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My R&D principles are rooted in my college laboratory. Our professor declared, “In the
world of research, one that achieves a result earlier than others wins. An experiment is a war to
ﬁght fair. It is a life-or-death battle.” He trained us to generate data faster than rivals and to be fair
always. He insisted on the importance of curiosity about the world around. I graduated, though I
did not reach the professorʼs expected level; but those laboratory days created my current thought
processes and behavior patterns.
After joining FUJIFILM, I worked in product development using functional dyes, photopolymers,
and microcapsules that respond to heat, pressure, light, and other stimuli. While our business
ﬁelds and research targets diversiﬁed when shifting from analog to digital, I was always working
on one subject: functional materials controlling “light and color.”
My horizons have expanded since I was transferred in June 2014 to a department that has a comprehensive overview of the companyʼs technological strategy. This transfer helped me realize that
FUJIFILM has diversiﬁed assets. For instance, the silver halide photography business has many
technological assets, along with materials developed for services based “shooting, recording,
outputting, and storing.” These assets and their combinations can potentially solve many social
problems. We should panoramically explore utilizing our assets, including recent technologies.
Obtaining the latest industrial information is important in an excessively diversiﬁed competitive
environment, where, at any time, an innovative technology/service can displace the existing. We are
establishing contact with domestic and foreign startups looking for information. The Innovation
& Strategy Planning Division, formed in August 2015, aims to conduct technological strategies
closely linked to corporate and business strategies. The division will formulate and implement
strategies unique to FUJIFILM by encouraging cross-functional teamwork in different businesses
and research subjects and fully utilizing assets within and outside the company.
What gives R&D strength? ̶Fundamental and core technologies, I believe. Core technology
is a necessary weapon for success in business. It works quickly, but we need stamina to maintain a
winning streak. This is fundamental technology̶the stamina to repeat the design-execution-veriﬁcation cycle smoothly. If the R&D budget or personnel training hamper this cycle, teams
supporting the research department sulfer and cannot function. For innovative R&D, every
department has to produce results. Like a paradox of haiku or tanka in traditional Japanese poetry,
limiting the number of letters inspires creativity. Some believe innovation means breaking or
changing rules̶removing such limitations̶but I believe honing fundamental technology
facilitates innovation, especially with our long history and many assets.
History shows that long-established businesses fail by clinging stubbornly to their assets.
Our material technology traces to R&D of sensitive materials̶emulsion, silver halide, gelatin,
sensitizer, coupler̶in the Ashigara Factory just after the companyʼs establishment in 1934. To
survive in the 21st century, we need a broad perspective for providing technologies facilitating
the societyʼs future.
Similarly, in R&D, we must hone fundamental technology for continuous improvement. We
will rebuild fundamental and core technologies, creating a new future while fully utilizing̶but
not clinging rigidly to̶our assets.
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* Co-researcher outside FUJIFILM Corporation

Improved Tomosynthesis Reconstruction using Super-resolution and
Iterative Techniques
Wataru FUKUDA*，Junya MORITA*，and Masahiko YAMADA*

Abstract
Tomosynthesis is a three-dimensional imaging technology developed for use with limited view angle projection data. Because
of effective reduction in the overlapping visibility of the normal tissue and lesion of interest, the detection of pathological lesions
is improved relative to what can be achieved using conventional mammography. However, because of the limited viewing angle,
tomosynthesis is not sufﬁcient for exact tomography reconstruction. To address this problem, we have developed a novel reconstruction algorithm for use with tomosynthesis that incorporates super-resolution and iterative techniques. This article outlines
this new reconstruction technology and uses actual experimental results to demonstrate its utility.

1. Introduction

2. Principle and problems of tomosynthesis

Mammography is in widespread clinical use for early detection and diagnosis of breast cancer. However, if a normal
mammary gland structure overlaps with a lesion, it is difﬁcult
to detect with mammography, and interpretation of diagnostic
information such as sporadic lesions from an image projected
on the plane requires an advanced reading ability. To solve
this problem, a function called tomosynthesis, which reduces
the structural overlapping on the image by taking projected
images from multiple angles and reconstructing slice images,
has been developed. FUJIFILM has launched “AMULET Innovality,” a mammographic unit equipped with this function,
since 2013.
It is shown that the reading using tomosynthesis is more
effective in detecting a legion hidden in an area with many
mammary glands and determining benignancy or malignancy
than using mammography alone 1). In addition, since tomosynthesis and mammography can be simultaneously performed using the same machine, the burden on the examinee
can be reduced. On the other hand, since additional exposure
to mammography is required, there are problems such as
increased exposure to X-rays. This paper ﬁrst describes the
principle and problems of tomosynthesis, and then introduces a reconstruction technology developed to improve those
problems and its effect.

2.1 Principle of the reconstruction method
For the reconstruction method for generating slice images
in tomosynthesis and CT, a method called FBP (Filtered Back
Projection) is widely used. Back projection is a method for
calculating the cross-section of the subject by tracking back
the path of X-rays penetrating the subject. Generation of a
cross-section with a certain height can be achieved by positioning individual projected images according to the slice
height, and then adding the pixel value (Fig. 1). This will

Fig. 1 Tomosynthesis data acquisition and the back projection process
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overlap the structures at the same height and average those
at different heights. An image of the enhanced structures of a
cross-section can be obtained through the process. The FBP
method achieves generation of clear slice images by adding a
ﬁlter that enhances high frequency during back projection 2) 3).
2.2 Problems with tomosynthesis
Although tomosynthesis enables acquisition of information
useful for reading by reducing the overlapping of a normal
mammary gland structure with a legion on the image, it has
some inferiority to standard mammography. The three problems
with tomosynthesis are explained in sequence below.
The ﬁrst problem is a “ghost image” of structures out of the
focal plane. Since the projection angle is restricted, it cannot
reproduce a perfect cross-section in principle, and structures
out of the focal plane appear on the cross-section as a ghost
image. Due to this appearance of structures out of the focal
plane as a ghost image, contrasting density information of a
mammary gland or mass may be reduced. Therefore, it is necessary to take measures to improve reading such as comparing
a standard mammographic image with the slice images, and
supplementing the contrasting density information, which is
reduced at the cross-section 4).
The second problem is a decrease in image sharpness. Since
multiple images are taken while an X-ray tube is moving in
tomosynthesis, the exposure time is long and probability of
occurrence of body motion during the exposure is high. To
prevent this, many machines take images while scanning an
X-ray tube at constant speed instead of stopping the tube every
time an image is taken. In addition, the exposure time is shortened by collectively reading several pixels during an exposure.
However, these measures may result in lower image sharpness
than standard mammography.
The third problem is an increase in exposure dose. Adding
tomosynthesis to standard mammography would increase
exposure dose by that amount. With AMULET Innovality,
the exposure dose measured with tomosynthesis added to
standard mammography is lower than the exposure dose from
mammography recommended by MQSA (Mammography
Quality Standards Act and Program). However, to ensure that
the patients can feel more secure when receiving an examination, it is important to reduce the exposure dose.

3. A reconstruction technology to solve the problems
A reconstruction processing technology that has three technical elements has been developed in order to improve the
problems with tomosynthesis as described in the preceding
section. The following explains the three technical elements
in sequence.
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3.1

Technology for reducing a “ghost image” of structures
out of the focal plane
As described above, using the FBP method will result in
appearance of structures out of the focal plane as a ghost
image on the slice images. To reduce the ghost image,
various studies have been conducted. One of the representative
approaches is reconstructing slice images without being
affected by other structures by identifying an object having a
high contrast in a projected image 5). Although this approach
is effective in reducing the ghost images of high-contrast
structures such as an artifact and calciﬁcation, it cannot
eliminate a ghost image of structures resulting from faint
structures such as the mammary gland structure. Another
representative approach is called iterative reconstruction 6),7).
The concept of this iterative reconstruction can be explained
in the following steps (Fig. 2).

Fig. 2

Iterative reconstruction process

Step 1: Generate initial slice images.
Step 2: Generate projected images from the slice images by
simulating the process of projecting the object onto the
detector.

Step 3:		 Compare the generated projection data with the actually
observed projection data, and calculate the amount of error.

Step 4:		 Estimate slice images so that the amount of error is
decreased, and update them.

Step 5:		Repeat Steps 2 to 4.
Following these steps will sequentially estimate slice images,
and reduce the appearance of structures out of the focal plane
as a ghost image. The iterative reconstruction requires
repetition of slice image estimation many times, and therefore,
enormous processing time is required. However, with the recent
sophistication of computers, this approach is being put into
practical use mainly in the ﬁeld of CT.
The proposed reconstruction technology is based on the
principle of this iterative reconstruction. With tomosynthesis,
which involves a larger data volume with higher resolution
compared to CT, an increase in the processing time resulting
from iterative reconstruction is a major problem. Taking
into account the limited projection angle of tomosynthesis,
the proposed technology substantially reduces the operation
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Fig. 3

The eﬀect of iterative reconstruction

Fig. 4

Image super-resolution process

time by optimizing the coordinate calculation required for the
projection process, and achieves a practical operation time
through massively parallel operation using a GPU. With the
use of the GPU (NVIDIA Quadro K4200), fast operation at
approximately 400 msec per image was achieved in generating
tomography images with a size of 2364 × 2964 pixels.
Fig. 3 shows the result of comparing ghost images of
structures out of the focal plane in a phantom image that
simulates calciﬁcation (high-contrast structure) and a
mammary gland (low-contrast structure). With the focal point
being the reference (0 mm), slice images of different heights
are shown in the ﬁgure. With the FBP method, a structure coming into focus in the focal position (0 mm) appears as a ghost
image even if it is displaced from the focal plane. In case of
the proposed approach, which uses iterative reconstruction, it
is shown that the ghost image in the case it is displaced from
the focal plane is reduced.
A microstructure restoration technology that prevents sharpness from lowering
To improve visibility for microstructures such as calciﬁcation
and mammary gland structure, a super-resolution technology
was applied for reconstruction. Super-resolution is a technology
that generates a higher-resolution image than the observation
image. By preparing multiple observation images each having
slightly different information, it is possible to acquire information that has a practically ﬁner spatial sampling interval 8),9).
The basic principle of super-resolution is explained as follows
using Fig. 4. Multiple observation images (Fig. 4a) taken

from slightly different positions are positioned with ﬁner
accuracy than the sampling interval of the observation images,
and plotted on the same space (Fig. 4b). On this space, even if
pixel grids are deﬁned at ﬁner intervals, information will be
contained in the grids. Therefore, information that cannot be
acquired in simple interpolation can be restored.
In tomosynthesis, multiple images are taken from different
positions, and therefore, the amount of information necessary
to achieve super-resolution is held. However, unlike simple
positioning, it is necessary to accurately consider the displacement for each pixel in the projection process. Fig. 5 shows
an example of a phantom image that simulates calciﬁcation.
The ﬁgure indicates that the visibility of calciﬁcation with
the proposed approach (b), which applies super-resolution,
is substantially higher than that of the slice images reconstructed with the conventional approach (a), which does not
consider slight displacement.

3.2

FUJIFILM RESEARCH & DEVELOPMENT (No.61-2016)

Fig. 5

The eﬀect of sharpness improvement
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Fig. 6

Fig. 8

The eﬀect of granularity improvement

Study conditions when using a CDMAM phantom

3.3

Technology for improving granularity in low-dose
exposure
Lowering the dose in exposure will relatively increase
quantum noise and the signal will be buried in noise because
less X-rays reach the detector. Therefore, the idea is to
improve granularity by extracting the “structure-less noise”
and reducing it during reconstruction. Fig. 6 shows an outline of the granularity improvement technology. To extract
the noise, ﬁlters tailored to the human body structure such
as points and lines are designed, and the designed ﬁlters are
used to apply ﬁlters having different characteristics according
to the structure pattern to the slice images. This will improve
granularity without deteriorating the image even in an area
where complex patterns such as calciﬁcation and mammary
gland structure are present.
Fig. 7 shows the effect of the ﬁltering according to the
structure. It indicates that in (b), where the ﬁltering according
to the structure was applied, granularity was reduced with the
sharpness of calciﬁcation maintained.

4. Quantiﬁcation based on physics evaluation
The proposed reconstruction technology is evaluated through
physics measurement. In this experiment, AMULET Innovality
is used as the exposure unit to compare the proposed reconstruction technology with a unique reconstruction processing
approach, which has been improved based on the FBP method
adopted in our equipment (hereafter called the “conventional
approach”).

4

Fig. 7

Improvement in image granularity

4.1

Signal detectability (result of measurement with
CDMAM)
The image signal detectability based on the proposed reconstruction processing is compared with the conventional
approach. As shown in Fig. 8, in the CDMAM phantom,
discs are embedded in the center and one of the four corners
of a grind point, and the diameter and thickness of a set of
discs vary from grid point to grid point. In visual evaluation,
a curve representing the visibility limit is drawn to quantify the
image quality by answering the disc positions for all grids.
This can be easily calculated using analysis software. For
this experiment, CDMAM type 3.4 and analysis software
(CDMAM analyzer ver.1.5.5) were used 10). The lower the
curve is, the higher the image quality becomes, indicating
that the exposure unit can visualize small-sized and low contrast
signals.
In this experiment, as shown in Fig. 8 the CDMAM phantom
was sandwiched between two acryl boards with a thickness
of 20 mm, and 16 images were taken with a high dose (W/Al
33kV, 40mAs) and a low dose (W/Al 33kV, 25mAs) each.
Slice images with the most focuses were extracted from those
generated, and a calculation was performed using analysis
software.
Fig. 9 shows the results of the analysis with the CDMAM
phantom and the same dose using the conventional approach
and the proposed approach. The results indicate that with
the same dose, a curve calculated with the proposed approach
was always under the conventional approach, and the proposed
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Fig. 9

The result of threshold contrast measurements
at the same dose

Fig. 11

Fig. 10

The result of threshold contrast measurements
at a 40% lower dose

Image comparisons with a CDMAM phantom

approach produced higher detectability. Fig. 10 shows the result
of comparing the conventional approach and the proposed
approach. The exposure dose was 40% lower than that used in
the former approach. The result in this case indicates that
the curve calculated with the conventional approach was
almost consistent with the curve calculated with the proposed
approach with low-dose exposure, and the proposed approach
was not inferior in detectability.
Fig. 11 shows a slice image where the focus of CDMAM
image was present (the conventional approach, and the
proposed approach achieving approximately 40% reduction in
dose). In this example, no decrease in visibility of discs
embedded in grids is observed.
Measuring a ghost image of structures out of the
focal plane
An image of a phantom using an acrylic ball is taken to
quantify the structures appearing out of the focal plane as a ghost
image. A 15mm acrylic ball is placed on a 6cm acrylic board,
and slice images are reconstructed (Fig. 12). The amount of
a ghost image of structure at each height was measured with
the conventional approach and the proposed approach each,

by cutting out the part where the acrylic ball is present with
an area of 3cm×3cm, and measuring the square error with
the background density.
Fig. 13 shows the result of measuring a ghost image of
the acrylic ball structure. The graph was normalized with
the contrast of the focal plane. The vertical axis of the graph
shows the error with the background pixels, while the horizontal axis represents the distance from the focal plane. In
either approach, the more distant the focal plane, the smaller
the ghost image of structure becomes. However, it is shown
that the ghost image of structure is less with the proposed
approach.

