limoges - an exhibition and seminar for the European hi-tech ceramic industry.
Discussions with these companies helped to confirm the current level of rapid prototyping use in the
European ceramic industries (using proprietary plastic and plaster materials) and helped us to gain a
wider understanding of the specific market requirements of tableware manufacturers.
Research Methods:
To prove the commercial viability of 3D printed ceramic bodies as a design tool for concept
modelling of tableware, the researchers have had to develop an understanding of the design
considerations required and the constraints inherent in producing 3D printed ceramic tableware.
The research team have taken an existing Denby Pottery set of designs that are currently (or have
recently been) in production and attempted to replicate them with the 3D printing process. This had
several strands, the first was simply to be able to build and maintain the shapes in the green unfired
ceramic material. The second was to investigate wall and build profiles of the objects to better
understand the potential of building objects in 3D rapid prototyped ceramics. The third was to
create a series of profile setters to support the objects whilst fired. This data has been collated to
enable a higher quality bespoke item of individual art work to be created and expand upon the
potential previously achieved by CFPR researchers. Additionally the project has undertaken a realtime trial with a small number of artists, including Denby Pottery designers and postgraduate
students.
By using this knowledge and taking on an iterative approach to the design process a methodology
for the production of 3D printed ceramic concept designs and artworks was developed and refined.
Progress of the project:
The 3DP ceramic body developed at the CFPR during the previous AHRC funded project ‘The
Fabrication of Three Dimensional Art and Craft Artefacts through Virtual Digital Construction and
Output’ proved the viability of using the powder binder process to produce 3DP ceramic artworks
although the constraints involved in the process meant that it was more suited to thicker section
self-supporting designs which we had chosen to be more compatible.
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3D printed ceramics made during the earlier project

Table ware forms tend to have a much thinner sections to provide the desired aesthetic and the
production of these shapes using the CFPR UWE 3DP ceramic process would pose a considerable
challenge.
Four shapes were initially chosen to trial the process, a standard Denby glaze test cup, a small Denby
production plate and two shapes developed at CFPR UWE: a simple cup shape and a more complex
double walled cup to demonstrate the design possibilities of the process.
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3D CAD drawings of initial shapes chosen for trial

From the 3D CAD models shown above examples were 3D printed, dried and fired

Before and after firing

As can be observed from the images above it was possible to 3D print in the ceramic material and to
achieve a well-defined model with a good surface and with adequate green strength. However
during firing the material is not strong enough to support itself and collapses! This behaviour was
not entirely unexpected because the way that a 3D printed ceramic material behaves during the
firing process is different from a conventionally formed ceramic material. This is due to the
alterations and compromises that need to be made to a ceramic body to enable it to be formed by
the 3D printing process. In conventional clay based ceramic bodies mechanical pressure forces the
constituent particles together in a waterbased suspension or paste. During the firing the clay
gradually changes from a plastic material that binds together the body matrix to a component that
reacts with the fluxes and other ingredients to form a glass like material that holds the matrix
together.
In the 3D printed ceramic process an ink-jetted binder is used to act on a dry material mix containing
ceramic powders and organic binders, essentially “glueing” together the particles. During the firing
the organic binders can burn away before the ceramic components can start to sinter and hold the
structure together - this can be problematic with thin sections and can cause the object to collapse
under it’s own weight.
A potential solution to this problem was to investigate the use of profile setters in the firing process.
Conventionally highly vitrified thin section bodies such as bone china and porcelain require profile
setters during firing to maintain the integrity of the shape. Profile setters are purpose built ceramic
supports that have a similar expansion and contraction rate to the object they are supporting - so
that during the firing process, the plate or cup will not warp unduly because it is supported by its
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profile setter. However these support systems would not be suitable or available for new concept
shapes and would be expensive and slow to produce for one off artworks.
Having previously demonstrated that it was possible to form and fire stable thick sectioned items
using the CFPR 3D ceramic printing process and that the profile information for any model can be
derived from the 3D CAD file it was decided to 3D print firing support profile setters for one off use
in the same material as the concept models

CAD models of firing supports

3D cup on 3d printed firing support

Fired cup and support

Glazed examples
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The use of custom made, single use profile setters showed promise and enabled the Denby test cup
and saucer to be successfully printed and fired without collapsing in the firing process.
The ceramic beaker designed by Dr Peter Walters was only partially successful as, although the firing
support maintained the internal profile the outer skin of the double walled vessel still distorted in
the firing process - especially around the holes in the outer skin. Resolution of this problem required
detailed examination of the properties of the material and several design iterations in the thickness
and of the skin and internal support structure. This is explained in more detail in the case study on
page 13.

