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Abstract

We have developed a new thermal photo printing paper with
improved image quality and handling properties, successfully
reducing environmental pollution caused during its production
processes. The paper uses a laminated base paper having the same
level of enhanced whiteness as film photo print paper. The
multiple layers containing a heat insulation layer are coated on
this paper by the application of the aqueous dispersion system
developed by FUJIFILM. Compared with conventional thermal
photo paper, the new paper has a better image quality (5%
increase in whiteness and 20% in gloss). The new printing paper
production method contributed to increasing the moisture content
in the new paper, leading to reducing the surface resistance to
approximately one-thousand that of previous types of printing
paper and thus improving the antistatic property. This property
can prevent the freshly printed sheets of thermal photo paper from
sticking together, allowing for a much easier handling. The
application of our coating technology based on the aqueous
dispersion system has eliminated the need for using organic
solvents, thereby reducing environmental pollution caused during
paper manufacturing processes.

1. Introduction

The dye diffusion thermal transfer system (D2T2 system) is a
photo printing paper production method and features greater
convenience and the capability of producing high quality images.
It has been used in many applications such as home-use printers,
ID card makers, and printers for recreational purposes. To enable
the heat transfer type printer head of the D2T2 system to print
images efficiently, printing paper needs to have heat insulation.
We have developed a new time-honored aqueous multi-layered
coating technique that enabled printing paper with high heat
insulation property. The new technique combined with photo-
based material techniques also enabled us to offer high-quality
image printing capabilities such as smooth tone reproductivity,
higher maximum density, enhanced whiteness, and a high degree
of luster. The printing paper is also easy to handle. This paper
reports the details of our new technique as well as the printing

paper.
2. Outline of the D2T2 System

This chapter explains the principle of how to create images by
the D2T?2 system. The D2T2 system consists of a roll of ink ribbon
having different ink portions including dyes and receiver printing
paper having receiver layers that receive dyes transferred from the
ink ribbon. Images are created by (1) superposing a portion of the
ink ribbon and printing paper and (2) heating the portion from its
backside with the thermal head. Thus, the dyes in the ink portions

678

are diffusion transferred to the receiver printing layers. The ink
ribbon consists of a thin PET support layer, three ink portions
(yellow, magenta, and cyan), and a surface protection layer. The
three ink portions are sequentially transferred to create a color
picture.

Figure 1 shows a configuration diagram of the D2T?2 system.
The receiver layer of the printing paper and an ink portion of the
ink ribbon are superposed and sandwiched between the thermal
print head (TPH) and the platen roller. Then the ink portions are
heated in accordance with the image information with the thermal
head to transfer the dyes to the receiver layer of the printing paper
while the ink ribbon is being moved in a longitudinal direction.
Printing finishes after a total of four repetitive operations (once for
the transfer of the three colors, and once for the surface protection
layer).
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Figure 1. Schematic diagrams of the D2T2 system

Figure 2 shows the characteristic curves of the newly
developed printing paper. The horizontal axis shows the amount of
impressed force, and the vertical axis shows visual density
(equivalent to the transferred amount of dye). In the figure, the
parameters 0.7 ms and 2.0 ms refer to the pulse periods that
correspond to high-temperature high-speed printers and low-
temperature, low-speed printer, respectively.
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Figure 2. Characteristic curves of the newly developed printing paper
(Parameters 0.7 ms and 2.0 ms refer to pulse periods)
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3. Development of New Printing Paper

The receiver paper receives the dyes transferred from the ink
ribbon to create images. Consequently, a desirable printing method
needs to have higher dye transfer performance, in which as much
dye as possible is transferred with the least amount of heat. To
achieve higher transfer performance, you need to consider two key
factors: (1) higher heat insulation that allows the heat supplied
from the thermal head to be stored in the vicinity of the surface of
the printing paper and (2) good acceptability to effectively receive
the dyes diffused from the ink ribbon. This is why the receiver
paper consists of a basic layer, insulation layer, and a receiver
layer: The basic layer is coated with the insulation layer and the
receiver layer. A conventional printing paper typically consists of a
base layer (such as coated paper), an insulating layer of void films
(such as polypropylene film containing air bubbles), and a polymer
receiver layer with a high dye acceptability, which has been
dissolution treated and coated in an organic solvent.

