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Abstract

Here, we investigate the formation of inkjet-printed
graphene oxide (GO) droplets with different flake size. It is
shown that the size of GO flakes has strong influence to the drop
morphology and can be used to control the CRE. The CRE was
eliminated gradually with increased mean GO flake size (from
0.68 to ~ 36 um). The result suggests a new strategy to control
the CRE, and our observation about the morphology of inkjet-
printed droplets with different flake size will be very effective to
print uniform two-dimensional materials based patterns.

Motivation

When a sessile drop of liquid containing suspended particles
dries on a solid surface, it may leave a ring-like structure around
the periphery of the drop after the completion of liquid
evaporation. This phenomenon is commonly known as the
coffee ring [1]. This phenomenon is commonly observed in
systems with diverse constituents, ranging from nanoparticles, to
colloids and molecules in solution [2]. A mechanism for the
coffee-ring effect (CRE) was first described by Deegan et al.,[1]
which proposed that the dispersed materials in the droplet are
transported to the contact line of the drop by radial flow
generated during the evaporating process. Although the
ubiquitous nature of the CRE has made it hard to avoid,
achieving morphology uniformity from evaporated drops is
critical in many practical applications, such as graphics inkjet
printing, micro-arrays, coatings, biosensors, and the self-
assembly of particles.

In the last decade, Graphene, an atom thick carbon layer
with a honey-comb lattice, has attracted particular interest in
both academic and industry fields because of its unique
chemical, mechanical, thermal, and electrical properties [3].
Graphene was observed by isolating graphite to single-atom-
thick crystallites through micromechanical cleavage method in
2004 [4]. Since the discovery of graphene, many techniques
have been developed to produce single or few-layered graphene,
including mechanical cleavage, epitaxial growth, chemical vapor
deposition, liquid phase exfoliation (LPE) [5]. Among these,
LPE is promising suited for produce high yield of graphene due
to its advantage of solution process. Graphene-based dispersions
can be obtained by exfoliation of graphite or graphite oxide in
aqueous [6] or organic solvents [7] through an ultrasonication
process. Several groups have reported using inkjet printing
technique to deposit graphene dispersions for electronic
applications [8, 9].

Problem

Inkjet printing of two-dimensional graphene-based inks,
which based on pristine few layer graphene sheets or reduced
graphene oxide formed by liquid phase exfoliation, have
attracted much interest in the field of printed electronics. It has
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been generally believed that inks containing small diameter
graphene or other 2D material flakes may be beneficial for inkjet
delivery allowing for a more stable ink and reducing
agglommeration or blocking of the fine nozzles used with inkjet
printing. However, during drying of printed droplets, inks
containing 2D materials such as graphene or GO show a
behaviour similar to that observed during the drying of inks
made from nanoparticles or nanotubes, i.e. they show a clear
CRE with the dried 2D flakes arranged at the contact line of the
dried droplets forming a characteristic ring-like structure [8].
Although the CRE can be suppressed by using a combination of
two solvents or adding surfactant and a high boiling point
solvent, the harsh post-treatment condition required and
restrictions to the use of some organic solvents limits these
mitigating techniques for large area applications.

Approach

In this work, we will investigate the morphology formation
of inkjet-printed graphene oxide droplets with different flake
size after drying. GO inks with a range of mean flake size were
obtained by ultrasonically milling inks with very large flake size
for a range of process times, with increasing sonication time
leading to a smaller mean flake size. GO inks of the initial large
flake size were obtained using a modified Hummers’ method to
produce GO dispersions with mean flake size 35.9 um. This
method allowed us to produce a range of GO inks with mean
flake size ranging from 0.68 to 35.9 um. The GO suspensions
are highly stable against sedimentation in deionised water and
these were then used, after appropriate dilution, directly as inks
in this study. It is shown that the size of graphene oxide flakes
has strong influence to the drop morphology and can be used to
control the CRE. The CRE was eliminated gradually with
increased graphene oxide flake size. Inks with GO flake size >
10.3 um did not show a CRE when drops with a contact
diameter of ~ 340 um dried. The result suggests a new strategy
to control the CRE, and our findings about the morphology of
printed droplets with different flake size will be very effective to
print uniform two-dimensional materials based pattern.

