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Novel Organic/Inorganic Nanocomposite Synthesized by the Bottom-up Process

Nakasumma Michiya and Ipemura Satoshi

We developed a method to prepare an original polyamide/silica nano-composites which were
synthesized through an in-situ polycondensation process based on the raw materials of dichlorides
and diamines in the presence of the sodium silicate. This bottom-up process enables us obtain
various composites, applying this process to monomers and precursors of inorganic material.
Besides, we found a method to prepare metal containing composites, as the result of the metal
eduction by adding metal compound dissolved in the system before the condensation reaction.

This paper shows the production process for our nanocomposites, and discusses the effects of
organic and inorganic materials used on the dispersing morphology formed.
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Fig. 1 Synthesis of the Polyamide/Silica nanocomposite.

Fig. 2 Images of Polyamide/Silica nanocomposite.
(SiO:: 60 mass%)
a) Optical microscope, b) TEM
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Fig. 3 Morphologies of Polyamide/Silica nanocomposite.
a), b) Wet cake, c) Paper, d) Molding
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Fig. 4 Synthesis of the Polyamide/Alumina nanocomposite.

Fig. 5 TEM images of Polyamide/Alumina nanocomposite.

(ALOs: 28 mass%)
a) low magnification, b) high magnification
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Fig. 6 TEM images of Polyamide/Alumina nanocomposite.
a) Al:O:: 40 mass%, b) Al:Os: 12 mass%

Fig. 7 TEM images of Polyamide/Zirconia nanocomposite.
(ZrO:: 50 mass%)
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Table 1 The Relationship between Dispersibility of Inorganic
Particles and Reaction Speeds of Polycondensation and Sol-
gel Reaction

Inorganic compound SiO2 Al0s ZrOz, SnO:

pH of inorganic raw material | 10~11 13~14 [ 9~10

Polycondensation speed slow rapid slow
Sol-gel reaction speed slow rapid rapid
Dispersibility of inorganic good good poor
particles
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Fig. 8 Synthesis of Polyurea/Silica nanocomposite.

Fig. 9 Images of Polyurea/Silica nanocomposite.
(Si0:: 58 mass%%)
a) Optical microscope, b) TEM
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Fig. 10 TEM images of Polyurea/Alumina nanocomposite.
(AL:Os: 40 mass%)

Fig. 11 Inorganic content dependence of BET specific
surface area of Silica and Alumina nanocomposites.

7 NEDSIOREDO T IV I FHARGELL 7205, K73

FREKRTR S NEREEN RREI RSN 225
729 ZTHUEERY) T I FEAHREIIRZ ) GRITRED
H AR & RS O S CREIR A R L 2w 2 & 3R
WEEz b5,

RV R FIERE S Th OFERF T & KERBAIME
T BRI TR L KRR T OBENB 2D
2, ARREROMBEIEHARY) 7 I FUEIZHITH
5 EHEE SN, O L) B R ER S BORE R
ERTELEEZOND, RAT VIR =Rt —
MEHR, AV YT A= MEIES IR TWS
FHMWARE /) ~—Th ) HTREZR B THIITKA
T VEENORBITL TE 5,

flliz, rauR—2x— MLEWETEE N NT T LD
BHOYICHWAEZETR) LY VEAEKROEE DT
RETH LD, £/~ —OUHRTE TORHIK TLEN S
B AR 9 LA

DIC Technical Review No.14 / 2008

Fig. 12 a) Image of Polyamide/Silica (60 mass%)
nanocomposite papers.

(Black; AgCl 3 mass% loaded, White; no AgCl)

b) EDS image of Ag distribution on the surface of
Polyamide/Silica/AgCl paper.
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Fig. 13 STEM-EDS images of Polyamide/Silica/Pd
nanocomposite. (SiO:: 62 mass%, Pd: 1 mass%)
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Overview of History and Applications for Co-Extrusion Multilayer Cast Film

Matsuara Hiroaki and Konemura Younosuke

Forty-five years have passed since coextruded multilayer cast films were first commercialized in the
United States. In this paper, first we review the history, mechanisms, and processes used in the
production of the films in the world. We highlight some of DIC's development achievements to date,
including packaging films for bread and noodles, as well as easy-peel films. Finally, we describe
future directions in coextruded multilayer cast films development for high-value-added films and

industrial films.
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Fig. 2 Cast multi-layer co-extrusion film process.
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Table 1 Technical Data of Cast Film for Bread Bags

Properties unit | DIFAREN®| DIFAREN® | Methods
B2100T B1150T

Standard Gauge | um 30 30 Dial gauge
Haze % 62 3.5 JIS K7105
Gloss % 7 120 JIS K7105

Stiffness MPa 630 620 ASTM D882

Fig. 4 Heat seal strength of easy peel film for bread bags.
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Table 2 Technical Data of Easy Peel Film for Sweetened Buns

Properties unit | Transparency | Mat Methods
type type
Standard Gauge | xm 30 30 Dial gauge
Haze % 4 40 JIS K7105
Gloss % 120 35 JIS K7105
Stiffness MPa 1000 1010 | ASTM D882
(Secant Modulus)

Fig. 5 Heat seal strength of easy peel film for sweetened buns.
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Table 3 Technical Data of Cast Film for Noodle

Properties unit  [DIFAREN® [DIFAREN® | DIFAREN®| Methods
P2150T P2160T P1850T
Standard Gauge | um 30 30 30 Dial gauge
Haze % 3.3 3.1 2.8 JIS K7105
Gloss % 125 130 125 JIS K7105
Stiffness ASTM
(Secant Modulus) MPa 470 730 700 D882
the coefficient - 0.60 0.40 0.15 ASTM
of friction 0.12 0.15 0.1 D1892
Impact DIC
strength J 05 015 013 method
Packaging  |Lap seal | Excellent | Excellent | Excellent
machine
property Finseal | Good Good Good
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Table 4 Peeling Method and Feature

De-lamination Seal  Corfaminants g oo Afer peeling
system stability Beal 9 appearance
Lidding film
Excellent  Good Poor Good-
Excellent
container
Cohesive
system
Good  Good  Good Poor-
Excellent
Interface
system
Poor Poor  Excellent Excellent
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4323 REFHBEAR
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T, HHZOEROAMRAZENNTH L, LIl

Table 5 Observation of Polymer Morphology between Seal
Layer(1) and Core Layer(2) with TEM

Film® Film®
SP bias | 61-621=043 || 81-62]|=050
Interlayer strength 20 (N/15mm) 10 (N/15mm)
Peeling strength High Low
Peeling interface Fuzzy Clear
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Fig. 6 DIFAREN® E3900T heat seal strength under high
temp. atmospher.

Fig. 7 Oil proof character of DIFAREN® E1900T.
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Fig. 8 Seal curve of DIFAREN® E7800PET.
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Fig. 9 Wetting tension change of PMMA surface.

Fig. 10 Change of adhesive strength after heat.
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Synthesis of Hyperbranched Polyols for Polyurethane Applied to Floor
Coatings with Non-Yellowing and High Hardness

Ixusamma Naoya, Morwaki Masayuki and Ooxi Toshihiro

A polyurethane composite using novel hyperbranched polyetherpolyol (HBPP) for floor coatings
with non-yellowing and high hardness property was developed. HBPP, prepared by ring-opening
reaction of propylene oxide (PO) and 3-ethyl-3-hydroxy methyl oxetane (EOXA) catalyzed by
boron trifluoride (BFs), was found to achieve both high hardness property and long workable period
in floor coatings application when formulated with 2,5(6)-bis (isocyanatomethyl) bicyclo [2.2.1]
heptane (NBDI). In the HBPP synthesis, problematic residual monomer could be reduced by
optimizing the feeding method of materials: dropwise addition of PO with longer feeding time than
that of EOXA resulted in less than 1.0 weight% of the residual monomer content. Furthermore,
hydroxyl value, viscosity and molecular weight of HBPP which determine the product performance
could be optionally controlled by adjusting water content of raw materials and/or amount of the

absorbent used in the catalyst removal process.
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Table 1 Screening Results of Polyurethane Using Various Hyperbranched Polyols

Polyol Polyester Type Polycarbonate Type  Caprolactone Type Polyether Type [HBPP]
Hardness? AB5 - D56 A70 - D63 A82 - D57 D75 - D76
Blistering Good - Fair Poor - Fair Good - Poor Good

a) Hardness was measured after 7 days by shore D or JIS-A.

