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High Quality Inkjet Printing Technology for Plastic Substrate
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High quality inkjet printing technology for plastiubstrate
Takeshi Miyato, Yusuke Fuijii, Ayato Satg, Ippei Nakamura
Takanori Hamamoto, Koji Kawato™
" FUJIFILM Corporation, ADVANCED MARKING LABORATORIB
RESEARCH & DEVELOPMENT MANAGEMENT HEADQUARTERS
" FUJIFILM Corporation, ANALYSIS TECHNOLOGY CENTER
RESEARCH & DEVELOPMENT MANAGEMENT HEADQUARTERS

In the digital sheet-fed inkjet press systemt ‘Beess 720S”, color blur and dot interference are
controlled by “Rapid Pigment Coagulation (RAPICXxHaology”. With RAPIC Technology, ink droplets
coagulate immediately by the reaction between in# pre-conditioner coated on the substrate. We
successfully detected faster coagulation of inkplirts on the plastic substrate compared to thetperie
one. This result suggests that the concentratiamoagulant has a significant influence on the bitnaf

dot interference on the substrate.
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Fig.1 a) Time profile of droplet size jetted on the
Plastic substrate.
b) Ink droplet images after just landing.
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Fig.2 Coagulant concentration dependence of
coagulation speed on the non-penetrant substrate.
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The new system for generating microjets for highly viscous ink
*AEHE. BB /RE . B EZ .EREIKRY)
*Hajime Onuki', Mao Maeshima', Yoshiyuki Tagawa' (1. Tokyo University of Agriculture and Technology)

A4V HEME, 120y NTYVIREHRBIFEMICEWT, TDIF) T4 2RELBZ2EERFEMT
H3. LOLINFETOITLMHEM T, BHE (10 cPIRE) O VIV DIHDHEBICRESINTWE, 2T
Feld, BHE (1000 cP) WiExEMHHT 2ERMETRICBEARE L. HHOESHE LT, RESSICITEAINA
2FEEFALL. THICMA, BABRRANICHEZRAL, MERNAOREEEZDIT2IXREELE. Ihb
DIRICEY BHEA VI DIEENTEEICAR D, AR TIE, BARLAA VYV IHBEEMTOXAZXALICDOVWTE
B - BUESE ARV TERT 5.

This study proposed the new technology for generating microjets for highly viscous ink. The present
technology can eject only low viscous ink. In our technology, the jet is induced inside a thin tube partially
submerged in a liquid. The meniscus inside the tube is kept deeper than that outside the tube. An impulsive
force added at the bottom of a liquid container leads ejection of the microjets with high viscosity up to 1,000
cP. This study experimentally and numerically reveals the mechanism of our method.
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The new system for generating microjets for highly viscous ink

Hajime Onuki *, Mao Maeshima ", and Yoshiyuki Tagawa’

* Department of Mechanical Systems Engineering, Tokyo University of Agriculture and Technology

This study newly proposed a device for generating microjets for highly viscous ink. The present
technology can eject only low viscous ink. In our technology, the jet is induced inside a thin tube partially
submerged in a liquid container. The meniscus inside the tube is kept deeper than that outside the tube.
An impulsive force added at the bottom of the container leads ejection of the microjets with high viscosity
up to 1,000 cP, which is same viscosity as honey. This study experimentally and numerically reveals the
viscous effect on the liquid jet induced by the proposed device.
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Fig.1 (a) Schematic image of the viscous microjet
generator. (b) Generation of liquid jet with honey.
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Fig.4 Geometry for calculating (a) liquid acceleration
during the impact interval and (b) generation of the
liquid jet during the focusing interval.
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(hop/Imigarc* DI & 0 JE ) S BconT /02", W% U'%
RHIZHETZ D, E-EE vICEDL T, T
SFEAELON /o L WEE UNRIFIE—~ETHDH. Zh
S0 LR TIE, BE ORI/ NS IR TE 5.

1

— Model

- Simulation
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3 L
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L 04t
2
g
A~ 0.2
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0 0.2 0.4 0.6 0.8 1

Position z* [-]
Fig.5 Relation between the pressure impulse IM*
and the vertical position Z'.

Table 1 Relation between lgp/lmigaet1, the
normalized gradient of the pressure impulse
|ar|'*/az*| and the normalized liquid velocity inside
the tube U .

Liop/ Imiadict1 v [cSt] |o1T"" /0| U
1 49 4.9

5 10 49 4.9
100 49 4.9

1 9.5 9.6

10 10 9.5 9.4
100 9.5 9.4

1 13.8 13.4

15 10 13.8 13.4
100 13.8 13.4

1 18.1 17.3

20 10 18.0 17.3
100 18.0 17.3
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Fig.6 Velocity fields in the liquid during the focusing
duration with (a) small viscous liquid (v = 10 cSt).
and (b) large viscosity one (v = 100 cSt).
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Fig.6 The increment ratio of the jet velocity g vs. the
normalized thickness of boundary layer 4"
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1) M. Fuji, “Series Digital Printing technology ‘Inkjet’”,
Tokyo-denki University Press (2008) [in Japanese].

2) H. Onuki, Y. Oi and Y. Tagawa, “Microjet generator for
highly viscous fluids”, Physical Review Applied, 9,
014035 (2018).
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[J1-03] /NRED = REHIRR DERE
Observation of Fast Wetting Dynamics of Micro-Dorplets on
Substrates

WA RS TH A 28 A EHEI (. FmRAS)

*Ryohsuke Yokota', Taichi Hirano', Shujiro Mitani', Keiji Sakai' (1.The University of Tokyo)
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Observation of fast impingement dynamics of micro-droplets on substrates
Ryohsuke Yokota", Taichi Hirano", Shujiro Mitani® and Keiji Sakai®

“Institute of Industry and Science, the University of Tokyo

Recently, inkjet technology is applied not only for printing but also for patterning of electric circuits.
However, it is difficult to observe impingement, wetting and drying dynamics of microdroplets ejected from
inkjet due to the lack of spatial and temporal resolution of the measurement system. We developed a simple
method that can observe the microdroplets dynamics on substrates with high time resolution. We succeeded
in observing and analyzing the dynamic wetting and contact angle accurately.

1. [FL&HIC
THEOHEWRERICL ST, 17 V= MIA~
OFIRI7Z1F T2 <, Printed Electronics <° Bio 7
U M Ekkx 2 BICISHZ IRIT TS . 2O
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FEBBERT S Z LIIE RN AR AT &
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FITEAIE, w478 A — A —F DN
WIS ARG L, IRAVRD DO D4k
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7o, e RISHICRIHTE 2 &2 015,
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* T153-8505 HURAS H BB 4 T H 6-1
*k 4-6-1 Komaba, Meguro-ku, Tokyo, 153-8505, Japan
e-mail:  ryokota@iis.u-tokyo.ac.jp
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Fig.1 Schematic image of measurement setup.

ARFETHE, FrLoERm a2t LT 2 L8R H
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Fig.2 Newly developed method of ejection by spiral
pitch. Setup for providing flesh surface at landing
spot of droplets.
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Table 1 Table of physical properties of sample liquid.

Density Surface Tension Viscosity
[g/cm®] [mN/m] [mPa - s]
Water 1. 00 72.8 0. 89
Ethylene 1. 11 48. 4 16. 1
glycol
Ethanol 0. 785 22.4 1. 10
10cSt 0.935 20.1 9. 35
Silicon
3.2 EBRHER
500 ns Z &2, HioOREEITo-. 2T,
ﬁ7xﬁﬁuﬁbmﬂﬁ%%#éﬁt OB D—

W% Fig. 3 1Z/R9.

8 s

10 ps

Fig.3 Water droplets impinge on glass substrate. The
image reflected by the substrate are also observed.
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Fig.4 Binary image of droplet.
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Fig.6 Contact angle of droplets on glass.
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Fig.7 Width of droplets on paper.
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Preparation of a W/O Emulsion Ink for Inkjet Printing

T B, fEfn (. BERETEEXA)

*Naofumi Ezaki', Shunsuke Uozumi' (1. RISO KAGAKU CORPORATION)
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Preparation of a W/O Emulsion Ink for Inkjet Printing
Naofumi Ezaki* and Shunsuke Uozumi*
"AR Development Department, R&I Center, Research & Development Division, RISO KAGAKU CORPORATION

Water in oil (W/O) emulsion ink for inkjet printing is a possible candidate which can achieve both
high image quality and high speed printing for plain paper. However, it was hard to prepare a W/O
emulsion ink which is suitable for inkjet printing because it had higher viscosity and worse stability. In
this study, effects of compositions of the W/O emulsion on its viscosity and stability were investigated in
order to prepare the W/O emulsion available as inkjet ink. Addition of a specific divalent cation to the
water phase of the W/O emulsion was found to achieve both low viscosity and good stability.

