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Abstract

When Xaar launched the revolutionary 1001 printhead with
patented TF Technology® in 2007 it opened up a number of
applications to digital print. The ability to handle heavily
pigmented inks, avoiding problems such as sedimentation, has
been a crucial enabler in areas, for example ceramic tile
decoration, glazes, and for white inks.

Since then, recirculation of ink within the printhead has
been widely adopted by manufacturers, and a number of
printheads offer an ink recirculation capability [1] [2] [3]. Their
approaches to recirculation and operational ranges differ. Xaar
TF Technology® recirculates the ink through the actuator
channels, immediately past the nozzles, and with relatively high
flow rates; other printheads recirculate through the ink
manifolds, and/or ink flow rates used by different printheads
vary significantly.

Besides the challenges of heavily pigmented inks, ink
recirculation can have an impact on other aspects of printhead
performance. The flow of ink can move debris and bubbles from
the ink path, both before they have a chance to impact jetting,
and after to recover from a jetting failure. It may even act to
maintain the nozzles themselves, but only when the recirculating
flow is close to the nozzles.

This publication presents a study on the important factors
needed for ink recirculation to offer advantages, and what those
advantages are. The study considers aspects such as print
reliability, both prevention of and recovery from failures, nozzle
latency (decap), and priming. It also considers the interactions
between recirculation and stability of inks, in particular high
pigment loading inks.

Using the TF Technology™ of the Xaar 1003 printhead,
Xaar’s latest evolution of the 1001, factors such as the flow rate
of the ink and its impact on the above aspects are studied.

The work presented shows that recirculating flow, when it
occurs immediately behind the nozzle in a Xaar 1003 printhead,
does interact with the fluid in the nozzle itself. This in turn
improves nozzle latency such that if recirculation of ink
continues when the nozzles are idle, the length of time a nozzle
can be left idle for before an adverse effect is seen with some
inks can be increased (figure 1). This is in contrast to some
previous results with alternative recirculation conditions [4]

Testing also shows that an ink that shows a level of
unreliability at a low recirculation flow rate can operate
reliably with a higher recirculation rate. Therefore it is not
simply having ink recirculation that is important, but the precise
operating conditions, and in particular a sufficient flow rate.

Introduction

Until the introduction of the Xaar 1001 printhead, inkjet
printheads used ink paths where in operation the nozzles were
the only exit for ink which had entered the head at the ink inlet.
This is a simple system to implement, where the only main
requirements of the ink system are to ensure an appropriate
pressure at the meniscus in each nozzle (Meniscus Pressure —
MP), and sufficient ink flow capability when jetting at maximum
duty.
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However, in ink chambers/channels, nozzles, and other
internal ink paths the ink might remain stationary if nozzles
aren’t ejecting ink, whether due to image duty in operation, or
the whole head being in an idle state. The length of time ink
dwells in the head can therefore be long, and very variable
between channels. This in turn can allow ink properties to
change, such as temperature, dispersion of particles, degassing,
and loss of volatile components of the ink where there is a free
surface, notable at the nozzles. In addition, if anything
unwanted, such as debris, enters the head, it can only leave
through the nozzles, and if too large either blocks nozzles, or
clogs filters if present to protect nozzles.

With the introduction of TF Technology® in the Xaar 1001
printhead (and featured in subsequent heads), these drawbacks
of ‘dead end’ ink paths were addressed. The architecture
continuously recirculates ink through the whole fluid path, right
to the nozzle inlet. This is shown schematically in Figure 1.
This means that ink at a nozzle when that nozzle is jetted has
only dwelled in the head for a short time, so control of
temperature, and liquid, solid and gas composition is much
easier and more uniform across the array.
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Figure 1 Schematic of Xaar TF Technology® showing the path of fluid into
the piezoceramic channels, directly behind the nozzles, and out again.