4.2
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Fig. 12

Study conditions when using an acrylic ball phantom
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Fig. 13

Results of applying contrast to the acrylic ball

Fig. 14

5. Application to clinical practice
Fig. 14 shows the result of applying the conventional
approach and the proposed approach to a human body image.
The images were taken at an oscillation angle of ±7.5°.
The ﬁgure indicates that with the proposed approach, the
contrast is clearer and the visibility for microstructures such
as calciﬁcation is better than the conventional approach. It is
considered that this is because a ghost image of structures out
of the focal plane was reduced to improve the contrast through
iterative reconstruction, and the sharpness was improved
through processing applying the super-resolution processing.
In addition, tomosynthesis reconstructed with the proposed
approach was compared with standard mammography, and
the correlation between detectability and dose reduction in
tomosynthesis was veriﬁed through a clinical study 11). In
this study, it has been reported that even if the dose of
tomosynthesis is lowered to 50% of standard mammography, detectability almost equal to mammography can be
maintained.

Clinical example
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Development of a Multi-Scale Optical Simulation Technique and
its Application to the Analysis of “ASTALIFT JELLY AQUARYSTA”
Yoshitaka YAMAGUCHI*，Naoko YOSHIDA*，Hideyasu ISHIBASHI**，Takeharu TANI***，
Soichiro NAKAMURA****，Eriko IKEDA*****，Ikuko OGARU*****，
Tomoko THIELE*****，and Junichi MORI******
Abstract
Upon renewal of the new product “ASTALIFT JELLY AQUARYSTA,” we have studied the relationship between skin appearance and skin condition. In particular, we focused on the “visual tenseness” of the skin, which supports a youthful appearance in women. The results indicated that a glossy cheek signiﬁcantly inﬂuences visual tenseness. Using our newly developed,
multi-scale optical simulation technique, we further analyzed the basis by which skin glossiness produces visual tenseness. The
results showed that the skin appears glossier as a result of the suppression of disturbances in cellular structures. Thus, it has been
suggested that following the application of “ASTALIFT JELLY AQUARYSTA,” the skin gloss is promoted through suppression
of disturbances in cellular structures, leading to improvements in visual tenseness.

1. Introduction
FUJIFILM launched the renewed ASTALIFT JELLY
AQUARYSTA on September 1, 2015 (see Fig. 1) 1) 2). Containing
human nano ceramide and human nano acyl ceramide, this
product improves skin barrier function and enhances the
retention of moisture.
During the development of the ASTALIFT JELLY
AQUARYSTA, we have studied the relationship between
skin appearance and skin condition. There are two types of
skin tenseness: tactile tenseness and visual tenseness. In this
paper, we have focused on the visual tenseness, skin tenseness
that makes a personʼs face look young, and analyzed it.
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2. Analysis of visual tenseness
—It is confirmed that a glossy cheek produces visual
tenseness—
Using an eye-tracking camera, we have analyzed which
part of a face a person looks at to check visual tenseness. An
eye-tracking camera follows the movement of eyes. It records
the changes in the direction of the gaze (observation point)
and how long the person has gazed each part (length of
observation).
We have then measured characteristics of skin around
the cheeks, such as pores, gloss, sagging and wrinkles, and
analyzed relationship between those characteristics and
visual tenseness.
2.1

Analysis result of observed areas during evaluation
of visual tenseness
We showed photographs of six different patterns of visual
tenseness to ten subjects. Using an eye-tracking camera,
we analyzed how each subject moved the observation point
when they evaluated visual tenseness (see Fig. 2). The circles
in Fig. 2 represent the areas the observation point ﬁxes on. The
size and color of a circle represent the length of observation.
The larger or the darker-shaded the circle is, the longer the
observation is. Those circles are concentrated around the
cheeks. The analysis result shows that an area around the
cheeks is to be observed to evaluate visual tenseness.
2.2

Analysis result of skin characteristics contributing
to visual tenseness
We made several images with characteristics, such as pore size
and gloss, varied by computer simulation (image processing).
We showed the images to 20 subjects and asked them to score
the visual tenseness of each image. We analyzed those scores
with the quantiﬁed characteristics and calculated the contribution rate of each characteristic to the perception of visual
tenseness.
The analysis result shows that a glossy cheek greatly contributes to visual tenseness. The contribution rate of a glossy
Test result using an eye-tracking camera

cheek is about 30%, the largest of all. Those of sagging and
wrinkles, thought to be closely related to tactile tenseness,
are around 10%.

3. Analysis of relationship between gloss and skin
condition
—We found that disturbances to the cellular structure
affect gloss—
To explore the relationship between gloss, an important
characteristic of visual tenseness, and skin structure and optical
characteristics, we analyzed the surface and internal skin
conditions of 15 women in their 20ʼs to 50ʼs.
About the skin surfaces, we captured images enlarged
30 times using a microscope. We performed quantitative
analysis of the texture conditions in those images. About
the internal skin conditions, we measured the behavior of
light in the epidermis using the “One Shot UV and Visible
Spectral-Domain Optical Coherence Tomography”. From
the images, we determined the amount of total reﬂection
from the epidermis and other conditions (see Fig. 3).
3.1 Analysis of skin surface and gloss
We have captured images of skin surfaces using a microscope and performed quantitative analysis of the texture
conditions, such as the width of sulcus cutis and the density
of texture. As is well known, we have conﬁrmed that when
the texture of skin, the geometry of skin surface, becomes
rough, skin loses gloss.
3.2 Analysis of internal skin and gloss
For analysis of internal skin, we captured tomographic
images using the “One Shot UV and Visible Spectral-Domain
Optical Coherence Tomography”, which is our original system
for analyzing the conditions of light inside skin, to perform
quantitative analysis of the behavior of light in the epidermis
and the dermis.
Light beams interfere with each other. When a light beam is
superposed on another, they increase or decrease the intensity
(amplitude) of each other. The “One Shot UV and Visible

(conducted on 10 subjects)

Measuring the skin texture conditions
(e.g., sulcus cutis and crista cutis) using a microscope
Crista cutis
Sulcus cutis
0

Long

Short

100

Depth (μm)

Length of
observation

Epidermis

200

Dermis

300

400
100

200

300

400

500

600

Position (μm)

Fig. 2

Representative analysis results of an observation point
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Spectral-Domain Optical Coherence Tomography” makes
measurement light reﬂected from the inside of the skin
interfere with reference light to measure the distribution in
the direction of the depth of measurement light. The system
captures a tomographic image of a tissue deep in the body by
one shot non-invasively (without cutting into the body) 3),4). As
there is no need to move the reference mirror, a shot is taken
in one several-millionth of a second.
The analysis was conducted in the following procedures.
Twenty evaluators looked at the photographs of the faces of
the 15 female subjects above. The evaluators rated the gloss
in a scale of one to ten. We plotted the relationship between
those scores and the extinction coefﬁcient, a degree to which
light in the skin of each subject was attenuated. As shown in
the graph, a loss of light in the skin was smaller (the extinction
coefﬁcient was low) when the subject got a higher score on
the gloss (see Fig. 4).
Measuring the behavior of light in the epidermis using
the “One Shot UV and Visible Spectral-Domain Optical Coherence Tomography”
Glossy

Visual evaluation of gloss

R2 = 0.42
ｐ<0.01

Not glossy
Low

Fig. 4

High

Extinction coefficient

Relationship between skin gloss and extinction coeﬃcient

Difference in extinction coefﬁcient is considered to arise
from disturbances to the cellular structure, such as unevenness
in the shape or the refractive index of cells in the stratum
corneum or the epidermis 5). The result of the analysis with
the “One Shot UV and Visible Spectral-Domain Optical
Coherence Tomography” shows that when disturbances to
the cellular structure, such as unevenness in the shape or the
refractive index of cells, are reduced, more light enters the
skin and develops the glossy skin.

4. Development of multi-scale optical simulation
technique
To verify that gloss is increased by reducing disturbances to
the cellular structure, we have developed multi-scale optical
simulation technique that combines electromagnetic optics
(nano-scale to micro-scale) and geometric optics (microscale to milli-scale) 6),7).
With this simulation technique, light is shed on a skin model
and the behavior of light is calculated on a computer to
simulate how the skin looks. Parameters for a skin model,
such as the depth and the width of sulcus cutis, scattering
and absorption coefﬁcients inside the skin and direction of
incident light, are editable to suit every experiment.
4.1 Configuration of multi-scale optical simulation system
The multi-scale optical simulation system consists of the
optical characteristic calculation unit and the visualization
unit. The optical characteristic calculation unit calculates the
behavior of light, such as reﬂection and scattering, towards
nanometer- or micrometer-scale microscopic structures. The

Visualization unit

Optical characteristic calculation unit
Step 1

Step 2

Step 3

FDTD method

Visualization result

BSSRDF

Ray tracing
Light entering the skin

1μm

Electromagnetic field

Light source

Light-receiving
surface

Ray tracing

Light beam

BRDF/BTDF

Texture

Light diffused and spread in the skin

Added as optical characteristics
Fig. 5
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visualization unit calculates how the skin texture looks when
light behaves the way calculated by the optical characteristic
calculation unit (see Fig. 5). Combining those two calculation
units enables visualization of a skin appearance given by
changes in the nanometer-scale cellular structure, which has
been impossible.
The optical characteristic calculation unit operates in two
steps. In Step 1, the unit calculates the optical characteristics
(BRDF/BTDF) of the skin surface from the geometry of
the surface on nanometer to micrometer scales. In Step 2,
it calculates inputs and outputs of light including surface
reﬂection, transmission, internal scattering and absorption,
as BSSRDF.
As Step 3, the visualization unit creates a skin model and
an observation model (light source and photo detector) and
performs calculations based on geometric optics to produce
output images. Specifically, the unit adds the micro- to
millimeter-level surface geometry and BSSRDF calculated
in Step 2 as optical characteristics to the skin model. The unit
calculates the process by which light emitted from the light
source and reﬂected by the skin model forms an image on the
photo detector .

4.2

Result of multi-scale optical simulation

—We verified that reducing disturbances to the cellular
structure increase gloss—
We have created skin models varied in the degree of
disturbances to the cellular structure and in the texture and
visualized gloss under each condition.
We used the conditions below for the simulations. We
considered that the texture of the skin would depend on the
width and the depth of sulci cutis. We assumed that a rough
texture had thick and deep sulci cutis and that a smooth
texture had thin and shallow sulci cutis. About disturbances to
the cellular structure, we assumed they depend on the surface
geometry and the behavior of light in the epidermis (scattering
coefﬁcient). We assumed that the surface was rough and the
scattering coefﬁcient was large when there were disturbances
and that the surface was smooth and the scattering coefﬁcient
was small when there were no disturbances. We created models
based on those assumptions.
Fig. 6 shows simulation models. The skin model is a
curved surface (representing the contours of cheeks) with the
geometry of a texture and optical characteristics calculated

Photo detector
Light source : 45°

Lens

Texture

Curved surface

20mm
Fig. 6

Fig. 7

Simulation model

Results of skin visualization when there are large
disturbances in skin texture and cellular structure
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Results of skin visualization when there are small
disturbances in skin texture and cellular structure
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based on the degree of disturbances to the cellular structure.
The observation model is visualized by shedding light with
a wavelength of 542 nm from the source at an angle of 45
degrees above the skin model and collecting light beams
reﬂected vertically by the skin model using a lens.
Fig. 7 and Fig. 8 show the results of visualization. The
drawings show visualized images 20 mm square colored like
human skin. The skin model with great disturbances to the
texture and cellular structure is visualized as a skin with less
gloss. It looks whitish because of an increase in the number of
scattering components. The skin model with little disturbances
is visualized as a glossy skin. It has bright components. The
result conﬁrms that a glossy skin is improved by reducing disturbances to the microscopic cellular structure.
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Development of a UV Inkjet System for Printing Flexible Packaging
Kenjiro ARAKI*，and Toshiyuki MAKUTA*
Abstract
Technologies for printing small lots on ﬂexible packaging are advancing. The demand for the using digital printing for small
lots has increased. Fujiﬁlm is developing a digital printing system using a UV inkjet system. We discovered three issues: odor,
safety, and adhesion of ink ﬁlms. We solved these issues by introducing three technologies: a nitrogen-purge UV-exposure system, multi-functional monomers, and an undercoating.

1. Introduction
Printed ﬂexible packages are widely used for food, toiletries
and pharmaceuticals. The global ﬂexible packaging market
is said to be an over-60-trillion-yen market. The market is
expected to grow. Photogravure and ﬂexography have been
mainly used for printing ﬂexible packaging materials. Those
analog printing methods, which use printing plates, now need
to meet demanding requirements on cost and delivery time as
customer needs are changing. Customers are requiring highmix, low-volume printing, printing on small lots of packages
for diversiﬁed products.
Unlike analog printing, digital printing does not require a
printing plate. It is better than analog printing in cost and
delivery time. Digital printing is considered to suit high-mix,
low-volume printing, the present market trend.
FUJIFILM has developed a digital inkjet printer for ﬂexible
packaging. We have incorporated our UV inkjet printing technology 1),2) developed in the wide format printing business
into the inkjet printer MJP20W manufactured by Miyakoshi
Printing Machinery, Co., Ltd.
The purpose of this paper is to describe this inkjet system
and report problems of the use of the system for ﬂexible
packaging and their solutions.

2. Flexible packaging
A ﬂexible packaging material is ﬂexible, as its name
suggests, and forms into a shape to suit the contents. The
materials include polypropylene, polyethylene and other
plastic ﬁlms.
Flexible packaging fulﬁlls three major functions: protection (e.g., barrier function), handiness (e.g., transport) and

Fig. 1

Examples of ﬂexible packaging

information (e.g., advertisement). They are mainly used for
food (Fig. 1).
Many ﬂexible packaging materials are laminated. A laminate
is used for two main purposes. One of the purposes is to make
a material into a bag. It is melted by heat and easily bonded to
make a bag. The other purpose is to minimize the amount
of ink that transfers to the food in the bag. However, it is
possible ink passes through the laminate layers (Fig. 2).
Especially when ﬂexible packaging material is used for
food, food manufacturers not only in Japan but also in the
US and European countries set limits on the amount of ink or
the amount of a speciﬁed chemical substance that inﬁltrates

Original paper（Received December 7, 2015）
* Advanced Marking Research Laboratories
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Table 1

Flexible packaging
material

Cross section

Food regulations

Japan

Ministry of Health and
Welfare Notification No. 370

USA

FDA

EU

EuPIA

Switzerland

Swiss Ordinance

Nestle

Nestle Guidance

Outline of MJP20W

Ink

Ultraviolet curing ink (UV ink)

Color

Laminate layers
Ink can pass through the laminate layers
and transfer to the food
Fig. 2

Country, region or
manufacturer

Table 2

Ink film

Food

Compliance with food packaging legislation

Cross-section of food packaging

into the package for food safety (Table 1). To introduce a new
printing system in the ﬂexible packaging ﬁeld, it is critical to
comply with those safety regulations.

