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It's hard to imagine that drupa is here already. 
But with so many companies matching their 
research and development cycles to the show, 
there are always plenty of new and exciting in-
novations to be found among the nearly 2,000 
exhibitors that present each time. Most of the 
major digital printing related manufacturers, 
like HP and Kodak, always have something 
surprising up their sleeve. And it looks like this 
year will be the year of inkjet and digital print-
ing at drupa. This is not a complete surprise, but four years ago we thought 
that printed electronics would play a much bigger role in 2016 and digital 
would simply be making deeper inroads into conventional graphic arts.

While it is true that digital printing is increasingly being used for jobs 
traditionally handled by offset, flexo, or gravure, as we have seen many 
times over the past four years, it is the technology's potential for variable and 
short-run printing that is being recognized by brands and marketers. These 
capabilities are creating entirely new markets that are driving growth for 
both digital and conventional printing. The fact that so many companies are 
pushing inkjet at drupa this year, including gravure and flexo plate making 
companies, hints that digital printing is changing the industry—even those 
on the equipment side are seeing the need to diversify their lineups.

Digital also offers businesses from outside the print industry the ability to 
enter the industry more easily as such machines take much of the guess work 
out of the printing process. On the other hand, if large print consumers, such 
as marketing companies and high-volume pharmaceutical producers, used 
this ability to in-house printing operations, digital could potentially create an 
invisible world of printing. It is unlikely that brands doing their own printing 
would exhibit at drupa in the future, so an increasing number of companies 
doing some amazing things with the technology would remain completely 
unknown to the rest of us.

Given the opportunity to visit drupa in the future, perhaps this would be 
one of the most interesting aspects to investigate. Will we see brands exhib-
iting as print service providers in the future? How many new faces among 
the thousands of exhibitors will be from completely different industries? 
How will traditional printers change their operations to compete with new 
businesses or maintain customers that are considering in-housing printing? 
As always, new technologies raise so many interesting questions.
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Making Transparent Paper Out of 100% 
CNF for Foldable, Portable Solar Cells and 
Conductive Paper

www.nogimasaya.com

Laboratory of Cellulose Nanofiber Materials, The Institute of 
Scientific and Industrial Research, Osaka University

Paper is essential to modern life. Yet, the history of 
modern paper goes back to the Later Han Dynasty 

of China nearly 2000 years ago, when Sairin, a court 
official, improved the conventional paper making 
method. Given the existing recording methods of the 
time—namely writing on strips of wood or bamboo—
this was truly a revolutionary event. Today, research 
on paper continues, and one researcher has even 
succeeded in turning paper transparent. The trans-
parent paper (Nanofiber Paper) developed by Dr. 
Masaya Nogi, an associate professor at the Institute 
of Scientific and Industrial Research, Osaka Uni-
versity, is made entirely of cellulose nanofibers and 
contains absolutely no resin. Nanofiber paper is light, 
foldable, and heat resistant, and given its low thermal 
expansion, Dr. Nogi expects it to be used as a trans-
parent substrate for organic thin-film solar cells and 
displays. Printing and paper are considered two of 
the four great, transformative inventions of history. 
Perhaps this transparent paper will be a fifth.

Making Nanofiber Paper
Conventional paper is made by first removing the lignin from 

wood chips, extracting the fiber pulp, filtering the resulting 

suspension of pulp and water, dehydrating the product, and 

drying. The hydroxyl groups in the fiber pulp undergo hydro-

gen bonding, allowing the fibers to bind together into sheets 

without using adhesives.

Nanofiber Paper is made through a very similar method 

to conventional paper. In this case, however, the fiber pulp is 

further fiberized to the nano level to form cellulose nanofiber 

(CNF).1 The resulting aqueous suspension (less than 1% by 

weight of CNF) is then coated and 

dried. As with paper, the hydroxyl 

groups on the surface of the CNF 

undergo hydrogen bonding to 

form sheets, but compared to 

standard fibers (15–50 μm wide), 

CNF are much thinner and have 

a larger specific surface area. As 

such, the number of hydrogen 

bonds is significantly larger, and 

the voids between the fibers are 

extremely small.

Reason for Transparency
According to Dr. Nogi, the key to the paper’s transparency 

is the refractive index. When the refractive index of two sub-

stances is different, incident light will reflect, making one or 

both of the substances visible, but if the refractive index of the 

two substances is the same, the light will pass through both, 

making them appear transparent.

For example, a glass rod inserted into a beaker full of water 

will be visible because the water and glass have different re-

fractive indexes. On the other hand, if the beaker is filled with 

sugar water, the glass rod will vanish because the sugar water 

and glass have the same refractive index (see Figure). In other 

words, the glass rod in the water reflects part of the light, but 

Associate Professor 
Masaya Nogi

1 Cellulose nanofiber (CNF) generally refers to fibrous materials 

with an average width of 3–20 nm and an average length of 

0.5 to several micrometers. Cellulose single nanofiber (CSNF) 

or TEMPO-oxidated cellulose nanofiber (TOCN) refer to fibers 

that have undergone TEMPO-mediated oxidation to reduce 

their width to 3–4 nm.
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with organic transistors.

Given that they have already developed components for 

such paper devices, Dr. Nogi says that the next step is to eval-

uate the durability during assembly. One problem is increasing 

the water resistance, and, assuming that coatings will be used 

to increase functionality, there is a need to reduce the price of 

the substrate further.

IoT Supportive Interface
According to Dr. Nogi, thus far Nanofiber Paper has been con-

sidered as a replacement material because it is lighter than 

glass and more foldable than PET, but replacement materials 

require properties that exceed those of the conventional ma-

terials in addition to offering cost benefits. Going forward, he 

says they intend to continue with research utilizing their suc-

cess thus far, but that they also want to use paper to create 

products that offer completely new value.

He goes on to say that with the internet of things (IoT), 

where all things and people are connected via the internet, the 

importance of interfaces will increase. For this reason, being 

able to make interfaces out of light, cheap, portable, dispos-

able paper, will make our lives that much more convenient. In 

fact, Dr. Nogi already has several ideas. Just a short time ago, 

the very concept of transparent paper was inconceivable, so 

this development gives good reason to believe that the future 

will see revolutionary products created from paper.

TOF-4R : 0.03-3 mm  TOF-5R : 0.02-0.2 mm  TOF-6R : 5-100 µm
10-10,000 mm
TOF-4R, 5R : 1 mm   TOF-6R : 0.1 mm
AC 100-200V ± 10% 50/60 Hz
10-40 ℃ / 35-80 % (no condensation)

Measurement range
Measurement length
Measurement pitch
Power supply
Temperature/Humidity

Type

TOF-4R05
TOF-4R10
TOF-5R01
TOF-6R001

Resolution

0.5µm
1.0 µm
0.1µm
0.01µm

Accuracy (at 20℃)

2+2 µm
2+2µm

0.8±0.1 µm
±0.2µm

Measuring force

0.6±0.1 N
0.8 N or less
0.3±0.01N

0.19 N (0.12N)

TOF-4RTOF-4R TOF-5RTOF-5R TOF-6RTOF-6R

* Export permission is necessary. (Japanese Govt.)
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Precise Thickness Measurement and Control
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 InterPlas Thailand 2016
Date: July. 7-10, 2016 Venue: BITEC ∙ BANGKOK

On March 15, 2016, the FUJI KIKAI KOGYO Co., Ltd. was 

awarded with the Conceptual Achievement Award at the Hat-

sumei (invention) Awards, organized by the Japan Society for 

the Advancement of Inventions (JSAI) and NIKKAN KOGYO 

SHIMBUN, Ltd. FUJI KIKAI KOGYO was chosen for its inven-

tion of the D Chamber Coating System, composed of a re-

versed angle doctor and sealed gravure coating system. The 

system solves the problems of leakage, foaming, and gaps, 

while its applicability to full-scale production lines has been 

confirmed through customer field testing.

For details on the system, see the January/February 2016 

edition of Convertech & e-Print.

FUJI KIKAI KOGYO Co., Ltd.: www.fujikikai.co.jp

FUJI KIKAI Award for Best Concept
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www.rish.kyoto-u.ac.jp

Research Institute for Sustainable Humanosphere, 
Kyoto University

New CNF Composite Resins Are Strong 
Enough to Produce Automobile Exterior 
Components

Continuous advancement is being made into 
the commercialization of materials containing 

cellulose nanofiber (CNF). In fact, applications now 
range broadly, from ballpoint pen ink thickeners to 
deodorizing diaper pads. Professor Hiroyuki Yano 
of the Research Institute of Sustainable Humano-
sphere, Kyoto University, began researching a CNF 
reinforced resin compound some 16 years ago in 
2000. At the time, the best known advanced material 
was carbon fiber, so Dr. Yano is overjoyed that today 
people increasingly know CNF to stand for cellulose 
nanofiber, not carbon nanofiber. Even so, the road to 
this change was far from easy. Dr. Yano started out 
researching the wood used in musical instruments, 
which led him to understand the strength of wood 
and to research new ways to use wood in reinforcing 
composite materials. One of his goals now is to make 
a car out of CNF, something that is finally coming to 
fruition. In the Spring of 2016, the University began 
construction of a CNF production plant on campus.

 

Musical Instrument Material Research and 
Hurricanes
—Recently, the CNF that forms the cell walls 

of plants has been garnering attention for 
its use in making composite resin materials 
and to functionalize everyday goods. Given 
your position as a leader in CNF research and 
development today, have you always been 
interested in CNF?

Dr. Yano: Not at all. I began focusing on CNF research in 2000 

after I returned to Kyoto University as an instructor. Until then, 

I was involved in researching the acoustic properties of wood 

for musical instruments. At the time, my research focused on 

changing the vibrational characteristics of musical instruments 

like violins, guitars, and pianos by chemically modifying the 

wood from which these are made.

For example, the soundboards of violins and pianos are 

made of Norway spruce because of the high speed of sound 

and low vibration absorption. The orientation of the CNF in the 

direction of the grain is what gives Nor-

way spruce a high speed of sound. I 

was basically trying to chemically treat 

the lignin and hemicellulose, which 

forms the wood along with CNF, to im-

prove the vibrational characteristic of 

the wood.

In 1986, I began working as an as-

sistant at the Kyoto Prefectural Univer-

sity, where I continued with a similar 

line of research. At the time, research 

into the wood used in musical instru-

Professor Hiroyuki Yano
Born in Matsumoto City, Nagano Prefecture, Japan, Dr. 

Yano graduated from the School of Agriculture, Depart-

ment of Forestry Engineering, Kyoto University in 1982. 

In 1986, after leaving the doctoral program at Kyoto Uni-

versity’s graduate school, he began working for the Kyoto 

Prefectural University’s Faculty of Agriculture, becoming 

a lecturer at the university in 1992. In 1998 he joined the 

Kyoto University Wood Research Institute as an assistant 

professor, and became a professor at the University’s Re-

search Institute for Sustainable Humanosphere in 2004.
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www.sppcl.co.jp
SHINSEI PULP & PAPER CO., LTD.

Combining Rust Prevention and 
Barrier Properties in One Film 
to Extend Usage Life

Barrier Comparison

Rust prevention paper and volatile rust prevention 
films are often used to prevent rust and corrosion 

during distribution and storage of automotive parts, 
machine tool parts, and precision components. Most 
of these are permeable or have poor barrier prop-
erties, so are unable to block moisture and oxygen, 
the fundamental causes of rust and corrosion. In re-
sponse, SHINSEI PULP & PAPER CO., LTD. (SPP), 
a comprehensive paper solution company, worked 
with corrosion inhibitor producers and converters to 
develop a rust prevention film with a barrier property.

Metal products, including machine parts, require rust-proofing 

to prevent rust and corrosion during distribution and long-

term storage. Initially, rust-proofing was done by coating rust-

preventive oil to each individual part, but more recently rust 

prevention paper and rust prevention films containing corro-

sion inhibitors that do not require the removal of oil after use 

have become standard. Rust prevention paper is permeable 

and most rust prevention films are made by blending volatile 

corrosion inhibitors into a base of polyethylene, so these do 

not block the incursion of moisture and oxygen, which are the 

causes of corrosion. The corrosion inhibitors escape into the 

air, so the film needs to be replaced or rust and corrosion will 

occur, making these problematic in terms of long-term stor-

age. According to Shigeru Kato, director of the Development 

Department, automobile manufacturers regularly replace rust 

prevention films every two years because the corrosion inhibi-

Usage Image

tors vaporize. As the types of automobiles and the number of 

parts that must be stored have increased, replacing rust pre-

vention packaging has become a time-consuming task. This 

situation has led to the need for a rust prevention film that can 

be used long-term.

The rust prevention film developed by SPP and its partners 

uses a barrier film as the base, which blocks the incursion of 

moisture and oxygen from the outside, and traps the volatile 

corrosion inhibitors inside. In this way, the film is designed to 

store the packaged contents long-term. There are three dif-

ferent types with three different structures that can be chosen 

from depending on the application, performance, and cost. 

These are the N Type (nylon/rust prevention film), the NH Type 

(high-grade nylon/rust prevention film), and the PA Type (trans-

parent metalized PET film/rust prevention film).

The corrosion inhibitors blended into the film are catego-

rized as nitrous acid-free, non-nitrous types, and are thus suit-

ed for export to Europe, where there are strict regulations on 

nitrous acid. Rust prevention films might become folded during 

packaging, and may shift in the container during transport, so 

unlike barrier films for food packaging, these must have bend-

ing resistance. As such, they selected a barrier film with good 

Gelbo-flex resistance so that the barrier property does not de-

teriorate when the film is bent.

Mr. Kato says that the development concept was simply 

to prevent the volatile corrosion inhibitors from escaping. Even 

so, they faced difficulty in selecting the laminating adhesives. 

Most adhesives are acidic and have a negative effect on the 

contents as a result of bleed-out. As such, they adopted an 

adhesive that maintains productivity but has little bleed-out. 

They outsource the production of the film itself to a converter.

SPP has already begun shipping samples and testing at 

major automobile producers. The tests have already received 

positive responses, with some users stating that the packag-

ing looks like it will last 10 years and that packaging is simpler 

because there is no need to insert desiccants.

Rust Prevention Paper
Rust Prevention
Monolayer Film

High-barrier
Rust Prevention Film

Oxygen Moisture Moisture Moisture
Rust

Inhibitors
Rust

Inhibitors
Rust

InhibitorsOxygen Oxygen

Outside

Inside
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www.nhv.jp
NHV Corporation

Potential of Electron Beam Irradiation 
Technology in Cross-linking, Curing, and 
Sterilization Applications

Electron beam (EB) technology is used to cross-
link polymers and cure inks and adhesives. In 

doing so, EB technology provides materials with new 
functionality, such as increased heat resistance and 
denser coating film structures. Including its devel-
opment work as part of NISSIN ELECTRIC CO., LTD., 
NHV Corporation (NHV), a Japanese manufacturer of 
EB systems, has spent the last 60 years designing 
and developing EB systems with a wide range of 
acceleration energies. They also provide irradiation 
services at EB centers at three locations in Japan. 
We spoke to Yasushi Kanazawa of the Accelerator 
Division, and Takahiro Terazawa of the E.B. Pro-
cessing Service Division, about the potential for EB 
technology and the international market.

60 Years of EB Equipment Development
NHV was established as an independent company out of the 

Electron Beam Processing System (EPS) Division of its parent 

company, NISSIN ELECTRIC. The company began developing 

EPS as far back as 1957 when it was still part of NISSIN ELEC-

TRIC, and today has EB Centers that handle contracted work 

in Kyoto, Gunma, and Saga, Japan, in addition to its Kyoto 

Head Office and Plant.  Globally, they have local subsidiaries in 

Shanghai, China and the State of Massachusetts in the US. In 

China, they both manufacture and sell equipment, whereas in 

the US they primarily provide sales and after service.

EB technology is used to modify materials in fields such as 

polymer film and sheet cross-linking, coating film curing, and 

plastic drinking bottle and medical device disinfecting/steril-

izing. EPS generate an electron stream (electron beam) in a 

vacuum by applying a strong current to accelerate thermions 

that have been emitted from a filament. This electron stream is 

then released into the atmosphere to irradiate the target. When 

the electron stream penetrates a substance, the electron 

stream’s energy is absorbed by the substance, which causes 

the substance to undergo various reactions that increase heat 

resistance, strength, and hardness.

Mr. Terazawa explains that the benefits of modifying ma-

terials with EB include the high energy density and the rapid, 

uniform irradiation of the substance. For example, whereas 

chemical cross-linking results in quality variation when using 

cross-linking additives, under the proper conditions, EB irra-

diation has a constant output, which ensures uniform modifi-

cation and quality stability.

Acceleration Voltage and Electron Penetration
One standard for measuring EB performance is penetration. 

This index indicates how deeply an electron penetrates the 

substance, where penetration depth varies depending on the 

acceleration voltage used to accelerate the electrons. In other Takahiro Terazawa (left) and Yasushi Kanazawa (right)

CONVERTECH & e-Print     May / June 201614

http://www.nhv.jp


www.the-msr.com
MSR INC.

Knurling Improves Roll Quality, 
Reduces Blocking, and Protects 
the Surface of Delicate Films

Gage bands (thickness variation) are unavoidable 
during film rewinding. As internal stress con-

centrates in these thicker sections and these sec-
tions continue to overlay, however, the surface and 
substrate will deform, often leading to the loss of 
important and expensive materials. As such, there is 
a desire to wind the film as softly as possible when 
there is a risk that stress will damage the physical 
properties of delicately processed film surfaces. 
Even so, softer rewinding increases the risk of tele-
scoping and collapse. One solution to this problem is 
to emboss and raise both edges of the film to prevent 
the center section of the film from contacting the 
neighboring layers in a process called knurling. MSR 
INC is one company that offers just such services.

During knurling, a die-roller (roulette) is pressed against both 

edges of the traveling film, which embosses and raises both 

edges. When the knurled film is rewound, a gap is formed so 

that the center of the film does not come into contact with 

the other layers in the roll. Although a heated die-roller is gen-

erally used to emboss the film and ensure the embossing is 

not compacted after rewinding, pressure alone can be used to 

knurl heat-sensitive films.

One drawback of knurling is that the knurled edges of the 

film must be discarded, so the approach is generally used for 

expensive functional films which prioritize quality over yield. It is 

also possible to knurl metal copper or aluminum foils.

