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Automobile Related Products for Environmental Conservation and Energy Saving
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Environmental problems such as global warming and air pollution are becoming serious, and regulations on automobiles
are increasing. Although the electrification of automobiles as an environmental countermeasure has been growing against the
background of governmental preferences, internal combustion engines and hybrids are dominant for the time being. We are
proactively developing auto parts and materials to realize environmental conservation and energy saving. This report refers to
an overview of our R&D and manufacturing efforts on these issues.
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Primer-less Adhesive for Plastic back door Assembly
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In recent years, automotive back doors made of plastic that are lightweight and have good designability have been making
inroads. Primer-combined adhesive is superior in adhesion reliability, and has been applied to the assembly of the plastic
back doors. However, it needs a primer application process, increasing the manufacturing costs of plastic back doors. In order
to reduce the manufacturing cost, a primer-less adhesive is required, but achieving primer-less adhesion is difficult because
plastic back doors consist mainly of Polypropylene (PP), which is a hard-to-bond material. We have adjusted the adhesive-
substrates interaction and the physical properties of the adhesive, and then developed a new primer-less adhesive having
good adhesion properties and adhesion reliability for PP-based plastics for back doors.
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Figure 1 Adhesive process of Plastic back doors
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Figure 2 Stress simulation result of lap-shear model
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Table 2 General properties of the new primer-less adhesive
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Development of Low Dielectric Constant Polyamide-imide Varnish

with High Breakdown Voltage
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In recent years, industrial motors operating by PWM (pulse width modulation) inverter control have become mainstream.
Surge voltages due to high-speed switching of the inverter (inverter surge) damage the coil insulation of the motors.To improve
the coil insulation, reducing the dielectric constant of the enamel varnish is essential. For this purpose, a novel polymer alloy
system with polyamide-imide and a reactive polymer has been developed. This varnish “HI-406P” exhibits a low dielectric
constant and high breakdown voltage and is applicable to electric vehicle motor insulation.
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Copper-Free Brake Pads with Stable Friction Coefficient

R &% Yasuhiro Hava % £—B8 Keiichiro Nishimura B & Osamu Fujioka
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Brake pads of automobiles are required to have a stable coefficient of friction, which is correlated to squealing and vibration
that impair the quietness of the vehicle. Because of the increase in regenerative coordinated brakes and improved automatic
control technology accompanying the spread of electric vehicles, friction coefficient stability is strongly demanded. On the other
hand, due to concerns that the copper contained in wear powder discharged from brake pads contaminates rivers, restrictions
on the use of copper began in North America, and products sold in North America after 2025 will be made copper-free. This
article describes the friction coefficient stabilization of copper-free brake pads that started production in 2016.
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Figure 1 Copper-Free Brake Pads Figure 2 Relationship between Friction Variation and Brake Performance
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Figure 3 Copper on the Friction Surface of
Copper- Containing Brake Pad
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Volume and Disc Wear
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Figure 5 Temperature Dependence of Wear
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Figure 6 Friction Coefficient at Wear test
(The Bar indicates the Friction Coefficient Variation during One Braking)
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Reactor Cores and 3D-shaped Motor Cores Manufactured by Powder Metallurgy

AR ¥%£  Chio Ishihara NI EXR  Tetsuya Ogawa
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Powder Metallurgy has mainly been applied to structural parts in automobiles. We have developed and mass-produced
magnetic parts manufactured by powder metallurgy. Recently, utilization of magnetic parts have been increasing due to the
electrification of automobiles. In this report, we introduce reactor cores, which have low core-loss realized by our original
lubricant, and 3D-shaped motor cores manufactured by powder metallurgy, which can downsize the volume of motors.
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under Idling Stop System Operational Conditions
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A vehicle equipped with idling stop system (ISS) has a function to stop its engine operation while stopping at traffic lights
etc. A lead acid battery for an ISS vehicle is required to demonstrate a high charge acceptance for the improvement of fuel
efficiency. Low water consumption (WC) is also required practically to eliminate the frequency of a water refill from a viewpoint
of a maintenance-free battery. However, WC of a lead acid battery with a high charge acceptance tends to increase under the
conventional over charge tests’ conditions. In this report, WC behavior during a cycle test simulating ISS operational conditions
(ISS cycles) is investigated by means of a real-time gas analysis. No simple correlation of a linear relationship appears
between the two tests concerning the WC. No significant WC difference between high and low charge acceptance batteries
was demonstrated under the ISS operational and these experimental conditions.
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Austria