Having demonstrated the viability of using 3D printed firing supports to maintain the integrity of 3D
printed ceramic concept models the collaboration with Denby pottery was further utilised to
investigate the possibility of producing a 3D printed ceramic concept model of a modified bone china
sugar bowl. This would be a further challenge due to thinner wall section of bone china tableware
but luckily it also coincided with on-going developments in the ceramic body material which gave
improved green strength and better firing performance. This development - along with increased
knowledge of the optimum shape for the supports - enabled the sugar bowl to be successfully 3D
printed and fired.

CAD model of Denby concept sugar bowl

The CFPR 3D printed ceramic process:
Fundamental to the concept of 3D printed ceramic powders is the Z Corporation 3D printer. The Z
Corp system uses two moving beds of powder traversed by a carriage, consisting of a roller to move

7

a precise thickness layer of powder from the feed bed to the build bed and an ink jet head that
moves north and south on the same carriage.
The printer software slices a 3D virtual model into layers 100 microns thick and sends each layer to
the print head array sequentially; each layer represents a cross section of the model. The ink jet
head prints binder onto the powder build bed in the pattern of the layer cross section, the build bed
drops down by a layer thickness, the roller mechanism moves across to the feed bed which rises by a
layer thickness, the roller then sweeps the layer of powder from the feed bed across onto the build
bed and the process is repeated until the model is built.
The proprietary powder supplied to work with the machine is plaster based. The CFPR process
replaces the proprietary powder with a ceramic body mix which has been developed to have the
correct properties to function as a 3D printable medium in the process but can then be depowdered, dried and fired to form a true ceramic body. Once the first firing has been performed the
material can be treated as a conventional ceramic and can be glazed and decorated as normal.
The following set of schematic diagrams show the operation of the Z Corp 3D printer using the
powder material while the photographs show the process of removing a 3D printed ceramic form
from the machine and the subsequent de-powdering and drying operations of the CFPR process to
prepare the model for the first (bisque) firing.

8

9

10

Moving build from 3D printer to dryer

Removed from dryer and bulk de-powder, then returned to dryer
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Final fine de-powdering prior to bisque fire

Fired, glazed Denby concept sugar bowls
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Case studies:
A series of case studies were undertaken to show the ability of the 3D printing ceramic process to
successfully produce commercially acceptable concept models and short production runs of ceramic
artworks. The online case studies describe the process in more detail:
Denby Coffee Cup
Denby Sugar Bowl
Peter Walters Beaker
Stephen Hoskins Bowl
Peter Ting Bristol Tea Cup
RCA students:
Denby Pottery has a long term connection with ceramic design at the RCA and offers work
placements for selected students. As part of this connection it was suggested that the CFPR 3D
printed process may be suitable to realise in physical form 3D CAD models designed by the students.
Two students were selected to take part in the project, John Rainey and Cristina Vezzini, their 3D
CAD models were taken and realised in 3D printed ceramic using the CFPR process.

John Rainey CAD model
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John Rainey fired piece on lattice support

Cristina Vezzini CAD model
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Cristina Vezzini 3D printed ceramic on firing support

Cristina Vezzini fired and glazed
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Outputs:
Towards a New Ceramic Future, one day symposium - Victoria and Albert Museum, London, Tuesday
17 January 2012
Licence Agreement with Viridis3d LLC (Viridis)
Journal Article - Towards a new Ceramic Future, Author: Hoskins, S. Ceramic Review