Experimetal method

The preparation of the GO sheets is based on a modified
Hummers’ method [10]. Briefly, nature graphite flakes (1.5 g,
grade 9842, Graphexel Ltd., Epping, UK) were dispersed in
concentrated sulfuric acid (200 ml, > 95%, >17.7 mol, Fisher

Scientific) by stirring in an ice bath. Then a total of 6.0 g
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Figure 1. Left: SEM images of large (top) and small (bottom) size of GO sheets. Middle: Schematic representation of the deposition of printed droplets with
large GO and small GO. The dash lines shows the capillary flow during the drying process. The droplet cantaining of large GO flakes gives a uniform
distribution after drying, while the droplet containing of small GO flakes shows a ring-like structure after drying.

KMnO, (Lot # MKBK7079V, Sigma-Aldrich) were added at 24
hour intervals over 4 days (1.5 g each time). The prepared GO
flakes was break-down to smaller size by treating with tip
sonication for different times.

The prepared GO inks were printed on pre-cleaned Si/SiO,
substrates by using an in-house designed and built laboratory
inkjet printer (MPP 1000) was equipped with drive electronics
(JetDrive III, Microfab, Plan, TX, USA) interfaced to a PC and
controlled in a LabVIEW (National Instruments, Austin, TX,
USA) system. The diameter of printhead is 60um and the
temperature of substrate was set to 30 ° C.

The images of dried GO droplets were captured using an
Olympus BH-2 optical microscope (Olympus, Tokyo, Japan).
The morphology and structure of the GO sheets and GO droplets
were characterized by scanning electron microscopy (SEM,
XL30 FEG-SEM, FEI, Eindhoven, Netherlands). The size
distribution of GO sheets was calculated from SEM images by
the software ImageJ (NIH, Bethesda, MA, USA).

Results
Figure 1 shows the schematic of the deposition of printed

droplets with large and small GO flakes. The large GO flakes
was prepared by a modified Hummers‘ method as decribed in
experimental section, while the small GO flakes was obtained by
treating the GO ink with tip sonication for 30 mins. By analysing
more than 200 flakes from serval SEM images as shwon in
Figure 1 left, the mean size of large and small GO flakes are
35.9+£23.2, and 0.68+0.31pum, respectively. It mentioned that the
drying GO droplets from large flakes showed a uniform
distribution, while the GO droplets form small flakes were
stacked at the edge of the drying drop which showed a CRE like
structure (shown in Figure 1 right).
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Figure 2 shows the typical SEM images of drying GO
droplets. It is noticed that the GO droplets with large flakes
showed a uniform distribution. The intensity profile of the
corresponding area further indicated the uniformity of the
droplet. The higher intensity area is due to the overlap of large
flakes or folded flakes. On the other hand, the droplet with small
flakes showed a very strong CRE at the edge of the droplet. A
high intensity and shape edge was observed from the intensity
line profile.

~08
-]
Lo6
3
c 04
2
o2

0.0

0 120 240 360 480
Distance (um)

1.0
~08
=
L8
z
204
8
£ o2

0.0

0 100 200 300 400

Distance (um)

Figure 2. SEM images of printed GO droplets from large (a) and small (b)
flake size. Intensity line profiles of the corresponding SEM images are
shown to demonstrate this phenomenon.

To further investigate the effect of flake size to the final
morphology of drying GO droplets, we prepared four types of
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GO dispersions in water with different lateral sheet sizes. The
mean flake size of these GO inks is 0.68+0.31, 2.32+1.54,
10.3£9.6, and 35.9+£23.2 pm, respectively. Figure 3 shows the
optical images of drying GO droplets on Si/SiO, substrates with
increasing GO flake size. It is noticed that the droplet based on
smallest flakes (0.68 pm) showed a ring edge with high contrast
colour to substrate which indicated the high degree stacking of
GO flakes. With increasing flake size to 2.32 um, the colour of
the edge of the droplet was weaken, which means less stacking
of GO flakes. With the flake size increasing to 10.3 pum, the
morphology of the droplet became uniform and no obviously
stacking of flakes. Further increasing the flake size to 35.9 um,
the CRE phenomenon was completely disappeared and a
uniform distribution of GO flakes was observed.

