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Abstract

In order to address some of the shortcomings from
traditional additive manufacturing methods, PARC, a Xerox
Company, is developing a new additive manufacturing method
for polymers that uses electrostatic patterning in combination
with a new method of creating aerosols to directly pattern a
wide range of thermoplastics with high resolution. Our aerosol
technology takes advantage of the non-Newtonian nature of
polymers to create monodisperse small droplets. In addition, we
leverage ionographic printing techniques to pattern thick
substrates and create digital thin films. This technology can
bring 3D printing of polymers into a performance range where
the technology can be used to replace more traditional
techniques such as injection molding and machining.

Background

Additive manufacturing or 3D printing has been gaining
interest as of late. It has the potential to revolutionize
manufacturing around the world, giving manufacturers the
ability to customize products for consumers, produce parts on
demand, and even produce products right at the point of sale.
However, while 3D printing gives producers the ability to create
digital objects, there are often unacceptable compromises in part
performance that come with 3D printing.

We can divide 3D printing of polymers into two main
classes based on their input material. On one side, we have
printing methods using curable materials. These processes
include methods based primarily on photopolymerization such
as stereolithography (SLA) or inkjet based printing approaches.
On the other side, there are a range of processes that use forms
of more traditional thermoplastics such as selective laser
sintering (SLS) or fused deposition modeling (FDM).

Techniques based on photopolymerization are capable of
an extremely high degree of fidelity and resolution. Common
stereolithography techniques can achieve resolutions of tens of
microns and using two photon polymerization even higher
resolutions are possible. Inkjet based printers are capable of
high speed and can print multiple materials simultaneously,
enabling whole new ways of thinking about making things.
However, these techniques use materials whose long term
performance and stability is lacking. This lack of performance
and durability has limited the use of these processes for the
production of durable goods. While they have been used for the
production of tooling, there are few demonstrations of these
processes being used to print durable goods directly.

Thermoplastics are an ideal material to match the required
performance of durable goods. These materials are commonly
used to produce a wide range of objects. Injection molding is
widespread and produces parts in almost every industry. There
are numerous 3D printing processes that attempt to use these
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materials as a primary build material. FDM processes
thermoplastics through a nozzle and can make objects from
many thermoplastics. However, due to the raster style printing,
and the relatively large size of the nozzle required these objects
have a high degree of anisotropy and often have very low
fidelity. SLS offers increases in both the consistency and
resolution, but still cannot match the fidelity and resolution of
techniques using photopolymers. In addition, the need to create
a powder and limitations on the melting behavior of the material
increase material costs.

Thermoplastic based processes cannot match the resolution
and fidelity of photopolymer based processes because of
inherent material properties of these large molecule materials.
Polymers are high viscosity, non-Newtonian, and require
processing at high temperature. This makes them difficult to
process and incompatible with many high resolution processes
such as inkjet.

An ideal polymer based 3D printer will be able to create
objects from a wide range of thermoplastics at the resolution and
fidelity of photopolymer based systems. Better yet, such a
system would use the same feedstock as traditional injection
molding to allow them to fully integrate into a manufacturing
line.

Polymer Spray Deposition (PSD)

Polymer Spray Deposition (PSD), as Shown in Figure 1, is
a new method of additive manufacturing that has the resolution
of photopolymer based system using thermoplastics as an input.
In addition, this system uses the same thermoplastics, with the
same form factor as injection molding to create a seamless
digital system to replicate the performance of injection molding
parts. This system will enable large scale digital production of
durable goods.

In order to achieve this printing process, several important
steps are involved. First, a high quality aerosol is generated
using a newly developed spray technology called Filament
Extension Atomization (FEA). A substrate is then charged
through a combination of scorotron blanket charging and
selective neutralization with ionographic printing. As the
aerosol created by FEA is carried downstream to the printing
surface, it is charged and exposed to the digitally patterned
oppositely charged substrate. Being oppositely charged, the
droplets are attracted to the still charged areas of the substrate,
creating a digital film. Afterwards, any remaining charge is
neutralized, the layer solidifies, and a support material fills in
the rest of the print area, creating a new surface for the next
layer.