This time, we have developed a unique insulation technique
and used it to design a new layer composition. We have also
adopted, for the first time in the world, a multi-layer coating
system, in which aqueous coating is applied to all the component
layers. Our new technique virtually uses no organic solvents,
thereby contributing to the reduction of environmental load. We
have also succeeded in utilizing our high-precision multi-layer
coating technique we have long cultivated through the production
processes for silver salt photographic materials. The following
details how to design the printing paper and how to implement the
new technique.

3.1 Layer Composition of the New Printing Paper
Conventional printing paper consists of a base layer (coated
paper), an intermediate layer of void film, and a top receiver layer
formed by solvent coating. The newly developed printing paper
consists of a paper base laminated with polyethylene on both sides
and three layers of an intermediate layer, insulating layer, and
receiver layer: The three layers are formed by aqueous multi-layer
coating. Figure .3 shows the cross-section of the new receiver

paper.
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Figure 3. Cross-sectional view of the new paper
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The properties of each layer are detailed as follows:

3.2 Receiver Layer

The receiver layer receives the dyes diffused from the ink
ribbon to create pictures. The receiver layer needs to have high dye
acceptability. Furthermore, the receiving polymer needs to be
supplied as aqueous diffusing materials because aqueous coating
liquids are used to form the receiver layer.

We looked for a material that satisfies these requirements
from polymer-dispersed materials such as vinyl chloride, acrylic,
and polyester materials, finding that vinyl chloride materials are
best suited to the requirement. We further selected vinyl chloride-
acryl acid ester copolymer material mixed with acrylic acid ester.

Figure 4 shows why the vinyl chloride-based material is
preferable. The figure also reveals that the lower the glass
transition temperature of the receiver polymer, the higher the
transfer performance.
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Figure 4. Relationship between Tg and the maximum density

Mold release capability is also required for the receiver layer.
This capability refers to the property that allows the receiver layer
to be detached easily after the layer and the ink ribbon are heated
in a contact state. When the glass transition temperature of the
receiver layer is lowered, the transfer density increases, but the
mold release capability decreases, increasing the peel force
between the printing paper and the ink ribbon. When the peel force
increases, peel vibrations occur, generating noise or image failures
such as separation lines (also called ‘sticking’ or ‘banding’).(See
Photo 1) In the worst-case scenario, adhesion occurs between the
receiver paper and the ink ribbon. As a result, the ink layer causes
cohesive failure and is transferred to the printing paper.

We attempted to find a release agent that simultaneously
satisfies the requirements for higher acceptability and mold
releasing capability, eventually finding an effective fluorine-based
release agent, which were then applied to the receiver layer. Figure
5 shows the effect of the added release agent. The figure shows
that the force required to peel off the ink ribbon from the receiver
paper after printing decreases with the increasing amount of
release agent.
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Photo 1. Image failure example (stuck or banding)
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Figure 5. Relationship between the amount of release agent and
peeling force

3.3 Heat Insulation Layer

The insulation layer is a layer that serves to prevent the heat
diffusion from the thermal head and to facilitate the dye transfer
from the ink ribbon to the receiver paper. The main components
are hollow polymer particles and binding materials. To achieve a
higher level of heat insulation, air can be used as a preferable
insulation material because it has a low thermal conductivity. In
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conventional receiver paper, the air inside its void film serve as a
heat insulator. In the new paper, we have employed hollow
polymer particles that contain air in the polymer particles as a heat
insulation material. The hollow polymer particles have enabled
aqueous coating because they can be diffused in water. Hollow
polymer particles contain water while diffused in air, whereas it
forms a layer of air when dried after coating.

