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Development History of the Anisotropic Conductive Film ANISOLM

OO00O0O00OO00OO0000O0OO0 Isao Tsukagoshi
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Anisotropic conductive film (ACF) is an adhesive tape with dispersed conductive
particles. It is used as a connection material for very fine circuits. With the application
of heat and pressure, it adheres and electrically connects confronting circuits,
maintaining insulation between adjoining circuits. ACF was first put to practical use in
1984, the beginning of matrix liquid crystal display (LCD) development. It continues to
be an essential connection material, meeting the changing needs of LCD development. It
has greatly contributed to the development of the LCD market, whose size exceeds 3
trillion yen. Today, ACF is used in such applications as new style displays besides LCDs
and for the electrode connection of semiconductor chips and substrates. It is further
expected to be valued as an environment-friendly material. In this paper, we will review
the development of our ACF, ANISOLM, focusing on the initial stage and present our

0o

future expectations.
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Fig. 1 Basic Features of ANISOLM
ANISOLM is an electrical connection
material for very fine circuits and is a tape-
like adhesive suitable for high-density
packaging. It is mainly used for the

connection of liquid crystal circuits. The
circuits can be as fine as 25 electrodes/mm.
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Fig. 2 Circuit connection with ANISOLM

ANISOLM is an adhesive film with
dispersed conductive particles. Anisotropic
conductive connection is made possible by
applying heat and pressure to the ANISOLM
between confronting connection terminals.
With ANISOLM, it is possible to connect a
large number of very fine circuits at one
time.
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LCDs are indispensable items in today's
IT society. ANISOLM was put on the

market in 1984, the beginning of matrix
LCD development.
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Table 1 Results of the market survey on conductive adhesive films with different structures
The greatest demand was for hot-melt type conductive adhesive films for electrode connection. This started our research on ACF the immediate application was

to LCD circuit connection.
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measuring the resistance of each
connection, the optimal conductive particle
quantity range was determined in which
distinct anisotropic conductivity is attained.
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Table 2 Features of ACF in 1983

Many highly resolved fine and compact connections can be obtained at one
time only by applying heat and pressure to ACF. The transparent and adhesive
features of continuous, thin ACF enables a fully automated connection process.
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Table 3 Comparison with other technologies in 1983

Conventional anisotropic conductivity materials could be used to connect circuits of more than 500pm pitch and were inferior in transparency and circuit positioning
ability. Matrix LCDs under development required finer-pitch connection. Finally ANISOLM resolved such problems.
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Table 4 Improvement in reliability by adhesives
Shown separately are the basic requirements for general adhesives and the
requirements specitic to thermosetting adhesives.
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Fig. 7 Morphology of adhesives with
different quantities of added repair-feasible
material

Modulated structure B enables both good
reworkability and connection reliability.
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Fig. 8 Features of conductive particles

Metal-plated resin particles have an even surface and are easy to disperse into adhesive. They become flattened after the application of heat and pressure.
Metal particles, on the other hand, have an uneven surface which makes dispersion difficult and deforms the electrodes of connected parts.
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Fig. 9 ANISOLM structures and numbers
of conductive particles on bumps

[DDDDDDD70umDJ

Two-layer ANISOLM (left) consists of two

goooooooooooo

0 1 | 1 | 1

layers of adhesive : one with and one
1
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00000000000000 x 10°0/mm?0
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oo TCP Process |
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TCP ACFOODOO0ODDO
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ooo COG Process |

PDP
I',l g
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LCD

without conductive particles. The adhesive,
15.0 insulative and conductive functions are
separately assumed on the two layers.
Compared with the single-layer structure
(right), the two-layer structure can efficiently
hold conductive particles on bumps.
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Fig. 10 Possible use of ANISOLM in three
flat panel display (FPD) connection
processes

ANISOLM can meet the requirements of
three FPD connection processes. It can be
J used in many types of FPDs besides LCDs,

ooopcC

OO0EL

ooooooo

such as PDP and EL, and further
applications are anticipated.
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technology. ACF, with its features of no
underfill or solder, is suitable for such high
technology packaging.
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Table 5 Success factors in development of ANISOLM

ANISOLM has been developed through the timely combination of our market research, customer demand, and Hitachi Chemical's base technologies. Continuous

endeavors to develop higher performance ACFs have made new product cycles and technical support effective.
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Most of the driver ICs used for flat panel displays (FPDs), or mainly liquid crystal
displays (LCDs), are packaged by anisatropic conductive film (ACF). Depending on the
size of the panel and its usage, either tape carrier packaging (TCP) or chip on glass
(COG) packaging has been used. As the current driver ICs have a finer pitch than
before, many LCD manufacturers are beginning to use hip on flexes (COFs) instead of
TCP.

However, the conventional ACF for TCP is not suitable for COFs. The circuits for
COFs are directly evaporated on basement polyimide films, which will make insufficient
the adhesive strength between ACFs and polyimide films.

Hitachi Chemical offers a solution to this problem by improving the adhesive strength
and conductivity. We have developed a new ANISOLM named AC-4000 for COF
systems, which has adhesive strength of over 800N/m and maintains stable conductivity

during various reliability tests.
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Fig. 1 Packing form of an LCD module using ACF
The PWB, which is connected to an LCD through TCP or COF with

ANISOLM, is placed behind the LCD when the LCD module is assembled into a
monitor or others. The TCP or COF is curved in the process.
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Table 1 Factors influencing the bonding strength
Of these five factors we focused on decreasing the residual mechanical
stress by easily changing the chemical composition structure of the adhesive.
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Fig. 2 Bonding strength change of the current TCP-use ANISOLM AC-7206
with time under 850 /85%RH

AC-7206 shows a good bonding strength of more than 800N/m with TCP;
however, it is less than 600 N/m with COF.
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Fig. 3 Elastic modulus dependence of the bonding strength of ACF

The bonding strength increases with decreasing elastic modulus until
500MPa by relieving residual stress. Below 500MPa, however, the adhesive
itself becomes too weak to take advantage of the effect.
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Fig. 4 Elastic modulus dependence of the contact resistance change with time
under 850 /85%RH

The contact resistance with the ACF having 500MPa elastic modulus
significantly increases with time ; whereas, those for 800MPa and 1000MPa
increase insignificantly.
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Fig. 5 Elastic modulus depandence of the contact resistance change with
heat cycle (O 400 -1000 ) numbers

The same tendency as in Fig.4 is shown concerning the influence of the
elastic modulus levels.
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Fig. 6 Reliability of the conection with AC-4000 (contact resistance)