This process can be completed layer by layer, resulting in a
digital, high resolution object, made from high performance
thermoplastics.
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Figure 1. Polymer Spray Deposition process steps. From left to right, an aerosol is first produced using Filament Extension Atomization (FEA), it's then
delivered to the target substrate and charged, the spray is then digital deposited onto the substrate. Digital patterning is achieved through blanket charging

and then selective charge neutralization through ionographic printing.

Filament Extension Atomization (FEA)

Fluid atomization is a critical component of a number of
manufacturing and industrial processes. The main purpose of
such processes is generally to create a fine vapor mist or aerosol.
Once a component, regardless of its properties, is made into an
aerosol it can usually be readily processed to create a thin film
or coating.

When the solution behaves like a Newtonian fluid, the
creation of an aerosol can be accomplished via a number of
traditional routes. The most pervasive of these is the use high
momentum air flows to entrain air and liquid. A typical atomizer
will involve the coaxial flow of air and solution. These flows
are generally unstable and lead to fluid break-up via Rayleigh-
Taylor and Plateau-Rayleigh instabilities. In many instances the
flow is turbulent and chaotic, stripping and stretching fluid
parcels at high strain and strain rates and thus leading to the
entrainment of large amounts of air with the fluid. The result is a
fine mist of drops suspended in air.

High velocity coaxial flows are very effective when the
solution behaves like a Newtonian fluid, but many industrially
important solutions, including thermoplastics, can contain a
variety of macromolecular and interacting solid components.
These components often lead to non-Newtonian properties,
including shear-thinning and viscoelasticity. The non-
Newtonian properties can render atomization via traditional
methods completely ineffective. For example, if a fluid is
viscoelastic and strongly extensionally thickening, its
extensional viscosity can increase by several orders of
magnitude in the straining direction. [1] During jetting, this
thickening causes the viscous drag to overwhelm the inertial and
surface tensions forces, allowing the system to support large
strain before breaking-up and preventing the formation of small
drops. Instead, the jetting leads to the formation of long, sticky
filaments, films and tendrils that fail to become suspended in air.
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A principal problem with using coaxial flow systems to
create aerosols is that the straining direction is coincident with
the translation direction. The filament will eventually break-up,
but to achieve the large strain the filaments issuing from the jet
must necessarily travel long distances. As they travel, the
filaments will lose momentum and can recoil to reform large
drops. Alternatively, attempts to continually impel the filament
during its trajectory are abortive as they would require
impractically long jetting apparatuses.

As a filament relaxes, the formation of the beads-on-a-
string structure occurs. These beads range in volume from pL to
pL and serve as the precursors for the drops that will form at
break-up. Since the drops are small volume, they will become
suspended in air. This behavior can form the basis for creating
small droplets from even exceptionally difficult to spray
materials.

Breaking a single filament will not produce enough liquid
volume to create a practically usable aerosol. Furthermore, it

can be difficult to move a single surface up and down fast
enough to create multiple filaments in a serial manner. In order
to create and break multiple filaments rapidly, FEA technology
uses two rollers with a thin film.

Liquid pool Filament

upstream of nip

Droplets

Figure 2. Basic steps in FEA spray technology.
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FEA technology at its core consists of 5 main steps, as
detailed in Figure 2. First, a liquid material (1) is taken into a
tight nip, or contact area between two moving rollers.
Downstream of this nip, the liquid is stretched between two
rollers (2) where they eventually form discreet filaments (3). As
the rollers continue to spin, they stretch these filaments to the
point where they finally break into droplets (4). The droplets
can then be harvested (5) and collected for further downstream
processing.

In order to test this technology, PARC has developed a
complete system to study droplets at both room temperature and
at temperatures consistent with those necessary to process
thermoplastics in liquid form. The room-temperature system
provides valuable insight into the processing parameters
required to spray materials, while the high temperature system
provides confirmation of the performance of more useful
thermoplastic materials. PARC has also developed a qualitative,
high temperature version of an extensional rheometer. This
system is capable of operation of up to 600°C and provides
valuable insight into the extensional hardening behavior of
materials.

Mo, 4
Figure 3. PARC’s room temperature FEA test unit, including Malvern
Spraytec particle sizer.

