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Abstract 

An IPI survey found that approximately 87% of museums, 
libraries and archives already have digital prints in their 
collections and that they are concerned about increasing influxes 
of these materials. The survey also showed that objectionable 
deterioration has already occurred to some of their prints 
including fading, yellowing, color bleed, surface cracking and 
delamination. In total, 71% of institutions have already 
experienced deterioration in their digital print collections. 
Previous experimental research, both by IPI and others, has been 
able to establish a clear connection between ozone and nitrogen 
dioxide exposure and each of those forms of decay. Development 
of effective methods to mitigate such damage will, therefore, be 
critical to the survival of these objects for future generations. This 
study was aimed specifically at determining the efficacy of one 
particular approach, mitigating pollutant damage to digital prints 
through lowered-temperature storage. Since the deterioration due 
to pollutants occurs through chemical reactions, it may be possible 
to slow decay through cool or cold storage.  

The Arrhenius method was used to predict the times to 
significant fade or yellowing of prints exposed to 1 ppm ozone or 5 
ppm nitrogen dioxide. Test targets were incubated at 25°C, 30°C, 
35°C, 40°C, and 45°C at 50% RH for multiple intervals up to 56 
days. Cyan, magenta, yellow, and black color patches were 
monitored using ANSI Status A density for density loss. Unprinted, 
white areas were monitored using ANSI Status A blue density for 
paper yellowing. It was found that lower temperature does in fact 
reduce the rates of decay but not equally for both pollutants. Low 
temperature was more effective at reducing yellowing caused by 
nitrogen dioxide than it was at reducing the fade caused by ozone; 
however, cool or cold storage can clearly mitigate damage and 
extend the usable life of digital prints in collections. 

Introduction 
An IPI survey of museums, archives, and libraries found that 

approximately 87% of cultural heritage institutions already have 
digital prints in their collections, that they are concerned about 
continuing influxes of these materials, and that they do not yet feel 
well informed on how to care for these materials. The same survey 
showed that objectionable deterioration to these objects has 
already occurred to portions of these collections including (but not 
limited to) fading, yellowing, color bleed, surface cracking and 
delamination. In total, 71% of institutions have already 
experienced deterioration of some part of their digital print 
collections [1]. Previous experimental research has established a 
clear connection between ozone and nitrogen dioxide to each of 
those forms of decay [2,3]. Ozone has been specifically shown to 
cause significant fade and delamination/cracking and nitrogen 

dioxide to induce yellowing and bleed. An understanding of 
effective methods to mitigate such damage will be critical to the 
survival of these objects. 

Deterioration due to pollutants occurs through chemical 
reactions, which may potentially be slowed by lower temperature. 
The specific experiments in this project will define the overall 
effectiveness of lower temperature in slowing attack by 
atmospheric ozone and nitrogen dioxide. The problem of pollutant 
damage to digital prints is a serious issue for museums, archives, 
and libraries at all levels (national, state, and local). The audience 
for this project is anyone involved with the care of cultural 
heritage collections that contain these materials.  

Methods 
The experiments were based on the well-established 

Arrhenius method, outlined in ISO 18924 Imaging materials -- 
Test method for Arrhenius-type predictions [4]. The Arrhenius 
method has already successfully been used to determine the 
thermal aging rates of other cultural property types including color 
photographic dyes as well as photographic film supports. In this 
case the additional factor of increased pollutant concentration was 
added. 

Test Target 
The test target consisted of a color step wedge containing ten 

levels of cyan, magenta, yellow, and black (CMYK) and a 
minimum density (Dmin) patch. The targets were created using 
Adobe InDesign and converted to PDF for printing. The target also 
included vertical and horizontal CMYK lines to monitor for 
colorant bleed as well as black text on white background and white 
text on black background text targets with Times New Roman type 
ranging from 4 – 8 point size to monitor for loss in text readability.  

