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Current Status and Updates on Radiation Curing Resin for Coating Technology

ABE Youichi

It took over 30 years in global market that radiation curing has become an established technology in
industrial coatings and other applications involve inks, adhesives, electronic device and optical
materials. Currently it is regarded as an earth-friendly and best available technology that has
already substituted mainly solvent borne systems. Besides good performance properties of the
coatings and high productivity of the process have played an important role for the success of
radiation curing. This review shows a present situation of the radiation technology for coating

mainly, and provides the latest topics.
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Table 1 Market Radiation Curing in Europe

k ton 2003 2010 AGR
conv. uv ShareUV% conv. uv ShareUV% %
Gen.Industry 503 0 0 589 5 0.8 n.a
Wood 244 27 111 286 43 15.0 6.9
Anticorrosion 146 0 0 172 0 0.0 n.a
Auto OEM 146 0 0 172 2 1.2 n.a
Auto Rep 73 0 0 86 4 4.7 n.a
Can/Coll 73 0 0 86 4 4.7 n.a
Others 220 3 1.4 257 6 2.3 10.4
Graphic arts 416 23 55 487 35 7.2 6.2
Total | 1821 | 53 2.9 | 21385 | 99 | 46 | [ 93 |
AGR Total Industrial Coatings
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Table 2 UV/EB Curing Applications

Fiber opics
CDs/DVDs
Over print varnish on paper
Screen printing
Coated lables
Premium no wax flooring
Ophthalmic plastic lenses (certain types)
Ready-to-ssemble (RTA) furniture
Automotive headlamps
Photoresists used in circuit boards and chip manufacture
Pre-finished hardwood flooring
Midium density fiberboard (MDF) fillers
Particleboard fillers
Window film coatings
Photopolymer printing plates
Decorative films (certain types)
Mummiflcation (3-5000 years ago, Egypt)

End users where UV/EB already holds a double digit share
ranging from 30% to close to 100%.
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(Intrermolecular hydrogen abstraction type) & & 7%%
bo EHELHAER LTV ANITE/ETHEL,
HEZRBIED,

) L7aZ Vv F =L OB IIIKRE 2 A v
NH B BARMIICIE, #EALTH b 720 @ EEN,
MRR A 2 > 87 b, BRI, ko
BEEVMAL (AT L—a—F, A€ a—}, 7
O—, F47BX00—7—a—}45), WEH, K
W2 nidng )y Ry, prafs)—>727./08
U= RE, TWEELR, AR ETHL, 29
L 72 R U3 AE O M ERBRIR IR A DB 20 5 b 4 4 B
MeBUITETWD, —7, KELEMDOL H1oD
Ffe LTRIERDSTTETH L 2 EPEITOND, FF
2T VA NELRTONY — = ¥ T, 3R04
B Lm0t e L TWaE, Ry —=
TRDOFRAEEAAL, WAEICEN, RiEa—T 1~
TMOZE S R LTWDE, REFHTIEFEIZI—T 1
Y TRBIZ BT AT AV F — IR AT O FIR & e
B OV TIN5,

2 ™5

Table 31270 =NV TOMGHBEZRT>, I—1
yRXTWE =T 4 77T 74977 = (GA)
DEFERPE L, BB FMHREP v, —F, 16
k (NA) THRIBOMENTH 2 DBCAHEHZ VDS
FHTH b, GAOPTIRITFEMA VFH, A7) —>
AVFEBITTILIFVAFHEV S 2HEES Y FH
EOMIZ, OPV (A —=N—=F1J TV JZR) B ED

Table 3 UV/EB Formulated Product Segment (2003)

kton
Segment NA Europe Japan China

Coatings 28 27 16 16

GA 39 23 10 4
Electronics 10 3 15
Adhesives 3 2

total 80 53 43 20

AGR% 4 6 7 25
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Table 4 List of Photo Curable Materials

Acrylates
Radical Vinyls
Others

Monomers Cycloaliphatic epoxides
Glycigyl ether

Vinyl ether

Oxetane

Cationic

Epoxy acrylates
Urethane acrylates
Polyester acrylates
Acrylic polymer acrylates
. Silicone acrylates
Oligomers Unsaturated polyesters

Radical

Cycloaliphatic epoxides
Glycigyl ether

Vinyl ether

Oxetane

Cationic

Benzophenone
Acetophenone
Radical Thioxanthone
Acylphosphine oxide
Others

lodonium salt

Cationic Sulfonium salt
Others

Initiators

Anionic Dithio carbamate salt
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Table 5 Features and Structure of Typical Urethaneacrylates

Typical structure

di-functional

Crystaline
adduct Temparature dependance

multi-functional

Hardness
High elasticity
n n High elongation

Crystaline

High curability

tri-functional
adduct based on
polyisocyanate

Non-crystaline
High curability
Highly crosslinked density

. . Controlled by MW and polyol
difunctional High elongation
based on polyol High viscous
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Acrylic acid
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Bisphenol A epoxy resin

O

Bisphenol A epoxyacrylate

Fig. 1 Preparation of epoxyacrylate.
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é>/\ 0 o) o
O

Dicyclependadiene
Fig. 2 Typical structure of epoxy resin.
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Acrylic co—polymer with acrylate group

Fig. 3 Preparation of acrylic co-polymer with acrylate group.

Monomer methacrylic acid Acrlic copolymer with carboxylic acid
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Acrylic co—polymer with methacrylate group

Fig. 4 Preparation of acrylic co-polymer with methacrylate group.

DIC Technical Review No.11 /2005



o)
RJ\OH
zation St O i D
Moréggtners Polymenzatlon' l Acid _ I
' IPA R/N\R R—+¢-:O R

ooy

Fig. 5 Preparation of water soluble UV resin with quaternary ammonium salt.
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Glycidyl ether (bisphenol A epoxy resin)
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Cycloaliphatic epoxy resin
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- B N
o n

Multifunctional cycloaliphatic epoxy resin

Fig. 6 Epoxy compounds for cationic UV cure system.
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3-ethyl —~3—hydroxymethyl oxetane

Xylene dioxetane

Fig. 7 Oxetane compounds.

bo WFFyESGHEOMEYE LTI, £ RFY
ftaEmr =V —F U PEMELIN TS, TKF
AbEM O T v EATEE, Mg X ) KE (L
TLDPRBREO ZRF L2 ET S OS2
BNTBY, F7KBREEHEOILEMEDBHIZED
S LIRS O LR TEETH S, T2, %
FEAFIAHO B A% T RF MLLTEONAEE
REZRF MLAEWIHB I N TV S,

SFHRIICT 7)) A VIEEIRRI R D EEET S
ILEWLREEIN, =T VANV -IFF DA
LASHRETH %,

F72, AF sy ALEW (Fig. 7) M4BT —T )V
ThY, IRz F+  EGRILEWE LT L2,
HFAVESGIIBITLEAEERREOESEIIRZ
WOSEGHGE TOFEMHIEV, 722V
VY INI—F N EOZBBRIRY LWL, #iE
HRIZEOWSESRES B, TF L5 e
7NV ALE L ORERTE W RUGEE, KRG
ERTRERPFONT VWD,

Tabel 6 Film Properties of MIA200

code oo

Fig. 8 Vinyi ether compounds.
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Fig. 9 Photo polymerization of vinyl ether and maleimide.
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Fig. 10 Maleimide oligomer.
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34 YL 13 KRFERK
<L A3 NHFEEROBELSHGEEL LT3EF~

Properties Performance
Thaermal Analysis T9 — 600C
Decomposition 230C
5wt% H2S04 aqg. good
5wt% NaOH ag. fair
. MEK fair
Resistance
hexane good
weather? good
retortability® good
pencil hardness H-2H
volume shrinkage 6%
Others adhesion good on PVC, fair on PP, PET, Al
gloss(607) 95
odor(after cure) slight

a) SWOM 1000 hrs.

b) the film prepared was based on MIA200/TPGDA=6/4 wt ratio.
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0 0 OH
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hv H
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Propagation process
) |
RS* + /\RI —— RS\/\R'
] RS *
RS — e ~ o + RS
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Termination
RS* + RS* —_— R—S—S—R
hv
R—S—S—R —> 2 RS* Reinitiation
SR
[ |
RS\/\Rn + RS* - RS RI
. S . R SR
RS R . >
~ g+ ~""R RS

Fig. 11 Typical thiol-ene photopolymerization.
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Fig. 12 Acrylphosphine oxide.
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Fig. 13 Cationic photoinitiator.
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Table 7 Raw Materials Market Overview

Material Market (t/y) Major Application
2000 2001 2002
Reactive diluents 15,600 14,800 (-5%) 16,300 (10%)
Mono acrylates 1,700 1,900 2,300 Coatings, OP varnihes, Optics
Diacrylates 4,100 3,800 4,000 Coatings, OP varnihes
Multi acrylates 6,200 5,800 6,200 Printing inks, Hard coatings, Resists
Methacrylate 600 500 500 Dry films
Others 600 600 800
Monomers for synthesis 2,400 2,200 2,500 Oligomer synthesis
Oligomers 14,380 14,200 (-1%) 14,600 (3%)
Epoxy acrylates 4,200 4,000 4,200 Solder resists, Coating for bldg.
Urethane acrylates 3,900 3,900 4,100 Optical fiber coatings
Polyester acrylates 2,600 2,700 2,750 Wood coatings
Other acrylates 680 700 750
Unsat. Polyester 3,000 2,900 2,800 Wood coatings (70%)
Photo initiators 1,310 1,430 (9%) 1.550 (8%)
Total raw materials 31,290 30,430 32,450

Table 8 Application Market Overview

o Market (t/y)
Application
2000 2001 2002
Coatings 15,710 16,260 16,290
Wood coatings 8,000 7,650 7,400
PVC floor coatings 700 700 700
Film coatings 280 330 480
Metal coatings 300 290 280
Vac. Coatings 2,300 2,500 2,800
Optical disk coatings 390 480 560
Optical fiber coatings 2,300 2,760 2,300
Ceramic coatings 1,200 1,300 1,500
Release coatings 240 250 270
Inks 8,340 8,730 9,200
Offset ink 6,000 6,200 6,400
Gravure ink 1,290 1,310 1,340
Metal coatings ink 550 650 800
Silk screen ink 440 490 530
Flexo ink 60 80 130
Photoresists 16,700 13,980 15,120
Dry film resist 3,000 2,200 2,300
Liquid resist 5,900 5,300 5,800
Electro-deposition resist 320 300 320
Resist for LCD 1,800 1,600 1,800
Barrier rib for PDP 80 180 400
Semiconductor resist 3,600 2,500 2,600
Photo polymer plate 2,000 1,900 1,900
Others 650 960 1,460
Rapid prototyping 50 60 60
Adhesives 600 900 1,400
Total 41,400 39,930 42,070
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Fig. 14 Falling sands resistance in UV hard coating.

