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Abstract 
David Huson and colleagues at the Centre for Fine Print 

Research in the School of Creative Arts at the University of the 
West of England have recently successfully completed a three-year 
Arts and Humanities Research Council funded project into the use 
of Digital Fabrication techniques in the area of Art/Craft 
ceramics. The research project has developed a methodology for 
the 3D printing of ceramics by replacing the proprietary powder in 
a commercially available powder/binder 3D printer system with a 
specially formulated ceramic powder. This process has been 
shown to be a viable procedure for translating 3D computer 
generated models in to physical ceramic forms that can then be 
fired and further processed. This paper will detail the progress of 
the research throughout the project and use examples from current 
artwork projects to illustrate how these novel techniques have 
been developed and refined to allow artists and crafts persons to 
investigate and implement ideas and concepts that were 
unattainable by conventional forming methods. 

 

Introduction 
The Centre for Fine Print Research at the University of the 

West of England in Bristol has recently been awarded a substantial 
grant from the United Kingdom Arts and Humanities Research 
Council (AHRC) to fund a three year project “The fabrication of 
3Dimensional art and craft artefacts through virtual digital 
construction and output“ to investigate the use of 3D rapid 
prototyping and digital fabrication techniques in the areas of 
Art/Craft and Designer /Maker Ceramics.  

The CFPR has had much experience in working with industry 
to incorporate unique and useful fine art based paradigms into 
industrial research partnerships and commercially successful 
developments. This integration of industrial needs and academic 
research has formed the basis of a number of the Centre’s previous 
AHRC grants and Knowledge Transfer awards.  
 

3D Printed Ceramics 
A major strand of the research project was to investigate the 

potential of using 3D printing technologies to directly form 
ceramic artworks. The intention was to attempt to replace the 
proprietary plaster based powder in a Z Corporation 3D printer 
with a ceramic body in powder form. If successful this would 
allow one off or short runs of bespoke ceramic artworks to be 
produced directly from a 3D virtual model that had been designed 
in a 3D computer aided design (CAD) software without the need 
for the traditional intermediate steps of modeling and mould 
making. 

This paper will detail chronologically the route taken to 
achieve the aims of the project, to develop a viable 3D printing 
process for art and craft ceramics, from the first trials with ceramic 
powders through to the final outcomes. It will show the problems 

encountered on the way and the solutions derived to overcome 
these problems. To illustrate the process studies of artworks 
developed by Brendan Reid the PhD research student on the 
project will be used along with test pieces developed by other 
members of the Centre for Fine Print Research (CFPR) research 
team.  

The CFPR was first introduced to 3D digital technologies and 
rapid prototyping techniques during an earlier AHRC funded 
project to investigate photo-ceramic tiles. This project successfully 
managed to reproduce by using digital technologies a 19C method 
of generating a continuous tone photographic image onto the 
surface of a glazed ceramic tile by using a combination of a tinted 
glaze overlying a relief map of the image. When early attempts to 
produce the reliefs by using photomechanical techniques prove 
unsuccessful a method of generating the relief by using a 
combination of 3D software and a computer numerical control 
(CNC) rapid prototyping machine was developed. This technique 
enabled a series of photo-ceramic tiles based on images supplied 
by invited artists to be produced and exhibited at the City Museum 
of Stoke on Trent alongside the original 19thC tiles. 

The appearance of relatively low cost 3D powder printers 
from Z Corporation gave rise to the idea that these technologies 
could perhaps be used to print ceramic artworks and funding was 
obtain from the AHRC to investigate. 

Fundamental to the concept of 3D printing of ceramic 
powders is the Z Corporation 3D printer, the purchase of a Z 310+ 
model at the start of the project allowed development work to 
begin. The Z Corp system uses two moving beds of powder 
traversed by a carriage consisting of a roller to move 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 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 ids repeated 
until the model is built, After allowing about one hour for the 
model to set, the model can be removed from the build bed and the 
excess powder is removed. 