In addition to protecting the film surface during rewinding 

and transport, knurling is also effective in preventing roll slip-

page and telescoping. Other uses include reducing film block-

ing when there is a risk that internal stress during rewinding will 

damage the surface properties, preventing roll slippage when 

the roll is wound softly to protect the coating surface, and pre-

venting the center of the film from contacting transport rollers 

with delicate, specially processed film surfaces.

One company in Japan that offers contracted knurling 

services using heated die-rollers is MSR. According to the 

representative, MSR is able to provide the specific knurling 

height required by the customer regardless of the material (film 

or metal foil) or its thickness. MSR uses five types of knurling 

rollers with different embossed geometries, and can offer the 

ideal knurling conditions, including temperature, width, em-

boss height, and geometry, to match the type, thickness, and 

knurling purpose of the material. In addition to these five types, 

they are able to produce specific die-rollers when requested 

that match the film qualities and required emboss height based 

on their accumulated knowledge.

The representative goes on to say that at first glance knurl-

ing appears to be a simple process, but effective knurling re-

quires a significant amount of know-how because the knurled 

sections can deform during following processes if not knurled 

properly. For example, MSR has the know-how to knurl films 

properly so that they will not deform or cause problems when 

passed through fluid treatments after knurling. The length of the 

rewound web is also a factor in knurling and the height must be 

adjusted depending on the roll diameter. Inappropriate knurling 

conditions can cause the roll to collapse 

or cause rope-like wrinkles that look like 

a wrung-out cloth to form. The represen-

tative states that they can work with cus-

tomers from the process design stage to 

avoid these types of foreseeable prob-

lems in advance.

MSR handles various types of con-

tracted processing, but in most cases 

the work combines plasma treatment 

and knurling. Moreover, knurling con-

tracts have been increasing, partly be-

A Rubber Roller and a Die-roller are 
Pressed Against Each Other to Knurl 

One Side of the Film  (top) and Sample 
of a PET Film Knurled by MSR (right)
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cause many film producers have recently been focused on 

developing functional films.

On the other hand, the knurled sections of film are ultimate-

ly slit and discarded, so MSR also offers tape knurling services 

when a customer wants to avoid this waste. This approach ap-

plies an easy-release tape to either edge 

of the film in place of knurling to heighten 

the edges. Once this tape is removed in 

a following process, the entire width of 

the film can be used as a product.

Thus far, they have successfully 

applied the approach to processing a 

variety of materials, including PET, PP, 

PMMA (acrylic), and COP (cycloolefin) 

films, as well as copper and aluminum 

foil. Tape knurling can be used to handle 

minimum material widths of 15 mm and 

maximum widths of 2,500 mm.

In 2005 MSR set up the joint venture 

Suzhou ISR e-Films Co., Ltd. along with 

Iwatani Corporation to provide support 

in the Shanghai area, and in 2007 began a clean slitting op-

eration at the Zhongshan Iwatani Co., Ltd., owned by Iwatani. 

Their Suzhou and Zhongshan facilities offer slitting, micro-slit-

ting, laminating, and cleaning services for web widths of up to 

1,600 mm and slit widths of 3 mm.

The Air Gap in the Center of the Film 
Makes the Rewound Roll Feel Spongy 

When Pressed With a Finger

In the Case of Wide Width Films, the 
Center Is Sometimes Knurled Instead 

of the Edges
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www.nanosq.21c.osakafu-u.ac.jp
Osaka Prefecture University

Nanoparticle-Modified Bead 
Coated Film Turns Sunlight Into 
Heat for Electricity Generation

Along with GreenChem. Inc., a research team 
led by Atsuko Kosuga of the Nanoscience and 

Nanotechnology Research Center, Osaka Prefecture 
University, and Takuya Iida of the Graduate School of 
Science, Osaka Prefecture University, has succeeded 
in developing a high photothermal conversion effi-
ciency film. The new film is made by coating a dis-
persion of resin beads that have had their surfaces 
modified with metal nanoparticles of approximately 
30 nm in diameter. When exposed to artificial sun-
light for 100 seconds, the modified bead surfaces 
will rise in temperature from 25°C to 70°C. Upon in-
stalling this film in a commercially available thermo-
electric conversion unit, the research team found that 
the maximum power density was 20 times that of the 
uncoated film. The ultimate goal is to commercialize 
this film for use with housing materials designed to 
heat or preserve heat, as well as commercialize ther-
moelectric conversion devices for use as auxiliary 
power sources in mobile phones, for example.

One Step Surface Modification and Dispersion
The Osaka Prefecture University research team consists of 

Atsuko Kosuga (tenure-track lecturer, thermoelectric conver-

sion engineering), Takuya Iida (associate professor, Bio-pho-

tophysics), Shiho Tokonami (associate professor, analytical 

www.greenchem.co.jp
GreenChem. Inc.

chemistry), Yushi Nishimura (1st year doctoral student), Yas-

uyuki Yamamoto (2nd year master’s student), and Moe Miyai (1st 

year master’s student). GreenChem. is a venture company es-

tablished by Yojiro Yamamoto, a class of 2010 graduate of the 

Graduate School of Engineering, Osaka Prefecture University.  

This team was successful in producing a photothermal conver-

sion film that rapidly and efficiently converts light into heat. One 

specific application for which is to enhance the power genera-

tion capability of thermoelectric conversion units.

The film itself is made by modifying (affixing) gold and silver 

metal nanoparticles to the surface of 400 nm diameter resin 

beads (acrylic resin, etc.) and coating a dispersion of beads 

onto two sheets of PEN film. The substrate film can also be 

PET. After uniformly coating and drying the films for 24 hours, 

the coated sides are adhered together with double-sided tape.

Adhering the metal nanoparticles to the beads relies on 

the nano plating technology owned by GreenChem. Dr. Yama-

moto, president of GreenChem., explains that they add thiol 

molecules and resin beads to a metal nanoparticle dispersion 

and agitate the dispersion so that the thiol molecules adsorb 

to the surfaces of the metal nanoparticles. The thiol molecules 

and resin beads then interact with each other and bond, which 

creates a state in which the metal nanoparticles become af-

fixed to the bead surfaces after one or two hours.

Dr. Tokonami says the key here is that production takes 

place entirely by mixing in a single step. In many cases, how-

ever, before the bonded thiol molecules and metal nanopar-

ticles can adhere to the resin beads, the nanoparticles have 

a tendency to agglomerate together. As such, the timing at 

which each component is added is important.

To test the photothermal conversion film, the film was cut 

into 4 cm squares and exposed to white light (artificial sunlight) 

with a wavelength profile similar to that of sunlight. Films coat-

ed in gold nanoparticle-modified beads rose in temperature by 

45°C (25°C to 70°C) in 100 seconds. Measuring three types 

of film under the same conditions (silver nanoparticle-modified 

bead coated film, direct gold nanoparticle coated film, and un-

coated film), they found that the gold nanoparticle-modified 

bead coated film increased in temperature with the highest 

Production Process for Photothermal Conversion Films (image)

approx. 30 nm

Metal Nanoparticle

Metal NanoparticleSH Group
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Ministry of the Environment, 
Recycling Society Promotion Studies Forum

Using Waste Bamboo to Produce 
Fuel-cell Gas Diffusion Layers

This past December, the Ministry of the Envi-
ronment presented its research results from the 

Environment Research and Technology Development 
Fund at the 2015 Ministry of the Environment, Re-
cycling Society Promotion Studies Forum held in 
Osaka, Japan. During the forum, Dr. Taro Kinumoto, 
an assistant professor at the Department of Applied 
Chemistry, Oita University, presented his research 
into using waste bamboo as a material for the gas 
diffusion layer in hydrogen fuel cells.

According to Dr. Kinumoto, nearly 70% of Japan’s bamboo 

forests remain underutilized. He points out that if bamboo for-

ests are increasingly left unmanaged, the bamboo will affect 

living environments as they fall onto roadways and houses, or 

encroach onto farmland. Bamboo forests also tend to be fore-

boding and difficult to approach, so they also become hotbeds 

for illegal waste dumping.

Globally, there are roughly 22 million hectares of bamboo 

forest, which are growing at an average rate of 3% per year. 

Because bamboo grows in relatively warm climates, there is 

a risk that overgrowth of bamboo forests will also become a 

problem outside of Japan in Southeast Asia, China, and South 

America, for example.

Therefore, Dr. Kinumoto asked himself whether the wasted 

bamboo left after felling of these forests could be used as a 

material for hydrogen fuel cells, a next-generation battery.

Hydrogen fuel cells produce electricity and water through a 

chemical reaction between hydrogen and oxygen, and are be-

ing commercialized in the form of home-use and automobile-

use units. Their only waste product is water, so they do not 

release any greenhouse gases, such as CO2.

The fuel cell cells are composed of an air electrode (cath-

ode) and a fuel electrode (anode) separated by an electrolyte 

membrane. A gas diffusion layer on the outside of each elec-

trode supplies hydrogen and air to the electrodes, so this layer 

must be air permeable, conductive, and water repellent to ex-

pel the generated waste water.

Currently, this gas diffusion layer is made of carbon fiber 

nonwoven fabric, but Dr. Kinumoto feels that fibrous bamboo 

could also be used to produce nonwoven fabric with air per-

meability. As such, he aimed to develop a bamboo fiber sheet 

to replace the conventional carbon fiber sheet.

Dr. Kinumoto first investigated ways to extract and carbon-

ize the fiber (cellulose) from the bamboo. Specifically, after the 

inner and outer skins of the bamboo are striped, the bamboo 

is pressed and subjected to an NaOH hydrothermal treatment. 

Next, it is ground in a mixer and formed into a sheet as if mak-

ing hand-made Japanese paper.

Bamboo is extremely rigid and difficult to process in stan-

dard presses. One day, however, an Osaka based die-mold 

manufacturer saw Dr. Kinumoto’s problem during a television 

broadcast and built him a machine that can strip the inner and 

outer skins and press the bamboo. The manufacturer modified 

a lathe used to make automobile parts to build the stripper. 

Once the inner and outer skins are simultaneously stripped, 

the machine feeds the bamboo through a set of electric rollers, 

which easily compress the material.

After carbonizing the bamboo fiber sheet at 1,000°C, Dr. 

Kinumoto inserted the sheets into a hydrogen fuel cell to test 

the power generation performance. The output, however, was 

only one-fifth that of fuel cells containing carbon fiber gas diffu-

sion layers. The problem was the conductivity; specifically, the 

electrical resistivity of the bamboo fiber sheets was 10 times 

higher than that of the carbon fiber sheets.

To increase the conductivity, Dr. Kinumoto investigated in-

creasing the carbonization temperature and adding in binders. 

Increasing the carbonization temperature to 2,500°C improved 

the conductivity to about one-third that of carbon fiber sheets. 

Power generation tests showed that sheets carbonized at 

3,000°C resulted in a fuel cell output equivalent to 80% of the 

standard fuel cell.

Dr. Kinumoto then used a binder (PVA) to bundle the fi-

bers of the sheet together to further increase the conductive 

pathways. After immersing the bamboo fiber sheets in a PVA 

solution, the sheets are dried and carbonized. This approach 

improved the conductivity by 1.6 times that of sheets without 

binders. The results achieved an output equivalent to 91% of 

the standard fuel cell.

In terms of water repellency, even without a water-re-

pellency treatment, the bamboo fiber sheets express a high 

performance that surpasses that of carbon fiber sheets. Dr. 

Kinumoto explains that he expects the approach to reduce 

costs—giving the material an advantage over carbon fiber—

and hopes to commercialize a fuel cell made using a bamboo 

gas diffusion layer in 2020.
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www.tokyo-slitter.co.jp
Tokyo Slitter

Rewinding Multiple Narrow Webs on a Single 
Core Without Using Flanges

When electronics materials are slit to less than a 
few millimeters in width, the rewound rolls are 

likely to collapse, so a spool (flanged core) is typically 
used during rewinding. Spools, however, are more 
expensive and bulky, so take up space. In response, 
Tokyo Slitter developed a proprietary technology 
some 10 years ago called Para-roll that rewinds two 
or more rolls of narrowly slit films on a single core. Be-
cause the rolls support each other, they are unlikely 
to collapse even without using a spool. Shingo Hirai, 
managing director of Tokyo Slitter, says they have 
recently begun providing samples of Para-roll as a 
way to actively market to customers and set them-
selves apart from other slitting companies. Despite 
how similar slitting samples can be, Mr. Hirai says he 
hopes customers find interest in their approach. Mr. 
Hirai spoke to us about the unique features of Para-
roll and the strengths of Tokyo Slitter.

Entering the Slitting Industry
Tokyo Slitter was founded in 1951 as Hirai Shikoujo by Mr. Hi-

rai’s grandfather, making 2016 their 65th year in business. Mr. 

Hirai explains that the company originally die-cut waxed paper, 

such as that used in metal cigarette cans. At the time, it was 

difficult to remove the first cigarette from the tightly packed 

cans, so waxed paper was inserted to ease the removal of the 

first cigarette. The company would splice together the leftover  

scraps of waxed paper and make these into bags to sell them 

for use as wrapping paper to protect Japanese pears on the 

tree before picking. Mr. Hirai explains that only a few years had 

passed since the end of WWII, so they had to make a livelihood 

selling anything that they could.

Tokyo Slitter Head Offices 
Have Been Located in 

Ikebukuro, Tokyo, Japan 
Since Its Founding. Despite 
Being Located Among the 
Narrow, Twisting Roads of 

a Residential Area, Mr. Hirai 
Says Their Location Makes 
Meetings Convenient and 
Shortens Film Transport 

Distances, Which Provides 
Benefits to Customers and 
Makes the Location Ideal. 

All Slitting Is Conducted in a 
Standard Environment

The turning point that led the company into the slitting busi-

ness was an inquiry into whether they could slit magnetic tape. 

In response, through much hard work, the company set out to 

research, develop, and build a slitter of their own design rather 

than purchase a machine from a slitter manufacturer to take 

on the job. Today, they continue this policy, and have never 

installed a machine sold by a slitter manufacturer. In fact, being 

able to develop their own slitters has given them the capability 

to respond flexibly to the demands of their customers, which is 

the foundational characteristic of Tokyo Slitter.

In 1970, the company established Osaka Slitter, an affiliate, 

as their entry into the Western Japan market. With the same 

basic technology as Tokyo Slitter and a larger plant, Osaka 

Slitter is able to work with 1,600 mm wide materials, whereas 

Tokyo Slitter can only handle a maximum width of 1,100 mm.
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cial diameters of 31, 32, 39, 40, 58, 69, 70, 86, 110, 115, and 

250 mm. They can also investigate other core sizes as well.

For films which require strict temperature control, they have 

refrigerated and freezer slitting facilities. At present, they only 

take on short-run orders for these.

The majority of the jobs they work with are related to elec-

tronics components. In this field, fluctuation in demand is ex-

tremely severe, for example with the rapid shift from standard 

mobile phones to smartphones. In this way, it is common 

for last year’s jobs to be completely gone this year. Mr. Hirai 

says they handle this situation by tackling the newest materi-

als and putting all of their energy into responding to difficult 

demands—a policy they will not change. They do not find sat-

isfaction in taking on jobs with stable volume, so technology is 

key to their survival.

a few millimeters or less. In other words, the goal is to help 

customers understand their slitting precision. In addition, be-

cause slitting samples provided by slitting companies tend to 

resemble each other, they hope Para-roll sets them apart in 

some way. Mr. Hirai says they also hope that customers who 

have seen the samples will always remember that Tokyo Slitter 

is doing something interesting.

Tackling the Newest Materials
Mr. Hirai says that although they were not specifically aiming 

to do so, they have been praised by their customers for their 

flexibility in working with different materials and conditions. The 

reason they can respond so flexibly to the circumstances is 

the rich experience of their technical staff and their ability to 

develop slitters in-house.

Specifically, they are able to handle rewinding cores with 

various inside diameters. Slitting requires that the core inside 

diameter matches the shaft diameter, so standard slitters are 

only designed to handle the standard inside diameters used in 

the industry. This makes handling irregular core sizes difficult. 

Because Tokyo Slitter can easily customize their machines, 

they can generally chuck any size core. For example, they can 

work with standard rewinding core inside diameters of 0.5, 1, 

1.5, 2, 3, 4, 5, and 6 inches, and they have worked with spe-

Eiichi Nozaki Is in Charge of 
Para-roll. Including Mr. Nozaki, 
7 of the 12 Employees at Tokyo 
Slitter Are Technical Staff, All 
of Which Have More Than 10 

Years of Experience Each

We produce these under strict quality 
control conditions, from material, to 
edging, to inspection. Our many years 
of accumulated experience and 
know-how are applied all the way 
down to the details.

We coat the surface of our steel 
Doctor Hi-blades to produce 
high-grade doctor blades with 
improved wear resistance and wiping 
capability. As a pioneer of long 
ceramic doctors, our blades are 
infused with our long history of trust.

We have been developing soft Doctor 
Hi-Blades that are suited to all 
printing and coating methods. We 
offer select products made of many 
different materials that undergo 
repeated testing in terms of strength, 
adhesiveness, thickness, hardness, 
geometry, and cost.

Using high-quality, high-purity steel, 
our products have a uniform 
micro-structure, so the blade tip has 
few chips and is durable. In addition, 
the entire blade is given an advanced 
coating with ultra-hardness, 
adhesiveness, and smoothness that 
greatly improves the blade tip wear 
resistance.

Headquarters 23-10, Sasameminamicho, Toda-shi, Saitama 335-0035, Japan
Tel: +81-48-424-1001  Fax: +81-48-424-1002
http://www.fuji-shoko.co.jp/en/

Please contact us via e-mail at :
info@fuji-shoko.co.jp

Trust=
Quality

Commitment to Detail

Using the highest quality Swedish steel, we produce our unique blades 
through an integrated in-house process that combines our proprietary 

blade grinding and surface coating processes.

Steel Doctor Hi-Blade®

 Series
Ceramic Doctor Hi-Blade®

 Series
Plastic Doctor® Blade

 Series Long Life Razor Blade

Doctor Hi-Blade ®
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2016

With 60% of its more than 300,000 visitors coming from outside of Ger-
many, since 1951 drupa has been one of the world's most influential trade 
shows for graphic and industrial print. Before each installment, the orga-
nizers announce the themes of the event, and for 2016 have chosen print, 
functional printing, packaging production, multichannel, 3D printing, 
and green printing. These themes go beyond the boundaries drupa has 
explored in the past and open the event to an entirely new range of tech-
nologies, including printed electronics and functional materials.