Test material mixtures of 36% glycerol, 0.2% 5 million
molecular weight polyethylene oxide, and water were used as
room temperature solutions for testing of this system. To
confirm the extensional behavior of the material, it was placed
in the custom built extensional system and pulled 25mm at a rate
of 50 mm/s. As shown in the screenshot in Figure 4 from video
taken during the pull, the material clearly formed a filament,
which started to break into droplets.

Two counter rotating rollers were used in the system shown
in Figure 4 to test high output spraying. One was made from
aluminum the other was composed of a shore 60A polyurethane
coating. In addition, a feed system consisting of a syringe pump
and doctor blade were used to create an even flow of fluid
feeding into the nip.
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Figure 4. Filament breakup behavior of water, 0.2% polyethylene oxide,
and 26% glycerol stretched between two pistons. The material can be
observed forming filaments and forming small beads on a string.

This fluid was sprayed using both the PARC FEA spray
system and a high pressure paint sprayer (Graco Magnum
ProX9) running at 207 bar. Using this high pressure spray
washer, a droplet size distribution was obtained using a Malvern
Spraytec laser diffraction system. Drop size distributions,
detailed in Figure 5 were obtained. Although some small
droplets were obtained from the pneumatic paint sprayer, a large
number of large droplets were also obtained. In addition, as
shown in the screenshot from high speed video, the quality of
the spray was low with a large number of filaments in the
aerosol. In contrast, FEA technology was able to produce nearly
monodisperse droplets below 1 micron in size. These droplets
were spherical and tightly distributed.
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Figure 5. Comparison of drop sizes produced from FEA technology (right)
and a pneumatic paint sprayer (leff). FEA produces small, spherical,
monodisperse droplets that are ideal for high resolution processing.

This technology is also readily applicable to polymer melts as
well. Pro-fax PD702 manufactured by Lyondell Basell was
chosen as a first test material because it is a commonly used
injection molding material. In order to test the spray
performance of this material, it was tested in both PARC’s
single filament and roller based systems. At a temperature of
230°C, PD702 was pulled 10mm at a speed of 0.2 mm/s. The
material was observed to create a filament and beads on a string
that would result in droplets to be harvested as spray.

Figure 6. Polypropylene filament formation and droplet breakup behavior.

131



The material was then loaded into a high temperature FEA
system and sprayed. As shown in the screenshot from high
speed video, the material forms filaments, which break into
droplets for further downstream processes. A glass slide was

placed in front of the rollers where the droplets were impacted
on the slide. Droplets were imaged using a Keyence VHX-5000
after they had cooled. These droplets can be produced at a wide
range of sizes to fit the needs of downstream processing steps.

Figure 7. Screenshot from high speed video of polypropylene being

sprayed. Filaments form and breakup into droplets successfully
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Figure 8. Sample particles of polypropylene sprayed onto a glass slide.
Diameters represent diameters of impacted droplets, not diameters of in-
flight droplets.

With a feedstock of thermoplastic material, the possibility
of digital printing thermoplastic material with high resolution
printing methods is possible. Furthermore, additional testing of
the FEA system has shown that droplet size can be manipulated,
allowing it to be adapted to the needs of the printing system.

lonographic Based Digital Substrate Charging

Electrostatic charging systems are commonly used in
printing devices. Over the years these have taken various forms,
including electrophotography and ionography. In two
dimensional printing, these methods have proven to be high
quality, high resolution, and low cost methods to produce digital
images. However, electrostatic methods of additive
manufacturing have yet to take off.

In Polymer Spray Deposition, a 5 step printing process is
used to deposit aerosol material. Steps 1-3, the digital imaging
and deposition processes, occur serially as either the substrate or
the printing heads are moved across the substrate in a single

axis. Finally, steps 4-5 occur as blanket steps to neutralize any
remaining charge and fill the negative space in with support
material to create a blank surface for the next layer. By
repeating these steps and moving the substrate relative to the
printheads in a direction normal to the print plane, a 3D object
can be created.

1 - Scorotron

2 - lonograph

Figure 9. Digital patterning steps in PSD. (1) a scorotron is used to
deposit a blanket charge, (2) the charge is selectively removed with an air
assisted ionographic printhead, and (3) oppositely charged spray is
deposited onto remaining charged areas. Following these steps, a (4)
support material is filled into all remaining areas and (not shown) any
remaining charge is neutralized.