In conventional ceramic forming processes a clay body is 
used that is composed of a mixture of different material that react 
together to form a fired ceramic, an industrial ceramic body for 
general use will contain clay minerals which exhibit plastic 
properties when mixed with water and this allows the ceramic 
body mix to be shaped or formed into mould and provide the green 
(unfired) strength to the mix. Other components such as feldspathic 
fluxes are added as they form a glass like structure during firing to 
bind the materials together, the final ingredient is silica in the form 
of flint or a ground sand that acts as a filler and is vital to obtain 
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the correct thermal expansion of the fired body to ensure a good 
glaze fit. 

The selection of different types of raw materials and the 
adjustment of the ratios of these materials in the blend allows the 
fired characteristic of the final ceramic body to be achieved 
.ceramic clay bodies can be bought from suppliers ready prepared 
or can be mixed from the basic ingredients. In industrial ceramic 
production one form that be bought is spray dried material, this is a 
fully prepared and pre-mixed ceramic body that is in granular 
form. As a starting point for the 3D ceramic printing experiments 
spray dried material was sourced and introduced into the feed bed 
of the Z Corp printer. 

Some simple geometric shapes were drawn in Rhino 4, a 
computer aided design (CAD) software package and loaded into 
the Z Corp printer driver software. The first indications were that 
although not as good as the native Z Corp material the spray dried 
body had reasonable flow properties and printed reasonably well, 
unfortunately on trying to remove the printed forms from the build 
bed the green strength was seen to be inadequate as they crumbled 
back to dust. The procedure was repeated but this time much more 
care was taken in removing the printed forms and prior to handling 
they were carefully dried to remove any moisture remaining from 
the binder. After drying the printed forms were fired in a kiln at 
1150 deg C and examined, as can be seen from the following 
photographs some distortion had occurred. The fired forms had a 
very low density and were quite friable; in some respects they 
resembled a “ceramic sponge”. Nevertheless the first 3D printed 
ceramic object had been made. 

While it had proved possible to 3D print simple geometric 
shapes in a ceramic material, because of the poor green strength it 
would be very difficult to print a more complicated form, to 
circumvent this problem a two stage firing regime was 
investigated. The maturing temperature of the ceramic body mix 
being used was 1150 deg C, it was thought that by printing a more 
complex form and removing it from the build bed still encased in 
the unbound powder it would be possible to pre-fire or sinter the 
ceramic material to a point that the printed model could gain 
sufficient mechanical strength to retain its form while the 
supporting powder would be loose enough to by removed from 
around the model by brushing it away. Firing trials were carried 
out and a temperature of around 990 deg C was discovered to be 
the optimum for this particular body. 

In terms of ceramic production the unique property of a 3D 
printing system means that it is possible to produce complex forms 
that could not be realised by conventional forming methods, freed 
from the constraints of moulds and tooling, to demonstrate this 
property a 3D model was constructed in Rhino 4 CAD software of 
a lattice sphere containing a ball, this model was to be printed out 
and processed using the two stage firing method. 

The two stage firing process combined with the spray dried 
ceramic body had been shown to be able to be used to form 3D 
printed ceramic objects but while it had the advantage of the 
prepared body material being readily available and of the correct 
thermal expansion, the coarse grain size and the poor green 
strength which necessitated the two firing approach limited its 
attraction as a process worth further investigation. 

It was decided to investigate a different material to see if 
some of the disadvantages could be overcome. 

Ball clay is sedimentary clay that is used in ceramic bodies 
for its contribution to green strength, it is highly plastic with a fine 
particle size and when fired to around 1100 deg C is self fluxing 
and will produce a dense body. A commercially available ball clay 
was obtained and a series of printing trials were carried out on a 
range of models. 