Table 9 UNIDIC 17-806 Film Properties

Test item Test method PMMA panel
Coated |Uncoated
Hardness JIS K5400 6H 3H
Taber 100 cycles/1kg AH 1.8 18
Taber 200 cycles/1kg AH 55 18
falling sands 250 g sands AH 1 15
Falling sands 500 g sands AH 25 15
Steelwool 100 cycles/500 g AH 0 40
Adhesion Crosshatch 100/100
Heat resist 80°C/96 hrs no change
Water resist 60°C/150 hrs no change
25 cycles for
Heat-cold 80°C/3 hrs and no change
cycle -30°C/3 hrs Check
Corrosion | Salt spray 50°C/500 hrs| @PPearance and | ng change
- - " adhesion
Humidity 50°C (98%RH)/500 hrs property no change
Acid resist. 5% H2S04 no change | damage
20°C/48 hrs
Alkaline 5% NaOH no change | damage
resist. 20°C/48 hrs
Solvent resist 20°C/24 hrs Ethanol, Acetone, | no change | damage
Toluene,
Ethylacetate,
Gas various oils
Stain resist 20°C/24 hrs Qily inks, no change | stained

Hair color,
Soysouce, Curry

Film thickness 5 xm, Flash off 5 min/60°C, Hg medium pressure lamp 80 W/cm
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Fig. 16 Synthesis route of urethane acrylate using non-
isocyanate compound.
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14 DIC Technical Review No.11 /2005



v

IS L 727 3 IEINCOH: & BIE I O L T4k R 1)
T—ERT B, LAy P AV MUVEESAIE LT
MEtshTwna

54 BIMEHITIUL— k2

WA EHET LR AT VI =V holEsits:
TV 77 Lb—1 (Fig. 19) DN AN 57
ELTHINMEINT WD, RSB EHAY) I~ —1
EF )R =ADBEVEIE > TWi2ds, KBTS
72 DIXEREICEN, MEAUVEIC g5~
10% 7ML, UVRE L L7277 1V 23 0E kD UAIC i
L, 7V, 8, $ilK, BIUOTI2AE0OEEWER
BRI CBEN A EEE R T, S HICELHE (200C
N053) 3§52 L TEDRENPRKELL 2D,

55 UV/EBESMS/ 2 H®

WAE, F A ZOERALE Y 2 AHEAR ) ~ —I1ZHL
D iAd, WA DR RS L 728 LRSS T &
TWh, KT TF /A XD ) kit CEXREE
50 nm) *UV7 27 L— &EROT1F—& L THFH
L7zo UV L~ b v 7 AdZ—I1EELT % 72

v OmSrOHr OG-0ty
0, & Chy
-0 O
X (HiCOWSI—{(CHe—0-C~C=CH, @
vo, 7 on WEMo b by, d /o SIMA
HO- @ OH \il
fackd, Hy0, 4 (s
o
"o ou - 3x HyCOH 6
Silica é'cchz
b &u,

Fig. 20 Formation of MEMO treated silica (SIMA) by acid
catalyzed grafting of MEMO onto the surface of
silica nanoparticles.

ROO® + PPy —> O=PPyy + RO* O

RO" + PPy ~——> R+ (O=pPy ®

100

80 -

60 1

40 A

Heat flow, mW

20 4 €

0 T T ' "
0.0 0.2 0.4 0.6 0.8 1.0
Time, min
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Table 10 Key Features of 2K Urethane and UV Coatings

Technology features 2K Urethane UV-Cured
Raw material costs medium high
Capital costs low medium-high
Hazards isocyanates, solvents | monomers, UV light
Viscosity low high
VOC content low-medium very low to zero
Solids content 30-60% ~100%
Cure speed medium-slow instantaneous
Dark Cure yes no
Appearance very good very good
Adhesion very good variable
Toughness excellent variable
Scratch Resistance OK excellent
Weatherability excellent variable

100 i

a0 oy

80 { /,*_4/
e 7 /
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g 50 / —a—% C=C Conversion with UV cure
8 40 / e % NCO conversion without UV Curel
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Fig. 25 Effect of cure schedule on the conversion of NCO
and C=C functionalities.
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Fig. 24122K/UV ORI BREALH] %2 7R3 ALIER 12 &
> TENETNDPULHRIIZALT %, Fig. 25 3Zhth
DHIRTORILEE EWALIETF 222 7oL EORILHEE
Y. “EHHAD L VIINCOEDMAF RIS, Fh
ZNOHMELTORIBEDIIT ) 25FV . BAETLT
IFUVAI LR IZ2K Y L & YR L L7213 9 23RS
Vg

CORIEFIRY I IATEETLHIND L7280, UV

—_— 1 7

ES

% 1 2) CQ ;E%{O
2

2 0.5 A

300 ‘ 400 ' 500
Wavelength (nm)
Fig. 26 Formulas and UV-visible absorption spectra of the a-

diketones in acetonitrile. Comparison with the typical
light emission spectrum of the Sun.
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[ ClassicvOC paint__Photocurable paint, with ) TMPTA Ml PEGDAZ |
Indoor paints Qutdoor paints:
180 160
)
B2 g 120
2 £
%80 E 80
)
I
40
Latex Latex C Latex D Latex F
+0-R) (-0-R)

Fig. 27 Comparison of the hardness after sunlight exposure of
outdoor and indoor pigmented paints containing either
3% of VOC or 3% of a photocrosslinkable diacrylate
monomer/CQ mixture.

E/)FaT—THELTVETr =A% kv, L
2L, Bl L2EEERERCERTII2KY LY 228
HHTHD, FIRTIEERITDE TGS Z &1
b,

59 KMEHLTA hXxo1T7—»
SV IS KBt TREAE T & 2 K PEUVEEL O B
TR INT WD, BRI LR, KEtrdEho®R
BT EESSELZETHBBEOLEEENE T VI
AP ET A, 207 ) Y —8&plhis, =FL >
[BEY/AAEMA (T2 TR ZF N AT 7Y L—
M) B hAITIVY 3 v EUVEER OPEGGDA
(RVZFLy7)a—-LvId72)L—F) 7LV
FL, ZMIZYEMEH]camphorquinone (CQ) /ARILHE
7 IVOREWEIZ bo Fig. 26 I2CQOUV— T HY
%meﬁbw%rio_®7U¥~@ﬂ%In¢f
KB ERET 5 & ZHEESIZIEIE100% 06T
@%mim%@%ﬁff L%Kﬁﬂ4>ﬁ~%
N=ZZR) T =T NVHSLWVIIGMAZENET L LT
@mﬁié%_ﬁibto&%%yzwéﬁﬂéwm
L, @ OKEAEE L HEE Lz, BB L UEN
WY hFaT7 —®EOIE) ko< Ly
CHATHEE b B T & ASHIBH L 72 (Fig. 27),

5.10 JEDSCIC & 3 SERaAIDARN EFINERE H>
A OHALFBERIC BT, FREROET

Moles of monoimer polymerized = =, where,
AH,

*K' Is the calibration constant of the DSC (for area to heat conversion),
*A’ the area under the exotherm and
AH; the heat of polymerization of the monomer.

°I'is the intensity of radiation used for polymerization, expressed in Einsteins / unit time / unit volume

'v' the volume of the solution used

°F the fraction of light absorbed by the PI at the wavelength of iradiation (f = 1 - 10, where ‘A’ is the
of the FI at the } and

*t' the time of irradiation.

Fig. 28 Proposed equation for computing photoinitiator (PI)
quantum yeild based on photo DSC.
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Table 11 Relative Quantum Efficiencies of Commercial

Photoinitiators
Photoinitiator D Bulb H Bulb

BDK 1 1
ITX 5.5 1.5
BP 0.64 0.59
DEAP 0.36 0.95
HCPK 1.19 0.89
BDMB 4.08 1.5
MMMP 0.96 1.2
HMPP 0.36 0.92

IURPEFREND D, ZOBEITE ) v —DRELIC
BULETINELUE L2, toT, ZTZTomETIL
G ITBIEA DI L 727 + b Y EISK L, 5T
DE/X—DEELIEDPEERT D, ¢ 2RKDDIIH
720, S LzEAETOE /)~ —Hid, DSCTHE
ENFERELE ) Y- OEBESRENOEHR SN
bo —J, NBEHEHIDRINL 7245 RD 7 + b v %
&, Mg, UOLRE, ey v TV oniiEEs
L ORGSR OB % & % % fEo T, Fig. 28D Tt
PR TR ¢ 2EHHETE 2, L, ST TRE
7 DISHEA T ¢ T <, JEBAGGHAIE O AR &7
N grThb, gr=¢a/gb%k RO D IT1E, KNMHLA
HTEWCRLE /=%, —EDRETOZFORE
B LR 2 — 23 5, 2512, EFRIIHW
JEBRAAGH O i 34 e O BRETI R T OWRILE 23[R L <
b &) IS, ZORRE, ¢ridAaWa/AbWD
DELTROSN (AIXEDSCH 5 HllE S 5B
mETHY, WIDLHBHIOMERE)

L2 L, EBICHEHSNDUVT ¥ T OEILHE4
DOWEDANRZ PVEFALTBY, +—/N—F— )T
DETWEZ RO 5720123 EE 2 L IOGREHIC
WIREND T+ P HaEBRT HLENH L, ULz
BE 2, Table 11IZIFEERUVT ¥ 712 BT 2=
FTWHEEZRLL, TOME, DNV T TOITXE
BDMB O Mxt & TUFRIE HICH NV 7 X D v, K
FHZDEAP E HMPP TIZH/ NV 7 TEIV, LD DFE T

ITEBO BRI TORERE —H L T 5,

5.11 EBBELIC & 2 SHEEET 1 L LDELE

BT, EATTEBHIR O L LR 7 1 L 20128
Ho T, FHMiifE O &S EOEBREALIZ L 5 7 1 v
LASEEE L dNTn b, RO FRUT Tk
RIS VCTIL ST RETH ), B HEEEAICL S
A=Y X VAR NFHIZHDPPDLET, EEVT 1V L
PERTIE, ~TEHE B X U@ RO S5 TR R I
IANEERY, ERAEIEVWES DS,

KB, vy 7)) L—bEERELTESR
7235 4 7DEB7 4 VA D— % Table 1212777F
EB7 4 VA IR HE 2 K& B LD,
JEITHED S BN FE THRFNRMEE —EIED T LA
TEb, COEPEHFEPFIINTREL X)) v M &
o TWh, 74V ADMSEMNE, TERIES X O
HRMEI GRS TH L 20O TERLTWS, B
HTRLBEE SN FEHERBRICBVTYH, sSBONNEEB
T A4V NITEIRGRERE, B, BEAEREDOHTY,
PRI VETEESEF LN TV S,

F72, TANLDT I A= MEOPY HIFIZ X D
THHETH KRS L OEIRFFIZBWT, Wb

20
Interface (glass)
R

Stain resistance(a)
s o

2}

0 10 20 30 40
Weight% of E6A

Glass substrate
Post cure 130°C/1min
EB dose:6 Mrad
Fig. 29 Stain resistance of EB cured film stratified on glass
based on the mixture of polyurethane acrylate and
multifunctional acrylate.