Scheme 1 Preparation of Hyperbranched Polyol from EOXA and PO

Sk, Bk 7 ¥ L v (PO) L EOXAD L E 41k %
W7z, TNHEDOKR)F —IZDOWT, NBDIE DL ¥
AL B O 58 1R RE T OS2 A AL 1% D i % 5 22
W IEEE L7245 3, Table 1IC/RTXHIZPOEEOXAD
R THK SN 5 L5505 RY) 4 — )V (HBPP) %
Mt bENTEBY, NBDIE LA G DOE LS 45k
R)F =NV ELTRETHAHZEDIRIE SN,
2.1.2 HBPPOZE V) KMAE TOREE/ v -tk
oA r ) —=2 7 CTEINEN/-HBPPIZ,
Scheme 11278 BHER G CEOXA L PO S AL &,
AR LRI L o TRY F = VOKEREDIZT S
DT, NBDIE DRI TEKT AR 7 L& o4
G B SHBPPO L EAMR ISR SN L, £2T

EOXAIZxf§ 5PODENILE1.5~208 L CHH L7
HBPP%, UNF LT U F¥KEERE Y= (1 KERE
H72) O5TmE) ISRER, FIET 5 Y4EHKDONBDI
ERB SR THRZR) 7 LY UHRICOWT, MDLR
DEWERM Td b7 547 7 v 7® HE-3500 & Bk
Ytk % Hel L7z (Table 2), HBPPZfH L7-R1) 7 L
7 T EAHEIC X 5 FHE-3500 & [F45 DL LR
HL7zo 72, DIBRR UG IZLE I ZPO D LA
FTHIHEVWE L o7z, T, HBPPZ 00 F LI T
TR U KB L EEZRHE L T D720, POLLERD S
CARBEFAM OV HBPPO 250 F LIl A§ 2R A
HEDL LY, WERELTTIVI —IVESDERERE
BPEL 25720 ThHbLEEZbNL, $hbb, £

Table 2 Influence of Molar Ratio of PO to EOXA on Performance of Polyurethane Resin

PO/EOXA of HBPP PLAYADEK®
1.51 1.711 1.91 2.01 HF-3500

Isocyanates NBDI NBDI NBDI NBDI c-MDI
Hardness (Shore D) 70 69 72 72 69
Tensile Strength? (MPa) 19 21 23 24 17
Elongation® (%) 75 88 80 61 58
Tear Strength? (N/mm) 87 89 115 116 99
Resistance  Heat Good Good Good

Water Good Excellent Good

Wet Heat Fair Excellent Good

a) JIS K-6911
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Table 3 Evaluation of Floor Coatings

HBPP 1.9/12 PLAYADEK® HF-3500

Initial Viscosity of 1800 2500

Formulation (mPa-s)

Workable Period (min) 97 61

Hardness® After a day 64 48
Two weeks 79 75

Wear Resistance Excellent Good

a) Molar ratio of PO/EOXA. b) Shore D

IR Z X B GUE RO T v THFEMRE D) _E1C
FHS LI EERBLTVSE, —7, UKL HEL
To72ETOHMBE THFE-3500LL FE T o 7277,
PO/EOXAD 1.7 19D IIZE £ %= AMEINAH & 1
72o 2OZ ENE, PO/EOXAN1.7L1.9TdH %HBPP
MOHRRY 7 Ly UEIIRIZOWT, TifE, ik, it
WAL T CHRMMEL i L7722 25, PO/EOXA
WRP19DOHBPPD 5 & ) LTz,

X512, POHEMN1.9DOHBPPE Tk 1) K % 34
L, BE M, TEEREME, MWBME2 3L 72 (Table 3,
Fig. 1)o HBPPZ I\ 727K 1) 7 L ¥ VR#f I, HEF-3500
[ZHAR TR E AR S R S R IZh b b
3, 1 A MO E O AT\ 2 & AR S
N7z, #iR35 X9 ICHBPPIZ 1Ak & 2 ook dE%
PEEFOL S IEEEE L TBY, 202 MKkiEED
AP SUERF AR 2D, Lo EIC L) Bl
HEPEL DO TEEBOWENE L RoTnb L
EZbNb,

HE-35001d —#% ® TR F ¥ FRA I L CHif BEREPE S
RIfTdh %7, HBPPZ M L 72/K4 13 Z DHF-350012
AT 5B O EREEZ AT 258 08H 5, 2h
1%, HBPPASTILL L &\ 9 & SR B RE LB D 46 43I
HEEHET LI D, FHROIIRMBOT LY Uk
FRENES B blHOLEZHNL, 72, HBPPL

Fig. 1 Light-resistance test of HBPP and HF-3500. The test
sample was exposed for 20 hrs at 83C by Fade-O-meter.

NBDI% ERi45r & § 5 & ) IRMAKRYIER) YLy~
PICHFREAE LV LS, Fig. LHWRT LIS
HF-35001Z TRtk 2 /m L7z,

U EED, NBDIZ AV Y T A= NG ETHR)TL
¥ BB IC BT, TV a— V4 & L CHBPP
VLI ET, BENRMREE & BT 2 5E T A
VLR EEVRM PR 6N En0Sbhr oz,

2.2 HELEEDOHBPPERK

HBPPIZScheme 11ZBEb L 72 S I2 > T, VA ARE
RNT TR R & O & BiGH] & L CHIBRE
BEHLIETHERTELZEDMOENT VS, L
7L, HBPPIIZEEZ L) FAREA TH S N, T3
BN L7z b TV FE R 2 & DRI =
T & 2 EHEICDOWTIEARHZ EH% v, #2 T,
HBPPD & D TR ISHRET L 720 Table 412 X
JBIZ BT B lNER, EEE, B2 SORB R IR,
2.2.1 RHIER

HBPPO AR TIIE /) ~— L il 2 RA 5 5 & R
WCRIBDSIEE B 720, /<=4 L LS 5
%, BUBEE G LoD BOLRICHHR T 5 BN D 5,
22T, MBEEORME/RIZOWTHRET Lz E 25,
R T O R DE /< =T L DRV SR
HBPP% {5 5 4172 (Table 4, Entry 1 and 2)o L2°L,

Table 4 Results of Ring Opening Reaction of PO and EOXA®»

Feeding Period Temperature Average Molecular Weight"
Entry Dropwise Feeding catalyst Solvent 5
[hrs.] [TC] M- M.