Using the ball clay gave a useful insight into how the 3D 
printing process operated with ceramic materials, because of its 
high green strength it became possible to print out models that 
could be remove from the build bed without breaking and could be 
de-powdered and fired in without having to follow a two firing 
pre-sintering route. The fine particle size particle size of the ball 
clay while contributing to the superior green strength also gave a 
much improved surface finish. On the downside the properties that 
showed what was needed to solve some of the problems in the 
original spray dried body system also caused difficulties. The high 
plasticity that helped the unfired body strength caused problems 
with cracking of the model when drying (the binder used in the 
process contains a high percentage of water which is absorbed by 
the powder) and the same action causes the individual layers of 
powder to curl and shift causing distortions in the model. From a 
ceramic point of view using a single ball clay type material is not a 
viable route to produce ceramic objects as well as the above 
detailed problems the thermal expansion characteristics means that 
it would be very difficult to find a glaze to fit. However the ball 
clay trials were extremely useful in determining the next direction 
for the investigation. 

A widely used ceramic body, particularly in the UK ceramic 
industry is an earthenware body, a typical recipe for this type of 
material would be 25% ball clay, 25% china clay, 35% silica and 
15% flux, the ratios of the components in this type of body can be 
adjusted to optimise the characteristics of the body. The standard 
method for processing these materials would be to wet mix them to 
and then either to de-water the mix by filter pressing to make a 
plastic clay body or to spray dry the material for dust pressing. The 
previous work carried out during the project showed that a fine 
particle size with sufficient plasticity to provide a reasonable green 
strength would be essential. 

Investigations during the project and research into the details 
of the Z Corp 3D printing process had indicated that the addition of 
certain binders and supplementary materials to the powder mix 
would help to solve some of the problems with the previous 
ceramic body mixes that testing had highlighted. 

It was decided to dry blend a mix of the earthenware 
ingredients with the addition of binders and catalysts to the powder 
and to run a series of tests and trials. 

With the new dry blended earthenware recipe body the same 
set of models as in the earlier trials were produced to provide a 
comparison. The performance of this ceramic body was far 
superior to the original trials; it was possible to remove the green 
printed ceramics from the build bed and fire in one process. 
Adjusting the orientation of the models in the build bed helped to 
reduce the incidence of layer shifting but did not completely 
eliminate it. 

Although the fired contraction, porosity and surface finish 
were not yet comparable with ceramics formed by conventional 
processes it was thought that attempting to produce a one off 
ceramic artwork using the 3D printing ceramic process would be a 
useful exercise. 
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Brendan Reid, the PhD research student working with the 
team, had been using 3D CAD design techniques allied to the 3D 
scanning of found objects to construct 3D virtual models, by 
printing these models in the new ceramic powder it would be 
possible to determine the viability and desirability of the new 
process. 

Figure 1. Dead Swallows 
 
Creating the Dead Swallows concept in 3D printed ceramic 

material showed that a viable reproducible process had been 
developed but that it still had serious limitations; from an aesthetic 
point of view the surface quality and definition of the finished 
work could be improved. Looking from a technical perspective 
there were four areas that needed to be improved, these were layer 
shift, too high fired porosity, too high fired contraction and 
variable surface quality. 

To realise these aims it was decided to take a two track 
approach, research had indicated that by applying the new powder 
binder addition and catalyst to pre-processed commercially 
available bodies it was possible by careful attention to the particle 
size and the overall particle size distribution to create a ceramic 
body suitable for the 3D printing process. The reduction in particle 
size by ball milling gave an increase in green strength that allowed 
the liquid binder saturation level to be reduced. This had a 
beneficial effect on the layer shift problem and reduced the 
incidence of this to acceptable levels. By controlling the particle 
size distribution the high porosity and high fired contractions 
exhibited could be reduced to manageable proportions and were 
starting to approach the figures experienced with conventional 
ceramic bodies in conventional ceramic forming techniques. Being 
able to adapt any commercially available clay body by pre-
processing and the powder binder/catalyst addition would increase 
the flexibility of the ceramic 3D printing system in the range of 
bodies that could be processed and the final fired appearance and  
characteristics. A commercial bone china body was acquired and 
prepared for 3D printing. 