Table 12 Optical and Physical Properties of the EB Cured Films

Hard type Medium type Soft type PMMA PC

Density 1.2 1.2 1.2 1.1 1.2
Refractive index 1.5 1.5 1.5 1.5 15
Double refractive index 0.3 0.3 0.3 1 0.3
Transmittance% 93 93 93 93 90
Haze% <0.8 <0.8 <0.8 <0.8 1.1

Tensile strength Mpa 54 45 35 40 80
Elongation% <5 50 200 140 140
Pencil hardness 4H HB 2B 3B 2B
Elongation under heat% <1.5 <1.5 <1.5 >10 <0.1

18

DIC Technical Review No.11 /2005



oy

&
S&[(l

714 VA ITBAREI TORRE S AL RS S 2%
(Y

5.12 EBRBE{LE L SMEFRHEEZER

AL, BRI Eo7zo12, BIEOF S EER 8D
AT 2 7RSS RET S T b, B2 IXHED
WiEAT AILEWMEEHT AL ORI NT
79 L— FRERHIBER A LR L EEOY)
MELRTA2HEP RSN T D,

BEDOY LYY IT ) L— b ESERILY VT
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State-of-the-arts Technologies of Hyper Epoxy Resins beyond History

Ocura Ichiro

Recent technical innovations in state-of-the-arts fields, including the advanced electronics
materials, are raising their demands for the development of novel high performance epoxy resins as
their key organic materials. However, the new high-grade technology which can solve complicated
problems to achieve these subjects has to be invented. On the other hand, since there are many
trade-off properties in the category of epoxy resins, it is very difficult to improve single property
remarkably without sacrifice of any other relating properties. The authors succeeded in developing
10 kinds of "Novel Hyper Epoxy Resins" which can satisfy such tough requirements and contribute

to the technical innovations in cutting-edge fields.

U ®IC

EEDERT L 7 ba =y ARE R EONA T 753
2B B EM L, EERARMEICH LT RF VB
Prioxt3 2 E MR LR A 4 4 D T\ b, BARY 32
R L LTI, EE, EERE, RN, SFEARE,
BEN, WL EORBO R ENETONG, LI
FNHOERITIE, WO THE R FAMEELGS {, 20
RSB R BN AR LB S b,

Z D75 TR F VBN AE 191 ) 37 R 7 A S
FUBHAZCET A I EWERNICE ML TRS
(Fig. )V & LM ABEICT 22 82, RiE
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=== Trade-off properties

Fig. 1 Trade-off properties on epoxy resins
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1.3 REREEHRTZ 3% IR X U#ihE(Fig. 2)
1.3.1 EPICLON HP-4032D (Fig.3) ¥

HP-4032DIF IR D2 ERET 7 & L BRI & Ul
THY, JKHECL22bLT, MA%LENSL,
R ERE IE A, $FRICRTEEETH L 7)) v
TFyTHT ¥ —T7 4k E L TOFHEREIES
Vo FFRRMITARGEIZ IR (75 L B
FCIAPEICHSR) % E2SREIE S T, EE R kAR
bHWHNTW D, Fig. 4ICHHHIR = R F L #f g
(BPAZ & BPFHY) & D IR #4147 — 4 %787,

o “Low visc” & “High Tg”

EPICLON, HP-3032D

A Modified tri-functicnal / Liquid
Highest level of Tg in all liquid
grades

Naphthalene | Di-functional /
Liquid, Highest level Tg in all
liquid grades

Naphthalenea [ Tetra-functional
{ Solid, Highest Tg in all epoxy
grades

Fig. 2 “Low visc” & “High Tg”

EPICLON HP-2082D |

Naphthalene / Di-functional / Liquid
(Molecular distillation type)

o<l
Highest level Tg
in all liquid grades '

Applications
Typical Properties PP

® EMC (Under-fill, Glob-top)
Appearance @ Electro-Conductive (Die-attach)
® PCB (FR-5)
EEW. ® Coatings / Adhesives / Film
Viscosity 25°C ® ACM

Fig. 3 EPICLON HP-4032D

Glass transition temperature

Epoxy resins
Acid-anhydride * Imidazole **

[
e 167 220 °C
&0
0. GHy 0 [}
oAt 152 183 c
%\/0 = o <q
rom: 142 153 °C
e Hardener : EPICLON B-570(MeTHPA), Stoichiometric ratio
* Acid-anhydride e Accelerator : BDMA 0.8 phr

e Curing schedule : 110°C/3hr+ 165°C/2hr

o Hardener : 2E4AMZ 2.0phr

** Imidazole o Curing schedule : 150°C/2hr

Fig. 4 EPICLON HP-4032D ;
Comparison of Tg data with conventional liquid types
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1.3.2 EPICLON HP-4700 (Fig.5)

HP-47003EDF 7 % L v BHAAERE T R F ¥
BIETH Y, ETOTRF UBIEH CRE T T AR
e 2 AL A 5T & 50 BUE, FEAEIEMRP Y
VT THGECHEH SN T W5, Fig. 612[F—
SRR EE DBECN (7 L — v KT v Z8g, Tk
IRF UBHROMFER) & AT — 5 2R T,
Fig. TI3AA RN 2 S At = R ¥ S BHig & O 7T Az
BRELZET—5Th b,

EPICLONFHP=4700

Naphthalene / Tetra-functional
/ Solid

Typical Properties Applications

Appearance Brown solid ® EMC (BGA! Non halc‘gen}
~ ® PCB (FR-5)
EEW. glec 160
o : ® Build-up insulation (Film)
Softening point c 92 ® Adhesives
Vi y150°C  dPas 4.0 ® ACM

Fig. 5 EPICLON HP-4700

EPICLON HP-4700
Comparison Tg data with same visc. ECN

Tg

E i
POXY TRANS Phenol novolac * Imidazole **
el g
Hy [}
B0 oG 245 26 C
> J &S L1 4
R
o o
é , $ v, w180 214 °c
» Hardener : ;‘r;zlh?l.rﬁ;'o-z‘:al (SP=BO'C)
- tric rad
Rhenc nuvoles:: | iy ceerstor . TPP 10phr

® Curing schedule : 175°C/Shr

- « Hardener : 2EAMZ 2.0phr
imidazole « Curing schedule  : 150°C/2he

Fig. 6 EPICLON HP-4700;
Comparison of Tg data with same visc. ECN

EPICLON HP-4700
Comparison Tg data with typical high Tg types

EcN p— ETePE
150 s 200 25 250 m

Glass transition temperature °C

= Hardener + PHENOLITE TD-2131 (SP=80°C }
Stolchlometric ratio
= Accelerator + TPP 1.0 phr

» Curing schedule : 175°C/Shr

Fig. 7 EPICLON HP-4700;
Comparison of Tg data with typical high Tg types
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Modified tri-functional / Liquid

Highest level of Tg

in all liquid grades

@  “High Tg” & “Low Moisture”

EPICLON HP-7200 series

Applicati
Typical Properties Ppications

® EMC (Under-fill, Glob-top)

@ Electro-Conductive (Die-attach)
EE ® PCB (FR-5)
n —ra ® Adhesives
Viscosity 52°C . ACM

N-665-EXP
(ECN ; solid)
‘55 8505 (BPA normal)

o 8305 (BPF normal)

EXA-4850-1000 {Modified BPA)

: EPICLON B-570, MeTHPA Stoichiometric ratio
Accelerator : BDMA 0.8 phr
Curing schedule : 110°CaNr + 165°C/2hr,  Method : OMA

Fig. 9 EPICLON EXA-7240;
Comparison of Tg data with conventional liquid types

1.3.3 EPICLON EXA-7240 (Fig. 8)

EXA-72401 3 FEEO L ERER A X S BIETH 1,
7)Y VNI —F VRO OFEE T, el
NV DI T AERGIEE & AL A 5-CT& %, Fig. 9
AN 2 IR = AR ¥ 2 BHIRHIE P T DEXA-72400
7T AWRIRE DM EMITEFRL T 5b, EXA-7240
EIRIZD b 53, ENLEHERMERETH 2
ECN (EELERER) (CICEd 5 77 AWBIRE % 4
T5,

2 (SiztE) X (EIREM) DML

2.1 B8

EIEWE (77 AMERIREE) &GRSR b iR Tl
SN ERECH B o B IT TR e
O ISR R TH ), RGBT TE (O
VHWE) TO YTy 7 RHMABRDIRR L b 720,
TEEZEVES LV TH L, L LRl T 5K
B REEICL->T, TOMELHETE L TRF Y
BRI ETH 5,
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EPICLON EXA-72560

DCPD / Multi-functional / Solid

Lowest level meisture absorption
combining high Tg,

Special unit [ Multi-functional /
Lk nade Solid both of high Tg & good dielectric
property

good
and low modulus

Fig. 10 “High Tg” & “Low Moisture”