3. UV inkjet printer for ﬂexible packaging MJP20W
Overview of the UV inkjet printer for ﬂexible packaging
MJP20W is provided below (Fig. 3 and Table 2).
Ink used for the printer is high-sensitivity radical polymerization UV ink developed by FUJIFILM. The printing method
is not the shuttle scanning employed for home printers but the
single pass method in which the ink head is ﬁxed and printing
is made in one go. Thanks to the use of the method, a high
throughput of 50m/min is enabled (Fig. 4).

Fig. 3

Cyan, magenta, yellow, black, white

Printing speed

50 m/min

Resolution

600 dpi × 600 dpi

Suitable material

PET, OPP (polypropylene), NY (nylon)

Material thickness

12μm ～ 100μm

Maximum printing width

541 mm

Printer dimensions

1.8 m high × 8.6 m long × 1.9 m wide

The MJP20W prints in the procedure below (Fig. 5).
The procedure is roughly divided into four steps.
(1) Corona treatment
The material is surface-treated with a corona discharge.
The treatment makes it easy to apply the undercoat in the
next step. It is used for materials that repel an undercoat, like
OPP.
(2) Undercoating
The undercoat is applied using an anilox roll. Combining
pinning ※1 with undercoating drastically enhances the adhesion and print quality. (See below for details.)
(3) Inkjet printing
The material is printed with the inkjet printer in black (K),
cyan (C), magenta (M), yellow (Y) and white (W) in this order.

View of MJP20W

Shuttle scanning method

Single pass method
Paper feeding

Head scans while shuttling

Paper feeding

UV-LED

UV-LED

Fig. 4

Inkjet printing

※ 1 Pinning: The process of applying a dose of low intensity ultraviolet light to pre-cure or gel the undercoat and the ink
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As mentioned above, ﬂexible packages are mainly used for
food. Enhancement of food safety is a top priority issue. To
solve this problem, FUJIFILM has taken measures in terms
of its UV ink technology and the system technology.
As radical polymerization UV ink is used, polymerization
is easily inhibited by oxygen and unreacted monomers are
likely to remain in the ink. The monomers can transfer to
food (Fig. 6).
As a measure on UV ink, we have reduced the amount of
unreacted monomers by using multi-functional monomers
(Fig. 7). We have also changed the initiator to the one high in
safety and sensitivity to cure the ink with only a small dose
added.

(4) Nitrogen-purge UV-exposure system
The nitrogen-purge UV-exposure system purges with
nitrogen to lower the oxygen level. UV-LED light is shed in
a low oxygen environment and the ink is fully cured. Printing
is complete.

4. Technical problems
This section describes problems likely to occur when the
printing system above is introduced in the ﬂexible packaging
business and suggests solutions to them.
4.1

Measures for food safety

Corona
discharge

Undercoating

Nitrogen-purge
exposure

UV inkjet
Pinning

Pinning

Pinning

Pinning

Anilox
Pinning

Fig. 5

Process of MJP20W

Unreacted monomers remain due to polymerization
inhibition caused by oxygen

O2
UV
Initiator

Radical
Polymerization
inhibition

Initiator

Polymerization
Polymer chain

Ink layer
Material
Fig. 6

Material
Process of polymerization inhibition caused by oxygen

The residual monomer
content is reduced by
50% owing to the use
of multi-functional
monomers

Residual monomer content [%]

30
25
20
15

The residual monomer
content is reduced by
98% owing to nitrogen
purge

10
5
0
No nitrogen purge
Monofunctional monomer
Fig. 7

No nitrogen purge

Nitrogen purge

Multi-functional monomer

Result of residual monomers in ink ﬁlms
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As a measure on the system, we have used a nitrogen-purge
exposure process to perform UV exposure with a low level of
oxygen, which inhibits radical polymerization. That facilitates
the effective polymerization reaction and drastically reduces
unreacted monomers (Fig. 7).
Those measures on the ink and the system have made it
possible to form ink ﬁlms that meet the Notiﬁcation No. 370 ※2,
Japanʼs food safety standard.
4.2

Side effect from the enhancement of food safety —
Measures against reduction in adhesion
While safety was enhanced, the use of multi-functional

monomers increased cure shrinkage and that stress reduced
the adhesion of ink ﬁlms to the material. To solve the problem,
we employed the “undercoating technology” and the adhesion
was signiﬁcantly improved.
The undercoating technology consists of an “undercoat agent
containing a high-adhesion material” and the “undercoat precure system” that pre-cures the undercoat, immediately after it
is applied, by exposing it to low intensity UV light (pinning).
This undercoat pre-cure system forms an undercoat layer
containing a high-adhesion component (Fig. 8) and strong
intermolecular force is generated between the layer and the
material. The adhesion to the ﬂexible packaging material

Undercoating without
pre-cure system

Undercoating with
pre-cure system

Ink surface

Ink surface
Ink

Ink + Undercoat

Undercoat + Ink

Material
Fig. 8

Material

Cross-section of ink ﬁlms containing an undercoating with/without pre-cure system

Ink layer
High adhesion
Mixed layer of ink and undercoat

A mixed layer is formed between the undercoat
layer and the ink layer and the anchoring effect
increases the adhesion
Intermolecular force between the undercoat layer
and the material increases the adhesion

Material
Fig. 9

Image ﬁgure of exhibiting adhesion
3

2.5
2
1.5
Target level

1
0.5
0
No pinning
No undercoating

Fig. 10

※2

No pinning

pinning

Undercoat containing Undercoat containing
high-adhesion
high-adhesion
material
material

Result of adhesion

Adhesive force [mN/m]

Adhesive force [mN/m]

3

2.5
2
1.5
Target level

1
0.5
0
0

20

40

60

80

100

Pinning light intensity [%]
Uncured ← Curing condition of the undercoat layer → Pre-cured

Fig. 11

Result of adhesion by pure-cure system

Ministry of Health and Welfare Notiﬁcation No. 370: Standards for food and additives the Japanese government established in 1959.
They include the total amount of transfer when the print on ﬂexible packaging is extracted using a speciﬁed solution.
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Without the undercoat layer

Ink dot ％
5%

10%

20%

With the undercoat layer

100%

Without
undercoating
With
undercoating

The ink blurs

Ink-dot image with/without undercoating

Without
undercoating

Fig. 13

With undercoating

Bleeding image with/without undercoating

1.7

Pinning of undercoat agent

Low

1.65

High

Ink droplet

Undercoat layer
(uncured)

Undercoat layer
下塗り層（半硬化）
(pre-cured)

Material

Material

Material
基材

Color density

Fig. 12

1.6
1.55

Target level

1.5
1.45

Dot

1.4
0

20

40
60
80
Pinning light intensity [%]

100

Uncured ← Curing condition of the undercoat layer → Pre-cured

Fig. 14

Ink-dot image with/without pre-cure system

is drastically improved. In addition, a mixed layer formed
between the undercoat layer and the ink layer produces an
anchoring effect. Coupled with the undercoat, the anchoring
effect helps increase the adhesion to the target level (Fig. 9
and Fig. 10).
As shown in Fig. 11, as the intensity of pinning light
increases, an undercoat layer is formed and the adhesion to
the material is improved.
4.3

Improvement in print quality by having an undercoat
layer
Forming an undercoat layer enables control of the ink dot
diameter and reduction of blurring and improves the print
quality (Fig. 12 and Fig. 13).
Ink droplets placed on an uncured undercoat layer sink into
the layer. When the undercoat is pre-cured, the viscosity
increases. Ink droplets are kept from spreading and as a
result the dot diameter is controlled (Fig. 14). Similarly to
the adhesion, the spread of ink droplets varies with the curing condition of the undercoat layer. The dot diameter can
be controlled to the optimum for covering the unit area by
adjusting the pinning light intensity (Fig. 15). The undercoat
pre-cure system using pinning is important technology for

Fig. 15

Result of color density test

improvement in the adhesion and the print quality.

5. Conclusion

We have completed a UV inkjet ink system suitable for
ﬂexible packaging and high in food safety by making the
most of our technologies. We expect that the system contributes to cost reduction in high-mix, low-volume printing and
reduction in delivery time.
We also expect that this system will spark creation of a new
printing business in the diversiﬁed printing industry. We will
make continued R&D efforts to further improve the performance.
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A High-Density Recording Study on Particulate Magnetic Tape
using Barium Ferrite Magnetic Particles
Masahito OYANAGI*，Atsushi MOROOKA*，Masahiko MORI*，Yuichi KURIHASHI**，
Toshio TADA*，Osamu SHIMIZU*，Hiroyuki SUZUKI*，and Takeshi HARASAWA*
Abstract
We have developed an advanced barium ferrite tape with a magnetic particle volume of 1600 nm3; a surface roughness Ra
of 0.9 nm, as determined by optical interferometry; a 10-point average roughness Rz of 27 nm, as determined by atomic force
microscopy, and a perpendicular squareness ratio of 0.87; the tape features a magnetic particulate coating medium enhanced by
ﬁne magnetic particle technology, surface proﬁle design, and particle orientation control. In combination with advanced tape
drive technologies, this tape demonstrated an areal density of 123 Gbit/inch2, corresponding to a cartridge capacity of 220 TB.

1. Introduction
As ICT, such as cloud computing and Big Data analysis,
is increasingly used for studies, businesses and services, it
is an urgent issue how to store huge volumes of digital data
generated by businesses and governments every day safely at
low cost for a long period. Particulate magnetic tape, now in
disuse as an audio or video storage medium, is widely used
to back up or archive digital data because of these advantages
over other data storage products like hard disk drive (HDD):
(1) Total cost of ownership (TCO), including introduction
and maintenance of the system, is low 1). (2) The tape is stable
in long storage and reliable. (3) A road map for a capacity
increase to 120 TB per cartridge has been presented 2) and it
has potential to expand cartridge capacity continuously.
Fig. 1 shows the cartridge capacity trends of a technology
demonstration of magnetic tape, an enterprise-class tape
cartridge and a linear tape-open (LTO) cartridge. After put
on the market in the early 2000s, magnetic tape systems for
data storage were expanded in capacity by 40% annually or
doubled in about two years. These days, the trend has slowed
down especially in LTO systems. That is because metal particles (MP), long used as the storage material of magnetic
tape, have reached the limits of particle size reduction.
FUJIFILM has studied barium ferrite (BaFe) particles, as
an alternative to metal particles, to develop high-density
magnetic tape. Working with a tape drive manufacturer, we
achieved the technological veriﬁcation of an areal density of
6.7 Gbit/inch2 (corresponding to a cartridge capacity of 8 TB) in
Original paper（Received December 1, 2015）
* Recording Media Research Laboratories
Research & Development Management Headquarters
FUJIFILM Corporation
Ogicho, Odawara, Kanagawa

Fig. 1

Capacity trends for technical demonstration of a linear
tape system, enterprise-class tape cartridge, and LTO tape
cartridge

2006 3), 29.5 Gbit/inch2 (35 TB) in 2010 4) and 85.9 Gbit/inch2
(154 TB) in 2014 5). Based on the veriﬁcation, tape cartridges
with a capacity of up to 10 TB (non-compressed data) have
been put on the market, and the slowed down trend towards
capacity increase has dramatically grown.
The authors of this paper have continued the study of
high-density magnetic tape using barium ferrite particles
to further accelerate an increase in capacity of particulate
magnetic tape. This paper describes the key technologies of
barium ferrite magnetic tape employed for the technology
demonstration with an areal density of 123 Gbit/inch2 6)
(corresponding to a cartridge capacity of 220 TB) that was
carried out in collaboration with the tape drive manufacturer
in April 2015.
** Recording Media Products Division

FUJIFILM Corporation
Akasaka, Minato-ku, Tokyo
107-0052, Japan
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Table 2
Table 1

Comparison between BaFe particles and metal particles

Properties of magnetic particle and tape media

Fig. 2

2. Characteristics of barium ferrite magnetic tape

Particle volume dependence of particle coercivity for BaFe
particles and metal particles

2.1 Fine magnetic particle technology
Table 2 shows the characteristics of barium ferrite particles
and metal particles.
To achieve high-density recording, the number of particles
per unit volume must be increased in the magnetic layer which
functions as a data recording layer, to enhance the recording
performance such as electromagnetic conversion characteristics. To increase the number of particles, the particle size
must be reduced. Metal particles that have been used mainly
for magnetic tape are Fe-Co alloy-based metal particles. The

origin of magnetic energy is shape anisotropy. When they are
reduced in size due to the trend in recent years for high-density
recording, it becomes difﬁcult to keep the acicular particle
shape. Thus, metal particles have reached the limits of particle
size reduction. The origin of magnetic energy of barium ferrite
particles, however, is magneto-crystalline anisotropy. The
magnetic properties of the barium ferrite particles are not
inﬂuenced by their shape, and therefore they provide stable
magnetization. Unlike metal particles, barium ferrite particles
are suitable materials for particle size reduction.
Fig. 2 shows the relationship between particle volume and
coercivity of barium ferrite particles and metal particles. The
particle volume is an average volume calculated from plate
diameters and plate thicknesses observed under a transmission
electron microscope (TEM). The coercivity is measured with
a vibrating sample magnetometer (VSM). The coercivity of
barium ferrite particles can be controlled by varying the
aspect ratio, the type or the quantity of substitution element.
That is why there are several kinds of particles with different
coercivity at the same particle volume. As shown in Table 1,
the particle volume of magnetic particles used for barium
ferrite product tape is 1950 nm3. However, we have succeeded
in reducing the particle volume to around 1000 nm3 while
maintaining coercivity sufﬁcient for writing and reading
data. By contrast, when the particle volume of metal particles
is reduced to 2500 nm3 or below, the coercivity drastically
drops. Threfore, it is difficult to achieve high-density
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Table 1 shows the properties of barium ferrite particles
prepared for the technological veriﬁcation and those of
magnetic tape using those particles. The table also shows the
properties of barium ferrite product tape and the latest metal
product tape for comparison. Barium ferrite particles used for
the technological veriﬁcation have a particle volume of 1600
nm3, coercivity Hc of 223 kA/m and saturation magnetization
σs of 45 A·m2/kg. This magnetic tape consists of a magnetic
layer containing barium ferrite particles, a non-magnetic layer,
a substrate ﬁlm and a back coat layer. The following sections
describe the three key technologies for a storage medium to
achieve high-density recording: (1) ﬁne magnetic particle
technology, (2) surface proﬁle design, and (3) particle orientation control.