Figure 3. Optical microscopy image of drying GO droplets on Si/SiO, with
different flake size: (a) 0.68+0.31, (b) 2.32+1.54, (c) 10.3+9.6, and (d)
35.9223.2 um. All scale bars are 100 um.

Conclusions

The GO ink with mean size of 36.9 um was
synthesised from nature graphite by modified Hummers’
method. By further treated with tip sonication for different time,
the mean size of GO flakes was break-down to smaller size to
0.68 pum. It was found that when printed drops with diameter
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around 340 pum drying on Si/SiO, substrates at 30 °C, the coffee
ring effect could be overcome when the GO flake size larger
than 10.3 pm. Therefore, the coffee ring effect for drying GO
droplets can be overcome through increasing the GO flake size.

References

[1] Deegan, R. D.; Bakajin, O.; Dupont, T. F.; Huber, G.; Nagel, S. R.;
Witten, T. A., Capillary flow as the cause of ring stains from dried
liquid drops. Nature 1997, 389, 827-829.

[2] Yunker, P. J; Still, T.; Lohr, M. A.; Yodh, A. G., Suppression of
the coffee-ring effect by shape-dependent capillary interactions.
Nature 2011, 476, 308-311.

[3] Zhuang, X.; Mai, Y.; Wu, D.; Zhang, F.; Feng, X., Two-
dimensional soft nanomaterials: a fascinating world of materials.
Adv Mater 2015, 27, 403-27.

[4] Novoselov, K. S.; Geim, A. K.; Morozov, S. V.; Jiang, D.; Zhang,
Y.; Dubonos, S. V.; Grigorieva, 1. V.; Firsov, A. A., Electric field
effect in atomically thin carbon films. Science 2004, 306, 666-669.

[5] Zheng, Q.; Li, Z.; Yang, J.; Kim, J.-K., Graphene oxide-based
transparent conductive films. Prog Mater Sci 2014, 64, 200-247.

[6] Lotya, M.; Hernandez, Y.; King, P. J.; Smith, R. J.; Nicolosi, V.;
Karlsson, L. S.; Blighe, F. M.; De, S.; Wang, Z. M.; McGovern, 1.
T.; Duesberg, G. S.; Coleman, J. N., Liquid Phase Production of
Graphene by Exfoliation of Graphite in Surfactant/Water Solutions.
J Am Chem Soc 2009, 131, 3611-3620.

[7] Hernandez, Y.; Nicolosi, V.; Lotya, M.; Blighe, F. M.; Sun, Z. Y.;
De, S.; McGovern, 1. T.; Holland, B.; Byrne, M.; Gun'ko, Y. K;
Boland, J. J.; Niraj, P.; Duesberg, G.; Krishnamurthy, S.; Goodhue,
R.; Hutchison, J.; Scardaci, V.; Ferrari, A. C.; Coleman, J. N.,
High-yield production of graphene by liquid-phase exfoliation of
graphite. Nat Nanotechnol 2008, 3, 563-568.

[8] Torrisi, F.; Hasan, T.; Wu, W. P.; Sun, Z. P.; Lombardo, A.;
Kulmala, T. S.; Hsieh, G. W.; Jung, S. J.; Bonaccorso, F.; Paul, P.
J.; Chu, D. P.; Ferrari, A. C., Inkjet-Printed Graphene Electronics.
Acs Nano 2012, 6, 2992-3006.

[91 Su, Y.; Du, J.; Sun, D.; Liu, C.; Cheng, H., Reduced graphene
oxide with a highly restored m-conjugated structure for inkjet
printing and its use in all-carbon transistors. Nano Res 2013, 6,
842-852.

[10] Dimiev, A.; Kosynkin, D. V.; Alemany, L. B.; Chaguine, P.; Tour,
J. M., Pristine graphite oxide. J Am Chem Soc 2012, 134, 2815-22.