Although modifying a commercially available body had the 
potential to give good results it meant that the firing performance 
of the body was still tied in to a fixed body recipe, the exact recipe 
and the materials used in commercial bodies are confidential, so a 
second track was followed that involved using the knowledge 
gained from the previous trials and experiments to construct a 
suitable ceramic body for 3D printing from raw materials, again 
with careful attention to particle size distribution and with the 

addition of powder binders and catalysts. A porcelain type was 
blended and prepared for 3D printing. Both of the new bodies were 
used for case studies to demonstrate their properties. 

Using the bone china body a case study was done using a 3D 
model created by Brendan Reid.  

 

Figure 2. Manta 
 
To reduce the potential for distortion in the firing process, the 

ability if the Z Corp Z Print software to form a support structure 
was used to print a firing setter alongside the model. The new bone 
china body demonstrated a much higher green strength and could 
be handled and de-powdered straight from the build bed. The 
Manta model was successfully fired and exhibited alongside other 
versions at the Impact Conference held in Bristol in September 
2009. 

Dr Peter Walters, a RCUK Research Fellow based at the 
CFPR, has been working with the team using a series of CAD 
generated forms to investigate the material properties of a range of 
3D printing and rapid prototyping methods. To demonstrate the 
capabilities of the 3D ceramic printing process with the porcelain 
body it was decided to use one of these forms the trumpet sphere.  

 
This object would be impossible to make using conventional 

ceramic forming methods and is the ideal subject to demonstrate 
the capabilities of the ceramic 3D printing process. 

 

Figure 3. Trumpet sphere 
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Summary 
     3D ceramic printing using a Z Corporation machine has proven 
to be a viable method for the production of bespoke ceramic 
artworks and has great potential for future use in the areas of 
Art/Craft and industrially based ceramics. 

Development is continuing with both methods of production 
for a 3D ceramic printing body and refinements have been made to 
all the relevant parameters, the layer shift problem has been 
eliminated and green strength, surface finish, fired contraction and 
porosity have all been considerably improved. 

The increased resolution possible with the latest body types 
have meant that we have now come full circle, it is possible to 
print a surface relief with sufficient detail to produce a glazed 
photo-ceramic tile of the same type that that the CFPR originally 
developed over five years ago at the start of the journey into 3D 
digital technologies. The CNC milled tiles required up to fifteen 
hours of machining time to cut the relief into a plaster substrate, 
then several hours of mould making and slip casting. A 3D ceramic 
printed tile can be formed directly from a 3D file in less than half 
an hour, fully realising the potential of this new technology. 

The following images are of the latest models made by this 
technique 

Figure 4. 3D printed ceramics 

Figure 5. Skulls 

 

 

Figure 6. 3D printed ceramic photo tile 

 

References  
1. Bunnell, K, 'Re-Presenting Making, The Integration of New Technology 

into Ceramic Designer-Maker Practice', Centre for Research in Art 
and Design, Gray's School of Art, The Robert Gordon University, 
1998. ISBN: 1-901085-28-7)  

2. AHRB Aylieff F. Exploring 3D Modeling Software in the production of 
ceramic artworks) (Gernand B. Exploring sculptural practice and 
design strategies through the media of ceramics and 3D Computer 
Modeling  

3. Rees M. Rapid Prototyping and Art, paper given at the Rapid Prototyping 
Conference May 1998. Facets and Fingerprints: Contemplating the 
Computer in Art. Paper at the International Sculpture Conference 
1998 Rapid Prototyping: Realizing Convoluted Form and Nesting in 
Sculpture.

