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Abstract 

Toner adhesion to substrates has been demonstrated to be a 
strong function of temperature.  Previous work has suggested that 
particle deformation due to surface forces increases with reduced 
material stiffness at higher temperatures, thus increasing contact 
surface area and increasing adhesion.  Toner Storage and Loss 
Modulus were measured for a variety of toners both on the 
individual toner scale and on the macro scale.  These 
measurements showed material property changes in the region 
below the glass transition temperature that could account for the 
measured increase in toner adhesion. Toner adhesion 
measurements were then reconciled with transfer field forces to 
reveal an interaction between transfer fields, stored energy, and 
toner adhesion.  

Introduction 
Toner adhesion to substrates is higher when ambient 

temperatures are higher.  This has been demonstrated by adhesion 
testing of toner and in modeling of fields from experimental 
printing systems.  Adhesion testing of toner [1] revealed a 
relationship between toner charge, temperature, and adhesion of 
toner to be a function of the charge cubed.  The hypothesis, based 
on the particle physics work of Jurgen Tomas [2], was that the 
deformation based on slight changes in modulus of elasticity of 
toner interacted with charge-based Coulomb attraction and 
increased the contact area for elevated temperature toner.  The 
amount of increase in adhesion for toner at the warm end of many 
printer operating ranges was approximately double that from the 
cold operating ranges, depending on toner charge (Figure 1).  
Toner transferred onto an intermediate member in an environment 
at 24oC to 32oC (75oF to 90oF) had adhesion values in the 250nN 
range, whereas the same toner with the same charge at 15oC (60oF) 
had measured adhesion values in the 150nN range.  The result of 
higher toner adhesion is that print quality degrades with increasing 
environmental temperatures.   

There are two significant aspects of this hypothesis and the 
associated measurements that have yet to be addressed.  First is 
whether material properties of micron scale toner do behave in 
such a way as to have the necessary changes in contact area 
predicted by the measurements.  Second, how to reconcile the 
measured adhesion of toner, which is consistent throughout the 
literature in the 100’s of nN range, with the fact that transfer fields 
and toner charge should only result in a force to transfer in the low 
10’s of nN range – and yet toner transfers.  

 

Comparison of adhesion for different environments
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Figure 1. Measured adhesion for 50% removal of cyan polystyrene toner from 
a transfer belt at different charges and temperatures.  The theoretical 
equation has an offset deformation (van der Waals), a q term from non-
uniform charge, a Coulombic q2 term, and a q3 term predicting an interaction 
between particle deformations due to a charge induced Coulomb force and 
material properties which are a function of temperature. 

Temperature-Induced Changes in Contact 
Area 

In 2011 we hypothesized that higher adhesion with increasing 
temperature is the result of the elastic modulus of the toner 
decreasing and thereby increasing the area of contact to the 
relevant substrate [1].  Adhesion of toner to substrates is known to 
be a strong function of contact area and this has been demonstrated 
by Law et al. [3], Rimai et al. [4, 5], and Schein [6] among others 
who have shown that extra particulate additives greatly decrease 
toner adhesion by decreasing contact area between toner and 
substrate.  For particle physics considerations the gravitational 
force pulling particles to substrates is negligible but the charge 
related forces are significant.  The gravitational force on a 6μm 
toner particle is roughly 0.0013nN, where as the dielectric pull 
from a -20 μC/g, 6μm diameter toner particle on a substrate would 
be 17nN which is much more significant and is therefore the key 
contributor to the footprint of the toner on the substrate.   
Deformation of a particle toward a substrate to which it is adhered 
is a function of the charge on that particle [7, 8, and 9] and the 
dielectric properties of the substrate.  The adhesion measured by 
rolling resistance is a function of the normal force to the 3/2 
power.  Inserting a charge squared term for normal force yields a 
pull off force that is sensitive to the charge of the toner cubed.  
This q3 term ends up being extremely significant in the adhesion 
equation, accounting for up to half of the adhesion measured 
(Equation 1).   
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Fa = A + Bq + Cq2 +Dq3                                (1) 

 
Where: 
• A represents the Van der Waal’s attraction forces 
• Bq represents the additional force due to non-uniform 

charges [10] 
• Cq2 represents the actual Coulombic attraction arising 

from multiple particles 
• Dq3 represents the Van der Waal’s attraction that is a 

function of the toner footprint from the Coulombic 
attraction forces 

 
However, the question remains as to whether material property 

changes are significant enough to result in this amount of contact 
area difference.  