Biography

Pei He graduated from Xidian University with a BEng in
Telecommunication Engineering, China, in 2009. Then he studied in
organic electronic devices at Shanghai Jiao Tong University under the
supervision of Prof. Xiaojun Guo and obtained his MEng degree in
Electronic Engineering in 2012. Je started the PhD program in
nanostructured materials at the University of Manchester under the
sulpervision of Prof. Derby since September, 2012. His research now is
focused on inket printing of graphene-baseed dimensional materials for
electronic applications

© 2016 Society for Imaging Science and Technology



	INTRODUCTORY INFORMATION
	Copyright 2016
	ISBN: 978-0-89208-323-7 (usb stick)
	Table of Contents
	Conference Sponsors
	Exhibitors
	Conference Committees
	Week At-a-Glance
	Technical Papers Program
	IS&T CORPORATE MEMBERS
	CorporateMember Conference Sponsors

	AUTHOR INDEX
	KEYNOTE AND INVITED TALKS
	Novoselov, Materials in the Flatland…pg.1
	Weber, HP’s Jet Fusion 3D Printing Technology - Enabling the Next Industrial Revolution…pg.2
	Sirringhaus, Low-Temperature Organic and Oxide Transistors for Printable Electronics…pg.3
	Kyogoku, The Objectives of a National Project of ‘Manufacturing Innovation through Development of Next Generation 3D Printers’ in Japan…pg.4
	Groll, Materials and Fabrication Methods for Biofabrication…pg.5

	DIGITAL FABRICATION AND 3D PRINTING TRACK
	3D Printing and Additive Manufacturing I
	Baek, Material Jetting 3D Printing Process by Thermal Inkjet Head…pg.6
	Takagishi, Finishing Processes of Fused Deposition Modeling (FDM) 3D Printer…pg.10
	Norikane, Three Dimensional Inkjet Fabrication of Nano-Composite Hydrogel…pg.14
	Tokito, Newly Developed Printing Technologies for 3D Printed Electronics…pg.18
	Simske, Inkjet Printing and the Steady State Macroscopic Mechanical Energy Balance (SSMMEB) Equation…pg.21
	Song, Implementation of the Four-Flux Model for Spectral and Color Prediction of 2.5D Prints…pg.26
	Schuster, Development of Inks Suitable for the Manufacturing of Micro-Scale Polyurethane Foams…pg.31
	Taniguchi, On-Demand-Like FDM 3D Printhead Consideration…pg.37
	LedesmaFernandez, 3D High Viscosity Jetting of Functional Materials…pg.41
	Liniger, Advancements in Inkjet Technology for Materials Deposition and Manufacturing…pg.48
	Hoshino, Depth Feeling Dependence on Array Condition of Objects…pg.52

	3D Printing and Additive Manufacturing II
	Weber, Fine Particulate and Chemical Emissions from Desktop 3D Printers…pg.121
	Takahashi, Intensive 3D Structure Modeling and Seamless Data Flow to 3D Printers Using Voxel-based Data Format FAV (Fabricatable Voxel)…pg.124
	Johnson, Polymer Spray Deposition: A Novel Aerosol based Electrostatic Digital Deposition System for Additive Manufacturing…pg.129
	Slomowitz, The Impact of 3D Printing on US Copyright and Trademarks…pg.134
	Norazman, Estimation of High Speed Sintered Nylon-12 Tensile Strength Using Visible Reflectance Spectroscopy…pg.137
	Downey, Spinal Bracing for the Future…pg.138
	Sasaki, Coated Powder based Additive Manufacturing Using Inkjet Technique…pg.139

	Printed Electronics I
	Hodgson, Offset Printing of Conductive Features onto Paper Substrates…pg.143
	Hakola, Inkjet Printable Anode Ink for Fuel Cell Applications…pg.149
	Zhou, Analysis on Printed Electronics Circuit Design…pg.153
	Pleaa, Fabrication of Printed Switches…pg.156
	Molaire, A Novel Printable Process for Fabricating Large Size OLED Display…pg.160
	Danesh, Low-Voltage Printable OFETs for Sub-ppm Detection of Ammonia under Humid Conditions…pg.162

