
Development of Conductive Carbon Coated Copper Nanoparticle 
Inkjet Fluid 
Kim Eiroma, Ari Auvinen, Johanna Forsman, Eva-Lena Hult, Jorma Jokiniemi, Pirjo Koskela, Juha Sarlin, Thea Sipiläinen-Malm, 
Unto Tapper; VTT Technical Research Centre of Finland; Espoo, Finland 

 

Abstract 
An aqueous inkjettable conductive fluid based on carbon 

coated copper nanoparticles has been developed. The fluid can be 
handled in atmospheric conditions and processed at low 
temperature (105 °C) with no thermal annealing. A layer 
conductivity exceeding 600 S/cm has been demonstrated. The 
particles were produced in a continuous flow reactor from copper 
chloride powder by hydrogen reduction at high temperature (950 
°C). Results indicate that conductivity is enhanced through the 
formation of carbon nanotubes by addition of ethene and water to 
the reaction flow. The type and concentration of dispersing 
additive and co-solvents had a significant impact on dispersion 
stability and electrical conductivity of the deposited layer. 
Applicability of the fluid for direct patterning of coatings for e.g. 
antistatic purposes was demonstrated by inkjet printing of a 
conductor electrode pattern. 

Introduction 
There is currently a strong drive towards the development of 

low cost conductive metallic nanoparticle based fluids for printed 
electrically functional devices. Significant interest has lately been 
directed towards replacing silver with copper due to its relatively 
low price and high conductivity. A major challenge in the 
development of copper based fluids is the tendency of copper to 
spontaneously oxidize in ambient conditions. Several ways of 
protecting the copper nanoparticles from oxidation have been 
proposed [1]. For example, graphitic coatings have been used to 
stabilize metallic nanoparticles and to minimize their size in 
conductive and magnetic fluids [2, 3]. Conductivity levels in the 
order of 1 S/cm have been demonstrated in [2] for inkjet printed 
layers of a fluid based on graphene coated copper nanoparticles. 
Metallic nanoparticles having a relatively high specific gravity 
(compared to e.g. carbon black) are challenging to disperse in a 
fluid base, and typically require a polymeric stabilizing ligand 
which will hinder inter-particle contact and hence conductivity 
unless removed in a subsequent sintering step. 

This paper presents an alternative approach for synthesis of 
copper nanoparticles with a graphitic layer providing stability 
towards oxidation and carbon nanotubes that enhance the 
conductivity of the dried fluid layer. The effect of dispersing 
additive and co-solvent composition on dispersion stability and 
conductivity of deposited layers is investigated. 

Materials & methods 

Particle production 
Carbon coated copper nanoparticles were produced by a gas 

phase synthesis technique developed previously for production of 
metallic nanoparticles [4]. Copper chloride precursor powder 
(Sigma-Aldrich) was fed using a powder feeder on alumina 
(Al2O3) pellet bed within a quartz glass nanoparticle reactor. The 
bed was made of 8 g of porous aluminium oxide pellets with 3mm 
diameter (Sigma-Aldrich). From the pellet bed the precursor was 
evaporated at 800°C into a nitrogen flow. The gas flow carried 
copper chloride vapour into the reaction zone, where reaction 
with hydrogen (13.8 vol-%) at 950°C produced copper 
nanoparticles and hydrogen chloride.  

In order to prevent oxidation and sintering of particles during 
handling, transport and storage, copper particles were coated 
during their synthesis with a graphitic carbon layer. In these 
experiments ethene served as precursor for the coating. In the 
reaction zone 0.9 vol-% of C2H4 was mixed to the gas flow 
together with hydrogen. In order to promote the formation of 
carbon nanotubes (CNT) some water vapor was fed into the 
reaction zone as well. The actual formation of CNTs depended on 
the copper chloride to ethene ratio fed into the reactor. 

The flow coming out of the reactor was diluted and cooled 
with nitrogen to prevent further agglomeration and sintering of 
particles. Produced powder was then collected in a PTFE filter 
bag (GORE®). Hydrogen chloride was removed downstream the 
filter from the exhaust flow using two tanks filled with NaOH-
water solution before the flow was directed to a fume hood. 
Fourier transform infrared spectroscopy (FTIR, Gasmet Dx4000) 
was applied to measure the concentrations of HCl in order to 
monitor the particle production rate. FTIR also measured the 
concentration of water vapor, gas impurities, CO, CO2 as well as 
the gaseous degradation products of ethene. The results from 
FTIR measurements agreed very well with the amount of powder 
collected from the filters. According to FTIR data approximately 
90-95 % of copper produced in the reactor could be retrieved 
from the particle filters. 

