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Abstract

A new inkjet textile printing system that conjoins fabric
coating and printing in a single process was studied with the aim
of developing a system that would enable printing directly on
untreated fabric. As this new system was studied, factors that
controlled printing quality such as feathering and printing optical
density were found.

Introduction

The use of inkjet textile printing has grown in recent years
because it enables quick delivery of orders and accommodates
small orders since it does not require plate making.

However, inkjet textile printing requires coating of the fabric
before actual printing. It is necessary to use coated fabric to avoid
feathering, which is caused by ink penetration between fibers. In
addition, the use of coated fabric makes fixation of dyes more
efficient, avoiding washout of the dyes in the steps of steaming,
washing, and drying. These advantages are illustrated in Figures 1
and 2.
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Figure 1. Fabric coating and the feathering of images

Before washing After washing

Figure 2. Insufficient dye fixation on uncoated fabric

Figure 3 compares coating and printing in conventional and in
our experimental inkjet textile printing. In the conventional
method, coating and printing take place in two separate processes,
while in our experimental method, coating and printing are
conjoined in a single process.
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Figure 3. Coating and printing in conventional and experimental inkjet textile
printing

The prime objective of printing on a coated fabric is to
suppress feathering. In conventional inkjet textile printing, the
fabric is coated by padding or other methods with a paste that
includes water-absorbing resin, thus creating an ink absorbing
layer. [1], [2]

Figure 4 illustrates how the absorption of ink by a swelling,
super-absorbent polymer controls feathering.
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Figure 4. Control of feathering via fabric coating

Control of feathering in this way can also improve fixation.
Dye can be localized on the surface of the fabric because the
diffusion of ink in the yarn is suppressed by the coating. This same
localization can also improve the printed optical density. The
amount of coating paste used depends on the kind of resin and
fabric, and is approximately 10 to 40 g/m*. Sodium alginic acid or
polysaccharide derivatives of carboxymethyl-cellulose, etc. are
typical of the super-absorbent polymers used.

However, super-absorbent polymers are impractical for our
experimental single-process system because they result in high
viscosity when they are dissolved in water. In general, the
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allowable viscosity of liquid for jetting is below 20 mPa sec., and
the amount of sodium alginic acid in ink corresponding to 20 mPa
sec. is less than approximately 1wt%. This is unrealistic because it
would involve jetting 1 to 4 liter/m” of ink on fabric, far exceeding
the capacity of fabric.

Therefore, a method of coating different from conventional
precoating is necessary to control print quality. In response, we
have studied a method of controlling feathering and optical print
density by conjoining the processes of coating and printing and by
using a different coating. In this report, we mainly present the
effect of this on feathering.

Experimental

The influences on feathering by the viscosities and surface
tensions of a dye ink and a coating ink, and by an on-line heater
drying process were determined. Viscosities and surface tensions
were controlled by the amounts of additive resins and surfactants,
respectively. Table 1 presents experimental parameters and levels.

Table 1. Experimental parameters and levels

. Level
Design parameters 1 > 3
Amount of resin 0% 2% 5%
Dye Ink
0.1% 0.3%
%
Amount of surfactant 0% (surfactantA) | (surfactantB)
Coating Amount of resin 0% 2% 5%
Ink 0.1% 0.3%
0,
Amount of surfactant 0% (surfactantA) | (surfactantB)

As an alternative method of evaluation, 10 ul of dye ink was
dropped on a fabric surface with a micro syringe, and its diffused
diameter was measured as a measure of feathering. Influences on
feathering were evaluated with two experiments, TEST 1 and
TEST 2. In TEST], the coating ink was dropped on fabric, and the
dye ink was immediately dropped atop the coating ink, after which
the diffused diameter was measured. TEST2 was conducted in the
same manner except that the fabric was dried with a heater
immediately after dropping the coating ink and before dropping
the dye ink.

The effects of the viscosity, surface tension, and the on-line
heater drying process were confirmed with a test printer built
based on the Konica Minolta textile inkjet printer “Nassenger V.”
Using four dye-based inks (YMCK), the width of feathering at the
edge of the composite image was measured.

Results and discussion

Effects of viscosity, surface tension, and drying

Figure 5 shows the influence on feathering of the viscosities
and surface tensions of dye ink and coating ink, along with the
effects of heater drying.

In TEST 2, in which heater drying was used, feathering was
influenced more greatly by viscosity than by surface tension;
feathering was minimized by the viscosities of both the dye ink
and the coating ink. These results were consistent with results
derived from the Lucas-Washburn equation, which theory explains
the capillary penetration of a liquid. [3],[4]
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Figure 5. Effects of factors on feathering (n: viscosity , y: surface tension)

<Lucas-Washburn equation>

/= rycosf ;
2n

[ : Penetration length, 7 : Pore size, y: Surface tension
6: Contact angle, 77: Viscosity, ¢: Time

In TEST 1, which did not use heater drying, the contribution
of surface tension was greater than in TEST 2. Feathering was
minimized by higher surface tension of the dye ink and by lower
surface tension of the coating ink. Finally, a comparison of the two
test results indicate that the heater drying strongly decreased
feathering.