Figure 6 shows the relationship between the amount of holes
in the insulation layer and transfer density. The amount of holes(or
the amount of the air in the holes) and the transfer density increase
with the increasing amount of transferred dyes.
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Figure 6. Relationship between the occupancy of hollow particles and maximum
transfer density

3.4 Intermediate Layer

In the D2T2 system, the receiver layer of the printing paper
and an ink portion of the ink ribbon are superposed and
sandwiched between the thermal head and platen roller. They are
then heated and pressurized for picture printing. In this case, the
thermal head should preferably exert a slight force on the contact
portion between the ink ribbon and the thermal head so that the
thermal head can come in uniform and stable contact with the ink
ribbon. Thus, the printing paper needs to have elasticity. The new
paper has an intermediate layer mainly made of resilient SBR with
a low glass transition temperature so that the printing paper can
achieve this flexibility.

3.5 Base Material

The base layer of the new printing paper is made of dual-
sided resin coating paper (WP paper) used as the silver salt color
paper for film applications. This is because we aimed to add the
same texture as that of the silver salt color paper to the D2T2
printing paper. We also aimed to add such features as whiteness,
smoothness, and conductivity (electricity charging ability) to the
new printing paper.

The hollow particles in the insulation layer of the printing
paper serve as scattering substances, giving the printing paper a
white-tinged color although the color of the paper is also affected
by the color of the base material. The optimal design of the
titanium dioxide, ultramarine (cyanide dye), and the fluorescent
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whitener included in the base material have achieved a bright,
favorably yellow-less white color (see Table 1).

The paper-manufacturing techniques cultivated from the
production processes of silver salt color paper as well as our
polyethylene laminate processing technique have allowed us to
give homogeneity to the base layer and smoothness to its surfaces.
Utilization of these techniques has enabled us to develop a new
printing paper with a high degree of luster that cannot be achieved
by conventional coated paper-based printing paper (see Table 1).

Table 1. Comparison of whiteness and luster between our
previous paper and new printing paper

Our previous | New printing
paper paper
Whiteness(ISO) 87% 92%
Luster (45 °reflection ratio) 73% 92%

The back side of the base layer is coated with conductive
material for anti-static purposes. This coating treatment drastically
reduced surface electrical resistivity to about 1/1000 that of
conventional printing paper. Conventional printing paper is easily
charged and problems when taken out from the collector because
its photographic paper sheets do not slide smoothly. These
problems have been solved with the new printing paper.

Photo 2 shows two groups of printed pictures: one for
conventional printing paper and the other for the new printing
paper. The left picture (conventional printing paper) shows that no
printed pictures were arranged neatly because they were
electrically charged and did not slide easily. On the other hand,
printed pictures were neatly arranged in the right picture (new
printing paper). This feature of the new printing paper has greatly
contributed to the improvement of working efficiency.

Photo 2. Comparison of antistatic effect between conventional printing paper
and the new printing paper
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4. Comparison with a Common Dry Printing
System

We compared the new D2T2 material-based printing system
with the IJ system, another dry printing system commonly used for
photo printing applications, in terms of application aptitude.

In general, the D2T2 system features its simple system
configuration and space saving. Furthermore, it excels in
maintenance because its running operation is simply based on
replacing the receiver paper and the ink ribbon, providing low-cost,
high quality printing. Since these features of easy maintenance and
convenience allow for labor-saving from the view point of system
handling, the new printing system is specifically suited for KIOSK
terminal devices for self-service printing or identification
photograph-box applications, thus providing low-cost, high-quality
printing services.

On the other hand, the 1J system is comparatively not superior
to the D2T2 system in hardware cost, easy maintenance, and
space-saving. The system, however, features lower material cost
and high degree of freedom in printing size and is, therefore,
suitable for the applications in which various paper sheet sizes are
required, or a vast amount of paper sheets are printed, for example,
in “mini labos.”

We think these systems have their own area of application in
the photo market depending on applications and types of usage.
Thus, we can conclude that the development of our new printing
material has enhanced the features of the D2T2 system mainly in
the field of self-service printing and simultaneously provided
higher quality dry printing.

5. Conclusion

We have developed a new type of D2T2 printing paper that
features improved whiteness, a high degree of luster, antistatic
capability, and high working efficiency. We used organic solvent-
free aqueous coating liquid to form all the component layers
coated on the base layer, drastically reducing the emission of
environmental pollutants during printing paper production
processes.