magnetic tape using metal particles.
Fig. 3 shows TEM images of barium ferrite particles used
for the latest technological veriﬁcation and the latest metal
particles. The particle volume of the barium ferrite particles
is 1600 nm3. They have 18% higher coercivity than the latest
metal particles while the particle volume is 43% smaller. That
shows that barium ferrite particles have sufﬁcient magnetic
properties even in ﬁne particles.
As described above, metal particles are Fe-Co alloy-based
and thus they need a passivation layer around each particle to
prevent oxidative corrosion. Barium ferrite particles, however,
are very stable because they are an oxide and free from risk of
degradation in quality due to oxidization. This feature is another
reason why barium ferrite particles are put to practical use as
magnetic tape products although they are ﬁner particles than
metal particles.
Fig. 4 shows the degradation in saturation magnetization
Ms after the magnetic tape is left for 30 days under severe
conditions of 60℃ and 90% RH. The tape with metal particles drastically declines in Ms as the particle volume is
reduced. This indicates that, as the particle size is reduced,
it gets harder to form a uniform passivation layer around the

Particle volume : 1600 nm3

Particle volume : 2850 nm3

Coercivity

Coercivity

Fig. 3

Fig. 5
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particle surfaces, and the quality of metal particles are degraded due to oxidation. By contrast, barium ferrite particles
are an oxide, and Ms is hardly degraded regardless of the particle volume. They exhibit stable magnetic properties even
under harsh conditions.
Fig. 5 shows the scanning electron microscope (SEM) images
of the magnetic layer surfaces of magnetic tapes produced
with the barium ferrite particles above and the latest metal
particles. Compared with the metal particles, barium ferrite
particles are ﬁne, the spaces between the particles are small
and the particles are placed on the tape surface densely. This
indicates that, compared with metal particles, barium ferrite
particles are suitable for high-density recording.
2.2 Surface proﬁle design
To improve the recording performance in addition to the
ﬁne magnetic particle technology described above, reducing
the distance (spacing) between the magnetic head and the
tape is effective. To reduce the spacing, the magnetic tape
surface needs to be smoothed as much as possible. It is
especially important to design the surface proﬁle of both the
substrate ﬁlm used as a support and the non-magnetic layer
applied immediately over the substrate ﬁlm.
Fig. 6 shows the proﬁle images of magnetic tape surfaces

: 189 kA/m

TEM images of magnetic particles.（a）BaFe particles
used for the latest technical demonstration and
（b）latest metal particles

SEM images of magnetic tape surfaces:（a）BaFe tape
for the latest technical demonstration and（b）latest metal
particle（MP）tape

Fig. 4

Comparison of the degradation in saturation magnetization
（Ms）between BaFe particles and metal particles in terms
of particle volume under conditions of 60℃ and 90 RH% for
30 days

Fig. 6

Surface profile images measured by optical interferometry:
（a）new BaFe tape,（b）BaFe product tape, and（c）latest
metal particle（MP）tape

A High-Density Recording Study on Particulate Magnetic Tape using Barium Ferrite Magnetic Particles

measured using WYKOʼs HD2000 optical interferometry
proﬁler (a measurement area of 170 μm x 236 μm). The
barium ferrite tape produced for this study has a smoother
surface with an arithmetic average roughness Ra of 0.9 nm
compared to the one for product tape. That is made possible by
removal of long-range waviness with a wavelength of several
microns by the control of the non-magnetic layer surface.
Meanwhile, it is generally known that, when the surface of
magnetic tape is smoothed, the coefﬁcient of friction against
the magnetic head is increased because of an increase in the
real contact area between the head and the tape and that the
runnability of the tape against the head becomes worse. To
solve this problem, it is effective to control the surface proﬁle
at a micro-level, for instance by mixing non-magnetic ﬁller
particles into the magnetic layer to form small protrusions
on the tape surface, in order to reduce the real contact area.
In the technological veriﬁcation, we explored best design of
ﬁller particles, such as material and shape, for reducing the
real contact area and succeeded in forming many small protrusions on the tape surface and controlling short-wavelength
roughness. As a result, we have improved the runnability of
smooth tape with little long-wavelength waviness to exceed
the level of product tape.
Fig. 7 shows surface proﬁle images of tape obtained by
measurement of an area 40 μm square with an atomic force
microscope (AFM). The barium ferrite tape produced for this
study has small protrusions uniformly on the surface while
maintaining 10-point average roughness Rz 7 to 13 nm lower
than product tape.

Fig. 7

Surface profile images collected by atomic force microscopy
（a）new BaFe tape,（b）BaFe product tape, and（c）latest
metal particle（MP）tape

perpendicularly to the tape. About the effect by orientation of
barium ferrite tape, a study reports that perpendicular orientation
improves the electromagnetic conversion characteristics 7). In
the technological veriﬁcation, we have oriented the barium
ferrite particles perpendicularly when making the tape.
Fig. 8 shows cross-sectional TEM images of magnetic
layers of the latest barium ferrite tape, barium ferrite product
tape and the latest metal tape with their schematic diagrams.
Since barium ferrite product tape currently on the market is
not oriented, it can be seen in the image that the magnetic
particles are arranged randomly. By contrast, the image of
the latest barium ferrite tape produced with the perpendicular
orientation technology shows that many of the particles are
facing the perpendicular direction.

Fig. 8

Cross-sectional transmission electron microscopy images of
the magnetic layer:（a）new BaFe tape,（b）BaFe product
tape, and（c）latest metal particle（MP）tape

Fig. 9 shows hysteresis loops of Ms measured with VSM.
In this measurement, we applied an external magnetic ﬁeld of
15 kG to the barium ferrite tape in the perpendicular direction
and to the metal tape in the longitudinal direction. While the
squareness ratio (SQ) of the barium ferrite product tape in the
perpendicular direction after correction for the demagnetizing ﬁeld was 0.66, it was improved to 0.87 with the latest
tape. It is as good as the SQ of the latest metal tape in the
longitudinal direction.

2.3 Particle orientation control
Another important technology to improve the recording
performance is orientation control of magnetic particles in
the magnetic layer. Metal particles, as they have an acicular
shape, are generally oriented in the longitudinal direction of
the tape to improve the electromagnetic conversion characteristics. As shown in Table 2, however, barium ferrite particles
are in the shape of a hexagonal platelet, and the easy axis
of magnetization is perpendicular to the hexagonal surface.
So, when applied to the tape, the particles can be oriented
Fig. 9
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3. Conclusion

Trademarks

Using barium ferrite particles with a particle volume of 1600
nm3, we have succeeded in producing magnetic tape with longwavelength average roughness Ra of 0.9 nm determined by
an optical interferometry proﬁler, short-wavelength 10-point
average roughness Rz of 27 nm determined by AFM and
perpendicular SQ of 0.87, in the form of a particulate coating
medium. In combination with the tape drive manufacturerʼs
technical innovations in tape drive technology, such as the
magnetic head and signal processing, this magnetic tape has
demonstrated an areal density of 123 Gbit/inch2, the highest for
particulate magnetic tape 6), indicating potential for achieving a
cartridge capacity of 220 TB.
We have also succeeded in producing magnetic particles
with a particle volume of 1000 nm3, which shows potential
for still higher-density recording. We believe, therefore, that
the capacity of particulate magnetic tape using barium ferrite
particles will be further increased.

・“LTO” referred to in this paper is a registered trademark or
trademark of Hewlett-Packard Ltd., International Business
Machines Corporation (IBM) and Quantum Corporation.

・Any other company names or system and product names referred
to in this paper are generally their own trade names, registered
trademarks or trademarks of respective companies.
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Development of a Completely Process-less Thermal CTP “SUPERIA ZN” for
Newspaper Printing
Shuji SHIMANAKA*，Tomoyoshi MITSUMOTO*，Hiroshi NISHIKAWA*，Koji SONOKAWA*，
Tsubasa FUKUDA*，and Takanori MORI**
Abstract
There are two technical issues concerning the practical application of a completely process-less CTP for newspaper printing.
One is the improvement of run length; another is the prevention of edge scum. Thus, we adopted conventional technologies
of process-less CTP for commercial printing and processed CTP for newspaper printing. Moreover, we developed three new
technologies: (1) HDN technology to accelerate the polymerization reaction of the photosensitive layer, (2) MGZ technology to
improve the adhesion between the photosensitive layer and the support, and (3) SHC technology to improve hydrophilic properties of the plate edge.

1. Introduction
In the printing market, cost reduction, environmentfriendliness and productivity enhancement are urgently
required. An effective way to achieve them all together is
resource saving to reduce waste of materials, man-hours,
energy, emissions, water and other resources. Various
evaluation methods of environment-friendliness based on
the principles of Life Cycle Assessment (LCA), such as
Carbon Footprint (CFP), Environmental footprint (EFP) and
Water footprint (WFP), have been developed. For instance,
CFP is used to calculate CO2 emissions by converting all
the greenhouse gas emissions from the whole process from
material procurement to disposal of products. The printing
industry is working hard to adopt those methods.
FUJIFILM has started environmentally-friendly design of
products for the printing industry early. In compliance with
the product category rule (PCR), we obtained a CFP certiﬁcate
on our thermal CTP, the ﬁrst CFP-certiﬁed thermal CTP at
the end of 2009. We have been developing a wide range of
environmentally-friendly design and manufacturing technology. We have developed a plate-to-plate system to recycle the
aluminum support for a printing plate as the support for a new
printing plate. We have developed waste solution reduction
systems 1), including the XR technology for condensing waste
developer by reduced-pressure distillation and the LBL
Original paper（Received December 7, 2015)
* Research & Development Center

Production, Research & Development Headquarters
FUJIFILM Global Graphic Systems Co.,Ltd.

technology to increase the throughput of an automatic
developing machine. Especially, the completely process-less
thermal CTP does not need the developing process with an
automatic developing machine as the unexposed photosensitive
layer is discharged onto paper for test printing while it is ﬁnely
dispersed into ink on the press. All the treatment solution,
waste solution, water (dilution and cleaning), energy to drive
the developing machine (electricity), space (installation of the
system and reﬁll system, storage of chemicals and parts) and
man-hours for maintenance are reduced to zero. This technology brings about an ultimate resource saving effect in the
plate making process. In April 2015, we launched SUPERIA,
a global brand of resource saving solution. In July, we
launched SUPERIA ZN completely process-less thermal
CTP for newspaper printing, much-needed CTP (Fig. 1).
This paper provides the background of development of the
completely process-less thermal CTP for newspaper printing
and describes newly developed technologies.

Fig. 1

Completely process-less thermal CTP “SUPERIA ZN” for
newspaper printing

** Technical Support & Product Development Division#1,

FUJIFILM Global Graphic Systems Co.,Ltd.
Nishiazabu, Minato-ku, Tokyo
106-0031, Japan

Kawashiri, Yoshida-cho, Haibara-gun, Shizuoka
421-0396, Japan
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2. Background of development of completely process-less thermal CTP for newspaper printing
We launched the HN-I thermal CTP for newspaper printing
in 2004. Since then, we have kept enhancing the quality while
contributing to environmentally-friendly efforts and cost
reduction by developing new technologies for man-hour
reduction and resource saving, such as eliminating the need
of preheating, prewashing, interleaf, development or reducing
waste gum (Fig. 2). For further environmentally-friendly and
cost reduction effects, completely process-less thermal CTP
for newspaper printing was in great demand. This system
Pre-heating

HN-I

Prewashing

Conceptual diagram
of environmental impact

Interleaf
Waste solution

HN-N

Automatic developing machine

FD-441A
FD-441

HN-NV

LL-6
Completely process-less,
first of its kind in Japan

2004

2015

Fig. 2

History of environment-friendly CTP systems

Exposure

Completely
process-less CTP

Year

Printing

Chemicals-free
and effluent-free

Thermal CTP

3. Technologies developed for completely processless thermal CTP for newspaper printing

Processed CTP
Alkaline/gum
development

Automatic developing machine

Fig. 3

Completely process-less thermal CTP system

（1）Before exposure
Oxygen barrier layer

Enhancement of
particle dispersiveness

Photosensitive layer
Interface control layer
Support

（3）On-press development

Facilitation of
permeation of
fountain solution

Enhancement of
removability of oxygen barrier layer
Suppression of
permeation of
fountain solution

3.1 Conventional completely process-less thermal CTP
technology
For our conventional completely process-less thermal CTP
for commercial printing, the on-press developing system is
used. After the exposed process in the CTP setter, the nonimage area of the photosensitive layer is removed with
（2）Exposure

Enhancement of
removability

Enhancement of
discrimination of
interface adhesion

would generate no waste developer or gum at all in the plate
making process and would be the ultimate environmentallyfriendly CTP (Fig. 3).
For commercial printing, we developed completely processless thermal CTP more than ten years ago. The ﬁrst-generation
model, ET-S (PRO-T), was the worldʼs ﬁrst thermal CTP
system requiring no development process. After the launch
of the model, we kept improving the quality and the stability
and introduced SUPERIA ZP in May 2015. The completely
process-less thermal CTP technology for commercial printing
could not be applied to newspaper printing because of two
quality problems. One problem was about the run length. The
plate life was not long enough to withstand the high-speed
and long-run operation of a newspaper rotary press. The other
problem was edge scum. In newspaper printing, paper width
was larger than the CTP plate width and ink smears on the
plate edge were transferred to the paper.
To solve those problems, we have developed new
technologies and succeeded in launching the SUPERIA
ZN completely process-less thermal CTP for newspaper
printing. To improve the run length, we have developed HDN
(hyper dimension networking) technology that accelerates the
polymerization reaction of the photosensitive layer and MGZ
(multi grain Z) technology that precisely controls the micropores in the outermost surface of the support to improve the
adhesion between the photosensitive layer and the support.
To prevent edge scum, we have developed SHC (superﬁne
hydrophilic coating) technology that hydrophilizes only the
plate edges selectively.