In many ways, drupa is moving into the areas Convertech & e-Print 
has covered for the past five and a half years. Given current trends in 
the industry, this is no coincidence. As the drupa 2016 motto "touch the 
future" hints, despite being an ancient technology, printing not only has a 
strong future, in many ways it is opening previously unimaginable pos-
sibilities for the future. For example, printing equipment is finding its 
way into electronics, biomedicine, and even the manufacturing of auto-
mobiles. Perhaps the most important aspect we must recognize, however, 
is that these new possibilities are global in nature, which explains why 
drupa attracts so many international visitors and exhibitors.

As a Japan based magazine, we feel it is essential that the world be 
exposed to what is going on in the print industry here in Japan. Japan's 
industries are known for their ability to take existing technologies and 
refine them, driving quality beyond that seen anywhere else in the world. 
Print is no exception, and drupa is the perfect place for us to provide the 
international print industry with a small sample of the ideas and concepts 
that are finding increasing recognition in Japan.

The following pages include selections from Japanese companies ex-
hibiting at drupa, companies that match with the six themes of drupa, and 
a few non-Japanese companies exhibiting at drupa that we often cover in 
our regular issues. Looking at past installments of drupa, and considering 
the topics we typically cover, we at first hoped to present a half dozen ar-
ticles that would appeal to the broadest range of drupa visitors. What we 
found, though, was that we were soon over our editorial page limit, and 
were forced to select from among dozens of articles. In fact, every article 
in this issue could be considered related to drupa's aims.

While some of our selections obviously match the themes of drupa— 
inkjet printing, powder-free offset printing inks, and a new VOC-free 
inkjet printer for example—others take a little imagination to see how 
they fit into the complex world of printing. Some of these more unusual 
topics include a new image based web control system, printed electron-
ics screen printing, and organic sensors, among others. In this way, our 
aim is to provide a glimpse of what is coming down the line, and perhaps 
even provide a hint at what existing technologies can do now.

In one sense, the future of print lies in technologies that are only in 
their infancy today. Considering the future of print more broadly, how-
ever, it is today's technologies that are creating the future. 
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Dynapac Installs the First HP Scitex 15500 in 
Japan, Bringing Innovation to the Cardboard 
Printing Industry

www.hp.com
Hewlett-Packard Japan, Ltd.

www.dynapac-gr.co.jp
Dynapac Co., Ltd.

The new HP Scitex 15500 corrugated UV digital 
press is the first large-format digital machine to 

emerge in the cardboard and paperboard printing 
fields, typically handled by offset, flexo, and small-
scale inkjet printers. This past March, Dynapac Co., 
Ltd. was the first company in Japan to install and 
operate on of these presses. According to Kikuo 
Sugiyama, president of Dynapac, the cardboard in-
dustry has seen a long, continuous period of low-
growth, with a lack of any trigger for expansion, 
but the HP Scitex 15500 is a breakthrough, opening 
up the potential for repacking, customization, shelf 
ready packaging (SRP), and test marketing. In short, 
Mr. Sugiyama says that the press will give them a 
stronger presence in the industry through innovation.

Making Cardboard Stand Out
Dynapac was born from the merger of Dainipponshigyo Co., 

Ltd. and Nippon Hi-pack Co., Ltd. in January 2005. Today, the 

company has seven locations and six subsidiaries in Japan, 

as well as locations in Hong Kong, China, Malaysia, Vietnam, 

and the Philippines. After his term as Chairman and General 

Manager Executive Officer at Kagome Co., Ltd., Mr. Sugiyama 

moved to Dynapac in March 2014, becoming the new presi-

dent in January 2016. One of his first actions as president was 

to set up the Digital Marketing Unit in the Sales Department.

During the company’s open-house at their Kawagoe plant 

this past March, Mr. Sugiyama addressed 92 customers and 

press saying that they are betting on the HP Scitex 15500, and 

that he sees it as his mission to create a company with a strong 

presence through innovation. This statement, however, means 

that at present this is not the company’s reality. Mr. Sugiyama 

explains that cardboard is a business in which it is difficult to 

differentiate one’s self from competitors, in which it is difficult 

to stand out. As such, his main area of focus during his time as 

president will be on bringing innovation to cardboard.

Digital Printing and Flexible Management
Dynapac currently operates four 

businesses. Their core cardboard 

business has annual sales of 29.5 

billion JPY, which is followed by 

their flexible packaging, paper 

carton, and assortment business 

at 6.8 billion JPY, their overseas 

business at 6.3 billion JPY, and 

their molded pulp business at 

200 million JPY. Other businesses 

account for 3.6 billion JPY. In Mr. 

First HP Scitex 15500 Installed in Japan
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The world around us is full of industrial products made of relatively thin 

materials, including paper, textiles, plastic films, thin-film glass, nonwoven 

fabric, and metal foils. Although this variety shows that these materials 

are essential to our daily lives, they are also critical in furthering the 

development of high-tech industries that will eventually form the core of 

the global economy. Some examples from the IT, energy, and medical 

fields include optical films for flat panel displays, solid polymer 

membranes used in fuel cells, and artificial biological membranes for 

medical applications. During the manufacturing process, however, we call 

these materials webs.

     Web manufacturing technology relies on the converting technologies 

of coating, laminating, and printing, as well as on web handling 

technology (here we include unwinding, slitting, cutting, drying, and 

rewinding, etc.). Among these, coating and printing have established 

themselves as cutting-edge technologies, for which academics have 

shown great interest. In contrast, web handling technology has 

conventionally been refined through production plant experience; 

although the technology itself has reached a fairly advanced level, its 

academic understanding is poor.

     At the strong behest of the industry, the author has spent the past 20 

years working to theoretically understand the physical phenomena related 

to web handling, and predicting and preventing the problems that occur 

during manufacturing. Our research has been studied widely in Japan by 

industries that utilize web handling technology, and has been praised for 

the help that it has provided in eliminating defects and developing new 

products.

     On the other hand, we have also received strong interest from around 

the world in publishing our results in English given the desire to understand 

the strength of Japan's web handling technology. Given that the theoretical 

research into web handling began outside of Japan, we are elated to be 

able to publish an English version of our work as it will allow us to repay 

our debt to those who came before. At the same time, nothing would make 

us happier than to see this work contribute to the opening of new horizons 

for readers around the world involved in web handling technology.
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New Inkjet Printer Uses VOC-free Water-
based Inks to Print on Packaging Film as a 
Short-run Printing Solution

A likely candidate for the new de facto standard 
of short-run flexible packaging printing has 

emerged in Japan. In an industry that is seeing a battle 
for dominance between gravure, flexo, electrographic 
digital, LED UV inkjet, and LED UV offset printing, 
despite being a manufacturer of gravure cylinder 
making systems, THINK LABORATORY CO., LTD.’s 
announcement that it had completed a new water-
based flexible packaging inkjet printer is turning the 
situation on its head. The FXIJ-1 AQUA water-based 
flexible packaging inkjet printer uses the world’s first 
volatile organic compound (VOC) free water-based 
inkjet inks, developed by Kao Corporation. This tech-
nology overturns the long-held common belief that 
pure water-based film printing is difficult, and is thus 
finding strong interest among and has received in-
quiries from converters, printers, and existing ink 
producers. In addition, Kao’s VOC-free water-based 
inkjet inks have been shown through tests on actual 
printing machines that slight changes allow them to 
be used for gravure printing as well, which is leading 
to growing expectations that the inks will stimulate 
the spread of water-based gravure printing. Kao and 
THINK LABORATORY will exhibit these Japanese in-
novations at drupa 2016, the world’s largest printing 
related exhibition, to be held in Dusseldorf, Germany, 
from May 31 to June 10.

Responding to the Demand for Short-runs
For many years, THINK LABORATORY, the manufacturer of the 

New FX2 laser gravure cylinder making system, has searched 

for a solution to the short-run printing problems faced by gra-

vure printing companies, its main customers. Despite gra-

vure's strength in long-runs of several tens of thousands or 

hundreds of thousands of meters, unlike in the US, Europe, 

and many developing nations, Japan’s average gravure print-

ing runs are estimated at 4,000 to 8,000 meters. Even these 

short-run lengths in Japan are too long for some customers, 

so gravure printers have struggled to handle printing runs of 

2,000 meters, which, at 200 meters per minute, are printed 

in just 10 minutes. Considering the preparation and cleanup 

work, including printing cylinder washing, ink and substrate re-

placement, doctor blade setting, and warm-up for printing reg-

istration, however, such jobs can take 60 to 90 minutes from 

start to end depending on the number of colors. This means 

the operational efficiency of the printing machines is extremely 

low. With 2,000 meter jobs alone, printing companies will find 

www.think-lab.com
THINK LABORATORY CO., LTD.

FXIJ-1 AQUA VOC-free Inkjet Printed Developed by 
THINK LABORATORY
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themselves in serious trouble if customers are not charged ap-

propriately. In reality, however, short-runs can be as short as 

1,000 or even 500 meters. Therefore, other printing methods 

more suited to short-run jobs have emerged, including flexo 

printing, electrographic and inkjet digital printing, and LED UV 

offset printing, which are believed to be easier than gravure in 

terms of operation and plate setting.

Understanding that the gravure printing industry is faced 

with these current difficulties, THINK LABORATORY has felt 

driven to propose a breakthrough solution. Several years ear-

lier, the company acquired a UV curable ink from outside of 

Japan, and began developing a short-run inkjet printer on their 

own with the help of a former gravure printing machine design-

er. Even so, UV curable inks have a unique odor that comes 

from the unreacted monomers and there is no such ink that 

can be used for applications that come into direct contact with 

food. As such, they faced the problem that these inks were 

only suited to non-food packaging applications.

After being introduced to Kao’s technology by the presi-

dent of a flexible packaging converter, THINK LABORATORY 

contacted the company immediately. From August 2014 on 

they worked with the Kao Techno-Chemical Research Center 

(Wakayama, Japan) to develop a VOC-free water-based pig-

ment inkjet ink that can be used for food packaging. During 

this time, the Kao researchers brought the prototype inks to 

THINK LABORATORY, and repeatedly test printed the ink with 

an inkjet printer on film, evaluated the results, and made im-

provements until they finally perfected the ink. According to 

Tatsuo Shigeta, president of THINK LABORATORY, one rea-

son the development went relatively smoothly was the high 

technological strength of Kao.

Rivaling Analog Printing Precision
The first 5-color VOC-free water-based page-width type ink-

jet printer, called FXIJ-1 AQUA, consists of five 108 mm inkjet 

heads aligned in parallel and can print widths of 540 mm at a 

speed of 5 to 30 m/min. The printing tests were made with the 

help of Futamura Chemical Co., Ltd. using their PET film for 

water-based printing. Although the details have yet to be re-

leased, the machine does not use an anchor coating, and has 

a print order of black, cyan, magenta, and yellow, with white 

being the fifth color. Drying uses hot-air. The ink (30% solid 

content) is diluted with purified water and is supplied through 

pipes to each of the printing heads from the plastic containers.

In addition, the printer is equipped with FANUC CORPO-

RATION CNC (computer numerical control), which instantly 

detects misalignment in unwinding and rewinding and con-

trols for this using servo motors. As such, there is no need 

for overlap or underlap processing during the flexible packag-

ing design stage to compensate for register misalignment that 

causes the undercoat to become visible.

At a resolution of 600 dpi, the quality rivals that of samples 

printed with solvent-based and water-based gravure printing 

using a laser made printing cylinder, and is thus sufficient for 

making new product proposals. Because there is still room for 

improvement in terms of the ink and printer, however, THINK 

LABORATORY expects to make further improvement to the 

printing quality through improved ink properties and more con-

venient printer operations before the machine is introduced to 

the market in the fall or winter of 2016.

When customers make unannounced corrections to the 

print design, PACKZ (PACKZ Software BVBA of Belgium) and 

a PC can be used to make changes directly to the original 

PDF sent by the customer’s designers, which can then be 

output on the new inkjet printer. Variable printing where each 

individual unit is different in terms of color and design is also a 

specialty of the printer.

With the help of Futamura Chemical, they are making print-

ing tests on OPP films for water-based printing, which they will 

use to verify the applicable substrates. In the case of flexible 

packaging, however, post-printing lamination is essential, so 

they are also working with converters, adhesive producers, 

and laminating equipment manufacturers to test water-based 

Correcting a Printing Design PDF With PACKZ Software

Plastic Containers of VOC-free Ink
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dry lamination. THINK LABORATORY is 

already in the process of assembling a 

second improved FXIJ, and the buyer, 

who will also test the machine, has al-

ready been determined.

Mr. Shigeta says that even conve-

nience stores and major supermarket 

chains are releasing products differen-

tiated by area for their private brands. 

Many products also have short life cy-

cles, so the demand for short-run print-

ing is clearly there. Mr. Shigeta goes on to 

say that if it is possible to capture printing 

runs of 2,000 meters or less—for which 

gravure printing is not economical—by 

combining the ink developed by Kao and 

the new inkjet printer, this will lead to fur-

ther expansion of the demand for flexible 

packaging printing. They plan to have a 

production system in place to ship four 

or five units per month by the time they 

formally announce the machine.

Discovery by Chance
During the repeated printing tests using 

the new water-based inkjet inks, they dis-

covered something unexpected—THINK 

LABORATORY found that it might be 

possible to use the inks for gravure print-

ing. Upon realizing this, they requested 

that Kao modify the inks for VOC-free 

water-based gravure printing, too. THINK 

LABORATORY also made changes to 

the cylinder making conditions, and 

through repeated trial and error tests on 

a gravure proofer, they discovered that they could print with 

cell depths of 5 or 6 μm (10 μm width), which is far shallower 

than the 12 or 13 μm cell depths typically considered ideal for 

standard water-based gravure inks. Conventional water-based 

gravure inks actually contain 20-30% alcohol. With the help of 

several gravure converters, they ran test prints at up to 150 m/

min. on actual machines. Although no one expected that they 

would be able to print at all with cell depths of 5 μm, they are 

still looking to make further improvements.

Mr. Shigeta explains that because the water-based ink is 

VOC-free, it is also not considered a hazardous material un-

der the Fire Services Act. Moreover, the ink overcomes one 

of the more difficult problems faced by solvent-based gravure 

printing today, namely meeting the VOC 

emissions regulations. In short, using 

these inks means there is no need to 

install expensive purification equipment.

To test the VOC emissions levels, 

THINK LABORATORY purchased five 

SHIMADZU CORPORATION gas chro-

matographs. After attaching these to a 

gravure printing machine at a printing 

company, they printed film with Kao’s 

VOC-free gravure inks. Continuous 

measurement of the VOC concentration 

showed that the level barely fluctuated 

between 100 and 200 ppmC from the 

start. Mr. Shigeta explains, however, that 

the VOC detected during VOC-free wa-

ter-based gravure printing was not VOC 

coming from the inks, but was the VOC 

coming from the work environment.  

In the case of VOC-free water-based 

gravure printing, a technology was re-

quired to make even shallower cells of 

5 μm on the cylinder surface. Therefore, 

THINK LABORATORY developed an ad-

vanced version of its New FX2. The new 

version uses TH dot and a new high-

precision etching unit to stabilize the 

cell depth and improve the high-quality 

high-light expression and reproducibility. 

It also has a man-machine-interface that 

automates development time correc-

tion and a new development unit with an 

automated analysis function to stabilize 

the cell wall width. A new photosensitive 

material reduces drying times and elimi-

nates the rotating drying unit. They also reduced the risk of 

defects and improved the productivity. Specifically, they ad-

opted a copper plating unit anode that reduces the amount 

of additive by a maximum of 20%, they switched from nickel 

to alkali copper plating to stabilize the base layer and improve 

the anchorage, they adopted a water-saving mechanism that 

matches the cylinder face length to reduce the amount of 

sprayed fluids (ballard fluid, etc.), and they adopted a man-ma-

chine-interface that further eases operations (for example, by 

inputting the cell depth itself instead of the etching time). These 

modifications will be gradually added to models shipped after 

May 2016, and eventually will be sold as a new model, the New 

FX3, at the end of 2016.

Printing Samples Printed Using VOC-
free Water-based Inkjet Ink (top), VOC-
free Water-based Gravure Ink (middle), 

and Solvent Gravure Ink (bottom)
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New VOC-free Water-based Inkjet Printing 
Inks Make Digital Printing of Food Packaging 
a Reality

www.kao.com
Kao Corporation

A volatile organic compound (VOC) free water-
based inkjet pigment ink formulated to reduce 

environmental impact has recently been developed. 
Applying their proprietary colorant nano-dispersion 
technology, the Kao Techno-Chemical Research 
Center (Kao Corporation) developed this new ink as 
their first step into the industrial printing industry. Of 
the various possibilities in this field, the company 
sees the highest demand for its inks in digitally 
printed food packaging. The company plans to begin 
selling the inks in 2016 and is aiming for sales of more 
than 10 billion JPY by 2020.

Colorant Dispersion/Stabilization
Kao’s colorant nano-dispersion technology applies the same 

surfactant technology used in the company’s laundry deter-

gents. With laundry detergents, the surfactant molecules ad-

sorb to the surface of oils adhered to clothing, which causes 

the oils to remove themselves from the clothing and dissolve 

in the water. Similarly, with pigments, the surfactant molecules 

adsorb to the surface of the pigments, which causes the ag-

glomerated pigments to dissolve in water and disperse. A 

newly developed dispersion polymer is also used to coat (en-

capsulate) each individual pigment molecule to disperse and 

stabilize the pigments at the nano-level.

In general, water-based pigment inks will penetrate paper, 

but will mix and bleed when printed on film because they can-

not penetrate the surface. Decreasing the ink volume mitigates 

the problem of bleeding on film, but in this case the ink does 

not wet the film either, resulting in low concentration, washed-

out printing. The company’s nano-dispersion technology gives 

the newly developed water-based inkjet ink the ability to easily 

wet the film even with small volumes, which results in dot gain 

and high-quality printing on film.

The water-based ink contains 30% solids and is diluted 

using purified water. The ink will be supplied to the user as 

pre-diluted liquid inks. The inks come in five colors (CMYK and 

white), but the company plans to make spot colors in the future 

depending on the demand. Pigment inks have better weather 

resistance and are less likely to fade than dye inks, so Kao 

expects the inks to be used for flexible packaging printing, and 

food packaging printing in particular. 

