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Abstract

With decades of consistent, dependable printing, dry-
electrophotographic (DEP) printing has become known for
reliable, long-lasting performance. However, poor choice of
papers to run through these DEP printers might negate the
benefits of DEP’s reliability and reduce DEP printer’s life.

We present a new class of media that includes a set of
specifications to ensure print performance reliability and longevity
on DEP printers. The key screening test controls the maximum
allowable amount of large filler particle size. We obtained an
excellent correlation between paper filler size to reliability and
longevity of DEP printing.

The paper filler size testing is a part of ColorLok ™ quality
standard and has been applied to numerous brands carrying
ColorLok ™. Our results show that papers following ColorLok ™
quality standards ensure DEP printers to meet the designed
printer-life and maintain the great print performance and
reliability from DEP printing technology throughout the designed-
printer life.

Background: Paper structure

Paper is defined as a felted sheet of usually cellulosic fibers
laid down on a fine screen from a water suspension (Webster). The
definition is a snapshot of paper making, the knowledge and art
that started as early as 105 AD in human history. The whole
process of paper making is, however, a lot more complicated than
the definition above. It involves forest management, harvesting,
pulping, bleaching, refining, forming, drying, all the way until
converting and packaging, to the familiar form of paper we see
everyday. Throughout the decades and years, paper making
evolves and adapts to the demands from the society. From
chemical recovery, optimization in energy and fresh water usage,
to compliance to environmental regulations, we see paper
manufacturing’s evolution from how it first started in mass
production of paper.

A subset of paper products is office paper. Office printing
paper mainly consists of fiber and filler. Fiber gives strength,
stiffness, and absorptivity in paper, while filler is needed due to
improvements in paper brightness and opacity, also in helping the
drainage and drying capacity, maintaining flatness (smoothness),
and replacing fiber (lowering the cost). Uncoated wood free
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printing paper typically used between 12-26% weight of filler".
Some SEM images showing fiber and filler in paper structure are
presented in Figure 1 (top)

Most commonly used filler types are clay, ground calcium
carbonate/precipitated calcium carbonate (GCC/PCC), and talc.
The type of filler used in office papers is greatly influenced by the
availability in the region. The snapshot of filler usage and types of
filler worldwide is presented in Figure 1 (bottom).

Filler particle in paper plays an important role in determining
the longevity of DEP printers and their print quality and reliability
at their expected lifetime. The abrasive nature of hard particles
such as paper filler restricts the size and amount that is acceptable
for DEP printers.
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Figure 1. SEM of paper showing fiber and filler (top) and filler types and
usage

! Handbook of Paper and Board, Herbert Holik, 2006.
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Correlation between Smoothness, Paper Filler
and DEP print quality

DEP printing requires a good contacting surface on the paper
to ensure good printing quality. Toner particles are fused onto the
paper surface to generate images. SEM image on good quality
fused toner particles and un-fused toner particles are shown on
Figure 2.

Figure 2. The two highlighted areas in this image depicts good quality fused toner
particles at lower, left area and poorly fused toner particles (mostly un-fused) on the

upper, right area.

The demand for good contacting surface for DEP translates in
the required paper specification of smoothness and filler particle
size. The requirement for smoothness is an obvious, short-term
(immediate) specification related to the print quality related to the
toner transfer and fusing step in DEP — while the specification for
filler particle size ensures reliability and longevity of the printer in
long-term, ensuring print quality performance at optimum level at
the lifetime of the DEP printer”.