References

[1] Shigeaki Ohtani and Shigeru Shibayama, Development of FUJIFILM
Quality Thermal Photo Paper: A New Thermal Photo printing
Material, Proc. TDPF, pg. 66. (2009).

Author Biography

Takahisa Terashima received his MS in physics from Tokyo Institute
of Technology (1998). Since then he has worked on the research and
development and production of photographic materials at Fujifilm Co..

Takuya Arai received his MS in organic photo chemistry from
Yokohama National University (2005). Since then he has worked on the
research and development of photographic materials at Fujifilm Co..

Shigeaki Ohtani received his MS in applied chemistry from Kyoto
University (1985). Since then he has worked on the research and
development of photographic materials at Fujifilm Co..

Technical Program and Proceedings 681



	Technical Programs and Proceedings
	Introductory Materials
	Copyright 2011; IS&T: The Society for Imaging Science and Technology
	Table of Contents
	Conference Committees
	IS&T Board of Directors
	Welcome to NIP27
	Conference Sponsors
	Welcome to Digital Fabrication 2011
	Week At-a-Glance
	Conference Exhibitors
	Special Events
	IS&T Corporate Members
	Corporate Member Conference Sponsors
	Technical Papers Program

	Keynote Talks for All Days
	Kenyon, Managed Print Services: Technology…pg.1
	Cahill, Evaluation of the Effectiveness…pg.2
	Allen, Digital Printing and Workflow Evolution…pg.6
	Shibata, Paper vs. Electronic Media: Work…pg.7
	Baumann, Printed Smart Objects and Their Digital…pg.11

	Electronic Paper and Paper-like Displays
	Wang, Photonic Crystal Display Materials…pg.12
	Pishnyak, New Developments in Full Color…pg.16
	Liu, Full Color Reflective Electronic Media…pg.20

	Color Science/Image Processing
	Shapira, ICC Profile Extension for Device…pg.24
	Lo, Robust Spectral Implementation…pg.29
	Gorji Kandi, The Effect of Paper Texture…pg.34
	Morovic, HANS – Unlocking New Print…pg.38
	Wu, Color Reproduction Capability…pg.41

	Advanced and Novel Imaging Systems
	Kanungo, Direct Electrostatic Toner Marking…pg.45
	Leoni, Small Dot Ion Print-Head…pg.50

	Ink Jet Printing: Processes Day 1
	Massucci, From Ink Bottle to Ink Drop: The Flow…pg.54
	Massucci, Nozzle Plate Observations…pg.59
	Hoath, Dependence of Drop Speed on Nozzle…pg.62
	Hsiao, Jetting, In-Nozzle Meniscus Motion…pg.66
	Tuladhar, Influence of Printhead Geometry…pg.70
	Khalate, Performance Improvement…pg.74
	Alecrim, Flexographic Ink Film's Resistance…pg.79
	Tembely, Towards an Optimization of DOD…pg.86
	Castrejón-Pita, Ultra-High Speed Particle Image…pg.93
	Voit, Evaluation of Crosstalk Effects…pg.97
	Kwon, Development of Inkjet Monitoring System…pg.101

	Toner-Based Printing: Processes
	Hamamoto, Effect of Transfer Roller Surface…pg.105
	Otsuka, A Study of "Deletion" Mechanism…pg.109
	Kawamoto, Pale Defect of Halftone Following…pg.113
	Sasaki, Non-Spherical Toner Behavior Simulation…pg.120
	DiRubio, Toner Adhesion State Control…pg.124

	Printing Services and Solutions
	Kawamoto, Numerical Simulation on Dynamics…pg.117
	Giannetti, OaaS: Optimization as a Service…pg.128
	Kothari, Toward a SLA-based Marketplace…pg.132