EPICLON HP:7200)series’

DCPD / Multi-functional / Solid

Lowest level moisture ! o o™,
absorption combining high Ta; ‘ i ._‘i_
besides good dielectric e (" 3 meL

property and low modulus

Cew | Softening Applications
point ity EMC (SMT]
| = < PCB (FR-5, High
HP-7200L 56 0.3 frequency)
HP-7200 | ; Build-up Insulation (Film)
I Solder Mask
HP-7200H _ palm
HP-7200HH 5 ACM

ECN 1.70
8#" M y P ——— 1.45
ECN Hy y

HP-7200L 0.87
HP-7200 1.05

h fHy
HP-7200H 1.07 Biphenyl
HP-7200HH 1.08 T

08 10 12 14 18 18 20
Moisture absorption %

= Hardener : Phenol Novolac PHENOLITE TD-2131 (SP=80"C )
Stoichiometric ratio

= Accelerator : TPP 1.0 phr

# Curing schedule : 175°C/5hr

» Test method : B5°C/85%AH X 300Hours

Fig. 12 EPICLON HP-7200 series ;
Comparison moisture data with typical products for
EMC

2.2 i FE45IRE

IR F UBIIRIIRALES IS B VT, 2448 MR IR
R OREEER AT IVE) ZEKT 25, ZhoHl
KRR SR & BB 5 WL O ERL
e LTIE, €OMUEIERE 2SR %720 DR
FUHEREAL (B RE L8 PEMIHRET %,
L2 L2, MEHEEDRTISRER S 247 Az
BRI T 2 ) Bah % {250,

23



=6

&
glﬂl[zl

m 20r
£ ol ol __0-00C EeN
E
—_ 15F n
o
'3_ jak —..____'_.__-— HP-7200 series
£ ~ Q@ exa-7260
9 s
§ osl GHOOSE~
=
-
S 00 L " L s )
= 100 120 140 160 180 200
Glass transition temperature °C
= Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80"C)
Stolchiometric ratio
= Accelerator : TPP 1.0 phr

# Curing schedule : 175°C/5 hr + Moisture condition : 85°C/85%RH 300hr
Fig. 13 EPICLON HP-7200 series & EXA-7260 ;
Relationship between Tg and moisture compared
with ECN

EPIGLON:E:

Special unit [ Multi-functional / Solid

Both of high Tg

& good dielectric property.

Applications
_ EMC

PCB (High frequency)
Build-up Insulation (Film)
Solder Mask

Adhesives

ACM

Fig. 14 EPICLON EXA-7260

ftening point

150 C  dPa's

2.3 NREERRRATEIHHKIRF A (Fig. 10)
2.3.1 EPICLON HP-7200 (Fig. 11) ¢
HP-720013 [l % JREREH% 2 b DL EREEE =K *
CHIETH Y, FemAKEEOBEIGEE % WAL I 5T
Ebo Lb W7 ABIE S &<, FITKREFEER
OYEARE LM A SN TV 5, F-ENTZFE
B B A S T, BB T) ¥ bR
Y EREDD Do Fig. 120240 2 -8 (k] 1k 4t
HAIEXFTRIE (ECNE Y 7 2 2 VR & o i
T — 5 %RT o Fig. 1313DCPDEID 4T ARSI &
W ORRE, ECNEHBLTRLZT -4 Th b,

2.3.2 EPICLON EXA-7260 (Fig. 14)

EXA-72601%, W EME T R* BIEOERTH
HHP-7200 ([[7 7 ARiEE) L 0 & IR R
(10~15% 1K) TH 5 (Fig. 13),
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€ “Flame-retardancy” & “High Tg”

EPICLONEXA-7335

EPICLON EXA-4y70

Xanthene / Di-functional / Solid | Multi | Solid

Good balance of flame-retardancy Good balance of flame-retardancy
& High Tg besides good dielectric & High Tg
property and low modulus

Fig. 15 “Flame-retardancy” & “High Tg"

EPICLONI EXA-7335

Xanthene / Di-functional / Solid

Good balance of flame-
retardancy & High Tg,
besides good dielectric
property and low modulus

Applications
Typical Properties
Softening Melt ® EMC (BGA,
SE point f y Non halogen)
c e PCB (FR-5,
99 | High frequency)
® Build-up Insulation (Film)
® Solder Mask
EXA-7336: designed for PCB ® Adhesives
EXA-7337: designed for Semi EMC ® ACM

Fig. 16 EPICLON EXA-7335

o

@ 200p 0.

S

=

5 EXA-7335 0 L) 0™,

>

o 180

o o Q)

£

2 160

c

'9 ..................

2 1fF K. e

2 o . * o

[ 120 - Various epoxy resins

; with good flame-retardancy

]

-]

6 100 L o 1
0 100 150 200

2 Flaming time sec.

Fig. 17 EPICLON EXA-7335;
Relation between flame-retardancy and Tg
compared with typical good flame-retardancy

3 (S#m) & (SMmzkiE) DML

3.1 &=

FAEDF A F %2 VHE~NORTIBR & LT, R
(UL-943%ER : V-0 L — F) O¥ER -0 Ty v
(BEICRFR) REBRALZLEE L WEERREE S
DIRF VRO E RV E L > T b,
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3.2 iK% IR

IR VBIROEERRMEE L LT, FEESE
REREIEA LT, HmIc= Ry i (BT
PRIhiEHE) R 2 KT % 5 TRk Rl A3 & T v
o LMLZENIZE T, BEEHEMICLDZH T X
IRBREDK TS 725 SNLLEDEL L B 5Y,

3.3 RFBEMRATEIEHIRx BE (Fig. 15)
3.3.1 EPICLON EXA-7335 (Fig. 16)
EXA-7335136ff D 2 F V3 & 7 = 2 VI SEHL S
TR XY T B EE LI2EREEE AR
UEHIECH B, ZOIEF VBIIRIIS BT ONE;
W FRE DS IR S IS D 5, EANC L IR
BN L HERE 2 AL I 5 CTE %, MATH T A
ERBEREDE , e 2O EFTEEIC BN L,
e, 7V ¥ PEHBEHRAERT OEXA-73367 L —
N (FREAFMEER), BRI LM HENT OEXA-
7337 (RESEEHE) 027 L — FEHEL TV,
Fig. 17\IZHERIE & 7 T AEBEEOBKRIZEW
T, BFEO RS TE T R U BHE &£ EXA-7335%
WX L7727 — % CTdH 1), EXA-7335D 4R 7

EPICLON EXA=4770

Naphthalene / Multi-functional / Solid

Good balance of flame retardancy Confidential
& High Tg

Applications
EMC (Non halogen)
earance PCB (FR-5)
Build-up Insulation (Film)
Solder Mask
Adhesives
ACM

Fig. 18 EPICLON EXA-4770

Table1 EPICLON EXA-4770
Comparison total performance data with ECN

| Moisture

Flame i i
Flow- Heat re-
retarda- | Curability | absorp- | Modulus
ability | | sistance Hon
Type IF Visco | 6T | Tg | "SR pua

Naphthalene EXA-4770 | V-0 | 0.9 23 164 | 11 33

ECN nessExp | B | 30 | 20 | 162 12 | 70

out i |
L i i
Fmag | P | W s it

* Hardener : Xylok resins , Mitsul XLC-LL, Stoichiometric ratio

* Accolerator : TPP 1 phr

Filler : Silica 80 wi% (only for flame-retardant test, others none filler)
* Curing condition  : 175°C/S hr

DIC Technical Review No.11 /2005

e (BF 7 AMBILE & S E R % ) 2R S
NnNTwnb,

3.3.2 EPICLON EXA-4770 (Fig. 18)

EXA-477013F 7 5 L VB & AT 5 L4 BREREE
IRFIUBIRCTH B, TN ST & % ff
LA 5-T& B, Table 11ZEXA-4770 L ECN & D%
RESLE AR L72o ECNFISED T AW EE & V-0l
Lo (ECNIZBAGE) O ATFETH %,

4 (Sim#hit) & (BEFEX (IE) ) DML

41 E&

BRI S Y VRO G TIER 2 Ty 2 JE
WO EH IR, SEETFES T OBERI NS
R AT A EH TS ARFEEER (EH) MRy
TBHIEN DB R TR, [ I E NS D& T,
EIFBINN R, BT AERIRE (B % TR e
RERTL720) bLELEINLD, TRFIBIED
AENGIEICX > T, IS 2M$ 5 TRF UM

@  “High Tg” & “Low Dielectric”

Special unit / Multi-functional / Solid

Both of high Tg & good dielectric
Confidential property

EPICLON EXA-r260.

EPICLON HP-7200 EPICLON EXA=7335

Saodi

DCPD / Multi-functional { Solid
Lowest level moisture absorption
combining high Tg,

besides good dielectric property
and low modulus

Xanthene / Di-functional / Solid
Good balance of flame-retardancy
& High Tg besides good dielectric
property and low modulus

Fig. 19 “High Tg” & “Low Dielectric”

Table 2 EXA-7260, HP-7200HH, EXA-7336
Comparison Tg and dielectric performance

with typical epoxy resins
EXA HP EXA N-665
7260 |-7200H; -7338 | %05 -EXP
Type Confidential DCPD Xanthene BPA ECN

Tg
OMATGH 180 180 198 131 174

Dielectric constant

gy 29N iN3 1 R0l 33 | a3
Dielectric dissipa-
Hoi Factor (o it 0.008 : 0.012 : 0.008 | 0.017  0.012
* Hardener : Xylok resins, Mitsul XLC-LL, Stolchlometric ratio
« Accelerator : 2E4MZ 2 phr
= Filler : None
* Curing condition  : 175°C/5 hr
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fEldfifCThH b

4.2 WAL ER

R S W & FIRRIS, BEALY R O R
DB R 2T A, 2 IUEH % 7% Clausius-Mossotti
DHFHTH) FCHWATELBRTH S, Thab bk
HBEEIEY (R RX P BEI0RRE) &, FEHE
(IE$2) 258 % M AT5R Y, X o TEHEERRE: & W)
Bt ORRICBWTIE, WHEEOWA & AR
THAZAHE L v,