For these reasons, ink recirculation capability has become
a common feature in printheads, especially those targeted at
applications demanding high print reliability and uniformity, and
those using more challenging inks, such as ceramics. But ink
recirculation can be implemented in a variety of ways, with
advantages and disadvantages to each. This study uses the Xaar
TF Technology® architecture, and studies the effect of
recirculation immediately behind the nozzle, and with the
capability for high flow rates that TF Technology® offers, on
operating windows, reliability nozzle latency.
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Nozzle Replenishment

One of the particular features of Xaar TF Technology® is
that the recirculating flow is through the piezoceramic channels,
directly behind the nozzles as shown in Figure 2. While other
recirculation schemes where the recirculating flow is not close to
the nozzles will not result in exchange of fluid in the nozzles
themselves, it was still not clear how much exchange of fluid
occurs when the flow is directly behind, and the amount of
benefit this gives.
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Figure 2: Schematic of ink replenishment

Qualitative indications that fluid in the nozzles is
exchanged by recirculation behind the nozzle, maintaining print
readiness, had already been seen. In an application jetting as part
of the process for front side metallisation of solar cells, Xaar
1001 printheads were idling for 5 minutes 1mm above substrates
at 180°C, yet would start jetting all nozzles immediately.

Especially for solvent or aqueous based inks the drop
formation is changed when a viscous skin layer is formed at the
meniscus due to evaporation of the solvent. Constant
replenishment of the ink within the nozzle would decrease the
tendency of skin formation at the meniscus. We postulate that
such replenishment of the ink within the nozzle results from
turbulent flow within the nozzle, caused by obstruction of the
laminar flow in the adjacent channel in the vicinity of the nozzle
inlet. A vortex flow within the channel would cause stirring
within the nozzle, partially exchange the fluid within the nozzle,
and in effect would prevent the buildup of a skin layer at the
meniscus.

Method

Since the exchange of ink inside the nozzle is difficult to
monitor directly, an indirect scheme was used. How the drop
formation changed as function of the idling time before printing
and of the ink flow rate, was used as a quantitative indicator of
the ink replenishment. Since any viscous layer reduces the drop
velocity, this can be evaluated by measuring the dot placement
errors. Therefore the dot placement errors of a burst of 10 drops
were measured as function of idling time before printing and as
function of the ink flow rate. Dot placement of each of the 10
drops of the burst was measured, with the dot placement of the
10th drop as reference. The reasoning is that while the
postulated viscous skin layer at the meniscus would affect the
drop formation of the first drops of the burst, this skin layer
would be removed by these first drop formations and do not
affect the placement of the 10th and last drop of the burst of
drops. A Xaar 1001 printhead was operated at different flow
rates (30, 60 125 and 160 ml/min) for 5 minutes each, without
firing.
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In addition, the idling time was varied for various flow rates
and the impact on drop placement measured.

It is expected that the drop velocity decreases with
increasing idling time, due to evaporation of the ink at the nozzle
and resulting in the growth of a viscous skin layer at the
meniscus. It is further expected that drop velocity will be
positively affected by increasing flow rate due to the postulated
replenishment of ink inside the nozzle.

These first two experiments examine the effect of
recirculation on maintaining nozzle health. A third experiment
was carried out exploring the effect of recirculation on recovery
of nozzles by the same process of nozzle replenishment. In this
case the printhead was left idling with zero flow rate for periods
of time and then looking at recovery of nozzles through the
jetting of bursts, either continuing with zero flow, or starting
recirculation.

The print pattern of this test run consisted of 37 bursts of 10
drops each (with one clear pixel between each consecutive
drop). The interval between the consecutive burst was 200 clear
pixels. At time zero the standard flow rate of 125 ml/min was set
to zero. After variable time interval At with zero flow the print
of the test pattern was started, either continuing with zero flow,
or restoring recirculation and then after 10 seconds restarting the
print test.

Results

Results are shown in Figure 3 and Figure 4. As expected
all 10 dots are equally spaced for the case of idling time of 0
min, i.e. directly after purging, since no viscous skin layer could
be developed at the meniscus in the nozzle.

