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Introduction1. 
FUJIFILM has developed a production technology 

of “honeycomb film” having micro-pores arranged in a 

honeycomb pattern on a surface thereof, and has started test 

sales of the same film in May, 2007.

The honeycomb film was developed by a group of Mr. 

Masatsugu Shimomura Professor of Tohoku University 

(Professor Emeritus of Hokkaido University), using a self-

organization phenomena1), and FUJIFILM participated in 

an industry-academic-government project for application 

of this technology and established our unique production 

technology by capitalizing on a film production environment 

control technology acquired in development and production 

of photograph films or flat panel display materials2).

In this report, a method of manufacturing the honeycomb 

film, characteristics of this product in terms of structure 

and physical properties, and expected examples of applied 

products obtained by making full use of these characteristics 

will be presented.

Structure of Honeycomb Film2. 
 The honeycomb film is a porous film having a unique 

structure including two-dimensionally arranged honeycomb-

like micro-pores, which are formed by arranging condensed 

water drops having an uniform diameter generated in a 

process of high-polymer film production by solution casting 

method regularly in the two-dimensional direction, and using 

the same as a casting mold (Fig. 1)1).

Fig. 1   Formative mechanism of “Honeycomb film”.

The honeycomb film has following structural characteristics.

(1)  Micro-pores having the uniform diameter are arranged 

regularly and hexagonally (Fig. 2).

Fig. 2   Top view image of “Honeycomb film” by SEM. 
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(2)  Unique solid structures in the vertical direction with 

respect to the plane (Fig. 3).

   (a) Spherical inner wall structure 

   (b)  Structure in which adjacent cells communicate with 

each other

Fig. 3   Schematic diagram of “Honeycomb film”.

(3)  Capability of selectively producing single-side open 

films having pores only on one side and double-side 

open films having pores on both sides (Fig. 4).

Fig. 4 Overview images for two types of “Honeycomb films”,  
(A) Single-side open type; (B) Double-side open type.

The diameter of the micro-pores of the honeycomb film 

can be controlled in a range from 5 μm to 20 μm, and the 

film thickness can be controlled in a range from 5 μm to  

10 μm.  The coefficient variance of the diameter of the micro-

pores and the pitch is lower than 5%, so that a high regularity 

is achieved.

Production Method3. 
The method of producing the honeycomb film has a single 

process, which is a combination of the solution casting 

film production method using hydrophobic solvent and 

a phenomenon of dew condensation of water vapor, and 

includes following four processes (Fig. 1)1).

(1) Casting of High-Polymer Solution

    When casting high-polymer solution, the surface 

temperature of the solution is gradually decreased in 

association with evaporation of solvent due to latent 

heat of evaporation.

(2)  Dew Condensation Near Surface of Solution (formation 

of water drop nucleus)

    Under high humidity, water drop nuclei are generated 

on the surface of the solution due to dew condensation 

of water vapor (condensation) in an early stage after 

casting.  The condensed water drops are generally 

unstable and likely to join.  However, such joining can 

be prevented by adding a minute quantity of stabilizing 

agent (surface active agent) in the high-polymer 

solution in advance. 

(3) Growth and Arrangement of Water Drops

    Water drops on the surface of the solution are packed 

into a hexagonal close-packed structure due to lateral 

capillary forces together with evaporation of the solvent 

while growing by themselves.

(4) Evaporation of Solvent and Water

    In due course, high-polymer molecules which go 

beyond the solubility due to concentration caused 

by the evaporation of the solvent are separated out, 

and the above-described structure is fixed.  Then, by 

further continuing evaporation of water at the same 

time or in retard, the porous film having the micro-

pores arranged two-dimensionally is obtained by using 

water drops as a casting mold.

FUJIFILM has established a film production technology 

with high-polymer solution through development and 

producing of photograph f ilms and optical f ilms for 

liquid crystal display, which are subject to strict quality 

requirements, for many years.  By controlling the above-

described processes precisely using this technology, we 

successfully established a process technology to produce the 

honeycomb film uniformly and stably.  

An image of the developed film manufacturing process is 

shown in Fig. 5.