1 Catalyst HPF Et:O 0.2 <-13 890 2170
2 Monomers HPFe Et:O 25 <-22 1250 3620
3 Monomers HPF& Et:O 25 20 1350 3030
4 Monomers HPF® MTBE® 2.1 20 1080 2290
5 Monomers BF= MTBE? 1.0 20 1930 4540
6 Monomers BF= CPME® 1.0 20 1970 4900

a) Molar Ratio of PO/EOXA and concentration of monomers were 2.0/1.0 and 50 wt% respectively.
b) HPFs: 60% solution of hexafluorophosphoric acid, c) BFs: boron trifluoride diethyletherate,
d) MTBE: methyl tert-butyl ether, e) CPME: cyclopentyl methyl ether, f) Determined by SEC.
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WX
Table 5 Influence of Water Content on Activity of Catalysts®
Entry catalyst® H-0 Feeding Period Conversion of EOXA (%)
mol%? mol%? [hrs.] After the Addition End of Reaction

1 HPFs (Lot A) 0.25 2.1 40.0 97.0

2 HPFs (Lot B) 0.25 - 1.0 24.3 ND

3 HPFs (Lot B) 0.25 0.25 1.0 91.0 ND

4 BFs 0.25 - 1.0 92.0 97.1

5 BFs 0.25 0.35 1.0 85.1 97.6

a
b

)
)
e L TIRSEFA D BREA D 72 & PO IR E % -10C LA
TIROUEDNDH 575, £/ ~—iF FiETIF20CTTD
KIGHRTEETH Y, FHSTROEWND D W
(Table 4, Entry 2 and 3), & 512, R TPODH T
DETKRIBSEHAETHEEIETT 5T & ATHER
ENize £oTC, LEMBAT—VTOEKTIX,
TR C USRS E D L TELE /Y= T
G &5 2 EDUFE Ly,

2.2.2 RUSAEE

—fRIZA TV BREA TIIBRLE O B E S Y
IFINIT—TIRNOFr RO 70U XY VDR
ODEH SN 5o B 35 REA-45TC & IEH 1T <
o, WAL DER O D ), HH bR
P CERRER AR, KRARNOHHEHBH A S % .
ZZT, LYGIKREPIENT T ILVROBHTH 5,
AF N tert-7F NV IT—F5 ) (MTBE) 7 0a~X>F
JVAF VT —F) (CPME) D xEf L7z 2 A,
B X 5 F YT VT — 5 VI & HBPPO S
SFEICKE RENITA SN2 572 (Table 4, Entry
3-6) HFIC, MTBEIE 1 #5854 C b BRI O A pk
MS5ppmIL FTH Y, VL F IOV — T IVHT0H HRE
FAZHIT0ppmIZIET 5 2 & LI L TREMEDE WV
WES 25, T, BHBHOENS, WEA106T
T& HCPME X ) MTBED AN L TV 5,
2.2.3 RICHhE

iy, ~NFHF7)VFay CEE (HPR) OFD5, =
T oAb R T EY ZF VT — TR (BF) L
2% E L VS TERAVNS S A AN Y, KhE
DEDORFE LVWEEZ 51D (Table 4, Enrty 4 and
5)o L2*L, Table 51278 T EOXAR LA & DFEM 72
Bt 6, HPFRII AR TREDEFIC L L EER S
N5E )~ =W LREOEE D -7 S 512, T
PRI RIAFE S ARG EHRICE D RECEH L
726 —77, BRIV BT %2 HT 2L6W &
TELIEPMOENTEY, KGAET T D A
DEFD TR\, ZDT &L, Fig. 20a) KL Ub)IR L7z

20

Molar Ratio of PO/EOXA was 2.0. The concentration of monomers is 50% in the MTBE.
See the footnote at Table 4. c) Molar percentage to all monomers. d) Conversion was measured by GC.

SE-NMRIZ B W TRISIRMO A L 5 FBEEED 7
IANVTYT MTHB-150ppm i ic ¥ — 7 DSFEE S 1
LI TEFEINL, Lo T, BBREAICS
WCRE LT EESD 05, S ZRE LT
V2 5 BF:2SHBPPO UGl 258 L TV 5,
2.2.4 RISEE

BF-filt #5f8 FH IKE 00 SO R BE O 52788 % e L 72 48,
POBIREEDSmWIT E, £/~ — A b= < % B HH1h
BRON, FISEESS0CUETIZE /v —2%RF L
BB Levy, 22T, 40C L60CHRIBIREY =
SEENMRCIEL L 72 & 2 A, RIBREE60C TldFig. 20
OIRT LI IZ, BRICHEKT A ¥ — 7 I35k L
TBY, BE7VIT— 7 v FLEN/-MTBE%L &
DERT v FACEWICHRT 5 & E 2 51 5-180ppm

Fig. 2 “F NMR of BF; solution and reaction mixture.
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Fig. 3 Conversion and addition curve of monomers during
the polymerization at 40 ‘C with 0.75 mol% BF:: addition of
EOXA (@) and PO (&); conversion of EOXA (O) and (2).

Step 1 PO/EOXA 1.2/1]1.01| 071 | 0.71| 0.7/1
Step 2 Additional PO 0.7 | 09 1.2 1.2 1.2
Amount of Catalyst 0.75 0.5 0.4

Fig. 4 Influence of monomer feeding method and amount
of catalyst on conversion of monomers.

Mixture of PO/EOXA (Step 1) and additional PO (Step 2)
were dropwisely fed in 5hr and 3.3 hr respectively. Amount
of catalyst means mol% to total amount of monomers.

Ba I AR THALELZETE LI L AMER SN,

X512, HBPPZ W72 R w7 L & v ot Ell
D OERFEOXAGHFEZKT SELL, POL
EOXA D NN#EE D58 % et L7z (Fig. 4)o HBPP&
L Theift S N7-PO/EOXA=19D L EDOY 4, %)
IZH TN 2PODEIA Z ¥ % Z & TEOXAR
MR ETELZ EDbhol, 2, EOXAICH
LCOMEENDOPOZ R T L, 751205 %

Table 6 Ratio of Hydroxyl Groups in HBPP and Unit Structure Connected to EOXA

Entry Monomer Feeding Molar Ratio of OH group in HBPP? Secondary Unit Structure
Step 1 Step 2 OH group Connected to EOXA?
PO/EOXA PO [%] R=EOXA R=PO R=H
1 1.2/ 0.7 0.29 0.38 0.48 42 1.87 0.63 0.29
2 1.01 0.9 0.21 0.37 0.49 46 1.94 0.62 0.21
3 0.7/1 1.2 0.20 0.42 0.50 45 2.05 0.61 0.19

a) The ratio was determined based on *C-NMR spectrum by using Cr(acac)s as relaxation agent.
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Fig. 5 Adsorption of BFs by KYOWAAD®300: residual F
contents (@) and acid number (O).
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Fig. 6 Titration curve of reaction mixture: 10 g of reaction
mixture was dissolved in 50 mL of DMF and titrated by
KOH ethanolic solution.
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Fig. 7 Viscosity and water contents of HBPP after
adsorption of BFs by KW300: viscosity (@) and water
content (O).
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Fig. 8 Influence of water contents on the properties of
HBPP: OHV (@) and average molecular weight (O).

2.2.7 RISEHEOEYNFIE & HBPPHE
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Table 7 Properties of Polyurethanes by Using HBPP Prepared with Various Water Contents

Entry Reaction? Properties of HBPP

Mechanical properties of Polyurethan

cv:r?tteer:t OH value Viscosity SEC W;;Eizle Hardness S‘I;?g:élteh Elongation St:-::grth
[mol%] [mgKOH/g] [mPa-s] Mw [min] [shore D] [MPa] [%] [N/mm]
1 0.8 260 4608 6088 116 70 20 74 56
2 1.5 268 4264 4560 80 68 18 81 47
3 2.0 276 4096 4086 50 67 19 90 40

a) The reaction was carried out with 0.5 mol% of BFs at 40°C. Molar Ratio of PO/EOXA was 1.9 and the monomer mixture of PO/EOXA=0.7/1 was fed firstly
and then residual PO was fed to the reaction mixture. The aftertreatment of reaction was done under the refluxing temperature for 2 hr by 0.6 weight

equivalent vs. catalyst of KW300.
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Composition Analysis of Cured Epoxy Resin by Pyrolysis GC-MS