1

 Prototipazione e Produzione Rapida 1998.  
4. Marshall J. Computers and Creativity-Is CAD a useful tool for studio 

potters. Ceramic Review Mar/Apr 2002  
5. TACTICS Aitken, P, Bunnell, K, Pirie, I, 'The Integration of New Media 

Technology In Craft Practice', CADE (Computers in Art and Design 
Education) 99 Conference Proceedings, University of Teeside, 1999 
Page 192 - 2 

 

Author Biography  
David Huson is a Research Fellow at the University of the West of 

England. Previously he has worked in the ceramic industry, holding 
positions of Research and Development Manager, Technical Manager and 
Works Manager. He also ran his own business for five years producing 
commercial ceramics. He is currently researching photo ceramics an  the 
use of digital fabrication techniques for Art/Crafts ,Designer/Maker 
ceramics and industrial applications. 

                                                                 
 
 

 

548 Society for Imaging Science and Technology


	Introductory Materials
	Copyright
	Table of Contents
	Conference Committees
	IS&T Board of Directors
	Welcome to NIP26
	Conference Sponsors
	Welcome to Digital Fabrication 2010
	Week At-a-Glance
	Hilton Austin Floor Plans
	Conference Exhibitors
	Special Events
	Conference Sponsors
	IS&T Corporate Members

	Technical Papers Program Schedule
	Plenary Talks
	Chwalek, Kodak's Stream Inkjet Technology...pg.1
	Joo, Commercialization of Inkjet Printing...pg.151
	Schneider, Visual Information...pg.152
	Iwamoto, Appearance Analysis Research on Surface...pg.329
	Hopkinson, Printing in the Third Dimension...pg.581

	Advanced and Novel Imaging Systems
	Dusser, News Applications for Laser...*
	Li, Pulse Control Characteristics of Jumping...pg.2
	Dusser, Color Reading of Nanostructured...*
	Leal-Ayala, Paper Re-Use: Toner-Print Removal...pg.6

	Ink Jet Printing: Processes
	Hoath, Effects of Fluid Viscosity on Drop-on-Demand...pg.10
	Castrejon-Pita, Influence of Nozzle Defects...pg.14
	Kwon, In Situ Measurement of Instantaneous...pg.18
	Hoath, Jet Diameters and Velocity Profiles...pg.23
	Wang, Qualifying Printhead-Ink Combinations...pg.28
	Mace, Tonejet: A Multitude of Digital Printing...pg.32
	Cahill, The State of Inkjet Printheads...pg.36

	Printing Technologies: Technical Reviews and Notes
	Schulze-Hagenest, Toner-Based Digital Color...pg.40
	Dispoto, Future Color Technologies for Digital...pg.43
	Nossent, Ink Jet Technology in Textile Finishing...pg.48

	Toner-based Printing: Materials
	Ashizawa, Crystalline Polyester for Low Energy...pg.49
	Kawasaki, Development of High Abrasion Resistance...pg.53
	Kenkler, Hole and Electron Transport..*
	Carroll, Modified Pigments for Chemically Prepared...pg.57
	Kyrlidis, Comparison of Fumed and Colloidal...pg.61
	Iimura, Preparation of Colored Core-Shell Particles...pg.65
	Chen, The Influence of the Toner Reverse-Charge...pg.70
	Ryu, Eco-Friendly Prepared Chemical Toner...pg.73
	Kim, Polyester-Based Chemical Toner with Low Level...pg.77
	Tsunemi, Toner Charge Control with Externally-Added...pg.81

	Design for Environmental Sustainability
	Sobotka, The Gap Between Environmental...pg.85
	Ng, Pilot-Scale Recycling of HP-Indigo Printed...pg.88
	Kariniemi, Evaluating Environmental Sustainability...pg.92
	Strecker, Environmental Life Cycle Assessment...pg.97
	Ord, Developing a Tool for Routine Carbon...pg.102
	Fischer, Advances in Deinking and Deinkability...pg.104
	Ueda, Attempts to Improve the Deinkability...pg.107
	Bhattacharyya, Effect of Surfactant Chemistry...pg.112
	Mittelstadt, High-Quality Deinked Pulps...pg.117