Image area

Non-image area

Enhancement of
film strength

Exposed

Image area

Enhancement of
adhesion

Support

（4）On-press development

Enhancement of
peelability
Enhancement of
dispersiveness into ink

Image area

Support
Reduction in adhesion

Fig. 4
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Non-image area

Support
Enhancement of hydrophilicity

On-press development mechanism
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◇Technologies inherited from completely
process-less CTP for commercial printing

◇Three new technologies

FPD technology

HDN technology

Improving film strength

Enhancing polymerization efficiency

RSS technology

Oxygen
barrier layer
酸素遮断層

Improving Adhesion
⇒Stable image forming

Photosensitive
感光層 layer

◇Technologies inherited
from processed CTP
for newspaper printing

Aluminum
アルミ

PCS technology
Fig. 5

MGZ technology
Enhancing adhesion

下塗り層
Undercoat
layer

SHC technology
Enhancing edge hydrophilicity

Rounding

Layer conﬁguration and technology of completely process-less thermal CTP for newspaper printing

Before exposure

Initiation reaction

Polymerization reaction

【Completely process-less CTP for commercial printing】
Exposure

Oxygen barrier layer

Radical

Photosensitive layer
Undercoat layer

Image
area

Non-image
area

Image
area

Non-image
area

Support

【Completely process-less CTP for newspaper printing】

Fig. 6

Eﬃciency of the polymerization reaction

the ink for test printing on the printer. When a fountain solution and ink are fed, the fountain solution permeates the
unexposed photosensitive layer (non-image area). A water
ﬁlm is formed in the interface between the support and the
photosensitive layer and it reduces the adhesion between
them. The photosensitive layer with the adhesion reduced
is peeled from the support by the viscosity of ink and that
completes the on-press development. The peeled unexposed photosensitive layer is ﬁnely dispersed into ink and
discharged on paper out of the system (Fig. 4). This process is
enabled by the FPD (ﬁne particle dispersion) technology and
the RSS (rapid stable start-up) technology 2).
By uniformly dispersing microgel particles in the photosensitive layer, the permeation speed of a fountain solution
into the photosensitive layer is drastically increased and that
makes it easy to attract the fountain solution to the interface
between the support and the photosensitive layer. Also, by
ﬁnely dispersing the unexposed photosensitive layer, quick
on-press development is enabled.

For the completely process-less thermal CTP for newspaper
printing, we have employed the FPD technology and the RSS
technology of the completely process-less thermal CTP for
commercial printing and the PCS (proﬁle controlled slit)
technology of the processed thermal CTP for newspaper
printing. In addition, we have developed three new technologies. Those technologies have enabled the application of
completely process-less CTP to newspaper printing (Fig. 5).
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3.2 HDN (hyper dimension networking) technology
To achieve the printing speed of a newspaper rotary
press, the run length had to be improved to the level of
that of the existing processed thermal CTP for newspaper
printing, SUPERIA HN-NV. To improve the run length, the
energy of the light of the CTP setter had to be efﬁciently
used for polymerization, networking (Fig. 6).
We examined the materials used for the photosensitive layer
of the SUPERIA ZP and decided to use a new initiation reaction accelerator for the SUPERIA ZN to increase radical

Process-less CTP for newspaper printing
Process-less CTP for commercial printing
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Process-less CTP for newspaper printing
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40

Improvement of the initiation reaction rate

Fig. 8

Improvement of the polymerization reaction rate

Unevenness
with various
wavelengths

Wavelength

Large wave

1 μm

Medium wave

10μm

Small wave

100 nm

Enhancement of
water retention
(stain resistance)

Below 10 nm

Micropore

Anodized film

Enhancement of adhesion
(run length)

Aluminum

Independently controllingx
each waveforms

Fig. 9
Table 1
MGV
(Process-less CTP
for commercial printing)

Cross-section of MGV

Conﬁguration and eﬀect of MGZ

Photosensitive layer

10nm～

5 ～ 10nm

10nm～

1000nm

Schematic diagram
of micropore crosssection

MGZ
(Process-less CTP
for newspaper printing)

Enlargement
of micropore

5 ～ 10nm
Anodized film

Large-diameter
area
Multistage structure
Small-diameter
area

Aluminum

Photo of micropore
surface
300nm

Run length
Stain resistance

300nm

×
×

generation in the photosensitive layer during exposure by the
CTP setter (Fig. 7). In addition, we optimized the polymerizable components and the polymerization efﬁciency was
increased to three times that of the completely process-less
CTP for commercial printing (Fig. 8).
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300nm
300nm

：Good

×：Not good
3.3 MGZ (multi grain Z) technology
We have the support surface roughening technology,
called MGV (multi grain V) technology. It balances stain
resistance and plate durability by making unevenness with
various wavelengths on the support surface. This technology
is employed for the SUPERIA HN-NV processed thermal
CTP for newspaper printing and the SUPERIA ZP completely
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No rounding and hydrophilic coating
(Process-less CTP for commercial printing)

Smeared with ink

Plate surface

← Center
100 μm

Fig. 10

Edge →

Rounded and hydrophilic-coated
(Process-less CTP for newspaper printing)

Not smeared with ink

Hydrophilic
treatment

Rounding

Edge→

Edge→

Back of plate

Cross-section of the edge of completely process-less
thermal CTP for newspaper printing

process-less thermal CTP for commercial printing. We have
enhanced the technology to the ultimate and developed the
MGZ (multi grain Z) technology. We have optimized the
technology for the completely process-less thermal CTP
for newspaper printing and succeeded in improving the run
length without sacriﬁcing the stain resistance.
The MGV technology forms long-, medium- and shortwavelength waviness overlapped on the support surface under
the plateʼs photosensitive layer. Waviness with a wavelength
of 10 μm is deep and uniform, 1-μm waviness is smooth
and gentle and 100-nm waviness is all over the surface. In
addition, micropores with a diameter of 5 to 10 nm are
precisely formed in the anodized oxide film to improve
the water retention (stain resistance) and the adhesion
(run length) (Fig. 9). With the MGV technology, however,
the run length is not good enough for the high-speed and
long-run operation of a newspaper rotary press. To increase
the adhesion with the photosensitive layer, increasing the
micropore diameter is effective but that sacriﬁces the stain
resistance.
To improve the run length, we have developed the MGZ
technology 3) that controls the micropores more precisely.
Speciﬁcally, a multistage structure is formed with large pores
with a diameter exceeding 10 nm over small pores with a
diameter of 5 to 10 nm. The over-10-nm large pores enhance
the adhesion between the photosensitive layer and the support, thereby improving the run length. As the large pores are
shallow and the diameters of pores penetrating into the lower
layer are reduced to 5 to 10 nm, ﬂow of the photosensitive
layer and ink into the lower layer is minimized (Table 1).

Fig. 11

Surface conﬁguration of edge after press

the gum treatment process in the automatic developing machine,
the edges are hydrophilicized and ink smears on the edges are
prevented. With the completely process-less CTP, the automatic developing machine is not used. The edges cannot be
hydrophilicized and edge smears are caused. This problem was
very hard to solve and it was a formidable barrier to the launch
of completely process-less thermal CTP for newspaper printing.
As a solution, we have newly developed SHC technology. A
material for hydrophilicizing the plate edges is coated only on
the edges selectively in advance. Coupled with the rounding
by the PCS technology, hydrophilic coating by the SHC
technology (Fig. 10) has enabled prevention of edge scum
on the completely process-less CTP for newspaper printing
(Fig. 11).

4. Conclusion

3.4 SHC (superﬁne hydrophilic coating) technology
For the current processed thermal CTP for newspaper
printing, PCS (proﬁle controlled slit) technology is used and
the edges are rounded smoothly and precisely to prevent ink
smears on the edges. Although the rounding causes physical
damage (hydrophobizing the edges), as the plate goes through

To launch the completely process-less CTP for newspaper
printing, there were two technical issues; (1) improvement
of run length and (2) prevention of edge scum. We have
developed new technologies and combined them with the
existing technologies and ﬁnally launched the SUPERIA
ZN completely process-less thermal CTP for newspaper
printing.
About the issue (1) improvement of run length, while
adopting the FPD technology and the RSS technology
developed for the process-less thermal CTP for commercial printing, we have developed HDN technology that
accelerates the polymerization reaction of the photosensitive
layer and the MGZ technology that precisely controls the
micropores on the support surface to increase the adhesion
between the photosensitive layer and the support.
About the issue (2) prevention of edge scum, we have
combined the PCS technology used for the existing processed thermal CTP for newspaper printing, which rounds
the edges precisely and smoothly, with the newly developed
SHC technology that hydrophilicizes the plate edges selectively.
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Development of a Transparent and Highly Heat-Resistant Polymer Film Derived from Biomass
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Abstract
We have prepared high-purity methyl dehydroabietate (DHA-Me) from disproportionated rosin consisting of many compounds
via methylation and subsequent reaction or recrystallization. DHA-Me was converted into various bifunctional compounds useful
as monomers. Among these, 12-carboxy dehydroabietic acid (CDHA) and dimethyl methylenebis-dehydroabietate (MDA-Me)
were particularly applicable and both were transformed into corresponding bio-based polyesters or polyamides. The synthesized
polymers were cast as thin ﬁlms, and the resulting ﬁlms were characterized. In comparison with commercially available superengineering plastic ﬁlms, the aforementioned ﬁlms are more ﬂexible, are more heat resistant, and exhibit high transparency and low
density. The porous ﬁlm formed via the ﬁlm-making process has characteristics similar to those of an ordinary ﬁlm.

1. Introduction
As growing demands for low carbon society and resource recycling society, materials using biomass has been developed. For
example, plastics such as polylactic acid (PLA), polybutylene succinate (Bio-PBS) and polycarbonate (Bio-PC) are
already put into practical use. General purpose plastics, such
as polyethylene, polypropylene and polyethylene terephthalate are increasingly produced from biomass instead of fossil
resources 1).
Biomass materials currently being used include fermented
glucose produced from starch which is made from grains
such as sugar cane and corn , oil and fat derived from oil
plants (fatty acid glycerin ester) and wood-based chemicals
such as cellulose, natural rubber and rosin. In addition to having
little inﬂuence on the environment, biomass materials to be
used in the future should be preferably inexpensive and also
inedible considering the potential food shortage in the future.
Rosin is an inedible biomass produced from pine-family
plants. It has been used for a wide variety of purposes since
the days before Christ 2).
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Rosin can be divided into three types according to the
manufacturing method. (1) Gum rosin is made by distilling
raw pine resin extracted from a cut in the pine treeʼs bark.
(2) Tall rosin is made by distilling crude tall oil, a by-product
of pulp production from pine. (3) Wood rosin is made by
solvent extracts of chips of pine tree stumps. To produce
gum rosin, pine trees are not logged. To produce tall rosin,
although pine trees are logged, pine trees grow fast and the
forests are renewed in 20 years after planting. Therefore gum
rosin and tall rosin are considered renewable chemicals. Rosin
has characteristic structures and physical properties (Fig. 1).
It is a complex mixture consisting of ten or more types of sixmembered-ring tricyclic terpene compounds. Rosin has rigid
and bulky structures and is highly hydrophobic. In addition,
it has a carboxyl group as a functional group. We have explored
methods of derivating a single-compound from rosin. In other
words, we considered producing various functional materials
from rosin by ﬁne chemical transformation (Fig. 2). This report describes transformation of rosin to single-compounds
and characteristics of highly functional polymers made from
those substances.
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Fig. 1

Structures and properties of Rosin

Fig. 2

Fig. 3

Application strategy of Rosin

Disproportionation products of Rosin

2. Preparation of high-purity methyl dehydroabietate (DHA-Me) from disproportionated rosin
(DPR)
We sometimes use Rosin derivatives produced by DielsAlder reaction using the conjugate double bond of conjugate
resin acid, the main component of rosin. However, in many
cases, the conjugate resin acid is easily oxidized and colored, so
we use stable disproportionated rosin.
Disproportionation is usually carried out by heating rosin
for several hours at 250 to 280℃ under the presence of a Pd
catalyst (Fig. 3). During this reaction, dehydrogenation and
hydrogenation occur concurrently and dehydroabietic acid
(DHA) and dihydro or tetrahydroabietic acid are produced.
Normally, disproportionated rosin contains 50 to 60% DHA
as the main component (the rest are tetrahydroabietic acid,
dihydroabietic acid, both less than 20%, and several types of
pimaric acid). We think it is reasonable to extract DHA from

disproportionated rosin (DPR) because DHA is the main
component of DPR. In addition, it is preferred that DHA is
considered easy to transform chemically because it contains
a benzene ring.
Based on that, we examined methods of extracting DHA
as a single compound (Fig. 4). Upon examination of distillation and recrystallization, it was difﬁcult to purify DHA
as it contains a free carboxylic acid. So we esteriﬁcated

Fig. 4
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Purification scheme of DPR
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DHA to produce a DHA-Me, and we could obtain high-purity
DHA-Me by distillation or recrystallization. Finding this puriﬁcation method was a valuable breakthrough. It made it possible to mass-produce high-purity DHA-Me at low cost. After
that, we conducted examinations using high-purity DHA-Me.

3. Preparation of monomer from DHA-Me
We have studied producing a derivative from DHA-Me,
as it is necessary to introduce another functional group to
utilize DHA-Me as a polymer material. The benzene ring in
DHA-Me is considered to have relatively high electron density, indicating that various substituents can be introduced by
aromatic electrophilic substitution reaction. At ﬁrst, in order
to clarify the reactivity of DHA-Me, we examined the typical
electrophilic substitution reaction on benzene ring. Although
DHA has been well known compound from a long time ago
and many derivatives have been synthesized, few of them have
been commercially available and used in the ﬁne chemical use.
The only example we have known is a derivative sulfonated at
12-position carbon which is used as a gastric mucosal protective
agent 3) ※1. Generally, aromatic electrophilic substitution reaction
on DHA occurs at 11-, 12- and 14-positions. The regioselectivity
depends on the type of electrophilic reagent and reaction conditions. Fig. 5 shows the outline of the regioselectivity of aromatic
electrophilic substitution reaction on DHA-Me we have studied.
Reactivity is the highest at 12-position, followed by 14-position.
Reactivity is low at 11-position due to steric hindrance. We have
found that the reactivity is almost similar to that of p-xylene
or m-xylene and those reactions occur under relatively mild
conditions.

Fig. 6

Hydroxyl group, amino group and carboxyl group can be
introduced into DHA-Me as the second functional group. To
use DHA derivatives for monomers of polyesters or polyamides, we thought a carboxyl group is the most favorable.
So we examined various methods for introducing carboxyl
group into DHA-Me and synthesized several types of dehydroabietic acid derivatives containing two carboxyl groups
(or esters) (Fig. 6). Among those derivatives, we examined the
polymerization of 12-carboxy dehydroabietic acid (CDHA)
that has carboxyl group directly bonded to 12-position and
dimethyl methylenebis-dehydroabietate (MDA-Me) that is
dimerized via methylene group at 12-position carbon. As
CDHA and MDA-Me are thermally and chemically stable
and carboxyl group is in a sterically hindered position, they
are expected to have high hydrolysis resistance when they are
transformed to esters or amides.

Fig. 5

Regioselectivity of aromatic electrophilic
substitution of DHA-Me

Conversion of DHA-Me into dibasic acid derivatives

※ 1 Sulfodehydroabietic acid monosodium (Ecabet Sodium Hydrate) is sold as a gastric mucosal lesion improved pharmaceutical.
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4. Polymerization from CDHA and MDA-Me
In the early development stage, we synthesized CDHA via
haloform reaction with sodium hypochlorite after acetylation
using acetyl chloride (Fig. 7). As environmentally hazardous
methylene chloride was used as a solvent and toxic haloform

Fig. 7

Fig. 8
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Synthetic route of CDHA

X-ray structural analysis
Table 1

was made as a byproduct, we studied other synthesis routes
and ﬁnally established the synthesis route using ethyl oxalyl
chloride. This route makes it possible to use chlorobenzene
as a solvent and employ inexpensive hydrogen peroxide
oxidation. Thereby we could prevent producing compound
of haloform, and reduce steps in the manufacturing process 4).