UcHiva Yuuki and Kosayvasur Tsuneo

Epoxy laminates composed of a brominated bisphenol A (BPA) epoxy resin and an epoxy o-cresol
novolac resin (ECN) were characterized using pyrolysis- gas chromatography- mass spectrometry
(PY-GC-MS) and thermally assisted hydrolysis and methylation- (THM-) GC-MS. The brominated
BPA epoxy resin could be debrominated by PY-GC-MS, but the debromination by THM-GC-MS did
not proceed and the resultant was detected as brominated BPA-methylated derivatives which could
easily be analysed. In the case of laminates including the brominated BPA epoxy resin and ECN, it
was difficult to analyse phenols derived from the novolac by single-shot method using PY-GC-MS
because of BPA decomposition. However, by double-shot method combining PY-GC-MS and THM-
GC-MS, epoxy laminates including the novolac could successfully be determined by the detection of
several phenols originating in the novolac without being much affected by BPA decomposition.
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BPAT M T A F VT —F Vi (2,2-Bis(4-(2,3-
dimethoxypropoxy)phenyl) propane ; ¥ —2¢) & L T
Mani, SRETFIAFIVERT =) = VAD T
VYV NI=FN /T ) =N KTy 7 gRTE
L °BPATI T AR X 2 7 7 1) L — MEALH 91250 L
TS B R % i L 723 S0 & 22 AR O 6
[ZERL7Z2e A F VLRI L L THWA2TMAH A &/
— VIEHIITMAHKEH T H X FIVFHER LI N D 2
RSB RN SN B HH S5 T W
50 DK, AHELWIIHEEEKRY X7 VB

Fig. 1 Pyrogram of epoxy laminate-A by using Single-Shot
method (PY-GC-MS).
[Pyrolyser temperature: 500C]

Fig. 2 Pyrogram of epoxy laminate-A by using Single-Shot
method (THM-GC-MS).
[Pyrolyser temperature: 300°C, TMAH solution: 4 pL]
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Fig. 3 Pyrograms of epoxy laminate-A and B by using
Single-Shot method (THM-GC-MS); peak codes refer to
compounds in Fig. 2.

([Pyrolyser temperature: 300°C, TMAH solution: 4 nL])

(i) epoxy laminate-A including low-brominated BPA epoxy
resin,

(ii) epoxy laminate-B including high-brominated BPA epoxy
resin.
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Fig. 4 Pyrograms of epoxy laminate-C by using Single-Shot
method; peak codes refer to compounds in Fig.2.

(i) THM-GC-MS [Pyrolyser temperature: 300°C, TMAH
solution: 4 pL],

(ii) PY-GC-MS [Pyrolyser temperature: 500°C])
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Fig. 5 Pyrograms of epoxy laminate-D by using Single-Shot
method.

(THM-GC-MS [Pyrolyser temperature: 300C (i) or 400C
(i), TMAH solution: 4 pL])
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Fig. 6 Determination of epoxy ortho-cresol novolac resin
(ECN).
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Fig. 7 Pyrograms of epoxy laminate-C by using Double-
Shot method; peak codes refer to compounds in Fig. 2.

(i) 1st Double-Shot [THM-GC-MS; Pyrolyser temperature:
300C x 2 min, TMAH solution: 4 pL]

(ii) 2nd Double-Shot [PY-GC-MS; Pyrolyser temperature:
5007C]
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Fig. 8 Expanded pyrograms of epoxy laminate-C by using
Single-Shot and Double-Shot methods. [Pyrolyser
temperature: 500C]

Fig. 9 Expanded pyrograms of novolac resins and epoxy
laminate by using Double-Shot method.

(2nd Double-Shot [PY-GC-MS; Pyrolyser temperature:
500C))

(i) epoxy phenol novolac resin, (ii) epoxy ortho-cresol
novolac resin, (iii) epoxy laminate-D
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High Quality Patterned Retarder for Transflective LCDs

Hasese Hiroshi, Kuwana Yasuhiro, Nakata Hidetoshi, Takevca Kiyofumi and Takarsu Haruyoshi

A patterned retarder for transflective LCDs can be fabricated by photo polymerization of a liquid
crystalline monomer. It is required for high quality patterned retarder that a pattern size is smaller
than pixel size of LCDs and that retardation of the retarder is thermally stable against over 200°C.
In addition, cross sectional shape of the pattern should be square as far as possible. We have
optimized fabrication processes of the retarder and the liquid crystalline monomer to achieve these
requirements and have attained critical dimension (CD) < 15 nm, projection length (PL) < 5 jm,
normalized retardation after 60 minutes heating at 240°C > 90%, which are required for mobile

Transflective LCDs.

1 Introduction

An in-cell patterned retarder makes it possible to
improve brightness and contrast ratio of transflective
LCDs."™ The retarder can be obtained by in-situ photo
polymerization of a liquid crystalline monomer
through a mask then flushing away of non-polymerized
region.

It is important that resolution of the pattern is higher
than that of a pixel of the LCDs because the pixel must
be divided into transmissive and reflective area. In
addition, cross sectional shape of the pattern should
be square as far as possible, to distinctly divide
transmissive and reflective area of the LCDs.

High thermal stability of the retardar is also
important because the retarder is heated over 200C
during LCD fabrication processes such as sputtering to
form ITO electrode on the retarder and baking to
make polyimide alignment layer on the electrode.
Change in retardation is necessary to keep a minimum
through these high temperature processes.

We have focused on optimization of fabrication
processes and liquid crystalline monomer (UV-curable

liquid crystal) to meet these requirements.

2 Fabrication process

Fig. 1 presents processes to make the retarder. First,
the UV-curable Liquid Crystal (UV-curable LC) is
coated on a glass substrate with an alignment layer.
Next, the UV-curable LC is irradiated with UV light

DIC Technical Review No.14 / 2008

through a mask at room temperature to polymerize.
Then the UV-curable LC in non-polymerized region is
flushed away by using an organic solvent. As a result,
a patterned retarder is obtained.

In this study, we have optimized UV energy, flushing
time, gap which is distance between the mask and UV-

curable LC layer illustrated in Fig. 1.

Fig. 1 Fabrication process of patterned retarder.
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2.1 Cross sectional shape

Fig. 2 shows an example of SEM image of the
patterned retarder. Contrast to lithographic material
for a semiconductor, edge shape is rounded, which is
disadvantageous for image quality of LCDs because
retardation change becomes visible at boundary
between transmissive and reflective area. Therefore,
edge shape of the pattern should be square as far as
possible.

Fig. 3 presents definition of cross sectional shape of
the pattern. Critical Dimension (CD) is the smallest
dimension of pattern correctly resolved. Our target is
to achieve Critical Dimension < 15 pm and Projection
Length (PL) < 5 pm when retardation value is half

wave, to use the retarder for mobile LCDs.

2.2 UV energy
Table 1 summarizes effect of UV energy on CD, Side
Wall Angle (SWA) and PL. It is found that LC-2 is

Fig. 2 SEM image of cross sectional shape of patterned
retarder.

Fig. 3 Definition of cross sectional shape of pattern.
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better material than LC-1 and that lower UV energy
leads to a better CD. Therefore, we decided to use LC-
2 for further optimization of fabrication processes. In
case of using LC-2 with UV energy = 60 mJ/cm? we
attained CD = 15.6 pm and PL = 5.9 pm and almost
fulfilled our target. However, it is found that the
retarder is undercure when UV energy is 60 mJ/cm?.
Therefore, it is required to polymerize by UV energy >
60 mJ/cm?.

2.3 Gap

Fig. 4 shows dependence of CD on the gap. It is
clear that narrowing gap leads to better result. CD is
improved to around 20 pm even in case of 140 mJ/cm?

Fig. 5 shows dependence of PL on the gap. As the
case with Fig. 4, PL is also substantially improved to
under 4 pm when the gap is decreased. These results
mean that our target can be achieved by narrowing

gap even in case of UV energy = 100 mJ/cm®. However,

Table 1 CD, SWA and PL vs. UV Energy

Uv- UV energy CD SWA PL
curable LC | (mJ/cm?) (um) (degree) (um)
LC-1 60 125.0 6.5 141
An=017 100 >140.4 44 20.7
140 > 140.4 4.2 21.7
LC-2 60 15.6 15.2 5.9
An=0.17 100 313 | 157 57
140 78.7 16.8 5.3

Fig. 4 Dependence of critical dimension (CD) on gap.
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we encountered production difficulties to narrow the
gap under 50 pm through this experiments. Taking
production tolerance into consideration, the gap was

fixed to 100 pm for further optimization.