3) D. Hosaka : Presentation at 8" AABC Europe, January 2018,
Mainz, Germany

4) D. Hosaka : Presentation at Workshop “High-Temperature

Durability Tests for Advanced Lead-Acid 12-V Batteries”,
May 2018, Alcala, Spain

5) D. Hosaka : Presentation at Workshop “High-Temperature
Durability Tests for Advanced Lead-Acid 12-V Batteries’,
May 2019, Bruges, Belgium
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RRZEHGEESTEREEZMILL 7
FHEE/1)L IC-01A

Isotropic Conductive Film IC-01A for Low Temperature Connection
and High Dimensional Stability

Bl Bz  Tetsuyuki Shirakawa
BHMBEEEAT BRBEEHE LR SEMHBERL

1 8 =

EAEAT— 71 VEIG/NYE - ER - ZRRREAHEATE Y, STEETLBTHBMPBEBRIN TV S, IS OBEMOEER
W FIZRZAZPHCONTE LD, WAL WM IZIZE L T v, FAZREME L LT, Mo FEET 1 VA
AR LSS T RETH O, BB ISR A G T 2HETOAMTH 5. L LADS, HEhitni ko TEg e ki flv,
Z 2T, RFEET ANV AR IR OEER 1 & Hehiaith O Ged i L 2 3] L 7- B8R 2 A G hbE L LT, B
LB 2 49 2 TR IR RE D BT R e AT 2 FHEE 7 4 VAICOIAZ BIF L7z,

In recent years, smartphones and the like have become smaller, thinner, and multifunctional, and are mounted with various
electronic components. Solder has been mainly used to connect these electrodes, but it is not suitable for members having
low heat resistance. As an alternative to solder, our anisotropic conductive film can be connected at low temperatures and is
effective even when there is an oxide film on the electrode surface. However, the dimensional stability after connection is low.
Therefore, IC-01A, an isotropic conductive film that can be connected to an electrode having an oxide film and having high
dimensional stability, was developed by combining conductive particles having a specific shape with an anisotropic conductive
film and an adhesive composition that suppresses bleeding before and after connection.

2 HmDEE
CMRIEWSBEBIEHTTRE (45, 7VI=Y A, §il, A5 LA,
- 100 C THERE T AE,

- Rt O R R BT TE V.

3 FROREE

AV = b7 4 VERZHOBTRBEIMAAEINTEY, HE? SN SN BHEEISER L 2 £ I EERT %25 &k
¥, R E LTI, BEROEMEEERT AL, BIXUONBOZ IV Fi{b23HMTH 5,

HDLETEMA =T — X0, BREIERR O SR & I EPESA & oA fe 2 HrHEE R 7 4 v A ORISR % 52
I 7ze BOREEMEE, TV I =T ARG X ) LB A AT 2 BRI L CRIRRE R TR, Sk o TRt asm
WV, D20 TH Bo B IEFUIEER T CTHI%E L 2z MBS E AR, R EE 7 A VA (T =V VA ZFIZT T Y MRV T 4
ATVAGBHICERMLY, A EREL CTRAEOKRCEMICO AN THL I E RN LAY, —, B2 63 2%
WX LT, BENFEZmMESE-00MESLETH ), HERORA LIFAT L7280, FEREEMKL 7 588
Vool £ T, BALBIEZ A3 5 EBHISH 3 54860 & ST ELEMEZ ML § 572010, BENTFE2RTSETICZE LR
I E MRS 2 AR EEZRBICETF L7,