	Printed Electronics II
	Bollgruen, Optical Waveguides Fabricated by Combination of Inkjet and Flexographic Printing…pg.294
	Hartwig, Investigation on an Inkjet Printed Passive Sensor for Wireless Ice Detection on Wind Rotor Blades…pg.298
	Nishi, Flexible Pressure Sensor Driven by All-Printed Organic TFT Array Film…pg.305
	Mitra, Intense Pulsed Light Sintering of an Inkjet Printed Silver Nanoparticle Ink Depending on the Spectral Absorption and Reflection of the Background…pg.309
	Oda, The First International Standards for IEC/TC 119 Printed Electronics Materials Substrate and Conductive Ink…pg.314
	Kobayashi, Multicolor Electrochromic Device with LSPR of Silver Electrodeposition Toward Color Reflective Display…pg.319

	Printed Sensors
	Belsey, Switchable Passive Wireless Vapour Sensors from Inkjet Printed Electronic Components on Poly(dimethylsiloxane)…pg.323
	Jakovljevic, Packaging Added Value Solutions by Thermochromic Liquid Crystal-based Printed Labels…pg.325
	Araujo, A Part Complexity Measurement Method Supporting 3D Printing…pg.329
	Guo, Watermarking Embedding Algorithm for Color QR Code based on Image Normalization and Contourlet Transform…pg.335
	Wang, Inkjet Printed Micro Saddle Coil for MR Imaging…pg.339
	Koivunen, Inkjet Printed Polyelectrolytes for Microfluidic Paper-based Analytical Devices…pg.343


	DIGITAL PRINTING TECHNOLOGIES TRACK
	Inkjet-Based Processes I
	Kwon, Evaluation Method of Inkjet First Drop Dissimilarity…pg.56
	Reinhold, Measurement of Inkjet Printhead Reliability by Detecting Every Single Droplet in Flight…pg.60
	Turner, Titanium Oxo-alkoxide Clusters as a New Source Material for High Quality TiO2 Structures by Inkjet Printing…pg.64
	Li, Reproduction of HDR Image on Paper Medium Using Inkjet Printer…pg.68
	Chen, Interaction of Sequential Pulsed Electrohydrodynamic Jets for Drop-on-Demand Printing…pg.71
	Kido, Development of New Aqueous Resin Ink for Sign Graphics…pg.75
	Morita, Breakthroughs Required in Piezo-on-Demand Inkjets for Production Printing: Satellite Drops, Ink Penetration, and Evaporation…pg.79
	Liu, Influence of Z Number and Pulse Voltage on Drop-on-Demand Inkjet Printability…pg.83
	Ishihara, Laser Drying Technology Applied to Improvement of Density Variation on Offset-Coated Paper…pg.85
	Wickström, Application of Antibacterial Coatings on Resin Composite Implant Materials Using Inkjet Printing Technology…pg.89

	Inkjet-Based Processes II
	Best, Key Design Considerations for Measurement of Drops-in-Flight Using Machine Vision…pg.165
	Kazmierski, Inkjet Printing onto Patterned Substrates…pg.170
	Samusjew, Inkjet Printing of Elastomeric Optical Waveguides…pg.175
	Liu, Improved Color Performance of Reactive Dye Inkjet Printing on Cotton Fabrics by Controlling Ink Droplets Spreading…pg.177
	Dijksman, Refilling Characteristics of High Frequency Piezo Driven Inkjet Print Heads…pg.181
	Ding, Textile Inkjet Printing to Support US Manufacture Reshoring…pg.189
	Hoath, Multi Pulse Train Modelling of Piezo-Drop-on-Demand Inkjet Print-Head Response…pg.194
	Chu, The Effect of Paper's Properties on the Dot Reproduction of Image in Inkjet Printing…pg.203
	Crankshaw, Ink Recirculation – Xaar TF Technology™: A Study of the Benefits…pg.207
	Palo, Development of Wound Dressings for Biofilm Inhibition by Means of Inkjet Printing…pg.212