2.4 Flushing time

Fig. 6 plots PL against flushing time. There is a steep
decrease in PL from 7.5 pm to 6.0 pm by increase of
flashing time from 15 to 30 seconds. Contrary to this,
PL almost remains at 5.7 pm over 30 seconds. This
means that it is preferred to flush over 30 seconds to
obtain better PL and to ensure process margin.

Fig. 7 presents the variation in thermal stability,
which is defined by R«/RoX100 (%) [Rs is retardation
before heating. R is retardation after heating for

60 minutes at 240°C] as a function of flushing time.

Fig. 5 Dependence of projection length (PL) on gap.

Fig. 6 Correlation between projection length (PL) and
flushing time.
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Thermal stability increases with flushing time and
reaches almost constant at flushing time=60 seconds.
Therefore, flushing time should be longer than 60
seconds to satisfy both of better PL and thermal
stability.

3 UV-curable LC

We have optimized UV-curable LC material to
achieve the target on the condition that thickness of
retarder (d) = 1.6 pm, UV energy = 100 mJ/cm?, the gap
= 100 pm and Flushing time = 60 seconds. Patterning
characteristics of conventional material (LC-2) and
optimized materials (LC-3 and LC-4) are summarized
in Table 2. The target, CD < 15 pm and PL < 5 pm are
achieved by using LC-4 material.

Fig. 8 shows an example of polarizing
photomicrograph of patterned retarder with various
width of pattern (Line/Space = 1/1), which is made of
LC-4. Ttis clear that CD < 15 pm is achieved.

4 Thermal stability of retarder

We measured thermal stability of the retarder made
of LC-4 and investigated effect of post UV-irradiation
(200 mJ/cm?) after the flushing on the stability. Fig. 9
plots retardation normalized by initial value against
heating time at 240°C. It is clear that post UV-
irradiation is effective to improve thermal stability of
retarder. We have attained normalizded retardation
after 60 minutes heating > 90%, which is sufficient for
use as an in-cell retarder, by adding post UV-

irradiation process.

Fig. 7 Dependence of thermal stability on flushing time.
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Table 2 Patterning Characteristics of Optimized Material

UV-curable CD SWA PL
LC (pm) (degree) (p#m)
"ACf:(Roifg 313 15.7 5.7
"AC:’: 017 22.1 19.2 4.6
"AC:L 0.17 11.0 20.0 4.4

Fig. 8 Polarizing photomicrograph of retarder.

Fig. 9 Thermal stability of retarder.
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5 Summary

We have optimized fabrication processes and UV-
curable LC materials to realize high quality patterned
retarder with high thermal stability, high resolution of
pattern, square shape of cross sectional pattern. We
have attained critical dimension (CD) < 15 pm,
projection length (PL) < 5 pm, normalized retardation
after 60 minutes heating at 240C > 90%, which are

required for mobile Transflective LCDs.

Permission for Reprint, courtesy SOCIETY FOR
INFORMATION DISPLAY.?
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Nano Silver Dispersion and Nano Silver Ink for Printing Fine Patterns

>/ SRRF 7

AR T 7A 2 INa— e8I+ /R4

R&DAHED
WER B, & 13

<HEAEOER>

FORA 7, SR OREBIRIC LD KW
BERGIREE CEVVEBMATGONL 2 L5, (KiELEE
EYBEETDETIATFy 2 HRERH L 7LEF VT
VAN T VDAY OB & E IR, EWE
MR > — )V N e EEHET7/354 A OEEE
e LTHEMRE 2B THE T, $28EE, 74 b
VYT T T4 =Ry F v ISR RN L2 Eko
PG 702 A LT, BfATedli 2 & R EA
HAHHREZ BTN A0HEE 7O+ 2T 5
B EANEIILLTETRBY, A7V xy MR AZ)
— VHR 7 & ZAEEIRI =SB T RE 2/ $R 1~ 7
DEENHE>TVET,

LHTIIZOL ) 2EROT, BERILENTE

£ BETTRE CLAM 7% T/ SURLF- o BUAR O m Rl R Sk
WCHE RT3, 774 08%% — U TRICE R
7e AR ENRIEE S ALt%/ﬁ%zﬁ@%” IRT L
F L7

<F/ $RRF AR >

Litid, ACEICEREE AT A EMEDR) v —
FHWTERA A v 2RI L, F/ PRT O BE % 1
L7258 7 F /) SRR 53 WK % il 2 D R 2R A2 B
WRERHE L T O 2AOMVICHEZNITF L7,
T PR TR T O AL LT E 7,

- HROFIER TR % 10nm~S0nm D i THIH T E 5
(Fig. 1)

R EHENI0E R % ~50E 8% OHPHIZHBWT, K
FET NI VR TRIEZSEEERT (Fig. 2)
ARIRBERC T/ SRORE K ORERIREIC L ) =
BHEEFEHRT S (Fig. 3)

<F/RALT>

Fig. 4I2K b 47—} - Kb LT 5 2 F(BGBO)H
HEN 7 v A5 ORI AR L E T, i, T
AATVARETR=N=H DT LF* T T WDF
BT 7-BB N5 0 VA5 OB, BAIIThR
TVET, A AT VA MEZRA LSER72023H
BT DAY OBM, L SIS S 55
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Fig. 1 &/ kKT O TEMG H

ATRITELIE B: I/ C . IPASTELE
Fig. 2 7 / Rk 15 Hi

Fig.3 /7 AW F/8— a0 — NMREO R

WAL EE DT, BHIET 74 X8 — 2 O
VA 7 SCERERIE AR L, R EREE (28 G L 72
e/ HEF RO F R A 2 7w RFESRLE L7
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Fig. 4 BGBCHIAHE ~ T > U A & DHipfl

Fig. 5\2, FHZFIRI 70+ Z 0 2R L E3, 6
Tt A%,

IOV LNVDT 7 A NS — YRR
-7 I 7ar LV OER TR TR

< F LNV ORETFEEE LN D

FORHMEALIT,
AT ) W A7 ZRT AT ) W
12 %8 FEBHEBE Bt A I EES

Fig. 5 FCHRFIR] 7 10 & &

TIVIA=VRF IRA v 7 FT O AwA L7
I D ENRE Y K ORI OB IE kD & B Y T,
CENR & 74)

CHIRIL 2 (BB L VYY) BFRW

7T vy NEAR30F ~ 1200 (VE1)

(GEL1) ERL > DIEROHBIGG T TOT— 4 Td,
TR | S0omm/Fp
A v rkE=y 7E  4~5mm
1 7=y 7 . 5~55mm
A > 7Bl WG HE | 30mm/fy
M 0 22°C, W T 45~48%RH
HAR T 1.3mmIE A T A
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CENRIS D55
CEREED T 7 A VNS =V EBRTE D
LS [94 Y &AR—A] =5,m/5,m (Fig.6)
- 180C, 30/rBER CREEM A BHT 5
HT AR ET 200 Q-cm [JEE 0.1 2 m]
PENZAM ET 65, Q-cm [JEE 0.1 4 m]
- FECEE T 10nm LT

Fig.6 7V I — LR+ /84 > 7 # 0T, SURFIREC
£ O L/S=5 em/5 ;e O A FERL L 721

FigdlmLET LI, F/8A4 V72BN T~
VATD)—AF IR LA CBBICHETT 254,
BIFR NI v VRSN ERL O EEmEAH
PEAR & OREICE O F v ) TIEAERDSIER SN
T3, AHWIEF © ) THEAZHEET 2700, F /748
427 LDBONLERIMEMOAKY 2 L% 5
ZENEINET,

FIURIP 22100\ AFAE 2 AF & O G T IS KA
WBmFEEEEHL, TIVI—VRF A T
SOHMYFEHOCETRLEZMELE Lz, -/
SR TR G EIREOAEER A » 7LD 720 DT
MAEZTRT A2 LI2LD), BOtETRHELY R
FTEMEPERTET L, COLIBF /A0 0 %
FAWTER LA b5 > Y 2 ¥ Tld &V ON/OFFE
MBI SN TEY, Bife b7 v P A5 LA
5ypzehpcEET,