1. #E

A7V b U7 R, WEOFEEIZ L - T,
AME, MM, AL UV IZOB SIS, FHIRxSm o
RIS U T, WL A v 7 DNEIREN D, IR
2% LS W E RS L LZHIRNC BV iR, Ao
Y70 b LML 7 WSS, R, H
PeA 7%, FIRIRE O FIRRZETE 3384 LTz,
EEFIRNCE L CTWd, —H T, litEA v 7 i3iRE
RROHTHESE D120, MOFEHIZ L - TIEA
IR E TEMMNZET D, ZORS. Fk
MOFOPKL 220, ETERITINEL 2 D5H0
bolo, ZOMBEEMITHFED 1 SE LT, H
PeA v K EFAL LTl ARR (W/0) =<y
al AV NFETF D, W0 =~ varAy
Tk, FAREREZFIE Lo, Bk OEE NI S
A, warnm L, BRI DR, LrLi
N, KeEFULTDEA 7 DREREL Y, A
VIV b~y RIdBOMHENREEC 2D Z Lo
METHoT-, Flo, =~y g RiFORME - &
— T DT, BT EMEIZ b DN o T2,
AT TIE, A7 Y=y MZ@ELZ W0 =</L
varA vy ERBTIEEZEMNE LT, MHEEK
FOMBEAELEZ TV~ LY a s ER/B LT, #
AUD OFLE & ATRZ E A R L, fEk & D BEfRME
TSI,

2. KB

2.1 ##
FUETEMERNL. FEA A v REEEHITHALRY Y
VA VERT 7YYL (PR-20) HfEAH LT,

* T305-0818 K-> IZMiFEmE2 T H8FE 1
%k 2-8-1 Gakuen-minami, Tsukuba, Ibaraki 305-0818 Japan

e-mail: ezaki-n@riso.co.jp

WX, RTINSV F oA VA7 T (10P),
FLANTNa— (0A) R Lz, KIE~OH
mFE LT, EbF NY oA YU T A L
TN NEEH LT,

2.2 W0oxTw/ a v

A F 2 ZZHRKIZ PR-20 1 K OV TR AR 2 Fll 2 D
ETEREML, v—%—=XkE oA P —2Hn
T 10,000rpm, 5 /@I 2 2 itk W=~ g
VEPFR UT-, Fo, EESEAZRINT S L XE, £
TIOKICEERIRE 2 TR L CEafi L 72 %12 PR-20, R
B EFEA DRETHRML, v—%—XFKETFHA
P—% H T 10,000rpm, 5 43RS 2 Z L2 XD
Ty g R,

2.3
KEEERIEIZIZ A b L A B R, =<y g
LT O EE 43 AR U AR 1 el 2Ok 43 A
i, Ty a VR OBBICIET VAT T
F v — B E TS (FF-TEM) ZHui=,

3. HERLER

HAH DM OFEFADZEE | I K OVKFAIZ HEREHE 2 s
MUTZW/O0 -~y g afERLL ., KRR L AT E
MAEZIHME L7z, £/, W0 =~/ a rOkifH A
REiHiL, A7 Y=y MEthE AT,

3.1 HDIEHE

MOREEN W/0 =~ /Ly 3 ORSEE & Iy Ze etk
(252 DB TN, W, DR D R T
>, 10P, OA ZAF ] L7, i/ /K/ SiEEs| (PR-20)
D3RS HRT, ML EEZTWO =~y a %
TEREL | RPERZCEMED AL D AR 2 3~ T,

Imaging Conference JAPAN 2018

-1J2-01 -



© —fikHEAN BAEHRFESR

W/O

Imaging Conference JAPAN 2018

O/W. Mo

a

a 10 2 3 40 0 (1 T & a0 100 a
PR-20 water PR-20
(a) n-dodecane

Fig.1 Stabilities of W/O emulsions using different oils
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Fig.2 Particles of the W/O emulsion observed
by FF-TEM
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[J2-02] #TARAEEMORRE -ERPZENFOBE & AERRkIEDRR-
New White Pigments -Correlation between Structure of
Inorganic Hollow Particles and White Opacity-

EHEKR BEE (. HRXatY3-)

*Tomohiro Hirade', Hiroshi Goto' (1. Ricoh Company, Ltd.)
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New White Pigment
-Correlation between Structure of Inorganic Hollow Particles and White Opacity
Tomohiro Hirade, Hiroshi Goto

Functional Material Development Center, Commercial and Industrial Printing Development Division,

Ricoh Company Ltd.

We have made a new white ink which features less sedimentation and high white opacity even upon
non-permeable media. Titanium dioxide has been used in the white ink in order to obtain high opacity, but
it has the problem of sedimentation. Hollow resin particles have also been used for white ink.
Sedimentation is drastically reduced, however, white opacity is limited when heating and drying
especially on non-permeable media. In order to overcome these problems, we focused on characteristics
of hollow silica particles with low density in addition to heat resistance and solvent resistance. We
developed new white pigment of hollow silica particles which lead to less sedimentation and high white
opacity by optimizing primary particle size and wall thickness size.
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e-mail:tomohiro.hirade@jp.ricoh.com
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Fig.1 Image of light scattering from dense particle
and hollow particle.
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Fig.2 Printed white ink containing hollow resin
particles on PET.
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Fig.3 TEM images of synthesized hollow silica
particles.
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W : Hunter whiteness a : redness-greenness

L : Lightness b : yellowness-blueness

Eq.1 Hunter whiteness.

D2 (pp-p1) 9
18 n

V : Sedimentation velocity (m/s)

V =

pr . Density of fluid (kg/m3)
D : Diameter of particle (m) g : Gravitational acceleration (m/s2)

pp : Density of particle (kg/m?) n : Viscosity (kg/m s)

Eq.2 Stokes’s law.
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Fig.4 Influence of primary particle size on white
opacity and sedimentation velocity.
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Fig.5 Correlation between pigment volume and
white opacity.
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Fig.6 SEM image of printing film of (A) hollow silica
particle and (B) TiO2.
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[1J2-03] Pigments for Inkjet Food Packaging Printing
*Stephane Biry1, Ruth Bauer® (1.BASF Colors &Effects Switzerland AG, 2. BASF Colors &Effects GmbH)

With inkjet printing showing strong and steady growth in packaging and industrial printing, there are rising
concerns over the suitability and compliance of inkjet inks for sensitive applications such as food packaging,
where the inks — and thereby the primary ink components like pigments, resins and additives — need to meet
stringent requirements in terms of their toxicological profile and migration behavior. This paper reviews
pigments for inkjet food packaging printing, in the light of the latest changes in legislations and
recommendations by the competent authorities, particularly the EU authorities.
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Pigments for Inkjet Food Packaging Printing

Stephane Biry" and Ruth Bauer™

*BASF Colors & Effects Switzerland AG, Basel, Switzerland
" BASF Colors & Effects GmbH, Ludwigshafen, Germany

With inkjet printing showing strong and steady growth in packaging and industrial printing, there are
rising concerns over the suitability and compliance of inkjet inks for sensitive applications such as food
packaging, where the inks — and thereby the primary ink components like pigments, resins and additives —
need to meet stringent requirements in terms of their toxicological profile and migration behavior.

This paper reviews organic pigments that are suitable for inkjet food packaging printing, in the light of the
latest changes in legislations and recommendations by the competent authorities, particularly the EU

authorities.

1. Digital Packaging Printing
Digital printing (inkjet and electrophotography) has

become a significant print technology for all kinds of
applications, including publication, commercial and
industrial printing.

The well-known benefits of digital printing, like
variable data printing and print customization, short-run
efficiency, print-on-demand, minimal set-up and
switchover time and costs, are also of high value for
packaging printing applications. For example, there are
many trends in packaging that lead to a decrease of the
average print run length. Packaging is critical in
establishing brand identity and serves as an advertising
medium, and there are more and more specific, seasonal
or regional packaging designs. This is resulting in shorter
run lengths and the need for a better management of the
packaging supply costs, which are negatively impacted by
long lead times and high stock levels. Thus, it comes as no
surprise that digital printing is on the rise in the label and
package printing sector, to the detriment of the
conventional packaging printing technologies such as
flexography, gravure and offset.

An increasing number of products around the world are
adopting digital printing. According to a recent
Smithers-Pira study, in 2017 all digitally printed
packaging amounted to some $13.2 billion sales, which is
about 3.33% of all printed packaging. The labels sector is

currently the most advanced in its adoption of digital print.

Through 2022, the value of the digital packaging sector
will grow at 11.2% CAGR to $23.2 billion, accounting for
nearly 5.3% of packaging by value, while print volume
will reach the equivalent of 334 billion A4 prints (some
3.2% of the total print area output). This projected growth

*k Klybeckstrasse 141, 4057 Basel, Switzerland
e-mail: stephane.biry@basf.com

is driven mainly by new, highly productive corrugated
inkjet and electrophotographic presses, with additional
contribution from cartons and other segments, such as
flexibles, rigids and metals.

2. Food Packaging and the Food Contact
Requlatory Landscape
Packaging has always served a critical role in the food

supply chain and roughly 90% of all foodstuffs are
packaged, at least in mature countries. Considering that
the value share of food and beverage packaging is
approximately 70% of the overall consumer packaging
market, food packaging printing is obviously a primary
target market for all players in the digital printing value
chain, from raw material suppliers to OEMs and
converters.

Besides design and sustainability, a major topic for
food packaging relates to consumer health and food-safe
packaging, including the printing of food packaging. This
is reflected in the increasing regulation of food packaging
materials and the printing inks used to print on them,
which is aiming to guarantee food safety and human
health through use of appropriate packaging materials and
printing technologies.

Guidelines and regulations for food packaging differ
from region to region, and even from country to country,
but the underlying principle is that the packaging should
not endanger human health, change the composition of the
foodstuff or alter its organoleptic properties.