Print Types 
The test samples were two different micro-porous type photo 

papers printed with two different dye-based inkjet printers 
(including dye black). These prints were selected because they 
were found to be especially sensitive to pollutant-induced fade, 
yellowing, bleed, and delamination/cracking in previous IPI 
experiments. In addition, a printing paper commonly used in 
electrophotographic (EP) digital presses, and previously shown to 
be sensitive to yellowing was included. Highly sensitive examples 
act as a sort of miner’s canary and will provide the most 
conservative results and recommendations. After printing, all 
samples were allowed to dry for one week in the dark in a climate-
controlled room at 21ºC and 50% RH before testing. Tables 1 and 
2 show the printer-paper combinations selected for the tests.    
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Table 1: Test samples for ozone 
Printer Coating Substrate 

Dye inkjet 1 Microporous RC paper 
Dye inkjet 2 Microporous RC paper 

Table 2: Test samples for nitrogen dioxide 
Printer Coating Substrate 

Dye inkjet 1 Microporous RC paper 
Dry-toner EP Coated glossy Plain paper 

Sample Measurement 
Measurements of the color step wedge target were made 

using a Gretag Spectrolino/Spectroscan spectrophotometer for red, 
green, blue, and visual ISO Status A density values both pre- and 
post-pollutant exposure. Measurement of line width was made 
using an ImageXpert image analysis system for the samples 
exposed to nitrogen dioxide. Cracking and delamination were 
assessed visually for the samples exposed to ozone.  

Experimental 
The ozone and nitrogen dioxide test chambers were custom 

built by Codori Enterprises. The ozone was produced by means of 
a UV lamp, while the nitrogen dioxide was provided by a gas tank 
(2% NO2 in air) purchased from Airgas. The gas concentration in 
each chamber was monitored during the extent of the tests and 
kept within the target values (+ 0.25 ppm). The samples (in 
duplicate) were exposed to pollutants (ozone or nitrogen dioxide) 
at a series of increasing temperatures (25°C, 30°C, 35°C, 40°C, 
and 45°C) at a relative humidity (RH) of 50% for each. The 
concentration of pollutant was held at one-part-per-million for 
ozone or five-part-per-million for nitrogen dioxide. The nitrogen 
dioxide tests were originally planned to be conducted at 1 ppm; 
however, after the first temperature trial it was discovered that this 
concentration was too low and that the time intervals would 
subsequently need to be increased beyond the project’s finish date. 
For this reason the nitrogen dioxide concentration was increased to 
5 ppm. 

Test samples were exposed free hanging inside the chamber 
and were removed at intervals of 1, 2, 4, 7, 10, 14, 21 days for 
ozone and 14, 21, 28, 35, 42, 49, and 56 days for nitrogen dioxide.  
Separate samples were used for each incubation temperature and 
time period. 

For the ozone exposures, the incubation times required to 
reach a 30% fade in the cyan, magenta, yellow and black patches 
from initial densities of 1.0 for each temperature were determined. 
The incubation time to reach a blue density gain of 0.05 in the 
unprinted white areas of the prints (Dmin) was determined for each 
temperature for the nitrogen dioxide tests. Using the standardized 
Arrhenius prediction methodology, the logarithm of the incubation 
times to reach the 30% fade (or 0.05 Dmin gain) for each 
temperature were then plotted against the reciprocal of the 
absolute test temperatures and the predicted time to reach 30% 
fade (or 0.05 Dmin gain) at room and various lower temperatures 
extrapolated. These lower temperatures represented different levels 
of reduced-temperature storage commonly used in museums – cool 
and cold. The low-temperature predictions were then compared to 
room temperature conditions and the potential benefits of reduced-
temperature storage determined. Note that temperatures at or 

below freezing were not included, since it is not known what 
physical stresses freezing and thawing might have on the objects. 
The image analysis measurements of line width and blur were used 
to predict the potential for lower storage temperatures to minimize 
pollutant-induced colorant bleed. Visual assessments of cracking 
and delamination were used to predict the potential for lower 
storage temperatures to minimize or prevent physical failure of the 
imaging layers. 

Extrapolation of test results to real-life conditions 
It is difficult to translate high temperature and high pollutant 

concentration test data into real-life terms that can be used to 
confidently assess how significant or insignificant any changes in 
storage temperatures will be. This is for two reasons. The first is 
that it is always questionable to assume reciprocity between short–
term exposures at high temperature/gas concentrations and long-
term exposures in actual collection environments; however, there 
is no other known methodology other than actually waiting many 
years to find out when pollution damage will occur. At which 
point the damage would be done anyway. The point of a prediction 
is to prevent the damage, so assuming reciprocity between test and 
real-life experience is, unfortunately, the only choice we currently 
have. Secondly, any extrapolation to real-life storage environments 
also assumes that we know what the average pollutant levels will 
actually be over time. This is not likely as different geographic 
locations, building designs, air handling systems, etc. will result in 
different and varying indoor levels of pollutants. It is necessary 
here to only select a reasonable value as the stand in for the actual 
values.  