 
To address this question, two sets of material property 

measurements were completed to understand the sub-Tg response 
of toner to temperature.  One set of experiments was carried out by 
Hysitron Corporation on two samples of cyan toner: a polystyrene 
base CPT and a polyester based CPT.  The same measurements, on 
the same toner samples, were completed on macro-molded 
samples at Lexmark International.  Macro-scale and nano-scale 
measurements compared favorably.  The measurements on the 
toners were indentation testing and DMA testing.  Nano-scale 
measurements on individual toners compared fairly well with 
macro-scale measurements on bar samples. Nano-DMA for a 
polystyrene toner gave a Tan-Delta of 0.025-0.030 for a room 
temperature measurement while the macro-DMA on the same 
material extruded into a bar gave 0.037 for about the same 
temperature.  Both systems gave a Tan-Delta of 0.040 for 38oC 
(100oF) (Figure 2).  Young’s Modulus alone could only account 
for a 7% increase in contact area across the temperature range.   
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Figure 2. Tan-Delta measurements for a polyester toner at two different 
temperatures.  Loss Modulus increases as temperature increases 

Alternatively, the storage and loss modulus of toner do 
respond more strongly to temperature, exhibiting varying degrees 
of viscoelasticity.  Toner at 38oC (100oF) responded with a higher 
tan-delta indicating a much higher level of energy lost. This 
increase in Loss Modulus to Storage Modulus was about 1/3 
depending on sample and frequency (Figure 3) 
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Figure 3. Storage modulus for cyan polystyrene toner as a function of 
temperature.  The measurements used were changes between 60oF and 
90oF.  

Transfer fields are approximately 5 times as strong as 
Coulomb image fields.  The proposed new model is that toner 
deforms under the short-duration impact of a transfer field 
temporarily increasing contact area.  Warm toner loses a large 
amount of its ability to rebound from such deformation and 
remains with a higher contact area after the transfer event.  Toner 
in a color printer, which must endure multiple transfer field 
“bumps,” is deformed even further.  As the toner on the 
intermediate member approaches a second transfer station and 
needs to be electrostatically removed, its contact area has been 
increased by a loss-deformation as well as an image-force induced 
deformation which has both elastic and plastic components.  The 
actual increase in contact areas are is quite small for both warm 
and cold situations.  The radius of contact for a 16oC (60oF) toner 
only under Coulomb attraction force should be around 0.013μm.  
Under the additional load of a transfer field, contact radius will 
climb to 0.017μm.  If a warm toner particle undergoes two or more 
transfer fields the contact area could easily remain at 0.020μm 
entering 2nd transfer.  The associated adhesion forces would be 
147nN for the cold toner at 2nd transfer and 226nN for the warm 
toner of the same charge at 2nd transfer.  These numbers are very 
close to the predicted values from the measured adhesion. 

Reconciling Adhesion and Transfer fields 
If adhesion values are indeed in the 100nN range with higher 

values for warm toner, how is it possible that any significant 
amount of toner transfers at a second transfer step?  The 
theoretical limit for field between two parallel plates before 
Paschen breakdown is -7.5E7V/m [11].  Electrophotographic 
systems consist of rollers and belts which are less perfect than 
infinite parallel plates.  Analytical modeling, calibrated to actual 
printers, shows transfer fields actually achieve high transfer 
efficiency for 6 micron diameter, silica-covered toner when the 
field is around 
- 5E6 V/m.  By the time the field reaches -1E7 V/m, many systems 
are experiencing unacceptable Paschen breakdown.  A field of  
-5E6 V/m can only exert of force of around 30nN on toner, a force 
roughly equivalent to the image field holding it to the transfer belt 
or photoconductor.  

It has been suggested [4] that mechanical contact with the 
final media is a requirement for good transfer, allowing van der 
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Waals attraction to the receiving media to make up for what is 
lacking in electrostatic force from the donating member.  
Mechanical contact with a substrate assists only a fraction of the 
toner involved and is not sufficient to get the high transfer 
efficiencies demanded by today’s printing systems.  SEM images 
show the roughness of paper fibers dwarfs toner sizes (Figure 4).  
Transfer efficiency testing shows that over 90% of toner actually 
transfers in this situation.  This suggests that a large portion of the 
toner will transfer to a media based on electrostatic forces alone.    