Fluid preparation 
The dispersing capability of the nanoparticles was evaluated 

using three dispersing additives suitable for water-based carbon 
black pigment dispersions which were kindly provided by BYK 
Chemie Gmbh: DISPERBYK-190 (Solution of a high molecular 
weight block copolymer with pigment affinic groups), 
DISPERBYK-198 (Solution of a copolymer with basic pigment 
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affinic groups) and DISPERBYK -2012, (Solution of a structured 
acrylate copolymer with pigment affinic groups) hereafter 
denoted (1), (2) and (3), respectively. Ethylene glycol 
monomethyl ether (EGME) (Sigma-Aldrich), ethylene glycol 
monobutyl ether (EGBE) (Merck) and n-propanol (Honeywell 
Riedel-de Haen) were used as co-solvents for improving the fluid 
jetting and layer forming properties. The viscosity (at 20 °C), 
surface tension and boiling point of EGME, EGBE and n-
propanol are 2.0 mPas/33 mNm-1/125 °C, 6.4 mPas/27 mNm-

1/171 °C and 2.2 mPas/ 24 mNm-1/97 °C, respectively. 
The nanoparticles were mixed with the dispersing additives, 

co-solvents and de-ionized water (DIW), and the suspension was 
sonicated for 10 minutes in an ice bath at an intensity of 30% (1.0 
cycle) using a UP400S ultrasonic processor (Hielscher 
Ultrasonics). Thereafter, the suspension was left to settle for an 
hour followed by decanting. Prior to spin coating or printing the 
suspension was sonicated in an ultrasonic bath for 10 minutes. 

Layer deposition 
Inkjet printing of the conductive carbon coated copper fluid 

was carried out with the Dimatix DMP-2831 laboratory scale 
piezoelectric drop-on-demand printer (Fujifilm Dimatix). The 
printer utilizes printhead cartridges with 16 nozzles arranged 
linearly at a pitch of 254 μm. Cartridges generating a nominal 
drop volume of 10 pL were used. Printing was performed at a 
jetting frequency of 1 kHz. Printing of solid fill layers for 
electrical characterization as well as electrode patterns for 
demonstration was carried out at 20 μm inter-drop spacing (1270 
dpi). Spin coating of the nanoparticle dispersions was carried out 
using an EC101D series spin coater (Headway Research) at 1000 
rpm for 1 minute. 

Layers were deposited on microscopic glass slides (Thermo 
Scientific) and heat stabilized Teonex Q65FA polyethylene 
naphthalate (PEN) film (Teijin DuPont Films) with a thickness of 
125 µm. Both substrates were cleaned by immersion in acetone 
under ultrasonication for 10 minutes followed by immersion in 
isopropanol under ultrasonication for 10 minutes and drying 
under nitrogen flow. A single layer for both inkjet printing and 
spin coating was applied. The spin coated and printed layers were 
immediately dried on a hot-plate for 60-90 seconds at 60 °C and 
then transferred to an oven for 1 hour at 105 °C. 

For electrical characterization, gold electrodes having a layer 
thickness of 100 nm, channel length and width of 800 µm and 
10000 µm, respectively, were grown by thermal vacuum 
evaporation on the deposited copper-carbon layer. After oven 
drying, and prior to electrical characterization, samples were 
stored in a nitrogen glove box. 

Characterization methods 
Particle size distribution and structure of the dry particle 

powder was studied using transmission electron microscopy 
(TEM, Philips CM200 FEG/STEM). In addition, the specific 
surface area (SSA) of powder samples was measured using BET 
(ASAP2020, Micromeritics Instruments). The elemental 
composition of the particles was analyzed using x-ray 
fluorescence (XRF, Philips PW2404 X-ray spectrometer) using 
semi-quantitative SemiQ-program. The weight changes in 

materials were measured by thermo-gravimetric analysis (TGA, 
Mettler TGA 851e). 

Fluid viscosity was measured using an mVROC viscometer 
(RheoSense). Fluid surface tension was measured using an EZ-Pi 
tensiometer (Kibron). Dispersion stability was evaluated 
qualitatively by visual inspection at intervals of 1 day and 4-5 
days. 