4 FHiNE

ARBFETIE, FBICHRACHNR Z A9 2 AR I0 U CEER 2 WV S EFISHBHETH 5 2 &, §4bbREREITE
THdbILzREHRE L

T, BENFICL ST, RITMICNE SN TEREROBRIEIEZ LS WD 2 EWAREE R, Hir OEFRFZHE L,
KA DOIRICOWTHEHL, BMLEBIREZ S 5727 N7 4 MREJRT (LT, 7Y FI 4 MRRT) 23#%E L7 HiwT,
A H OB & P S 5 720 120 20 & FUSTEIS 7 @ B 2 fiesli b L 728 i (1) 257l L 720 € OfER, ko
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FAEPLOBEIE (01QLT) &, BRI OHeA M LROBUMEAE G%LUT) 27z Lize —J5, BErREBRERIIBIHEMEEZ KE <
ERl57z, ThUE, EREEICEERIORB DR VIRETH - TH T NI A4 MREFAEAE L ) BT 5 2 & Tl
DHEPR T & 72708, Bl AR O LR OWHEIZ LY, 7Y F I A4 MRK A DOBRANOEMAFHER TS 2 ho7z/zd EHEIIL 720

CORMEZERT Z72012, BERMICHEARELLT7 Y K74 MREFOMICERD > SR E LKL T 7 2 F v 7 88k
T (BT, HEEEN 1) ASASL &9 LEER T2 00 L7zo BRCEEN FOBKIE T 7 AF v 7 Th ) HAEH L BB RLR
Bt &b, BAEEERIF OB A O M9 28D L <, 7 N7 4 M OEBNOEMZ AR L3 &
LEERONDLIZDTH A, LRL2MBOEER 2 0 L7oBaan (2) (Rings D ICO01A) 2 3F-ffi L 72458, iR alrin st
R OBLMHEDTO L AHHH] S BRI 2 i 72 L 720 BESan () 137V 3 =9 A L8l & OFEwell BT, HEEN 29 L
REREEFETH > THEOEREREZHEBLL 72, RUTEFEE T 4 VA LREHMOLKZRL L7z, 72, R2IZICO1A
D— MR R L 720

x®1 BAEET 1)V L ERFTRDLEE
Table 1 Comparison of Various Anisotropic Conductive Film

Anisotropic conductive film . Investigation item(2)
Iltem Investigation item(1) . L
(ACF) Isotropic conductive film IC-01A
PET film substrate PET film substrate PET film substrate
+ Thermosetting resin | Thermosetting resin | Thermosetting resin
| \Spherical conductive filler \ | Dendrite shaped filler | | Dendrite shaped filler
Product structure i pherical conductive filler
(cross-sectional schematic) L N
N e s »}—‘ Fx
a4 - X -
7 Current flow ~ Current flow
. . "5‘ Substrate A “\ Substrate A
Diagram of connection state and > 5 o —r— %7
current flow " Substrate B Y R
- - Substrate B Substrate B
Resin oozing
Substrate A Subslvale A Substrate A
+ Substrate B | Substrate B %\ Substrate B
. rical conductive filler Dendrite shaped filler Dendrite shaped filler
CrOSS‘SeC“On eXampIe Of  Spherical conductive filler
connection part =
Typical required bonding pressure 1.0 MPa 0.2 MPa 0.2 MPa
Connection resistance *'(Initial) 0.2 Q =01 Q =01 Q
Connection resistance *'(500cycles) =05Q =10 Q =01 Q
Adhesive flow ratio*® 36% =5% =5%

*1 Connection film size : 3 mm X 3 mm
Substrate : 3 mm X 40 mm Al foil (25 xm'), 3 mm X 40 mm Cu foil (25 xm")
Bonding conditions : 120 ‘C / 10 s /0.2 MPa
RA test condition : Thermal cycle test 500 cycles (1 cycle : -40 “C / 30 min to 100 ‘C / 30 min)
*2 Connection film size : 2 mm X 2 mm
Substrate : 18 mm X 18 mm slide glass (1.0 mm') (Set connection film between two glass slides)
Bonding conditions : 120 ‘C / 10's /0.2 MPa
Adhesive flow ratio = (Connection film size (after bonding) / Connection film size (before bonding) X 100