Heat-press conditions (3MPa pressure for 15s) were constant except for temperatures (1700 -1900] ). Each of the temperature conditions tested demonstrated
excollent connection reliability of contact resistance both in the heat cyclr test (left) and in the high temperature/humidity test (right).
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Fig. 7 Reliability of the connection with AC-
4000 (bonding strength)

(The heat-press conditions are the same as in
Fig.6) The connections prepared at each
temperature demanstrated excellent connection
reliability of bonding strength (over 500N/m) ever
after 500h of the high temperture / humidity (850
/85%RH) test.
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Fig. 8 Reliability of the in-plane insulation of AC-
4000

The heat-press conditions are the same as in
Figs.6 and 7. AC-4000 showed satisfactory
insulation resistance in the planer direction even
after 1000h of the high temperature/humidity
test(850 - 8500 RH).
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Pressure Sensitive Adhesive Film for Optical Function Sheets
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Various optical function sheets are used as the parts in liquid crystal displays (LCDs),
and pressure sensitive adhesive (PSA) films have been applied to the function sheets
for surface protection. They have also been used as carriers. The PSA films are required
high quality, or the peeling easiness, no curvature, no partial removal, and no defect
because the films should cope with the recent technical trends of optical function
sheets. For these purposes, we have developed a new polypropylene film with a lower
coefficient of linear thermal expansion and a new acrylic adhesive with excellent heat
resistance to be used as constituent materials . This report describes that the material
development and the typical characteristics of the newly developed PSA film for optical

function sheets.
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Table 1 Coefficient of linear thermal expansion of base films
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L-7330 has a smaller coefficient of linear expansion especially in the machine direction.
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Fig. 2 Conceptual structure of prism sheet
PSA film and prism sheets have very small,
effective contact areas.
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Fig. 3 Peeling speed dependence of adhesion
100 strength

L-7330 has much higher adhesion strength than
the conventional PSA film especially in the lower
peeling speed range.
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Fig. 4 Dynamic viscoelasticity of PSAs
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Viscoelasticity G' in the 5000 1000 range is stable for the new PSA with DP-1000 but is unstable and lower for the conventional PSA.
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Table 2 Change in adhesion strength with the time elapsed after assembly
L-7330 will not floats after all conditions were tested.
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Table 3 Transparency of L-8000
L-8000 has good transparency comparable with that of the acrylic polymer plate.
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Fig. 3 Change in adhesion strength for DP-1000
with the time elapsed after assembly

The increase is not more than 50% even after 30
days at 800 .
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Fig. 6 Structure of L-8000

A separator film is adopted to make adhesive face
smooth.
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The strong demand for super-fine liquid crystal display (LCD) drives LCD driver
integrated circuit (IC) package into replacement tape carrier package (TCP) with chip
on film package (COF), which has several advantages for finer pitch flexible circuit.
New thermosetting polyimide based solder mask SN-9000 was developed, which can be
applied to the overcoating material of COF. SN-9000 has excellent printability, curability
at low temperature, bending resistance, adhesion to the underfill material and reliability
of insulation. These characteristics are useful as a solder mask material for COF of note-
size personal computer (PC), monitors of desk-top PC and cellular phone. SN-9000 can
be used in various new applications because of its excellent flexibility and reliability.
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Fig. 1 Comparison of TCP and COF structure

COF structure enables finer pitch patterns because of its inner leads are
formed on polyimide film and are stiffer.
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Fig. 3 Solubility parameters and adhesion to the underfill material

The solubility parameter of the nel] soft segment is similar to that of epoxy
resins. The cured film of the modified polyimide resin including the ned soft
segment shows a higher peeling strength from the underfill materials.
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Fig. 2 Structure of the modified polyimide resin
The new soft segment includes some polar
functional group.
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Fig. 4 Effects of soft segments on warpage and tensile elasticity

The modified polyimide resin including the new soft segment has a lower
tensile elasticity and resulting less warpagel]
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Fig.5 Curing temperature and curability

The amount of unreacted polymer was evaluated in terms of the amount
extracted with acetone. The new modified polyimide resin combined with
highly reactive multifunctional curing agentd BO demonstrates excellent
curability even at 1200 O
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Fig. 6 Relationship betl een curing conditions and the decrease in plated
tin thickness

Decrease in the thickness is less for the nel] solder O ask cured at 1200
than for the conventional solder [J ask cured at 1500 O
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Fig. 7 Effect of filler content on bending resistance and bleeding length
The optimum range of filler content U as determined to satisfy both
requirements, that is. better bending resistance and less bleedingd

OJOOSN-90000 0000 sSN-f0ooc000DO0OODOODODODODOO
oo
Table 1 General properties of SN-9000

SN-9000 has excellent printability as well as exerts adequate perford ance
as cured resin.
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Fig. 8 Bleeding of solder mask after printing and curing

The new solder mask using special fillers right results in less bleeding.
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Fig. 9 Bending test on COF substrates
SN-9000 i proves the 0.10 -180° bending resistance of the COF
substrate.
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Fig. 10 Insulation reliability of SN-9000
SN-9000 keeps excellent insulation resistance even after 1,000h in the high
temperature humidity bias test.
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In order to catch up with the strong demand for higher signal transmission speed of
ultra large scale integrated circuits (ULSI) as well as for finer and more multilayer
metallization for their larger scale integration, interconnection materials are shifting
from aluminum (Al) to copper (Cu) because of its superior conductivity. Tantalum (Ta)
family conductors are used as barrier metal layers to prevent Cu interconnect ions from
diffusing into interlayer dielectric (ILD) material layers. Chemical mechanical polishing
(CMP) of the barrier metal is needed for the fabrication of Cu interconnections, and the
barrier-metal CMP slurry has to be developed. Because conventional CMP slurries polish
Ta by the mechanical effect of abrasives, they have such problems as Cu wire loss and
scratching. We have developed a novel high selectivity barrier-metal CMP slurry named
HS-T605, which combines chemical and mechanical effects by using smaller abrasives,
and will show [J a higher Ta removal rate and higher selectivity (Ta>SiO;,Ta>Cu), J a
lower scratch level. Ideal fabrication of Cu interconnection can be realized with the
combination of the abrasive-free Cu CMP slurry developed in advance and this barrier-
metal CMP slurry.
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Fig. 1 Design of high selectivity barrier-metal slurry