Specialized Inkjet Printer
Printing machines suited to the new water-based inkjet inks 

have already been developed. Kao Corporation and THINK 

LABORATORY CO., LTD. worked together to develop the FXIJ-

1 AQUA, a full-width print head array type inkjet printer. Using 

micro-droplet drying control technology, they have maximized 

the performance of the ink, allowing for high-quality printing Kao Colorant Nano-dispersion Technology

Pigment

Surfactant
Molecule

No Dispersants
Colorant Nano-

Dispersion Not Used
Colorant Nano-

Dispersion Used

Dispersed Polymer
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www.sungan.net
Sung An Machinery Co., Ltd.

SAM Open House at New R&D 
Center & Solution Coating Lab

SAM (Sung An Machinery Co., Ltd.) held an open 
house to inaugurate its new R&D Center located 

at the company's South Korea headquarters on April 
22, 2016. Hosted by Dong-Seong Shin, president 
of SAM, the event was held just prior to Chinaplas 
(April 25 to 28), and attracted over 50 key customers 
and industry partners from all over the world. Par-
ticipants were given an in depth tour of the new R&D 
Center, the Solution Coating Lab, the SAM Printed 
Electronics Lab, and SAM's overall manufacturing 
facilities during the one day event. Mr. Shin greeted 
the international guests and introduced SAM by 
saying that “we began working with highly advanced 
coatings in 1996 and established our first printed 
electronics lab in 2007 to support production of pho-
tovoltaic materials, touchscreens, and flexible dis-
plays. We then established our Solution Coating Lab 
in 2016.” SAM opened its doors to an additional 140 
guests on Friday, April 29 for local customers.

SAM designs and manufactures an extensive range of ma-

chinery for the printing and converting industry. Their portfolio 

of products includes extrusion, aqueous, solvent based, and 

solvent-less laminating machines, coating and lacquering ma-

chines, rotogravure printing machines, and flotation dryers. 

These technically advanced machines deliver high productiv-

ity and a quick return on investment. The company has three 

research labs and technical centers in Korea and New York. 

SAM has installed more than 600 lines in 32 countries.

SAM opened its Solution Coating Lab in March 2016 at 

the R&D Center. The center is located in a new 15,600 sq. ft. 

(1450 m²) building and offers clean room facilities for precise 

optical film coating. The center is fully equipped with analytic 

instruments, such as a high accuracy peel strength testers, 

optical property measuring systems, and humidity chambers. 

The lab’s pilot coating machine is designed for water and sol-

vent based, 100% solids, and hot melt coatings with a maxi-

mum width of 1,060 mm at 600 mpm (bypass speeds up to 

1,000 mpm). The line offers modular coating capabilities for 

slot die, micro gravure, pressurized chamber doctor blade, 

direct/reverse/offset gravure, S-knife (comma), reverse roll, 

semi-flexo, 5-roll, and transfer roll to start. The line includes a 

22 meter, 7 zone flotation and roll support dryer, which is one The New SAM R&D Center

Visitors Tour the SAM Facilities at the Open House
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of the largest and most versatile in the industry. One unique 

feature of the line is automatic turrets at the primary unwinder 

and rewinder for continuous running. Additional features in-

clude a secondary unwinder for wet and dry lamination, co-

rona treatment, web cleaning, and UV curing.

Demonstrations during the open house included high 

speed coating via a smooth roll coater as well as automatic 

high speed transfers at the unwinder and rewinder. Trials were 

presented by Mr. Danny Ryu, director of SAM Solution Coat-

ing Lab, and by Mr. Heiss Kang, director of Sales for SAM. 

The trials in their class 5000 clean room facility (class 1000 

clean room at the coating enclosure) included q a dry run with 

20 μm thick x 800 mm wide PP film at a 50 m/min running 

speed, w a splicing test with 20 μm thick x 800 mm wide PP 

film at a 900 m/min running speed, e a wet run with a semi 

flexo coating head, 20 μm thick x 800 mm wide PP film at a 

600 m/min running speed, and r a dry run with 20 μm thick x 

800 mm wide PP film at a 50 m/min running speed.

The splicing test at 900 m/min was designed to go beyond 

demonstrating the splicing technology, and show how the 

equipped rollers and machine operate stably without vibration.

The global SAM team, which covers all locations in the 

world where customers would like to install our machinery, is 

ready for your next challenge.

Pilot Line
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www.kodak.com
Eastman Kodak Company

Kodak is taking drupa 2016, the world’s largest 
printing related exhibition, as an opportunity to 

introduce a half dozen new technologies for flexo, 
offset, and digital printing. Most notably, however, will 
be their showcasing of their range of inkjet technol-
ogies. Live demonstrations will include their Propser 
6000C, which operates at 300 meters per minute, 
S-Series Imprinting Systems for flexible films, and 
their 49” inkjet technology Writing System for inte-
gration into production processes for home decor 
and signage. They will also be highlighting some of 
their new software aimed at improving the flexibility 
of print service providers (PSP) and reducing costs.

 
KODAK NEXPRESS ZX3900
Kodak will demonstrate its new KODAK NEXPRESS ZX3900 

Digital Production Color Press throughout the show at the 

company’s stand (Hall 5, Stand F09). The new press supports 

thicker paper and synthetic substrates, opening up opportuni-

ties for short-run packaging applications like labels, tags, and 

small folding cartons, as well as differentiated commercial and 

publishing products.

In addition, the company will also preview a new KODAK 

NEXPRESS Platform on its stand, with commercial availability 

targeted for 2017. The new platform will feature a new multi-bit 

LED writing system that provides industry-unique computa-

tional halftone screening, enabling extremely consistent, high 

image quality with minimal artifacts. Switchable color stations 

allow colors to be printed in different sequences and combina-

tions, broadening the range of applications (for example CMY 

plus two specialty inks). The new NEXPRESS Platform will also 

have the ability to print on longer sheets of up to 48” to accom-

modate additional retail and other specific applications.

The company is launching a new KODAK NEXPRESS 

Opaque White Dry Ink for NEXPRESS Presses for the Fifth 

Imaging Unit. The new ink offers excellent opacity in a single 

pass, providing increased productivity and higher quality short 

run production for applications such as packaging, signage, 

labels, and invitations.

FLEXCEL NX System ’16
The new FLEXCEL NX System ’16 builds on Kodak’s NX Ad-

vantage technology, which includes advanced plate surface 

patterning capabilities that dramatically improve ink transfer 

efficiency. Brand new system features include NX tags for the 

application of multiple patterns on a single plate layout, and 

Advanced Edge Definition, a Kodak patented technology that 

controls ink flow at the edge of objects, resulting in cleaner 

prints and greater visual edge definition.

Unique Kodak imaging and material technology enable the 

system to produce plates for the full gamut of flexo printing ap-

plications using only two plate material types, giving pre-press 

operations that switch from competitive technologies the add-

ed opportunity to reduce inventory, errors, and complexity.

For flexible packaging printers, the FLEXCEL NX System 

’16 means cost savings and press efficiency by delivering ink 

savings, faster press operation, use of fewer colors, and longer 

lasting plates in narrow, mid, and wide web operations. Kodak 

also plans to showcase a FLEXCEL NX product offering for the 

corrugated market.

TRENDSETTER and ACHIEVE CTP
Kodak will unveil its rapidly growing range of automation options 

to complement its TRENDSETTER and ACHIEVE CTP families. 

The new Multi Cassette Unit (MCU), the 

new Single Cassette Unit (SCU), and the 

new In-Line Punch System for KODAK 

TRENDSETTER Platesetter and KODAK 

ACHIEVE Platesetter are designed to 

help offset printers produce operational-

ly efficient, finished plates without costly 

remakes and errors. All of these options 

deliver functionality and performance in 

Kodak to Showcase More Than a 
Half Dozen New Technologies at 
drupa 2016

NEXPRESS ZX3900
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T&K TOKA CO., LTD
TOYO INK CO., LTD.
MEIWA RUBBER CO., LTD

New Inks Containing Tiny Beads 
Allow for Powder-less Offset 
Printing

During sheet-fed offset printing, the finished 
printings are stacked on a pallet for storage. 

Stacking the sheets before the ink is sufficiently dry, 
however, risks setoff, a problem in which the ink 
transfers from the printed side of the sheet to the 
underside of the next sheet in the stack. Powder is 
typically sprinkled on the printed surface to prevent 
setoff, but this approach increases printing costs 
and uneven application can lead to complaints. In 
addition, time consuming maintenance is required 
to clean the powder if it falls into the printing ma-
chine, making the use of such powder a problem 
for offset printers. In response, ink producers have 
been putting their energy into developing inks that 
will allow for powder-free offset printing. In this ap-
proach, spherical particles (beads) compounded into 
the ink protrude from the printed surface and play the 
role of the powder. In addition, specialized blankets 
have been developed to print this kind of special ink. 
During IGAS 2015, held in Tokyo, T&K TOKA CO., 
LTD, TOYO INK CO., LTD., and MEIWA RUBBER CO., 
LTD presented their approach to this type of ink.

T&K TOKA exhibited their powder-free offset printing ink called 

Best One Kireina at the show. According to the representa-

tive, printers who use powder to prevent blocking during offset 

printing of conventional inks often complain that the results 

appear dried out and they are still troubled by ghosting and 

setoff. In response, T&K TOKA developed Best One Kireina 

ink, which contains tiny beads that play the role of the powder.

The special beads contained in the ink form a gap between 

the stacked sheets of paper, which prevents blocking. The inks 

also contain a special resin that rises to the surface immedi-

ately after printing to give the ink film surface a smooth, non-

sticky feel. In addition to the special resin, there is a special 

wax that provides the ink surface with slipperiness immediately 

after printing to improve the initial wear resistance. As such, 

the stacked paper is better aligned and the printed ink film is 

less likely to scratch when samples of paper are removed from 

the stack or when the stack is reshipped. A special varnish 

works to mitigate excessive emulsification (a cause of printing 

defects) when the dampening solution and solvent based inks 

come into contact on the plate and blanket roller. The special 

varnish also allows the special beads, resin, and wax to func-

tion more effectively.

In this way the ink prevents blocking during drying without 

the need for powder. Although a minimal amount of powder 

may be necessary depending on the color (ink volume), type of 

paper, and printing conditions (double sided printing, etc.), the 

amount of powder required in these cases is still significantly 

reduced. According to the representative, the ink costs 20–

30% more, but 76% of users are satisfied with the ink given its 

ability to eliminate accidents related to the powder falling into 

and around the machine, and because it eases PP lamination.

TOYO INK CO., LTD. exhibited its TOYO KING NEX PL/PL1 

solvent-based ink for sheet fed powder-free offset printing. 

www.tk-toka.co.jp
www.toyoink.jp
www.meiwa-rubber.co.jp

Best One Kireina Powder-free Offset Printing 
Mechanism

Conventional Printing
The powder acts as a cushion
and forms a gap so that the
undried ink does not stick
to the underside of the sheet

On the other hand, the
powder becomes rough
and dry

Powder-free Printing (using Best One Kireina)
Best One Kireina, used
in place of the powder, 
contains beads that form
the gap

The special resin and wax
improve and protect the ink
surface, making the printed
matter feel smooth

Ink

Paper

Powder

Beads

Resin

Wax
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This ink also contains spherical particles that protrude from the 

printed surface so that the printed ink surface will not directly 

contact a sheet of paper placed on top, thus preventing setoff. 

In the future, TOYO INK plans to expand the lineup to include 

aqueous inks, inks for water-free offset printing, paper carton 

inks, synthetic paper inks, neutral color inks, and OP varnish.

According to the representative, using inks for powder-free 

offset printing offers advantages for double sided printing. For 

example, in the case of standard ink printing, the powder often 

remains on the surface of the printed paper after both sides 

of the sheet have been printed, so this powder is then picked 

up by the impression cylinder, which can be difficult to clean. 

Meanwhile, in the case of inks for powder-free offset printing, 

the spherical particles contained within the ink are unlikely to 

be picked up by the impression cylinder, which leads to labor 

savings and improved efficiency. In addition, the fact that there 

is no powder on the paper surface means that problems are 

mitigated with post-printing processes, such as overprinting of 

variable data using inkjet printers and PP lamination.

The representative explains that a major problem with 

compounding spherical particles into the ink was that these 

particles have a negative affect on the gloss. The powder used 

in conventional powder offset printing, however, also sticks to 

the printed surface and decreases the gloss, so in fact TOYO 

KING NEX PL achieves a similar level of printing quality as 

when using powder.

In the case of images with high densities, the representa-

tive says that in some rare cases it is better for the printer to 

use powder depending on the type of paper and image.

Foreseeing the increase in demand for powder-free offset 

printing, MEIWA RUBBER CO., LTD began selling a blanket 

for powder-free offset printing inks produced by ContiTech, a 

German blanket producer. According to the representative, the 

blanket consists of three plies to avoid damage caused by the 

particles contained in these types of powder-free offset print-

ing inks. MEIWA RUBBER imports the raw blanket materials 

from ContiTech and cuts the material to fit the size of the ma-

chine in which it is to be used. Currently they are checking the 

response of the industry.

TOYO KING NEX PL Mechanism and Spherical Beads

Spherical Particles

Printed Paper

Printed Paper

Ink

Web Hi-Vision System

SP-009

HV-105MIII

Still image printing monitor

COLORCON Inspection System and
                  Web Hi-Vision System

Tsukuba Factory : 29, Kasuminosato, Amimachi, Inashiki-gun, Ibaraki 300-0315, Japan  Tel. +81-29-840-3280  Fax. +81-29-889-2487
Tokyo Office Tel.+81-3-3802-7421    Osaka Office Tel.+81-6-6942-5720 

TAIYO ELECTRIC INDUSTRY CO., LTD. www.taiyo-e.co.jp

COLORCON, Taiyo’s Automatic Register
Control Equipment for Gravure Printing

Newly developed for easier operation and
suitable AC servo motor control

Suitable for sectional drive-type presses
Model DT-3000

Model SKT®-001

Inspects printing defects while high speed printing, 
by means of a pattern matching method

Inspection System OFTTM Series

Model SK-2090
User friendly operations

Suitable for sectional drive-type presses

The Latest

 Series
Digital Camera

80MHz

Adoption of an LED!
Digital Camera

80MHz

Adoption of an LED!
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www.fujifilm.com

FUJIFILM Corporation
FUJIFILM Europe GmbH

Advanced water-washable flexo 
plates FLENEX FW Series Improves 
Flexo Plate Making Productivity by 
Up to Four Times

In 2014, FUJIFILM Corporation established a flexo 
printing business encompassing everything from 

printing machines, to plate materials, plate making 
equipment, and peripheral systems, and began mar-
keting their FLENEX FW Series of water-washable 
flexo plates in the European and North American 
markets. Unlike conventional flexo plate making, 
FUJIFILM’s flexo plate making system is able to de-
velop the plates with only water, a small amount of 
household dishwashing detergent, and no solvents. 
Meanwhile, during drupa 2016, FUJIFILM will exhibit 
its MJP20W UV inkjet press for flexible packaging 
as a digital printing solution developed for short-
run, multi-product package printing market needs. 
This will be the first time they exhibit the inkjet press 
outside of Japan as a means of promoting and ex-
panding the market for the press’s short-run and 
variable printing capabilities.

Environmental Awareness Brings Attention 
to Water-washable Flexo Plate Making

Unlike the US and Europe, gra-

vure is the standard printing 

method for the Japanese flexible 

packaging printing industry, but 

pressure to reduce volatile organ-

ic compound emissions and work 

with short-runs of many products 

has recently led an increasing 

number of converters to begin 

considering flexo printing given 

the ease of setup. In particular, 

flexo printing using water-based 

inks greatly improves the working 

environment, while the increased 

environmental awareness of food and beverage producers 

has led offset printers faced with a contracting market to enter 

the water-based flexo printing industry as a means of survival. 

Meanwhile, in the US and Europe, where flexo printing using 

solvent-based inks already dominates flexible packaging print-

ing, there has been a shift from solvent-washed plates to wa-

ter-washable plates as a means of reducing the environmental 

impact of flexo plate making.

According to Takuo Watanabe, general manager of the 

Packaging Technical Support Division at FUJIFILM Global 

Graphic Systems Co., Ltd. (FFGS), a subsidiary of FUJIFILM, 

companies entering the packaging printing industry in Ja-

pan often come from other industries, so FUJIFILM typically 

recommends these companies adopt direct laser engraving 

flexo plate systems, which allows customers to begin flexo 

plate making relatively easily. Meanwhile, in the US and Eu-

rope, where many companies have already invested in solvent-

washed flexo plate making equipment, FUJIFILM recommends 

water-washable flexo plates, which can be used with existing 

exposure machines and require less investment (for the water-

washing unit only) than direct engraving plate making systems. 

The recent tightening of environmental regulations regarding 

solvents in Japan and around the world has led companies 

to go beyond simply adopting water-based inks and attempt 

to reduce the amount of solvent used during plate making. As 

such, Mr. Watanabe says that increasing interest is being fo-

cused on water-washable flexo plates that can be made with-

out using solvents.

Mr. Watanabe also says that, according to laminator 

manufacturers, nearly half of all newly installed laminators are 

solvent-free machines. This indicates the rapid withdrawal of 

post-printing processes from solvent use, and indicates a de-

mand to shift away from the use of solvents in printing and 

plate making, as well.

Plates in 40 Minutes
FLENEX FW Series water-washable flexo plates have three 

features. As already mentioned, the first of these is solvent-free 

plate making. The second is a significantly shorter plate mak-

ing time. Mr. Watanabe explains that household dishwashing 

detergent is added to tap water that has been heated to 45 

to 50°C to wash the plates. The time required to strip the un-

exposed parts of the plate is similar to that of solvent-washed 

plates. What happens next is very different, however. Solvent-

washed plates must be dried for roughly 120 minutes, where-

as FUJIFILM’s water-washable plate making system dries 

the plates in about 10 minutes; where it takes solvent-wash 

systems 150 minutes to complete the plate making process, 

Takuo Watanabe, 
General Manager 
of the Packaging 
Technical Support 

Division
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water-washable plates are finished in about 40 minutes. In oth-

er words, the FUJIFILM system has a maximum productivity 

nearly four times that of solvent-washed systems.