4.3 RRBEEBRTE 8% IR+ V#ilE (Fig. 19)
Hk L 72300k T R X+ U8R, EXA-7260 (4F
Pk = b)), HP-7200HH (DCPDZ!), EXA-7335 (¥
T UR) PO L VEEEEY SEICRILTE b,
Table 212 Z 1L 5 3FE4H O TR ¥ L BHIg O 2L (7
7 ARIRE) LABEFE GFES/FREE) o7
— Y EIRT, TNLGNA LI, 3HEEHE HICHE
i BE R F DB DNEETHHECN L ) b7 X
ERIRENE <, LoabifEs/FEibsEsr L btk
W, BFIZEXA-7260 & EXA-733513 F DN T ¥ ADSKEEE

© “Flexibility” & “Toughness”

EPICLON!I EXA-4850 |

Dok o - O o0

Flexibility / Di-functional / Liquid
Ml — Flexible skeleton

Excellent balance of [ -~ Low polar bond

flexibility & Toughness

Typical properties Applications
T . 2 EMC (Under-fill, Glob-top)
it Electro-Conductive
= (Die-attach)

PCB (FR-5)
Coatings / Adhesives / Film

EXA-4850-150 Liquid
EXA-4850-1000 | Liquid 350 ACM

Fig. 20 “Flexibility” & “Toughness”

= Hardener : Triethyl tetramine, Stoichiometric
# Curing schedule : BO*C/3 hr + 125°C/2 hr + 150°C/2 hr

Fig. 21 EPICLON EXA-4850;
Flexibility & Toughness (1)

26

WCBENL, ¥ 07 U RIOEXA-73350D 4 5 AL
fEIL, A BIEEM TR F UBIROMIETIXEZ - T

B,

5 (F&it) & (GaflE) DL

51 &5

IARF UBPROH A R BRI, =R * 8
PR RO [T 2 THhHb.] L
AL TH B, BEXICEST, I A MY —ZMH
MiZe EIC K AYRPBGISRA SN TE /225, Z08
EHL L, WRMGIREIIZIIFE > TRy, TRFY
B ICH T 2K EDTF—< EbEA D OEEIZH L
T, BHIG T E R OREFHIN I & 2 PN % g
Pk L 72,

5.2 i AEE L IR

IR UBIROXERAGIX, 51T IZBRIG R R
FEOEANZ & o> THEBMAES IR E D, L LIES
NBBLY DR L, FHVARMIZL-TTY, Hizh
YY) =N B AL, MHEICENRTLE ), F72
FMUEHKEEATHFEE LT, BRIV ER Y
B CAMET A IERER I, Bk EEALR Ik R 2 &
D7 MEIZ SN D (BB L o> THEBRT 5
KEEFER T AT IVERIZHER)

5.3 RRELERTEEHRIRF IR (Fig. 20)°

MHF LT A MY =T L LR, TRF M
BE D FEARGHEHAN & SR AT 2 R L T, ZolExE
iR T & B iR MR U #HE (EPICLON EXA-
4850) #BFE L7z ZOITRF IR, FHEHEE
B GRRIC Lo CEASINEREA T =/ — b
ARIR T RF VIR CTH 5. Z OMALWIZIEF 105

. H y | diamne, fc ratio
« Curing schedule : 80°C/3hr + 125°C/2hr + 150°C/2hr
Fig. 22 EPICLON EXA-4850 ;
Flexibility & Toughness (2)
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0 “Liquid (Low viscosity)”
& “Low harm (Ames negative)”

EPICLON' EXA-7065 /7066

Applications

EMC (Under-fill, Glob-top)

Electro-Conductive
(Die-attach)

Coatings / Adhesives / Film

Solder Mask

ACM

Liguid Liquid
213 ‘]88 188
63,000 10,000

Negallve

Special unit / Di-functional
{ Liguid

Ames test negative

Fm:uc data of the Japan Labor Ministry

Fig. 23 “Liquid (Low viscosity)” & “Low harm (Ames
negative)”

WAL, POoMERERETRF DBIED L
e EDEE D 2o\ o TNOFRIMFLY % 5h <L <
B LTH T T, BHIidEnsz vy (Fig 21,
22), COBIPRIIBEIC, SHERREEAE R RREH T 1V 4
s ESE LRSI CHEMEDIEE > T3

6 GRIR (R#5) ) & (RE 4 GEEERM) )
DAL

6.1 B

WIRTRF BRI T > 5 — 7 4 WM L DERIC
YoT, B L7 bu= 7 A58 CoOEEMEN
WAEBTE>TWD, LM LIREILR->T, ZN0dD
RV HEE SN DA D, FEE, BPARIR
BPFENIZERFE MR SN TE Y, Ml etk
b [ERFEMEDFEO SN LFWE | & L THRESN
TWwhb,

6.2 M A LIER

KT TEREEO R F UBIRICIE, #E (R
JEHERHHE) SRS ODBL MEM DD b, L7zAT
o T BE AR X — I IR ICH 5 T
bNnTwnsb

6.3 ANFRREEERR TE DI R¥ 488 (Fig. 23)

EPICLON EXA-7065 (—fx7 L — F) &EXA-7066
(EKEZ L —F) ZIRZRF UBIETH Y 2055
ZEFE ‘I&%%% e VRSB CTH 5. Fig. 23127R L
72& 91T, ZoOIRF UEIRISIABPARIEIK TR ¥
DHHIR & FISHE A A L a0 s, EREEREBICB W
T [l Thob (HAFRERFER CRERRIE &) o
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o “Ultra Low Viscosity Liquid”
& “Ultra High Purity”

EPICLONVEXA-4880 [

EPICLON EXA-4880 Type-A
0.
: 0
Ultra high purity (Cllimpurityzero)
& Ultra low viscosity & Water soluble

< Colorless Applications
Liquid
190

® EMC (Under-fill, Glob-top)
® Electro-Conductive

(Die-attach)
® Coatings / Adhesive / Film
® ACM

Colorless Colorless
Liquid | Liquid
154 185

| 90

0

Fig. 25 EPICLON EXA-4880 ;
Other grades (Type-B & Type-C)

7 (GBEMERIR) & (BEME (Rii#iEsR
+0) ) DRI

7.1 B

Fifo X912, IR R F BIE~O BRI TR
k4 EEALT ZIEND D 5o 70T D RIS T
DA R & I A ACIRBIEKE (100 mPa-s
DI, 25C) Bl R ¥ DB~ OB ERIZIEF 125h
Vo BEREANICE - TH, ZOREEZFEHT 5 TR
FIBIRIHAET S0 LELENLDE LI KEOAR
MRS (BERBLNL) &R, BHIEMET
FEHIEEMEI KO 655 HEIC cifjﬂi Lobw, L7z
Ao TARMMIER 2 & F 2 WBEMEE, 2Dk
BWCIRTRF VR (7)) vV — 5V HyEpid
OMETH %,

7.2 WA EEELIER
B E L REF OB (7)) vy rn—7 ) o
fRFEHE LTI, Tha— vz —F7 VA (SRR
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g&l(l

) "%, LLENODORPEImLVIERF Y
LBOESett OKEREE DB % 4 9 7280 |25 il
B ISRERS AEIISIC & > T, KEOAHY
WH#R BERWLNV) PERAET L0050,

7.3 RERBEERRR TE D% IRXHE (Fig. 24) »

WA T Z OFRERE % S 2R3 5 EPICLON EXA-
4880% B3 L 72o T ALIEKIGE AR (100 mPa-skL
T, 25C) tHE&EME (RPEzEre) omgtz
WRET AN RAF VB (V7)Y IvT—TL
B) Thb, F-2OLKFIRHIGIE, Fiak L7
EXA-4850[H %5 O F gk o ¥ 14 2 REAL 12 A 5T & %,
SHIRBWEDFEFHICE Y (EERALRTH
i), MMATEOWALIE, HERERBRICL > TH
DR L TEW T 5 2 MR ENL L, TR
FUBRE LCImO TIRERZFEZALTEY, &
B IGAEE L CTH R SN TWwWb, F 72Fig. 251308
FTEIBFABREEAT A2 L — Kb RZEEA
THbo,

=&

REGTHII L7z THBIE Y OB = K% 5]
&, BHATH O AN 45 Tikatss] & [BEER
BRG] REREL KRR TH Y, BEEDEHmT L~
b= 2B O @B EH R, AR BB EA
OXEHKICEHBTEAHDEELTWA,

28

LR

1) /IMgi—HF, DIC Techincal Review 2001, (7) 1
(2001)

2) KHAEA ¥ T ¥, KEFRFH4687832
(1987)

3) .Ogura, K. Takahashi, Proc. 3rd Japan International
SAMPE Symposium, Vol.1 (1991)

4) REAA ¥ ®L5T3E, FERFHE3137202 (2001)

5) KHAEA 3T, KERFH5302672
(1994)

6) KHARA » ¥ LT, FFaFg2927222 (1999)

7) B, Ry bT =2 K< —, 17 (2) 29
(1996)

8) INBL—HR, v b —2KY<—, 24 (4) 2
(2003)

9) /IMii—ER, DIC Technical Review 2004, (10) 52
(2004)

10) /ME—HE, %y bT—=2FK)<—, 26 (1) 54
(2004)

Beb R ) < A
AL H
AN I

OcGura Ichiro

DIC Technical Review No.11 /2005



oy

&
S&[(l

REMFIDRERE & TR

Development and Industrialization of Liquid Crystal Materials

Taxarsu Haruyoshi

The development and industrialization of some liquid crystal materials: fluorinated esters for TN,
tolans, alkenyls, cyclohexenes and azines for STN, polymer dispersed liquid crystals and UV curable
liquid crystals, and fluorinated liquid crystals of fused ring systems for TFT, are reviewed. Our
recent works on new fluorinated naphthalenes with negative dielectric anisotropy for VA and the

recycle of liquid crystals for TF'T are described.