	Process Materials and Substrates
	Delaney, Inkjet Printing of Functional Ionogels...pg.121
	Novak, Direct Print of Metal Nanoparticle Inks...pg.124
	Novak, Printing Nanoparticle Copper Ink...pg.126
	Natsuki, Preparation of Silver Nanoparticles...pg.127
	Blom, Mask-Less Patterning Technology...pg.131

	Printed Electronics: Processes
	Hanel, Laser Scribing of ITO and Organic Solar...pg.135
	Buttner, Laser Printing of Conductive Silver...pg.139
	Shin, Self-Patterned Metal Electrodes...pg.143
	Pabst, Inkjet Printing and Argon Plasma Sintering...pg.146
	Martensson, Rethinking Jettable Fluids...pg.150

	Inkjet Printing: Materials
	Shakhnovich, Pigment Yellow 1 - a Viable...pg.156
	Nauka, X-Ray Photoelectron Spectroscopy...pg.159
	Kamei, Azo or Hydrazone Structure in Azo Pigments...pg.163
	Shibata, Four Crystal-Structures Derived from...pg.167
	Zhao, Directional Self-Cleaning Surface Design...pg.171
	Cernigliaro, Development of Ultra Clean...pg.174
	Sarma, Improving the Performance Properties...pg.178
	Tauber, Improved Dispersibility of Surface...pg.181
	Shibata, Characterization of Yellow Pyrazolyl...pg.185
	Fu, Preparation of Nanoscale Waterborne Disperse...pg.189
	Granados, Ink-Jet Printing for Ceramic...pg.194
	Madaras, Sensient's S.M.A.R.T. 4000 Technology...pg.198
	Fu, Preparation and Properties of Encapsulated...pg.202
	Chen, High Light Fastness Disazo Dyes...pg.206

	Toner-based Printing: Processes
	Habermann, Investigations in the Influence...pg.208
	Kawamoto, Doctor Process of Toner Layer...pg.213
	Kweon, Discrete Element Method Simulation...pg.216
	Lee, Dielectric Constant of Ink Layer on HP-Indigo...pg.221
	Karunanayak, Triboelectrification of Toner...pg.225
	Whitney, Toner Adhesion Measurement...pg.229
	Nakayama, Analysis of a Blade Cleaning System...pg.234
	Asami, The Horizontal Banding Image Related...pg.238

	Print and Image Quality
	Qiao, Registration Error Measurement...pg.243
	Bhurchandi, Optimization of Cartridge Life...pg.247
	Lundberg, Improved Print Quality by Surface...pg.251
	Rong, Print Quality Comparison Between Kodak...pg.256
	Ramesh, Print Noise Diagnoses through Correlation...pg.260
	Otsuhata, Experimental Study on the Optical...pg.263
	Eid, A Document Scanner Equalization Technique...pg.267
	Yang, Effect of Gloss and Colorant Mass on Color...pg.271
	Ha, The Robust Design of Subjective Quality...pg.275
	Corrall, Effect of Print Resolution in Single-Pass...pg.278

	Digital Fabrication Processes
	A-Alamry, Flow-Induced Polymer Degradation...pg.284
	Yan, Drop on Demand Inkjet Drop Formation...pg.288
	Soltman, Methodology for Inkjet Printing...pg.292
	Tada, Micro-Film Formation by Multi-Nozzle...pg.297
	Betton, The Effects of Corona Treatment on Impact...pg.301
	Li, Conductive Copper and Nickel Lines...pg.305
	Ohlund, The Importance of Surface Characteristics...pg.309
	O'Reilly, Aerosol Jet® Material Deposition...pg.314
	Reinhold, Inkjet Printing of Phase-Change...pg.319
	Chen, Inert Piezoelectric Inkjet Print Head...pg.323
	Buskirk, Production Digital Fabrication System...pg.324