<FIRDOEZL>

150 CLL T OARIRBER T @ B (10 Qemt — 57 —)
ERBPCEDLFIEA 205, ATy
N Lo R - T SN WA o ) O By A - 0 /4
DIA YTy TR HOIS, 5B BE=— X1
B L8z LTS £9,

BEAWVWEDEE
R&DZAES DPRIFEtE> 2 —
DP7OY ¥ k
TEL : 03-5392-2487
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C. 1. Pigment Green 58 for Color Filter “FASTOGEN® Green A110”
HT7—T4IVERETA 1) — 258 FASTOGEN® Green A110]

R&DAER
WSH B, KA 52

<HEDODEE>

Wik 7 L EORMEAL & 208 2 A% DAL T 12
PRV, TLEHBICBIT AT L EDOEREIZR
HMICEHE - TETVET, NI, T LY
WL, 2 bR MERBHRAEOMEE
WO 2 E LR EmMELROLNTVWET, —,
AR T ERIRIE L 2 5 & L7z kB 7 A PR 2l
WA FIEH SN TBY, W7 L YL LT
DHBBE ORIl ECEINTVE T,
BHIZEET L EEEGWET A A7 L AMITA
T—=TANEHHH ) — R LT, RO
Y7 2 b)) =236 (C. 1. Pigment Green 36) (A%,
bbb, EFxXy 7)) — 58 RELERLHEER 7
#1137 =r (C.I Pigment Green 58) DFIFEE1T-
TN E L7 4, SNHRROERIZIDZ 5N
<, WA T L E OB AL K O 2 5T 0 3R E
e Bz, B #s “FASTOGEN Green A110”
W LE L7,

< BEDEFE>

R OB AT 1T, HHMEIZAE DS TEE
DO F LT B 720121E, EEOLFEHEE, Rk
FELOCHFEROMAPEEL 20 £ 3,
“FASTOGEN Green A110” DF%TIE, AT LED
AL K ORI O RE R o7z, LT
DR EFERNTZ L L7,

@ SiEEL

W7 4 AT VAL, @R/ SAIVOBEHICSH 51
FatiE b L < IZLEDASSET %625, RGB3 s 7
HHT—TANYEEBRTHILIZLN T T W&
FRIELET, LR oTHTI—T 4V 7 ORED
EWIZXE D EBEEDARY NVRBRENZE(LL, =
DEVERT T A ATV A ORI KRESBELF
FTo FDOHT—T4NFI2IE, WHICRIERL L
THEIASDONEEBEEDL) (HHEE) 25Kk 5
M, T —7 4 ) HER OB LS ER L
0 F9, LBfE “FASTOGEN Green A110” D FI%E
ICBEL, fEkME s x> 7)) =58 ar Vg
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WERrREbT AL TEBAXRY MVEGREL,
MEFEomEZXY F L2 (Fig. 1)s ZOFEE,
“FASTOGEN Green A110” 1%, MF:fEkAD 7 ) — >~
RN, F— @ TOmEREm L, 6
KLV DBLLWHECTHEOHL S EZRHETE L7
O, WET A AT LA OKIGZTHE BTN A RE

LR FET,

Fig. 1 FASTOGEN Green A110 & ¢35 & o # & Hh i

[ F=am AN N4

WD T L EDOEEELIZB VT, FRIZER
DEF-FEEELTCa Yy b TANEPETFONE
To IV FTAMREER, FAATLAIIBITLH
KE (A1) LBRE () LolEOKTHY, &
EAKREVIIEWGOEEH S ICENL 2 L2 KT
BWCTY, IV MITAMNEEZETSHLERDO DL
LT, #9—74NVTPOEFRIZ X B HOBELIZ
FohEd, COMELORER, EE O TE
HIHWERICHRTHGITAS w2 L A ) —#ELD
FIRICAHY L, 2OHERBKE TR TREI T T,

ks =

o0 mi—1 215
3 "\me+o ) M
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A, AR EEE®RT A 05, FELLOE
R TREOSFICHBFLTRECRY T, LA
o THETFEEZ ML T 2 1 EHFEOEEINEL 2
D, I b AMNERMETEZ L2000 £,

“FASTOGEN Green A110” TlZ, X+ E OHGHM
fbEicd by, TnFETomRZ ) — »OERTEK
THLZEDPHETH > oMb T2 ERLE LA
(Fig. 2, 3)o

Fig. 2 MHERSHE 7 X > N 7)) — 58TEM{E

Fig. 3 SHH MM E 7 x » b 7)) — 58TEMI%

CORR, KOBEICEA Y FFANEHOET
FEMTHZENTE, WHTLVEZHBOLETEE
WEBES T4 AT LA TERPEE > T, 3
M A MEORIERM EXTREICL F L7z, LtEAE
KO T X N7 ) — 58Ik L 2 85T, Ty
WCHBLTWAAT— 74y 7)) — ok
BICBWTIE, My TLRLVOBIY NTAMNEE
FHLTWET (Fig. 4)o
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Fig.4 4tk 7 — 74 VI H 7)) — YERHIBIT a2~ b
A

@ &ffEm L

b 4 & O w8 AL T OVf TR O oAb ic X 0,
“FASTOGEN Green A110” D& @AY hLiL, it
RGO T X 7)) — 58120 LT, 7)) — ot
W RRARE G Ny 7 F 4 b D585 nmbl L
DFEMFEAMEIL L, BT EL TWET (Fig. 5)o
PERBIETOEMEOLBIL, LT 1 ATL A DM
B L2 s ) 3,

Fig. 5 FASTOGEN Green A110D % A <2 k)L

<FIRKDOEZL>
BHCIE4E Ed L E L7 “FASTOGEN Green
A110” %3512, TICKMEEom EE2 i L TR
AR TEN ¥, F45HELRGBEATOL v F
BROTIV—mIcoEF LT, BEEHEDTWLT
ETT,

BREIVWEDLEE
R&DZAEF DPREFEtL>%—
CFEa#t7m>z 7 b
TEL:0299-93-8158
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SPD Emulsion for Smart Window “CONFOVIEW®”’
SANH T XABEHHESPDI ¥ IV 3 > [CONFOVIEW? |

BRI AR
I Fh, R B

<HEDODEE>

[Fer7 2] &k, &@he (H5E) 2MET
EHATATY, EERRVYOBRIZHEMT S EH
SR Z2HMEICTIY PE—VTE 5720 'I‘J%‘ﬁ?.%F’EJ
DifFp L =7 3 Y EFEOQ LI F — ﬁﬂmm#ﬂ
BREGRAIL O Ban T4 FEHIT & LTI, {ﬁcaw
L7 btaruIXLefH L 0RERES R
20BN EIN, MHETAESEHHOHE TS,
B2 SRBBOREILTEEFEA, BH IS HE
AT, KREELPHETT, ZhH0REL
T X % 44T AISPD  (Suspended Particle Device) T
3 (Table 1), BHHIE T OFAMTICHH L, SPD%B%
L 72 KEXR ¥ F ¥ — 4> 3 DResearch Frontiers Inc. (RFI)
HEVERT Ay AT, EEICET 2R
WCEFLE L7

Table 1 GG O L

it 8 SPD R ILY/hAYAIX L
g R FELA BFEM BIbET
EREp EE (i) EBE ) B (BE)

& IRAHEERA HEERR iRt eERA
S O X A
FaRE O X O

ICERE O O X

AN X O A O

HEBEN O A O

KEEL O O X
A& B4 - BA EICEA IS
<g rﬁ':l D>

SPDITHFEEMEICES L TWE T2, BEEZ N

BEWICZEAL L Y (Fig. 1)o BEZWL LD
ﬁ@ UiTo@VGﬁéé%ﬁW?éltKi
D, EBEFHBEICEZLZENTEET,
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Fig. | SPDO AL