	(Mathematical) Modeling of Printing and Related Processes
	Whitney, Toner Charge and Environmental…pg.136
	Kemp, Analytical Modeling of Electrostatic…pg.140
	Simske, A Consideration of Real-Time Imaging…pg.144
	Sim, Wavelet Analysis and Modeling…pg.148
	Zhao, Computational and Experimental Study…pg.152
	Schupper, Modeling Hole Transport Mechanism…pg.156
	Tembely, Inkjet Printing of Fuel Cell…pg.160
	Wang, Numerical Simulations of Dielectric…pg.164
	Ito, Prediction Model of Paper Curl Formed…pg.168

	Methods, Tooling, and Processes
	Nielsen, Thermal Inkjet System to Enable…pg.172
	Tada, Application of Electrostatic Inkjet…pg.176
	Jones, Transfer Methods Toward Additive…pg.180
	Walters, Digital Fabrication of "Smart"…pg.185
	Blaudeck, Hybrid Manufacturing…pg.189
	Perelaer, Combined Sintering Approaches…pg.193

	Image Permanence
	Salesin, The Scratch Sensitivity…pg.197
	Eguchi, Abrasion Resistance of Aqueous…pg.201
	Burge, Effects of Nitrogen Dioxide on the…pg.205
	Gordeladze, The Effects of Various Adhesives…pg.209

	Track 1 Interactive Previews
	Hasegawa, Dependence of Rewritable…pg.213
	Inada, Performance Comparison of Readings…pg.217
	Kinjo, High Contrast Image Projection…pg.221
	Mori, Comparison of Eye Fatigue Among Readings…pg.225
	Lee, Edge Enhancement for Good Image Quality…pg.229
	El Asaleh, Customized ICC Output Profile…pg.233
	Shi, Strategy of Map Rapid Guarantee…pg.237
	Zhao, A Monitor Gamut Description Model based…pg.240
	Li, Study on Influence of Filter…pg.244
	Wang, Research on Color Matching of Real…pg.248
	Comstock, Reproducibility between Xenon Test…pg.251
	Comstock, Impact of Light Bleaching on Dark…pg.255
	Pu, A Modified Phenolic Resin…pg.259
	Chen, Digital Watermarking Security…pg.263

	Image Permanence continues
	Fricker, An Evaluation of the Humidity Test…pg.267
	Fowler, Weathering and Light Stability Testing…pg.271
	Mason, Communicating the Results of Image…pg.278

	Ink Jet Printing: Processes Day 2
	Watanabe, New Developments of Shear-Mode Piezo…pg.282
	Zhou, Nozzle Wetting Dynamics…pg.286
	Berson, Experimental Investigation…pg.290
	Lee, Development of Micromachined…pg.294

	Track 2 Interactive Preview
	Zhou, Green Plate Making Technology based…pg.298
	Jia, Research on Ink Droplet Placement…pg.300
	Schein, Two-Layer Multiple Trapping Model…pg.304
	Ahuja, Nano-indentation of Polycarbonate…pg.307
	Tai, Influence of Coating Paper Properties…pg.311
	Sun, Research on the Performance…pg.315
	Sun, Study on the Influence of Primary Ink…pg.319
	Jia, Investigation to the Influence…pg.322
	Gao, Study on Luminescent Properties…pg.324
	Yan, The Study of the Pigment Surface-modified…pg.327
	Zhang, The Effect of Resin on the Property…pg.330
	Pan, Research on Filtering Conditions…pg.332
	Taniguchi, Novel Approach to Thermal Transfer…pg.335
	Zhang, Study on the Soluble Properties…pg.339

	Ink Jet Printing: Processes Day 2 Continues
	Ellinger, Lateral Merging Continuous Inkjet…pg.343
	Seo, A Study on Drying Process of Ink…pg.347
	Etter, Membrane Keypad Printing…pg.351
	Baek, Study on Image Quality of Page Width…pg.356
	Morrison, Inkjet Printing of Non-Newtonian…pg.360

	Toner-Based Printing: Materials
	Kim, Effect of Additive Blending Temperature…pg.365
	Nash, A Model Analysis of the Triboelectric…pg.369
	Tan, Biobased-Chemical Toner Prepared from…pg.374
	Tsunemi, Effect of Negative Externally-Added…pg.378