Amongst the guidelines and regulations that pertain to
food package printing inks for indirect food contact (i.e.
inks for use on the non-food contact surfaces of food
packaging), there are few which are particularly important
and enforced. For example, the EU Framework
Regulation (EC) No. 1935/2004 which — in substance —
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states that food contact materials shall be safe. Also, the
GMP Regulation (EC) No. 2023/2006, which lays down
the general rules for all business operators in the food
packaging value chain, and specifies that quality
assurance and control systems are established and
implemented. The more recent EU plastic packaging
regulation (EC) No. 10/2011 is relevant for food package
printing inks too, since printed plastics are also in scope.
A lot of attention is also going to the Swiss Ordinance SR
817.023.21, since it was officially enacted in April 2008.
SR 817.023.21 comprises positive lists of chemicals that

are allowed to be used in inks for food packaging printing.

List A comprises substances that have been thoroughly
evaluated in terms of their health and safety risk and have
a stated Specific Migration Limit (SML) or have to
comply with the Overall Migration Limit (OML). List B
comprises substances for which there is insufficient
information currently to define a SML, but are allowed for
use provided they comply with a migration threshold of
maximum 10 ppb. EuPIA (European Printing Ink
Association) provides general guidelines, including
directions on Good Manufacturing Practice, and a
negative list of banned ink chemicals. Worth mentioning,
is the fact that the EU commission started activities to
adopt a new Union legislation on printed food contact
materials, including printing inks and commonly printed
materials such as paper and board, in 2018.

In the US, the FDA concerns itself with food additives
and direct food contact, and does not provide a regulation
for inks for indirect food contact applications
(no-migration principle).

In Japan, under the Food Sanitation Law, the inertness
of food packaging must be ensured and the Japanese
Printing Ink Manufacturers Association has issued
recommendations on food packaging inks.

Also, some brand owners (e.g., Nestlé¢) have defined
their own guidelines for food packaging printing, which
have to be complied with by their packaging suppliers.

As far as pigments are concerned, the primary concern
of regulations which pertain to food packaging pigments
is to define upper limits for impurities such as traces of
heavy metals, Primary Aromatic Amines (PAAs),
Polychlorinated Biphenyls (PCBs) or dioxins. In Europe,
the most relevant recommendations concerning the
colorants for food packaging are the European Resolution
AP (89) 1 (1989) and the German BfR IX (2015).

3. Ink Migration
A major concern with printed food packaging, when it

comes to food safety and consumer health, is ink
migration. All printing inks have the potential to migrate
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from the printed side of the packaging to the food-contact
side and contaminate the food. At this point, it must be
emphasized that ink migration into the packaged foodstuff
is not only a function of the ink itself, but also largely
depends on the other packaging components (print
substrate), the printing and processing conditions, and
also on the nature of the packaged food (e.g., fatty
foodstuffs are more prone to absorb ink migrants). In the
end, it’s the entire printed packaging together with its
content that must be compliant with regulations to ensure
consumer safety, not just the ink. Ultimately, the
responsibility therefore lies with the converter and the
brand owner.

As a general rule, it is always recommended to use
barrier substrates such as glass or metal or implement
functional barrier layers (aluminium laminated cardboard,
for example), even though this doesn’t resolve the set-off
migration issue. Also, low-migratory ink components
should be selected whenever possible, and if migrating
substances cannot be avoided, comprehensive
toxicological data must be available and migration levels
must be below the defined SML.

Ink migration and thereby food contamination can
occur in different ways. The most common migration
mechanisms are set-off, diffusion and gas phase migration.
Set-off might occur when the prints are stacked or rolled
up after printing and before conversion. In that case, ink
components might transfer directly from the printed side
to the reverse side of the packaging and later be in direct
contact with food. In case of diffusion migration, ink
compounds might reach the food by diffusing through the
packaging substrate (e.g. thin-walled PE pouches). Gas
phase migration might occur during strong heating (e.g.,
microwave-ready meals).

Examples of ink components with high migration
potential include low molecular weight photoinitiators
and monomers, as present in UV-curable inks, solvents,
plasticizers, as well as any other low molecular weight
substances (< 1’000 g.mol™"). In general, ink components
like binders, inorganic materials (e.g., fillers, silica
matting agents) and organic pigments have no or
extremely low migration potential and are usually not
regarded as migrants. That said, aforementioned
non-migrants might contain impurities which could
migrate and contaminate food. In case of organic
pigments, such impurities often consist of substances with
significant toxicity and human health risks such as
Primary Aromatic Amines (PAAs) or Polychlorinated
Biphenyls (PCBs).
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4. Azo Pigments and Primary Aromatic Amines

(PAAS)

Azo pigments still reign supreme amongst organic

pigments and represent more than 50% of the worldwide
organic pigment production by volume. They are used in
all kind of industries and applications, in particular in
printing inks.

All azo pigments can potentially contain traces of PAAs,
which are relatively small, mostly hydrophobic aromatic
molecules that are prone to migrate, unlike the pigment
itself (due to its particulate, crystalline nature). This is
related to the azo pigment manufacturing process, which
always starts with the conversion of a primary aromatic
amine into a diazonium salt in the 1% synthesis step (the
so-called diazotization). In addition, the coupling
component introduced in the second step — while not
being a PAA itself — might also contain PAA residues.
Considering possible PAA residues originating from the
coupling component and unreacted PAA from the
diazotization step, the final azo pigment might contain
residual PAAs at its surface or embedded into the crystal
lattice (even after thorough washing). On top of that,
certain non-azo pigments are also made from PAAs and
can also potentially include PAA impurities. All in all,
there are numerous pigments, mostly azos but some
non-azo types as well, that are potentially contaminated
by PAA residues, especially yellow, orange, red and
magenta pigments (cyan and green pigments of the
copper-phthalocyanine type or DPP red pigments, for
example, are not concerned).

Issue with PAAs is that most of them exhibit acute or
chronic toxicity, and a number of them are suspected
human carcinogens. Actually, at least 22 PAAs are
recognized and classified as CMR (Carcinogenic,
Mutagenic, Reprotoxic) substances and are not allowed to
come into contact with food at all. Examples of
CMR-classified PAAs include 3-3’-Dichlorobenzidine
(used in the synthesis of PY 13, PY 83 and other diarylide
pigments) and o-Anisidine (used in the synthesis of e.g.
PY 74). Both PY 83 and PY 74 are very popular yellow
ink pigments, also widely used in inkjet inks and
electrophotographic toners.

5. PAAs in Printed Food Packaging Materials

5.1 Regulatory Landscape

Older regulations and recommendations about PAAs
are usually dealing with PAA content of the pigment itself
(e.g. AP (89) 1 (1989) or EuPIA 2011), whereas for more
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recent regulations like BfR IX (2015) or (EC) No.
10/2011, it is the final packaging item that is in scope and
it is PAA migration to food which is defined and regulated.
For instance, under European Resolution AP (89) 1
(1989), the maximum threshold limit for PAAs in
pigments is 500 ppm in total and 10 ppm for 3 specific
PAAs (singly and in total). In the German BfR IX
recommendation from October 2015, limit values for
PAAs are no longer defined for pigments but for
migration from final article, with a migration limit of 10
ppb in total and only 2 ppb singly for 22 specific PAAs
that are recognized as CMR substances.

According to BASF Colors & Effects’ worst-case
assessment, aforementioned migration limits for PAAs
translate into PAA content requirements for pigments
which are significantly lower compared to the 500 ppm
limit as recommended under AP (89) 1 (1989) or the old
BfR IX recommendation from 2010. Thus, maximum
PAA content of the pigment should now be less than 100
ppm singly and in total and 20 ppm singly for 22 PAAs
classified as CMR.

5.2 New Analytical Method for PAA Analysis
BfR (IX)
recommendation regarding PAAs, and considering similar

Following the recent change in
European regulations which are also focusing on PAA
migration, there was an urgent need for a new analytical
method to accurately identify and quantify PAAs as single
substances in organic pigments. The established method
from ETAD (Ecological and Toxicological Association of
Dyes and Organic Pigments Manufacturers), ETAD No.
212, became obsolete since it didn’t anymore fulfil the
criteria regarding sample preparation, PAA extraction,
selectivity and detection limit, as required by latest
recommendations and regulations pertaining to PAA
migration. Since no industry-wide feasible and accepted
analytical method existed that complies with the newly
required benchmarks, during 2015/2016 BASF developed
a new test method for the exact qualitative and
quantitative analysis of PAAs in pigments. BASF
promoted the test method at ETAD, who had it validated
by a round robin test within ETAD members. The method
was subsequently published as ETAD Method No. 212
revised, edition May 3, 2016. As a released ETAD
method, industry-wide acceptance is ensured and
conversion into a norm is intended. All ETAD members,
which include all major pigment and dye manufacturers,
have the right to use the method free of charge, while
non-ETAD members can purchase the method.
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6. Conclusion

Digital printing enjoys increasing popularity for
packaging printing applications. Food packaging is a
strongly regulated field and Primary Aromatic Amine
(PAA) impurities commonly present in organic pigments
and thereby in printing inks, are of particular concern
with regard to food safety and human health. Indeed,
many PAAs are toxic and may endanger consumer health
in case of migration from the printed packaging into
foodstuff. To control PAAs in digital printing inks for
food packaging, it is advisable to use pigments not
relying on PAAs for their synthesis and therefore free of
PAA impurities or breakdown by-products.