The topography of the dried spin coated and printed layers 
was characterized by optical microscopy (BX60, Olympus), 
stylus profilometry (Dektak 150, Bruker AXS) and SEM imaging 
(LEO DSM 982 FE-SEM). Electrical characterization of the dried 
copper-carbon layers was performed by 2-point probe resistance 
measurements from the thermal vacuum evaporated gold 
electrodes. Layer conductivity (σ) was calculated using measured 
values for resistance (R), electrode gap length (L) and width (W) 
and layer thickness (d). 

Results 

Copper-carbon nanoparticle synthesis and 
characterization 

The produced carbon coated copper particles (figure 1) were 
non-agglomerated, almost non-sintered and had nearly spherical 
faceted shape. The particle number size distribution estimated 
from the TEM micrographs was fairly wide: Approximately 
normal distribution with number median diameter of 67 nm and 
standard deviation of 27 nm. As evident in figure 1, when thick 
multi-walled carbon nanotubes (MWCNT) were present in the 
samples, they were clearly visible in the TEM pictures. The 
specific surface area of the produced powder calculated from 
TEM figures using 390 copper particles was 7.8 m2/g. The BET 
measurement from the same powder sample gave 13.7 m2/g as a 
result. The difference between these methods indicates that CNTs 
have a strong influence on the specific surface area of the 
samples. 

 

 
Figure 1. A TEM micrograph of copper nanoparticles coated with graphitic 
carbon layer and CNTs. 

According to the semi-quantitative XRF analysis the copper 
content of the produced powder was about 90 wt-%. The powder 
contained approximately 9 wt-% of carbon and 0.95 wt-% of 
chlorine. Silicon, sulphur and cobalt could be found from the 
samples as minor impurities with total mass concentration less 
than 0.5 wt-%.  
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During the dynamic phase of thermo-gravimetric analysis 
(heating 25°C → 500°C) the behavior of the sample could be 
divided into four successive temperature regions during which 
reactions causing mass changes were detected. During the first 
stage mass loss of -0.12 wt-% took place probably due to the 
evaporation of free moisture adsorbed on the surface of the 
powder. The next three reactions were highly exothermic. During 
the second and the third phases the mass of the sample increased. 
Nanoparticles started to oxidize in air atmosphere at about 100°C. 
Because the oxidation process was slow up to about 135°C, it is 
fair to assume that all copper particles were coated with carbon. 
The oxidation process included two main steps and was 
completed at about 300°C. The weight gain of the reactions 2 and 
3 registered in the analysis performed was 16.2 %. It is most 
likely that the oxide formed was tenorite, CuO. The fourth 
reaction caused exothermic mass loss. Consequently, it was most 
obviously due to the burning of carbon contained by the particles. 

Assuming that the sample powder contained only metallic 
copper which oxidized to single oxide and that the burning of 
carbon took place completely, the weight gain registered in the 
analysis means that the contents of copper and carbon in the 
powder were 88.9% Cu and 11.1% C. 

Dispersion stability and layer conductivity 

Dispersing additive effects on fluids based on copper 
nanoparticles coated with graphitic carbon layer and 
CNTs 

Three commercially available dispersing additive candidates 
(1, 2 and 3) were tested for their dispersing properties and 
compatibility with the preliminary fluid composition consisting of 
copper nanoparticles coated with a graphitic carbon layer and 
CNTs (25 wt-%), de-ionized water (50 wt-%) and n-propanol (25 
wt-%). 

Three levels of dispersing additive based on preliminary 
testing - 8, 16 and 24 wt-% (relative to copper-carbon particles), 
hereafter denoted (low), (medium) and (high), respectively - were 
tested for their effect on dispersion stability and the conductivity 
of layers fabricated by spin coating on glass. Dispersion stability 
was evaluated visually by examining fluid samples to determine 
the degree of particle sedimentation and phase separation at 
selected time intervals. All dispersions except (1) (low) appeared 
stable after a period of 5 days. Table 1 shows the dispersion 
stability and layer conductivity results for all dispersing additives 
at (low) and (medium) levels. 