Swelling of the exposed image area in FUJIFILM’s water-

washable flexo plates during the water-washing process is 

minimal, so drying is fast. Although it may seem as though it 

would not be able to print water-based inks with water-washed 

plates, the FW Series of water-washable plates, which is de-

signed so that the image section is not affected by water, is 

able to print UV inks, solvent inks, and water-based inks.

In terms of printing quality, conventional flexo plates are of-

ten made with round-top-dots, so the printing pressure greatly 

deforms the tips, causing significant print quality variation. 

There are also major problems with the cured sections produc-

ing a smaller dot than the actual exposed diameters as a result 

of oxygen-based polymerization inhibition. The conventional 

solution to this problem requires complex data processing to 

obtain a bump curve that compensates for this difference. In 

contrast, without the need for any additional equipment, the 

FLENEX FW-L is able to produce flat-top-dots, which accu-

rately reproduce halftones in the range of 1-99%. In this way, 

printing quality is stable during long-runs. The FLENEX FW se-

ries includes mainly two types, the FW-L LAM mask type and 

the FW-A analog type.

According to Mr. Watanabe, the company is currently 

also considering expanding sales of its Direct Laser Engrav-

ing (DLE) type flexo plates marketed in Japan given the clear 

increase in demand for seamless printing. The sales target 

here also includes plate making companies that want to di-

versify their plate making materials. Internationally, FUJIFILM 

is focused on expanding sales of its water-washable plates. 

In Europe, marketing is being handled by FUJIFILM Europe 

GmbH and in North America by FUJIFILM North America Cor-

poration. In addition to these regional business divisions, the 

FFGS group also has an ink company (FUJIFILM Speciality Ink 

Systems Ltd.), which has resulted in a strong share of the nar-

row web market, particularly label printing. Mr. Watanabe says 

that they want to make good use of this network.

Exhibiting the UV Inkjet Press for Flexible 
Packaging
FUJIFILM will exhibit the MJP20W UV inkjet press for flexible 

packaging at drupa 2016, the first time it will have exhibited the 

machine at an international exhibition outside of Japan.

By using EUCON (Enhanced Under Coating and Nitrogen 

purging), composed of three new technologies—a high-sensi-

tivity UV ink, an undercoat technology that reduces bleed, and 

nitrogen purge to reduce UV ink odor, FUJIILM succeeded in 

greatly reducing the problems of odor and ink bleed that are 

common to UV printing technologies. In addition, given that 

the machine can print stably at 50 m/min, FUJIFILM expects 

the MJP20W will perform best with the increasing number of 

short-run flexible package printing jobs in Japan and Europe.

Atsushi Suganuma, senior manager of the Engineering 

Group Packaging Sales Division at FFGS, explains that digi-

tal printing has become fairly common and the MJP20W is 

starting to be used in the label industry, but the market for 

digital flexible package printing has yet to emerge. As such, 

one of their goals for drupa is to show their international cus-

tomers that a digital printing technology with the functionality 

and performance necessary as a production system for flex-

ible packaging has already been developed. During IGAS, held 

last year in Tokyo, they also had visitors that came all the way 

from Europe to see the differences between the MJP20W and 

competing on-demand printing machines for flexible packag-

ing. Mr. Suganuma closes by saying that although they see 

drupa as an opportunity to introduce the unique features of 

inkjet printing, such as variable printing, they also see it as an 

opportunity to discover just how much demand there is for 

short-runs on the market.

Enlarged Image Comparing Conventional and 
Flat-top-dot Type Flexo Plates

MJP20W UV Inkjet Press
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www.mtjn.co.jp
Media Technology Japan Co., Ltd.

New Waterborne Pigment Ink 
Inkjet Printer Offers More 
Accurate and Cheaper Proofs

During the Total Workflow Seminar for the paper 
packaging industry held last January in Tokyo, 

Media Technology Japan Co., Ltd. (MTJN) an-
nounced that they would begin selling a new water-
borne pigment inkjet printer. The new Proof Jet F780 
is designed specifically for paper packaging proofing 
and is thus capable of printing on existing packaging 
materials. Orange and green inks give the printer a 
wider reproduction range, while white inks allow 
the printer to print on colored and metalized paper. 
In addition, because the printer does not require an 
anchor coating to print the materials, the printer has 
greatly reduced running costs compared with those 
that require a specialized proofing paper.

The sheet-fed Proof Jet F780 prints heat-cured waterborne 

pigment inks on thin paper, thick paper, metalized paper, fancy 

paper, and hand-made Japanese paper, among others, with a 

maximum thickness of 0.8 mm. The printing table can handle 

a maximum paper size of 788 × 1,091 mm and has suction 

holes that match 939 × 636 mm and 636 × 469 mm sized 

paper to prevent fluttering. The printing table heats the paper 

to maintain the paper temperature at a constant 40°C over the 

printed area. A halogen lamp mounted on the printing head 

heats and dries the printed ink. The output resolution is 720 

× 1,440 dpi, the maximum print size is 736 × 1,040 mm (large 

enough for B1 size), and the printing speed is one A2 sheet per 

12 minutes (head speed of 508 mm/s). The printer dimensions 

are W1,860 × D1,904 × H1,148 mm. LabProof SE version 2.3 

or later, or ORIS ColorTuner//Web version 3.0 or later (color 

proof systems) are required to operate the printer.

Initially they will offer two models, a commercial printer with 

cyan (C), magenta (M), yellow (Y), black (K), light cyan (Lc), 

light magenta (Lm), and light black (Lbk) ink cartridges, and 

a paper packaging model with CMYK, orange (Or), and green 

(Gr). White (W) ink is only available as an option for the paper 

packaging model. The white ink settles, however, so is sup-

plied and circulated from a 400 mL bottle, whereas the other 

colors are supplied from 220 mL cartridges. The first model 

is designed for comprehensive proofing utilizing the texture of 

the paper, color proofing, and moire proofing (currently under 

evaluation), and the second model is designed for produc-

ing presentation and sales mock-ups, internal plate making 

checks including overprint and overspread (trap) processing, 

color proofing including spot colors, and sample printing.

According to Naoko Tokuda of MTJN, mock-ups produced 

using the printer are made with the actual production materi-

als, so the results closely match the final product, including 

color tone, and thus appeal more easily to the client.

Using inkjet printers to proof paper output is fairly common 

at gravure printing plants, but for clients with uncompromis-

ing color demands, these printers require a specialized media, 

which is then sent to the client for checking. Naturally, proofing 

also requires more than a single sheet of material and more 

than one trial, so can become a significant burden and be ex-

pensive. As such, the LabProof SE has a strong potential for 

adoption in this field.

MTJN Proof Jet F780 Equipped With White Ink (in bottle)

Truepress Jet520 series
The latest version of the Truepress Jet520HD on display 

was developed specifically for commercial printing. The 

new system has a higher maximum print speed of 150 

mpm, a 25% higher productivity, and a maximum page 

length of 1,371.6 mm. The display machine will be operated 
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2014 Sees Sales of 27,000 Digital Printing 
Units in Japan and 15,000 Units in China

www.infotrends.co.jp
InfoTrends Ltd

This past November, InfoTrends Ltd held its Pro-
duction Digital Printing/Print on Demand Con-

ference 2015 in Tokyo with presentations by the 
company’s analysts on the trends and outlook for the 
production digital print market*. Speakers covered 
the latest developments in the Japanese and Chinese 
markets, as well as presented results from a market 
survey into digital label and packaging printing.

Japan’s Digital Print Market
According to Masato Atoda, InfoTrends Associate Director of 

Asia Pacific Research, the number of digital printers sold glob-

ally in 2014 was 210,000 units (Table 1). Of this number, Japan 

accounted for 27,000 units, or 12.5% of the total.

Color production machine sales grew by 42%, whereas 

monochrome machine sales contracted by 21%. In terms of 

duty cycle units (monthly A4 single sided sheet print capacity), 

light production (101,000 to 300,000 sheets) sales were 4,200 

units, for a 45% increase over 2013. Mid-range (301,000 to 

999,000) and ultra-high end (10 million and over) also showed 

high growth. In 2015, several vendors released new mid-range 

machines, driving growth of this sector in 2014 to 430% over 

2013. Canon’s Image Press C700 

and Fuji Xerox’s VERSANT 80 re-

corded particularly strong sales. 

High-end unit (1 million to 10 mil-

lion sheets) sales contracted 39% 

from 2013. This contraction was 

in part due to the rapid growth of 

mid-range units. Ultra-high end 

unit sales grew strongly, with an 

increase of 108% over 2013.

The compound annual growth rate (CAGR) from 2014 to 

2019 for digital printers sold in Japan is forecast to decrease by 

1.1%, with color printers decreasing by 0.1% and monochrome 

printers by 5.1% (Fig. 1).

The 2014 to 2019 CAGR for dedicated production unit 

sales is expected to increase by 2.3%, with color increasing 

4.1% and monochrome decreasing 4.3%. Despite the increas-

ing number of vendors entering the light production field, the 

share of light production units is expected to remain steady 

given the continued demand for replacement units. The in-

stalled base is increasing, as is competition, so some users 

are expected to purchase higher end models to differentiate 

Table 1 Digital Printing Units Sold by Region (2014, total)

Japan Approx. 27,000 Units

China Approx. 15,000 Units

North America/Canada Approx. 68,000 Units

Western Europe Approx. 49,000 Units

Other Regions Approx. 43,000 Units

Total Approx. 210,000 Units

Source: InfoTrends Production Digital Printing/Print on Demand 

Conference 2015

*Production Digital Printing Market

• Printing Environment: commercial printing, quick printer, 

digital printer, publishing, direct mailer, imprint/CRD, trans-

actions service bureau, etc.

• Printing Application: promotion (catalog, direct mail, fly-

ers, etc.), office (business cards, presentations), publishing 

(books, magazines), transaction (transaction promotion, in-

voices), consumer (photobook)

• Digital printer [primarily A3/B2 sizes (excluding wide format 

printer for signage, label/packaging, textiles, specialized in-

dustrial equipment for 3D printing)]
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tokitolabo.yz.yamagata-u.ac.jp

Research Center for Organic Electronics 
Yamagata University

Using Lyophilic-Lyophobic 
Patterning Technology for High-
precision Inkjet Printing in 
Printed Electronics

One of the leading organizations developing 
printed electronics technology in Japan is the 

Research Center for Organic Electronics (ROEL), 
Yamagata University. The research group led by the 
Center director, professor Shizuo Tokito, has been 
using a roll-to-roll inkjet printer to develop a novel 
production process for organic thin-film transistors 
(OTFT) and other electronic devices. Some of the 
new technologies being researched to overcome 
the issues with conventional inkjet printers include a 
high-precision CCD camera based position correction 
technology and an exposure mask-less lyophilic-lyo-
phobic fine line patterning technology. Meanwhile, 
they have also adopted an inline quality inspection 
system that can quantify the resulting organic semi-
conductor performance. In anticipation of applica-
tions for automobiles and curved touch screens, they 
have also been pioneering three-dimensional printed 
electronics (3DPE) that pattern electronic circuits di-
rectly onto three-dimensional objects.

Developing a High-precision Inkjet Printer
The Research Center for Organic Electronics has developed 

its own set of silver nanoparticle inks suited to different print-

ing methods and applications, which have become one of the 

center’s major strengths. In April 2016, the Center even es-

tablished a venture business to sell silver nanoparticle inks for 

printed electronics applications. The first of these that is avail-

able is designed for inkjet printing.

Similarly, the Center’s Tokito-Kumaki Laboratory has been 

working on the development of a roll-to-roll inkjet printer with 

the goal of producing multilayer electronic devices, such as 

OTFT. The printer can handle maximum substrate widths of 

900 mm, so is able to print large-area devices, one of the ma-

jor selling points of printed elec-

tronics technologies.

Pattern misalignment caused 

by expansion and contraction of 

the substrate film is a problem for 

printing multilayer devices, how-

ever. For example, OTFT com-

posed of a gate electrode, a gate 

insulation film, and a source/drain 

electrode require each layer to be 

accurately printed or the device 

will not realize the performance 

required for actual use. To over-

come this issue, the Center worked with Toray Engineering 

Co., Ltd. to develop a high-precision correction system for their 

roll-to-roll inkjet printer.

The printer first secures the substrate film to the print-

ing stage using suction, after which a CCD camera captures 

(measures) the pre-printed pattern on the film so that the stage 

can be adjusted slightly to correct for any pattern misalign-

ment. The stage itself is divided into three sections, which are 

driven independently during adjustment. When the printing 

stage is not able to fully correct for misalignment, the device 

calculates the deviation between the pattern on the film with 

the next pattern to be printed. The inkjet printer then corrects 

the new pattern being printed so that it matches the previously 

printed pattern. After printing, the camera follows the work and 

observes the printed section.

Lyophilic-Lyophobic Patterning Technology
Realizing practical printed electronics will require a fine line 

printing technology that can print line widths of a few microm-

eters. Professor Tokito explains, however, that the minimum 

line width that can be printed with a standard inkjet printer is 

limited to about 40 μm, so a technological break-through is 

necessary. Therefore, together with JSR Corporation, the lab 

is developing an approach that uses an exposure mask-less 

lyophilic-lyophobic patterning technology. This method has  

achieved minimum line widths of 8 μm in the lab.

Prior to printing, the substrate is wet coated in a lyopho-

bic resin developed by JSR. After this layer is dried, it is ex-

posed to UV (365 nm) in the pattern of the conductive circuit, 

which turns the exposed area lyophilic. The ink will only stick 

to these areas. With conventional inkjet printing, the ink will 

spread out over the substrate after impact, which is what limits 

the minimum line width. With the new approach, although the 

ink spreads out over the lyophobic layer after impact, it then 

gathers on the lyophilic areas, which allows for fine line circuit 

Professor 
Shizuo Tokito
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www.seria.co.jp
SERIA CORPORATION/SERIA ENGINEERING, INC.

New Screen Printing Machine 
Realizes an L/S of 30/30 µm for 
Printed Electronics

SERIA CORPORATION and SERIA ENGINEERING, 
INC., the KOMORI Corporation group companies 

in charge of screen printing machine manufacturing 
and sales since March 2014, recently opened the 
SERIA PE TECHNOLOGY CENTER at the SERIA 
ENGINEERING Kakamigahara Plant in Gifu, Japan, 
to further their technological development of next-
generation printed electronics. KOMORI also shifted 
development of its gravure offset fine line printing 
technology to the new facility. This past December, 
the SERIA group held a private viewing in Tokyo to 
display the latest in its printed electronics, including 
its SFA-RR300IP-CYP-L high-precision roll-to-roll 
screen printing machine and its 3 μm ultra-fine line 
metal mesh gravure offset printing technology.

During standard screen printing, after the mask is loaded with 

ink, a squeegee presses the mask against the substrate to 

form a contact line that transfers the ink from the mask to the 

substrate as the mask snaps off the substrate. At this point, 

a delay in peel-off lifting will transfer an excess amount of ink 

from the mask to the substrate, which will sometimes result in 

bleed. A technological problem with screen printing, even a 

small amount of bleed risks fatal defects in the high-precision 

fine line printing required for printed electronics. To improve the 

problem of bleed, it is important to accelerate (improve) peel-

off lifting after the mask contacts the substrate.

The SFA-RR300IP-CYP-L fully automated high-precision 

roll-to-roll screen printing machine developed at the SERIA 

PE TECHNOLOGY CENTER adopts a unique mechanism that 

uses a fixed mask sandwiched between a squeegee and a 

printing roller (cylindrical table), which are moved in synchro-

nization during printing. This approach reduces the snap-off 

distance (gap) between the mask and substrate to zero, and 

ensures that peel-off lifting is simultaneous with transfer of the 

silver ink paste (interconnects) to the substrate. In this way, the 

approach significantly reduces the occurrence of bleed com-

pared with standard flat mask screen printing. In other words, 

SERIA realized superior printing registration precision stability 

by eliminating distortion of the mask during printing and is now 

able to print fine lines with an L/S of 30/30 μm given the im-

proved printing resolution.

A CCD camera registers the printing position of the mask 

frame in the X, Y, and θ axes using SERIA’s proprietary im-

age processing system. Suction (vacuum) is used to hold the 

substrate against the printing roller as it stably transports the 

substrate, which prevents printing misalignment. The major 

specifications of the exhibition machine are shown in the table. 

The machine’s drying system also includes both hot air and 

SFA-RR300IPCYP-L Roll-to-roll Screen 
Printing Machine Unwinding Unit

Squeegee and Printing Roller Travel DirectionSqueegee and Printing Roller Travel Direction

Plate Enters Here During PrintingPlate Enters Here During Printing

Transport DirectionTransport Direction
Printing Roller

Rotational Direction
Printing Roller

Rotational Direction

SFA-RR300IP-CYP-L Printing Unit. During Printing, the Mask Is Locked 
Between the Substrate and the Squeegee. The Printing Roller Uses 

Suction to Hold the Substrate as it Rotates in Synchronization With the 
Squeegee and Transports the Substrate in the Travel Direction
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Die Coated/Screen Printed Photodiode 
Organic Sensors Used in Inventory Control 
and Non-contact Device Operations

www.technoalpha.co.jp
Techno Alpha Co., Ltd.

Printed electronics continue to develop in terms 
of technology, and several applications have 

already been developed for the market, including 
OLED displays, OLED lighting, OPV, and RFID. Other 
applications with a high potential to drive the industry 
are also emerging. In this light, ISORG (France) has 
been promoting its unique die coated/screen printed 
organic photodiode sensors. These organic sensors 
are flexible, large-area, thin, and lightweight, with the 
potential to be used for motion sensors that detect 
the movement of people and objects by capturing 
light, as well as for displays that can be operated 
without contact. In fact, an inventory control system 
using such sensors has already been implemented in 
Europe. Since 2012, Techno Alpha Co., Ltd. has been 
the distributor and provider of marketing support for 
ISORG products in Japan, which has resulted in them 
working with several Japanese companies to de-
velop next-generation wearable devices that utilize 
ISORG’s organic sensors. With a goal of reaching 
high volume production within the next two years, 
ISORG has been aiming to draw the global printed 
electronics industry forward.