While there have been some studies that have looked at 
pollutant levels in cultural institutions [5], none have resulted in a 
standardized value that can be used for predicting the long-term 
behavior of collection objects. This is because, as stated above, 
levels are highly variable and dependent on a large number of 
factors that can result in an average daily pollutant level of 1 parts 
per billion (ppb) in one institution and 100 ppb in another (or even 
in different areas within the same institution). For this reason, we 
have chosen 10 ppb as our assumed real-life conditions for ozone 
and 50 ppb for nitrogen dioxide. These are both 1/100th of the test 
concentrations. Still, no matter which assumed actual-use 
concentration is used, it will be applied equally to all predictions, 
and so the ratios of cold storage to room conditions will remain the 
same, and the relative improvement in pollution mitigation will be 
accurately described. If an institution knows the actual average 
daily ppb of ozone or nitrogen dioxide in its storage and exhibition 
areas, it can recalculate the values described below by dividing the 
predictions by their actual ppb of ozone or nitrogen dioxide and 
then multiplying by 10 for ozone or 50 for nitrogen dioxide. 

Results 
A set of controls for each material was incubated at 45°C (the 

highest test temperature) for 56 days (the longest test period) in a 
sealed bag to prevent pollution exposure to ensure that any fade or 
yellowing of the pollutant exposed samples would be due to the 
pollutants and not to heat. None of the control samples showed 
noticeable change, establishing that all changes in the exposed 
samples are due solely to the pollutants. 

The times to endpoint, 30% fade for the ozone exposed 
samples and 0.05 blue density gain for the nitrogen dioxide 
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exposed samples, for each temperature were used to extrapolate 
time to endpoint at room (21°C) and various cool-to-cold 
temperatures (15°C, 10°C, 5°C). The color with the shortest time 
to endpoint was used as the limiting factor for the ozone tests.  

For both samples it was the yellow colorant that faded to 30% 
loss the fastest during ozone exposure. These values were 
converted into years and are reported in table 3 below. The 
correlation coefficient (r2) for Dye Inkjet 1 was 0.87 and for Dye 
inkjet 2 was 0.97. 

Table 3: Year Predictions to 30% yellow colorant loss - Ozone 
 21°C 15°C 10°C 5°C 
Dye Inkjet 1 2.6 3.2 4.0 4.9 
Dye Inkjet 2 2.6 3.5 4.6 6.0 

 
There is a 1.9x increase in print life for Dye Inkjet 1 when it 

is moved from room conditions to 5°C cold storage. There is a 
2.3x improvement in print life when Dye Inkjet 2 is placed in 5°C 
cold storage. This means that the life of these dye inkjet prints can 
be extended approximately 100% by moving them to cold storage. 
Given the limited life of the materials at room conditions, the 
extension, even if short, may be worth it. 

Table 4: Year Predictions to 0.05 blue density gain – Nitrogen 
dioxide 

 21°C 15°C 10°C 5°C 
Dye Inkjet 1 17 27 41 62 
Dry-toner EP 9 21 42 87 

 
The effect of temperature on deterioration rates is greater for 

nitrogen dioxide than for ozone (Table 4). There is a 3.6x increase 
in time to yellowing for Dye Inkjet 1 when it is moved from room 
conditions to 5°C cold storage. There is a 9.7x improvement in life 
when the Dry-toner Electrophotographic Print is placed in 5°C 
cold storage. These increases are significantly higher than those 
for ozone-induced decay. The correlation coefficient (r2) for Dye 
Inkjet 1 was 0.87 and for Dry-Toner EP was 0.84. 

It is important though to put the ozone and nitrogen dioxide 
data into some context. The samples in these tests were freely 
exposed to the air in the test chamber as opposed to being housed 
in enclosures. The airflow was also high to ensure equal 
distribution of gas throughout the chamber. Additionally, these 
samples were known to be highly sensitive to pollutants. Prints in 
collections may contain especially sensitive prints but will likely 
not leave them constantly exposed to air. For this reason, these 
numbers are extremely conservative. Prints in collections will 
likely last much longer, but how much longer is not exactly 
known. Periodic monitoring of print condition will be critical to 
catching damage before it occurs. 