Table 1: Effect of dispersing additive type and addition level 
on dispersion stability and conductivity of spin coated copper-
CNT layer. 
Dispersing 

additive 
Addition 

level 
Conductivity 
(S/cm) 

Stability 

(1) (low) 8.3±3.6 unstable 
(medium) 4.7±2.3 stable 

(2) (low) 470.2±95.6 stable 
(medium) 167.2±87.1 stable 

(3) (low) 50.2±42.7 stable 
(medium) 14.9±4.8 stable 

Dispersing additive level (high) is omitted from the results as 
sufficient stability was obtained for level (medium) or (low) for 
all dispersing additives, and conductivity results indicate a drastic 
drop in conductivity as the dispersing additive level is increased. 
SEM imaging of the spin coated layers did not provide clear 
indication as to the reasons for the significant differences in 
conductivity. 

It is evident that dispersing additive (2) with addition level 
(low) gave the most promising results in terms of layer 
conductivity while providing sufficient dispersion stability. Thus 
this fluid composition was selected for further studies. 

Co-solvent effects on fluids based on copper 
nanoparticles coated with graphitic carbon layer and 
CNTs 

Preliminary jetting tests indicated that the viscosity of the 
particle/dispersing additive/DIW/n-propanol composition was too 
low and the volatility too high for stable and sustainable drop 
formation. Two commonly used co-solvents for improving 
inkjetting performance, ethylene glycol monomethyl ether 
(EGME) and ethylene glycol monobutyl ether (EGBE), were 
studied for their effect on dispersion stability and layer 
conductivity. The fluid compositions (A), (B) and (C) containing 
EGME/n-propanol or EGBE/n-propanol co-solvents at varying 
levels and resulting conductivities of spin coated layers on glass 
are presented in table 2. Dispersing additive (2) at 8 wt-% 
(relative to copper-carbon particles) was added to the total 
formulation. 

Table 2: Fluid compositions with varying levels of co-solvents 
EGME/n-propanol and EGBE/n-propanol and resulting 
conductivities of spin coated copper-CNT layers on glass. 
Composition A B C 
Particle loading (wt-%) 25 25 25 
Dispersing additive (2) 
(wt-% on particles) 8 8 8 

DIW (wt-%) 50 50 25 
n-propanol (wt-%) 18.7 12.5 25 
Co-solvent (EGME/EGBE) 
(wt-%) 6.3 12.5 25 

Conductivity (EGME) 
(S/cm) - - 87.8 

Conductivity (EGBE) 
(S/cm) 108.5 337.9 642.9 

 
For the fluid compositions containing EGME/n-propanol as 

co-solvent, only composition (C) was stable for 4 days, therefore 
compositions (EGME) (A) and (EGME) (B) were not studied 
further. Compositions containing EGBE/n-propanol as co-solvent 
all exhibited dispersion stability after 4 days. 

From the results in table 2 it is evident that the addition of 
EGBE has the effect of increasing the conductivity of the spin 
coated layer. This is assumed to be due to the higher boiling point 
of EGBE (171 °C) compared to EGME (125 °C) which slows 
down the evaporation rate of the solvents during drying of the 
layer, possibily promoting a more uniform packing of the copper-
carbon nanoparticles. SEM images of the layers, however, do not 
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provide confirmation to this assumption, as no distinct differences 
could be seen. 

Printing and spin coating of compositions based on 
copper nanoparticles coated with graphitic carbon layer 

A fluid composition for inkjet printing was prepared from 
the final batch of particles coated with a graphitic carbon layer, 
excluding the CNTs. Fluid formulation (C) (EGBE) containing 
EGBE as the primary co-solvent (table 2) was repeated. 

Analysis of inkjet drop formation of the fluid (C) (EGBE) 
suggested that the break-up of the trailing ligament of the drop 
was not stable enough for reliable jetting, in particular at higher 
frequencies (exceeding approximately 5 kHz). The fluid viscosity 
at a shear rate of 3000 s-1 was measured to be in the range of 7-8 
mPas, and surface tension was measured at 27.6 mN/m, which 
suggests that optimizing the fluid properties towards the range 
generally considered to give the best jetting performance for 
industrial printing (viscosity 10-20 mPas, surface tension 30-40 
mN/m) could provide enhanced jetting performance. 
Nevertheless, a respectable drop velocity of 5 m/s was attained in 
a regime where the trailing ligament of the drop breaks up into 
satellites which merge with the main drop at a minimum stand-off 
distance of 1 mm. 