Conference papers:
3D Printing of Ceramics for Design Concept Modeling
Proceedings of NIP27: International Conference on Digital Printing Technologies and Digital
Fabrication 2011, Minneapolis, USA
02 October 2011
pp. 815-818. ISBN 978892082964
http://www.imaging.org/IST
David Huson and colleagues at the Centre for Fine Print Research at the University of the West of
England have recently obtained funding from the Arts and Humanities Research Council to continue
their research into the 3D printing of ceramic materials. Many ceramic manufacturing companies
use 3D CAD software and 3D printing technologies to produce design concept models for evaluation,
although their value to the design process is limited due to the type of materials that can be printed,
conventional modeling and processing methods still need to be used to achieve a design concept
model in a real material. In collaboration with Denby Pottery a leading UK domestic tableware
manufacturer the research project will refine and enhance the 3D ceramic printing process already
developed at the University. This collaboration will enable he production of concept models of new
design ideas in a real ceramic material that can be printed directly from CAD data, fired, glazed and
decorated. This paper details the progress of the research project and uses examples of new designs
to illustrate how these novel techniques can show great advantages in terms of time, cost, design
flexibility and functionality when compared to existing 3D printing and conventional modeling
techniques.
The digital physical artefact: A case study for digital engagement in the creative industries,
Authors: Hoskins, S. and Huson, D. Digital Engagement 2011 (the Digital Economy All Hands
Meeting), 15th - 17th November, 2011, Newcastle-upon-Tyne, UK
For the last five years the research team at the Centre for Fine Print Research have concentrated on
the interface between creative design and mass market technologies. The research developed from
a three-year AHRC project ‘The Fabrication of Art and Craft Artefacts through Virtual Digital
Construction and Output’, this led to a patented process for additive layer manufacture of ceramic
bodies. Creating the ability to design, print, fire and glaze a finished item in a ceramic body. The
primary aim of the project was to investigate the potential for designers and craftspeople to
‘digitally physically’ create one off and bespoke artworks in materials they were familiar whilst using
digital technology at all stages of the process, far beyond a virtual on-screen representation. The
ability to digitally print ceramics has led not only to a process of benefit to the Art and Design
community, but additionally to a growing number of industrial collaborations. Currently the team
are working with, Renishaw, Denby Potteries, Johnson Matthey and Viridis LLC in the USA. This is
because the ability to print in ceramics is a fundamental shift from creating prototypes in plastic to
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manufacturing actual objects that have all of the tactile qualities that are so essential to the
definition of British Design quality.
The sensorial dimensions of clay: ‘A dialogue between the science and practice of making in clay’
The Poetics and Physics of Clay: Diverse Approaches to Materiality
University of Manchester
14 March 2012
Clay is a material that has been used by mankind for almost 20,000 years to make objects ranging
from small figurative or utilitarian pots, figurines, bricks, pipes and loom weights to large
architectural structures such as the Sankore Mosque in Timbuktu, or the Wall of China. The
pervasiveness of its uses even in modern day becomes clear when one considers that between half
and two thirds of the world’s population still lives or works in buildings made with clay. Thanks to
the Material Sciences we have a solid understanding of the properties of clay and its use in
construction and manufacturing contexts is ever increasing. Likewise, its malleability and ability to
interact with other materials in interesting ways has made clay one of the primary media for artists
to work with. While science and art impact each other in a myriad of ways, these linkages are often
unspoken and unacknowledged. It is therefore the purpose of this workshop to vocalize how
different scientific techniques interface with artistic dimensions and how, in turn, this interaction
shapes the objects’ meaning in society.
The Evolution of a Sugar Bowl
Rapid 2012, Atlanta, Georgia, USA
22 May 2012
This paper provides examples of current research in the field of 3D printed ceramics from a creative
design perspective. It will also present a case study of a research collaboration between Denby
Potteries and the Centre for Fine Print Research (CFPR), which is intended to move 3D printing from
making replica prototypes to creating actual objects in ceramics. Denby bring to the project
expertise from a traditional but forward looking pottery company, who use 3D prototyping as an
integral part of their concept design process. The CFPR bring a body of UK Research Council funded
research and a patented material consisting of a 3D printable ceramic body. The research
undertaken potentially allows the ability to print directly in a compatible ceramic material that can
be rapidly glazed and decorated; a quantum leap in concept modeling for Denby, and the tableware
industry. A 3D printed sugar bowl will provide an exemplar of the inherent problems of re-creating
an existing ceramic artefact. 3D printing of ceramics is a fundamentally different process from
conventional ceramic forming techniques for tableware. Its evolution demonstrates some of the
problems and solutions developed during the creation of an actual 3D printed ceramic artefact.
Novel Ceramic Materials and 3D Printing Applications
TCT Live, NEC, Birmingham, UK
25 September 2012
Research in the field of 3D printed ceramics has been undertaken for at least 20 years; the initial
patents filed by Moo and Cima of MIT in 1992, detail the use of ceramic powders. In the last ten
years the research has split between what could be defined as technical ceramics and Domestic
Tableware, which invariably includes art and craft ceramics. CFPR is a leader in 3D printed ceramics
for Artists and Craftspeople; one of primary objectives of the research undertaken at the CFPR is the
creation of actual physical artefacts in ‘real materials’. The term 3D printing is becoming accepted as
a replacement for rapid prototyping, as the technology moves from producing prototypes to
creating artefacts in actual materials. Since 2006 research in this field at the CFPR has been
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supported by government funding and progressed from an assessment of the potential of RP for the
visual Arts, including the development of novel processes for craftspeople, culminating in the
development of a patented 3D ceramic material that has wider applications for the 3D printing
industry. This material has been well received, with collaborative industrial partnerships with a
number of companies, such as Viridis in the USA and Johnson Matthey and Denby Potteries in the
UK. Research is currently underway with Denby Potteries on an AHRC funded project ‘Solid Freeform fabrication in fired ceramic as a design aid for concept modeling in the ceramic industry.’
Exhibitions and Seminars:
BIS Manufacturing Summit, Bristol & Bath Science Park, 23 February 2012
Ceramics 2011, Stoke-on-Trent, 10 November 2011
Materials KTN Powders group RCA 30th November 2011
Ceramics 2012, Stoke on Trent, 23 October 2012
AHRC Digital Transformations Moot, 19th November, 2011 London UK
Online Exhibition of all project artefacts on the CFPR website
Works in national collections:
A selection of 3D printed, fired and glazed artefacts from the project case studies were produced as
a 3D printed edition to illustrate the possibilities of the project outcomes. This edition has generated
interest amongst a number of leading national and international museums, galleries and arts funding
councils including:
Department of Business, Innovation and Skills
Arts and Humanities Research Council
The Victoria & Albert Museum and The Museum of Art and Design in New York have both expressed
a desire to exhibit the finished ceramic sets in their collections and negotiations are underway to
have this in place by Autumn 2013
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Collaborations and Partnerships generated by the project:
Burleigh Ceramics, Burgess, Dorling and Leigh
Collaboration with Burleigh to assist in increasing competitiveness of this historic Victorian pottery,
and introduce new technologies to the traditional process without losing its core values and its
unique craft skills.
Johnson Matthey Noble Metals
Direct contract consultancy for 3D printed ceramic research
Viridis 3D
Collaboration to commercialise our research
Renishaw Plc.
KTP 3 year award as a result of the CFPR expertise in additive manufacturing in the creative economy
Bristol Robotics Laboratory
Collaboration on Ceramic Fuel Research project