Application of the abrasive-free Cu slurry (HS-C430) followed by a high
selectivity (Ta>SiO2, Ta>Cu) barrier-metal (Ta) slurry will result in good
planarity and the reduction in Cu loss.
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Table 1 Taremoval and etching rates with slurries including different acids

Ta etching rate is zero with all slurries. There is little difference in Ta removal
rate between slurries including different types of organic and inorganic acids.
20 mm square chip wafers were used.
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Fig. 2 Zeta-potential of the SiO2 and Ta particles

Both particles have minus potential, resulting in repulsion.
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Table 2 Removal rate with slurries including different chemicals

Slurry with chemical A shows the highest Ta removal rate and desirable
selectivity (Ta>SiO,, Ta>Cu ).

ooo ooo ooo oooooo
oog

No. O O O O A B

TaDlOODO * Ta 57 27 3
) 57 52 36 37
O nm/minO gooo * Cu 8 214 16
TaOOODOOOO * 0 0 0 0 (nm/min) SiO2 1 2 1

0 nm/ minO *]00000000000000025kPad 00000060 rpmd 0

*M 0000000000000 00O25kPal0 00O OO6G0rpmOOOO O
000 15ml/ min
*]e00 024h0 0000000000000

0oooooisml/ min
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Fig. 3 Effect of abrasive particle size on removal rate

For slurry with chemical A, Ta removal rate and the selectivity increase with
decreasing abrasive size.
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Table 3 Polishing performance of HS-T6050 8 inch diameter wafers)
HS-T605 has sufficiently high selectivity and a low scratch level, and can
attain excellent planarity by combining with abrasive-free Cu slurry.
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Fig. 4 Cross-sectional SEM photos of SEMATECH 831 wafers

Ta metal remains after Cu removal (b) and Cu wire loss is hardly observed after Ta removal (C).

O0DOooA0DDU0O0OD0OO0O0OO0ODOO0TaDOOODOODOO
gobcubDsic.0 0000000000000 ODOOTad
000oo0o0oo0ooDO0o0oooDOooDoooooDooooog
oooADDOOO0ODODOODODO0OOODO0O0O0DOOOODOO
goobobobooooboobooooboooboobooooooa
oo
gbodooobooobdoooooooooooogn
Ob0000oobooOO0o0o0oobO0oOooobboOrs-Te050 0000
oooooood0TaODOODOO8 nm/min00O000O14
kPaD O OO O0OO0OODOOTal/Sio0 400 Ta/Cud 50 000
oogodcocwiooooooooooooooodoooo
oogooogooDilog/Oooooooooooooooogo
doob0oooooooooooooooooooooogb
CuTaDODODODOODOO0OOOODOOOOOOOOOO
OO0cuO0DO0O0OHS-c4300 000 0Cub 00000 HS-TE05
O00TaDOOOODOOOOOODOOOOODOODOOOO
oooodoboooooooooooooooooooooo
gbooboo3spymbOogoooo3suymdnoooooon
CMPOOOOOOSEMOODOOOMadOcudOOOODOO
000 bOOHS-C4300 0 00O Cul OO I el OHS-T605
O00TaODOOOOODODMaOOoObOODODOOCU

o000 TaDOODOOO0OOODOODOOOODUODOOO
DoObODOcODODDOOOOTaDOOODOOOTaDOODO
oooooooobcocwoOoooooooooooooDood
ooooooobDoooooDoooob0oooooooon
culO0dO0oooOoooooooo0ooo™

o000 OoOoooboooooooooon

gobooOoO0O0o0o0o0ooooooboboTa0OOODOOOO
gb0ooooobDoooooobdooooooooogoo
oboooooobDOoogooooogosAD0ooooon
UOTa00ODOODOO0OOOOoOUOODOOODOODOOOOODOO
OTa0s0 0000000000000 O0OODOpPH-OODO
OPourbaixOD F*O00D000O0O0DODOTaDOOODODOCUOO
000 00o000o0o0oooooooooooo»gTacd
00o0ooooOoooooDoooooooDooooo®Ta
oooooodoooDooooooooooob00moaon
O0TaOODOOODOOOOODOOOODODOHS-T6050 168
o0oo0OOo0TaODOODOOODSEMOXOOOOOO
OXpsOOOOODODOOOTaOOOTaO0s00OOO0ODOOOO
ooobooooooo

TaODOOOOOOOODOOOHRS-TeOS0 0000000

0000000000000 No.4D 2003-70 33



ooooooooooooooooooooooooooo
doogb3owtD OO0 TaDOODODOODOOOOOSioOooOoOQ
00000000000 oooxgoOebpxXxdoooooggd
O00DOXODOOOXRDODOOUOTaOODODODOOODOO
0000000000000 DU0O0D0D0O0D0O0OTa0s000
00000000 Ta0s0NH00 0000000 7000% 020
ooooOoOXRDOOUOUOUOOODOODODUOOOODODDODOOOO
oooolboooboTaDODOOOODDOODOOUODOODOOOO
ooo
doUdoobOoU0ooouoooUobUoUgUoUoooooog
doooooboooooboopHODOOODODOOOOOOO
Oooobdoooooz2mvOOod3azmvooooooooO
ooooooooooooboTaOOO0OOOOODOOOOO
00o0o0ooooDood0doobdooooDooooooon
00000000000 oooooodooooDooooo
00000000000 0oooooooDodoooobooo
O00D0Ta0ODOOOOOOODODDDOOOOOOOO®O
oooooolboooooobooooooobooooo
JdooooooooboobODAdOCOTalOOOOOOOO
0d0o0ObOU0o0UobObDooooobOodOooooogTad O
OTa0s0 000000 DOOO0OOTa-OODODDOODOOOOOO
gogogsi-oHOOoOoog»gooooooo
ddoboooooooooooeMPOOOOoooOOOg
0000000000000 oooooooooooon
TaDOOODOOOOODOOTa0s 0 ODOODODOOOOOO
000000000000 ooodooooooooooo

OO00DAODOOOOTad D

10f
™y

oooo!
i

e

i

1

i
i0ooooooo
1

oooooo

ooooooo

"1
0
i

i
i

oooooodmvOd
ooobooooooobobooboobOobooboooooooo
oo0o000ooo00oooooooood

Fig. 5 Zeta potential of silica particles in the original and used slurries
Silica particles in the used slurry have a minus potential.