The test method also called for quantified assessment of 
colorant bleed. Before and after pollutant exposure, measurements 
were made; however, the data could not be used because the 
numerical trends did not match the visual assessments. It is 
believed that this was due in part to the way in which the image 
analysis software read the changes in line morphology. If the line 
spread was uniformly dark then the technique worked; however, 
when the bleed was of very low density (which it usually was) the 
image analysis system could not accurately measure the change, as 

it was below the reading threshold. Therefore, additional study of 
dye bleed is needed before it can be analyzed instrumentally with a 
high degree of confidence. Visual assessments of bleed are 
included below. 

Summary of Visual Assessments 
The samples were assessed visually for three forms of decay: 

colorant bleed, surface cracking, and text readability. 
For bleed, a single observer used a 50x stereo microscope to 

look for intact dot shapes. If the dot edges were no longer clear 
then the sample was considered to have bled. The bleed behavior 
within the samples appeared somewhat erratic across the test 
temperatures showing no clear trend (see Table 5). It is not known 
why this occurred; however, that nitrogen dioxide can induce 
bleed was once again confirmed. Note that the 40°C data is not 
included because that test was only run to 35 days as opposed to 
56 days like the others, but no samples bled at those conditions. 
This property deserves further study, though the first step will be 
to develop precise methods for measuring the phenomenon. 

Table 5: Nitrogen Dioxide-Induced Bleed 
Temperature Days to first bleed 

25°C 42 
30°C 28 
35°C 42 
45°C No bleed detected 

 
Cracking was evaluated visually using a 50x stereo 

microscope after a 90° flexing of one corner of the print by hand. 
A control was incubated in a sealed bag to prevent pollution 
exposure at 45°C (the highest test temperature) for 56 days to 
ensure that any cracking of the pollution exposed samples would 
be due to the pollutants and not to heat. The Dye Inkjet 1 samples 
did not crack at either room conditions or after 56 days at 45°C 
with no pollutant exposure. The ozone exposed Dye Inkjet 1 
samples showed a trend indicating that reduced storage 
temperature will slow the rate of physical deterioration of some 
inkjet coatings. Table 6 below shows the number of days until 
cracking is first seen for Dye Inkjet 1. The Dye Inkjet 2 samples 
cracked even without pollutant exposure. This reaffirmed the 
sensitivity of some materials to cracking even without exposure to 
environmental stresses. 

Table 6: Ozone-induced Cracking for Dye Inkjet 1 
Temperature Days to first cracking 

25°C No cracking 
30°C No cracking 
35°C 21 days 
40°C 10 days 
45°C 4 days 

 
It is likely that both colorant bleed and cracking/delamination 

of ink receiver layers in inkjet prints will one day be problematic 
for collecting institutions. It is not clear whether these adverse 
effects will occur before or after the fade and yellowing detected 
and reported on in this project. Existing methodologies do not exist 
to examine and predict the time to failure for these parameters. 
Development of such methods as well as in-depth studies of these 
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problems will ultimately be highly beneficial to cultural heritage 
institutions that have or will add these materials to their 
collections. 

The fade, yellowing, or bleeding of the samples in no case 
impeded the readability of the text samples.  

Conclusions 
From the data the following conclusions can be made: 
• Reduction of storage temperature should have a 1.9x-2.3x 

impact on the rate of color fade by ozone 
• Reduction of storage temperature should have a 3.6x-9.7x 

impact on the rate of print yellowing by nitrogen dioxide  
• Reduction of storage temperature should reduce the rate of 

physical deterioration for some inkjet coatings by ozone 
• More work needs to be done to develop better methods and 

measures for line bleed and cracking 
 
Reducing airflow over the surfaces of inkjet prints is also 

known to decrease the rates of pollutant-induced fade [6]. It may 
be that protective storage enclosures and framing materials can 
also significantly mitigate damage and possibly to a greater degree 
than lower temperature storage. Examination of these issues is 
currently underway at IPI and will be published at a future date. 
After completion of that work, institutions that collect these 
materials will be able to decide which approach works best for 
them. 

Additionally, it is believed that this is the first use of 
Arrhenius incubations simultaneous with elevated pollutant levels 
to model the interactions between temperature and pollutants on 
collection objects. Because the approach proved feasible, it is 
possible that this method may also be used to more fully 
understand the effects of temperature on deterioration rates for 
many other pollutant sensitive cultural materials. 