Fig. 5 Conceptual diagram of manufacturing process for 
“Honeycomb film”.

This process roughly includes three steps (Application, 

Dew Condensation, Drying).  It employs such a system that 

a sample stage moves through zones for the respective steps.  

The temperature and humidity conditions in the respective 

zones are controlled, and a temperature control mechanism 

of the same stage and a specific air-conditioning nozzle are 

equipped for strictly regulating the temperature of a film 

production surface.  The structure of the honeycomb film 

such as the pore diameter or the film thickness is controlled 

by a high-polymer solution prescription, wet film thickness, 

step conditions in the dew condensation zone, and so on, and 
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by setting these control factors adequately with developed 

process, intended honeycomb films are repeatedly produced 

(Fig. 6). 

Fig. 6 Large size “Honeycomb film” manufactured with the 
developed process (200mm×300mm). Mean distance 
between the closest center of the pores is 14.8μm. 
Coefficient variance is 3.7%. 

Characteristics in Physical Properties4. 
Uniqueness of the honeycomb film is observed not only 

in structure, but also in physical properties.  Items which are 

highly important will be introduced with experimental data.

(1) Adherence in Water-Existing Environment

    The honeycomb film has such feature that the surface 

adherence is increased in a water-existing environment 

(Fig. 7).  This is supposed to be caused by capillary 

force generated at the respective micro-pores.

    As the water-existing environment, “in vivo” is 

exemplified, and it is considered to be effective to 

utilize the physical adsorptive power provided by its 

structure without using specific adhesive agent or 

gluing agent.  Application to films for preventing 

conglutination of internal organ, specific sticking 

plaster for external injury, or films for treating bedsores 

is contemplated. 
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Fig. 7 Result of delamination load test.  5mm (W) ×30mm (L) of 
sample film was delaminated in 10mm/min.

(2) Water Repellency, Oil Repellency, Low Contact Area

    Having water repellency as well as water absorbency 

is a significant characteristic of the honeycomb film.  

This feature is expressed not only with respect to 

hydrophilic liquid, but also with respect to lipophilic 

liquid (Fig. 8, Table 1).

Fig. 8 Comparison of contact angle for polycaprolactone film to 
H2O (A) Flat film ; (B) “Honeycomb film”.

Table 1    Comparison of Contact Angle between “Honeycomb 
Film” and Flat Film. The Value is Average of N=3 Data at 
25°C50%RH.

liquid sample structural formula Honeycomb film Flat film

water 122.2° 87.0°

glycerin 133.6° 79.3°

ethylene glycol 121.0° 70.2°

tricresyl phosphate 109.2° 60.1°

dipropylene glycol 85.4° 33.0°

trans-Decalin 46.9° 29.1°

polycaprolactone film, pore diameter 3 μm, single-side open type

    As lotus leaf having projections having a height of 

several μm on the surface thereof exhibits the water 

repellency, it is supposed that the solid structure of the 

surface of the honeycomb film exhibits virtual water 

repellency and oil repellency.

    On the other hand, substantially smaller surface contact 

area in comparison with the surface contact area on the 

front surface because of its porous structure is also a 

characteristic of this film.  Expected applications for 

these characteristics include water repellent films, 

antifouling film, fingerprint guard films, and so on.
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(3) Water Drop Gripping Property

    The honeycomb film has a property to grip water drops 

in addition to the high virtual water repellency (Figs. 9 

and 10).  It is supposed to be caused by capillary force 

of the pores formed at positions where water drops 

come into contact with the film.  It is unique to have 

seemingly a contradicting property such as repelling, 

yet gripping water drops (there is no such material).

    Expected applications for these physical properties include 

defogging films, sheets for preventing dew condensation 

water from flowing out for window glass or bathroom 

wall in winter, liquid drop array substrate (incubators, 

blood test plates, replacements for test tubes, etc.) 

Increase angle 
of lnclination of 
substrate gradually

Fig. 9 Image of H2O drop grip test for polycaprolactone film.
 Front side is “Honeycomb film”. Back side is a flat film.
 Drops are colored by dye for better understanding.
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Fig. 10   Comparison of water drop gripping critical angle 
between flat film and “Honeycomb film”. That critical 
angle is defined as the minimum angle at which the 
H2O drop starts to slide down. 