Each layer print process starts with a uniform flat surface
covering the entire print area. This means that support material
must be filled in around the entire object. To be able to deposit
a uniform charge, a scorotron is used to charge the surface up to
one potential, in this case positive. A scorotron is ideal for
charging this surface, since ions can accelerate towards the
substrate due to the differential potentials of the screen and the

ion source.
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Figure 10. Basic layout of a scorotron charging device. [2]
After blanket charging the surface, an ionographic

printhead is used to selectively remove charge from the surface.
In this case, the ionographic printhead removes charges from
areas where printed material is not desired.

Iongraphic printing techniques work by controlling the
projection of ions onto a substrate in order to create a digital
image that can be developed with either a solid or liquid toner.
Several different implementations of ionographic printheads
have been developed. Corjet, a Xerox developed ionographic
printhead, utilizes a pressurized airstream to carry the ions
towards the surface.[3-7] This air stream is important in order to
print on this substrate since the ground plane is far away and
hence cannot be relied upon to accelerate ions towards the
surface.
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Figure 11. Cross section of a Corjet printhead, developed by the Xerox
Corporation. [3]

Corejet based ionographic printhead, turns pixels on and
off by modulating electrodes placed near the exit. When these
electrodes are turned on, they attract and neutralize the charged
ions. This printhead architecture is relatively simple, which
allows the construction of this printhead from a wide range of
materials, allowing for process air to be well above room
temperature. This process air can be used to ensure the substrate
surface is at the right temperature in order to assure maximum
adhesion of droplets to the surface.

Once a digital electrostatic charge is achieved, a stream of
oppositely charged aerosol, produced with FEA technology, is
passed within close proximity of the substrate. This oppositely
charged aerosol is attracted to areas where charge has not been
ionographically removed. A single digital layer of droplets has
now been deposited. Droplets are kept at elevated temperature,
ideally near the same process temperature they are processed
through FEA, in order to ensure excellent adhesion to the
previous layer. These droplets will eventually cool and forma
cohesive structure with prior layers.

Following the deposition step, a charge neutralization step
occurs in order to minimize any charge build up and then a
support material is filled in to create a geometrically uniform
surface for the next printing step. The process is repeated as
necessary to produce a digital 3D object.

Summary

Polymer Spray Deposition (PSD) has the potential to be a
powerful tool for 3D or 2D printing applications. FEA
technology allows thermoplastic polymers, which previously
have been challenging to process at high resolution digitally, to
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be sprayed into an aerosol, which can be processed using high
resolution, high speed and high resolution, electrostatic
techniques. This will enable the production of high resolution
objects from a wide range of conventional thermoplastic
materials. Instead of having to develop separate materials for
3D printing, the same materials commonly used in injection
molding can be used. This will enable 3D printing and additive
manufacturing to change from a technique primarily good for
look and feel, to a technique entirely suitable for test and use.

References

[1] McKinley, Gareth H., and Tamarapu Sridhar. "FILAMENT-
STRETCHING RHEOMETRY OF COMPLEX FLUIDS." Annu.
Rev. Fluid Mech 34 (2002): 375-415.

[2] Hayne, Thomas F. "Screen controlled corona device (Scorotron)
for charging in a xerographic copier." IEEE Transactions on
Industry Applications (1976): 63-67.

[3]1 Sheridon, N. K. "Air assisted ionographic printing." Display
Research Conference, 1988., Conference Record of the 1988
International. IEEE, 1988.

[4] Gundlach, Robert W., and Richard F. Bergen. "Fluid assisted ion
projection printing." U.S. Patent No. 4,463,363. 31 Jul. 1984.

[5] Sheridon, Nicholas K. "Practical air-assisted ionographic
printing." Electronic Imaging'90, Santa Clara, 11-16 Feb'90.
International Society for Optics and Photonics, 1990.

[6] Sprague, Robert A, et al. "Seventy-five-copy-per-minute printing
with air-assisted ionography." Electronic Imaging'90, Santa Clara,
11-16 Feb'90. International Society for Optics and Photonics,
1990.

[7] Stearns, Richard G. "Simple physical analysis of the Corjet device
for ionographic imaging." Electronic Imaging'90, Santa Clara, 11-
16 Feb'90. International Society for Optics and Photonics, 1990.