1 EU®IC

19734 i S R HLASFEE S LTk, W T 4 A 7L
1 (LCD) DiipldlEZHlT T\Wb, RO MHE
#.I3DSM (Dynamic Scattering Mode) T - 7275, ¢
CIIEEE B ) OTN (Twisted Nematic) LCDIZ#i
D, Wab, BE, HERMICE KL Two7z 19804ED
LCDOHiH51350008M & 2 0, DT Y 5 VFEIRD
SICRREI S NI, Z2DH%RIET — L% EO—FNE
WIEH > 7225, FREFROMBE TS IEMOHA TV
7o ZO L9 %, 19864 1ZSTN (Super Twisted
Nematic) LCD2SBHZS &L, 7 =702 &2% K, 1
B3k L, 19904E12133,300f 1 & 7 o 720 Z D1,
BEMABERZRS / — MV a Uy~ G RENT
Vo 727, BUEF AR ID BRI SRR D o 720 19904
Rf5F127% 5 &, TFT (Thin Film Transistor) % Hj\272
AM (Active Matrix) LCD~NO KB RGE G D)« %
L, ®&nEDTFT LCDDEAIKEALASHEA, / — b5
I R REMICIIR L, &618, =4 —12%
LR L, LCDDTMiH1320004 1213, 2JK6,000f 12 5#
L7ze w37 VeI R LI LS, TFT LCD
DFIRE—FH, TNDSHEAIZENTZVA (Vertical
Alignment) <°IPS (In Plane Switching) ~&id 5T
ETWwb, 41 b, PDP (Plasma Display Panel) X
LED (Light Emitting Diode) & D#ifd & 545,
7 L E O A UL LCDO T K3 f &, 20104F
U, 6L EBR 5 LiEE SN TN 5,

ZO L) RIKNOFT, WA ORISR b EE R
FZH o TE 72, WAMEOREOMEIZ OV T,
HAM S R5EAT TS O8IF 5 I TREKS 12 &
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D, FEHNCEB E N TV A, KEETIE, FEHZPHDY
HLA T & 72 R DB %S & LD B>V T L
Ca—95LebIl, AEDEHLIZOWTHERS, B
HHHADERIZ, H5XLWETIA L b Twizig
M EHI D W TR T % 25, FEHEORE SN-1EHE
BEIWZLTWEDT, ZAEMEICKRITEZ LITERE
IZANTIAE 720,

2 TN&&

19704EMCRTES, TNVEE & LT <D DR st
BB SN2, ER L 7-0IZLEITENRL TV
V7 L2 VRSP TH o7, B 7 2 =V R SEITE
EHull K7 DGray Bz 23 5EH L7z DT, TV F v
T/ET 2oV 1 ETVAF T2V 2ETIVF
VE =T =) 355 7% 5IEEVBDHALD 6 Il5E &
N, FREOWEESEA T Y 2 fh 5 b WEEE N,

19704ED % EI21E, Y7 2 2 VRO —D DR >
CUVRE NI VAV 7 Uu~nFH BRI Z 2T 2 =
WV zanF VR 4 (PCH) 254V 742X D
BigE S 720, PCHISE R @M TR 2 Fei e 45
bOT, WEEEOYLRIZKELRENDH Y, LYFL
LCTIEEN 2D E ol ET7 22V 7 0NF
¥ RME 5 (BCH) bRy, A< T 1 v
7 SR O IRFEHPR & KIBIZIAAT > 720 19804EAL 11
4, 5 OpAlOPCH, BCHIZWZ T, JEMmMEDPCH 6,
BCH 7, CBC 8 % EWBA% S, BHEHEFE DL ViR
JERPR & Bl A EATER S LA TN AL 1A < &
LTworz,

0 athid, pMz 27 VAREES 912Nz T, ¥
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BRELZAETLMET, v (Fk) 1319804t IC
DS ISR B L, ZOWHDFEHEE S o
727 v EROWEL, B2, Fv v (Bk) OTFTHM
DI T2 572,

2.1 EpE I X FILRES

19704 D% 5 &, TSRO R 53- 55 B S 14 %
REIN, E7 2 VRBEAZZT TR, I TERL
o TETWIz, U, KHAAS ¥ FUL¥THE (BR)
(LI, DIC) &, (Bk) H L BVERT & IRe 45551 Bk S i
AR O R FEBISE 2 LTz, (Bk) H LSRR T
MR R Y LT Wz BRI, FE-EIERE HH o5
MR ORI 7 2 e L, FEE S MEL0R T D IR
PR S L G & FEIE T HAIE TR & 2 imp A S b
EWH S HERL S N B L DS I EREN 18 LT WvW B 2
EIWZHEBR L, FERmMEWESL E L CDemus = A TV (V7
OANFHF U HNVR VT AT VIRV ELERLT
Wi, FHEOLIE, COWHERRMSEREFTOL LT
Demus T A 7 )V OBk O ff 37 & iip R S L & W O
FISSICHL D fLA 72, slpli st & LCid, 19784E1C,
3270843772/ —IVIATFI 14 % LT,
I A5 VRS 14 1%, FEETUE»+36H 1,
Demus T A 7 IVAD L wmORINNC & - T, BRE)ET%
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KFCTE2METHo7z, €Dk, 3-700K%E4-7
VAR 7237V k0437 ) 72 ) — VLR
FIV 15 B L7200 14 ZHEAETRHRSMEEL S %
WAS, 15k ba¥ e v iR AL, Tal
NVERBEHFEET AT VIIN-EEBIRESI8CTH L, =
D72, DemusT AT VD K ) R A MEEIZEINL
72 & EON-TERBRE DO WP IVNE (2D, 14 LR
TRELGUEND -7 IS IFHAETY EELTNRLD
STNH O LA E LRI Tw5, BE
1, 3BRTNIBIEE O 169, 5127 VE
OHEAEALCHERTUERE(LZ 17X 8DT
VENEEFERBI AT VOB A SN T WS,

3 STN&&

TN b D W EVe 1 % 1k S ¥ CLCD D EA L
5§ 5720120, WPEERIK33/K11D3/N S Wi
R ESR &SNS, L L, STNTEE T, BitkE
B33 DR E VIR AT ZE R S, s DM
B ET AL G D53 TR DNE > T L E o 72, kAl
BTV GEOHRTIE, 722 vir7andxHd R
W 455, WEHIK33/k112KE L, EEMETHD 2 &
Mo, wADSTNIMIMHEH S 7z, D%, Schadt
KOS, TEROWSLEWIZIAT, BRI ES
FERB3/KIASRE WV 19 D X9 % 7 VA =)V AT % B
FEL, STNidh e LC#E Gt Twoize 77
SR LHEALICOWTIE, FEHOhTRERT S,

3.1 FTUREHR
19864 \ZSTN-LCDASWIO T — 7 12 S 7z,
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7oo BINEEZ b2V TOREWREBIZO AL,
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Technical Trend of High Performance Road Pavement by Synthetic Resins

Nonaka Shinichi

Resent years, Japanese road policy is changing from the building of new expressways and national
roads to the improvement of structure for safe, environment-friendly and human-friendly. The
environmental-friendly road surfaces are most important topics. For example, drainage asphalt
pavement is used to allow water to drain quickly from the road surface, and to reduce traffic noise.
Especially, topics on which it concentrates are development of innovative technologies that help
the environment is being advanced, such as road surfaces to ease the "heat islands phenomenon,"
and porous pavement that allows rainwater to drain to the ground under structure. In a word, to
pave high performance road surfaces, high performance resins such as coating resin which is used
for a heat-shielding pavement are neccesary. This paper describes the approach of the road
pavement that uses such synthetic resins to bring high performance.
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Fig. 3 Relationship of non-volatile content in MMA-resin and
contact time on asphalt dissolution rate.
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Fig. 4 Relationship of non-volatile content in MMA-resin and
temperature on asphalt dissolution rate.
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Fig. 5 Relationship of non-volatile content in MMA-resin and
temperature on asphalt dissolution speed.
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Fig. 6 Asphalt dissolution situation.

Fig. 7 Asphalt cutting back during curring.
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Fig. 9 Dehydrogenation reaction that controls
polymerization obstruction with oxygen.
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Table 4 Copolymerization of Various Polymerized
Functional Groups (r1, 12)

M1 M2 r1 r2

MMA Diethylfumalate 40.3 0.04
Allylacetate 23 0
Ethylmethacrylate 1.08 1.08
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M1* + M2 — M1-M2* k12
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Fig. 13 Relation between double bond density in oligomer
and amount of extraction with chloroform.
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Fig. 16 Change of coefficient of water penetration by
traverse examination.
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Fig. 17 Amount of accumulation subsidence.
*examination
tire : solid tire (JIS hardness 78/60°C)
load : 70 kgf
inside diameter : 9.5 cm
rate : 10.5 cm/sec
temperature : 45C
cycles : 1800 (until 180 min. or destruction)
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Bowing Reduction in Biaxial Stretching Process of Styrenic Shrink Film and

Yamapa Hirofumi Taker Toshio and Morita Tsuyoshi

Trimming weight of PET bottle is tried from the trends of aseptic filling and the view of Package
Recycling Law in pop drink bottling. Shrink film made of stretched film is widely used for
decorative label by attaching on a PET bottle with heat shrinkage with steam or other thermal
methods. Going on bottle trimming, the number of required performances of the shrink film is rising
such as low-temperature shrinkage, good shrinkage-rate, less natural shrinkage ratio, preservation
of bottle diameter under load, high rigidity etc. The authors set a goal to develop stryrenic shrink
film for light-weight PET bottle and the major component of the film is made of novel special
styrene-acrylic copolymer produced in continuous bulk polymerization process. Precise In-depth
trials were done with biaxial stretcher installed with roll-type machine direction (MD) stretcher,
tenter-type traverse direction (TD) stretcher to study most important performance requirement,
thermal shrinkage. As a result, a best stretching condition to reduce bowing was found, and novel
styrenic shrink film with good thermal shrinkage and good variations in bottle diameter to apply for

light-weight PET bottle was developed.
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Fig. 1 Examples of shrink labels in use cooling beverages.
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Table 1 Properties of Shrink Films on Market

Unit Direction PS PET Test Method
Thickness pxm - 60 50 -
Density g/cc - 1.04 1.35 JIS K 6871
Film impact strength J - 0.5 0.8 DIC method
Haze Y% - 6 3
JISK 7105
Gloss % - 135 160
Ring crush strength N MD 0.9 1.4 JIS P 8126
) MD 29 62
Tensile strength MPa
TD 63 205
, _ MD 125 4
Tensile elongation % JISK 7127
TD 40 40
MD 1.4 2.0
Modulus GPa
TD 1.6 5.1
Natural shrinkage % TD 2.0 0.5 35T, 30days
Variations in bottle diameter mm - 8.0 3.0 DIC method
under load (See Fig. 3)
80
70 C.—PS(TD) | 10second-hold in Oilbath
-O—PS(MD)
60 I ~m=PET(TD)
50 | —=—PET(MD),
T 40
2
£ 30
L
7]
20 [ |
D)
10 1
0
-10 ' . '
60 70 80 90 100
PEY bottiy Shrink label

Oilbath Temperature (°C)

Fig. 2 Comparison of Shrinkage curves of PS and PET
films.
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Fig. 3 Schematic diagram of "Variations in bottle diameter
under load" test method.
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Fig. 4 Schematic diagram of pilot plant of biaxially stretching film.
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Fig. 5 Process of label shrinking.
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Fig. 6 Schematic diagram of structure change by heat
treatment.
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Fig. 7 The TEM photograph of the morphology of shrink
film based Styrene-Butadiene-Coplymers.
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Fig. 8 Relationship between shrinkage curve and
stretching temperature in stretching ratio in 3.85.
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Fig. 10 Relationship between shrinkage curve and
stretching ratio in stretching temperature at 95C.
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Fig. 9 Relationship between shrinkage rate and stretching
temperature in stretching ratio in 3.85.
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Fig. 11 Relationship between shrinkage rate and stretching
ratio in stretching temperature at 95C.