	Track 3 Interactive Preview
	Killeen, Optimizing Developer Roll Design…pg.382
	Ahuja, Model of Toner Impaction and Developer…pg.386
	Karunanayake, Toner Charging Characteristics…pg.391
	Wang, The Research of Process…pg.395
	Jia, Study on the Influence of Printing…pg.399
	Ma, The Effect of Initiator on Deep Curing…pg.402
	Luo, The Study of the Influence…pg.405
	Sahagian, Rapid Determination of Cure Rate…pg.409
	Huang, Study on the Influence of Coated…pg.411
	Duan, Improvement of the Quality of Digital…pg.415
	Xu, Line Quality Analysis in Digital Printing…pg.418

	Toner-Based Printing: Materials continues
	Sankaran, Biotoners: Technology, Ecology…pg.422
	Ribes, Preparation of Chemically Prepared…pg.425
	Kamiyoshi, Novel Process for Aqueous-based…pg.429

	Printed Electronics
	Christenson, Direct Printing of Circuit Boards…pg.433
	Schuppert, Ink Jet Printing of Conductive…pg.437
	Wu, Inkjet Printed Silver Electrodes…pg.441
	Reinhold, Inkjet Printing of Electrical…pg.445
	Zipperer, Printed Electronics for Flexible…pg.452
	Feng, Characterization of Inkjet Printed…pg.454

	Printed Materials
	Eiroma, Development of Conductive Carbon…pg.458
	Büttner, Pre-Treatment of Silver Particles…pg.462
	Diel, Digital Printing of Phosphorescent…pg.466
	Carmody, Novel Low Temperature Copper Inkjet…pg.470
	Al Amar, Effects of Size on the Optical…pg.473

	Digtial Fabrication Interactive Papers
	Ha, Low Voltage, Printed, Flexible Circuits…pg.477
	Sato, New Digital Pad Printing Technology…pg.478
	Chen, Study on the Flow Testing Instrument…pg.482
	Natsuki, A Method to Prepare Silver…pg.485
	Sun, Surface Morphology and Conductivity Study…pg.489
	Tang, Preparation of Sliver Nanoparticles…pg.492
	Walters, Digital Fabrication of a Novel…pg.496
	Doubrovski, Exploring the Links between CAD…pg.500
	Schiffer, Industrial Ink Jet Printing…pg.507
	Xu, Manipulation of a Small Conductive Ball…pg.508
	Paulsen, High Resolution Conformal Printing…pg.512
	Wang, A Novel Chemically Amplified Positive…pg.516
	Zichner, 3D RFID Transponder Antennas for Smart…pg.519
	Kipman, Low Cost In-Situ Drop Analysis System…pg.522
	Liang, Preparation and Optical Spectroscopy…pg.528

	Commercial Printing and Digital Packaging
	Sanz, Technical Evolution of Ceramic…pg.532
	Takenaka, New Technologies for Printed…pg.537
	Clippingdale, Meeting the Challenges…pg.540
	Simske, Printed Antennas for Combined RFID…pg.544
	Heilmann, Comparison of Print Durability…pg.548
	Qiao, An Image Processing Method that Enables…pg.552
	Nossent, A Breakthrough High Speed Wide Format…pg.556

	Photoelectronic Imaging Materials and Devices
	Seino, Depletion Charging and Surface…pg.557
	Fukuda, Effect of  &omega;-hydroxyl Group…pg.561
	Uehara, A New Sensor Adjacent Methodology…pg.564

	Ink Jet Printing: Materials
	Vadillo, The Effect of Inkjet Ink Composition…pg.568
	Ilmonen, Eco-friendliness of Inkjet Inks…pg.573
	Shakhnovich, Reactive Heterocyclic Diazonium…pg.576
	Cross, Thermal Inkjet &ndash; Can the Ink…pg.579
	Nauka, "Tweaking" the Pigment Color…pg.583
	Annable, Polymer Stabilized Pigment…pg.586