In contemplating the difference in the results of TEST 1 and
TEST 2, feathering was not caused by capillary pressure because
the void of the fabric was filled with the coating ink in the absence
of heater drying. Rather, the spreading of dye inks was caused by
the wetting behaviors of the coating ink and the dye ink, which
was controlled by the surface energy difference of those inks.

The results above suggested the possibility of controlling
feathering effectively by increasing of viscosities of the dye ink
and the coating ink, and by adopting heater drying.

Selection of solvent

Selection of a suitable solvent for the experimental single
conjoined process system was studied. As mentioned above,
increasing the viscosities of the coating ink and the dye ink
suppressed feathering, especially in conjunction with drying.
Drying concentrated the inks and increased their viscosities in situ
to effectively minimize feathering.

Further, ink viscosity also influenced jetting stability. An
increase in the viscosity of ink on the surface of the inkjet head
brought on by drying caused a decrease in the velocity of the first
drop jetting from the head, a phenomenon referred to as decap or
lack of jetting. Therefore, to both minimize feathering and
maintain jetting stability, a lower viscosity at the initial drying
time of ink on the surface of the head, but a rapidly increasing
viscosity of the ink deposited on the fabric, would be ideal.

We then evaluated the effects on viscosity of increasing
concentrations of four solvents with drying. In this experiment, the
amounts of resin and solvent before evaporation were 2wt% and
30wt%, respectively. Figure 6 shows the rise in viscosity that
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increasing concentrations of solvents obtained. The vertical axis of
the graph indicates specific viscosity (n-19) /1o (1 : viscosity
of solution, m, : viscosity of solution without resin), which
measures the effect of the resin on viscosity upon drying.
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Figure 6. Relationship between specific viscosity and concentration ratios of
solvents

At low concentrations, the specific viscosities of the mixtures
with solvent A and solvent B were lower than without a solvent;
specific  viscosities then rapidly increased with higher
concentration rates. In contrast, the specific viscosities of the
mixtures with solvent C and solvent D increased linearly with
concentration rates upon drying. As a result, we chose solvents A
and B for our system.

Confirmation by inkjet print

The results above were confirmed with a test printer
incorporating our experimental single conjoined process. Figure 7
shows the relationship between feathering and the viscosities of
the coating ink and the dye ink. Feathering was minimized by
increasing the viscosity of the dye ink. The viscosity was
controlled by the amount of resin and solvents. Increasing the
viscosity of the coating ink obtained the best results. In contrast,
the surface tension of the coating ink did not affect feathering in
the range of 56 to 29 mN/m. The results of TEST 2 were
reproduced in actual prints.
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Figure 7. Relationship between feathering and viscosities of dye ink and
coating ink
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Results obtained with the test printer are shown in Figure 8.
Feathering was minimized by using highly viscous dye ink and a
coating ink with resin and selected solvents.

IJ Coated fabric

Uncoated fabric

Figure 8. Effect on feathering of single conjoined coating and printing process

Figure 9 compares the color gamuts of the single conjoined
coating and printing process and the conventional separate coating
and printing process. The conjoined coating and printing process
system provided a color gamut similarly wide as the conventional
inkjet printing system.

a*

—8— Single conjoined process with new ink
- -+ - Single conjoined process with conventional Ink
--A-— Conventional separate coating and printing with conventional ink

Figure 9. Color gamuts of prints

Conclusion

Based on the capillary penetration model of untreated fabric,
we found that feathering was controlled by the viscosities of the
coating ink and the dye ink and by the drying process. We
confirmed the results with the test inkjet printer; the level of the
feathering was suppressed greatly, and we obtained fine printing
optical density and jetting stability.

In continuing the work reported here, we plan to contribute to
the further development of inkjet textile printing not only in the
improvement of productivity but also in the expansion of the
applications of and addition of new functions.

Society for Imaging Science and Technology



References Biography

[1] H. Kato, K. Goi, N. Nakajima, Journal of the Imaging Society of Japan, Masayuki Ushiku received his M.S. degree in physical chemistry from
48,285 (2009). Aoyama Gakuin University in 1992. He joined Konica Corporation in the

[2]1 Y. Ando, Y. Hozumi, J. Sugawara, Dyestuffs & Chemicals, 39, 41 same year. He has worked in the development of inkjet paper for many
(1994). years and is now focused on the development of inkjet ink.

[3] H.Ura, JAGAT tech.sminar (2004)
[4] L.LKimura, H.Maeda, JP Patent 3428742

NIP26 and Digital Fabrication 2010 Technical Program and Proceedings 683



	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