Left：CDHA-Cl

Right：MDA-Me

Synthesis of Polyesters
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Next, CDHA was led to its acyl chloride derivative (CDHACl), allowing for the isolation high-purity and stable needle
crystals.
Fig. 8 shows the result of the single crystal X-ray structure analysis of CDHA-Cl and MDA-Me. It is evident that
both compounds are sterically hindered around 12-position
and that the molecules are bent. Next, we synthesized various
polyesters and polyamides using CDHA-Cl and MDA-Me.
Table 1 and 2 show those synthesized polymers and their
properties.
Table 2

Table 3

5. Fabrication of films and evaluation
We prepared polymer solutions with concentrations of 10
to 15 wt% by dissolving synthesized polymers in a solvent.
After removal of small dust and foreign substances by pressure ﬁltration, the polymer solutions spread onto glass slides
using an applicator and made into ﬁlms by air blowing and
vacuum drying.
We compared the physical properties of the PE-1 and PA-1
ﬁlms with those of aromatic polyamide (Aramid), polyimide

Synthesis of Polyamides

Film properties of PE-1, PA-1, Aramid, PI and PEN
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Fig. 9

Origami Crane used PE-1 film

Fig. 10

Temperature dependence of strage modulus of the films

(PI) and polyethylene naphthalate (PEN) well known as
heat resistant plastics (Table 3). Distinct characteristics of
DHA-based ﬁlms include (1) high ﬂexibility, (2) high heat
resistance, (3) high light transmission and (4) low density.
Those characteristics are explained in detail in the sections
below.
5.1 Flexibility
As shown in Table 3, DHA-based ﬁlms are lower in
modulus and strength than other heat-resistant ﬁlms, so it
is suggested they are soft ﬁlms. On the other hand, they
have larger elongation. Those results show that DHA-based
ﬁlms are more ﬂexible than general heat-resistant ﬁlms.
When PE-1 and PA-1 ﬁlms are folded, white fold marks are
not left and they are not easily cracked or torn. Surprisingly,
these ﬁlms can even be fold into paper crane (Fig. 9).
5.2 High heat resistance
As shown in Table 3, the glass-transition temperature (Tg)
of PE-1 is 278℃ and that of PA-1 is 350℃ and these ﬁlms
are classiﬁed as a super-engineering plastic ﬁlm just like
as Aramid ﬁlms. The temperature dependence of storage
modulus (Fig. 10) shows that the modulus of PEN drops
at around 130℃ and that of Aramid at around 200℃. On
the other hand, PE-1 and PA-1 keep their modulus high till
around Tg. That indicates DHA-based ﬁlms contain similar
self-supporting properties even at high temperature to those
at room temperature.
5.3 High light transmission
As shown in Table 3 and Fig. 11, the total light transmittance of PE-1 is 90% and that of PA-1 is 89%. Showing
higher transmittance than those of Aramid and PI or even
that of PEN. As haze is small, those ﬁlms are highly clear
and transparent.
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Fig. 11

UV-VIS spectra of the films

5.4 Low density
As shown in Table 3, the density of PE-1 is 1.13 g/cm3 and
that of PA-1 is 1.15 g/cm3, much lower than those of Aramid
(1.49), PI (1.47) and PEN (1.36). That reason, we suppose,
is the polymer chains are bent and the free volume in the
polymer ﬁlm is large. It is supported a by the X-ray structure
analysis of CDHA-Cl in Fig. 8.

6. Application to finely structured films
As described above, we conﬁrmed that DHA-based polymer ﬁlms are ﬂexible, high-heat-resistant, high-transparent
and low-density. Next, we fabricated ﬁnely structured ﬁlms,
such a porous ﬁlm and a honeycomb ﬁlm, utilizing the selfassembly that occurs during drying process of ﬁlms.
6.1 Porous film
In the process of examination of ﬁlm making methods, we
observed that the ﬁlms clouded. Upon analysis of the phenomenon, we found that a porous was produced in the ﬁlm.
SEM observation of a cross section showed that a porous
morphology was formed inside the ﬁlm (Fig. 12). PE-1 ﬁlm
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Fig. 12

Scanning electron microscopy Images of side view of films
Left: PE-1 film ,Right: PA-1 film
Fig. 13

Fig. 14

Scanning electron microscopy Images of
PE-1 honeycomb film
Left: Top view ,Right: Side view

Table 4

Temperature dependence of strage modulus of the films

Fig. 15

Scanning electron microscopy Images of PE-1
honeycomb film after heat treatment for 30 minutes
at 250 ℃
Left: Before ,Right: After

Film properties of the Porous films of PE-1, PA-1

had a two-layer structure with the porous layer on the air side
and the uniform layer on the glass interface side (porous layer: about 65μm and uniform layer: about 15μm ). Whereas,
PA-1 ﬁlm had only a porous layer.
As shown in Table 4, the density of porous ﬁlms is about
0.2 g/cm3. This shows that the porosity is about 80%. On
the mechanical properties, those ﬁlms are low in strength.
About the temperature dependence of storage modulus, they
keep their modulus high till around Tg, just as the transparent
ﬁlms. It shows they maintain high self-supporting properties
even at high temperatures (Fig. 13).

6.2 Honeycomb film
Honeycomb ﬁlms are porous ﬁlms with the pores arranged
in the shape of honeycomb. Those pores are considered
to form by the following mechanism. Water droplets are
congealed during the film-making process and they are
arranged regularly in the direction of film surface. They
serve as a template and make the unique shape on the film
surface 5). Utilizing this process, we made a PE-1 honeycomb
ﬁlm (Fig. 14). This ﬁlm consists of a two-layer structure with
5μm holes layer and a 10μm thick uniform layer. This
film also has high heat resistance similar to its predecessors,
for example, no deformation is observed after heat treatment
at 250℃ for 30 minutes (Fig. 15).
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7. Conclusion
Selecting inedible rosin as a biomass resource and using
it as a starting material, we have produced various types
of transparent heat-resistant films. Those films have high
heat resistance, high transparency and low density that the
conventional petroleum-based plastics donʼt have. Although
at present these ﬁlms are still lacking in some aspect, it is
considered that there is a high possibility for better performance and more functions.
By extracting high-purity DHA-Me as ﬁne chemicals from
rosin, an inexpensive mixture, and producing dicarboxylic
derivatives with a simple method; we have developed polyesters and polyamides that inherit the rosinʼs structural
characteristics (e.g., rigidity, bulkiness and hydrophobicity
a) of six-membered-ring tricyclic terpene compounds.
Utilizing these structural characteristics, we will further
explore application of these ﬁlms.
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Development of Monosheet-Type Photovoltaic Backsheet for High Durability and
Environmental Impact Reduction
Naohiro MATSUNAGA*，Tadashi ITO**，Yukio SHIROKURA***，Atsushi KAWASHIMA****，
and Junichi MAKINO*****
Abstract
Fujiﬁlm has developed a highly durable photovoltaic backsheet. This photovoltaic backsheet is composed of a highly durable
PET substrate, and a water-based functional layer (weather-resistant layer and EVA adhesive layer) coated onto the PET substrate. This photovoltaic backsheet is capable of ensuring long durability of the solar cell. Its lifetime is approximately 1.5 times
longer than that of conventional photovoltaic backsheets, and this photovoltaic backsheet enables the reduction of environmental effects (greenhouse gas emissions, air pollution, resource consumption, and landﬁll waste) to approximately two-thirds per
unit power generation amount in the life cycle.

1. Introduction
The photovoltaic (PV) power generation market has been
rapidly growing because of the importance of energy resource
issues and environmental issues. In 2010, PV power generation totaled 20 GW/year. In 2020, it is expected to increase to
90 GW/year. Many countries are encouraging the introduction
of PV power generation. Supported by their energy policies,
the sales of PV power generation systems in quantity are
increasing every year. Areas of demand in the world for
PV power generation systems are expanding from European
countries to Asian countries including Japan and China, and
furthermore to the US.
As the PV power generation market is growing, the demand
for the PV backsheet, one of the parts of the solar battery
module as described below, is growing, too. The global sales
of backsheets amounted to 1.3 million m2 in 2010. They are
expected to reach 4.8 million m2 in 2020 (Fig. 1) 1).
Original paper（Received December 8, 2015）
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Fig. 1 Change of the world wide photovoltaic module and photovoltaic
backsheet market
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The reasons behind the growth of the market are PV power
generation systemsʼ advantages over conventional thermal
power generation systems and other generation systems. PV
power generation systems emit no greenhouse gases and air
pollutants generated by combustion of fossil fuels. PV power
generation systems generate power from sunlight, semipermanently available natural energy. Expectations for PV power
generation systems are growing as the measure against the
depletion of petroleum resources. For example, a report says
that CO2 produced per unit power generation by the residential
PV power generation system in the life cycle, when it is a
polycrystalline silicon solar battery, can be reduced to about
one-seventh or one-eighth of Japanʼs average, or even lower 2).
Further improvement of the lifetime of solar batteries is
desired to reduce consumption of substances used for solar
batteries, such as fossil resources, rare metals, and waste
generation, thereby further reducing environmental impact.
A PV backsheet which is one of the parts of a PV module
largely determines PV moduleʼs lifetime. A PV backsheet is
placed on the back of a PV module to protect solar batteries
against weather, UV light and other harmful conditions. A
polymer ﬁlm is used for a PV backsheet for weight reduction
of a PV module.
General PET is used for a substrate of a conventional
PV backsheet. A weather-resistant ﬁlm and a sealing EVA
adhesive ﬁlm are bonded to the PET substrate, sandwiching
the PET substrate. A PET substrate is prone to cracks due to
degradation when used for a long time under severe outdoor
environment and therefore that has the risk of reducing the
lifetime of solar batteries. Solutions to this problem have been
demanded for improvement of the lifetime of PV modules .Also,
a lot of organic solvents and ﬂuorine resins, high in the
environmental impact, are used for production of conventional PV backsheets. For that reason, production processes
that reduce the environmental impact have been required.
In the background above, we have started developing a
new PV backsheet to reduce the environmental impact by
improving the lifetime of a PV module and by innovating
production processes of a PV backsheet.

2. Development and technique
We have succeeded in developing a new PV backsheet that
has high durability and reduces the environmental impact, by
improving the lifetime of a PV module with use of a highly
durable PET substrate, eliminating the need of an organic
solvent high in the environmental impact, and establishing
innovative production processes with direct coating of a
water-based weather-resistant resin layer and an EVA easily
adhesive layer to the substrate 3).
Fig. 2 shows the cross-section of a commonly used PV
module and the constitution images of a conventional
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bonding-type backsheet and the newly developed monosheet type backsheet.

Fig. 2 Photovoltaic module and constitution image of our photovoltaic
backsheet

The PV module consists of glass, EVA (ethylene-vinylacetate copolymer) seal, solar cell and PV backsheet in this
order from the front surface. The developed PV backsheet
consists of the highly durable PET substrate coated with the
weatherable functional layer and the EVA easily adhesive
layer.
Sections below provide the descriptions of technologies
used for the newly developed highly durable mono-sheet
type PV backsheet.
2.1

Highly durable PET substrate technology (environmental impact reduction by improving PV module
lifetime)
The highly durable PET substrate technology combines
two technologies. One of them is a primary structural control
to minimize the terminal carboxyl groups of PET molecule
that causes hydrolysis reaction of PET. The other is a highorder structural control to achieve molecular orientation that
hampers hydrolysis. Those structural controls were realized
by optimization of PET resin polymerization formula, solidphase polymerization and newly developed ﬁlm-casting
process technology.
2.1.1 Terminal carboxyl group minimizing technology
for PET molecules (primary structural control)
Fig. 3 shows the formula of hydrolysis reaction of PET.
The terminal carboxylic acid works as an acid catalyst for
hydrolysis of esters and accelerates hydrolysis of PET. The
hydrolysis reduces the molecular weight of PET and causes
a decline in the mechanical strength. Therefore by reducing
the terminal carboxyl acid, the hydrolysis resistance of PET
can be improved.
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Fig. 3

Hydrolysis reaction of the PET

PET resin used for the highly durable PET is prepared
in two stages: melt polymerization and solid-phase polymerization. For melt polymerization, we have adopted newly light
metal compound catalyst, eco-friendly and high in catalytic
activity, instead of heavy metal catalyst such as Sb which
is conventionally used. By the combination of this new
catalyst with other additives, we have reduced the terminal
carboxyl groups and improved the heat resistance of the PET
resin. In addition, by solid-phase polymerization of this new
PET resin, we have succeeded in minimizing the terminal
carboxyl groups (a third of the conventional equivalent)
while increasing the molecular weight. As shown in Fig.
4, the retention of breaking elongation of this new PET
after humidity and heat test is increased to about 10 times
that of a conventional PET.

glass-transition temperature (Tg). As a result, the mobility
is reduced and hydrolysis resistance is improved. Fig. 5
shows a conceptual image of production process of highlystretched PET. Fig. 6 shows improvement in retention of
breaking elongation of PET after the humidity and heat
test by the control of higher order structure of PET.
In Fig. 5, PET is melted by the screw in the extruder, extruded, cast into a sheet shape on the drum, and stretched
in longitudinally and then horizontally into a ﬁlm shape. In
this process, the specially designed screw and the precision
temperature control restrain an increase of the terminal
carboxyl groups due to degradation of PET by melting
and extrusion down to less than one-third of the increase
of the conventional process.