@ &8

4 BT L7z “CONFOVIEW” (&, SPD7 1 V2D
TLEHLER (v ay) TF, ZOBEHIRH
ZoMTMLEN, X7 4 VAP ERE TS,
SPD#{ Y7 4 )V & DU [ % Fig. 21278 L 3, MO
MO XS 12, SPD7 A4V AIZ2KDPET 7 4 VA D
BICSPDE %> KA v F L3 EMEEZ LTV
To 2HDPET 7 1 )V 2 | Z1ESPDRE M 33 TR 1%
%43 HITO (Indium Tin Oxide) AEAEAESINTEY,
ZD2HNHDITOICEHZ2T5HZ &2Lk Y, SPDkE
MIZ i S AL72SPDRLT- (R D F WARIKKLT) 2
DAEMDO L HITHHL, HEEBTEE LR
4, SPD7ANLET T AN - TFAF v 7D
ML EELIEICLY, T AL LT
HTxEd,

Fig.2 SPD7 1 VA OFFIE HE
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@ SPD 7 1 )L LDIERK

Fig. 212/R L72 & 912, SPDRIIEEMEE %> T
BY, UVEALHEEE () (8 (8) 20ish
TWE 9, Fig. 313SPD7 1 )V L DSAMEEEE T 75,
B (BWEOES) OKE S5, mfEE L B TIX
HHTE VD, H—REMBEZRLET, BO
L, R EOH - 72K OSPDRL - (Fig. 4) #°
SHENTHWES, BONEIIEAETH 5720, SPD
FFEET G L CHBICENTE F¥, 20k
RO (55#iE) TH D, SPDR T % 5%
BESEL LB —1lnsEr@Er LET,
WA TERCT A UVEH LIRS (BEARBIRR) &, W%
¥j— 2 s &, UVEML L T & BE b3 5 8 %
xLET,

Fig. 3 SPD7 4 )V & D75 5 &

Fig. 4 SPD¥.{ D FBAMBITH

@ SPDI VY3

SPDL I Y 3 YA DM TITO-PETIZ® T,
UVEBBI ST 7 s V2 ke g3, BTk, oh
¥ C, OSPDK 1D 718 & RS, @isig -
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BRI R DT, JRITEE, Mk, OrRiECHEEB RO
A, 2R#EbT 528128 oT, B4 2508
PEERATEZ LV ETHEHTILICRYL, =
“NYa i L TEHRLELE, 2OLHIZ, SPDIE
AT BT, BIIR & BB, ST, AR,
UVHEA S 2 A5 S 72 )T,

@ FEM ETERE

Yt DSPDIT LY 3 >~ “CONFOVIEW” 25 Fi%
TANLEFH L2 ED, kD —f] % Table 212
RNLET, EGOEB®EIE, BEEL TS L2%0
559% L KECELL £3, OFFREDE|HIL 7 1
VL BEFER I EFICHE TE, 0.1% T D4y
LIEETS, ONKEDAA X (WY BA) 136% 1%L,
)T B E G2 E T A EEIZONKEDS 1 FLL
N, OFFE§IZ 3 LINTT, 72, AT TRL
EHRN D EEE S KE BT D720, BBORE
B ANDTURETT ., FIOLIZE LA v M T
L7z, AT ANMEITOHEBETReWiRoH5 1L % Bk
TEET,

Table 2 CONFOVIEW O #6451

ik 0V (OFF) |100V (ON)

S AJRE 2% 59%

EBE ELAS i 2% 10%

ARSI 38% 81%

AN X 55% 6%
ICERE OFF—ON <1®%
ON—OFF <3#

<fFROEL>

“CONFOVIEW” &, 3{fE, RFIHtO T A £ v A %
U LR ICSE R B L T E 3, BETIE
Fel 2 e il O G BB RS IC A o THB D, v
FREMEPHIFE SN E T, Hgs L TESFOEM
RFENVYICRS T, BEMZICHS GO RKELHFEE
ERAATOWET, B e LT, AT HGET
LB OREN T & HIMLE S, TRV DRE
MzHELET,

BEVWEDEE
EELH
BERHR T A BT
BRIV -7
TEL: 0299-93-8156
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High Durable Organic-Inorganic Hybrid Resin “CERANATE®”
SEEI—T « > AR —BEESHE 7% — ]

BIHR S — AT AED
Hes  fiise

<HENE=>

I—T 4 v HABHETSG T, P8R LD Ei e
ERNDERAR <, BEIZ 7 v FER IR O M i 2 5
NDEEFEH SN T E T, Y I3 EE O
EHETAHA—T 4 ¥ 7 HKEB RO HEFEIC L7
D, BERT-BERTOEEATAVE—IIEH
L, CofaHEErza—T 1 v 7 HER L L“C.:x?
HHEOESWT 7 ) VEIRICEILY As 3
B % AT A A B — B A BRI “Jc 7
fo— N (Table 1) DFHFEICHEIIEHLF L7,

Table | 74— DI TS

i WSA-1070 WSA-1060
Ko o4 EHE 30% 75%
TERS 39-41% 34-36%
pH 7585 7.0-8.5
“HIsER 5+
<BEDEFE>
@ HAEE

I A= N, ERESTHALE) R
v, ﬁ%&)ﬂz FCH LT 7)) VEHE &AL S,
KB L 72k T 4 A= 3 UBHIETT, ki

Fig. 1 £ 74— MuTH®EA X =2

Fig.2 7 #+—% — Y —J)LWSA-950
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FHEED A A — Y FFig. WRLET,

“BI A= N E, BEAMLA -5 =
JVWSA-950" (Fig. 2) LHIEZUMGL, A OWrkIZ B
N7 A R L 3,

@ ZfEiEE&E

I A= N TR B *7UJ¢;< Lo, 5
R RO G * FRRK SIS F ) =7 —Th
WML TwET (Fig. 3)o J){W\ﬁﬂ%i%_a:;b, K1)
Oy RA LR (Fig. 4) &138%eD,
BBOFFRN L EIL T,

Fig. 3 7 & — M &R OTEME H
SRR, I AR

Fig. 4 ) 20 %4 0 2R A L 7KV B S i o
TEMG.H.

B WOy, B AR
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® I— T JEIEENA
“bI A= G TOREMTICLY, fEIC
I—F4 Y FHELTHETEET,

+ 7 % — FWSA-1070 100.0
Tu¥Ly s a— )
n-7a ¥ r—5 )L 6.0
Y 4 — % — " — LWSA-950 5.3
& 111.3 FE=H

“EEBH & LT

@ &%

“t 7% — FWSA-1070" (EECECALTT) AEALE
o, SEBEHERIC BT 5 R0 LIRIRFFR DO HER
%Fig. SIORLE T, o4 — MIPLAMNZ I —T 4
CIHBIIRTHAT 2N T LY U EENICEER,
miESa—7 0 v 7B RORETH L 7 v FE
g & A5 E oS E R L £ 9,

Fig. 5 FERRIAIC X 2 HGURIRHR AL
(B © hH)

@ M54 M
“bIA— 1 OFE o1 oI, BiEREE DO Y
5 ~JHZET6(§§H?<%EWWT£I$1E7P% DET,

Fig. 6 FEHEERIC & & @Al (B 1 KK
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AN AR i t 5 F—h

Fig. 7 #WE6D A 4O BESMBIE L

COHENS, £ T R — MIVMEREICER L2GE,
mmuiét»7ﬁu~:>7%E%%ﬁL,m@m
PEICHEN 72 E 2 JER L F 9, Fig. 612, FEMEERIC
BlIFpEEGEZERL 3, MBIRERE L Y21t
WY HERb2r) £9,

F7z2, FER6 »HBROBRIMBG E ©Fig. 7TIORL
T3, LT A— N OIIENLEEREEEIL T
9,

@ EEMEN
‘I A— N IIEERS T ERTEET LH720
SRAEVEICENBIREZ IR L 9 (Table 2),

Table 2 74— bOEEMH

FRALIREHHR 25/25
TERRE SR Xy X AR 25/25
HIINY g LR 25/25
RIETILI =) L 25/25
TIVIANUBETIVIZ I L 25/25
JOX—NLUETIVI =T L 25/25
YO By T —TRHIBEIC & B FHE
25/25 ; FH
<HERDODEL>