DIC Technical Review No.11 /2005



_Hm_
<

o
o

10second—hold in Oilbath

Shrinkage (%)
A g o
o &6 & o
L L) L) L)

w
o
T

Thermo—setting Temp.

20 ——75°C
——05°C
10 ;
—.—115C

50 60 70 80 920 100 110 120
Oitbath Temperature (°C)

Fig. 12 Relationship between shrinkage curve and thermo-
setting temperature in stretching ratio in 3.85 and
temperature at 95C.
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Fig. 13 Relationship between shrinkage rate and thermo-
setting temperature in stretching ratio in 3.85 and
temperature at 95C.
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Table 2 Experimental Conditions

/

A

Run No. ©) @) ® @
Stretching ratio (TD) 3.85 3.85 3.85 3.85
Pre-heating temperature (‘C) 80 ‘ 95 ‘L 110 110 110 110
First half stretching temperature ('C) 95 95 85 ‘Q 95 95
Second half stretching temperature ('C) 95 &5‘%‘L§ 95 95 95
Thermo-setting temperature (C) 75 75 75 ‘ 95 ‘ﬁ 75
Tenter pattern in thermo-setting zone b b a.c b
Cooling temperature ('C) 60 60 60 45 ‘ 60 ‘ 75

MD

First Scecond i e
half half
Pre-heating Stretching Thermo-setting Cooling
zohe Zone Zone Zone

Fig. 15 Schematic diagram of tenter patterns in thermo-setting zone.

a :Relaxation ratio 10%.

b :Relaxation ratio 0%.

c :Relaxation ratio -10%(Re-stretching ratio 10%).
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Fig. 16 Relationship between bowing distortion B and pre-
heating temperature.
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Fig. 17 Relationship between bowing distortion B and
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Table 3 Properties of DIC's Styrenic Shrink Film

Unit Direction Styrenic Shrink Film Test Method
Thickness um 60
Density g/cc 1.04 JIS K 6871
Film impact strength J 0.9 DIC method
Haze % 3 JISK 7105
Gross % 145
Ring crush strength N MD 1.1 JIS P 8126
MD 26
Tensile strength MPa
TD 77
MD 300 JISK 7127
Tensile elongation %
TD 50
MD 1.8
Modulus GPa
TD 2.1
Natural shrinkage % TD 2.0 35C, 30days
Variations in bottle diameter under load mm 4.0 DIC method (See Fig. 3)
L, K=—AYTBEPRET 5, TN, EH—
Y CTDH NS L 72 RIS IR B 77 & 72 1) 2RI 80 r==ocs wmm | 10second—hold in Oilbath |
U — Y ORI E kb I BIEAR AT 270, & Ll Bt ’
—A TG EIML b0 LEZONL, Fi2, B 60 | —o- PS(MD) i
B — > OF ¥ 5 =88 — ¥ &EAT 5 LTDH I ml'“ﬁiﬁ "
DYy FIZEBWMETINEE % B T2, pfBLIIC 2 i ' -
s - . 1] I
L DU K DR Y 5y % ) KA ¥ 7B g
B2 b 0%z 5N, ]
wr
20
3.3.4 A#1YV — > DB (Run No.®) 10 }
HEAR RS 583,850, FHRIREE110C, EMIREZIST, 0 e
BESERIETSC, RUMEEY =Y OF ¥ 5 —/38 — 40[ . J .
YEDBIZEEL, WYV - OREETEALSE A 60 70 80 90 100

DB ZFig. 191073, K—A ¥ 7B, HHY—
VIREED BRI T A D B2, ZORE
B0 70 D ERHER S A, DA, BE LI
ST, BEEY -V ICBWT, SR OBHIC
I B BIGED TR ENL LD L HEE SRS,

4 BART 1 IV LDRIUEIFE E 7 « IV LIMEEE
HHAFL Y -T2 Y LREEABIEE N— 2 & L
AL At Ol % [ > 72PSHR S 2 ) ¥ 7 7 4 b
L DS G VENE % Table 312, BURIFHE % Fig. 20
R BT 4V A OBIEAFIEE, 5H2E I
FRIREEPR 255, IGHHEEDPSR T 1 VA LF%ET
Hho Eiz, M VIBARREFHEGPETR 7 1 b 410
WHEER A LTV D, SO RS, BEERY RN
Wb HAHERTE B TEMD S5 L EZON b,

54

Oilbath Temperature(°C)

Fig. 20 Comparison of shrinkage curbes of DIC's film and
others.
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Direct Observation of Anisotropic Inter-particle
Forces in Nematic Colloids with Optical Tweezers

YADA Makoto, YAMAMOTO Jun, and YOKOYAMA Hiroshi

Inter—particle forces in a nematic liquid crystal colloid have been directly observed by the dual beam laser
trapping method with pN sensitivity. We introduce two different types of spatial distributions of forces,
detected between the particles accompanied by hyperbolic hedgehog defects. These force distributions lead to
specific particle arrangements, which are both stabilized by the balance of orientational stress field of nematics.

On the basis of these results, we propose novel artificial construction for multi—particle regular arrangements.
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Environment-Friendly Heatset Inks ‘“Web World New ADVAN®” Series
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Environmentally Offset Printing Fountain Solution “Presarto®”’ Series
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Table 1 Presarto Series Line Up

Type Press Line Up
Presarto-WH 100 Bridge Type
Web Presarto-WD 100 Bridge Type
Dampening Presarto-WL100

Dampenig System

Separate Type

System Presarto-SH 100 Bridge Type
Sheetfed Presarto-SD 100 Bridge Type
Presarto-SL 100 Separate Type
non-VOC Web Presarto-Eco W 100 | Separate
Type Sheetfed | Presarto-Eco S 100 | Separate Type
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Easily Dispersible Quinacridone Magenta Pigment for Plastics

"FASTOGEN® Super Magenta RE-05"
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Fig. 5 Pressure rise in single-screw extruder.
(resin: polyethylene, pigment content : 5%,
temp.:180°C, screen aperture: 25 z m)
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B Bn, BN

Easily Dispersible Azo Lake Pigment “SYMULER®Red 3123”
SR8t + v F Iy K [SYMULER® Red 3123
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Fig. 1 Aggregation state of pigment primary particles.
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Fig. 2 C. 1. Pigment Red 48:3.
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Fig. 3 Mechanism of extruder.
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Fig. 4 Filterability of SYMULER Red 3123 in PP.
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Fig. 6 Heat stability of SYMULER Red 3123 in PP.
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B Bn, BN

2-Pack Type Water Borne Polyurethane for Coatings

“Burnock® DNW-5000, WE-300” Series

K2k L &2 aF B [/N— /v 7° DNW-5000, WE-300| ¥V —X

BIHR S — BT AET
ML IER, B
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EDHARMEALIZEE L v & D E 2 AT L7,
LAt T BT R R R 2 T 5 2 L1k D,
BN KRG & AR S B RE Mk % 5 5 K
RVAV T A= M LR ZRSLE Lz, T/, i
LRI DR 2 LA S, £y N THET S &M
KEET 70 NVRY) F— v FRFICHFE L F L7,
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WALAITH B KGEERIA VT A= “N=
v 27 DNW-5000" >V — 1%, BRI & Bk
AT A AIZ VS Z LIk, TNETIS
WENTRSHEEKFTOL VT A — NEDOE
EMEERLF Lz, T2, FAITHLAMET 70UV
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J v 7 DNW-5000" > 1) — X &ty b CTR% LKk
TIZVIVKR) A=V THY, TNHEDOMAFHLEIZL
DIERRICILET 2 BIEW 2B 5 L TEELT
(Table 1, Table 2),

Table 1 Properties of Burnock DNW-5000

Properties DNW-5000
Appearance Clear Solution
Non-Volatile(wt.%) 79.0~81.0
Viscosity O~V
NCO Contents(wt.%) 13.0~14.0

Volatile . dimethoxy diethylenglycol
*1 Gardner viscometer (25C)
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Table 2 Properties of Burnock WE-300, WE-306

Properties WE-300 WE-306
Milky White ~ Milky White

Appearance

Solids Contents(wt.%)  44.0~46.0 44.0~46.0

Viscosity(mPa-s) 200~1500 100~1000
cale.Tg(C) 25 50
Solid OH Value 80 100

Volatile . Water

® “/N\—_/ 7 DNW-5000" 1) — X DKAEE

SIERANE A L 72 K MERR S X 0 2 R Tk D
BWIEAKET 72 ) VR ;= VIZGET A2 ENTE
9, Lo T, EEDENR, BGiTIZhw
TORELREEBIE LT,

@KFTDA VLT x— FNEDEREM

O EANTBRMESE S & B ICHUREREE A L TB
D, IKATHUKMERIAM k)~ BRPERE A
WA RICER L, B 2K080ME 2 MR L 2055
AV YT A= MERKDOYIED S RET L L) &l
R LT E T (Fig. 1)o TOHER, “N—V v
DNW-5000" 1ZKIZ4H L C S IRz L7z T A
VYT A= N IED0% L LA T A E VW EEEE R L
¥ 9 (Fig. 2)o