Fig. 5

Production image of high orientated PET

Fig. 4 Change of retention of breaking elogonation of PET after humidity
and heat test by the control of primary structure of PET

2.1.2 Molecular orientation control technology (highorder structural control)
This section explains the high-order structural control to
improve further the durability of the new PET. As is well
known, PET consists of an amorphous area and a crystalline
area. The amorphous area is high in mobility and prone to
hydrolysis. We have highly stretched the new PET to make
its amorphous area highly oriented and have raised the
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Fig. 6 Change of retention of breaking elogonation of PET after humidity
and heat test by the control of higher order structure of PET
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Fig. 7

Fig. 9

Design concept of weatherable functional layer

Relationship between TiO2 particle size and reﬂectance by
using optical simulation

2.2

Weatherable functional layer and EVA-easily
adhesive layer technology (environmental impact
reduction by innovation in PV backsheet production process)
As shown in Fig. 2, conventional PV backsheets are made
of a general PET substrate with a ﬂuorine resin weatherresistant ﬁlm and an encapsulant EVA-easily adhesive ﬁlm
bonded to the substrate.
Compared with conventional PV backsheets, the newly
developed backsheet is made by coating those functional
layers (weatherable functional layer and EVA-easily adhesive
layer) on a highly durable PET substrate by water-based
coating. It is a PV backsheet that can drastically reduce the
environmental impact. This can be achieved because of no
discharge of organic solvents, a small amount of ﬂuorine
resin, which is high in the environmental impact, and no
bonding process.
2.2.1 Weatherable functional layer technology
Fig. 7 shows the design of the UV-screening agent and
the weatherable water-based binder necessary for the
weatherable layer.
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Fig. 8

Fig. 10

Spectral sensitivity of crystal Si-type photovoltaic cell

Design concept of binder in weatherable functional layer

As shown in Fig. 8, the UV screening agent must be designed
so that the reﬂectance (power generation efﬁciency) reaches
the maximum between the visible area and near-infrared
area where the spectral sensitivity of a crystalline silicon
solar battery is high. Using titanic oxide (TiO2) as the UV
screening agent, we have conducted an optical simulation and
worked out the particle size of TiO2 with which the reﬂectance
reaches the maximum. It was about 450 nm (Fig. 9). Based on
this optimum particle size, we have determined the quantity of
TiO2 necessary for UV screening.
Next, we describe about the weatherable water-based
binder containing the TiO2 mentioned above (Fig. 10).
We have chosen Si-O to ensure that the binder has higher
binding energy than the maximum light energy of natural UV
light 411 kJ/mol. About hydrolysis resistance in a hot and
humid environment, we have designed the binder that does
not have a hydrolyzable structure like esters and that has high
afﬁnity with a PET substrate. With this design, we have
succeeded in drastically reducing the use of ﬂuorine resins
high in the environmental impact.
We have evaluated the adhesion of the weatherable functional layer produced with the weatherable water-based binder
technology by the cross-cut adhesion test after the accelerated
durability test.
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The cross-cut adhesion test is used to evaluate the adhesion
of a ﬁlm by cutting a grid pattern in the ﬁlm with a knife,
applying tape on it and ripping it off.
As shown in Fig. 11, compared with the conventional
bonded-type PV backsheets, the new PV backsheet does not
discolor and exhibits great adhesion performance after the
humidity and heat test at 120℃, 100% RH and for 60 hours
or after the UV resistance test at 65℃, 50% RH, with 75 mW/
cm2 of UV light and for 1000 hours.

3. Result and discussion
We made PV modules using the developed PV backsheet
with technologies described above and existing PV backsheets
and conducted the accelerated durability (humidity and heat)
test at 125℃, 100% RH and for 96 hours. Fig. 13 shows the
result. The PV module using the new PV backsheet is not
cracked at all. It has higher durability than other backsheets.

Fig. 13

Fig. 11

Cross-cut adhesion test after accelerated durability
(heat /humidity and UV resistance) test

2.2.2 EVA-easily adhesive layer technology
As described above, the conventional PV backsheets require
the process of bonding an encapsulant EVA-easily adhesive
ﬁlm to PET substrate. We have therefore decided to produce a
mono-sheet type PV backsheet that does not require bonding
process for environmental impact reduction.
To produce a mono-sheet type PV backsheet, two functions of
adhesion to encapsulant EVA and to PET are needed. Therefore
we have explored a suitable binder for EVA-easily adhesion layer
in terms of both of adhesion work and breaking elongation. As a
result, we have decided to use a speciﬁc oleﬁn-based binder.
As shown in Fig. 12, the PV backsheet with the EVA-easily
adhesive layer using the aforementioned oleﬁn-based binder
maintains high adhesion to EVA encapsulant even after the
humidity and heat test.

Appearance of photovoltaic module after accelerated
durability (humidity and heat ;125℃× 100%RH × 96hr) test
observed by the photograph under high output lamp

Fig. 14 shows the changes with time in generated maximum power (Pmax) of PV module using the new PV backsheet after the humidity and heat test at 85℃ and 85% RH.
The PV module with the new PV backsheet maintains the
initial power generation performance for a long time. The
chart shows that the lifetime is improved to about 1.5 times
that of the conventional PV modules.
That means when the lifetime of conventional PV modules
is about 20 years, the lifetime of the PV module using the
new PV backsheet is increased to 30 years.
The PV module using the newly developed high-durability
mono-sheet type PV backsheet can last for about 1.5 times

Conventional
backsheet

Fig. 12

Adhesive strength evaluation between the EVA easily
adhesive layer and the EVA
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Fig. 14

Change of generated maximum power (Pmax) of
photovoltaic module after accelerated durability (humidity
and heat ;85℃× 85%RH) test
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Fig. 15

Possibility of Application of this technology to other ﬁelds

the number of years when PV modules using the conventional PV backsheets do. That can reduce the environmental
impact 2) (greenhouse gas emissions, air pollution, resource
consumption and landﬁll waste) per unit power generation in
the life cycle of PV power generation system by about 2/3.
About the environmental impact of a PV backsheet alone,
the new mono-sheet type PV backsheet does not require
bonding process that the conventional backsheets need, as
the weatherable functional layer and EVA-easily adhesive
layer are coated on the high-durability PET substrate by
water-based coating process. That means no production of
waste materials, and organic solvent waste and exhaust gas
are hardly produced. When the conventional and new PV
backsheets are simply compared, the new PV backsheet can
reduce CO2 emissions to about 1/4 and contribute to environmental impact reduction.
Furthermore, the newly developed PV backsheet has
obtained the certificates (1) to (3) below by third-party
certification bodies. It is recognized to achieve high reliability.
(1) Premium certiﬁcate on a PV module using the new PV
backsheet, evaluated under three times severer conditions
than usual by TÜV SÜD
(2) Certiﬁcation of components and materials by JET as a
PV backsheet
(3) Partial discharge test with 1000 V by TÜV SÜD and
TÜV Rheinland as a PV backsheet
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4. Conclusion
This section provides a summary of the details and
achievements of the technologies above.
(1) Reduction in environmental impact
A high-durability mono-sheet type PV backsheet has been
developed by making full use of the high-durability PET
technology and the weather resistance technology with waterbased coating. It makes possible the following.
•

Improving the lifetime of a PV module to about 1.5
times that of the conventional modules and reducing CO2
emissions from the manufacturing to about 2/3.
•
Reducing CO2 emissions from PV backsheet production to about 1/4 of that from the conventional backsheet
production.
(2) Future potential of technology and research
The newly developed high-durability PET substrate technology and the water-based coating weather resistance technology
can also be applied to tablets, building materials, automobiles,
signage and other ﬁelds. Those technologies are expected to
increase durability and reduce the environmental impact in
those ﬁelds (Fig. 15).
At the present, FUJIFILMʼS PV backsheets are all manufactured in Japan. We have already started selling those PV
backsheets mainly in China, the main producer country of

Development of Monosheet-Type Photovoltaic Backsheet for High Durability and Environmental Impact Reduction

PV modules. PV modules equipped with our PV backsheets
are shipped to countries across the world. The high durability and the reliability of our PV backsheets are well received
and the sales are increasing. We will continue to improve the
performance to meet the expectations and needs of customers.
In closing, we extend our thanks to all the people for
their kind guidance and cooperation in this research and
development.
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Development of “ASTALIFT White Perfect UV Clear Solution”
Taichi MURAGUCHI*，Mayuko KANEHISA*，Tomoko TASHIRO*，Heijiro HIRAYAMA**，
Naoko YOSHIDA***，and Yoshiki SAKAINO*

Abstract
We have launched the multifunction ultraviolet (UV) clear essence product “ASTALIFT White Perfect UV Clear Solution”,
which includes our original UV ﬁlter (designated as “D-UV guard”) created by hybridizing a UV diffuser and a UV absorber,
resulting in the only UV ﬁlter currently available that can completely protect against long wavelength UVA (370-400 nm). All
UVA wavelengths (320-400 nm) are known to cause features of skin photo-aging, such as age spots, wrinkles, sagging, and discolorations. long wavelength UVA (370-400 nm) not only easily penetrate through the glass windows in buildings and cars but
also cannot be completely blocked by the conventional UV ﬁlters that protect human skin from UV radiation that causes skin
dermal collagen modiﬁcation via reactive oxygen species (ROS) production mediated by endogenous porphyrins. “ASTALIFT
White Perfect UV Clear Solution” has both a great texture and high UV protection capacity. A newly developed visualization
system named “One Shot UV-Visible Spectroscopic OCT” has successfully veriﬁed that the D-UV Guard thoroughly blocks
UVA (370-400 nm) penetration into human skin.

1. Introduction

2. Not completely blocked UVA370-400

We offers the ASTALIFT skin care series using the four
key technologies: nano technology, collagen research, antioxidation technology and photoreaction analysis and control
technology we have accumulated during the development
of photo ﬁlms. In March 2015, we launched the UV clear
essence and makeup base “Perfect UV Clear Solution” as
part of the ASTALIFT Whit series (Fig. 1). This product is
designed to address a problem of getting a suntan in spite
of careful UV care (getting a suntan without realizing) (Fig.
2). Our survey shows that more than 65% of women are
faced with this problem. The product protects against long
wavelength UVA (370 to 400 nm, hereinafter referred to as
UVA370-400), which were sufﬁciently blocked.
This paper reports the mechanism behind worsening of
skin dullness by UVA370-400 and newly developed two visualization systems.

To prevent photo-aging (age spots and wrinkles), it is
widely recognized that ultraviolet rays especially in the UVA
range must be blocked as they penetrate deep into the skin.
It is difﬁcult to block all the UV rays with only one UV absorber that can be used for cosmetics. Two or more different
absorbers are combined to provide UV protection in a wide
wavelength range 1). With a UV diffuser like titanium oxide,
the protector may cause white residues on the skin when it
is made to block long wavelength rays. We have studied the
transmittance of generally available UV absorbers used for
cosmetics. They cannot fully block 370-nm and longer wavelength UV rays (Fig. 3). We therefore focused on UV light in
this range (370 to 400 nm).
UVA370-400 accounts for about 50% of all the sunʼs UVA
rays 2). To study how much of the UV rays in this range
penetrate into a building, we have measured transmittance
of general glass for buildings (Fig. 4). The transmittance
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No

35%

Yes

65%
Fig. 2
Fig. 1

ASTALIFT White Perfect UV Clear Solution

A questionnaire asked: “Do you feel that the color of your
skin changes even when you are using a sunscreen?”（The
in-house investigation. N = 9788）

Visible light range and longer
Visible light range and longer

Absorber B
Absorber C
Absorber D

Glass for building

Transmittance (%)

Transmittance (%)

Absorber A

3 mm transparent
4 mm transparent
5 mm transparent
6.8 mm transparent

Light wavelength (nm)

Fig. 3

Light wavelength (nm)

The degree of transmittance exhibited by conventional
ultraviolet absorbers

Fig. 4

A: Diethylamino hydroxybenzoyl hexyl benzoate
B: Ethylhexyl methoxycinnamate
C: Butyl methoxydibenzoylmethane
D: Polysilicone-15

in this range is more than 80%. UVA370-400 rays are shinning
down even indoors through glass.

The transmittance of architectural glass

Normal photograph

Image of long wavelength UVA
(370 to 400 nm)

＊

＊

Inside a car

3. Visualization of UVA370-400
The irradiance levels of UVA370-400 inside a building or a
car considerably vary with sunniness or reﬂection of light.
We have developed a new system for measuring UVA370-400
in situ. This system has a special camera with a band-pass
ﬁlter that passes only UVA370-400 and visualizes the intensity
distribution of UVA370-400 using images captured by the camera. Photographs of the inside of a car show that UVA370-400
does not pass through the windshield as it is thick and it has
a UV absorbing layer. But, UVA370-400 passes through the side
windows (Fig. 5 top). Images of an ofﬁce show that UVA370400 not only passes through the windows but the rays are also
reﬂected by white walls and clothes (Fig. 5 bottom). Those
results show that people are exposed to UVA370-400 where

direct sunlight does not shine, like the inside of a building.
They indicate that the UV rays in this range not fully blocked
by the existing UV protectors for cosmetics contribute to the
“suntan in spite of care.”
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Fig. 5

Long wavelength UVA
(370 to 400 nm)

Strong

imaging of long wavelength UVA（370-400 nm）
inside a car near the window

4. UVA370-400 accelerates skin dullness.
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Amount of collagen adducts by aldehydic lipid peroxidation
products

5. Development of D-UV Guard formula that
blocks UVA370-400
There were no UV absorbers for cosmetics available that
fully block UVA370-400. We have hybridized an organic absorber
and an inorganic diffuser, developed a stable formula of
D-UV Guard that can efﬁciently block UVA370-400. When an
organic absorber and an inorganic diffuser are simply mixed,
the effect of blocking UVA370-400 is insufﬁcient When they are
“hybridized”, the absorbing wavelength is increased and the
range of 370 to 400 nm can be blocked (Fig. 7).
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Visible light range and longer

Diffuser + absorber
Diffuser only

Transmittance (%)

Some reports say that UVA370-400 turns the skin black
immediately. However, long-term changes in skin color
were not analyzed in detail. Focusing on “color change of
dermis = skin dullness”, we have analyzed the mechanism.
It is known that pigments that naturally occur in human skin,
due to UV energy, oxidize the adjacent cell membranes and
other lipid, that produced lipid peroxide metabolite is bound
with collagen and other protein ,make skin colored. The
half-life of collagen in dermis is as long as 15 years. During
this period, the colored collagen is not metabolized. That is
why dullness of dermis is said to take long to improve.
About UVA370-400, we have verified whether collagen is
colored when active oxygen is produced. We first shed
385-nm UV light on the pigments that exist in the skin
absorbing light in the range of 370 to 400 nm and compared
the amounts of singlet oxygen generated. As a result, we have
found that porphyrin generates singlet oxygen frequently. We
have mixed lipid (linoleic acid) and collagen in the presence
of porphyrin and shed UVA370-400 on the solution. The result
shows that colored collagen is generated irradiance-dependently (Fig. 6). It indicates that UVA370-400 accelerates dermis
dullness.

Absorber only
D-UV Guard

Light wavelength (nm)

Fig. 7

The spectra of “D-UV guard”

6. Visualization of UVA370-400 penetrating into skin
In development of the formula of a UV protector, we
needed a simple measurement method we could use for
evaluation of light penetration and protection for various
skin ages and skin types. With the existing technology
available, a skin specimen has to be taken to measure it. It
is an invasive method and not practical 3). We have newly
developed the optical coherence tomography (OCT) using
UVA370-400. A general OCT obtains information about the
internal structure using infrared light that easily penetrates
skin. Our OCT system captures tomographic images using
various wavelength ranges of light. This system has been
used for development of foundation 4),5). In this research, we
have extended the range of the light source to UVA370-400. By
the measurement with this OCT, penetration of the UV rays
into the dermic layer is visualized for the ﬁrst time. Also,
we have conﬁrmed that the D-UV Guard fully blocks out
this range of UV light the skin (Fig. 8). Using this new noninvasive measurement method, it is made possible to ﬁnd
out the relationship between the application dose and the
light penetration depth and evaluate various types of skins.