Bigger (or More) is NOT Better

The size and amount of large particle size in paper filler
content is correlated to relative printer wear. Any parts directly
coming in contact with paper, such as pickup roller, fuser roller,
and pressure roller, are at risk of premature wear due to filler
particle size issue. The higher the amount of large particle size
paper filler, the more printer wear is seen. Filler particle size and
the content (by weight) are correlated to printer wear as shown in
Figure 3

Wear on the pick-up roller, fuser roller, and pressure roller
are correlated directly on the print quality and reliability of the
printer performance. Worn pick-up roller will cause higher jam
rate and sheet-feeding problems. Worn fuser roller and pressure

2 Worn parts might translate to poor print quality, e.g. abraded toner
fuser roll surface will translate to printing defects
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roller will cause poor print quality due to poorly fused toner
particles or absence of toner (in a more severe case) in worn or
damaged area.

RP=06162

L 08 —
g0

208 g /

50-4 /

0.0% 5.0% 10.0% 15.0% 20.0%

Y%filler mass > 15 microns

25.0%

Figure 3. Correlation between large particle filler content and printer wear.
Trend in Filler Usage

An increasing trend in the amount of filler content (by
weight) is observed in office paper, as shown in Figure 4 below.
Furthermore, the amount of larger particle filler content is also
increasing (by weight). This alarming trend is correlated to lower
reliability, lower print quality, and shorter printer life due to the
abrasiveness of the paper to parts of DEP printer that are directly
in contact with paper.
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Figure 4. Trend in filler particle size and type in Asia.

The impact of larger filler particle size to DEP printer’s parts
is displayed in Figure 5 below.

Figure 5 showed the non-stick surface of the fuser roll being
damaged by constant abrasion of the papers to the fuser roll. The
absence of uniform, non-stick surface on the fuser roll caused
toner build-up on the roll, seen as the grey material wrapping
around the roll.
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Figure 5. Visual observation of worn fuser rolls after only 50,000 pages printed of a
Non-ColorLok paper with large filler particle size on high weight content.

ColorLok® and Laser Printing

As described above, there is a strong correlation between
paper filler particle size and DEP print quality, reliability and
longevity. ColorLok recognizes this relationship and include
specifications targeted for DEP platform in the program.

ColorLok specifications related to DEP-related attributes are
described below:

1. control maximum allowable amount of large filler
particle size weight content

2. control maximum paper smoothness value (NOTE:
lower number means smoother paper).

The design of DEP printers has reliability and longevity
embedded in the technology itself, ColorLok specifications will
help to ensure these are fully passed onto customers through their
actual printing experiences.

The driving force to improve print quality and printer life will
be greatly dependent on how well digital printing industry and
paper industry can engage more and work together in the future.
ColorLok is one way to enhance this engagement and ensure better
future for office printing industry.

Acknowledgment

We would like to thank Tom Oswald, Bernie Clifton, and Bob
Lawton for valuable inputs and comments.

498

Author Biography

Stoffel's career at HP began with projects involving plasma
enhanced vapor deposition of silicon carbide, silicon design,
printhead construction, and ink formulation for PaintJet, HP's
first color ink jet device. After PaintJet was successfully
introduced, Stoffel directed his efforts primarily to ink formulation,
becoming a Senior Member of the Technical Staffin 1991, a
Project Manager in 1993, and the Hewlett Packard Ink Jet Ink
Technology Manager and Master in 1998. As a member of special
product development teams at HP, he took part in the creation of
the first color ink jet inks for HP printers; the first pigmented
black ink jet ink, the black ink used in the HP 45 cartridge, and,
the first six color set of ink jet photo inks. John Stoffel holds over
28 patents relating to ink jet ink, media, and printhead design.

In 2005 he was promoted to Distinguished Technologist. His
responsibilities included managing Hewlett Packard’s inkjet ink
technology roadmap and investments. In 2005, John led the HP
team that worked with International Paper to introduced ColorLok
media across HP Everyday Paper. In 2007, Stoffel moved to the
HP Media supplies and Solutions Division as the position of
Director of Research and Development. Under his leadership,
groundbreaking photographic media for retail photo printing and
coated media for HP's web press were developed. In 2010, John
moved to provide technical support for both ink and media
roadmaps and investments.

Society for Imaging Science and Technology



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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


	Author Index