Inventory Control System
In 2010, Jean-Yves Gomez created ISORG and put in place 

an R&D agreement with the Grenoble Nanomaterials Research 

Laboratory under the French Alternative Energies and Atomic 

Energy Commission (CEA). The mission of ISORG is to de-

velop, manufacture, and distribute organic sensors based on 

organic materials, using printing techniques for material depo-

sition. One of ISORG’s core businesses is photo sensors and 

www.isorg.fr
ISORG

motion sensors. These are 

made by combining transis-

tors arrayed with printed or-

ganic photodiodes stacked 

on top of a TFT array. The 

organic photosensitive layer 

converts photons to an elec-

trical charge. These can be 

printed on glass or plastics. 

The second core business 

is image sensors that use 

these photo-sensors to cap-

ture light and transform the 

light into a black and white 

image. The sensors them-

selves, including the organic 

diodes, are produced by us-

ing printing techniques. This 

approach allows the new sensors to be flexible when printed on 

plastic, large area, thinner, and lighter than today’s more com-

mon sensors made of silicon photodiodes.

In general, organic semiconductor materials are highly sus-

ceptible to ultraviolet light, humidity, and oxygen, which can 

decrease the product lifetime. Developed in cooperation with a 

chemical manufacturer, the organic semiconductor inks used 

for ISORG’s photodiodes were designed to be less sensitive 

to humidity and oxygen. ISORG has also developed a propri-

etary technology to encapsulate the sensor and to ensure the 

sensor is independent of humidity and oxygen. In addition, 

unlike existing semiconductor production processes, ISORG 

is able to produce their sensors under standard atmospheric 

and temperature/humidity environments, as well as reduce 

Techno Alpha's Haruhito 
Wakasugi Holds a Sample 
of a Non-contact Organic 
Sensor Switch That Can 
Adjust Light and Sound 

Volumes
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www.nireco.jp
NIRECO CORPORATION

Capturing 220 Images Per Second for a New 
Design Based Web Position Control System

As an advanced version of their edge position 
control (EPC) web guide and line follower control 

(LFC) web guide, this past February NIRECO COR-
PORATION released a new design position control 
(DPC) system that guides the web using an image 
on the web instead of the edge of the web or a line 
printed on the web. Different combinations of LED 
lighting and light receiver unit filters allow the system 
to capture the image on the surface of the web even 
over different types of roller surfaces. Meanwhile, 
FPGA and normalized cross-correlation allow the 
system to rapidly and accurately capture the ref-
erence image without using an encoder (position de-
tection sensor). NIRECO plans to apply the system to 
a wide range of fields beyond control, including mea-
surement and inspection, and intends to broaden 
the range of models to meet such varying needs. In 
the short-term, however, they are marketing the ad-
vantages of the system for slitter rewinding control 
applications as they work to improve its awareness 
among potential customers. 

New Image Based Control Method
In 1954, NIRECO began selling its edge position control (EPC) 

system, and in the 1960s began marketing tension control de-

vices and print register control devices. After building a strong 

reputation as a web device supplier, they began working on 

improving image processing technology in the 1970s, and in-

troduced their image processing technology to the converting 

field with their BCON series of inline print quality inspection 

systems in 1995. This series was the forerunner of the indus-

try’s full color print quality inspection systems.

In February 2016, NIRECO of-

ficially began selling a new prod-

uct called Design Position Con-

trol (DPC). Unlike EPC and LFC, 

which continuously detect the 

edge of the web or the slit line in 

the web to control tracking, DPC 

uses a camera to capture an im-

age with which it detects the web 

position. DPC itself is comprised 

of an NIC100 NIRECO INTELLI-

GENT CAMERA and an NIP100 

NIRECO INTELLIGENT PANEL. Combining DPC with NIRE-

CO’s controllers and actuators allows the user to configure a 

control system that is optimized for their application.

Yuji Ohsawa, general manager of the W&I Engineering 

Division, says they are proud that they have been able to do 

what others have not. Specifically, they have applied their ac-

cumulated sensor, optical, and image processing technolo-

gies together with their field-programmable gate array (FPGA) 

technology for processing high volumes of image data at high 

speed to realize a revolutionary high-volume, high-speed, 

compact image detection system. Prior to the official release, 

they provided several customers with prototypes and received 

positive feedback from these users.

Edge Detection Over a Chrome Plated Roller
DPC has two major features. The first of these is that it can be 

used both between rollers and over rollers, where detection 

is unlikely to be affected by web flutter. Standard optical EPC 

systems composed of a projector and a receiver located above 

and below the edge of the web detect web tracking based on 

Yuji Ohsawa, General 
Manager of the W&I 
Engineering Division
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the fluctuation in light blocked by the web. The resulting signal 

drives a tracking correction actuator. Because the device is 

installed between rollers along the line, edge flutter or curling 

can sometimes complicate stable detection. Although there is 

a demand for EPC control that detects the web edge over the 

surface of a roller with which the web is in direct contact, the 

specifications of the roller and web can cause problems with 

continuous edge detection.

In contrast, DPC uses two types of lighting that can be 

switched on or off with the touch of a button depending on the 

surface of the web and roller. This allows the user to select the 

type of lighting that will capture an image with the best con-

trast. Two types of filters integrated into the light receiving unit 

can be switched to select the specific light to be detected. This 

combination allows the system to work for both reflective metal 

roller surfaces and non-reflective rubber roller surfaces. For 

example, the system can be set to detect the web position of 

a film against a hard chrome plated roller as light against dark.

Takeshi Kuroda, manager of the Web Technology Depart-

ment, explains that detecting web position over a roller sur-

face in the past required the user to make fine adjustments to 

the sensor and lighting positions. Moreover, it was extremely 

difficult to detect the edge of a transparent film over a hard 

chrome plated roller, so black paper was wrapped around the 

roller to create contrast. This approach also risked paper dust 

sticking to the web. DPC basically eliminates the need for such 

work. Specifically, as mentioned previously, combinations of 

two types of lighting and two types of filters allows the system 

to capture a clear picture under various conditions.

220 Images Per Second
The second feature of DPC is that it controls position using a 

printed image near the center of the web as a reference. NI-

RECO primarily markets center position control (CPC), which 

uses the center of the web as a reference to control tracking, 

for manufacturing processes. CPC uses two EPC sensors, 

which are typically only installed on one side of the web, on 

both sides to determine the center position of the web from the 

edge position of either side. This approach is typically used in 

intermediate manufacturing processes, where the width and 

profile of the edges are likely to vary.

Unlike CPC, DPC captures an image as the reference posi-

tion. By photographing this image at high-speed as it repeat-

edly appears on the traveling web, DPC is able to detect and 

correct misalignment in the X-axis direction of the web. Mr. 

Kuroda explains that until now technology that controls track-

ing based on an image had been investigated, but never made 

it to the commercialization 

stage. One of the reasons 

for this is that conventional 

image processing uses a 

CPU and image processing 

speed was roughly 50 times 

per second, far too slow for 

the high-speed web trans-

port of the converting field. 

In addition, these approach-

es required an encoder to 

time the image capture with 

DPC Is Composed of an 
NIP100 NIRECO INTELLIGENT 
PANEL and an NIC100 NIRECO 

INTELLIGENT CAMERA
NIP100 Display Is Touch Operated. The Black Line Printed on the Web Is Captured 

at a High Speed of 220 Times Per Second

NIP100

NIC100

Parameter Display/
Setting Button

Full Image View
(real time) Search Result Display

Enlarged Image Display
(real time)

Reference Image Display

Deviation Display Bar/Value

Match Between Enlarged Image
and Reference IMage

Operation Buttons

Takeshi Kuroda, Manager 
of the Web Technology 

Department
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the reference image as it passed by, which complicated the 

structure and increased costs. Mr. Kuroda goes on to say that 

the solution to this problem was an image processing engine 

that utilized their FPGA, a technology that is packed with their 

proprietary know-how. It is this FPGA that sets their DPC apart 

from existing image processing systems.

Specifically, DPC is able to capture images at speeds of 

220 times per second (roughly 1 time per 4.5 ms), so DPC is 

still able to capture the image on high-speed webs even with-

out using an encoder to adjust the shutter timing to match 

the target image. According to Mr. Kuroda, for this reason the 

system only needs to capture the image 10 times out of 220 

photographs per second to control tracking. They also have 

a formula that allows them to determine the line-speeds that 

DPC can handle based on the interval 

between the reference images. Although 

only an estimate, Mr. Kuroda says they 

believe the system can handle line 

speeds of up to 300 m/min.

External light and differences in print-

ing density also have an influence and 

cause the captured image, coloration, 

and contrast of the target to vary, so they 

needed a special function to determine 

instantly whether the captured image 

matches the reference. The technology 

used to handle this is called Zeromean 

Normalized Cross Correlation (ZNCC).

Mr. Kuroda summarizes ZNCC by 

saying that the approach lines up the 

reference image and captured image on 

the same scale for comparison. There 

is also statistical evidence showing that 

this method is successful.

Using an image that is not printed 

continuously on the web will typically result in control, varia-

tion so control based on irregularly occurring images generally 

prevents consistent control. They were able to overcome this 

problem by applying the intermittent control theory acquired 

from their printing registration systems.

Focusing on Slitter/Rewinder Control First
According to Mr. Kuroda, the initial target for DPC is slitter re-

winding control. One reason for this is that it is impossible to 

imagine that slitting will disappear in the future and if they can 

capture this market, DPC will continue to find steady demand. 

Specifically, the films used in flexible packaging, for example, 

often vary in width by around ±0.5 mm. When LFC, which uses 

the slit line as a reference, is installed to control tracking in 

webs having a higher variation, the side of the web without a 

slit line will cause slitting error to a degree equal to the varia-

tion in the web width, which may lead to loss. In contrast, DPC 

uses a center image as the position control reference, so it is 

able to split the width variation in the web evenly to both sides. 

In other words, when  the variation is 0.5 mm, for example, the 

difference can be kept to 0.25 mm for each side. Mr. Kuroda 

says that some of the customers that used the DPC prototypes 

have already seen dramatic improvement in slitting precision 

and yields.

In one example, a customer slitting a flexible packaging film 

with three units across was having trouble with a defect where 

one edge would fold over towards the inside, which sometimes 

Example of a Transparent Film 
Edge Being Detected Over a Hard 

Chrome Plated Roller. The Left Side 
Is the Transparent Film and the Black 

Section on the Right Is the Plated 
Roller. The Reflected Light From 

the Roller Is Blocked by the Filter to 
Achieve a Clear Contrast

DPC Captures an Image at the Web 
Center to Control the Web Position

Example of a Web Edge Being Detected Over a Metal 
Roller Surface Using DPC
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ruined the entire run even before slitting. Although they still had 

to discard the folded units, when they used a center image as 

a reference for control instead of the web edge or slit line, they 

were able to maintain the quality of the remaining two units and 

were able to meet the delivery deadline.

Expanding the Model Line-up
According to Mr. Ohsawa, NIRECO feels that DPC will be used 

in a wide range of fields in the future, some of which will include 

reducing costs in printed electronics, still image monitoring, 

and miniaturized inspection devices. One potential example 

in the printed electronics field is reducing costs by reducing 

the amount of silver ink used when printing RFID antennas. 

Specifically, DPC would eliminate the need to print a slit line, 

which is also printed with silver ink, because it controls the web 

based on the antenna geometry itself.

There is also a possibility that DPC use will spread from 

control to measuring and inspection. For example, despite the 

fact that the distance between the edge of the IC card and 

the circuit is fixed in IC card manufacturing lines, there is still a 

desire to measure the actual distance. This is also an applica-

tion for which DPC could be used. Mr. Ohsawa explains that 

the camera and panel used in the DPC are only the first items 

in their NI series. In the future, they plan to expand the line-up 

to match the growing range of applications.

W
↓ Edge or Line Reference ↓ Center Image Reference

W

EPC or LFC DPC

Error

W + Error

½ Error ½ Error
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A A A

A A A

A A A

A A A

A A A

CPC Detects Both 
Edges of the Web

DPC Is Able to Split the Web Width Variation Evenly 
Between Either Side

Mimaki Engineering Co., Ltd. recently launched a new UV-

curable ink called LUS-350. LUS-350 is a highly durable yet 

flexible high-performance ink that combines elasticity and 

hardness. LUS-350 ink can be loaded into Mimaki inkjet print-

ers (UJF-7151plus and JFX200-2513) making it possible to 

decorate both flexible materials and materials to be used for 

vacuum molding processes. 

When heated to 120–200°C after printing, the ink stretches up to 350%, but becomes rigid again when cooled to room tem-

perature, allowing it to maintain the molded shape and durability. For this reason, LUS-350 allows the flat substrate to be printed 

before molding, whereas previously, vacuum molded products had to be printed after molding using screen printing, for example. 

Specifically, the ink does not crack, which enables printing on the substrate before molding processes, including vacuum, TOM, etc.. 

Ideal applications include automotive components, molded signs, and mockups. Intricate textures on decorative fine prints are also 

retained, while raised areas of thickly applied ink and double/triple layer printing also remain crack-free.

In addition to color inks (Cyan, Magenta, Yellow, Black, and White), Mimaki offers a clear ink (available for the UJF-7151 plus) 

as part of the LUS-350 lineup, making it unlike anything else on the market. This clear ink can be used to add unique textures or a 

glossy finish that cannot be obtained by printing with color ink alone.

Mimaki Engineering Co., Ltd.: eng.mimaki.co.jp

Mimaki introduces Stretchable UV-curable ink “LUS-350”

Vacuum Molding After Printing
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PrintingPrinting

Session 1 Basic Course on Water-based 
Flexo Film Printing

www.newlong.com/english/

1. Introduction
Japan’s water-based printing history begins in the 1960s with 

the full-scale shift away from solvent inks in response to the 

environmental pollution measures taken at the time. Follow-

ing this shift, during the latter half of the 1970s, water-based 

printing became more common in the gravure and flexo pa-

per printing industries, which has led to the expansion we see 

today. The switch to water-based printing in the film printing 

industry, however, has proven more technologically difficult, so 

this shift continues to be progressing slowly.

Sometime around 1985, finer line ceramic anilox rollers— 

a key to improved image quality—were developed to replace 

chrome plated rollers. Early this century, computer-to-plate 

(CTP) systems were also adopted, which simplified the plate 

making process and immediately improved the image re-

production precision. With these developments in place, the 

foundation was established for improved flexo printing image 

quality, which has led to the advancements seen today. Many 

aspects of water-based flexo packaging film printing, however, 

are still under development, with variation still seen in the im-

age quality and physical properties.

For many years during their employment at Toyo Ink Manu-

facturing Company (presently Toyo Ink Co., Ltd.), the authors 

were involved in the development of water-based gravure and 

water-based flexo inks as part of their efforts to increase the 

use of water-based printing. Based on the know-how acquired 

at this time, the authors will focus on the fundamentals of wa-

ter-based flexo printing and clarify the basic problems and ma-

jor points in terms of realizing further improvement. Although 

flexo printing is used for a wide range of applications, there 

are many variable factors that make flexo printing surprisingly 

difficult. This series was made possible through the kindness 

of Toyo Ink. We hope that it will serve as a reference for all of 

those involved in flexo printing.

2. Early History of Water-based Ink
The switch from solvent inks to water-based inks in Japan be-

gan in the gravure printing, flexo printing, and paper coating 

fields. Based on the activities of the authors, Table 1 summa-

ries the development of water-based flexo inks and the societal 

background up to 2005. As a reference, the table also details 

the development of water-based gravure ink.

2.1 Early Trends in Water-based Flexo
In the 1960s, the Japanese flexo printing market was fairly 

small at about only 10% the size of the Japanese gravure 

printing market. The 1960s, however, saw the expansion in 

demand for cardboard boxes as a replacement for wooden 

crates. Faster drying flexo printing lines that included creasing 

Author Profile
Fumio Ito began working for Toyo Ink Manufactur-

ing Company in April 1958, at which time he was 

assigned to the research department. In 1960 

he was transferred to the Jujo Plant Gravure 

Business Technology Unit. In the following 

years he was involved in the development of 

gravure ink, water-based gravure ink, and water-

based flexo ink, as well as printing system re-

search. In March 2007 he retired from Toyo Ink Manu-

facturing and began working for NEWLONG MACHINE WORKS, 

LTD, where he remains today as a flexo technology advisor.

Fumio Ito
Technical Advisor, NEWLONG MACHINE WORKS, LTD
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Silicone Surfactant for Waterborne Inkjet Ink

www.nissin-chem.co.jp
Nissin Chemical Industry Co., Ltd.

1. Introduction
In March 2015, we celebrated our 60th year in business. At the 

same time, exports of our core product, Solbin, a combination 

of vinyl chloride and vinyl acetate copolymer resins, have been 

increasing in Asia, primarily for gravure ink and inkjet ink ap-

plications. Today, our entire company is driving forward with in-

ternational expansion. As one part of this move, we are taking 

this opportunity to introduce our silicone surfactant (wetting/

penetrating agent) called Silface. 

Inkjet printing has spread beyond household-use, and 

continues to evolve in various industries, including signage, 

commercial printing, digital textile printing, and high-speed 

printing models for businesses. As a result, the range of inkjet 

printing media has expanded from paper that easily absorb 

ink, such as regular paper and inkjet printer paper, to offset 

printing media that do not absorb ink easily, such as art paper, 

coated paper, and cast paper, as well as to media that do not 

absorb ink at all, such as PVC, PET, and PP film.

Waterborne inkjet inks contain water, a high surface-ten-

sion vehicle, so it is difficult for the ink to wet low-surface en-

ergy substrates such as these. On the other hand, with ink 

vehicles that contain both water and solvents, the low-boiling 

point solvents will vaporize first, which will cause the ratio of 

water and solvents in the vehicle to change. Therefore, when 

printing substrates with poor absorbency, it has been shown 

that it is necessary to control both the surface tension and 

the contact angle of the solid-liquid interface during the drying 

process after the ink impacts the substrate.

In this article, we propose a solution to this problem using 

our Silface silicone surfactant.

2. Development Background
Our silicone surfactant results in excellent wetting with mixed 

water-organic solvent type inkjet inks, making it an inkjet ink 

wetting agent that contributes to excellent printability when 

printing on substrates with relatively low absorbency, such as 

PVC or coated paper. In this article, the term organic solvent 

refers to high-boiling point organic solvents.