	Workflow
	Kuo, Optimized Image Rendition with White Colorant in a Digital Electrophotographic Printing Process…pg.217
	RojasArciniegas, Development of a Supervision System: Towards Closing the Control Loop in 3D Printing Systems…pg.221
	LeGaludec, Functional Coating Developments for the Digital Manufacturing Age…pg.227

	Printing and Fabrication Principles and Processes
	Ravasio, Meniscus Motion Inside a Drop-on-Demand Inkjet Print-Head Nozzle…pg.348
	Till, Digital UV Printing of 3 Dimensional Objects at High Speeds…pg.353
	Chang, Geometric Element Test Targets (Getts™) for Determination of 3D Printers’ Resolutions…pg.354
	Yang, Inks of Organic Cu-Precursors with Short Carbon Chain…pg.359
	Battat, Elastomer Fatigue in Belt Fusing…pg.360
	Komatsu, Toner Mask Method for Imaging on Niobium…pg.366
	Nakamura, Control of Titania Layer of Dye-Sensitized Solar Cell (DSC)…pg.370
	Huson, 3D Printed Ceramics: Current Challenges and Future Potential…pg.374
	Harlen, Simulations of Drop Formation in Complex Rheological Fluids - Can Rheology Improve Jetting Performance?…pg.378

	Ink Substrate Interactions
	Mielonen, The Effect of Nanoparticle Binders and Modified Precipitated Calcium Carbonate on Ink Absorption Behavior in a Multilayered Coating Layer…pg.457
	Kasperchik, Inkjet Alchemy - Inkjet Printing of Thin Metal Oxide Films with Dichroic and Metallic Appearance…pg.461
	He, Controlling “Coffee Staining” Effect of Inkjet-Printed Droplets from Graphene Oxide Inks…pg.466


	MATERIALS, METHODS AND PERFORMANCE TRACK
	Metrology Tools for Digital Printing Processes
	Martin, Measurement of Inkjet Drop Volume -- The Role of Image Processing…pg.94
	Ebihara, Development of a Small Built-in Spectrophotometric Sensor for Color Printers…pg.103
	Lin, A New Out-of-Gamut Determination Method of Image based on Irregular Segmentation…pg.107
	Fukue, Basic Study on Evaluation Method of Thermal Conduction through Printing Papers Using 1-Dimentional Thermal Conductivity Measurement…pg.112
	Minegishi, Study on Visibility of Density Unevenness in Printed Images Affected by Characteristics in Input Images…pg.116

	Performance of Print Products (Quality, Robustness, Permanence, and Functionality
	Suzuki, The Relationship between Dispersion Stability and Print Qualities on the Coated Paper…pg.229
	Momose, Visualization and Quantitation Technology of Carbon Black Dispersion State in Intermediate Transfer Belt Using Confocal Laser Scanning Microscope…pg.233
	Mizutani, Development of Image Quality and Reliability Enhancing Technology for 29 x 23 Size Digital Inkjet Press ?KM-1?…pg.237
	Otsuki, Motion Illusion Brought by Arrays of Arrowhead Patterns…pg.241
	MicoVicent, Evaluating Gonio-Appearance in Advanced Printing Materials with Quality Control Procedures and Instrumentation Used for Automotive Coatings…pg.245
	Nikitichev, 3D Printing in the Development of an Endoscopic Probe…pg.251
	Kaneko, Quantification of Faithful “Color Appearance” Reproduction, and Application to New Products…pg.255

	Physics and Chemistry of Materials I
	Yamada, Dispersion Control of Liquid Toner by Dispersant and Analysis of Adsorption Structure…pg.259
	Jackson, Understanding Dynamic Relaxation of Inks at a Timescale Relevant to High Frequency Drop-on-Demand Printing…pg.264
	Sharma, Inkjet Printed MoS2 Electronics…pg.269
	Wang, Preparation and Application of Polyurethane Polymer Modified by Nano Silica…pg.270
	Nie, Shape Control Synthesis of Silver Hierarchical Microcrystals…pg.274
	Johns, Inkjet Printing with Inks that Phase Separate during Drying…pg.275
	Davies, Semi-Conductive Printing Rolls for Improved Print Quality…pg.281
	Yoo, Predicting Paper Wrinkles in Fusing Process of Laser Printers Using Dynamic FEA…pg.282
	Ataeefard, Preparing Anti-Bacterial Printing Toner via Emulsion Aggregation Method…pg.286
	Li, Synthesis of Guar Gum Derivatives in [BMIM]Cl Ionic Liquids and Their Application on Pulping and Papermaking…pg.291