. o NaNO
1. Diazotization: @ TIE-

’7 Diazo component

= Primary Aromatic Amine
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In case PAAs are used in pigment manufacturing, only
pigments from reliable sources that are strictly monitored
for PAA content should be used.

BASF Colors & Effects is analyzing its pigments with
a new method to accurately identify and quantify PAA
food
packaging printing inks which is meeting all relevant EU
(incl. latest German BfR IX (2015)), Swiss Ordinance
SR 817.023.21,
regulations, is available from BASF Colors & Effects.

impurities. A pigment selection for digital

as well as US and Asia-Pacific
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Influence of the Characteristics of Emulsion on Image Quality
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Takahashi Shigeki1, *Yoshikawa Takahiro' (1. KAO Corporation)
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The image quality after printing the emulsion-containing ink on paper was found to be decreased as the
amount of emulsion in the ink, that is, the number of particles in the droplet was larger, or as the particle size
was increased. On the other, the image quality was higher when Tg of emulsion was higher. In addition, it was
found that the product of the spreading area of ink droplets indicating the interaction with paper and the
glossiness was a new index for predicting image density. Regarding the fixing property, it was found that
when the amount of emulsion was the same as or larger than that of colorant, the entanglement of the
polymer landed on the paper was thought to be improved and the fixing property was enhanced.
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Influence of the Characteristics of Emulsion on Image quality
Shigeki Takahashi, and Takahiro Yoshikawa
Global R&D Performance Chemicals Research Laboratories

According to this study, it was found that the ink performance including the O/W type emulsion greatly

depends on the characteristics of the emulsion.

The image quality after printing the emulsion-containing ink on paper was found to be decreased as the
amount of emulsion in the ink, that is, the number of particles in the droplet was larger, or as the particle
size was increased. On the other, the image quality was higher when Tg of emulsion was higher. In
addition, it was found that the product of the spreading area of ink droplets indicating the interaction with
paper and the glossiness was a new index for predicting image density.

Regarding the fixing property, it was found that when the amount of emulsion was the same as or larger
than that of colorant, the entanglement of the polymer landed on the paper was thought to be improved

and the fixing property was enhanced.
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Fig.5 Relationship between boiling point of ink and
image density
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Table 1 Effects of emulsified emulsion weight ratio on
mechanical smear
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Oral presentation | Image Input, Image Processing and Kansei Imaging

[IM] Image Input, Image Processing and Kansei Imaging
Session Chair:Makoto Matsuki(former NTT Qualis), Yoshihiro Hattori(Konica Minolta, Inc.)
Tue.Jun 19,2018 12:50 PM - 2:10 PM Reception Hall (3rd Floor, Keyaki Kaikan)

[IM-01] Color Management System for Metallic Color
*Masahiko Kubo', Kaoru Yamauchi' (1. Fuji Xerox Co., Ltd.)
12:50 PM - 1:10 PM

[IM-02] Steganography Technology for Inkjet Printing System
*Yuki Ishida' (1. Canon Inc.)
1:10 PM - 1:30 PM

[IM-03] Application of Deep Learning to Technology to Create Photo Books from a
Large Amount of Images
*Hirokazu Kondo', Yukinori Noguchi1, Hiroyuki Furuya1, Takuya Tsutaoka' (1. FUJIFILM
Corporation)
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[IM-04] Color Uniformity Correction Technology for Multi-Display
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Haruo Yamamoto' (1. Advanced Technology Development Unit, Business Solution Business Unit,
SHARP Corporation)
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Color Management System for Metallic Color
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*Masahiko Kubo', Kaoru Yamauchi' (1. Fuji Xerox Co., Ltd.)
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In order to respond to the needs for highly value-added print making use of special toner, metallic color was
examined. In metallic color, since the color reproduction depends on the observation direction, the
conventional color management technology has a problem that the color appearance of the target and the
print are different. Therefore, we developed color management technology for metallic color considering
color reproduction for multiple observation directions. In this presentation, we introduce new color
management technology and digital printing press for production with this technology.
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Color Management System for Metallic Color
Masahiko Kubo®, and Kaoru Yamauchi”

“Imaging Platform Development Device Development Group, Fuji Xerox Co., Ltd.

In order to respond to the needs for highly value-added print making use of special toner, metallic
color was examined. In metallic color, since the color reproduction depends on the observation direction,
the conventional color management technology has a problem that the color appearance of the target and
the print are different. Therefore, we developed color management technology for metallic color
considering color reproduction for multiple observation directions. In this presentation, we introduce new
color management technology and digital printing press for production with this technology.
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Fig.1 Changing the order of printing for metallic
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Fig.5 Processing flow of proposed color conversion
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Fig.8 Fuji Xerox original swatch table.
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Fig.9 Print samples of metallic color.
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Steganography Technology for Inkjet Printing System
Yuki Ishida®

“Inkjet Device Development Center, Canon Inc.

In recent years, high-function camera capable smartphones have spread through the market, and users who
had the smartphones have come to be able to take more photographs easily. In addition, the users have
come to be able to print them directly from a smartphone without via PC.  As a result, print volume from
the smartphones is extremely increasing. Therefore we developed a smartphone application "Message in
Print" to offer a new way of enjoying photographs using the smartphones. "Message in Print" is composed
of the following two major functions. The first function is to embed user-designated information in a
photograph and to print it, and the second function is to extract the embedded information from the printed
photograph. Here we report details of those functions.
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Fig.6 Search for the position of the data.
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Fig.8 Result of image quality evaluation.
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Fig.9 Result of decoding time evaluation.
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Application of Deep Learning to Technology to Create Photo
Books from a Large Amount of Images
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Application of Deep Learning to Technology to Create Photo Books from a Large Amount of

Images

Hirokazu Kondo", Yukinori Noguchi', Hiroyuki Furuya’,and Takuya Tsutaoka’

“Imaging Technology Center, R&D Management Headquarters, FUIIFILM Corporation

In addition to sharing images shot with digital cameras and smartphones on the net, it is also becoming
popular to create original photo albums. However, choosing a good photo from a large amount of images
taken and laying it well on the page of the album is a big task for many users. As a technology to support
the solution of these problems, we have developed "Image Organizer" technology based on our own
algorithm based on our know-how of photography and applied it for products and services. In this article,
we describe improvement of the performance of photo selection / layout function by introducing deep

learning which is remarkable progress in recent years.
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1) Xuebin Hu, Tetsuya Takamori, Kei Ymaji, and Tetsuya
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The 113th Annual Conference of the Imaging Society of
Japan (2014).
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“Studying aesthetics in photographic images using a
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Color Uniformity Correction Technology for Multi-Display
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1,ToshiyukiGotoh1,Daisukelgarashﬂ,DaiichiSawabe1,TomoyaIshiI<ura1,Harquamamoto1 (1. Advanced
Technology Development Unit, Business Solution Business Unit, SHARP Corporation)
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Color Uniformity Correction Technology for Multi-Display
Makoto Hayasaki®, Hideki Ohnishi *,
Toshiyuki Okunishi*, Toshiyuki Gotoh”, Daisuke Igarashi®, Daiichi Sawabe *, Tomoya Ishikura® and Haruo Yamamoto®

Gaku Furuichi”, Yasushi Adachi*, Terumitsu Katohgi ™,

*Advanced Technology Development Unit,
Business Solution Business Unit, SHARP Corporation

Recently, advertisements using digital signage are increasing. Among of those, multi-LCD (Liquid Crystal
Display) has a great need and can be seen in many places. In the digital signage field, since many LCDs
are assembled as one big single display and/or to display a certain single color level, such as white and/or
major colors, there are some image quality issues of luminance and color mura (un-uniformity) in the single
display and the color differences among the displays that are not big issues in the consumer LCD-TV field.
Therefore, we developed new technologies to improve the uniformities of luminance/color precisely for
both of the single display and the multi-display. In this paper, we will mainly introduce about the general
description of the issues, the features of our luminance/color uniformity correction technologies, and the
issues we resolved by implementing those technologies in our LCD products.
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Figl: Image of multi-layout of PN-V701
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Fig2: Process of color uniformity correction in the
product line
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Fig4: Image of one area of 3D-LUT in the display
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Fig7: 3D-LUT interpolation for color matching
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(a) Image of before correction

(b) Image of after color uniformity correction

(c) Image of after color matching and DIT

Fig9: Image of color uniformity correction
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Oral presentation | Electrophotography

[EPm] Electrophotographic Materials
Session Chair:Tatsuya Tada(lbaraki University), Akihiko Itami(Konica Minolta, Inc.)
Tue.Jun 19, 2018 1:00 PM - 2:20 PM Conference Room (2nd Floor, Engineering Research Building 1)

[EPmM-01] Development of New Solid-capsuled Toner
*Masami Tsujihiro1, Masaki Okita1, Hidetoshi Miyamoto1, Naruo Yabe1, Yoshio Ozawa' (1.
KYOCERA Document Solutions Inc.)
1:00 PM - 1:20 PM

[EPmM-02] Investigation of Fogging Toner by Measurement Technique for
Electrostatic Charge on Single Particle with MEMS-based Actuated
Tweezers
*Daichi Yamaguchi' (1. Ricoh Company, Ltd.)
1:20 PM - 1:40 PM

[EPmM-03] Adhesion of Liquid Electrographic Images with a Substrate in Flexible
Packaging
*Chisato Urano', Osamu Ide' (1. Fuji Xerox Co., Ltd.)
1:40 PM - 2:00 PM

[EPmM-04] Application of Volatile Liquid Toner for Liquid Electrophotography System
Using High Concentration Contact Developing Method
*Yuki Yokoyama', Toshihiko Suzuki', Nobuyuki Nakayama' (1. Fuji Xerox Co., Ltd.)
2:00 PM - 2:20 PM
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[EPmM-01] #HRV VY RATEIL M F—DFRFE

Development of New Solid-capsuled Toner
tEEC. ABEZ EFR. =A &R KB B MEEX (1I.RESRFaxvhvyai—vary kR
=tt)
*Masami Tsujihiro1, Masaki Okita1, Hidetoshi Miyamoto1, Naruo Yabe1, Yoshio Ozawa' (1. KYOCERA
Document Solutions Inc.)