Summary of Research Findings:
The technology is at a relatively early stage and this project has been vital to enable it to be
appropriately developed to a point where it can be taken up by end–users. The research work done
by the team in developing a robust viable method for the production of a ceramic design concept
model direct from a 3D CAD file by 3D printing in a real ceramic material that can be glazed and
decorated has important implications for both the ceramic industry, ceramics education and for
ceramics artists and designer makers. The industry survey and the industrial connections formed
have shown a real need for this technology to reduce the time and cost to bring a new product or
range of products to market. The development of the CFPR UWE 3D printable ceramic material
aided by this project and it's subsequent licensing to Viridis 3D LLC for commercial manufacture and
supply has provided a mechanism for this process to begin.
The co-development of a system and methodology for the 3D printing of profile setters for firing thin
walled vitreous bodies will aid this process and has the potential to develop into a marketable
product in its own right.
The knowledge gained from the work with the RCA Ceramic design students and international
ceramic designer Peter Ting has demonstrated the process can be used to produce one off ceramic
artworks and short run high value ceramic pieces.
The academic papers and journal articles produced during the project along with the dissemination
of the results and findings to a wider audience via the Symposium, seminars and exhibitions have
increased the awareness of the potential of 3D printing and associated digital technologies. Ceramic
3D printing technology and knowledge derived from the project will aid in the current AHRC funded
CFPR project to develop a self-glazing 3D printable ceramic material. Finally contacts made through
industrial consultancy contracts and with other research groups have highlighted they potential of
the technology to be used in other specialist ceramic applications.
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