Fz2 IC-O1AD—fE4HME
Table 2 General Characteristics of IC-01A

Item Unit Character
Resin type N Thermosettin *1 Connection film size : 3 mm X 3 mm
Sin typ g Substrate : 3 mm X 40 mm Al foil (25 xm), 3 mm X 40 mm Cu foil (25 xm')
Thickness pm 25 Bonding conditions : 120 °C / 10 s /0.2 MPa
Base film - PET RA test condition : Thermal cycle test 500 cycles (1 cycle : -40 “C / 30 min to 100 ‘C / 30 min)
Temperature < =190 " gognection:gm SiZ>e<:128mm le gl (1.0mm') (S ion film b lass slides)
. - - = ubstrate : 18 mm mm slide glass (1.0mm') (Set connection film between two glass slides;
Bonding condition Time S ;30 Bonding conditions : 120 ‘C / 10's /0.2 MPa
Pressure MPa =0.2 Adhesive flow ratio = (Connection film size (after bonding) / Connection film size (before bonding)
Connection resistance™’ Q =0.1 X 100
Adhesive flow ratio*? % =5 *3 (;ognection film sizp;: 15 mmA>I<f4l(|)(mm ) » cu il ( )
. *3 = ubstrate : 15 mm X 40 mm Al foil (25 gm’), 15 mm X 40 mm Cu foil (25 xm
Peeling strength - N/em =10 Bonding conditions : 120 C / 10 s /0.2 MPa
Elastic modulus(25 C) GPa 2.3 Peeling angle : 90°

5 SikODER

- HTHLE T o B O PRF
« HHTETERA 120 B Hebe

[B£3Ek]
1) BT - ®HEE T 4 VAORRNR, HVA LK T 7 = AV LAR— 1, Nodl, pp7-18, (2003)
2) MRS, JEEE, BHEAW, BHES D BATREERE 7 4 VAORER, HYVALKT 7 =AML E— b, Nod9, ppl7-22, (2007)
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Rt mxELR/NATr 7)) —
ZEWM¥ “MCL-LW-990G”

New Low Transmission Loss & Halogen-Free Multi-Layer Material “MCL-LW-990G”

B 2 Takao Tanigawa  #E HEE Masaharu Matsuura  B&EHB E—  Shinichi Kamoshida
BA 8 Minoru Kakitani &2 BiE& Shuji Gozu
BIBEEEAT BREGHEEE REMHBFERL

1 8 =

PERBAMNEL, KRR - mHEE A REZ 50 5 AR EYEE BUE 66) IS S 4l EH Tld, 1375 ¥R o m e
LD HEA TR, BEESORFBALIC Y, 70 ¥ FEHHK (PWB) EOME%IRKIC X 5155 %L o Ml ({E %A KAL)
VLB RTH 57280, Mk, PR &) S S IERERIRIAL L 2R REIRE N0 7 > 7 ) — Z A FMCL-LW-990G
DFFEIZHETF L7zo BIFE L 72MCL-LW-990G (D) IZFERMMCL-LW-910G & HHE L THI21 % DR R LK %2 FEH L, PWB
ELTCORNZEBEZA LTV A0, RIAOEE - mEHEE G~ ISR L L TR TE %,

The network devices for the next generation of wireless networks, called “5G”, need to use higher frequency for bigger data
and higher speed communication. At higher frequency, the reduction of transmission loss on printed wiring boards (PWB) is
essential to secure signal integrity. In response to such a situation, Hitachi Chemical has developed a new low transmission
loss & halogen-free multi-layer material, the “MCL-LW-990G” series, which has lower transmission loss than conventional
materials. MCL-LW-990G (D) can reduce transmission loss by about 21 % compared with MCL-LW-910G, has high reliability,
and is promising for the next-generation high-speed and high-frequency communication devices.

2 RmOts

CENHERE (EES, FEIEER 2AT 5.
EN AR B ERR) 26T 5.