40 - D
Ooooo -
*\} oooooo
30 i\l
O iy
[m] [
O 20F N
= g 18
B d ‘' DOooo
10 1 3
l. B
i \
0 ! ! s Lt ! ! J
5 10 50 100 500 1,000 5,000
0o0OmOd

oboooobooobooobbo0ooboo0booooooooooooo
oooooooooobooooooooooo

Fig. 6 Particle size distribution of the original and used slurries
Silica particles in the used slurry have a larger average size and a wider
distribution.
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Fig. 7 Mechanism of polishing barrier metal (Ta) with high selectivity CMP
slurry.

With high selectivity Ta CMP slurry (right), a soft reaction layer is formed by
chemical effect and is successively removed by the mechanical effect of fine
abrasives.
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With the progress in miniaturizing electronic equipment with higher performance,
packaging substrates for semiconductor devices are required to cope with finer
patterning and higher wiring density.

Recently, the semi-additive process has received considerable attention in that it will
be able to cope with those requirements. In this process, semi-additive material is
laminated on a core board to constitute an insulation layer. Following this a seed layer is
formed on that layer by means of electroless copper plating. We have a technology
platform involving resin-modification technology for improving adhesive strength, heat
resistance, anti-flammability, etc, and filler dispersing technology. On the basis of these
technologies, we have developed a new halogen-free semi-additive material named AS-
11G. This material has been proven to have excellent insulation resistance and
reliability. AS-11G is expected to meet the requirements for a build-up material suitable

for next-generation packaging substrates.
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Table 1 Semi-additive material technologies necessary in developing next-
generation package substrates

Halogen-free semi-additive materials are required which can achieve higher
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Table 2 General properties of AS-11G

AS-11G has sufficient performance to enable the development of next-
generation package substrates.
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application of chemical roughening to insulation
layers and followed by electroless copper plating.
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Fig. 2 Conceptual design model of semi-additive
materials

Excellent toughness and a low coefficient of
thermal expansion can be achieved by the newly
designed resin AS-11G, which consists of a rigid
matrix polymer, a new hardner and surface finished
fillers.
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Fig. 3 Influence of crosslinking density on film properties
Excellent properties are acquired by optimizing the crosslinking density as
well as by adopting Hardener A.
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Fig. 4 Relationship between fracture energy and peel strength

High fracture energy of AS-11G, even combined with the least rough surface,
can afford the same level of high peel strength as a conventional resin sysytem
combined with far more rough surfaces.
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Fig. 5 XPS analytical result of the interaction between AS-11G and copper
The shift to higher binding energy proves that the polymer resin element in
AS-11G has electronically reacted with copper.
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Fig. 6 Relationship between surface roughness and peel strength

AS-11G demonstrates the same level of peel strength as a conventional
resin system with one-third the surface roughness of the latter.
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Fig. 7 Results of thermal cycle test

AS-11G showed excellent thermal cycle resistance resulting from its
advantages over the conventional resin systems : high elongation, high
shearing strength, and low coefficient of thermal expansion.
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[0 Microwave Design System

transmission loss

Lower surface roughness will effect lower
transmission loss; this tendency becomes more
distinct at higher frequency.
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It has been suggested that the Sick-House syndrome is caused by volatile organic
compounds§] VOCs[ Therefore, measurement of VOCs is required by several laws. The
passive sampling method has several attractive features relative to the conventional
active sampling method : easy to operate without an air pump and a power supply. In
this study, we have developed a new high sensitive passive sampler for VOCs. The VOC
collecting efficiency was greatly improved by using a new porous plastic diffusion filter
and carbon molecular sieve adsorbent. The characteristics of the passive sampler were
verified. The passive sampler was then applied to the measurement of VOCs in indoor
air; good correlation with the conventional method was obtained.
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Table 1 Laws related to the Sick-House syndrome and the required sampling methods for VOCs in indoor air

There are four laws in Japan requiring the measurement of VOCs.
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Fig. 1 Active sampling method (a)and passive sampling method(b)
The latter method needs no additional apparatus for sampling.
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VOCs diffuse through the cylindrical
porous wall (diffusion filter) and are

captured by adsorbent.
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Fig. 3 Schematic diagram of the exposing chamber for VOC sampling
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The VOC concentration in chamber air is maintained constant ; the sampling of VOCs by both samplers are carried out for 24 hours.
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Fig. 4 Relationship between the pressure drop and the porosity of the
diffusion filter
The pressure drop is inversely proportional to the porosity.
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Fig. 5 SEM of the diffusion filter adopted
Finally, we selected a diffusion filter having a 34.5% porosity. The filter has
air cavities of about 20 pm average diameter.
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Fig. 6 Comparison of air permeability of diffusion filters
The PE filter has an air permeability three times that of the PTFE filter.
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Table 2 Characteristics of the adsorbents and the relative amounts of VOCs adsorbed on them
Both carbon molecular sieve and carbon black showed good adsorbing performance; the former is adopted for its easy handling.
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Fig. 7 Comparison of the amounts of VOCs adsorbed on passive samplers
Our trial passive sampler showed 1.50 4.0 times higher adsorbing
ability than the conventional ones on the market.

o000~ 0o0o0o000o0ooo0o0oooooooooon
000000000000 O000000000FreundlichO
000000000000 0ooooooooooooooan
goooooooooood
W oo K C U e 020
InW £1 1/n0InC +Ink
00oowo24000000ooooDooowmkooono
00000000 0o0ooOoooeonoonoooooenn
J300o00doooooooooooooooooooan
Jooooooboooooooooooooooooood
Jooooooooooooooood
O0O0O000O0O0O0FreundlichODOOO0OOOOOODOOO
Jo0o0ooDoooDooooooooooooooooood
JO0o00ooDoooOooooooooooooooooood
000000000000 0000oooooooooooan
JoooOooooooOooooooOooooooboooogo

120 -
Da00O0O0O0O0Oo °
100 | c
80 |
O
2 °
=1 60
O
=
40 |
y=235x0
201, R2=0.98001
a =9.7
0 1 1 1 1 1 J