REIICOE-2EEODREMEZERL, RERDEB IRV RATALAICHBTBFRAT I N F—5FHARK L. 8iEE
LT, R 7OREBRTOCREBAADELMBOEES AT LATRY TRATIVHRMORHEZARICE
O, TORAICBREOH TV EZEKLZEDTHS. ERE LT, ToRMBREEEZBREL ODOOGVWE T 1M
ERIAICH-2EEDLEMAER L7=. KT T3, TASKalfa6052ciZs & ICIESE, ERIL LR A T+

F— DR, MREEICDOWTHERR 3.

New capsuled toner that achieves long-term image quality stability and corresponds to the next-generation
energy saving system. As a manufacturing method, it is our unique production system combining a dry
process and a wet process to maximize the characteristics of polyester material and form a capsule of thin
film on its surface. As a result, we achieved high energy saving performance and long term stability of image
quality while securing adequate heat preservability. On this paper, we describe the feature and performance
of the new capsule toner installed and marketed in TASKalfa 6052ci and others.
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Development of New Solid-micro-capsuled Toner
Masami Tsujihiro", Masaki Okita", Hidetoshi Miyamoto*, Naruo Yabe*, and Yoshio Ozawa’
" KYOCERA Document Solutions Inc.

The various toners have been developed during 80 years until now since C.Carlson developed the
image of letter “ASTORIA” by using dyed spore under studying of electro-photography in 1938.
In last 20 years, there were big changes that the binder resins shifted from styrene-acrylic to polyester by
the material point of view, and the save energy became the keyword. Moreover, the wet chemical method
became popular instead of the dry kneading pulverizing method by the production process point of view.
After reviewing the two changes, we report about the capsuled toner by our new dry and wet processes.

© —fikHEAN BAEHRFESR
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Fig.1 Solid-micro-capsuled toner image.
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Fig.2 Manufacturing process of
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Fig.3 Toner shape control.
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Fig.5 Comparison of energy consumption.
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Fig.7 Relationship between Q/M and mixing time

Fig. 8 IZBREZLIZIE D WEEDZE(LE LD
VU R~vAruah 7N =Ltk r—Lt%
g LR L.

YV R~A a0 b7 r v F—IiZBWNT
X, I A BN ERE A Z TR, RY
T AT AT OBREEICITHE D K1 OWETAET
LD LA 5 TFIZ <
M 10°C/10%
23°C/50%

32.5°C/80%

11
1111
INENN|

QM (Clg)

NN

Our previous Solid-micro-capsuled
toner toner

Fig.8 Charging stability.
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Investigation of Fogging Toner by Measurement Technique for
Electrostatic Charge on Single Particle with MEMS-based
Actuated Tweezers

qLho k' (1. %R &4EY 3-)

*Daichi Yamaguchi' (1. Ricoh Company, Ltd.)

In situ measurements of charge of fogging toner have been carried out using measurement technique with
MEMS-based Actuated Tweezers and AFM cantilever. Because this technique enables picking up single
particle and measurement of the charge successively, the technique has great potential for application to the
analysis of single isolated toner particles, such as those in fogging. The fogging toners on the flat ITO
substrate were generated with several voltage conditions, and the amounts of fogging toners were quantified
by image analysis. The relationship between the amount and the charge of fogging toner were analyzed. The
results demonstrate that the amount of fogging toners decreases as the charge of fogging toners increases
positively.
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Investigation of Fogging toner by Measurement Tegmm for Electrostatic Charge on Single
Particle with MEMS-based Actuated Tweezers
Daichi Yamaguchi
*Research and Development Division, Ricoh Compardy, Lt

In situ measurements of charge of fogging tdrete been carried out using measurement technique
with MEMS-based Actuated Tweezers and AFM cantileBercause this technique enables picking up
single particle and measurement of the charge ssivedy, the technique has great potential for
application to the analysis of single isolated tgmarticles, such as those in fogging. The fogdorgers
on the flat ITO substrate were generated with s¢waltage conditions, and the amounts of fogging
toners were quantified by image analysis. The ilatiip between the amount and the charge of fogging
toner were analyzed. The results demonstrate libamount of fogging toners decreases as the charge
fogging toners increases positively.
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Table 1 Voltage condition

Voltage applied to ITO electrode -350V
Voltage applied to developing Offset -250V
roller Peakto peak | DC(-)
AC750,1000V
Frequency DC-
AC2,9, 20kHz
duty 50%

BB R % O AR Y o 7 VR H & BA
FICTEIEL T, BN b —822FMM L. LV
BRMIZIE, AFBEMERGE S, BEGENT Y 7 K
Image—ProPlus (2 LV, fEfLLE ERiF Do b
BV, G M —EAEFEI L.

Hygi b —10 KiFi2>\WC, T/ 'Y MZ
£ LR M —mEEFHIEINC L > T, HEE
ZEHME L7, BRI TO®EY Th D,

2.1 MEMS Ert vy MZkB—HFHEEAR
it

EHOIX, b ——R T ZEEFEERTRE 72 MEMS
BEer vy hEAMADL TFLA—FH 0, b
A BRI BRI AT A B L7 V. MEMS B
Fo~A 7ty MIX, TAHABFHEAEHE
U A A R N0 < LAY

A, /ety hTHUT U T LI
BO—RF N —%2 Do F L= CiEIEL L
TEAETDH, DoFLA—DRY NG, B LE R
F—OBMEEZFET S LV EHRTH D (Fig. 2).
F Iy FTHELE N —08EE -
Monn, EMEAZEHETS. BERMERERHOBRIZIT,
kR PR E ORI — B R oA &, RABRY 7R S
ERMCEIMZ, R/ _FETHEIEICT + v T 4
VT ERFERTD.

Nanotweezers
X

Cantilever i
Holder =
\

G

S
Laser Displacement
Meter

Piezoelectric Stage

Glass plate

(a) Nanotweezers picking up particle (b) Image force measurement

Fig.2 Schematic diagram of image force

measurement of single toner particle

AL, 1 kT b — DR EEE BT 2
ELFRETH D, BB IIFHANE, W TFLoN— 38
U7 RBE TEMIT 523, Fig 3IRT LIS, B
VFUN—IZEBEREM UL, hoTFLoaA—=R
Mr—lzslEFELNDED, b LIIRFET D0
T hF—OmEREZHRITE 5.
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Fig.3 Schematic diagram of
measurement of single toner particle

Cantilever
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3. HBREEE

SRR T EOHITEIL N — OB RE R D —1
&L LT, Fig 312 DC EBEENNEOR B4 T4, iR
Eiz, FF—MIE LTV AETFRDAS.

\

Fig.4 Optical microscope image of fogging toners on
ITO substrate at application of DC voltage
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Fig.5 Applied voltage dependence of number of

fogging toner

Imaging Conference JAPAN 2018

- EPm-02 -



© —MuHEA BAERFES

EPm-02

Fig. 6 (2 DCEEFAMOHIBI b —H B EF G
BT, FHELZ 10K FICBWTC, FROKER
O RF—RNRELTCHDZ ENbMND. B, T
DOFERLED T, HEEOHEIEMIZY — F L TER
LTWA., B 7T oo —i%, HIENEE
MEARD = L AT .

0.4

Al

Charge(fC})

i

Sample Number

Fig.6 Charge measurement results at application of
DC voltage

2, AC BJERVINEEOHE b —Hr E &I
%%Flg 7, Fig. 8 I T/ 9. Fig. 70’3 — 27/ —¢t
BT 750V CREIME A ZE 2 I /G R, Fig. 8 A —
7/ v — 7 B 1000V CREEHZZE 2 T-ERTH
%. Fig.7, Fig.8 & bIZAEHAE LT 5 L, Hi5
R F—0EEENEERICT T A7 5
ZENbmA. EIZ, Fig. 7 & Fig. 8 H#k+ % &,
B—7 Y — 7 BEMENTT A, HER N —0
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Fig.7 Charge measurement results at application of
AC voltage with Vpp of 750 V
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Fig.8 Charge measurement results at application of
AC voltage with Vpp of 1000 V
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Fig.9 Applied voltage dependence of Charge of
fogging toner
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Fig.10 Relationship between voltage waveform and

movement of negatively charged toner

Fig.5 & Fig. 9 ZHIT/ERR L7, HYEIL FF—D
RAERCEEREOBGR%Z Fig. 11 1R T. #y5HL
FTHEENT T AAICKENE, HYERL N F—D
BAEBRNDROVBMRICHD Z LS. h—F
DEKEEDDDII~A T AKEE N —THD.
Fig. 11 1%, BUGEESRM %2 2 CHy5IL M —D%
EREEEZEZTWDZ D, Fig 111%, EHROH
BIRETH D~ A T AHE T —DIEEGEIATE
LWk oIz, BIgEESHZ&RET 2 23, H
BUVRBICEETHL Z LA RLTNDEEEZLN
5.