 

 
Figure 4. Scanning Electron Microscope image of unfused toner transferred 
onto a bond paper.  Toner size is dwarfed by feature size in the paper, making 
it necessary for toner to “jump” to transfer with high efficiency to the paper.   

The answer lies in the understanding of energy stored in 
deformation of the toner.  When a toner deforms under an 
electrostatic field, part of the deformation is plastic and part is 
elastic.  There is some plastic deformation even for the coldest 
particle and more for the warmest.  When toner on an intermediate 
member enters a second transfer field, the superposition of the 
fields relaxes the dielectric polarization thus reducing the image 
force between toner and substrate.  Freed of this image force, the 
energy stored as elastic deformation is gently released and the 
toner rebounds, leaving only the plastic portion to create an 
adhesion force holding toner to substrate (Figure 5).   
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Figure 5. Toner contact area to the transfer belt changes as a function of the 
external field.  Loss Modulus of the material determines how much of the 
deformation is plastic, permanently increasing contact area and adhesion.  

For a cold toner particle, the plastic deformation is small and 
the toner releases with only a few nN of force.  For warm toner, 
the remaining contact area is higher.  Using the proportions 
suggested by DMA measurements, a toner that was deformed to 
0.020μm contact radius may only spring back to a contact radius 
of 0.013μm.  This would take a removal force of about 79nN or a 
transfer field of -1.6E7V/m,  more difficult, but possible.   

Conclusion: 
The critical components to adhesion of toner to a substrate are 

a combination of toner charge and contact area which is 
determined by particulate coverage, the sequence and duration of 
electrostatic fields from downstream nips, and the relaxation time 
of the toner.  Both macro and nano-scale measurements of toner 
properties demonstrate these relationships.  Based on estimates of 
toner properties, contact areas between toner and substrate were 
predicted for different toner types and temperatures, as well as 
their impact on resultant adhesion.  Adhesion forces were 
reconciled with transfer forces and SEM images to show a 
physical model that works for a transfer system.   

References 
[1] Whitney, J.G.; “Toner Charge and Environmental Interactions with 

Toner Adhesion” NIP 27 and Digital Fabrication (2011). 
[2] Tomas, Jurgen Mechanics of Particle Adhesion, a PhD Dissertation, 

Department of Process Engineering and Systems Engineering, Otto-
von-Guericke University, Universitatisplaz 2, D-39106 Magdenburg, 
Germany (2006). 

[3] Knock-Yee Law, Grazyna E. Kmiecik-Lawrynowicz, Weiqiang Ding, 
Cetin Cetinkaya; “Adhesion and Adhesion Distribution in a Model 
Toner System” NIP 25 and Digital Fabrication, (2009) p7. 

[4] Rimai, Weiss, Quesnel; “Particle adhesion and removal in 
electrophotography,” Journal of Adhesion Science and Technology, 
Vol. 17 Number 7, pp 917-942 (2003). 

[5] Gady, Quesnel, Rimai, Leone, Alexandrovich; “Effects of Silica 
Additive Concentration of Toner Adhesion, Cohesion, Transfer and 
Image Quality” Journal of Imaging Science and Technology, Vol. 43, 
Number 3 (May/June 1999). 

[6] Schein, L.B.; Electrophotography and Development Physics, 
Laplacian Press, Morgan Hill, CA (1996). 

[7] D.S.Rimai, L.P.DeMejo, R.C.Brown; “Surface-force-induced 
deformations of monodisperse polystyrene spheres on planar silicon 
substrates” Journal of Applied Physics, 68 (12) (1990). 

[8] Ya-Pu Zhao, Xinghua Shi, W.J. Li; “Effect of Work of Adhesion on 
Nano-indentation” Rev. Adv. Material Science 5 (2003) pp 348-353. 

[9] D.S.Rimai, L.P. DeMejo, R.C.Brown; “Mechanics of Particle 
Adhesion” Journal of Adhesion Science and Technology, Vol 8, No 
11 pp 1333-1355 (1994). 

[10] Kemp, B.A.; Whitney, J.G. “Analytical Modeling of Electrostatic 
Toner Adhesion” (IS&T, Minneapolis, MN, 2011). 