00 01 02 03 04 05 06

COppmO O

ooOooooo0ooo0ooo0oooOooOooDOoo@ooooog)
ooooowoooooOooOooooooooooo

4.4 0000000O0000000O0
o0o0OO00o0ooo0oO0oOooobDOoOooooliooDoOog
VOCsO OO DOUOOGC-FIDOOoOoOoOooooooodGC-FID
0000000030 0S/N=300000000040000
0oo0oooooooooooliocooooooooog
ooDooooooooGC-FIDDODDOUOODDODOUODOO
gobooDgeC-opooogoGee-MSopoooooooog
goobooddbzoooooooooooooooo
gooobooooboooobooooobooooaon
gosgo0oo0oo0ooon0O0oo0DOooDooooogoodsong/o

oGC-MSODODODOOoOOoOoOoOoyioooooooooono

0240 00000000000.0002ppmO 0000 ogogag
ooooooooooooooooooooooboooao
4.5 00000000000000
ooo0oooooooooooooooooooooono
0oooooovoCso D ooooooooooooooog
0000000000000 o0o00o0OooooDooooo?24

jooogopoooooooooooooogovocsuooooooa
080000000 OO0O0DO0ONO0O0OO0OOOoOoOooAaoooOooooon
oooooooooooo

Table 3 Uptake rates a of the developed passive sampler for typical VOCs

Fig.8 showed that a wider concentration range results in greater deviation.
The uptake rate a tends to decrease with increasing concentration range.
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Fig. 8 Relation between the active sampler and the newly developed passive sampler
The amount of toluene adsorbed by the latter sampler is in good correlation with the toluene concentration measured with the former sampler, in the low

concentration range(a).
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Fig. 9 Relationship between the VOC concentration in indoor air and the
amounts of VOCs adsorbed

All the original data Fig.3 were processed by using the Freundlich equation 3
. Excellent linearity exists between the logarithms of both C and W over the
wide concentration range.
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Table 4 Detection limits of the passive samplingl] GC-FID method for various
VOCs
The method can detected 1/10 of the guideline VOC concetraition.
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Fig. 10 Measurement of VOCs in indoor air of detached houses (a) toluene, (b) xylene
The concentration values measured by both the newly developed passive sampler and the conventional active sampler are in excellent agreement.
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Effectiveness with a sense of safety is very important as a function of car brakes. To
increase the sense of safety, disc pads with a high coefficient of friction are required.
However, disc pads with higher friction increase brake noise and vibration. In order to
produce highly effective disc pads without increasing brake noise or vibration, we are
using improved raw materials for disc pads, such as phenolic resin used as an abrasive
and as a binder. Our newly developed disc pads have a higher coefficient of friction but

generate less brake noise and vibration.
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Table 1 Typical compositions of disc pads
Typical composition of disc pads are NAO materials in Japan, low steel
materials in Europe, and semi-metallic materials in the USA.
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Fig. 2 Coefficient of friction of the brake disc pads
Our new material has a medium coefficient of friction in the low braking
energy range, but has the highest one in the high braking energy range.
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Fig. 3 Properties of inorganic abrasives used in the developed material

Since the inorganic abrasive granules are small, there remains on the disc
rotor surface a film formed and adhered during braking. The coefficient of
friction is stable; disc rotor wear is low.
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method. The SN ratio of the squeal rate is markedly
affected by the percentage of phenolic resin, and the
coefficient of friction is affected by the amount of
abrasives.
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Fig. 4 Conditions of the disk pads and the disc rotor while running
The run-out areas of the disk rotor are partially worn by contacting with the
disc pads while running. Partial wear will cause brake vibration.
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Fig. 5 Coefficient of friction of the disc pad and wear of the disc rotor

The wear increases with the coefficient of friction, making judder likely to
occur. The wear for the developed material is lower than that for the other
materials with a similar coefficient of friction.
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Fig. 6 Relationship between the running distance and
] partial wear of the disc rotor
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Fig. 7 Elasticity of the binders
The elasticity of the developed material is lower in the braking temprature
range than that of the conventional material, resulting in lower brake noise.

Partial wear of the disc rotor made with the
developed material is under 10pm after 60,000 km
running, indicating that judder is unlikely to occur.
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Fig. 8 Surface of the disc rotors after left overnight

After being left overnight, the surface of the developed material gathers less
rust than that of the conventional material, thus resulting in the low pressure of
groan noise.
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Fig. 9 Relationship between the pedal stroke and the deceleration rate

The deceleration rate of the developed material with respect to the pedal
stroke is improved by about 20% compared to that of the conventional material.
The improvement become remarkable the pedal stroke length.

oo oood

Ooooooooooooooooooooooooon
ooooooooooooooooooooooooooo
ooooooooooooooooo0oooooooooo
gooooooooooooooobooooobooooooo
ooobooooboooooooooobooooooooon
ooag

oooooboooboooooooooboooboooboooobaao
ooobooooboooooooooobooboooooooon
ogooooooooooooobooooooooooooo
booooooooooooobooooooooooooo
oooobooooooooooooooo

gooo

10000000000 C0000o0o0o0oo0oOOoooooooooo
0000000000000 oooooO4a90 32-3600 20010

20000 0000000000000 0OO0DOO4050500-508
019670

3000000 0oboo0o0oboo0oUobooooooooobooooboo
00000000 ooss8ld 77-8000 198801

40 M J Haigh,et al Vehicle judder under dynamic braking caused by
disc thickness variationO) IMechED C444/0220 247-2580 19930

s0000,000b0oboobobooooooboooooboobooobooo
480 30 197-2010 20030

60000 0000000000000 000000O00O00O0
0 O 0O 73-1400 19880

7000000000000000000026050359-3620 19810

gio00d00fd0o00fd0oobo0o0obo0oU0bOoooboooooboooooo
00000000980 19980

ojb0d0b00fdbO0obOO00bOo0obOUobooOoobooooboo,0oooobo
0000000000000 000000O155-1560 199900

o0 00000000 obbboooo0o0o0oUooooooooo
O0000Ooo32017-200 19990

48 0000000000000 No.4D 2003-70



oo dgdgd

gooooooboboooboobo
gbobooobooboooooo
gbbobooooooooooon
gboobobooboobobooooo
goooooooouoboobobo

gbobooboboboobaobo
gbobooboobooboooooo
gboobobooboobobooooo
gbooboboboobobooooo
goobooooobboooon
gboobooobooboooooo
gboobobooboobobooooo
gbobobooobooboooooo
gooboooomoooooobao

gboboboboboboboo
gboboboboboboobon
goboooobobooobooooon
ooobbooooboboboooon
gbooboooooooogo
gboooboobooboobooboaog
gobooooooboooobub
gboboboboboboboob
gbobobobobobobob
goobobooooboboboooon
gboboboboboboboob
gboboboboboboboo
gboboboboboboobonb
gobooobbooobooonb

gboooooog

gboboobobobobooboo
gbobobobobobobanb
gboboboboboboban
gboboboboboboboo
ogboboboboboobooobgoo
gooo
gboboboobooboboobo
gboboboboboboboo
gooboboooboboboboooon
gboboboboboboban
gbooooogo
gbobooogoog

e J000O0O0DODOODOODOODOODOOODOO

e 10000O0O0OOOOOODOOOODOOO !