BN B, MR EEEE AT S,

NTT YT —LEMETH B,

3 FROREE

—Rra A % BAAG L7258 5 AU B @ E 8% (5G) 1, TERBAMIZIL, @EHEOmHELE X CEEAE OB KAMH
b TOL) BRER - BHEEEOEIDIDIIIE TR E SRS 2 L8 rH Y, X 70 ~IVEICES
e an = IR 8RR, EHF, 7=ty =iy —N"EOBEHRET I Lo L LHMBEEIEA TS, 20
E 9 RBERGHEINDS 7Y ¥ MESEBA RN LT, 7Y ¥ MR B ORI X SR TS0 HIH] (5%
FAL) DERDEE > T b,

DEOBERHNS, B E 5 % 2SR LB Th 2 KRR 1 77 > 7 ) —Z @ BMCL-LW-990G > ) — X D
FEEAT o720

4 HEiiAS

1. MCL-LW-990GORHFEI> &7 bk

ERRIRL IR 12 X 4826 GRREMAIE) & BRE R, BB TR 2 H w220 X B3R CEARIR) L I2KRE 50
HIENTE Do HBARIERIEBIE ORI X VIR TRETH 5785, BRE OFEFMRI BN, RS AR 5 R5a0°
%\, 2 TUHTIEEN S OFFEICEN 2 EABREBIR & O LG OG 2 £ ) M EH OB W 2 vz ) v =71 v Figk
0, FEEOWMNE R -7z F0720, EAREOMBICA R 2 EMEREZ ST E 20, FEAKS X OEAROWE A 5 D
IR O 2 EH L 720
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2. MCL-LW-990GD—fig 45k

FI%E L 72MCL-LW-990G D — ek 2 R 1 1R §, MFRITIGIER & L C:UEAE KA TH 5 MCL-LW-910GD 45 b it L 725
JE W10 GHzIZ BW T HFER (Dk) 30, FHEIEHE (DDH0.0017TH 0, M4EAEdktt & ik L CRIGAFRFMEZ AL T 5,
$72, CTE®Tg, FAZMEMEDMCLLW-910GE ML ETH Y, BREEELZAELTWDE I L2500 5,

=1 MCL-LW-990G D —fi&hHtE
Table 1 General Properties of MCL-LW-990G

Items Condition Unit LW-990G(D) LW-990G(D2) LW-910G
Glass type - - Low Dk glass | Lower Dk glass | Low Dk glass
DKk* 10 GHz - 3.06 3.00 3.22
Df* 10 GHz - 0.0020 0.0017 0.0033
CTE TMA(Expansion) ppm/C 15 15 18
Tg TMA c 200 200 200
Solder heat 288 € s > 300 > 300 > 300
resistance Float
Peel strength HVLP 18 um kN/m 0.6 0.6 0.6

*Cavity resonator perturbation method

3. MCL-LW-990G (D) DfnxkiFi4 5T

MCL-LW-990G(D) D A + Y v 7T 4 LI BT ARkt ((Rak3HR) 2 37 L 720 AnR 0GR 2EAR O R 5 X OMERk % B
I, (LIRS B 2 K212 R8T HER 444 T 5MCL-LW-910G & ¥ L T40 GHzIZ 313 B 15X L D21 %K L,
IVPEFICBTOENZRIFEEZ AT 5,

Measurement Conditions Frequency (GHz)
- Method : Strip-line 00 Y 10 20 30 40
P | Choateratc mpedania - Ropox 50,0 Fo2 P\ —Lw50050].
' ' repreg - : - g
Llne_WIdth bres Inner layer surface treatment : Black-reduction g 04 DN —Lw-o106
-— - Calibration method : TRL ‘%? 06
l Core - Wiring length : 140 mm S o8
- Trace thickness : 18 um 2. N
T Cu thickness - Core thickness : 150 um g
- Prepreg thickness : 150 um é 1.2 \ ™
- Line width : 140 um(LW-910G) E-14 <
150 um(LW-990G(D)) 1.6
1 mRBRFHIAEROEE 2 (Z¥EKRElRE R
Figure 1 Structure of Transmission Loss Measurement Board Figure 2 Transmission Loss Evaluation Results