Author Biography

Founded in 1970 as Xerox PARC, Palo Alto Research Center was
incorporated in 2002 as an independent, wholly owned subsidiary of
Xerox Corporation (XRX) today known as “PARC, a Xerox company”
or just “PARC”. PARC has been instrumental in the development of a
wide range of printing technologies including laser printing, inkjet,
ionographic printing, digital paper, and printed electronics.
Additionally, PARC was instrumental in the personal computing
revolution, helping to launch technologies such as the graphical user
interface, and ethernet. Today PARC practices open innovation with
clients around the world. Through multidisciplinary competencies,
PARC advances technologies in printing, novel electronics, clean tech,
advanced manufacturing, networking, intelligent systems, and
ethonography with multi-disciplinary teams.

David M. Johnson holds a BS in Mechanical Engineering from
Cornell University and leads the Advanced Manufacturing and
Deposition Systems group within the Hardware Systems Laboratory at
PARC. The group’s main focus is on platform technologies with the
ability to impact a broad range of industries. We strive to develop
systems that increase overall system level performance without
necessarily requiring advancements in material performance. This is
accomplished through even greater control over the manufacturing
process and often increased digital fidelity, all while striving to ensure
our systems are readily scalable from conception.



	INTRODUCTORY INFORMATION
	Copyright 2016
	ISBN: 978-0-89208-323-7 (usb stick)
	Table of Contents
	Conference Sponsors
	Exhibitors
	Conference Committees
	Week At-a-Glance
	Technical Papers Program
	IS&T CORPORATE MEMBERS
	CorporateMember Conference Sponsors

	AUTHOR INDEX
	KEYNOTE AND INVITED TALKS
	Novoselov, Materials in the Flatland…pg.1
	Weber, HP’s Jet Fusion 3D Printing Technology - Enabling the Next Industrial Revolution…pg.2
	Sirringhaus, Low-Temperature Organic and Oxide Transistors for Printable Electronics…pg.3
	Kyogoku, The Objectives of a National Project of ‘Manufacturing Innovation through Development of Next Generation 3D Printers’ in Japan…pg.4
	Groll, Materials and Fabrication Methods for Biofabrication…pg.5

	DIGITAL FABRICATION AND 3D PRINTING TRACK
	3D Printing and Additive Manufacturing I
	Baek, Material Jetting 3D Printing Process by Thermal Inkjet Head…pg.6
	Takagishi, Finishing Processes of Fused Deposition Modeling (FDM) 3D Printer…pg.10
	Norikane, Three Dimensional Inkjet Fabrication of Nano-Composite Hydrogel…pg.14
	Tokito, Newly Developed Printing Technologies for 3D Printed Electronics…pg.18
	Simske, Inkjet Printing and the Steady State Macroscopic Mechanical Energy Balance (SSMMEB) Equation…pg.21
	Song, Implementation of the Four-Flux Model for Spectral and Color Prediction of 2.5D Prints…pg.26
	Schuster, Development of Inks Suitable for the Manufacturing of Micro-Scale Polyurethane Foams…pg.31
	Taniguchi, On-Demand-Like FDM 3D Printhead Consideration…pg.37
	LedesmaFernandez, 3D High Viscosity Jetting of Functional Materials…pg.41
	Liniger, Advancements in Inkjet Technology for Materials Deposition and Manufacturing…pg.48
	Hoshino, Depth Feeling Dependence on Array Condition of Objects…pg.52

	3D Printing and Additive Manufacturing II
	Weber, Fine Particulate and Chemical Emissions from Desktop 3D Printers…pg.121
	Takahashi, Intensive 3D Structure Modeling and Seamless Data Flow to 3D Printers Using Voxel-based Data Format FAV (Fabricatable Voxel)…pg.124
	Johnson, Polymer Spray Deposition: A Novel Aerosol based Electrostatic Digital Deposition System for Additive Manufacturing…pg.129
	Slomowitz, The Impact of 3D Printing on US Copyright and Trademarks…pg.134
	Norazman, Estimation of High Speed Sintered Nylon-12 Tensile Strength Using Visible Reflectance Spectroscopy…pg.137
	Downey, Spinal Bracing for the Future…pg.138
	Sasaki, Coated Powder based Additive Manufacturing Using Inkjet Technique…pg.139