Acknowledgements 
The authors would like to acknowledge the Institute of 

Museum and Library Services for their support of the project. 

References 
[1] Burge, Daniel, Douglas Nishimura, and Mirasol Estrada, “Summary 

of the DP3 Project Survey of Digital Print Experience within 
Libraries, Archives, and Museums”, IS&T’s Archiving 2009, May 4-
7 2009 Arlington, VA. 

[2] Burge, Daniel, Nino Gordeladze, Jean-Louis Bigourdan, and Douglas 
Nishimura, “Effects of Ozone on the Various Digital Print 
Technologies: Photographs and Documents”, Fourth International 
Conference on Preservation and Conservation Issues Related to 
Digital Printing and Digital Photography, May 27-28, 2010 London, 
UK. 

[3] Burge, Daniel, Nino Gordeladze, Jean-Louis Bigourdan, and Douglas 
Nishimura, “Effects of Nitrogen Dioxide on the Various Digital Print 
Technologies: Photographs and Documents”, IS&T’s NIP 27, 
October 2-6, 2011 Minneapolis, MN. 

[4] ISO 18924:2013 Imaging materials - Test method for Arrhenius-type 
predictions. (International Organization for Standardization, Geneva, 
Switzerland, 2013). 

[5] Tetreault, Jean, Airborne Pollutants in Museums, Galleries, and 
Archives: Risk Assessment, Control Strategies, and Preservation 
Management, (Minister of Public Works and Government Services, 
Canada, 2003). 

[6] Kazuhiro Miyazawa and Yoshihiko Suda, “Uncertainty in Evaluation 
of Accelerated Ozone Fading Tests of Inkjet Prints”, IS&T’s NIP 20, 
October 31 – November 5, 2004 Salt Lake City, UT. 

Author Biography 
Daniel M. Burge, Senior Research Scientist, has been a full-time 

member of the Image Permanence Institute (IPI) staff for over 20 years. He 
received his B.S. degree in Imaging and Photographic Technology from the 
Rochester Institute of Technology in 1991. He managed IPI’s enclosure 
testing services from 1991 to 2004. In 2004, he took over responsibility for 
all of IPI’s corporate-sponsored research projects. Since 2007, he has been 
leading IPI’s investigations into digital print stability and developing 
recommendations for the use, storage and display of these materials in 
cultural heritage institutions. 

 

NIP 29 and Digital Fabrication 2013 47


	Introductory Material
	Copyright
	ISBN: 978-0-89208-306-0
	Welcome
	Conference Exhibitors
	Conference Committee
	Table of Contents
	Week At-a-Glance
	Floor Plan
	Conference Sponsors
	Special Events
	Technical Papers Program
	Keynote Talks
	Hague, Exploring the Potential of Additive Manufacturing †pg.1
	Fu, Printing the Next Generation of Point-of-Care†pg.2
	McCoog, Printing Evolution in a World Dominated†pg.3
	Umezu, 3 Dimensional Prints (3DP) of Artificial Cell†pg.4

	3D Printing Session
	Klein, 3D Printing: When and Where Does it Make Sense?†pg.5
	Ready, 3D Printed Electronics†pg.9
	Cahill, Selecting Digital Deposition Methods†pg.13
	Huson, 3D Printing of Self-Glazing Ceramic Materials†pg.14
	Snyder, Line-on-Line Image Formation Analysis†pg.18

	E-Paper Session
	Takano, Effects of Tablet Devices on Reading to Support†pg.23
	Kobayashi, Reflective and Emissive Dual Mode†pg.28
	Nakamura, Thermo-Switchable Imaging Medium†pg.32

	Displays/Solar Cells Interactive Previews
	Kosugi, Optimization of Titania Thickness†pg.36
	Satoh, Luminescent Properties of High Color Rendering†pg.40

	Image Permanence and Print Quality Session
	Burge, Mitigation of Pollution-Induced Deterioration†pg.44
	Sekita, Subjective Assessment of Color Naturalness†pg.48
	Chen, Color Appearance and Spatial Related Color Gamut†pg.52
	Salesin, The Determination of the Minimum Force†pg.56
	Ungureanu, Parallel Software Design Enabling High-Speed†pg.60
	Ju, Black-Box Models for Laser Electrophotographic†pg.66
	Aqua, Experimental and Analytical Study of Dot Gain†pg.72
	Pu, A Laser-Imageable Thin Coating Derived†pg.75
	Shi, The Requirement of Map Digital Printing†pg.78