	High Speed Ink Jet
	Drury, Approaches to High Speed Inkjet Printing...pg.332
	Abello, The Scalable Pipeline Architecture Behind...pg.336
	Mizes, High Speed Xerox Inkjet Technology...pg.340
	Halwawala, Imaging Considerations for Single-Pass...pg.344
	Ishikura, Improvement of Image Quality...pg.349

	Modeling of Printing and Related Processes
	Hoath, Improved Models for Drop-on-Demand...pg.353
	Heil, Parameter Analysis of Droplet Impact...pg.356
	Fang, Computer Simulation Research on Batik Crack...pg.361
	Ecer, Modeling of Mixing of Toners with DEM...pg.365
	Simske, Factors in a Security Printing & Imaging...pg.368
	Zeng, Lean Print Manufacturing: Operations...pg.372
	Lin, Content-Driven Neural Network Design...pg.376
	Kella, Model based Printer Linearization...pg.379
	Lin, Multi-Level Simulation of Digital PSPs...pg.382

	Image Permanence
	Salesin, Short-Term High Humidity Bleed...pg.386
	Miller, Fade Stability of Color Photographic...pg.390
	Wu, The Effects of Lamination on Image Quality...pg.395
	Lindstrom, A Comparison of Image Permanence...pg.400
	Cui, Light Fastness Comparison of Xerography...pg.404
	Comstock, Influence of Dry Time on Ozone...pg.408
	Comstock, Influence of Temperature in Xenon...pg.412
	Comstock, Impact of Light Exposure...pg.415
	Comstock, Improved Dark Storage Test Method...pg.420
	Hoarau, A Novel Sensor to Visually Track Fading...pg.423
	Comstock, Validity of Dark Storage Test Method...pg.426
	Comstock, Image Permanence Test Chamber...pg.430

	Color Science/Image Processing
	Ha, The Effects of Perceptual Based Image Gloss...pg.435
	Chen, Research on the Halftoning Method to Achieve...pg.439
	Li, Methods and Mechanisms of Expanding...pg.443
	Uematsu, A New Hypothesis and its Verification...pg.447
	Recker, A Distributed Low-Cost RIP for Digital...pg.451
	Qiao, Optimal Noise Management Method for a Robust...pg.455
	Nystrom, Microscopic Color Measurements...pg.459
	Zhang, Global Optimized Multiscale Tobacco Leaves...pg.463

	Fusing, Curing, and Drying
	Shaw, Smoothed-Particle Hydrodynamic Simulations...pg.466
	Eichhorn, Carbon Nanotube Filled Composite...pg.470
	Oko, Imbibition of Picoliter Water Droplets...pg.475
	Barton, The Mechanics of Geometric Stripping...pg.479
	Lavrykov, Thermal Performance of Copy Papers...pg.483

	Media for Digital Printing
	Chen, Study on the Process of Infiltration for Ink...pg.489
	Schaffer, Allessan® APT &mdash; A Versatile...pg.492
	Stoffel, Media Influence on Print Performance...pg.496
	Bhattacharyyya, Adhesion in LEP and its...pg.499
	Batz-Sohn, Speed of Ink Absorption on Modified...pg.503
	Gong, Application of Nano Pigments in Inkjet Paper...pg.507

	Electronic Paper and Paper-like Displays
	Yanaka, Integral Photography Using Color...pg.512
	Hasegawa, Influence of Dye Concentration...pg.516
	Kumara, Effects of Triboelectrical Charge...pg.520
	Kim, Nanopatterned Polythiophenes Films...pg.523
	Nakayama, Usability Evaluation of Paper/PC/e-Paper...pg.526
	Inoue, Consideration of Short-Term Memory...pg.529
	James, Dyed Polymeric Microparticle Colloid...pg.533