	Printed Electronics I
	Hodgson, Offset Printing of Conductive Features onto Paper Substrates…pg.143
	Hakola, Inkjet Printable Anode Ink for Fuel Cell Applications…pg.149
	Zhou, Analysis on Printed Electronics Circuit Design…pg.153
	Pleaa, Fabrication of Printed Switches…pg.156
	Molaire, A Novel Printable Process for Fabricating Large Size OLED Display…pg.160
	Danesh, Low-Voltage Printable OFETs for Sub-ppm Detection of Ammonia under Humid Conditions…pg.162

	Printed Electronics II
	Bollgruen, Optical Waveguides Fabricated by Combination of Inkjet and Flexographic Printing…pg.294
	Hartwig, Investigation on an Inkjet Printed Passive Sensor for Wireless Ice Detection on Wind Rotor Blades…pg.298
	Nishi, Flexible Pressure Sensor Driven by All-Printed Organic TFT Array Film…pg.305
	Mitra, Intense Pulsed Light Sintering of an Inkjet Printed Silver Nanoparticle Ink Depending on the Spectral Absorption and Reflection of the Background…pg.309
	Oda, The First International Standards for IEC/TC 119 Printed Electronics Materials Substrate and Conductive Ink…pg.314
	Kobayashi, Multicolor Electrochromic Device with LSPR of Silver Electrodeposition Toward Color Reflective Display…pg.319

	Printed Sensors
	Belsey, Switchable Passive Wireless Vapour Sensors from Inkjet Printed Electronic Components on Poly(dimethylsiloxane)…pg.323
	Jakovljevic, Packaging Added Value Solutions by Thermochromic Liquid Crystal-based Printed Labels…pg.325
	Araujo, A Part Complexity Measurement Method Supporting 3D Printing…pg.329
	Guo, Watermarking Embedding Algorithm for Color QR Code based on Image Normalization and Contourlet Transform…pg.335
	Wang, Inkjet Printed Micro Saddle Coil for MR Imaging…pg.339
	Koivunen, Inkjet Printed Polyelectrolytes for Microfluidic Paper-based Analytical Devices…pg.343


	DIGITAL PRINTING TECHNOLOGIES TRACK
	Inkjet-Based Processes I
	Kwon, Evaluation Method of Inkjet First Drop Dissimilarity…pg.56
	Reinhold, Measurement of Inkjet Printhead Reliability by Detecting Every Single Droplet in Flight…pg.60
	Turner, Titanium Oxo-alkoxide Clusters as a New Source Material for High Quality TiO2 Structures by Inkjet Printing…pg.64
	Li, Reproduction of HDR Image on Paper Medium Using Inkjet Printer…pg.68
	Chen, Interaction of Sequential Pulsed Electrohydrodynamic Jets for Drop-on-Demand Printing…pg.71
	Kido, Development of New Aqueous Resin Ink for Sign Graphics…pg.75
	Morita, Breakthroughs Required in Piezo-on-Demand Inkjets for Production Printing: Satellite Drops, Ink Penetration, and Evaporation…pg.79
	Liu, Influence of Z Number and Pulse Voltage on Drop-on-Demand Inkjet Printability…pg.83
	Ishihara, Laser Drying Technology Applied to Improvement of Density Variation on Offset-Coated Paper…pg.85
	Wickström, Application of Antibacterial Coatings on Resin Composite Implant Materials Using Inkjet Printing Technology…pg.89

	Inkjet-Based Processes II
	Best, Key Design Considerations for Measurement of Drops-in-Flight Using Machine Vision…pg.165
	Kazmierski, Inkjet Printing onto Patterned Substrates…pg.170
	Samusjew, Inkjet Printing of Elastomeric Optical Waveguides…pg.175
	Liu, Improved Color Performance of Reactive Dye Inkjet Printing on Cotton Fabrics by Controlling Ink Droplets Spreading…pg.177
	Dijksman, Refilling Characteristics of High Frequency Piezo Driven Inkjet Print Heads…pg.181
	Ding, Textile Inkjet Printing to Support US Manufacture Reshoring…pg.189
	Hoath, Multi Pulse Train Modelling of Piezo-Drop-on-Demand Inkjet Print-Head Response…pg.194
	Chu, The Effect of Paper's Properties on the Dot Reproduction of Image in Inkjet Printing…pg.203
	Crankshaw, Ink Recirculation – Xaar TF Technology™: A Study of the Benefits…pg.207
	Palo, Development of Wound Dressings for Biofilm Inhibition by Means of Inkjet Printing…pg.212