4. MCL-LW-990G DfE#F{S 5814 ST

AN ==V (LL'F, THEMET) B DOCAF (Conductive Anodic Filament) % &5l L 720 SIS O E B X OBk % X3
12, CAF Ol % K412 77§ 5 MCL-LW-990G (D) 3 & U'MCL-LW-990G (DZ) D sz i, THREER HEE & 312, #1385 51,000
R F CORMTHREGIEIUEDIL T 25% S RIFTH %,

Distance between walls 1.E+12
Measurement terminal (0.30 mm) Measurement terminal .
: ‘ 1.E+11 R
L Lo S 1.E+10 —LW-990G(D)
MCL-LW-990G _| J_) @ —LW-990G(D2)
(0.6 mm) % 1.E+09
=H =H 2 1.E+08
TH o
— B N 1.E+07
+ Pre-condition : 260 °C reflow x 5 times
- Test condition : 85 C/85 %RH, DC 100 V 1.E+06
- Criteria : > 108 Q . i ) ) 0 200 400 600 800 1000
(Continuous measurement of insulation resistance in chamber) Test time (h)
3 MEFMRTMAEROEE 4 AEIFMERTMRER
Figure 3 Structure of Insulation Evaluation Board Figure 4 Insulation Evaluation Results

5 SikOER
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KBt <5 AVaneetect)—X
VS-1298M

Low-Melting Vanadate Glass Vaneetect Series VS-1298M

A% &5h  Takahiro ITkabata
A/ NN—=2a UHEERER FBEERRER

1 8 =

AR, FEOMBAHGIHEINTEY, BIFAMEE L CEEHE AT A (Vacuum Insulation Glass) 25 H EMLTw 5,
VIGOBEEIIZ TR T S APHCSNTBY, #T AR NVOEEEN, SEEEZEBL Twb,

VAR SN F P LR H T AVaneetect ¥ ) — X & LT, VaneetectII (400 TH&), VaneetectIl (300 CHEA) % B3
L7e LA L, TIZEGRESSRTDHY, TER2EATL-0EMTH o7z F2T, SIEEETE 54 B4R (350 T
Be) - R A MbAFEB L 72VS-1298M % % L 720

Recently, housing thermal insulation regulations have been promoted, and Vacuum Insulation Glass (VIG) has attracted
attention for heat insulation applications for windows. Low-melting Glass is used for VIG to achieve high airtightness and high
reliability.

We have developed Low-melting Vanadate Glass, Vaneetectll (400 °C bonding) and Vaneetectlll (300 °C bonding). However,
Il has a high bonding temperature, and Ill is expensive because it contains silver. Therefore, we have developed VS-1298M
(350 °C bonding), a silver-free vanadate glass with an extremely low melting point.

2 HmDisR

- PIEE A TR B AKRL (350 T) o
KA, NEET A, BERTREEET .
S HIA, vFIv IR, GEEL BIFICHES.

3 FRORERE

HATOVIGREE AR AT A13450 CHAEDOSH - CARARF I ANERTH Y, L VKR THMT L7 ) 7T ADPH
WCERENT VD, NF VT ART T ADKBEALIIIHORIMAB RN TH 225, RE\MMichs, 2T, HIEGHT
BOCHEZ HEEE LTHRREEIT-> 720 NIl s NS FE L B2 13,
OHFEEATHE I Lo BIEIBAF VIRETHIAPTICMD AT TV LEESINTVE 720, FAEOHEA L THD
TV ) SR TREMGET L 72,

@ T AWERE | Wk LaT23310~330 CRETH Y, 35010 CTHAMHETH L Z L.

@ KA BAIREE | HATREE+50 CLLE (400 CULE) TH B 2 &0 MKEE Y T A0 LT 2 LEBEEILbN L 120, &
WIEERFE L,

@ BUEIRRE (CTE) - ABTRETH 5 2 b WA AR EIKRE A S5 A OCTED T L TV A4, HEEPr 59 212X 516
TEVEDOIR T 255843 %6
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4 BihiNE

R AT 7 AVP-1298M % B3 L 720 BiSEMm I3l & ¢, 350 CTHR L THRAEVWWRRTH 5, RAMRDIH (DTA) & H
WO T AERIIET,, WALKT,, #a LR ET,,, 2 WE Lz FZmB & ORERm400 CHEAREDOPER K2 RIS