	Digital Fulfillment Session
	Kuo, Index-based Digital Texture Printing Workflow†pg.81
	Messier, Automated Surface Texture Classification†pg.85
	Tence, Xerox's High Temperature, Increased Fluid†pg.92
	Henry, A New Approach to Colour-Picker Tool Design†pg.98
	Yin, Solutions of JDF-Workflow Scheduling Problem†pg.102
	Su, Map Customization Service based on User Interest†pg.107

	Functional Materials Interactive Preview
	Heinzer, Innovative Multi-Function Printable Film†pg.111

	Fusing, Curing, and Drying Session
	Eichhorn, Determination of Dryness of Water-based†pg.113
	Hasebe, Estimation of the Fusing Quality based†pg.116
	Baek, Surface Heating Fuser System for Laser Beam†pg.120

	Thermal Printing Session
	Fukue, Investigation of Transient Temperature Response†pg.124
	Taniguchi, New Development of Multi-Purpose Heating†pg.130
	Shi, Effect of Nicotinic Acid as a Toner†pg.135

	Security Printing Session
	Vans, Progressive Barcode Applications†pg.138
	Ulichney, Circular Coding for Data Embedding†pg.142
	Hodgson, Challenges in Security Printing†pg.148
	Collins, Intelligent Material Solutions, Covert Tagging†pg.153

	Ink Jet Processes Session
	Yoshimura, Development of Inkjet Printhead Equipped†pg.158
	Geile, Bubble Entrapment and Stability in Complex†pg.163
	Faisal, Novel Reactive Dyes and Their Application†pg.168
	Wang, Study of Effectors on the Tinting Strength†pg.171
	Sun, Study on the Effect of Pigment Dispersion†pg.174
	Zhang, Study on Abrasion Resistance of UV Curing System†pg.178
	Yang, Influence of Nozzle Control Parameters†pg.182
	Yamashita, Development of Printing Method†pg.186
	Kawata, Robot Arm Printer of Electrostatic Inkjet†pg.190
	Wollman, Spontaneous Capillarity-Driven Droplet†pg.194
	Lee, Development of 16 Nozzle Electrohydrodynamic†pg.198
	Eggenhuisen, Large Area Inkjet Printing†pg.203
	Panchawagh, Imaging Models for Robust Single-Pass†pg.206
	Tian, The Study of the Affect Factors on the Color†pg.211
	Huang, Study on Curing Speed of UV-LED Inkjet Ink†pg.215
	Zhang, Research on the Adherence of the Water-based Ink†pg.219
	Ellinger, Captive Continuous Inkjet†pg.286
	Numata, Drying Technology Using Laser Exposure†pg.292
	Matsumoto, Experimental and Numerical Study†pg.298
	Hsiao, Evidence of Print Gap Airflow Affecting Web†pg.303
	Talbot, Internal Flows and Particle Transport†pg.307
	Kwon, A Vision Measurement Technique for Evaluation†pg.313
	Yi, Effect of Monomer on Printing Quality of UV-LED†pg.316
	Zhang, Research on the Relationship between Properties†pg.320
	Yang, The Research on Fluorescence Intensity†pg.324

	Digital Biology Session
	Borchers, Bioink Development for Additive Manufacturing†pg.223
	Beckert, Inkjet Printed Structures for Smart†pg.224
	Rincon, Macromolecular Imprinting by Sol-Gel Silica†pg.229
	Rolland, Paper as a Versatile Platform for Low-Cost†pg.234
	Pirlo, Computer Aided Design and Manufacturing†pg.235
	Genina, Fabrication of Printed Drug-Delivery Systems†pg.236
	Herman, Digital Patterning of Glucose Oxidase†pg.239
	Reyna, Inkjet Bioprinting of Solid Peroxide†pg.240

	Hybrid Printing Session
	Hoskins, Continuous Tone Colour Printing†pg.244
	Maeda, Study of Sulfide Solutions as Inkjet Inks†pg.249
	Matsumae, Development of Digital Quasi-Embossing†pg.253
	Yukawa, Novel Paper Sheets Containing Kapok Fibers†pg.257
	Elworthy, LumeJet - A New Photonic 'Inkless' Printing†pg.261