Recently, attempts have been made to replace offset print-

ing with inkjet printing. Unlike offset printing, inkjet printing 

methods do not require a plate, so are highly economical when 

it comes to printing short-runs of many different products. With 

standard high-grade alcohol type nonion surfactants, howev-

er, inkjet printing has trouble achieving as high a picture quality 

as offset printing. Therefore, a surfactant that provides excel-

lent printability is desirable for substrates with low absorbency.

3. New Silicone Surfactant Properties
Even when the water to organic solvent ratio changes, our 

inkjet ink silicone type wetting agent continues to provide 

an excellent wetting property, allowing for excellent coloring, 

smoothness and high-speed printing. Given these properties, 

the surfactant is extremely effective in practice, particularly for 

mixed water-organic solvent type inkjet inks. In particular, it 

displays extremely good printability with no color mixing and 

a high print density when printing on substrates with relatively 

low absorbency, such as PVC and coated paper.

Figure 1 shows an image of printed dots. Here, the wet-

ting will be poor if the contact angle of the ink droplets on the 

substrate (recording medium) immediately after impact is high, 

and a small number of dots will not be able to cover the sub-
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Figure 1 Contact Angle and Printing Image q

Figure 1 Contact Angle and Printing Image w

Figure 1 Contact Angle and Printing Image e

 When Contact Angle Is Low Immediately After Impact and Over Time

Immediately after impact, contact angle is low

Water vaporizes over time, causing the water-organic solvent ratio to change so that
the solvent ratio increases, but the contact angle remains the same over time

Regardless of the water-organic solvent ratio, the contact angle is the same, so the
dots remain independent and printability is good

Low contact angle → smoothness (gloss) → good printability

Yellow Cyan

Immediately After Impact After Time Has Passed

Result

When seen from afar, color appears green

 When Contact Angle Is Low Immediately After Impact, but Increases Over Time

Immediately after impact, contact angle is low

Water vaporizes over time, causing the water-organic solvent ratio to change so that
the solvent ratio increases and the contact angle becomes higher

Repellency causes skipping and the smoothness becomes insufficient

The gloss becomes poor and there are printing defects

Yellow Cyan

Immediately After Impact After Time Has Passed

 When Contact Angle Is High

Immediately after impact, contact angle is high

Wetting on the substrate is poor

The substrate is not covered, skipping occurs, and
smoothness is poor, which results in poor gloss

Printing Defects
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strate, which will lead to skipping. Poor smoothness means 

poor gloss, which results in printing defects (Fig. 1 q). 

In addition, even if the contact angle immediately after im-

pact is low, the water in the mixed water-organic solvent sys-

tem will vaporize as time passes, causing the solvent ratio to 

increase. As a result, the contact angle will increase, which will 

cause repelling, the substrate will not be coated, and we will 

see skipping. In addition, the smoothness will be insufficient 

and the gloss will be poor, which will result in printing defects 

(Fig. 1 w).

Immediately after ink droplets of different colors impact the 

substrate (in the case of water-rich mixed water-organic sol-

vent systems) or after a certain amount of time passes after 

impact (in the case of solvent-rich mixed water-organic solvent 

systems), as long as the ink dries in a low, stable contact angle 

Figure 2 Relationship Between Propylene Glycol Content 
Weight (%) and Contact Angle

state, the low contact angle inks of different colors will remain 

in an independent state, so there will be no color mixing and 

good smoothness will be maintained. As a result, the ink ap-

pears glossy and will appear as a single color with a good print 

quality when looked at from afar (when yellow and cyan dots 

are lined up they appear green) (Fig. 1 e).

It is effective to add a surfactant with the physical proper-

ties shown in Figure 2 to achieve this type of performance. 

In Figure 2, the horizontal axis shows the ratio of propylene 

glycol (water-propylene glycol system) by content weight and 

the vertical axis shows the contact angle on PVC. The contact 

angle allows us to quantify the degree of wetting, where a large 

value indicates poor wetting and a small value indicates good 

wetting.

Silface SAG014 contains a balance of special hydropho-

bic and hydrophilic groups, so provides an excellent wetting 

property to both waterborne and organic solvent type inks. 

Therefore, regardless of the ratio of water to organic solvents, 

Silface SAG014 is able to provide a constant contact angle 

reduction effect. In other words, q immediately after the ink 

droplet impacts the substrate (water-rich systems) or w after 

time passes and the water has vaporized (propylene glycol-

rich systems), because the printed dot contact angle is stable, 

each dot remains independent so that there is no color mixing 

when the colors are different. The coverage is also good when 

the color is solid. Moreover, the low contact angle means the 

ink becomes smooth (glossy). As a result, the ink exhibits ex-

cellent printability.

Similarly, when using ethylcellosolve as the solvent and 

OK Top Coated Paper (Oji Paper Co., Ltd.) as the substrate, 

we see good printability because Silface SAG503A provides 

a stable contact angle reduction effect regardless of the water 

to solvent ratio.

In this way, the provision of a stable contact angle reduc-

tion effect is one method for achieving good printability even 

when the ratio of water to organic solvents in the vehicle 

changes. In addition, it is important to select the appropriate 

type of surfactant to be added, which depends on the type of 

organic solvent being used. It is also important to have a fairly 

low value for dynamic surface tension (the surface tension as it 

shifts towards an equilibrium over time).

Figure 3 shows the dynamic surface tension when various 

surfactants are added to the vehicle (propylene glycol : water 

= 25 : 75) at 0.5% by weight. SAG014 results in a low dynamic 

surface tension, so we can assume the moment the ink droplet 

impacts the substrate it will have a low contact angle. In addi-

tion, SAG014 also allows the ink to wet the inkjet nozzle head 

appropriately, which provides stable ink jetting when the ink is 
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Basic Guide to Laminating 
Technology (English)

Author: Koichi Matsumoto
Pages: 211
Price: US $120+ shipping
Only 18 copies left!
Visit: www.ctiweb.co.jp/eng/ to order

Extrusion coating/lamination; 
co-extrusion coating/lamination; dry, 
non-solvent, wet, hot-melt, and thermal 
lamination; lamination films
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jetted at high-frequency. As a result, the ink can be used with 

high-speed printing, and provides for excellent printability.

Similarly, when using ethylcellosolve as the organic solvent, 

Silface SAG503A results in a low dynamic surface tension, so 

can be used for high-speed printing and provides for excel-

lent printability. Figure 4 shows an enlarged image of inks con-

taining Silface SAG503A and surfactant F when inkjet printed 

on OK Top Coated Paper. We can see that Silface SAG503A 

results in less dot skipping, the print density is high, and the 

printability is good.

4. Closing
Ecological waterborne inkjet ink is expected to grow in the 

future, particularly from industrial applications. In response to 

the various demands for ink surface tension control, we are 

expanding the grades of our Silface silicone surfactant in aims 

of meeting the demands of the market.

Figure 3 Dynamic Surface Tension of a Solvent 
Containing 25% Propylene Glycol by Weight 
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Surfactant Solution Dynamic Surface Tension
(solvent composition polypropylene glycol : water=25 : 75)

Surfactant A: 0.5% (higher alcohol surfactant)
Silface SAG014: 0.5% (polyether modified silicone)
Surfactant B: 0.5% (fluorine surfactant)
No additive

Figure 4 Printing Samples Using Different Surfactants 
(substrate: OK top coated paper, ×75 magnification)

Silface SAG503A Surfactant F (fluorine type)

Group
Nissin Chemical Industry Co., Ltd.

http://www.nissin-chem.co.jp
Sales Headquarters: Uchikanda TK Building,

1-5-13 Uchikanda, Chiyoda-ku, Tokyo
Telephone: +81-3-3295-3931

Leading the way to materials of
the future through chemistry

Functional Resins

Vinyl chloride/
vinyl acetate modified resin

  SOLBIN

Copolymer resin emulsions
  VINYBLAN

Silicone/acrylic group hybrid resin
  CHALINE

Vinyl chloride/
vinyl acetate modified resin

  SOLBIN

Copolymer resin emulsions
  VINYBLAN

Silicone/acrylic group hybrid resin
  CHALINE

Functional Agents
Acetylenic chemicals
  OLFINE

Silicone family additive agents
  SILFACE

Acetylenic chemicals
  OLFINE

Silicone family additive agents
  SILFACE

Other Products
Hot-melt adhesives
  NISSIN HOT MELT

Zinc Stearate Block Compact
  SOLID WAX BAR

Hot-melt adhesives
  NISSIN HOT MELT

Zinc Stearate Block Compact
  SOLID WAX BAR
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1. Obsolescence of Oil Heated Rolls
For many reasons beyond their dissatisfaction with the perfor-

mance of heated rolls, many satisfied users of our induction 

heated rolls probably never want to go back to oil heated rolls 

again. For many enterprises, reducing energy consumption 

has become an important management issue, so the high-

energy consumption of fluid circulation rolls—typical examples 

of which include oil, hot water, and steam heated rolls—is a 

problem. Our core product, the Induction Heated Jacket Roll, 

which heats itself through electromagnetic induction, has been 

adopted in many cases for its high-precision temperature con-

trol and uniform temperature profile. More recently, however, 

our customers have come to better understand the contribu-

tion the Induction Heated jacket Roll makes to reducing en-

ergy consumption, which is accelerating the obsolescence of 

oil heated rolls.

2. Development Background of 
Induction Heated Jacket Rolls

It has been more than 50 years since Tokuden developed and 

commercialized the world’s first induction heated roll. In the 

1960s and 70s, nearly all of our rolls were employed in synthet-

ic fiber thermal stretching applications at home and abroad. 

In fact, we have shipped a total of more than 200,000 rolls for 

this application over the years (Photo 1). The Induction Heated 

Jacket Roll (Jacket Roll) was later developed and commercial-

ized for applications other than fiber processing, and was thus 

designed to maintain a constant roll surface temperature pro-

file regardless of the roll face length or the substrate load.

Following the Jacket Roll’s commercialization in 1969, 

many adopters praised it highly as its performance far exceed-

ed that of other types of conventional heated rolls in almost all 

applications where a heated roll is necessary—film preheating/

stretching, coating, laminating, nonwovens/paper calendering. 

In this way, the Jacket Roll has become our core product.

In one example, the Jacket Roll has a temperature control 

precision of +/- 1°C and a mechanical precision of several mi-

crometers, even at 400°C. With a 1,250 mm outer diameter 

(OD), a 7,600 mm face length (L), and a maximum temperature 

of 300°C, the largest roll Tokuden has ever delivered was de-

signed for a paper calendering application (Sweden, 2004).

3. Jacket Rolls Consume 20% Less 
Energy Than Oil Heated Rolls

Although the induction heated roll has become the mainstay 

Photo 1  Spin-Draw Godets for Fiber Applications 
(Dimensions: 220 mm OD x 310 mm L; 

rotational speed: 6,000 m/min)
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heating roll for synthetic fiber stretching applications, for other 

applications, induction heated rolls and Jacket Rolls are only 

adopted when high-precision is required. Meanwhile, older 

fluid circulation rolls—hot water rolls for low-temperature and 

oil heated rolls for high-temperature—have conventionally 

been used for all other applications. More recently, however, 

the Jacket Roll is increasingly being adopted even when the 

application or process does not demand high precision. One 

reason for this is the energy savings.

Although many people have the impression that induction 

heating consumes more energy rather than reduces energy 

consumption—in reality it is the opposite. In order to minimize 

energy consumption, the only option is to increase efficiency. 

Although the only thermal energy required is the heat applied 

to the substrate (the heat stolen by the substrate), in fact, the 

area of the roll that does not contact the substrate and the 

journals radiate heat (this is inevitable). As such, the total of the 

two is the minimum required energy for the heated roll.

If thermal efficiency is the minimum required energy divided 

by the total energy consumption, then the induction heated 

roll and Jacket Roll have a thermal efficiency of approximately 

99%. In other words, a loss of 1% or less. This 1% loss is 

attributable to the thermal loss from the wiring and electrical 

components of the heating system. In contrast, the efficiency 

of an oil heated roll, at most, is about 80%. In this way, the 20% 

difference in thermal efficiency between the Jacket Roll (99%) 

and the oil heated roll (80%) is equivalent to a 20% difference 

in energy consumption (Fig. 1). The reasons for this 20% dif-

ference in energy consumption are as follows:

1. The power consumed by the oil circulation pump does not 

contribute to heating the roll, so is a complete waste.

2. Efficiency loss from the oil heating unit.

3. Radiated heat loss from the surfaces of the oil piping be-

tween the oil heating unit and the roll.

The energy consumed by the oil pump during stable opera-

tions changes depending on the roll specifications, so it is 

generally impossible to quantify power consumption. As such, 

it is necessary to increase the oil flow volume and speed to 

improve the roll surface temperature profile. In this way, the 

portion of total energy consumption accounted for by this in-

crease is significant.

The efficiency loss within the oil heating unit is also large. 

Even though a new oil heating unit’s thermal efficiency may be 

90%, long-term deterioration of the unit and oxidation of the oil 

itself will reduce the efficiency to close to 50%. (In this case, 

the comparative energy reduction rate of a Jacket Roll would 

be 50% better.)

This situation is not limited to oil heated rolls, but is also 

seen in water and steam heated rolls as well. Although a cir-

culation pump is unnecessary for a steam heated roll, when 

we consider the low-efficiency of the steam boiler and steam 

discharged from the drain in the steam piping, it is evident that 

a significant amount of energy is wasted.

3.1 Difference Between Energy Savings and 
Operating Cost Reductions

Considering the global environment, including CO2 reduction, 

it has become important for companies to reduce energy con-

sumption. At the same time, although reducing energy con-

sumption is also aimed at reducing operating costs, the rate 

of energy consumption reduction is not always equal to the 

rate of operating cost reduction. For example, when looking 

at the 20% difference in energy savings between the Jacket 

Roll and oil heated roll, as mentioned earlier, the prerequisite 

is that the oil heating source for the oil roll be electric. As long 

as the heating source for both rolls is electricity, the energy 

consumption reduction rate and the operating cost reduction 

rate are the same.

Let us next consider the case when the heating source of 

the oil heated roll is not electricity. For example, if we assume 

the heating source is a steam boiler, compared with electricity, 

the efficiency advantage of the Jacket Roll is practically elimi-

nated due to the lower cost of generating steam using heavy oil 

on a per kilowatt basis. Therefore, energy consumption reduc-

tion rate=operating cost reduction rate is only true when the oil 

heating unit also uses an electric heater as the heating source, 

whereas in other cases the cost of heavy oil, for example, and 

boiler efficiency come into play.
Figure 1 Difference in Energy Consumption Between 

Jacket Rolls and Standard Oil Heated Rolls

Energy (kW) Approx. 20% loss

Tokuden
Jacket Roll

Standard
Oil Heated Roll

Energy Loss
▪ Energy consumed by
   circulation pump
▪ Heat exchanger
   efficiency loss
▪ Piping loss

Required energy to
maintain the temperature
of the product and
roll surface
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3.2 Reduced Maintenance Costs and Down-
Time, Improved Safety and Ecology

One of the features of the Jacket Roll is its low maintenance. 

Specifically, the induction coil inside the roll is a stator, so sup-

port bearings are used to hold the induction coil shaft. The 

grease inside the bearings has a fixed lifetime of several years 

before regular maintenance is required. For this reason, we 

have already developed and commercialized a bearing-less 

Jacket Roll construction to eliminate the need for even this 

regular preventative maintenance.

In contrast, fluid circulation rolls require unscheduled and 

frequent maintenance. One particular problem is fluid leakage 

from the rotary joints. The rotary joint used to supply the fluid 

from the fluid piping to the rotating roll contains a seal, which 

can degrade rapidly depending on the fluid temperature and 

rotational speed. Sudden leakage can also require production 

lines that must operate 24 hours a day to be stopped to replace 

the seal material. In the case of oil heated rolls, the oil must 

also be regularly changed because oxidation deteriorates the 

oil’s thermal efficiency over time. Fire and safety regulations 

must also be followed. Although visible oil leakage can be eas-

ily handled by replacing the seal material, the negative effect of 

oil fumes on the product and the factory environment cannot 

easily be resolved. With hot water rolls, the accumulation of 

scale on the roll’s internal flow channels reduces the thermal 

efficiency, which can require regular flow channel cleaning and 

roll replacement depending on the water quality.

We have experienced many cases where oil heated rolls 

have been replaced with Jacket Rolls as a direct result of oil 

leakages that resulted in fires or led to injuries after personnel 

slipped on puddles of oil. When considering the total operating 

cost, safety, and improvement of the factory environment, the 

Jacket Roll is overwhelmingly superior.

3.3 Temperature Control and Surface 
Temperature Uniformity of +/- 1°C

When producing high-quality products and products with un-

compromising temperature specifications, roll precision is in-

dispensable. For example, the temperature precision and me-

chanical precision of a heated roll has an important influence 

on the quality of films and nonwovens.

Our electromagnetic self-heating Jacket Roll realizes a sta-

ble roll temperature even when the load conditions vary, while 

the roll surface temperature profile over the area that contacts 

the substrate remains constant and uniform due to the latent 

heat of vaporization of the hydraulic fluid that is vacuum sealed 

inside the “jacket chamber.” The Jacket Roll can be used 

in low and high temperature regions, and has a rapid heat-

up time. The uniform roll temperature realized by the jacket 

chamber also contributes to the stability of mechanical preci-

sion at operating temperatures. In recent years, given the high 

evaluations their performance has received, Jacket Rolls have 

increasingly been adopted for carbon fiber precursor drying 

applications, as well as for lithium-ion battery electrode press 

applications.

3.4 Replacing Outmoded Rolls with Jacket Rolls
Much of the manufacturing equipment used to produce gen-

eral-purpose films, nonwovens, and textiles is outmoded. For 

this reason, Japanese film manufacturers aiming to compete 

with overseas manufacturers have attempted to improve prod-

uct quality and reduce costs by upgrading existing equip-

ment—biaxial stretching lines installed 30–40 years ago—and 

production processes. There are countless examples where 

Jacket Rolls have been used to replace oil rolls on this type of 

stretching equipment to improve product quality.

More recently, however, the reasons for replacement have 

been slightly different. Users are increasingly aware of the 

aforementioned performance advantages of the Jacket Roll, 

including reduced energy consumption, improved safety, re-

duced maintenance costs, and reduced down-time, which 

have been judged valuable enough to replace existing conven-

tional rolls with Jacket Rolls (Photo 2).

4. Jacket Roll Issues and Their 
Solutions

The Jacket Roll does have drawbacks, namely the cooling 

function and cost.