	Workflow
	Kuo, Optimized Image Rendition with White Colorant in a Digital Electrophotographic Printing Process…pg.217
	RojasArciniegas, Development of a Supervision System: Towards Closing the Control Loop in 3D Printing Systems…pg.221
	LeGaludec, Functional Coating Developments for the Digital Manufacturing Age…pg.227

	Printing and Fabrication Principles and Processes
	Ravasio, Meniscus Motion Inside a Drop-on-Demand Inkjet Print-Head Nozzle…pg.348
	Till, Digital UV Printing of 3 Dimensional Objects at High Speeds…pg.353
	Chang, Geometric Element Test Targets (Getts™) for Determination of 3D Printers’ Resolutions…pg.354
	Yang, Inks of Organic Cu-Precursors with Short Carbon Chain…pg.359
	Battat, Elastomer Fatigue in Belt Fusing…pg.360
	Komatsu, Toner Mask Method for Imaging on Niobium…pg.366
	Nakamura, Control of Titania Layer of Dye-Sensitized Solar Cell (DSC)…pg.370
	Huson, 3D Printed Ceramics: Current Challenges and Future Potential…pg.374
	Harlen, Simulations of Drop Formation in Complex Rheological Fluids - Can Rheology Improve Jetting Performance?…pg.378

	Ink Substrate Interactions
	Mielonen, The Effect of Nanoparticle Binders and Modified Precipitated Calcium Carbonate on Ink Absorption Behavior in a Multilayered Coating Layer…pg.457
	Kasperchik, Inkjet Alchemy - Inkjet Printing of Thin Metal Oxide Films with Dichroic and Metallic Appearance…pg.461
	He, Controlling “Coffee Staining” Effect of Inkjet-Printed Droplets from Graphene Oxide Inks…pg.466


	MATERIALS, METHODS AND PERFORMANCE TRACK
	Metrology Tools for Digital Printing Processes
	Martin, Measurement of Inkjet Drop Volume -- The Role of Image Processing…pg.94
	Ebihara, Development of a Small Built-in Spectrophotometric Sensor for Color Printers…pg.103
	Lin, A New Out-of-Gamut Determination Method of Image based on Irregular Segmentation…pg.107
	Fukue, Basic Study on Evaluation Method of Thermal Conduction through Printing Papers Using 1-Dimentional Thermal Conductivity Measurement…pg.112
	Minegishi, Study on Visibility of Density Unevenness in Printed Images Affected by Characteristics in Input Images…pg.116

	Performance of Print Products (Quality, Robustness, Permanence, and Functionality
	Suzuki, The Relationship between Dispersion Stability and Print Qualities on the Coated Paper…pg.229
	Momose, Visualization and Quantitation Technology of Carbon Black Dispersion State in Intermediate Transfer Belt Using Confocal Laser Scanning Microscope…pg.233
	Mizutani, Development of Image Quality and Reliability Enhancing Technology for 29 x 23 Size Digital Inkjet Press ?KM-1?…pg.237
	Otsuki, Motion Illusion Brought by Arrays of Arrowhead Patterns…pg.241
	MicoVicent, Evaluating Gonio-Appearance in Advanced Printing Materials with Quality Control Procedures and Instrumentation Used for Automotive Coatings…pg.245
	Nikitichev, 3D Printing in the Development of an Endoscopic Probe…pg.251
	Kaneko, Quantification of Faithful “Color Appearance” Reproduction, and Application to New Products…pg.255