e 00O0OODODOODOO

—

e J000O00DOOOODOODOODODO
e 00OODOOO

0ooo 0ooo
- oo ooo oo ooo
e00DDODODODO oooo
gooo gooag ODOO0OOO0OPRTRoOOO goooo oooo
o oooo oooo o oo 0oooo
= ooo oooo - ooo 0ooo
ooo ooo aEE e ooooo ooo ooo
oo
e0OODO ooo uv e 000000000000000000000
e 00000OONADDOOOOOOD oooooo s oo eJ0ODDOOUVOOODO
e 00000DODOUVOODO 00 LS oo e PETOPPODODOCNOCODOD
e PPOOOOOODO ooog
eL0D0000D s 0opoo e 000000 DD00INOOIDO
oo e00000O0DOOOD
e J0000D0000D0D0O0O00OO0NO e00DOOUVOOOODDO
e 00000000D00O0DNDODOONOD
ooooooo
e UVODODOO oooooooooo 0 PRTR : Pollutant Release and Transfer Register
[ 0000000000 ]<::::::::::i>[ 000D0O0000000 ]
C oo )

s { ooooo ) ~
oooo 0oooooooooo
(_oooooo )(oooooooo) e 00O e 00O S~

e OO e OO
(__ooooo ) oogoooo ) e 00000 O PRTR
CDEDDDDDDD:)C uvoooo )

oooo ooag

0000 iE
(_oo0ogoo Joosoooooo SEEEEEEEEEEEEE
(Coooooop )0nooooonoooooo

e OO e OO
(__oooooo_ poooooooo e 0000 O e

0000000000000 No.4D 2003-70

49




0o
0o

oobooobobobobobo
gbobooboobooboobogoobogn
gbooooboooooooooon
goobooooooooooogoon
goooooooooovecouon
gboboobooboobooogoogon
gboooooobooboooooon
goobooooobooooooogon
gooooooogoooooogon
goooano

gbooboobobobobobo

0oooooo “Beg

oooooooo
oooooo

00000Swe011

gbobobobooboboooo
gbobobooboobobooooo
gooooooboboooooooao
sweo110 0ooooon
gooooooboogoooogo
gboboboboobobooobooo
gboboboboobobooooo
gbooboboboobobooooob
gboobobobooboboooob
gbobobooboobobooooo
gboboboboobobooooo

bt ddddggd
OoO0dod Sweo011

goboboboboboboboo
gbobobobobobobob
gbobobobobobobob
oooooooooooono
sweo110 o oopooooooog
gbobobobobobobob
gbobobobobobobob
gboboboboboboboob
obooboooooooogom
gbooooogoo

oooooooo sweoOl1100000O

oooooooo
IS
o

oooooo

1

1

0 1 1 1 1

0 500 1,000 1,500 2,000 2,500 3,000

ooooo ooooooo 00000000

neon SW6011 oooooo 0ooooooo
oooooooooo 0 0 50

ooooooooo 10 10 oz2o000
oooo0dneoe OOOO 83 76 84
ooomobbooobAEOD 2.3 5.6 2.0

0000230 x 480h0 oooo oo oooo

ooooooag 15000 3MOoooooan 15000

100000000000PWC40%000000

O0:0pm OO:0070

2000000000200x 16h-0200x 4h-500x 4h0100000000

O000o0oO0O0oogho

gooooooooooooo

00000000 swedl1000 0000000000
oooooo

J0ouogoggggoooootd gdbodboiobod
JoooU HA/900U U0

oobooobobobobobo
gboboobooboobooobooobogn
gbhoobooooboobooooogon
gbooboooooooooooon
gooooooooooooogoon
gboboobooboobooobooobogn
gbhoobooooboobooooogon

gbooboboobooboboobooo
ore81000000DOOO0O0
gbobobooboobobooooo
gboboboobooboboooo
gboboboboobobobooo
gboboooboobobooooao
gogreo3nnooaooon

gboobobobobobonog
gbobobobobobobob
gbobobobobobobob
gboboboboboboboob
ooooooogo
gboboooogooo

gboobooooooooooogon

oooooooooOoooooono 00000000 HA7900 0000000000

gooooooobooa dooo 00000 |00D000 |00000 oo
goooogryeooooooa 7975 7981 7903
00000000 O0O0OO0O0Oon oooo 0o gp |POoOOOO| DOODOOD [D000000| 000000
000000 | 000000 | 000000 | 000000
gO00oOoOooboOoooooooa ooooooo DSC O 0 “ 20 20
goooooooono O ooo GPC PSO O 80,000 30,000 2,000 30,000
Oooo0o0o0oooooooo E oooog JISK5600| OO OO F 4B 3B 4B
O ooo ooooo o 50 10 250 o5 100
godoooooooooooooa Sooo S0o00 ! Niow 1000 200 2,000 100
goooooobooooooooda Ooooooo T™A 0 100 70 100 20
Oo0oDo0oDooOooboovers0o0on E ooog JIS K5600| 00 0O H F 4H HB
ooooooooooono E ooo ooooo o 50 10 150 05 150
oooog ooooo| N/cme 1,500 1,300 3,000 1,500

oobooobobobobobo
gboboobooboobooobooobogn
gboboooobooboooooon

0oo0o0o0ooO00o/0000000100/5(00000
0000o00000oo03opmb00O0On0v7o0x 5mnd000OIuvOOO0O8W/ecmOOOOO0O
400mJ/cm? OO0

50 0000000000000 No.4D 2003-70



/

gooooooboboooboobo
gbobooobooboooooo
gbooboooooboooooo
gboobobooboobobooooo
gbooooooobo

gbobooboboboobaobo
gbobooboobooboooooo
gboobobooboobobooooo
gbooboboboobobooooo
gboboooooboooooo
gboobooobooboooooo
gboobobooboobobooooo
ooboOo00oDbooooowroon
gbooooooooobobobo

oooo

rR'N ® © 00oc
ooooooooooon

coo®N®R?

coo®N®Rr?

uogobddbobddbobuodbobodon
Juodod W795

gooooooboooooonog
gboboboboboboobon
gbobobobobobobob
gboboboboboboboo
gbobobobobobobob