[11] Williams, Edward The Physics and Technology of Xerographic 
Processes. John Wiley & Sons (1984) pp. 145-154 

[12] Whitney, J.G.; Kemp, B.A. “Toner Adhesion Measurement” (IS&T, 
Austin, TX 2010). 

Author Biography 
Julie Gordon Whitney is a Transfer Physicist at Lexmark 

International.  She joined Lexmark in 1998.  Whitney received her BS in 
Mechanical Engineering from Purdue University (1982), MS from Indiana 
State University (1986), and Ph.D. in from the University of Cincinnati 
(1992).   

NIP 28 and Digital Fabrication 2012 509


	Introductory Materials
	TECHNICAL PROGRAM AND PROCEEDINGS
	Copyright 2012
	ISBN: 978-0-89208-302-2
	Welcome to NIP28 and Digital Fabrication 2012
	Conference Committees
	IS&T Board of Directors
	Table of Contents
	2012Week At-a-Glance
	Quebec City Convention Center
	Conference Exhibitors
	Conference Sponsors
	Corporate Member Conference Sponsors
	IS&T Corporate Members

	Technical Papers Program: Schedule and Contents
	Keynote Talks
	Frey, 21st Century Libraries -- from Print to Bits
	Rolland, Paper Microfluidics as an Enabling…pg.1
	Shinada, Single-pass Inkjet Digital Printing…pg.2
	Tzori, The Nanographic Printing™ Process…pg.6
	Stasiak, Digital Fabrication: Enabling Ambient…pg.7

	NIP 28
	Actionable, Security & Forensic Printing
	Ulichney, Combined Covert Data Embedding…pg.364
	Vans, Progressive Barcodes…pg.368
	Gaubatz, Mobile Capture of High-resolution…pg.371
	Simske, Incremental Information Objects…pg.375

	Advanced & Novel Printing and Applications
	Chatow, Custom Cloud Printing Solutions…pg.266
	Ilmonen, Biofabrication of Cancer Microenvironment…pg.269
	Yanaka, Integral Photography Using 2D Printer…pg.273
	Henry, A Multi-pixel LED Print-head for Novel…pg.277
	Sekizawa, New High-resolution Technique of Image…pg.280
	Pu, An In-situ Formed Cross-linked Coating…pg.284

	Color Science/Image Processing
	Recker, Challenges for 3D High-Fidelity Soft…pg.124
	Zhao, A Printer Point Set Gamut Model based…pg.128
	Koh, Custom Fan Deck for Multi-primary Visual…pg.132
	Kitakubo, Experimental Results on Brain…pg.137
	Liu, Color Difference Evaluation…pg.140
	Yamanouchi, Automatic Color Reproduction Using…pg.144

	Commericial & Industrial Printing
	Ujiie, State of Art of Inkjet Textile Printing:…pg.17
	Ishikura, Design Studies on Ink Jet Printhead…pg.20
	Matsumae, Development of Digital Quasi-embossing…pg.24
	Xu, Preparation of a Novel Dispersant…pg.28

	Digital Print Fulfillment and Finishing
	Moore, Cloud Computing for Graphic Arts…pg.106
	Karni, Seamless Publication Using 3D Proofing…pg.109
	Mizen, Revolutionizing Photo Books through…pg.113
	Hoarau, Intuitive and Scalable Operational…pg.116
	Song, Understanding Post Finishing Performance…pg.120

	Electronic Paper and Paper-Like Displays
	Zhou, Development of Bistable Electronic Inks …pg.32
	Hsieh, Advertising Efficacy Research…pg.36
	Kobayashi, Organic Electrochromic Materials…pg.39
	Shibata, Comparing Paper Books and Electronic…pg.43
	Zhang, Study on the Photo-alignment Performance…pg.47
	Inada, Analysis of General Rashness of Reading …pg.51

	Environmental Sustainability
	Voss, Deinking of Recovered Paper Mixtures…pg.522
	Bhattacharyya, Effects of Paper on LEP Digital…pg.526
	Mittelstadt, Deinking of Thermal Inkjet Newsprint…pg.530
	Simske, Sustainability through Variable Data…pg.533
	Black, Imaging Devices, Sustainable Design…pg.537
	Fischer, New Deinkable Water based Inkjet Inks…pg.541
	Gong, Application of Wet Image Analysis…pg.543
	Sobotka, Explaining the Present Parameters…pg.547