	Mathematical Modeling Session
	Kemp, Modeling the Electrostatic Component of Toner†pg.266
	Morrison, Drop-on-Demand Printing of Complex Liquids†pg.271
	Harlen, Asymmetric Detachment from Angled Nozzles†pg.277
	Chen, Laser Scanner Jitter Characterization†pg.281

	Toner-Based Processes/Materials Session
	Matsumoto, Study of Seed Polymerized Polyester†pg.328
	Nasu, Paper Modeling in Transfer Process Simulation†pg.332
	Ahuja, Photoreceptor Defects, Surface Hardness†pg.337
	Takahashi, Simulation Model to Predict Paper Wrinkle†pg.341
	Kobaru, A Study of Mottled Images in an Intermediate†pg.345
	Chen, Effect of Different Rounding Surface Treatment†pg.349
	Lance, Mechanical Characterization in Printing a†pg.353
	Forgacs, Theory of Ink Transfer in HP-Indigo Digital†pg.429
	Tanaka, Electrostatic Adhesion Force Measurement†pg.434
	Kim, Fusing Quality of Toner with Tunable Thermal†pg.438
	Tosaki, New Submicron Silica Produced by Hybrid†pg.444
	Whitney, Charged Particle Adhesion Internal†pg.449
	Fomitchev, Silica-Polymer Composite Particles†pg.453
	Li, A Theoretical Study of the Role of Interfacial†pg.458
	Tyagi, Novel Electrophotographic Toners for Providing†pg.462
	Lee, Predicting Dynamic Characteristics of the Gear†pg.466
	Suzuki, Eco-Friendly Aqueous-based Polyester Chemically†pg.519
	Hoshino, Comparison between Resin Sphere†pg.525
	Hille, Balanced Aggregation ƒ "Snow Man" Shaped†pg.529

	Printed Electronics Session
	Reinhold, Analysis of Formation of an Individual†pg.354
	Perelaer, Low Temperature Sintering of Inkjet Printed†pg.359
	Shin, Rapid Two-Step Metallization for Highly†pg.363
	Schaefer, High Accuracy Single Layer Touch Sensors Roll†pg.366
	Hodgson, IEC TC 119 ƒ International Standards†pg.369
	SanchezRomaguera, UHF Electromagnetic Structures†pg.372
	Jeschke, Inkjetprinting of Vertically Integrated†pg.377
	Shou, A Study of Inkjet Printed Line Morphology Using†pg.384
	Kolbusch, Production Technologies for Large Area†pg.390

	Ink Formulation Session
	Illsley, Low Migration UV-Curable Inkjet†pg.391
	Yoshihiro, A New UV Curable Inkjet Ink : Follow-up†pg.395
	Duana, Effect of Span-80 in n-Hexadecane†pg.398
	DeMondt, Key Innovations that Allow Low Migration†pg.405

	Environmental Sustainability Session
	Hausmann, Sustainability of Printing Techniques†pg.410
	Fischer, The New EU Ecolabel for Printed Products†pg.415
	Schiller, Deinking of Inkjet Prints†pg.418
	Zhang, Laboratory Scale Two-Loop Deinking Trials†pg.422
	Tsukada, VOC Elimination in Printers by Means†pg.425

	Displays/Solar Cells Session
	Buerklin, Industrial Printed Seed-Layer†pg.472
	Reinhold, Novel Developments in Photonic Sintering†pg.476
	Stuwe, Etching of PVD Metal Layers for Contact†pg.479
	Teunissen, Towards High Speed Inkjet Printed Electronic†pg.484
	Suzuki, High-Resolution Patterning Technologies†pg.489
	Kang, Photonic Sintering of Inkjet Printed†pg.494

	Functional Materials Session
	Hakola, New Methods for Improving Food Product Safety†pg.498
	Vilardell, Patterning of Functional Ceramic Oxides†pg.503
	Boley, The Role of Coalescence in Inkjet Printing†pg.508
	Boley, Effect of Print Masks on the Functional†pg.514

	Systems/Engineering Session
	Kaneko, New Technology for Improving Image Density†pg.533
	Snyder, System-Level Inkjet Performance and Reliability†pg.538
	Aoki, New Effect of AC High Field on Toner Transfer†pg.545



	Author Index