	Colleague Connections: Overview of the UK Innovation Landscape
	DIGITAL PRINTING APPLICATIONS TRACK
	Security Printing
	Hodgson, Security Print Features based on Additive Manufacturing - Threat or Opportunity?…pg.382
	Ulichney, Effect of Non-Integer Scaling on the Recovery of Data Bearing Marks…pg.386
	Mizen, Comparison of Technologies for Card Printing Applications…pg.392


	BIOPRINTING
	Bioprinting I
	Stier, Dispensing of Hydrogel Ink onto Electrospun Biodegradable Paper for Biomedical Applications…pg.397
	Zhang, Regenerated Silk Fibroin as Inkjet Printable Biomaterials…pg.406
	Robertson, 3D Printed Ultrasound Phantoms for Clinical Training…pg.410
	Zou, A Method for Detecting the Fluorescence-Emission Wavelength and Visualization of Biological Traces…pg.416
	Edney, The Use of Inkjet Printing and Thermal Phase Change Inks to Create Sacrificial Prevascular Networks…pg.419
	Lehmann, Novel Approach for Predicting Coffee-Ring-Effect in Drying Droplets based on Binary Solvent Mixture from Substance Data…pg.424
	Boland, In Vivo Characterization of Bioprinted Capillaries…pg.428

	Bioprinting II
	Dodoo, Effect of Thermal Inkjet Printing on Bacterial Cells…pg.402
	Subramaniyan, Fabrication of ZrO2-SiO2 Binary Oxides Scaffold by Inkjet Printing for Bone Tissue Engineering Applications…pg.429
	Nikitichev, Placenta Vasculature 3D Printed Imaging and Teaching Phantoms…pg.431
	Li, Printed Electronics and 3D Printing as New Manufacturing Technologies - New Opportunities for Bio-based Materials…pg.435
	Tse, Reactive Inkjet Printing Applications for Tissue Engineering…pg.442
	RodriguezDevora, Growth-Inhibitory Effect of Chemotherapeutic Drugs Dispensed by Inkjet Bioprinting on Cancer and Non-Cancer Cells…pg.446
	Gregory, Altering the Bubble Release of Reactive Inkjet Printed Silk Micro-Rockets…pg.452


	TECHNOLOGIES IN DIGITAL PHOTO FULFILLMENT 2016
	Welcome Remarks and Company Introductions
	Tools and Strategies of Print Preservation
	Photo Book Construction and Preservation
	Factors that Influence Permanence and Durability of Photo Books

	MATERIALS, METHODS, AND PERFORMANCE TRACK
	Physics and Chemistry of Materials II
	Walker, Hi Resolution Inkjet Printing of OLEDs at Merck…pg.469
	Shu, Fully Solution Processed Organic Light-Emitting Electrochemical Cells (OLEC) with ZnO Interlayer for Lab-on-Chip Applications…pg.472
	Edler, Application of Vinylcarbonates as Low-Toxic Monomers in Digital Inkjet Inks…pg.475
	Afroj, Inkjet Printing of Graphene Inks for Wearable Electronic Applications…pg.480
	Smith, Multi-Functional Carbon Fibre Composites Obtained Using Inkjet Printed Polyme…pg.482
	Forsberg, Liquid Exfoliation of Layered Materials in Water for Inkjet Prinitng…pg.486

	Laser Imaging and Patterning
	Kishi, Development for Secondary Color Graininess Separation Method for the Electrophotographic Imaging…pg.493
	Nemoto, Laser Color Marking Using Thermo-Sensitive Recording Paper - Study of Condition for Magenta and Cyan Development…pg.498