RYe T2, HIABKOEMBEEEZHCTRSY > 70—k (HERE305 5 2175 720 B R 2 R1IIRd . HAl
12320 CH 5k b2 BA L, 350 CTHEIL TWAZ LS T %,

®1 RRIAH T XRESME (KFRE)

Table 1 Temperature Characteristics of Low Melting Glass . . . .
H T EET 400CHEESH
? g 261 312 FAE 320°C 330°C 340°C 350°C 360°C 370°C
° 321 381 . N .
s ’ NE — &3
T C 239 483 K1 A2 KRAE>T70-HEB

Figure 1 Button Flow Test of Glass Powder

PSS T AMKIZBI IR 7 + 5 LREL, HAREFCAA VTBIREZHOTR—ZA MUDBWEETH 5. HT AR—
A MITA ARV TIEEOIRICEADPRETH S, BBRREE Y — 5 T4 LH 7 A L FFITHREL72VS-1298M % B 5
L720 EAR3MmM®DY — % F 4 AH 5 A2K % HAHEE200 um, 350 CTHEEAL, WK, WK, WERME, @7 vh R
REREL 720 KR ER2TIRT VS1208MId iRER R DIKRELE 75 A DFEEA D 7 &, ALFIEBEEDSE VI E AR TE 5,

+F2 VS-1298MOEfEMHERIER
Table 2 Reliability Test Result of VS-1298M

HER i 7K &K 1% R S £
st 120 'C,0.199 MPa, 100 g/L NaCl, 0.25 mol/L H,SO0,, 0.5 mol/L NaOH,
i 48 h 35°C,1000 h 50°C,2h 50°C,2h
HERAT
500 um
HERTR
500 um

S SiEDREH

- BFEa O ¥ T VR & SEHIEREA
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SRR E IR ¥ 8E
High Toughness Liquid Crystalline Epoxy Resin

Nl BE®  Naoki Maruyama B F1T Hideyuki Katagi  17:# #&  Yoshitaka Takezawa
A/ N—=2a VHEERER SRR L &

1 8 =

AR, BEAMERE HE U TBEIRORRELE RS S L - THB Y, BE - SHETH 2BIEREEMEINER SR T
Who LA L7AD5, BIRREEMEHINEENEE L2 Il RIEICHED S 2 720, BIROEHMELI RO SN TS H
BUZBAZE LR e = R 3 IR, BOSTHEMEEEIC X ) ML h CHAMELZ BN T 2. S0/, RELEIRE
LCTENL) otz iR Lo, Mt E LTI AR F P 3D EORWHBIEIMEZ /R T & & b1, JUaHEERIRIC
LB O EN L. SO QKD SAMEHIEBESHEM A IRE R~ ) 7 ZABFE VW R 5.

In recent years, increased fuel efficiency of moving vehicles has been demanded for the purpose of reducing the
environmental burden, and resin composites are receiving attention as the lightweight and high-strength materials. However,
resin composites are brittle compared with conventional metal materials, and so increased resin material toughness is required
to address this issue. We have developed high-toughness liquid crystalline epoxy resins which can form higher order structures
due to reaction-induced phase transitions in the cured materials. The resins show excellent handling properties in an un-cured
state, and the cured resins exhibit fracture toughness 3 times greater than that of general-purpose epoxies as well as high heat
resistance properties due to the formation of crosslinking structures. Therefore, the resins are suitable as matrix resins for high-
strength composite materials.