At a high flow rate of 160 ml/min only the first dot is
printed at reduced distance, indicating a reduced drop velocity of
the first drop (Figure 3), assumed to be due to a slight viscous
skin layer. With only a small reduction to a flow rate of 125
ml/min, the first dot is considerably misplaced, effective
overlapping with the second drop, while the second drop is at
nominal velocity. At the reduced flow rate of 60 ml/min the first
drop is completely missing and the second drop is considerably
reduced in velocity. With further reduction in flow rate the first
drop is missing and the second, and third drop reduced in
velocity. The missing of the first drops and the decreasing drop
velocities of the second and third drops with reduction in flow
rate hint at an ever more viscous skin layer at the meniscus.

The dot placement errors also show the strong effect of the
flow rate in the printhead as depicted in Figure 4. For the
highest flow rate used, 160 ml/min, all dot placement errors
except that for the first drop are small. For a flow rate of 60
ml/min the first drop is missing and the second at a dot
placement error of 100 pm. Further reduction in flow rate to 30
ml/min increases the dot placement error of the second drop to
beyond 200 pm.
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Figure 3 Dot placement of the 10 dots from a burst in reference to position
of the 10th and last dot in the burst. Printing at different flow rates with a
constant 5 minutes idling time before firing each test run.
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Figure 4 Dot placement errors for the first 4 dots from the burst of 10 drops
as function of the flow rate (30, 60, 125 and 160 ml/min). Idling time before
the burst of 10 drops was 5 minutes.

Looking at longer idling times, as shown in Figure 5 a flow
rate of 125 ml/min prevents the loss of any drop. The first drop
of the burst of 10 drops is ejected even after an idling time of 24
hours. The dot placement errors of the first drop increase with
increasing idling time, indicating the formation of a more
viscous skin. The second and consecutive drops have essentially
the nominal velocity.

Conclusion is that the flow rate of 125 ml/min is strong
enough to prevent the formation of a skin layer that can
contribute to restriction within the nozzle or even to complete
blockage of the nozzle.
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Figure 5 At standard operation conditions the Xaar 1001 printhead is
operated at a flow rate of 125 ml/min. In the present experiment this was
achieved at a differential pressure of 100 mbar.

In the third experiment where the printhead idled with zero
flow, the number of subsequent bursts with missing or misplaced
drops before good printing was restored was recorded.

Figure 6 shows, as blue diamonds, the number of faulty
bursts before full recovery takes place i.e. first burst of drops
printed with no defects found. While after At=0.5 minutes at
zero flow it took 2 or 3 initial bursts before all channels fired
correctly, it took 14 to 18 bursts before correct printing when the
zero flow was maintained for At=2 minutes. After At=5 minutes
of no flow there were still some channels printing faulty even
after the full test pattern of 37 bursts were ejected.

When performing the same test as described above, but
switching on the flow directly after the time interval with zero
flow, and then — after a further delay of 10 seconds — starting the
print of the test pattern, all channels printed correctly except the
first burst. This was observed even after time intervals with zero
flow of up to At=60 minutes.

We interpret this as further evidence that ink flow directly
past the nozzles is very effective to replenish ink in the nozzle,
which in effect reduces skin layer formation by exchange of the
ink within the nozzle.
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Figure 6 The number of initial bursts with missing or strongly misplaced
drops after different time intervals of zero flow, and 10 seconds after
restarting of ink flow directly after the time intervals with zero flow.
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Operating Windows and Reliability

Print reliability is naturally very important in applications,
especially for single pass printing where there is less scope for
any nozzle failures to not impact the final print quality. This
generally has been a strength of ink recirculation in inkjet
printheads, and a key part of the success of inkjet in some recent
application areas.

A prerequisite for good print reliability is to have operating
windows of key parameters to be as wide as possible. This
allows those parameters to vary as much as possible without
going outside of their operating windows and causing defects or
failures. Keeping those parameters as stable as possible is of
course desirable, but fluctuations do occur, from the level of
control and capability of ink systems, uniformity of media
transports etc., through to unavoidable variations such as the
effect of variable print data.

The expectation is that higher flow rates for the
recirculating flow would give larger operating windows for the
Meniscus Pressure (MP) window for example, as the impact of
local nozzle effects and flow (including drop ejection) are
diluted.