For example, film forming lines, in which oil heated fluid cir-

culation rolls are often used, require approximately 20 heating 

rolls in the preheating and stretching processes. Heat intro-

Photo 2 Nonwoven Embossing Calendar Applications 
(700 mm OD x 5,000 mm L)
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duced from the outside during the stretching process, how-

ever, makes it impossible to control temperature if the rolls 

themselves lack a cooling function.

Over the 40 years since the Jacket Roll was developed, 

there were many cases where it was not adopted because 

it lacked such a cooling function. In 2009, we developed the 

“Mist Cooled Hybrid Roll” to overcome this drawback. Specifi-

cally, the roll is cooled by supplying a small amount of water in 

the form of mist to the interior of the roll. The water and air are 

supplied from the stator induction coil shaft end, which elimi-

nates the need for a rotary joint (Photo 3).

Another shortcoming is the initial investment. Although we 

have continuously worked to improve the Jacket Roll Design, 

more recently we have placed particular emphasis on rational-

izing our manufacturing processes and on in-housing produc-

tion. As a result, we have realized cost reductions of 10-15% 

compared to rolls of 10 years ago for rolls designed for con-

verting applications that are resistant to material cost fluctua-

tions. This has substantially narrowed the cost difference when 

considering the cost of the Jacket Roll and the heating unit as 

a whole compared with that of the oil heated roll, oil heating 

unit, and piping together. Going forward, we aim to continue 

reducing costs through further design improvements and ra-

tionalization.

*Jacket Roll and Hybrid Roll are registered trademarks of TOKUDEN

Photo 3 Mist Cooled Hybrid Roll for Film Stretching 
Applications (250 mm OD x 1,500mm L)

Our Mist Cooled Hybrid Roll is ideal for 
�lm preheating, stretching, and annealing

If it’s a TOKUDEN JACKET ROLL®If it’s a TOKUDEN JACKET ROLL®

It’s energy saving, 
low-maintenance, 
and safe

It’s energy saving, 
low-maintenance, 
and safe

Induction heating provides excellent temperature control
Wide temperature range setting (max. 400°C)
Uniform roll surface temperature profile

Induction heating provides excellent temperature control
Wide temperature range setting (max. 400°C)
Uniform roll surface temperature profile

Energy (kW) Approx. 20% loss

Tokuden
Jacket Roll®

Standard
Oil Heated Roll

Energy Loss
▪ Energy consumed by
   circulation pump
▪ Heat exchanger
   efficiency loss
▪ Piping loss

Required energy to
maintain the temperature
of the product and
roll surface
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1. Introduction
Ever since Chou et al. of Princeton University successfully 

produced a microscopic resist pattern in 1996 and presented 

their research results in Science, nanoimprint lithography (NIL) 

has attracted attention for its ability to transfer patterns with 

high-precision.1 NIL transfers nano-structures onto resist or 

polymer films using a template, but more recently it is being 

used for more than just patterning resist. Today, research and 

development is aggressively aimed at expanding the range of 

application fields, with NIL being used to transfer structures to 

films in ways that further increases value, such as by providing 

anti-reflection2 and solar power generation3 properties.

Given this background, the Authors have applied NIL to 

form nano-structures on films, and have been using the unique 

optical properties observed as a result of these structures to 

develop novel photonic devices through an applied technology 

called “printable photonics.”4,5 As one printable photonics ap-

plication, the authors have produced nano-photonic devices 

with high-order functionalities, specifically, we used functional 

polymer films doped with different materials, including pig-

ments, to create devices with an ion extraction capability. In 

this way, the authors succeeded in creating nano-photonic de-

vices that are difficult to produce with existing polymer films, 

and applied these to sensors. In this article, we will introduce 

the nano-photonic devices made using functional polymers 

and sensor applications developed by the authors.

2. Printable Phototonics
Printable photonics, as mentioned above, is a technology that 

produces nano-photonics by forming nano-structures on poly-

mer films, which results in optical properties not seen with bulk 

materials. At the same time, the observed optical properties 

can be used in and applied to various fields, including medical 

diagnosis and food safety inspection. Nano-photonics are ex-

pected to surpass the capabilities of existing optical commu-

nication and photovoltaic devices made with silicon or glass 

substrates, leading to vigorous research around the world.6,7 

Meanwhile, compared with nano-photonics using inorganic 

substrates such as silicon or glass, NIL based printable pho-

tonics have the following characteristics.

q Nano-photonics with a consistent performance can be 

easily and cheaply mass-produced because a template is 

used to transfer the nano-structures to a polymer film, as 

long as the template is not stained.

w The polymer film can be easily doped with different ma-

terials. There are many potential doping materials, so it 

is possible to create novel nano-photonics that combine 

the functions offered by both the structure and the doping 

materials (fluorescence, coloring, etc.).

e As long as a template can be prepared, it is possible to 

produce nano-photonic devices using inexpensive hot 

presses and ultraviolet exposure systems.

r The polymer film substrate gives these a high transpar-

ency in the visible light range, so nano-photonics made 

using such substrates can have optical properties that re-

spond to visible light.

t These allow for various applications using inexpensive, 

simple optical systems such as a white light source

The authors focused on these characteristics and produced a 

Photonic Crystal (PhC), a nano-photonic element with a nano-
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In the previous session, we introduced several as-
pects that must be considered in terms of the 

overall balance of the processes when designing a 
roll-to-roll system. The line configuration also differs 
significantly depending on whether it is a specialized 
roll-to-roll machine for producing a specific product, 
or a general-purpose line for producing an unspec-
ified variety of products. In addition, during process 
design, we saw that it is necessary to first determine 
several fundamental aspects, including the web drive 
method, the line speed, and the web width.

In this session, we will introduce the devices and 
technologies commonly used when designing indi-
vidual roll-to-roll lines.

8. Web Transport Drive System
Although it may seem obvious, one extremely important point 

during design of a roll-to-roll line is deciding which type of 

transport system to adopt. Unfortunately, there is no one per-

fect transport drive that can handle all types of materials and 

treatment processes, so it is important to select the appropri-

ate technology for the materials being handled and the treat-

ment processes.

(1) Draw and Back Tension
The fundamental aspect of roll-to-roll transport is the balance 

between draw and back tension. Even polyimide films that ap-

pear uniform on first appearance, have some degree of irregu-

larity when looked at more closely. Stable processing of such 

flexible materials typically requires that tension be applied to ei-

ther end of the work to maintain the material in a stable state as 

it is fed through each process. If the tension is too high, how-

ever, thin materials will stretch, which will create new distor-

tions. On the other hand, if the tension is too low, the material 

will sag, which will make mechanical processing that requires a 

high dimensional precision particularly difficult. Tension is typi-

cally applied only in the web's length direction, and when high 

dimensional precision is required in two-dimensions (X and Y), 

it is necessary to include a separate control mechanism.

The most primitive drive systems, as shown in Figure 19, 

use the rewinding unit to generate drive force and use a brake 

in the unwinding unit to apply back tension. Unfortunately, we 

cannot expect this kind of simple structure to provide the sta-

bility necessary to process flexible electronics materials. At the 

very least, a draw mechanism at the end of the roll-to-roll line 

and a back tension mechanism at the start of the line are re-

quired, as shown in Figure 20.

If the distance between the draw roller and back tension 

Unwinding Unit Rewinding Unit

Process Unit

Back Tension Roller Drive Roller
Process Unit

Figure 19 Simplest Roll-to-roll Transport System

Figure 20 Roll-to-roll Line Transport Drive Method
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19. Image Processing Technology in 
Web Control (cont.)

19.2 Modern Image Processing and Analysis 
Systems

(1) System Configuration

Figure 401 shows a recent example of an image analysis sys-

tem (LUZEX). Today, image processing and analysis systems 

are used in many fields, including medicine, agriculture, envi-

ronment, steel, and food. In particular, image processing and 

analysis systems are essential in the micro-printed electronics 

field, including printed circuit inspection (Fig. 402), magnetic 

powder particle analysis, tape surface inspection, oxide par-

ticle analysis, and crystalline defect analysis in wafers. These 

systems are also used in the web processing industry (printing, 

etc.), in fiber cross-sectional geometry analysis, carbon fiber 

analysis, standard fiber analysis, and raw material particulate 

content analysis. These systems consist of the main proces-

sor (the image processing and analysis processor, LUZEX), a 

high-resolution display, an input device, and an output device.

The analysis target is magnified via an optical microscope. 

The image captured via a camera is used as the input for the 

analysis system. In addition to optical microscopes, other input 

devices include SEM, VTR, and linear sensors, depending on 

the purpose. The most important aspect of image processing 

and analysis is the ability to capture and send a high-precision 

image of the target to the analysis system. Although it is pos-

sible to correct for optical distortion and shading to some ex-

tent using image processing, it is best if the input device sends 

a usable image as is. The degree of distortion and shading are 

related to the choice of microscope and camera, as well as 

the illumination for the input device. After the input image is 

processed as an easily measured grayscale image (Fig. 403) 

in the image processing step, it is converted into a binary im-

age, which is then measured and analyzed in the image analy-

sis step. After the measured image data is arranged to suit the 

purpose, the system outputs the analysis results.

Figure 404 shows the basic functions of the system. The 

calculation step differs depending on the user’s requirements 

for the analysis. The control program organically operates each 

program in accordance with the user’s dictates. The raw image 

sent from the detector (image input device) is processed (con-

trast processing) using an image processing program when 

necessary. This removes white noise, corrects for shading, 

applies special filters (for fine line analysis), applies differential 

filters (for edge emphasis), and applies smoothing filters. The 

measuring program is equivalent to the calculation unit and 

handles the analysis work, which is the main function of the 

system. The processed grayscale image, as explained later, is 

turned into a binary image after undergoing thresholding. This 

image is then processed (binary image processing) and sent 

to the image analysis step where the image is measured and 

analyzed. The calculation program numerically calculates the 

analysis results and provides the desired statistical data.

(2) Threshold Setting and Binary Image Processing
(a) Threshold Setting

As mentioned in the previous section, setting the threshold is 

important when converting the grayscale image into a binary 

image. The image can basically be considered to have a two 

dimensional (x, y) spacial position and a third dimension that 

is the brightness (intensity) value (I). For the grayscale image, 

I is the gray level. Figure 405 shows a conceptual diagram for 
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development of plastic materials and molding technolo-

gies, Mr. Masui was involved in the development and 

commercialization of glass fiber composite materials, 

injection press molding technology, and skin material 

lamination/integration molding technologies, among 

others. After later working for LPM Co., Ltd., Mr. Masui 
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in 2005. Today, he speaks, writes, and provides technical 
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decoration technology and CFRTP molding technologies 

as a technical consultant. He has provided his services 

globally in countries such as Taiwan, Korea, and China. 

He has also authored many works focused on areas re-

lated to plastic decoration techniques.

In Chapter 2, we will delve deeper and explain the details 

of the primary decoration technologies.

1. Film Decoration15

Film decoration (forming and release) technology refers to 

those decoration techniques that laminate or transfer the dec-

orated surface of printed, coated, metallized (vacuum deposi-

tion), and colored films (or sheets), for example, to the surface 

of molded products. These are the decoration techniques that 

are seeing the most active developments today.

Secondary decoration, such as printing, coating, vacuum 

deposition, and plating, has conventionally been used to deco-

rate the surface of the plastic frames used for home applianc-

es, office automation equipment, and mobile phones. Because 

of the demand for functionalization, environmental problems, 

and issues with cost, however, film decoration techniques have 

become more common for more complex product shapes. In 

the case of fairly long runs, film decoration techniques are less 

costly than secondary decoration, but because film decoration 

is a high-quality and high-cost technique, as shown in Chap-

ter 1 Figure 4 (March/April 2016, p. 103), if NSP continues to 

advance and improve in quality, we must consider the chance 

that film decoration will come into competition with NSP.

We have summarized the advantages and issues with film 

decoration as follows.

The advantages include q having superior design expres-

sion, allowing for picture, letters, color, metallic, matte, and 

textured design expressions; w having the ability to easily pro-

vide functions, such as surface, common, electrical, electro-

magnetic, optical, water-seal, cushioned, aromatic, and metal-

lic sound; and e having the ability to be molded in a manner 

that is ecological because the printing, metallizing, and coating 

work is completed during the film forming process.

The problems include q cost performance, where it is nec-

essary to provide added value that suits the higher cost, and 

w limits on the geometry and design surface, with specific limi-

tations being H/D, curvature, and undercuts.

We must also consider the following points for film decora-

tion.

(1) Decorative Film

q Select proper resins and grades for the basic film; w inves-

tigate the decorative film structure concept; e investigate the 
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4. Release Paper History (cont.)
4.11 Japanese Production of Glassine Paper 

for Release Paper
Currently, PE laminated type release paper, glassine type re-

lease paper, and PET film type release film account for the 

greatest volumes of release paper produced in Japan. If glass-

ine paper for release paper was not produced domestically in 

Japan, glassine release paper would not be in production to-

day. This shows just how important the shift to domestic pro-

duction of glassine paper for release paper was for the indus-

try. In 1963, TOMOEGAWA CO., LTD. was the first company in 

Japan to produce glassine paper for release paper (Table 12).

According to the book “90 Years of TOMOEGAWA History” 

(pages 360–363, published in 2006), a PSA tape producer 

came to TOMOEGAWA with a request to develop a glassine 

paper for release paper in August of 1962, at which time this 

company provided TOMOEGAWA with a sample of US made 

glassine paper. The quality requirements placed on the devel-

opmental product were that q it had a barrier that would re-

duce the penetration of the silicone coating into the paper and 

provide resistance to solvents, w it could withstand high tem-

perature silicone curing and maintain its paper strength, and e 

it had a very smooth surface to ensure a good release property.

After producing and providing a prototype and evaluating 

its potential for use, TOMOEGAWA entered the prototyping 

phase in November of 1962, followed by full-scale produc-

tion in May of 1963. This was the start of domestic produc-

tion of glassine paper for release paper in Japan. The reason 

TOMOEGAWA was able to commercialize the paper in such a 

short time after starting development in August 1962 was be-

cause they had been accumulating glassine paper production 

technology since 1939,9 and because of their wealth of accu-

mulated technology, including test results related to tabulating 

card paper, insulation paper heat resistance, paper air perme-

ability, and toluene penetration rates.

Following this, around 1968, automated scales became 

more common, and glassine type release paper started to be 

used in auto labelers and hand labelers. In addition, double-

sided PSA tape expanded in use from office applications to 

industrial applications. These changes led to more advanced 

demands being placed upon glassine paper for release paper, 

including a better barrier and higher tensile, tearing, internal, 

and surface strength. By 1977, they had made these critical 

modifications and perfected a glassine paper for release paper 

with the world’s highest level of quality.

Prior to domestic production of glassine paper for release 

paper in Japan, glassine release paper was either imported, or 

the base paper was imported and coated with silicone in Ja-

pan, but there were many problems with quality and delivery. 

After domestic production began, Japanese glassine paper for 

release paper exceeded US and European quality to become a 

product Japan could boast about to the world.

Following in TOMOEGAWA’s footsteps, Honshu Paper Co., 

Ltd. (today, Oji Paper Co., Ltd.) and SHIKOKU PAPER CO., 

9  Glassine paper, like tracing paper, is made of strongly wet 

beaten pulp. The paper has a moisture content of around 25% 

and undergoes a super calender treatment to give it a density 

exceeding 1.20 g/cm3. Glassine paper has smoothness and 

semitransparency. Compared with printing paper, glassine 

paper has good oil resistance and high air resistance (low air 

permeability). Because of these characteristics, glassine pa-

per has a long history of use in paper balloons, book covers, 

food wrapping paper, and charta (powder paper, wrapping 

paper for medicine.

CONVERTECH & e-Print     May / June 2016104



CoatingCoating

Professor Akira Kawai
Nagaoka University of Technology

Session 6 Coating Theory and Phenomenon 
for the Plant, Chapter 2
Drying Defects Part 2

1. Drying Defects (continued)
5.7 Drying Irregularity
The larger sized liquid-crystal display (LCD) screens and so-

lar panels produced today have created a need for coating 

technologies that can handle the larger areas. In particular, the 

panel in-plane film thickness and film uniformity have become 

important control parameters.

Shading (contrast), referred to as drying irregularity in gen-

eral, is a defect that is increasingly being seen in the finished 

coating, which is a problem for production. In most cases, 

shading in the coating film reflects a tiny difference in the film 

thickness. During visual observation, we can derive the degree 

of shading using the following formula.

 (2.13)

Here, d is the film thickness difference in the shaded region, 

λ is the wavelength, and n is the coating film refractive index 

for wavelength λ. For example, in the case of a polymer film, if 

visible light wavelength λ=500 nm and refractive index n=1.6, 

then shaded film thickness difference d is 78 nm. Therefore, 

the shading (contrast) of the drying irregularity after coating 

reflects a film thickness difference of roughly 80 nm, which is a 

major problem for optical devices such as LCD screens. This 

drying irregularity, as mentioned in the previous session, is pri-

marily caused by convection currents during drying.

To review, the solvents inside the coating fluid generate 

a convection current during drying, which causes the resin 

component to move at the same time. Figure 2.96 shows the 

condition in a film. Unlike droplets, the coated area of the film 

is large, so individual convection currents are generated in 

each segment. These segments are called Bénard Cells and 

are observed on a regular basis. Common examples include 

the segmented fluid regions seen in hot soup. Under the ideal 

conditions, these segments can be observed as perfect hex-

agonal aggregate patterns.

One way of preventing drying irregularities from occurring 

in coating films is to rapidly dry the film after it has been coat-

ed. Drying irregularities caused by convection currents grow 

over time. Therefore, as mentioned in the previous session, 

one practical method is to accelerate solvent vaporization us-

ing reduced-pressure drying. Moreover, using the spin coating 

method to simultaneously coat and dry the film at the same 

time is effective when possible.

5.8 Structural Warp
In Section 1 of the previous session, we stated that the fluid 

meniscus of the solvent component during the coating film 

drying process increases the cohesion and contributes to the 

formation of the coating film. During drying, the fluid meniscus 

can also destroy the specific geometries of micro-structures. 

For example, micro-patterns are often destroyed during lithog-

raphy, so this is a common problem.

Drying

Bénard Cell

Coating Film

Substrate

Figure 2.96 Drying Irregularity Formation Model 
(Bénard Cells)
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