480h0 00 0000CDOOOODODO
gooooooooooobomo
gboogoobowresonoooOon
oo oo
gbobooognog

OoooooooowresOoooooooooooboooo

0oooooo
gooad pooood W790
W95 opoood
goooooooo,ood 20 O
0000600 x 15min0 O 40 20
oooo oooo
oog oo
oo oo
0 400Cx 240h0
ooo oo 6MD
oooo
0 oo 2
goooo, mmO
240h
ooo oooo
0 4
— — ooo,mmO
ooo gooag
0 105
oooo ooooog, mmO
480h
— — oooo
102 10
Oooo, mmd

goooooopPwCc400 00000000000 O0D0O0O0O0OOODOO

gooooOoooooooooooooa
Ooo0oo0oooooao2so3opd,

0000000000000 x 15min0 600 x 15min0 RTx 30

gooooooolimboobobo
gooboboobooboooooo
gboobobobooboboooo
gbobooboobooboooooo
gpbADO0OOOOOOOOOOO
gboobobooobobooooo
gooooooonon

gbooobobobobobo
gboobobooboobobooooo
gboobobobooboboooo
oooorPCOOOOOOOODOO
gbobooobooboooooo
gbooooooboobmoogn
gbobooobooboooooo
gbooooooooooboobobo

gboboooboboOoobFrrCO
gboboboobooboooooo
gbobooobooboooooo
gbobooobooboooooo
goobboooboboboooon
gbobooboobooboooooo
gooboooooobbooooon
gboobobooboobobooooo
gbooooooboobon

o 0
010 ooobob0Oooooooon
gboobobobooboboooo

gbobobobobobobob
gboboboboboboboo
ooog

020 0ooooboooooooDo
gboboboboboboboob
goooo

OogkKseoooo o ooooO

Jogodboogogbod Kseooon o

g3g ooooobO0oO0o0i150018000

gboboooooonDg

040 ODDOOOODOOODDOOO

gboboboboboboban

gboboobo
gbobooogoog

oooo 0d 0oad KS6500 KS6600
ooog UL-94 ] V-00 O VTM-00 O
Tg DMA 0 200 150
250 1,600 970
oooo ooo DMA 2500 MPa o s
ooo al 45 150
oooo TMA ppm/0
a2 400 440
ooooooo TG-DTA 5000 O 360 350
ooooooo 1.0 1.2
ooooo 0ooooooog 1.1 1.3
Coo goeo°0nd 0000100V RT kN/m 0.9 1.4
0o0o00og2ss 0.9 1.3
S Qooooo oooo/Ks oo - 300 300
/0000 100V |400/900 RH/168h 240 260
oooooo O kv 5.0 6.8
oooo 0 100V o 2.4x 10° 1.3x 10"
oooo oooo 8.9x 10% 5.6x 10"
ooo ooooo 5GHz 0 3.56 3.23
oooo ooooo 5GHz 0 0.020 0.028

0000000000000 No.4D 2003-70

51




o

oobooobobobobobo
gbobooboobooboobogoobogn
gbooooboooooooooon
goobooooooooooogoon
gbooooooogobooooogn
gbobooooboobooogoogon
gbooboooooooboooooon
gogo

gooooboboboboobo
gbobooobooboobooooogoon
gooboooobooooooogn
gooooooooooooogon
gboboobooboobooobooobogn
gbhoobooooboobooooogon
gbooboooooooooooon
gooooooooooooogoon
gboboobooboobooobooobogn
god

gbooboobobobobobo
goobooooogoooooogon
gbobooboobooboobogoobogn
gbooooboooooooooon

gbobobobooboboooo
gbobobooboobobooooo
gboboboobooboooooo
gbooboboobooboboobooo
gboobobobooboboooob
gboboboboobobooobooo
gooo

oo ddd
oo nondn

oboboboboboboboo
go
gboboooobooboooooo
oboboboboboboboob
ogboboboboboboboo
gboboooooooogooan
gbobooooooo

gooobooooooobbogo
gboobobobooboboooob
gbobobooboobobooooo

ooooooooboooo

oooo 00od 000 0000000 |ooooo0ond PMMA
ooooo pm 100 100 100 100
000 0400nm0O [m} 91 88 87 91

ood nm 0.1 12 15 3

ooooooagw O 140 140 160 105
ooooo MPa 60 65 80 as
oogee O 99.5 90.2 91.5 99.6

Tio20 0 O ] 100 /100 0/100 25/100 95/ 100

0000000000 0000000000tand ODOOO0O0OO
goo0oooooboOooooooolocooh0OoOOoO400nmOOO0O0O0O0OO0O
gOoTic0000Tic200 00000000000
ooo0o00000000000000000000000000000000O00A0

oot ddnl FR-1

oooooooooooooon
ooooooooooooooaoa
ooooooboouooooobooo
ooooooooooooono

oooooooooooooono
oooooooooobooooao
O0OFR-1ODODO0OO0ODOOODOOOO
ooooooooooooboooo
gooooooooooooooo
oooooboao

ogoboooooooooooon
00000000000 0dFR-10O
ogooooooooooooooao
oooooooooooooooao
ooooooooooooboooo
oooooooooooooooo

0000000FR-1MCL-437GO HO

oooooooo
ooooooooooooooo
Di10oo0oooooooooooo
gooobooooooooooooao
g2500 020000000000

MCL-437G] HO

ooooooooo

oz2000000000000000
00O0000oooouLe4v-0o0

ooooo

o3qoooooooooooooo
FR-1OOOOOODOOODOOOO
ooDoooooPwWBOOODOOD

ooo

ogooooooooo

oooooooo Oogdl1emmOd3s5umO 00000000

gooooobooo
gooad oo gooag MCL-437G] HOJ FR-1
00000009 50 e 2000 ° °
00O 0ovzo/7o0 2000 0 A o x
oooo i0og o x
T25000
125x 140mm ST250 2000 ° x
goooooooo 2000 ] A 30minOK 20minOK
gooogge= % E-1/170 1.7 2.3
oood O E-24/125 V-0 V-0
opooooooese ST600 ° °
ST750 ] A oQdQd oQdnQd
oooooo
ST900 o0 o[
goooooooooo 0 600 /90%RH 2,000h0 O 2,000nh0 O
O15mmOOO0O0400000 DC30V