	Physics and Chemistry of Materials I
	Yamada, Dispersion Control of Liquid Toner by Dispersant and Analysis of Adsorption Structure…pg.259
	Jackson, Understanding Dynamic Relaxation of Inks at a Timescale Relevant to High Frequency Drop-on-Demand Printing…pg.264
	Sharma, Inkjet Printed MoS2 Electronics…pg.269
	Wang, Preparation and Application of Polyurethane Polymer Modified by Nano Silica…pg.270
	Nie, Shape Control Synthesis of Silver Hierarchical Microcrystals…pg.274
	Johns, Inkjet Printing with Inks that Phase Separate during Drying…pg.275
	Davies, Semi-Conductive Printing Rolls for Improved Print Quality…pg.281
	Yoo, Predicting Paper Wrinkles in Fusing Process of Laser Printers Using Dynamic FEA…pg.282
	Ataeefard, Preparing Anti-Bacterial Printing Toner via Emulsion Aggregation Method…pg.286
	Li, Synthesis of Guar Gum Derivatives in [BMIM]Cl Ionic Liquids and Their Application on Pulping and Papermaking…pg.291


	Colleague Connections: Overview of the UK Innovation Landscape
	DIGITAL PRINTING APPLICATIONS TRACK
	Security Printing
	Hodgson, Security Print Features based on Additive Manufacturing - Threat or Opportunity?…pg.382
	Ulichney, Effect of Non-Integer Scaling on the Recovery of Data Bearing Marks…pg.386
	Mizen, Comparison of Technologies for Card Printing Applications…pg.392


	BIOPRINTING
	Bioprinting I
	Stier, Dispensing of Hydrogel Ink onto Electrospun Biodegradable Paper for Biomedical Applications…pg.397
	Zhang, Regenerated Silk Fibroin as Inkjet Printable Biomaterials…pg.406
	Robertson, 3D Printed Ultrasound Phantoms for Clinical Training…pg.410
	Zou, A Method for Detecting the Fluorescence-Emission Wavelength and Visualization of Biological Traces…pg.416
	Edney, The Use of Inkjet Printing and Thermal Phase Change Inks to Create Sacrificial Prevascular Networks…pg.419
	Lehmann, Novel Approach for Predicting Coffee-Ring-Effect in Drying Droplets based on Binary Solvent Mixture from Substance Data…pg.424
	Boland, In Vivo Characterization of Bioprinted Capillaries…pg.428

	Bioprinting II
	Dodoo, Effect of Thermal Inkjet Printing on Bacterial Cells…pg.402
	Subramaniyan, Fabrication of ZrO2-SiO2 Binary Oxides Scaffold by Inkjet Printing for Bone Tissue Engineering Applications…pg.429
	Nikitichev, Placenta Vasculature 3D Printed Imaging and Teaching Phantoms…pg.431
	Li, Printed Electronics and 3D Printing as New Manufacturing Technologies - New Opportunities for Bio-based Materials…pg.435
	Tse, Reactive Inkjet Printing Applications for Tissue Engineering…pg.442
	RodriguezDevora, Growth-Inhibitory Effect of Chemotherapeutic Drugs Dispensed by Inkjet Bioprinting on Cancer and Non-Cancer Cells…pg.446
	Gregory, Altering the Bubble Release of Reactive Inkjet Printed Silk Micro-Rockets…pg.452


	TECHNOLOGIES IN DIGITAL PHOTO FULFILLMENT 2016
	Welcome Remarks and Company Introductions
	Tools and Strategies of Print Preservation
	Photo Book Construction and Preservation
	Factors that Influence Permanence and Durability of Photo Books

	MATERIALS, METHODS, AND PERFORMANCE TRACK
	Physics and Chemistry of Materials II
	Walker, Hi Resolution Inkjet Printing of OLEDs at Merck…pg.469
	Shu, Fully Solution Processed Organic Light-Emitting Electrochemical Cells (OLEC) with ZnO Interlayer for Lab-on-Chip Applications…pg.472
	Edler, Application of Vinylcarbonates as Low-Toxic Monomers in Digital Inkjet Inks…pg.475
	Afroj, Inkjet Printing of Graphene Inks for Wearable Electronic Applications…pg.480
	Smith, Multi-Functional Carbon Fibre Composites Obtained Using Inkjet Printed Polyme…pg.482
	Forsberg, Liquid Exfoliation of Layered Materials in Water for Inkjet Prinitng…pg.486

	Laser Imaging and Patterning
	Kishi, Development for Secondary Color Graininess Separation Method for the Electrophotographic Imaging…pg.493
	Nemoto, Laser Color Marking Using Thermo-Sensitive Recording Paper - Study of Condition for Magenta and Cyan Development…pg.498