(4) Stretchability 

    High stretch ability is also a characteristic of the 

honeycomb film.  High regularity of the structure 

contributes to uniform dispersion of tensile load, so that a 

uniform elongation is achieved at lower load in comparison 

with the flat film formed of the same material (Table 2).

Table 2   Result of Tensile Tests of Various “Honeycomb Film”.

Structure

distance 
between 

centers of 
pores 
(μm)

depth of 
pore
 (μm)

base 
thickness 

(μm)

total film 
thickness 

(μm)

yield load 
(gf)

breaking 
elongation 

(%)

braking 
stress 

(gf)
remarks

honeycomb 
(double-side) 10.2 4.2 0 4.2 <1.0 183 <1.0

honeycomb 
(one-side) 6.8 4.7 2.4 7.1 28.0 152 9.0

honeycomb 
(one-side) 8.5 6.2 3.8 10.0 4.3 141 4.3

honeycomb 
(one-side) 16.3 11.1 4.3 15.4 9.2 178 12.5

flat film – – 6.7 6.7 98.7 >473 – not 
broken

Expected applications for this characteristic include 

sticking plasters for covering movable portion such as joints 

and curved surfaces.

Applications Incorporating Properties5. 
Specif ic characters and cor responding expected 

applications for honeycomb film are listed in Table 3.

Table 3   List of Specific Characters and Corresponding 
Expected Applications for “Honeycomb Film”.

Characteristics Corresponding Expected 
Application Studies

S
tr

u
ct

ur
e

(1)  Pores having uniform 
diameter are regularly 
arranged

Precision Filter (monodispersed, 
high aperture ratio) cell division film3)

cell culture scaffold
liver parenchyma cells4)

neural stem cell5)

vascular endothelial cell6)

(2)  vertically penetrated double-
side open type is available  
(penetrated also in the 
lateral direction)

Precision Filter (low pressure 
loss, long life with (1)+3D 
structure)

atmospheric microparticle 
sampler7)

(3) light scattering property screen

P
hy

si
ca

l P
ro

p
er

tie
s (1)  High adherence in water 

existing environment

film for preventing 
conglutination

film for preventing 
conglutination of internal 
organ8)

sticking plaster for wettable 
external injury

(2)  water repellent, oil repellent, 
and low contact area fingerprint guard film

(3)  High water drop gripping 
capability blood test plate

(4) High Stretchability sticking plaster for joints

Application studies are practiced actively by a research 

group headed by Professor Shimomura of Tohoku University, 

a leader of honeycomb film research and development.  For 

details, see References.

What is essential is just to be the high-polymer molecules 

which are soluble in the hydrophobic solvent, and high 

f lexibility in selection of materials is also one of the 

characteristics of this technology.  Materials suitable for the 

individual applications may be applied. 

In this report, the characteristics specific to the honeycomb 

film have been introduced.  However, by applying post 

processes such as surface modification, cutting, stretching, 

using as the casting mold, composite utilization with other 

materials, the candidates of the application will further be 

increased (Fig. 11)9).

Honeycomb structure Pillar structure Microlens array structure

Stretching honeycomb 
structure

Honeycomb-pillar 
composite structure

3D honeycomb structure

Fig. 11   Variation of fabricated “Honeycomb film”.
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Conclusion6. 
The technology to stably produce the honeycomb film 

formed in a self-organized process has developed by the 

process for strictly controlling the temperature and humidity 

environment of film production with high-polymer solution.  

The produced honeycomb film has unique structure and 

physical properties different from those produced in a top-

down (micro-fabrication) system, and further development 

in applications incorporating these features are expected 

in the future.  We expect that many users, researchers, 

and engineers have opportunities to use and experience 

FUJIFILM’s honeycomb film through the test sales started 

from May, 2007, extension of application areas and research 

and study for practical use are further promoted, and various 

potentials of the honeycomb film are incorporated in various 

fields of the world. 
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