	Fusing, Curing, and Drying
	Maza, HP Designjet L65500 Drying and Curing…pg.463
	Bae, A Numerical Study for Fusing Process…pg.467
	Eguchi, Analysis of Electrostatic Offset…pg.471
	Onishi, Toner Fix Analysis Using Numerical…pg.475

	Image Permanence
	Salesin, The Light Induced Deterioration…pg.378
	Bugner, Factors to Consider in the Design…pg.381
	Gordeladze, Colorant Fade and Page Yellowing…pg.387
	Hodgson, Test Methods for the Water Sensitivity…pg.392

	Ink Jet Printing: Materials
	Wakabayashi, The Study of the Relation Image…pg.54
	Yu, Synthesis of Aqueous Blocked Polyurethan…pg.61
	Zhang, Study on Droplets Formation Process…pg.65
	Bai, Modification of SMA Using Epoxypropyl…pg.66
	Suzuki, Application of Color-changeable Ag Films…pg.70
	Hall, UV Inkjet Inks with Improved Stray Light…pg.74
	Li, Preparation of a Cross-linkable Emulsion…pg.78

	Ink Jet Printing: Processes
	McConville, Waterless Inkjet Process for High…pg.95
	Nishi, Development of Novel Bend-mode Piezo Ink…pg.99
	Jia, Research on Droplet Spreading…pg.103

	Ink Jet Printing: Processes continues
	Tada, Stability Analysis of a Drop Generation…pg.396
	Grace, Jet Fluctuations and Drop Velocity…pg.400
	Mace, Digital Printing of Packaging…pg.404
	Hoath, Regimes of Polymer Behaviour…pg.408
	Hsiao, Aerodynamic Effects in Ink-jet Printing …pg.412
	Snyder, Dot and Line Formation Analysis…pg.416
	Talbot, Drying and Deposition of Picolitre…pg.420

	Mathematical Modeling
	Wang, Plasma Dynamics and Charging…pg.479
	Kitazawa, Heat Transfer Simulation for Thermal…pg.483
	Kemp, Semi-analytical Model of Charge Image…pg.487
	Wang, Charging of Surfaces with a Wire Corona …pg.490
	Takahashi, Simulation Technology to Predict Paper…pg.494

	Media for Digital Printing
	Wu, Color Reproduction Consistency…pg.8
	Le Galudec, Inkjet Wallpaper and Decor on Demand…pg.12
	Chen, Research on the Printability of Coated…pg.14

	Print & Image Quality
	Zhao, Analyzing Print Quality of Large Printed…pg.230
	Simske, Use of Face Detection to Qualify Image…pg.234
	Whitney, Laser Spot Size Measurements…pg.236
	Pykönen, Experimental Comparison of Wettability…pg.239
	Shi, Tone Reproduction Characteristic…pg.242
	Lei, Hybrid Target for Camera-based Document…pg.245
	Kumagai, Observation of Electrostatic Latent…pg.250
	Kasuga, Relationship Between the Readability…pg.253
	Boley, Performace of Print Masks Using Image…pg.256
	Park, Implementation of Halftone Blending…pg.262

	Printing Systems Engineering/Optimization
	Ecer, Simulation of Toner Mixing and Delivery …pg.219
	Beltman, Improved Ink Registration through…pg.222
	Kuo, An Adaptive Model-based Approach…pg.226

	Printing Systems Engineering/Optimization Applications
	Kahatabi, Dielectric Properties Study of Thin…pg.287
	Oohara, Analysis of the Paper Curl Amount…pg.289
	Suhara, Potential Profile Measurement…pg.294
	Nauka, Sensing Volatile Hydrocarbons…pg.298
	Inenaga, Technology of Media Capability for Color…pg.301

	Thermal Printing
	Yasuo, A New UV Curable Inkjet Ink…pg.58
	Fujiwara, Development of the High Durability…pg.81
	Taniguchi, Novel Approach to Plastic Card…pg.84
	Toyosawa, Study of Thick Film Thermal Head…pg.88
	Terao, On-demand Transcript Foil Print…pg.92