	Printing Systems Engineering/Optimization
	Kuo, Adaptive Digital Press Optimization…pg.590
	Chaurasia, Roller Surface Morphology and…pg.594
	Lee, Assessment of Resistivity Uniformity…pg.598
	Okano, Liquid Cooling Technology…pg.602
	Kuo, Calibration Color Patch Reduction…pg.606
	Ecer, Simulation of Toner Manufacturing…pg.610
	Matsumoto, Modeling of the Paper-wrinkle…pg.612
	Boley, Direct Binary Search for Print Mask…pg.616
	Martin, Holographic Measurement…pg.620
	Casaldaliga, HP's Optical Media Advance…pg.624

	Novel Applications and Topics
	Natividad, Magnetic Cell Separation by Inkjet…pg.628
	Yanez, Printable Biodegradable Hydrogel…pg.632
	Bollström, Towards Paper Electronics…pg.636

	Energy and Photovoltaics
	Ren, Inkjet Technology for Large-Area OPV…pg.640
	Haenel, R2R-Technologies for the Production…pg.644
	Khatri-Chhetri, Printed Fuel Cell Electrodes…pg.645
	Reinhold, Inkjet Printing of Isolation Layers…pg.651
	Liu, Discovery of a New Catalyst…pg.655
	Umezu, Fundamental Characteristics…pg.659
	Rodriguez, Direct Etching - Targeting…pg.662

	Thermal Printing
	Terao, Study of Performance Improvement…pg.666
	Kato, Development of High Quality True…pg.670
	Yamamoto, Development of Durable and High…pg.674
	Terashima, New D2T2 Photo Printing Material…pg.678

	Security and Forensic Printing
	Simske, Staggered and Dual-Channel Barcodes…pg.682
	Simske, Variable Data Void Pantographs…pg.686
	Aronoff, Automated Optimization of Void…pg.690
	Wood, Why Isn't Digital Printing Secure?…pg.694
	Adams, 2D Barcode Sub-Coding Density Limits…pg.696
	Ulichney, Tracing the Source of Printed…pg.700
	Verkouteren, Ink Jet Metrology: New…pg.705

	Design for Environmental Sustainability
	Bousquin, Life Cycle Analysis in the Printing…pg.709
	Williamson, The Future of Toner: Life-Cycle…pg.716
	Fischer, Recent Developments in the Deinking…pg.719
	Bhattacharyya, Fatty Acid based Alkaline…pg.722
	Sobotka, The Impact of 20 Years Environmental…pg.726
	Etheridge, Carbon Footprint Analysis Comparing…pg.728
	Kariniemi, Communicating Environmental…pg.732
	Hausmann, Sustainability of the CEWE PHOTOBOOK…pg.736
	Gambeta, Exploring Existing Measures…pg.741
	Wingkono, Surface Treatment to Improve Print…pg.747

	Fusing, Curing, and Drying
	Eichhorn, Nanoscale Testing of  Specialized…pg.750
	Kim, 2D Thermal Analysis to Predict…pg.755
	Eichhorn, Fuser Roller Core and Drive Collar…pg.761
	Avrushchenko, Super Soft, Very Low Compression…pg.764
	Battat, Image Fix Model for Belt Fusing System…pg.767
	Kim, Induction Heating Technology for System…pg.772

	Print and Image Quality
	Sender, Automatic Troubleshooting…pg.776
	Whitney, Calibration Technique for Accurate…pg.780
	Nachlieli, Perception Guided Automatic…pg.784
	Chen, Research on Moiré Fringe in Frequency…pg.788
	Gamm, An Analysis of the Factors Influencing…pg.791
	Farnand, Perceived Image Quality of Printed…pg.797

	Special Topics: Digital Fabrication and Smart Packaging
	Simske, Smart Packaging for Security…pg.801
	Stanic, Integration of 2D Codes in Paper…pg.805
	Nelson, Metal Oxide Transistors with Good…pg.808

	3D Printing and Prototyping
	Hammerschmidt, Micro-Three-Dimensional…pg.811
	Huson, 3D Printing of Ceramics for Design…pg.815
	Southerland, Edible 3D Printing…pg.819
	Puukko, Digital Decoration of Consumer…pg.823


	Author Index