Imaging Conference JAPAN 2018

Ha
o
D

I

E .

£

el

=

- 100 +

=

= .

[=1+]

£

1] *

] .

2 50 ¢

b

° .

b

w]

g 1 D 1
=0p) 01 0 0.1 0.2

Charge of fogging toner (fC)

Fig.11 Relationship between amount of fogging

toner and charge of fogging toner

FED

4.
BTV Y, HENHSEEE L M)

—ZIAESET, MEMS oty MLV, BN R
F—O#EREL in situ lZFHEI L2, #7550 R —
BEENT T AACKREWE, BN M —RAE
DO I BBRICH D Z EEZHL N L.

1)
2)

3)

4)

5)

S5 3

Dan A. Hays, “Toner Adhesion”, The Journal of Adbes

51, pp. 41-48 (1995) .

L. B. Shein, “Electrophotography and Development
Physics”, Springer, New York, (1988), p. 80.

M. K. Mazumder, R. E. Ware, T. Yokoyama, B. J. Rubi
D. Kamp, “Measurement of Particle Size and Elec¢atis
Charge Distributions on Toners Using E-SPART
Analyzer”, IEEE Transactions on Industry Applicatso
27, pp. 611-619, (1987).

D. Yamaguchi, S. Shuusuke, M. Hamaguchi,
“Measurement Technique for Electrostatic Charge on
Single Toner Particles with Microelectromechanisased
Actuated Tweezers”, Journal of Imaging Science and
Technology, 61, pp. 030501-1-030501-8, (2017) .

Takeshi Umemoto, Kenjiro Ayano, Masato Suzuki,
Masatoshi Yasutake, Takashi Konno, and Gen Hashiguc
“Nanotweezers with Proximity Sensing and Gripping
Force Control System”, Japanese Journal of Applied
Physics48, pp. 08JB21-08JB21-4 (2009).

Imaging Conference JAPAN 2018

- EPm-02 -



Imaging Conference JAPAN 2018

—#ty v 3y (OFEHRR) | BF5H
[EPm] EFEEMH
Electrophotographic Materials
2018%6A19H(X) 13:00 ~ 14:20 AV 7 7 L ¥ A — 4 (TERBAFIRME 2 =5)
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Adhesion of Liquid Electrographic Images with a Substrate in
Flexible Packaging
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Adhesion of Liquid Electrographic Images with a Substrate in Flexible Packaging

Chisato Urano* and Osamu Ide*

*Marking Technology Laboratory, Research and Technology Group, Fuji Xerox Co., Ltd.

Dispersants for liquid immersed developers, obtaining strong peel force in soft packaging applications formed by

laminating a film on a toner layer fused on a thin PET film, were investigated. It was estimated that commercially

available high molecular dispersants with sufficient dispersion stability decrease the toner adhesion with a PET film

due to their hydrophobic components for the dispersiblility in a nonpolar carrier solvent and amine components for

the affinity with toner resin, which decrease the adhesion caused by the reaction with the isocyanate component of

adhesive agents used for the lamination. A laminated application with sufficient peel force can be obtained by using

the developer comprising the dispersant optimized both for the structure of amine component and the ratio of

hydrophobic component.
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Fig. 1 Configuration of laminated flexible package with
toner layer
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5. % ZCRIIRMAL & BERAI R 2 A b S b —
Ze (i L7z (Table 1).

Table 1 Compositions of toner samples

Toner A B Cc D E
Polymer component a b o b
Release agent (ratio) 0 ] 0 1/3a a

2.2 FHEEGOERE

FIFHEAA 12X 12um @ PET 7 4 L A% A,
Select-Roller (A —= A — AT L7 a X 7 UKk
X)) 245/ LT, 20 oo LB IR
BRI EY 8t Lz (Fig. 2). BZEMMRIC LY ¥
U T EBRER, 120CTIEES LT M —Efg % E
L7z, RGO N —'IIh T —HEig THRESh
L RKEE LIZ(LLF, WEGREH).

N — G R R T v 2 A A
(TOMOFLEX™ CAT-RT37, TOMOFLEX™ TM-570 & ¥4 &
DIREY), FHEE— b RS 2846 L7,
0CHARYy 7 L— kBT 15 BREME L CIEHl %
bR Uiz, BEERIBARRIZT I Ao 20 um O OPP
T ANV ERTEEE LT A7z (Fig. 3).
Z D%, 60°C DIEIRMEZ 18 M E & Ha 4l 2 i L <
.

LA

Fig. 2 Experimental apparatus to coat developer

\

Fig. 3 Experimental apparatus for lamination

2.3 EEMOFMEE
BEAEMIMEL, X bu T 7 V1 SR
FEEY) ZfER L7=. JISZ0237 296V, T I M %& F
AN E LC, FriEp il 2 90 FECHIBEL 7= & = D
R AHE Lz (Fig. 4). FIR&Stt~oe 7y 7
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Fig. 4 Schematic view of peel force measurement
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Fig. 5 Peel force dependent on relative weight content of
dispersant
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3.3 FFr—ELEEN

h— CFIEEM & OBEMEEERZT D720, E
EEGABEZ L. Fig. 6 1T L 91T, EMLimE
DR F—TEbLNTELT, M—MICERRH 5
ZEBbhots. RIA4 T I3— NLETIEHESA
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EHTWD EHEHI LT,
ZOMGRMSIE LT AUE, MBI ERNR SN
DEEEMITE L 72D EHEMI L7z, ZERUE b —&R
MIRNNEE XV EL D EEZ, M —RE LB
L OMEA AN L7z (Fig. 7). PHEWEY, b r—&
AN DA < o Tt

Fig. 6 Microscopic image of toner layer fixed on film
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Fig. 7 Peel force dependent on weight density of toner
layer
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Fig. 8 Peel force dependent on relative mole ratio of
primary and secondary amine in dispersant
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Fig. 9 Peel force dependent on relative weight ratio of

hydrophobic component
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Fig.10 Peal force dependent on toner resin
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Fig. 11 Peel force dependent on relative weight ratio of
release agent
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Fig. 12 Peel force dependent on relative solubility
parameter of dispersant
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Application of Volatile Liquid Toner for Liquid Electrophotography System Using High

Concentration Contact Developing Method

Yuki Yokoyama, Toshihiko Suzuki, and Nobuyuki Nakayama

Marking Technology Laboratory, Research & Technology Group, Fuji Xerox Co., Ltd.

Regarding high concentration contact developing method using a volatile liquid toner of LID (Liquid
Ink Development), compositions for the developer supply system were specified. While the high
concentration contact developing method has ability in high-speed printing, it is important to obtain high
image quality that the process of forming a uniform thin developer layer on a developing roll which is
transferred to the photoreceptor. It has not been conducted using the volatile liquid toner in the high
concentration contact developing method, therefore, several problems due to the high volatility and the
low viscosity of the liquid toner were occurred. In this report, it was determined that the key elements and
those basic specifications for the developer supply system.
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Fig.1 Classification of LID.
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Fig.2 Several cell pattern of anilox roll.
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Fig.3 High concentration contact developing system
for non-volatile liquid toner.
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Fig.4 Increasing rate of toner concentration.
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Fig.6 High concentration contact developing system
for volatile liquid toner.

4.1 FOA—FviN—

UGN T4 58 O AR BUR A D iz i 2 i3~ 5 72 6
2, 7 L% Y HIRI TR OREOER - BRIk
WCHEBEOH D, BHBED N7 ¥ —F v _—J55
ZERH L7, BUGHAIIEER 7 0t XA CEEDIRERY
k7 &R S NI IRIABUE RIS K7 24 —F v
Nl &, 7T=a v 7 2 — L~ LiEd 5.
K7 #—F v o= b d— =7 10— LRI
BHENE, ~—F o/ Fukv 20K/ ) —= 7 THE

Imaging Conference JAPAN 2018

72 TR SR IRBUEH & & b, OB
BRI n A~EIRENS.
Toe=ayZAn—)LOTFHIZIL, 'y T v TR
REIHERT 27 =0 v 7 A v — LPeie s & Bl E
LTW5.

4.2 A~NYHLERIIE—2

REHRT = v 7 A0 — VLT —2TH D
NI NEEE NN AEEOT = v 7 A —)L
PHAWEEED, BB —L o N F—Eoligg
Z Fig7 IR T. KERNS, 7 =mv 7 A8
— N EBBa—LO=y TTENEREL LIz E EIL,
F—T AN IAREE ISR, Ju—X Rk
IVDN=T DREETIZY o VOB EZ T3
ZEBHBMNERY, RVATATIZY B 7R
LTEANR MEDEWAY VISR LT,

AR Pattern

300Ipi Honeycomb

300Ipi Helical

Cell Shape

Low
AR/DR
Nip
Stress
Toner Layer
onDR

High
AR/DR
Nip
Stress

Fig.7 Toner layers on the developing roll.
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Fig.8 Developing phenomenon of LID.
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Fig.9 Developing parameter design.
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Fig.11 Toner amount control.
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Development of Liquid Electrophotography System with Volatile Carrier Developer
Nobuyuki Nakayama, Satoshi Tatsuura, Taichi Yamada, Toshihiko Suzuki,

Takamaro Yamashita, and Osamu Ide

Marking Technology Laboratory, Fuji Xerox Co., Ltd.