0000000000 000D0o0 000000000000 O00O0O0x 000000

00000000000 000o0oooooogosoxsommbddo0oooooooaon
ooooooooooon

0000000000000 00 00000 0000000000D00O0D0O0O0x0O000
O0Ox O0oO0oo0oooo

"O00sT2450000000024500000
ooooo0o0oo0DOo00o00o00000o00D0o0o0o0oo00no0o0oooooonn

52

0000000000000 No.4D 2003-70




(N

oottt EFR-40
MCL-E-679] WZ[]

gooooooooooooono
oboooooooooobooooo
ooooboooooooooooo
oooooooooooooooo
oboooooooooobooooo
oooooooooooboooo
oooobooooooooooon
oooooooooooooooo
oboooooooooobooooo
oooooooooooboooo
oooooooobooooooo
oooooooooooooooo
oboooooooooobooooo
uooooboooooobooooooo
oooooooooooooooo
oooooooooooooooa
oboooooooooobooooo
ooooooooboooooo
oo

gooooooooooooono
00000000 DOO0FR-400
0o MCL-E-6790WzZO OOooonQ

OooMCL-E-6790WZO OO OD
oboooboooooooooooo
00oooOOoTgoooooodd
00 00FR-40 00O 0O MCL-E-6790
oooooooooooooooa
oboooboooooooooooo
o0DoooouooogTguoooo
oooooooooooooooa
ogooo0oooooooo@mooo
oosSymO00onoooOoooon
oooooooooooooooa
ooooooooooooooo

oooooad

oooooooooooooono
ooooboooooooooobo
ooooooooooooomoa
oooooooooooooooo
oboooo
Oooooobooooon

0oooo 0oog

0oag ood

ood A

mm 0.05

ooooo ]

um 35000 70

oooo 1MHz

nF/in? 0.5

oooo 1MHz

] 4.3

ooono 1MHz

0.017

Tg TMA

1730 183

ood A

500v0O3s0000

ooooo TGA

O|o|g|o

3400 360

ODooooododond MCL-E-67

oooooooomooooon
ooooOoo0ooooooooo
ooooooooooooo
ooooooogsoumoogon
oogliPCODOOl10800 00D 0O0O
oooooemmOOOOOOoOoOO
uooooooooobooooooo
ooooooogo
gooooooooooooo
o umO OO O0O0OoOooooooO
OoMCL-E-670 00 O0OO0UOOQQ
O00000e68umnOO50umO O
o040000000000.2mm0O
oooDDOooool2umoonOO
oooooooobooooooon
NBumOo0o0o0Do00ooooo
oooooboooooooboooon
ooooooooooobooooo
oomoooooooooooono
ooooooooooooooOosx
ooooooogo
OooogMCL-E-67000D0D0OO

oooooooooooooooa

goooooseovoooooooog

oooodd
ODomoooooooooooo

OOoooooMCL-E-670 00O

ooooooooooooooo

ooooboooooooooooboo

ogooooooooooao
oooooooooo

ooo ooo
oooo oo DD[I]3O|.1mDDDDEIDDE[]GOmeDDDDDDD
oog 0.073 0.092
DDZLEE“EDDDDDDDD oooooo A mm 0.0680] 0.081 0.0840] 0.098
o 0.0022 0.0027
ooo0ooooodnog TMA O 125 125
00000002e000 A S 1200 0 1200 0
0oo0o0o0oo0oo00dnoisumO A KN/m 1.6 1.6
0oo0o0o0o0o0oo0o0o.smmO ssggg((;/:/RH h 1,0000 0 1,0000 O
ood A ] s500vO3sO0 000 s500vO3sO0 000
0000 UL-940 A O 94V-0 94V-0

OoooOo0o0o0oo0O0o0obO0o0obOO0o0oO0o0o0oDOo0oOO0oOoobOoOoooDo

0000000000000 No.4D 2003-70

53




0000 | | Bir{bm Tt

00000000000000 198307 00000000 01080023 00000004928 000000000
000000002000 00004100 7% 03(5446-9110 FAX 03[5446-9469
pboooooobobbooooobon 00000000 01080023 0DOOO0ODOD4-9-26 000000000
oooooooooooooOoobooooo 78 03[6446-9210 FAX 03[5446-9450
boobooouuooooouoooo 0000000 01080023 OO000004-928 000000000
pooubdoboodun 78 03(5446-9220 FAX 03[5446-9467

2100000000000 00o0o004d
oboboboooooooooooooobooo
goObooobobobooboooboobooDbOoo
oooooooboooooooooooo
obooooooooooooooobooo

obOobOoooo0o0 0D0108-0023 ODOO0OOO04-9-26l000000000O
78 03[6446-9250 FAXI 03[5446-9465

00000000 Db108-0023 ODOO0OO0OO0OO0O04-9-2680000000000
4] 03[5446-9260 FAX 03[5446-9465

00000000 oooooooooo O00O0O00O0O0 0108-0023 UO0OUOO0OOOO4-9-268l0 00000000
000o00oo 7% 03(5446-9300 FAXI 03[5446-9463
000000000000000000 00000000000 01080023 0OOOOOOO04-928000000000
0000000000000000000 7F 03[5446-9272 FAX 03(5446-9112
00000000000 oOooooon 000000000 01080023 00000004928 000000000
0000000000000000000 7% 03[5446-9360 FAX 03(5446-9461
vonooounoooooog 0000000 01080023 OD0000004928 000000000
A.K. 78 03(5446-9335 FAX 03[5446-9464
ooono
O O O O O O O O O O O O O O O O O O O O
O [} O ] & 0O O O ] [} 0 0O 0 [} O [} 0 0 0O
] 0 ] ] ] 0 0 O O ] [} ] 0O O [} 0 [} ] 0 0
O O O O O a m} ] 2) 0 ] [} [} 0 ] [} O O O O

pooooooboogoobo0dasly

oooooo 2003000

g a oooooooooooon
0163-0449 O0O0OCOOO0OO0OOOO1010I0000000O OOOo3mB3460311M 0000
000 000000000 MO00306381-2401

gbooooooooo

g g oo0ooobooooobcooooo
0101-0054 OOOCOOOOODOOCOO10050 O0O00oe3m2s105000000000000

©2003 by Hitachi Chemical Co., Ltd. Printed in Japall D 0 0 0 O O

gobobOoobooboboooooobooboobooooooooooooobooooobooboooooobooboboooooooooo

©

@ g00o000000000000000000
goooooooooo0ol1oo00000O0OO0O0O0OOOO SOYINK| noosoy INKOOOOOOOOOOOOOO00OO00




OB TEHAaH

0000000000 http://www.hitachi-chem.co.jp