Method

Meniscus Pressure (MP) window was measured by
adjusting the ink supply system used (Xaar Hydra) to adjust the
MP over a range of values, and independently to adjust the flow
rate but changing the Differential Pressure (DP) between the
inlet and outlet of the head, which drives the recirculation flow.
At each combination of MP and DP, the jetting reliability was
assessed by visually assessing the jetting ‘curtain’ from the head
on a jetting rig. An example of what’s observed as good and
unreliable jetting is shown in Figure 7.

Meniscus pressures are generally set slightly below
atmospheric, e.g. a gauge pressure of perhaps -15mbar. At the
top of the MP window i.e. less negative pressures, closer to
atmospheric, the MP becomes insufficient to hold ink in the
nozzle and ink floods out. At the bottom of the MP window, i.e.
more negative pressures, the meniscus becomes prone to break
allowing air to enter the nozzle and cause nozzle failures as
shown in the example figure. At each DP (flow rate) set point,
MP was varied to find the least negative pressure at which
reliable jetting was possible before flooding, and the most
negative pressure before air injection caused nozzle failures.
These MP values are the top and bottom of the MP window at
that DP setting.

Figure 7 Showing a good jetting ‘curtain’ (top) and unreliable, with some
missing jets (bottom)

Results

With a typical UV ink (Sunjet ULX Cyan), the results in
Figure 8 were obtained, where green cells represent reliable
operation, red unreliable (flooding at the top of the window,
nozzle failures at the bottom of the window), and yellow
borderline/inconsistent failure.

These results show that the MP window is 20mbar (-5 to -
25mbar) with a low DP of 40mbar, but increases with increasing
DP to 26mbar at a DP of 200mbar.

Other inks were also tested. XES is a simple test fluid with
a wide MP window, 42mbar at 40mbar DP, but this increased
slightly to 44mbar at 200mbarDP. And a ceramic ink (Sunjet
brown), being an example of a heavily particle loaded ink
typical of ceramic inks, had a MP window of 22mbar at 40mbar
DP, but which increased to 25mbar at 200mbar DP.
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Figure 8 MP window results for SunJet ULX cyan, showing that the MP
window (range of green cells) increases as DP increases.

Discussion and Conclusions

Ink recirculation within inkjet printheads, as first shown in
the Xaar 1001 with TF Technology®, has established
advantages for reliability by sweeping away bubbles or debris
from channels, for jetting difficult heavily loaded fluids by
keeping the fluid in constant motion, and for uniformity by
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improving ink and actuator temperature control. What in
addition this study shows is that because Xaar TF Technology®
flows ink directly past the nozzle, there is exchange of ink in the
nozzle itself which gives a large reduction in the rate of buildup
of, for example, a viscous skin in the nozzle when left idling,
and so gives a large increase in the time a head can be left idling
and still restart without error. Also, as well as maintaining
nozzle health if idling with recirculation, if a head is left idling
without recirculation, starting recirculation can quickly reprime
nozzles to recover them to restart error-free.

But both parts of this study also show that the beneficial
effects of recirculation directly behind the nozzle are further
increased as the recirculation flow rate increases. The greatest
benefits of recirculation are achieved with the high recirculation
flow rates of TF Technology®.

References

[1] M. Schoeppler, in 21st IMI European Ink Jet Conference, Lisbon,
2013.

[2] K. Yoshimura, in NIP29, Seattle, 2013.

[3] G. Kennedy, in 22nd IMI European Ink Jet Conference, Barcelona,
2014.

[4] M. Bale, J. Mantle, S. Whittaker, F. Escosio, S. Moncur, A. Balch,
D. lllsley, S. Herlihy, Y. Kipman, P. Best and K. Pucci, in NIP 31,
Portland, 2015.

Author Biography

Mark Crankshaw obtained his B.A.(Hons) in Natural Sciences
from the University of Cambridge, and also completed his Ph.D. in
Materials Science there. He first joined Xaar in 1999 and as a
Development Engineer and Technology Specialist worked on actuator
and waveform development, and inkjet applications, before joining
Cambridge Display Technology in 2007 as a Principal Engineer. After
developing inkjet and other processes for display fabrication at CDT, he
returned to Xaar in 2011 as an R&D Manager, and now leads the
Principal  Scientist.

Printhead  Applications — group as a



	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