Polyisocyanates

Hydrophobic
% Groups Layer

H,0

<+— Hydrophilic
Groups Layer

H,O Specially designed
H,0 Dispersant

Fig. 1 Illustration of Burnock DNW-5000 in water.
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| ] 5 10 15
0 A ¢ Drying time (days) at 25°C
0 5 10
Time(hour)
Fig. 2 Stability of isocyanate groups in water. Fig. 3 Pendulum hardness of DNW-5000/WE-300.
Table 3 Properties of Burnock DNW-5000/WE-300, WE-306 for Coatings (White)
Properties DNW-5000/WE-300 DNW-5000/WE-306 Solvent based AU™!
Appearance Good Excellent Excellent
Gloss (60° /20° ) 80/54 93/86 90/81
Pencil Hardness H F-H F-H
Water Resistance Excellent Excellent Excellent
Chemical Resistance HCI Excellent Excellent Excellent
Chemical Resistance NaOH Excellent Excellent Excellent
Solvent Resistance Excellent Excellent Excellent
*NCO/OH=1.5
*Drying schedule: 7days at 25C
*1 Solvent based AU Solvent based acrylic urethane
o - V&7 si7 T
@218 <FERORE>

“IN—/ v 27 DNW-5000" ¥V —=XE, 41 VT4
— NEEDIKPTLETH 720K EDILTHRIET 5
CERLKET 7V NVRY F =V OIKEER & BT A
2L, BLXUOGHAIDELEI /NS LS, (ER
DIRGENER) AV 27 3 — MELAZ 72546 &
D OWEDE L THEDE I VWEBEMEONE T, £
72, KT 7V IVEY F =)V OMEER L W20,
FEREEOEN 7 ) TEHESMEONE T, 2512, K
T 7 )IIVE)F =)L EDHAEDLEIZL o TIL, BHH
SACVCHCT 2 BbiNE A5 5 BIFEAMS 5 L E 3 (Fig. 3,
Table 3)o
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B Bn, BN

Environment-Friendly High Adhesion Water-Borne Polyurethane

“HYDRAN® ADS” Series
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High Drying Cooling Cure

50-70°C 50-70°C — Room temperature

bz e
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. Time
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Fig. 1 Thermal activation and adhesion process.
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OiF 2 DEMICH T BEN BN

PERD S DHEEEMED BWPVCD AT 5, ABS, PC,
PETH O KM IO BN HEEMEZ b o T ET
(Table 1, Fig. 3) o

Table 1 Adhesion Strength to Various Substrates

Adhesion strength(N/25 mm) HYDRAN | Conventional
ADS-120 PUD
Initial 57 38
PVC
Dipping in water (24 hr) 39 19
Initial 66 36
ABS
Dipping in water (24 hr) 40 17
Initial 45 13
MMA
Dipping in water (24 hr) 46 14
Initial 74 28
PC
Dipping in water (24 hr) 45 16
Initial 22 6
PET
Dipping in water (24 hr) 6 3

PVC: polyvinyl chloride, ABS: acrylonitrile-butadiene-styrene,
MMA: methylmethacrylate, PC: polycarbonate
PET: polyethylene terephthalate

Fig. 3 Vacuum forming. (MDF / PVC)
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ADS-110, 120
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Fig. 4 Surface tension of HYDRAN ADS 110 and 120.
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Fig. 5 Storage stability of ADS 110 and 120.
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Bug-proof Decorative Board
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Low VOC Type Double-Coated Pressure Sensitive Adhesive Tape

“DAITAC® #8810TD, #8810ECO”

KVOCEMmEIEE T —7 [ 44 &2 v 7°#8810TD, #8810ECO |
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Foam part fixed by double
coated adhesive tape

Fig. 1 Application of double-coated adhesive tape for
automotive air-conditioning parts.
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Release paper liner

Fig. 2 Construction of DAITAC #8810TD.

Table 1 Properties of DAITAC #8810TD, #8810ECO

Double-coated unit #8810ECO | #8810TD |Conventional
adhesive tape

Type of adhesive - solvent-free | toluene-free| solvent type

emulsion type | solvent type

Solvent smell - hardly smell | week smell |solvent smell
Tape thickness mm 0.14 0.14 0.145
Adhesve strength N/

on stainless steel 25 mm 15 16 15
Holding power at 70°C H 24< 24< 24<
Adhesive strength - partially foam foam

on polyurethane foam foam breaking| breaking breaking
Heat resistance at N/

80°C for 7 days 25 mm 30 27 25
Heat and humidity N/

resistance at 60°C, 25 mm 25 25 25
90%RH for 7 days

Water resistance at 40C| - A O O
Characteristics under - O O O

low temperature

= ==

<HFZDEFE>
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Table 11278 L 97,
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Fig. 3 Quantity of VOC from double-coated adhesive tape.
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bag method in ive industry

t by sampling
-{ Gas sampling Placing 80 cm? of adhesive tape into 10
T liter sampling bag filled with nitrogen

and keeping 2 hours under 65°C,
Sampling 4 liters of gas from the bag,

measuring VOC gas by Mass-Spectra
pump (Gas Chromatography and Liquid

Chromatography

ot VOC M

oven \

sealed sampling bag

/" YOC Measurement by chamber method in house industry (JIS A1901)

i air outhet
Gas sampling Placing &0em? of adhesive tape sample into 20
liter chamber while ventilating a half quantit;
hambe :
< T per an hour and keeping 3 days under 28°C
= m and 50% relative humidity.
o

Sampling 3.2 liters from the chamber,
and ing VOC gas by Mass-Spectra Gas
Ch and Liquid Ch

I\umidit)' control
unit

[ sampte

pure air inlet

Fig. 4 Evaluation methods for quantity of VOC.
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Fig.5 Evaluation methods simulating practical use.
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Novel High Heat Resistance Thermosetting System for High Frequency

Module “BESMOL® 1Z-9872”

RS - SRLIEICEEE{E S X5 L [BESMOL® 17-9872
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frprAl & LT s Yy ROBFILZ AR F IBIEA A%
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AR E LRI BZE R, T SRR &
R I L EEIRE B & 7 ) 7 3 2 5l 70 2L
PEREAL Y A7 L 2 B5E L E L7z,

<BF D>

“BESMOL 17-9872" 13 2L 4E D eI R % 2 B Ig il
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Table 1 Typical properties of BEMOL 1Z-9872

Appearance Brownish liquid
Viscosity (mPa.s) 25

Non volatile (wt%) 55

OH equivalent weight (g/eq) 325
Solvent Methyl ethyl ketone
el

RO HE TAETIE, FREHNBIE 2 BB L <
7 = 2ALT B DK T, ARERINOEREEHIE
WICHEEGERE ) 7,

“BESMOL 1Z-9872" (&, fEEMREETONHN %
BRI THEXAFIVIF V7 > (MEK) ~OE
FRVEICHEI S 720, BUTEMTO T = 2B H T,
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T72, DTESMAORBLIZEY, HTAZTAND
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@ LAFE

“BESMOL 1Z-9872" (% 1LH & ASE R CEud L]
RECTAS, TRFIUBIREOAT LI L TYHNT ~
ANBENT R B85 e TEE T,

Table 2IZHLHDOE A7 =~/ —)VF (BPF) BlTR¥F
RHIE (44 “EPICLON 830S”) #flif L T
“BESMOL 1Z-9872" %R b2 ¥ 2546 L, —#kW5tE
@R (FR-4%1) OIEHEN T = AREGEZRLE T,

Table 2 Vanish Composition

Formulation 1 Formulation 2

EPICLON 830S* 14 -
BESMOL 1Z-9872 100 -
EPICLON 1121N-80M** - 90
EPICLON N-690-75M*** 10
Dicyanodiamide - 25
2-ethyl-4-methyl imidazole - 0.1

* Epoxy equivalent weight: 170 g/eq.
** Epoxy equivalent weight: 490 g/eq.
**% Epoxy equivalent weight: 216 g/eq.

[ Jing=dkd

SR T =Ny O AT L) EREREDS AT BT
REMEASH D, B2 RS AU 21213 Tg (DMA) T
200 C UL Lotk 5N TwFE T, “BESMOL
1298727 13 2 HHEVEDOBPFRI TR F LB g 2 i H ¥ 5
BAEICBWTYH, 200CH2 B ISl 2MEMEE AL £
F o Table 3ICFEM COFMIRERELRL T T,
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Table 3 Properties of laminates

Formulation 1 Formulation 2

Laminate thickness (mm) 1.6 1.6
Tg by DMA (C) 225 151
Peel strength,

35 mmCu (kN/m) 18 21
Inner layer cloth (kN/m) 0.9 1.8
Dk @ 100 MHz/1GHz 4.1/4.0 4.5/4.5
Df @ 100 MHz/1GHz 0.005/0.005 0.014/0.013
\év(?_tre; rall:assorphon, 043 052
Solder heat resistance,
260°C 30 sec. dip after Pass Pass
PCT 2 hrs

V-0 V-0

UL flammability
(Br&Pfree)  (Brominated)

Chemical resistance,

3%NaOH/65°C/120 min Pass Pass
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Fig. 1 Frequency dependence of D« & Dr. (Formulation 1)
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Super-smooth Surface PPS Material ‘“DIC PPS®FZ-8600 BLACK”
RETBMECEN 7ZPPSH#} [DIC-PPS® R FZ-8600 BLACK
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Fig. 1 3D image of interfacestute of DIC-PPS FZ-8600.
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Fig. 3 Distortion temperature and Ra of DIC-PPS FZ-8600
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Fig. 5 Gas chromatograph -mass spectrometer (GC-MS) chromatogram of FZ-8600 BLACK
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High Performance Titanium Dioxide Masterbatch for Coloring of

Plastic Films “PEONY® HP” Series
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Fig. I Comparison of light transmission between
PEONY-HP and conventional product.
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(a) PEONY-HP

(b) Conventional

Fig. 3 Comparison of filter state after filtration test between
PEONY-HP and conventional product.
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Flat Die

(b) Conventional

Fig. 4 Conparison of die build-up in flat die between
PEONY-HP and conventional product.
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Fig.5 Lacing film.
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