	Toner-Based Printing: Materials
	Kakiuchi, Crystalline Polyester for Chemically…pg.171
	Hoshino, Powder and Film Charging Characteristic …pg.175
	Naito, New Submicron Silica Produced…pg.179
	Nelli, The Effects of Fumed Silica Structure…pg.183
	Lai, Latex Optimization for Emulsion…pg.187
	Chun, Materials Compatibility Assessment…pg.190
	Tan, Palm Oil-based Bio-Resin for Toner…pg.194
	Mizuhata, Advanced Process for Polyester…pg.198
	Zhang, The Research on  Recovery…pg.202
	Shi, Effects of Toners on Photothermographic …pg.206
	Kambara, External Additives for Toners: Character…pg.209
	Birecki, Temperature Effects on Liquid…pg.213
	Nozaki, A Method for Measuring Electrical Proper…pg.215

	Toner-Based Printing: Materials continues
	Zhou, Semiconducting Polymer Matrix as Charge …pg.344
	Forgacs, Electro-Rheological Model of HP-Indigo…pg.348
	Kim, Aggregation Behaviors of Colloidal…pg.352
	Nash, The Effect of Carrier Surface Morphology…pg.356
	Veregin, Linking the Chemistry and Physics…pg.360

	Toner-Based Printing: Processes
	Kawamoto, Parametric Investigation on Dynamics…pg.498
	Anthony, ElectroInk Charge Retention in the HP…pg.502
	Leoni, Small Dot Printing with Ion Head…pg.503
	Whitney, Toner/Transfer Member Adhesion Response …pg.507

	Toner-Based Printing: Processes con’t.
	Kadonaga, Three Dimensional Simulation of…pg.510
	Yang, Cartridge Clustering for Improving Tone …pg.514
	Kobayashi, A Model for the Dynamics of Charging…pg.518


	Digital Fabrication 2012
	3D Printing
	Jones, The Influence of Residual Toner Charge…pg.327
	Huson, Solid Free-form Fabrication of Ceramics …pg.332
	Klein, 3D Printing of Transparent Glass…pg.336
	Umezu, Digital Fabrication of 3D Bio Devices…pg.338
	Hoskins, 3D Printing of Self-glazing Ceramics…pg.341

	Devices
	Chen, Direct Etch through SiNx, Selective Dope…pg.148
	Hermans, Inkjet Masking for Industrial Solar Cell…pg.151
	Hakola, Optimizing the Performance of Metal Grid…pg.155
	Shin, Front Side Metallization Issues of a Sol…pg.159
	Platt, Low Cost Metallization Inks…pg.162
	Shen, Intelligent Packaging with Inkjet-Printed…pg.164
	Espig, Central Challenges When Up Scaling…pg.168

	Devices continues
	Zipperer, Touch Sensors based on PolyTC…pg.549
	Ueberfuhr, Inkjet System for Printing Mechanical…pg.550
	Maejima, All-inkjet-printed “lab-on-paper”…pg.554
	Beckert, Inkjet Printing for Applications…pg.557
	Magdassi, Nanomaterials for Printed Electronics…pg.561
	Lorwongtragool, Inkjet Printing of Chemiresistive…pg.564
	Sanchez-Romaguera, Enabling Low Cost UHF RFID…pg.568

	Formulation of Functional Inks
	Deiner, Mechanochemical Approaches to Ceramic…pg.318
	Kanzaki, Method to Synthesize Silver Nano-particles…pg.323

	Metrology, Instrumentation, Design of Print Pattern
	Ellinger, Patterned by Printing—A New Approach…pg.304
	Ramon, Inkjet Geometric Design & Compensation…pg.308
	Reinhold, Measurement of Mass of Single Inkjet…pg.312
	Cahill, Evaluation of Inkjet Technologies…pg.315

	Pre & Post Processing
	Reinhold, Spectrally Enhanced Photonic Sintering…pg.424
	Lim, Inkjet Printing and Sintering of Nano…pg.431
	van Dongen, Digital Printing of µPlasmas…pg.436
	Farnsworth, The Photonic Curing Process…pg.440
	Hammerschmidt, The Influence of Post-Treatment…pg.444
	Wunscher, Inkjet Printing and Low Temperature…pg.448

	Printing of Electrical Connections
	Reichenberger, Low-cost Ink-jet Printing…pg.452
	Rathjen, Feasibility Study: Inkjet Filling…pg.456
	Grouchko, Copper Ink-Jet Inks for Flexible…pg.461


	Author Index