A liquid electrophotography system was developed using liquid developer consist of volatile carrier oil
with a high boiling point and fine toner particles. Objectives of the system were to achieve high image
quality, high productivity, wide media latitude, low run cost, and high post process capability in order to
obtain applicability to wide variety of production print applications such as commercial print, label, carton
and soft package. For the purpose, in addition to engagement of newly designed developer and additives,
an image forming process using contact development process and tandem type electrostatic multi transfer
process, back heat type oil drying process, roller fixing process, and developer circulation and dispersion
process were developed. High image quality comparable to offset prints, printability to wide variety of
media and high capability to post laminating or varnishing process were demonstrated.
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Table 1 Market requirements and adopted methods.
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Development of a beam splitting laser scanning method with an optical system removing ghost light

Tadashi Nakamura, Shigeaki Imai, and Yoshinori Hayashi
Applied Imaging Development Center, Institute of APT, R&D Division, RICOH Co., LTD.

In a beam splitting laser scanning method, ghost light due to a return light to a light source causes an
error image. We show the optical system removing ghost light and its effect for an error image. Using this
beam splitting laser scanning method, we developed the world's first beam splitting laser scanning unit
with VCSEL (vertical cavity-emitting laser) light source to realize high-speed, high-density, low-cost and

compact color production printer.
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(a) With the ghost light (b) Without the ghost light

Fig. 11 Effect of the ghost light on image.
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On External Heating Fuser Technology for On Demand and
High Productivity Printing of LBP

A ZE. mER. THEE. bl AR (1. v/ UkREH)

*Akimichi Suzuki', Satoshi Nishida', Isamu Takeda', Shotaro Ikegami1 (1. Canon Inc.)

Fr/vid, aVEEMEET XM ERDHALBP654C%E, 2017F4RICHKT L, TORBTIE, FRAR
ERDABMBARNDEERFIMEZZEATE I &ICL Y, TECHET.Okwh, EHEIRI27TH/9 - 77 —AKNT YV
hS.6MDEET) Y hAERIB LA, ThODRIBOEHIC, AMMBAROESFSEFTME LT, A4pmMEa
Zv b 3BOBERAZETIESEO—S. ME1I=v b, BHERERALE, FBRETR., Y
Tal—YavERVLT, REBESREDLEENS, ThODFEIMICK 2 EESRLRER EEREEL .

Canon has released LBP654C which is an energy saving and a high-speed printing in April, 2017. This
product accomplished a high-speed printing of up to 27 pages per minute with a quick first print of 8.6
seconds and a high print quality. For these achievement, an external heating fuser technology has been
newly developed. Especially this new fuser technology contributes to the print quality uniformity and
temperature rise on the non-paper region. In this paper, the improvement of the fuser performance has been
confirmed through comparison with the conventional fuser by using a heat transfer simulation.
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On External Heating Fuser Technology for On Demand and High Productivity Printing of LBP
Akimichi Suzuki, Satoshi Nishida, Isamu Takeda, Shotaro Ikegami

Peripherals Development Center 2, Canon Inc.

Canon has released LBP654C which is an energy saving and a high-speed printing in April, 2017.
This product accomplished a high-speed printing of up to 27 pages per minute with a quick first print of
8.6 seconds and a high print quality. For these achievement, an external heating fuser technology has been
newly developed. Especially this new fuser technology contributes to the print quality uniformity and
temperature rise on the non-paper region. In this paper, the improvement of the fuser performance has
been confirmed through comparison with the conventional fuser by using a heat transfer simulation.

LBP654C 27/
8.6 TEC  1.0kWh
LAN
ODF  On Demand
Fuser D
ODF Table 1 Specifications of LBP654C
Type Desktop Color Laser Printer
Printing Method Electrophoto Method
LBP654C 2017 4 ? First-Print Time
8.3s/8.6s
LBP7200C Ad (BW/Color)
35% 42% TEC
28% Print Speed (BW/Color) Up to 27/27ppm (A4)
Warm-up Time 13s or Less from Power On
LBP654C Recovery Time 2s or Less from Sleep State
Typical Electricity 1.0kWh
Consumption )
Energy Star Yes
LBP654C Refer to disclaimers of reference 2).
LBP654C Tablel LBP654C
Fig.1 LBP654C
212-8602 70 1

70-1, Yanagicho, Saiwaiku, Kawasaki, Kanagawa 212-8602, Japan

e-mail: suzuki.akimichi @canon.co.jp
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Fuser Film
Fuser Film Diameter 18mm
b Top Layer PFA

Elastic Layer | Silicone Rubber
| _Base Layer | Stainless Steel |
Heater / Heater

Substrate I_ Ceramic

Paper Pressure Roller
Diameter 20mm
Top Layer PFA
Pressure Elastic Layer | Silicone Rubber
Roller Core Steel
.
B. Conventional ODF Fuser (LBP7200C)
Fig. 1 LBP654C Fig. 2 Cross-section of Fuser Unit
LBP654C ODF 18mn
PFA  tetrafluoroethylene-perfluoroalkyl
vinyl ether
LBP654C
65um
Fig. Fliés 11
mm mm
2 A ODF B
*) ® 3 3.5mm
3
3 PFA
e Top Layer
Fixing Roller .
Base Layer Intermediate Layer
Heating Film
Stay ~ Fig. 3 Cross-section of Fuser Roller
Film Guide 4 Heating

H Unit
tel
cater 18mm

High Thermal
Conductivity
Plate

Fuser Roller PFA  tetrafluoroethylene-perfluoroalkyl
) vinyl ether LBP654C

—
Paper

Pressure Film

Film Guide /

Stay

Pressure
Unit

0.8mm
9.3mm

A. External Heating Fuser (LBP654C)
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148 mm/s
mm/s
B5
100
Océ

Presentation FSC 80g/m?
30

Fig.5

Maximum temperature

Maximum temperature

N

Fuser Roller
Temperature

|

115

Red Label

ODF

I

Fuser Roller

BS size

o

A. External Heating Fuser

Maximum temperature

N

Fuser Film
Temperature

Fuser Film

B5 size

i

B. Conventional ODF Fuser

Fig. 5 Definition of the temperatures for comparison

Table 3
(LBP7200C)
Fig2 B
AN
(115mm/s)

(Maximum temperature)
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Table 2 Conditions and Results of simulations

Conventional Comparison LBP654C
(LBP7200C) #1
Speed 115 148 148
[mm/s]
Fuser Conventional | Conventional External
ODF Fuser ODF Fuser Heating Fuser
ATR[ ] Reference +28 -7
LBP7200C
LBP654C 148mm/s 1
AT, 28
100
LBP654C 148mm/s
AT, 7
LBP654C
LBP654C

1)

2)

3

Y.Otsuka , K. Okuda, Y. Tomoyuki, A. Kuroda, “ A study
on On-Demand Fusing Technology”, Proceeding of Japan
Hard Copy ’94, The Imaging Society of Japan (1994), pp.
61-64, [in Japanese]

Canon Official Website, Available at:
http://cweb.canon.jp/satera/Ibp/lineup/a4-color/654¢/
(Accessed March 22, 2018) [in Japanese]

Y. Otsuka, T. Ochiai, T. Sano, and Y. Nishizawa, “Optimum
Heater Designing for Low Energy Consumption Fuser”,
Proceeding of PPIC’08: Pan-Pacific Imaging Conference
08, The Imaging Society of Japan (2008), pp. 196-199.
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[EP2-02] 7O% 7> av 7)Y NEELERSREEZENR LI-ZEAIRES
The Energy-Saving Fixing Apparatus Which Achieved
Production Print Image Quality and Cardboard Speeding

R AL, ARME R ZRER' (1. 3283 /LS BRAH)

*Toshihiro Wazumi1, Kazunori Nishinoue1, Hiroaki Miho' (1. KONICA MINOLTA, INC.)
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S UC2EEEHDEME ZNICL ITWMAMOEB{LABWISESZH, TRAMNE—XERVWEMEREEE., 0T H
DCAERITICE D K BMEBETA2THI T & T, ARy O—SOHAICKSIL., REGHI OBRELREIXESEE
=RFELE,

O—M#EEAN BAERFESR



EP2'02 Imaging Conference JAPAN 2018

JOFooarvd) U MEEEEMEERIEFER L-EIRTEE
Fove  FIVE, VIR —fd, SR AR

=73 VA RRASH (G RAREGBAJEARES  BP QAP v & —

The Energy-saving Fixing Apparatus Which Achieved Production Print Image Quality and
Cardboard Speeding
Toshihiro Wazumi, Kazunori Nishinoue, and Hiroaki Miho
EP Image Engineering Development Center R&D Headquarters Business Technologies, Konica Minolta, Inc.

While customer's cost and environment consciousness is rising, in a small-scale print trade, a on
demand print shop and a light production print market including in-house printing, we have to achieve
low electricity consumption and achieve the production print quality (image quality and cardboard
speeding).

We aimed to adopt the low thermal capacity sponge roller, but excessive fixing pressure caused
destruction of the sponge. We have developed the long-lived life and high-quality fixing apparatus by
practicing component design based on material selection using test piece and CAE analysis of strain.