	2- and 3-D Functional Printing
	Hammerschmidt, Complete Digital Fabrication...pg.538
	Stanic, Permanence and Color Stability in 3D...pg.541
	Huson, The Digital Fabrication of Ceramics...pg.545
	Jones, Additive Manufacturing by...pg.549

	Digital Biofabrication
	McCallum, Rapid Deposition of Hydrogel Layers...pg.554
	Hayes, Fabrication of Biomedical Components...pg.558
	Umezu, Gelatin Patterning Utilizing...pg.561
	Tirella, PAM2 System: Engineering Complex Shaped...pg.564
	Guttler, Electro Photography ("Laser Printing")...pg.567
	Tirella, Importance of Cell-Substrate Impact...pg.571
	Rodriguez-Devora, Fabrication of Miniature Drug...pg.574
	Limem, Inkjet Printing of Self-Assembled Hydrogels...pg.578

	Hardware for Printing Inspection Authentication and Forensics
	Adams, High Resolution Imaging for Forensics...pg.582
	Hodgson, Technologies for Identity Document...pg.587
	Eick, Methods for Producing Covert Barcodes...pg.591
	Davidson, The Impact of Digital Print...pg.594

	Security and Forensic Printing
	Vans, Impact of Scrambling on Barcode Entropy...pg.597
	Ulichney, Encoding Information in Clustered-Dot...pg.602
	Hayward, Employing Botanical DNA to Forensically...pg.606
	Simske, Security On-Ramp for Variable Data...pg.612
	Herlaar, Searching for Discriminating Features...pg.616
	Metters, Using Printing Technologies...pg.621
	Aronoff, Determining Printer and Scanner...pg.626

	Printing Systems Engineering/Optimization
	Kipman, Automated Inkjet Print Head Sustainability...pg.632
	Whitney, Measurement of Diode to Diode Spacing...pg.635
	Seo, New Induction Heating Technology and System...pg.638
	Miyoshi, Optimization of Dies for the Magnetic...pg.642
	Boley, Print Mask Design for Maximum...pg.646

	Digital Packaging
	Heilmann, The Use of Inkjet in Packaging...pg.652
	Fleming, Development of In-Line Printing Press...pg.657

	Textile and Fabric Printing
	Ali, Direct Inkjet Single Sided Hydrophobic...pg.663
	Malandraki, Inkjet Printing of Fluorine-Free...pg.667
	Agrawal, Digitally Finished Cyclodextrin Based...pg.670
	Christie, Digital Inkjet Dyeing and Printing...pg.673
	Jaworski, Inkjet Printing on Textiles: Software...pg.676
	Ushiku, Fabric Coating and Printing Conjoined...pg.680
	Namwamba, Effect of Padding Parameters...pg.684
	Rybicki, Antibacterial Finishing of Flat Textiles...pg.688

	Thermal Printing
	Taniguchi, Development of New Multi-Purpose...pg.693
	Terao, Development of Power Saving Thermal...pg.697
	Sakamoto, Development of High Efficiency Thermal...pg.701
	Shima, Stability and Tinctorial Strength...pg.705
	Tian, Color Performance of Cotton...*

	Printed Electronics: Devices
	Hayes, Direct Write Opportunities in Printed...pg.709
	El Asaleh, Printed Electronics and E-paper...pg.710
	Bibelriether, Print the Printed Circuit Board...pg.715
	Marjanovic, Digital Fabrication of Oxide...pg.720
	Lim, Inkjet Printing Approach to Fabrication...pg.723
	Mager, On-Line Monitoring and Feedback Control...pg.726
	Pique, Printing of Electronic Nanoinks...pg.730
	Zipperer, Roll-to-Roll Printed Electronics...pg.734
	Kim, Printable Indium Oxide Thin-Film Transistor...pg.737
	Ren, Inkjet Technology for Large-Area OLED...pg.740
	Hecker, Roadmap for Organic and Printed...pg.745


	Author Index