Not applied

D-UV Guard is applied

0

0

100

100

200
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300
(μm)

300
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Fig. 8

Long wavelength UVA
(370 to 400 nm)
Weak
Strong

Epidermal layer
Dermal layer

Veriﬁcation of “D-UV guard” ultraviolet and visible light oneshot spectral domains using optical coherence tomography
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Sensory evaluation
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Smooth texture of Perfect UV Clear Solution
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Sensory evaluation of texture

7. Texture design
It is important to use every day a cosmetic product that
efﬁciently blocks UVA370-400 The newly developed “Perfect UV Clear Solution” not only has a sunscreen effect but
also contains “Nano AMA,” our original whitening active ingredient, and “Light Analyzing Powder,” optical powder for
brightening up skin. Despite being a good feel of lightly and
smoothly, it is not ﬂow out easily with sweat in summer. It
would help repeated use( Fig. 9).

8. Conclusion
A wide variety of UV products with high SPF or PA are
on the market. People are choosing products that suit their
lifestyles and taking good care. Still, as shown by a survey,
65% of women feel that they have got a suntan in spite of
care (changes in skin color hard to improve) during summer.
We have focused on UVA370-400 that is hard to block with
the existing UV products and that easily penetrate windows
of a building or a car. We have found out a part of the mechanism behind skin dullness in the dermis (Fig. 10). Using our
original formula technology, we have developed a cosmetic
product that efﬁciently blocks UVA370-400. We have also
succeeded in visualizing the blocking effect on skin using the
OCT technology. We will continue to apply our optical tech-
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Fig. 10

Mechanisim of dermal color changes induced by long
wavelength UVA（370-400 nm）

nology, image analysis technology and measurement technology to the cosmetics ﬁeld and develop functional cosmetics.
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Development of the Renewed Functional Skin Care Product
“ASTALIFT JELLY AQUARYSTA”
Akina NAKAUNE*，Takatsugu KAWANO*，Hiroyuki KITAOKA*，Akinori SUGISHIMA**，
Gen OMURA**，Atsushi ORIKASA*，Shigeki KAGEYAMA*，Terukazu YANAGI*，
Yoshiki SAKAINO*，and Kozo NAGATA*
Abstract
We have developed the renewal product of “ASTALIFT JELLY AQUARYSTA”, which contains our unique nanoscale dispersion called “human-type nano-acylceramide”. Acylceramides are essential components of the long periodicity phase (LPP)
lamellar structures of intercellular lipids localized in the stratum corneum. These molecules are important for skin permeability
barrier maintenance. The amount of skin acylceramides gradually decreases with aging, which may contribute to age-associated
skin drying. Here we developed 20 nm diameter “human-type nano-acylceramide” and conﬁrmed that this dispersion both accelerates the restoration of surfactant-damaged LPP lamellar structures and improves skin barrier functions. Finally, we demonstrated that the application of “ASTALIFT JELLY AQUARYSTA” makes skin appearance like “Attractive Elegant skin”.

1. Introduction
We have applied our technologies that we have developed
in the photography ﬁeldsuch as collagen research, antioxidation technology, nano technology, to the development
of functional skin care products. In 2010, we launched
the ASTALIFT series “JELLY AQUARYSTA” as a special
care item for radically improving dry skin, which triggers
various skin problems. This product contains “human-type
nano-ceramide” produced by our original emulsiﬁcation
technology. In September 2015, we pursued further moisture retention and barrier function and launched the renewed
“JELLY AQUARYSTA” making the most of the “advanced
ceramide technology.” (Fig. 1)
This paper reports the studies of effectiveness of the nanosized dispersion of human-type acylceramide, “humantype nano-acylceramide” added to the renewed “JELLY
AQUARYSTA,”.

Fig. 1

The renewed ASTALIFT JELLY AQUARYSTA

2. Barrier function of skin and ceramide

skin, plays a major role in the function. The stratum corneum
consists of corneocytes and intercellular lipid. The intercellular
lipid contains about 50 wt% ceramide 1) as the main component. Some researchers report that the amount of ceramide
directly correlates with the barrier function 2). That suggests
that ceramide is a critical component to the barrier function.

2.1

2.2

Structure of stratum corneum and ceramide

The skin has a barrier function. It blocks out external
stimuli and foreign substances and prevents body water from
evaporating. The stratum corneum, the outermost layer of the
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amount of ceramide. It is the long periodicity phase (LPP)
lamellar structure. The LPP structure has intercellular lipids
regularly arranged about 13 nm. Acylceramide is said to be an
essential component of the LPP structure in the intercellular
lipids (Fig. 2) 3), 4).
Ceramide consists of fatty acid amide-linked with sphingoid
base. Acylceramide has the end of fatty acid hydroxylated and
it is ester-linked with fatty acid (Fig. 3).
When the skin is suffering from atopic dermatitis, ichthyosis,
psoriasis or any other skin disease with barrier function failure,
the amount of acylceramide is reduced and the LPP structure is
reduced. That was reported 20 years ago 5). Even if the skin is
healthy, it has been also reported, the amount of acylceramide
can be reduced because of aging or change of the seasons 6), 7),
8) and the LPP structure is reduced with the reduction 9), 10). If
acylceramide is effectively supplied to the stratum corneum,
the LPP structure and the barrier function are expected to be
repaired. That has not been conﬁrmed by any reports, yet.
To beef up the skinʼs barrier function and radically
improve dry skin, we have started to develop a formula
of acylceramide drug for external use that will penetrate
into the stratum corneum and restore the LPP structure
between corneocytes.
Foreign substances

3. Development of high-penetration “human-type
nano-acylceramide” that restores the long periodicity phase lamellar structure
3.1 Preparation of “human-type nano-acylceramide”
In the steric structure of ceramide, the sphingoid base has
at least two asymmetric carbons (Fig. 3). Theoretically four
stereoisomeric forms can exist 11). But, only one form of steric conﬁguration of ceramide (2S, 3R) exists in human body.
No other stereoisomeric forms are detected 11). For cosmetic
materials in addition to ceramide having the same structure
as the one in human body (hereinafter referred to as humantype ceramide), its glycoside and ceramide-like substances
are used. Researchers have compared the barrier functions
of ceramide-like substances, racemic form and human-type
ceramide using a model of stratum corneum lipid and found
that the barrier functions of ceramides except human-type
ceramide can decline 11). The report indicates that the steric
structure of ceramide is important for ceramide to contribute
to the barrier function as a component of the intercellular
lipid. We have therefore chosen the “human-type nanoacylceramide.”

External stimuli

Stratum corneum
Epidermis
Water
13 nm

Corneocyte

13 nm

Intercellular lipid
Main component = Ceramide

Acylceramide

Long periodicity phase (LPP) lamellar
Fig. 2

Localization and structure of long periodicity phase（LPP）lamellar consists of acylceramides

O

O
HN

O

*

*

OH
OH

* ; Asymmetric carbon
Fig. 3

Molecular structure of human-type of acylceramide
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(a) Appearance
Conventional human-type
Human-type
acylceramide dispersed
nano-acylceramide
liquid

(b) Transmission electron microscope image
About 20nm

100nm
100nm

(c) Schematic diagram

20 nm
Several micro meters

Fig. 4 （a）Appearance images,（b）transmission electron microscope（TEM）image,
and（c）schematic diagrams of human-type acylceramide dispersion

To enhance the permeability of human-type nano-acylceramide to the stratum corneum, we have decided to prepare
a water-based nano-dispersed liquid by uniform nanoscale
dispersion. Human-type acylceramide had longer acyl chains
than human-type ceramide and thus low in solubility and
high in crystallization. It was difﬁcult to add to a water-based
ﬂuid. Using our original nano dispersion technology, we
have succeeded in preparing a water-based nano-dispersed
liquid. Compared with the conventional human-type acylceramide dispersed liquid (particle diameter of several μm),
this liquid was transparent and uniform with a mean particle
diameter of about 20 nm (Fig. 4).

Permeation of acylceramide to stratum corneum
μg/cm2×6 layers

Evaluation of permeability of human-type nanoacylceramide to stratum corneum
We have examined whether the prepared “human-type
nano-acylceramide” permeates the stratum corneum as
designed. We have applied the “human-type nano-acylceramide” and the conventional human-type acylceramide
dispersed liquid to human skin specimens, left them covered
for six hours, collected the second to sixth layers of the
stratum corneum by tape stripping, and measured with
LC-MS. In every layer, the permeation of “human-type
nano-acylceramide” was significantly larger. Specifically,
the permeation was improved six times in total (Fig. 5)

**(P<0.01)

3.2

50

0.90
0.80
0.70
0.60
0.50

Six times

0.40
0.30
0.20
0.10
0.00

Conventional human-type FF human-type
acylceramide dispersed nano-acylceramide
liquid

Fig. 5

Enhancement of permeability to stratum corneum (SC) by
“human-type nano-acylceramide”

3.3

LPP structure repairing effect of “human-type
nano-acylceramide”
We have examined whether the “human-type nano-acylceramide” in the stratum corneum would restore the LPP
structure. We have added 1% sodium dodecyl sulfate (SDS)
solution to the stratum corneum of a cultured epidermis

Development of the Renewed Functional Skin Care Product “ASTALIFT JELLY AQUARYSTA”
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LPP structure restoration eﬀect by application of “human-type nano-acylceramide” to sodium dodecyl sulfate（SDS）-treated SC

(a) TEM image
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Fig. 7 （a）Observation of LPP structure restoration eﬀect by application of “human-type nano-acylceramide” to SDS-treated SC by TEM
（a）TEM images,（b）schematic diagrams, and（c）the gray scale scanned in the yellow box（a）

model for 15 minutes to produce a damaged skin model. We
have then added the “human-type nano-acylceramide” or
water (control) to the stratum corneum of a damaged skin
model and continued culturing for two days. We have peeled
stratum corneum specimens by trypsin treatment. We have
left them at 22℃ and 50% RH for 24 hours. Using the smallangle X-ray diffraction (SAXS), we worked out the amount
of LPP from the diffraction peak area equivalent to the LPP
structure (Fig. 6). We have found that the LPP structure
reduced by the SDS treatment is restored by application
of the “human-type nano-acylceramide.”
It is known that the LPP structure, when dyed with osmium
tetraoxide or ruthenium tetroxide, is seen as black and white
stripes in a cycle of about 13 nm 12). Using this method, we
have conducted TEM observation of samples prepared under the same conditions as those for SAXS measurement. A
sample without SDS treatment (left in Fig. 7a) shows distinc-

tive stripes. An SDS-treated sample shows no stripes (center in
Fig. 7a). The model treated with the “human-type nano-acylceramide” shows regular stripes restored (right in Fig. 7a). We
have analyzed the luminance distribution of the regular stripes
and conﬁrmed that they were a repeated structure in a cycle of
about 13 nm (Fig. 7c).
Fig. 7b shows schematic diagrams of the molecular structure
changes.
The observation has conﬁrmed the LPP structure repairing
effect of “human-type nano-acylceramide” visually. The result
matched the quantitative result of SAXS measurement.
The LPP structure repairing effect of acylceramide
externally applied to a model had never been confirmed
before. We have developed a formula of “human-type
nano-acylceramide” for external use that will repair the LPP
structure, the ﬁrst of its kind.
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3.4

Barrier function effect of “human-type nano-acylceramide”
We have added 1% conventional “human-type nano-ceramide” and 0.1% newly developed “human-type nano-acylceramide” to the stratum corneum of a cultured epidermis
model and cultured it for two days. We have removed a
residual solution from the stratum corneum and measured
the barrier function using the transepithelial electrical resistance (TER) value. Compared with the model with only 1%
“human-type nano-ceramide” added, the model with 0.1%
“human-type nano-acylceramide” also added had better
barrier function. It was 2.3 times that of the control (water
was added) (Fig. 8).

4. Effect of “JELLY AQUARYSTA” formula
With the product concept of “advanced ceramide technology
changes the visual quality,” we explored the skinʼs barrier
function, added the “human-type nano-acylceramide” in
addition to the conventional component “human-type
nano-ceramide” and we have come up with the renewed
“JELLY AQUARYSTA.”
To verify the effects of “JELLY AQUARYSTA” on human
skin, we have conducted testing on 45 Japanese women aged
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60

55

(c) Glossy appearance

(b) Firmness

40 to 54. The subjects used the product twice a day in the
morning and at night for 28 consecutive days. Before and after
the continuous use of the product, we measured the water
content of the skin, skin ﬁrmness, texture smoothness and
other conditions. Compared with those conditions before
the continuous use, water content and ﬁrmness signiﬁcantly
improved. Especially, marked improvement was observed
with the nine subjects of the dry skin group (the water content before the continuous use was 50 or less) (Fig. 9a and
b). The volume fraction of the replica of grit that represents
the texture smoothness also signiﬁcantly improved (Fig. 9c).
The continuous use of “JELLY AQUARYSTA” for 28 days
moisturized the skin, enhanced the firmness and smoothed
the texture. Fig. 9d and e show the grit replica images
of cheeks and the appearance of cheeks as examples of
improved skin. The texture before the continuous use had
unclear grain in one direction. After the use, the texture had
clear grain in various directions. The visual quality has improved. The replica image has shown many small triangles
that characterize smooth-textured skin (Fig. 9d). The cheeks
have been brightened up on the whole, the gloss has increased
and the skin looked ﬁrmer. (Fig. 9e).

Development of the Renewed Functional Skin Care Product “ASTALIFT JELLY AQUARYSTA”

5. Conclusion
In renewal of “JELLY AQUARYSTA,” we have aimed at
radical improvement of dry skin. We have further explored
the barrier function good skin has. As a result, we have for
the ﬁrst time succeeded in repairing the LPP structure of the
stratum corneum using “human-type nano-acylceramide”
produced by applying the nano-dispersion technology we
have developed from our photography technology. It provides reliable skincare effects. It not only improves the skin
functions but also makes distinct changes in the look.
We would like to continue the development of functional
cosmetics that provide customers with unprecedented and
appreciable effects, making the most of FUJIFILMʼs original
technologies.
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Trademarks
・Company names or system and product names referred to in this
paper are generally their own trade names, registered trademarks
or trademarks of respective companies.
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Editorial Note

FUJIFILM RESEARCH & DEVELOPMENT No. 61 of our journal introduces our R&D activities. As
we have been working hard to adapt to the drastic changes in the business environment, we have received
many contributions among which we have chosen nine original papers and sixteen reprints for this issue.
Trends for the past decade show that the rate of reprints is increasing. In particular, in chronological order,
the percentages are 48%, 52%, 52%, 52%, 55%, 54%, 46%, 58%, 64%, and 64%. This increase is probably
being observed because recent R&D activities are required to be open and global for further exploration in
new ﬁelds or businesses, and our information is being increasingly disclosed outside the company. Original
papers are available and accessible to the public on our website. The sources of reprints are provided so
that their originals are also accessible.
We will increasingly work with academia, other businesses, and administrative authorities; our R&D
activities will become increasingly open and global. I hope that many more people are using this journal
and that it will facilitate further innovation.
.
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