1. &I H5,
INRREEIRIZESCA > T~ RT U v hva v,
BENEIRZ G T v Tag a7 v bl
BB\ TiL, BEOa Ak - BEEHRAESEL T
T, AMEREICK L TRIERA =R EZEB L, Ho7
nXyar7y Mg (HE - BEfeEb) %
BT HLERDH D,

Bx XA RCADRIBRAREAR VP —F D
BHAZBHEL, Tax¥ s a7 FVEE R
THEOIZELDERIESOEINE iz X AiHA
PEOBEALZ N S B20, T A PE—RAE AN
MEREE & . O A0 CAE AT IC IS < b aket %2
TH2 T, AR vue—J08AIcks L, ER
MmN OE I E B T R EEEE R LT,

Fig.1 Photograph of the AccurioPress C3080
2. Konica Minolta AccurioPress G3080

ABEDER VAT DI AFE 1 BIZET LT 1aple1 Basic specifications of AccurioPress C3080
Konica Minolta AccurioPress C3080 |(Z#5#k L 7=,

%éﬁ % Fi g. 1 c:ﬁ_\‘j—o %j—iﬁjﬁ% % Tab 1 el GZ%TO AccurioPress C3080
- = ; = . < i =7 = Print / Copy process Laser electrostatic process
" v {Fl %E I‘i & {E ﬂ 71 @ %T T ) IT] i}% H: ﬂﬁ @ ™ w Development system Dry dual component magnetic brush
bizhub PRESS C1070 >V —x, ER%&{%% @j(%ﬁﬂ Srseed A gi\gzlr%%nlzr;tm
FllFRE =1 S B ERA) & 2 EAE 3 5 1Q-501 Dk Print speed A3 45ppm/3oppm
N = ° 5 . . R Productivity |Warm-up time 390s
REEMA, SNU—=T v F LIz~ F m— LRI 6 5 (ul Coo

A 5: ‘A N AccurioPress C2070 “\/ U _X‘\O % : 73) ’5 é Paper size Postal card ~ 323 x 480mm
b HHEL B RS B & B B AR REE 2 £ voreatiy |Paper weight 62 - 350g/m2

N — N . ~ ~ Maximum Paper capacity  |15390 Sheets maximum
= 3 S — S
G L7227 573, AccurioPress €3080 2 ) — X T 120000pi x 1200007

Resolution / Gradation

256 8-bit CMYK
— - Operebility Large 15" color touch-screen display
* T192-8505 U ALAR/\ E-1-Ti4)IIH] 2970 Dimensions 800x903x1076mm

2970 Ishikawa-machi, Hachioji-shi, Tokyo,192-8505,Japan
e-mail:toshihiro.wazumi@konicaminolta.com
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AFE CTIIRMEME AccurioPress C2070 I2xf L C. /&
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EA VAT MIERERY WET 5,
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< 70 - an an e o
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g oo | C3080
\_5' 50 - e ——
Z a0 {
(=] - e - o
3 2
g C2070

10

0
0 50 100 150 200 250 300 350 400

Paper weight(g/m)

Fig.2 In C3080, acceptable range of printing
speed on paper weight was extended by
improving temperature stabilization

control.
TEC Ver2.0
<
= —25%
(@]
w
'_
C2070 €3080

Fig.3 C3080 achieved 25% lower electricity
consumption.
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ARBIZ T 5 Z &IZ k- T, €2070 (T%F L TRIEZRTH
HFENHIUC L D8 = km b & OVEAGEAERE O
TEEPEMER A2 FEHL LT (2070 1% LTI 25% Dl
BT & HIED) .

Heat roller
Air duct
Fusing belt

Paper separating air

Upper pressure roller
Paper

Lower pressure roller

Fig.4 Fixing Unit of AccurioPress C3080

T, BERTS = — XITRIGET 572912, €3080
T RE A MR DL RIC B IE S LT,

RO 7= D=7 71— E S/ B X
=7 7a—IZBT 5 CAE ffTHIFIc LD, 55
BECTOMEZ MR E TLETHLENTE LT
T Y M X DEEOGNFER EICEE LT, £ OfE
Fe. JERRC O E A & IR R o A ARy B
HE & DMSL &R LTz,

2 WHREER Crakhi~L b 28 L, B oME
AR AT 5 & &b, EEWMTIE M —
OEMHEIROm L, =y T EHE ETFINER—
THERR DR ZITH Z LTk, = R AR
e D FIRIEE 2 KiglZ g L7z (Fig. 5),

ZTORER, SRRV A X FRR (M DEMRE
T), MM (= R AR L) TomEE LA ATHE
L7,
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Y AR
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depth of groove (um)

Fig.5 In C3080, print quality on embossed paper
was improved compared with C2070.
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4.1 JHUWEERE

ATE A # DI WITRIE 72 = 1L X —{b L Y PP
'l (Bl - mE) SMAMEOEN TH 5.,
kDA 7 4 ARIIAR P —F 5 BRHATSHZ
ETHZRXEREBL TS, Taxrvar
Uy METHLAR U Yo —F 28 H+52 L THT
FEERTE D, LorLaensraxsvar7rl
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Table 2 Pros and cons of the sponge roller for
applying to the production printer.

Conventional |Sponge roller [Conventional | Countermeasures

Reuedd [solid for PP |for MFP [sponge to PP |or adverse effects
Environmental spenont

[©) penonty

1 TEC Value) x 0] o Adopting sponge roller
Temperaturel control _
(Thermal responsibility) © © ©
Cardboard productivity X X (0] Extending nip by loading up
Image qually (nise or O Raising pressure by loading up

ununiformity on image)
Durability

Fixing strength

Paper passing reliability

Getting worse by loading up

@ Qe o ® |0 ®
olololo| o
o|olo|o| %
o|o|o|x

Separating performance

ERRIT C2070 D _EMFER —F I AR DE#EA L
A, HEFMTHREICED Z E2HIBE L
(Fig.6),

Fig.6 To achieve print quality for production print, it
required higher fixing pressure, which caused
destruction of the sponge layer in short time.
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A I = X L% L, BE 7 m— A ERk L
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ENEAREE) 22570 <, FrEEZE R 2 21k L7z
DTHbH, VERLI=7a—OHh bz SR 5
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| Parameter | |Charar:teristicsandFunctionalrelations| Quality

g fx temtal T Thermal " ik e ey
jameter - racture o
¢ | [Rubber | | degradation LIRheolbgyI" {Total 3|°“93t'°l rubber layer
21 lthi Ma [ I at boundal
% | [thickness| [‘2 Tear strength ry
g Hardness | T
= loading “— Distortion —
2 | M / deformation
B (| Load |
@' | |Compress.

rate

Fig.7 Functional properties flowchart
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Conventional rubber (After heating 100hour)
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Fig.8 Comparison of temperature dependence on
strength degradation between conventional
solid rubber (upper) and foamed rubber
(lower).
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= e ¥
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- *
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0.2 0.3 0.4 0.5 0.6 0.7
load(%)

Fig.9 Results of cyclic test count till the test piece
was fructured by changing loading intensity.
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UpperiRressure]
Roller;

o AN
/‘*l \
1
y
ssure
T

Before Nip

first half
oty 20
Latter half

Hil=HH

Center

Fig.10 Image diagram of CAE analysis for
calculating interfacial shear strain.
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Interfacial shear strain (CAE)

Fig.11 Relation between experimental results of
sponge roller life and calculated results of
interfacial shear strain by CAE.
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Development of Drying Process for Liquid Electrophotography
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*Masaaki Abe', Satoshi Tatsuura', Nobuyuki Nakayama' (1. Fuji Xerox Co., Ltd.)
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Development of Drying Process for Liquid Electrography
Masaaki Abe, Satoshi Tatsuura, and Nobuyuki Nakayama

Marking Technology Laboratory, Fuji Xerox Co., Ltd.

A drying process was developed for liquid electrophotography using volatile carrier oil with high boiling
point and fine toner particle. A drying process of the oil is necessary to obtain post-process capability
such as lamination and varnishing. Since the toner layer covering the surface of the medium served as a
resistance layer, it was hard to dry the oil penetrated into a permeable medium such as coated paper. In
this study, it was clarified that drying performance strongly depends on the temperature of the media, and
required rapid heating system to obtain temperature above the boiling point of water. Based on the study,
high-speed drying processes for continuous medium and sheet-fed medium were presented.
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Fig.8 Heating characteristic of multiple BHRs.
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Fig.10 Temperature rising characteristic and blister.

5. £&8®

TS ORI v V) T A A VORI EATER S
B MHATE. RN ERE & 72 DIRBIEA T 4 7 Tl
AT 4T R0 ICH IR L, AT 4 THNTRET DK
R XS THANE LT Z & M a2
HThDHI ENmmoTz.

Imaging Conference JAPAN 2018

HIEAT 0 7 EIEAT 4 T ENEIITHE LR
By AT DR L, BIEAT ¢ 712 LT, 3
B> BHR INEME AT X > THEAREIR T O3 E % f 14
L7z, WEEAT 4 TICH LT, IRE—F—0D/3F R
—HPEEIC L > TREEZEZE 7 ) A X —OfE%
R Lz,

—HOBRHNC LY, R LITRT LI, BLENT
TV = a VI ARER, WERBUR O X
T AR LT

Table 1 Typical applicable medium.

Application Medium

Commercial | Coated and uncoated paper

Coated and uncoated paper

Pressure sensitive labels (Paper, PET, Synthetic paper, Metallic)
Paperboard

Films (PET, OPP, ONY)

Packaging
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