2 RmOiE

CAVT Y IRFVOYHEI X )RR RIEL, RN & L CIREHIS T e,
S N XA VI X ) B e & LT R F U 3 DL L o BN 2o iR & 5B,
S ERHEED GG L TG SN D720, BEIERIEE BT S0 b BN 5,

3 FRORERE
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L 2O T 2 L 720 LA RIZRERNTH Y, S5RIEEIROONTVD, —F, TRFUVIAVFVIEFEA
L, BIRMALS DI RS2 TS 5 2 E THEARESMET A EDBHMONTVE Y, LarLads, xVvrvikz
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(LIRETOBNIZID otk &, WL & L CoRBIMEZ W3 2tk R F S BIRO M 2 a7z,
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@® Developed Epoxy Resin

1.E+06
1.E+05
o _ 1E+04 |
Mesogen /o e
>— Unit =
G 1.E+02 |
Q
?
S 1.E+01 |
" Mesogen Mesogen 4o B0
>/ Unit Unit 1E01 T
30 50 70 90 110 130 150
Temperature ['C]
1T B/ AVFLRITIRXDE/TOEMN 2 E/XBIURARBEREDREKFE
Figure 1 Modified mesogenic epoxy compounds Figure 2 Temperature dependence of viscosity of

monomer and developed epoxy resin

£/ 713130 CUUT TREAL L 72 D12% LT, FFEBIIRIZ30~150 C O EEHIPHIC 5\ THIZA LR, RIS & ) A5 I IE
HBTTE %, BBICHFEMIEL XOCMNHZRF VBIRZ Y7 I/ V7 2 =)V A0k 2 TEGEAL L 72 LY O Bl5H% 2 77§

ltem Developed General
Epoxy Resin Epoxy Resin"
Appearance
POM
50 um

1) Diglycidylether of bisphenol A

3 FERSEREMOBRRG

Figure 3 Appearance and POM image of cured epoxy resin

BHFERINE I, DOSTHEMEE L CRAEWH T N A 4 Y 2T 5720, SHBLIEE L, RSB0 B= a2V TRt
g e Blg L, RUCHEBIES XOWHZRF UBIEOY 7 I/ V7 2 2V 2V ok Y WAL DR %2 77§

R BARBIERLY DI

Table 1 Properties of cured epoxy resin

. Developed General
Item Unit . . Note
Epoxy Resin Epoxy Resin
Fracture Toughness | MPa-m" 25 0.6 SENB? Test
Tg c 175 179 DMA
Modulus GPa 2.7 2.8 Flexural Test
Water Absorption % 1.6 2.4 48 hin 98 'C water

1) 150 ‘C 4 h, 2) Single Edge Notched Bend
BZERIIRIZ, HORH L OB L 72 R A %UE L CRIEIL S NS 720, BB LIS L L TomVINEME R LoD

25 MPa-m"?% E b0 THOWHBEEEZ BT 5. L7ed > T, BIREBIRERMERAMNF#EL~ M) 2 ABRTH b &
LR 5bo

5 SikOER
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1) KIFERE : 2y vy—2r K )=—, 20(2), 97(1999) 3) WAE— ¢ ARG SRR, 43(11), 421(2007)
2) BREs v FU—2 K< —, 29(3), 166(2008) 4) FHERL: =Ly buo= 2y 298AEE 16(5), 365(2013)
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Study on the Conformability Expression Mechanism of Our Easy Peel-Off Films Using
Relaxation Times Measurement and Molecular Dynamics Simulation

B &N Kosuke Iwamoto
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Easy peel-off films can be easily adhered and peeled off at room temperature, leaving no adhesive residue. Due to their
convenience, demand for such films is expanding”. An important property of these films is wettability. If wettability is good, they
can follow the surface asperity of the adherend with the application of a slight force in a short time and can exhibit sufficient
adherence properties. However, in order to control the wettability of the films, it is necessary to predict not only the bulk
physical properties but also the behavior of the adhesives at the molecular level, and their design difficulty is high. Therefore,
in this study, we developed a new analytical method that can quantify and visualize the relationship between wettability and
molecular mobility by using a combination of instrumental analysis and molecular dynamic simulation.
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Figure 1 Analysis Result of Wetting Behavior of Adhesives to Adherent by Figure 2 Performance Assessment Method and Results
Molecular Dynamics Simulation of Wetting Behavior of Each Adhesive
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Figure 3 Measurement Results of Spin-lattice Relaxation Times of Figure 4 Mechanism of Wettability Triggered by Specific
Polyethylene Oxide Chain Partial Substructures under Heating Chain Length of Polyethylene Oxide
Conditions
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