Layers of said formulation were inkjet printed and spin 
coated on both PEN film and glass. Conductivity results (table 3) 
show that spin coated layers on glass provide the highest 
conductivity, and that fluid formulations based non-CNT 
containing copper-carbon nanoparticles result in conductivities 
approximately a decade lower than those containing CNTs, 
comparable to results reported in [2] for inkjet printing on plastic 
film. Moreover, results support the assumption that CNTs indeed 
are contributing to the significant increase in conductivity of the 
deposited layers. 

Table 3: Effect of deposition process and substrate on the 
conductivity of composition (C)(EGBE) for copper-graphitic 
carbon containing fluids. 
Process Substrate Conductivity (S/cm) 

Spin coating Glass 34.1 
PEN 10.9 

Inkjet printing Glass- 12.3 
PEN 3.4 

 
Even though there seems to be a clear difference between 

spin coating and inkjet printing in terms of layer conductivity 
based on the results for composition (C) (EGBE), preliminary 
tests indicate that a further increase in concentration of the highest 
viscosity component, EGBE, enhances the conductivity to 
approximately the same level than for spin coated layers, in 
addition to providing more stable drop formation in the printhead. 
However, more detailed analysis on the fluid and layer properties 
are needed to fully understand this behavior. 

Figure 2 shows an optical microscope image of an electrode 
inkjet printed with fluid (C) (EGBE) on glass. The inset shows an 
SEM image of the printed surface, indicating that particles and 
clusters thereof are in the <100 nm range. The resulting line width 
is approximately 100 µm and layer thickness of the single printed 
layer was measured at 1.4 µm. 

 
Figure 2. Optical microscope image (5X magnification) of an electrode inkjet 
printed with fluid (C) (EGBE) on glass. Inset shows SEM image (100000X 
magnification) of the printed surface. 

Conclusions 
The formulation of a stable inkjettable conductive fluid 

containing carbon coated copper nanoparticles has been 
demonstrated. Inkjet deposition of conductive patterns for e.g. 
antistatic purposes seems feasible with the developed conductive 
fluid. Results indicate that the formation of CNTs on the surface 
of the copper nanoparticles significantly enhances the 
conductivity achieved for deposited layers dried at low 
temperature. The conductivity is strongly affected by the 
polymeric dispersing additive level. Also, the lower evaporation 
rate of the co-solvent seems to promote more efficient inter-
particle packing, which further enhances the conductivity. 

Results suggest that further work is needed for understanding 
the effects of the fluid components on conductivity in more detail, 
in order to achieve even better performance. The effect on 
conductivity of various alternative low-temperature sintering 
methods will be investigated. Further studies and optimization of 
the fluid jetting performance are also needed to determine the 
fluid’s applicability in an industrial process. 

References 
[1] S. Magdassi, M. Grouchko, and A. Kamyshny, “Copper 

Nanoparticles for Printed Electronics: Routes Towards Achieving 
Oxidation Stability,” Materials, 3, 9 (2010). 

[2] N. A. Luechinger, E. K. Athanassiou, W. J. Stark, “Graphene-
stabilized copper nanoparticles as an air-stable substitute for silver 
and gold in low-cost ink-jet printable electronics,” Nanotech., 19, 44 
(2008). 

[3] P. Koskela, U. Tapper, A. Auvinen, J. Jokiniemi, A. Alastalo, H. 
Seppä, M. Aronniemi, J. Juuti, H. Jantunen, Proc. EAC2009, 
T014A10, (2009). 

[4] J. Forsman, U. Tapper, A. Auvinen, J. Jokiniemi, “Production of 
cobalt and nickel particles by hydrogen reduction,” J. Nanop. Res., 
10, (2008). 

Acknowledgements 
The work described in this paper has received funding from 

the European Community's Seventh Framework Programme 
under grant agreement n° 228559. 

Author biography 
Kim Eiroma (M.Sc.) is a research scientist focusing on application 

of the inkjet deposition process for the fabrication of functional devices. 
Since the beginning of 2011 he has been pursuing doctoral studies related 
to upscaling of the inkjet materials deposition process. Mr. Eiroma is 
currently affiliated with the Printed Functional Solutions Centre at VTT 
Technical Research Centre of Finland. 

NIP 27 and Digital Fabrication 2011     Technical Program and Proceedings 461


	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