“bToh— ML, WHENE, WG, SEAEE
HIENL, a—T 1 YRR T, BEC K
SORMEE AN L, mISRREREAIHE, SERmL
&, BEAAMEH RS CIRL RS, TBHBSE
O TWET,

BEAWVWEDEE
IRT5
1B AE A —FR AT A BB
O—7 1 CUBBEHM -7
TEL: 072-268-3916

47



B Bn, BN

Cationic Polyurethane Dispersion “HYDRAN® CP” Series
HFFMEKER) L2 [N RZ2°CP] Y U—-X

A= S [T N
ER &h, Hh —%

<HEAEOEE>

KEERED 7 L& AR, EHEOVOC (GEEMEA
BALEY) MR & E2FRIC, KUY Ly UBHRA
ko, BT, BEREER EORE 2,
L, BECELVZIME L LTEER, B, #
RLTANLDI—T 14 ¥ TH], WAELER], TR
WAER e B DT A ¥ > TR E O L R R
FIZERSNTwET, AERY 7Ly BRI,
FEARIIIARDEE S D 720 LB BKES &
R —DOEHEHNIEAT L ETESR, BKES
DB >TT=F W, BFF M, /2 =F >
PEICRB SN E T,
ZFORTHFF o WAER) LY VBRIE, &
7 = A AR E OBAENE, 0@k, R IR
P, BLHME, SRR T 4V AR ANDBEE R ED
HFF oMb TIEO L= — 7 R R T AT
HEVED D B BEREVEM BRI C, BIFE, 1 > 2V xy M A
v MANARENDEHRA T4 THERANE R L
DoHY), KM —T 1 ¥ TMER ENOTREE D
BHRaIntwnid,

COMEER?L, B, HLVEROBRE
H#ERZHIEL T, YHMBEOT 14/ ~—i%F
iz X o T, Kok, RAEREEICENS DT
F AR VY CBHIRE B L E L,

<BEMmDIFE>
KEEZTHRAT A “NA K72 CP” ¥ ) — X,

HOAROKMEER) v Ly UBIIETYT, (kDA
FF UMEARMERY T LY VBRI, N-AF LYY

Fig. 1 KHIZBIF A A F+ WA ) 7 L& RTOIREE
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J=NVTIVHREDHFF I —% T L EREIC
BMALABALICE o THFF o WEMNSLTET,
ZCH L TsHE, MBREEL T4 v —
LD, Ly UEBPICRERDO LD LY ELY ) 1
TADENHFF UV EEBEALT L, TR0,
L R — KA A F & v BB O &R
AL L, s FF YBIERICE 2T LD
FAEARDAFAE L 9 (Fig. 1) ZTORR, RN
THN ARG ENE, RELEEZTRICLE L,
72, WFFUMEREDLI LT, MTMOHE
PG R ARAE L TR RIS T 2 B L, kT Cdh
DRBHNAYY y FbEZEBRLF L7 (Table 1),

Table 1 /N K5 CPY ) — X D—fgHy Ik

CP-7020 CP-7050
GEDF AL 247) (BHFFL 2147
4188 FEMRE BRI ENEEER TS
TEHES (%) 40 25
#E (mPa-s) 80 25
pH 6.8 5.0
HFE (nm) 30 75
100% E¥ 17X (MPa) 0.5 15
kA (MPa) 2 10
HE (%) 1150 520
HENFEIREE (C) 70 190
FEBEHENE (Q/sq.) 10% >10'

A1) RPOHESKRMETT

32) BiEfEsl A% #1%23C, 65%RH, BALIE150°C X5%, IEE150 um
E3) MEBIARE RS(EtX 70— T X2 —DHE

4) REBEFERFATESRMSF: 23C, 65%RH

@ Eh M ETTEN

“INA KT CP” V) —=XRE, M 2T—D5%
BHTTHERIEMYLEEZzRLET. 2N,
CPY ) — XDBENTKG B, PRAFLENE % RES
LL0T, UHMBEO AT A ) v —HFHERT 5
bDLEZFET (Table2),

Table 2 /NA FJ > CPY ) — X DRI 92 78 1tk 2k s o

CP-7020 CP-7050

AR E M BEML L BEML L

E) N EERR T O HRICTER
HEREMF . HA4509, &FF10Kg, 1000rpmX10%
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@ Eh oMM
“NART Y CP V) =R, B, TIVAY, K,
FAER) % 10 LTI A LSS Y, IS “CP-7050”
TR TE R BB 2 A LT\ B 72 OB 7 T S
#mLET (Table3),
Table 3 it 25 it 12 A
CP-7020 CP-7050

itk TBHER (%) 2 1
[ifides TEHER (%) 8 1
7L HY) TR (%) 68 1
% TR (%) 100 22
IPA B (%) 6 2
fa#IE  MEK B (%) 100 38
IFL>JYUI—I AHE%) 4 1
NMP TEHER (%) 100 37
A1) RIREETTE [ $1R23°C, 65%RH, HALIE1501C X5%, IRE150 um

)
E2) AR FREAAKRS108CHERDMMEICH TIERRIE
7E3) MHEZKMRER | 40C 1 A > THKIC24B5RRE
) THERMERER | 10%EEEEKIAHIC60°C X3REfERA
JE5) M7V A MERER ¢ 1%KEE(EF M) I LIKERIC80TC X302 iEE
E6) MHAHIMERER | SAEIICER4RERE

@ E2DEMICKHTIEN-BEM

“ONA FT Y CP” ) —RiE, EMICE-TET
DEREIHLSOD, —HNICKHETT AT v 70
L&E, T AT THA AR, ERIEMANOFEE
25 1) T3 (Table4),

Table 4 117 — 75z H R MRS R

CP-7020 CP-7050

HZ X 0 100
SUS304 0 100
TIWIZ T L 0 100
PVC 100 100
PC 100 100
PMMA 100 0

ABS 100 100
6-F1o> 100 100

1) 2RE(ER 0 70CX3098:1E, BBEE10um
E2) BB AEH00MEIC L TEMICTETE L BB E R

@ U Ty ZEBEANDICH

“DNAFRFTCP” V)= RE, A vV b A
Y7 DEAEMIEN, WM AT A7 EHEL TE
NW7EERE A > 7 5 mik, ERIE (% O Ak [ b2 uf
REICL F L7z (Fig. 2)o $72, A 7 0R—F A
HEE2 R SELBOL ) IR TV F % EOER
T4 T=NA T = LTOENTRREIREL F
S

@ Eh =Mk 2 REE

FEIZ “CP-7050" &, ENZWINKGEEEZ R L
To 2070, MEELFEHETICBNTHR) LY
URIEA R OREYE, SRETEe E MR L 9 (Fig. 3)
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Fig. 2 FIRI A * — ¥ Ok kB 4

Fig. 3 CP-7050 i 1 #A14: 5ABsA
1) RIR1ESIAE | 52%23°C, 65%RH, ZALIE150C X5%, BEE150 um
E2) MBS  95%RH, 70C

<WFFEDOEL>

BTG RER) LY VR, A7V
v M Y 7 ZBENRR SN D E®RA T 1 T HE
ST — T4 Y IMEE T R MR Y
L& UBHROILH R B 2 i 2 2 &£ T, W
WZHhF 4 Y IEORER I LT, T AR R E
WMDY A 22 TH|, HAER, B L, WLEVG
PP ICHE B BERETERLIE & L CH LW HE S B AR
WERALTWEwEEz T, T2, hofke
DALY, TIZH LWEREORE D ITo T
ElznweEZFY,

BEWVWEDESE
RIG
RS 5 — R AN SR
FAAN=Ta LERIIN—-T
TEL : 072-268-3751
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Cationic UV Curable Resin “TYFORCE® Exp.FP” Series (R&D sample)
UVHFH L EEMHEE[ 21 7+—X°Exp.FP] ) —X (BEfE&)

TS i 58 AT AR
PR mE, Hh E R

<HENE=>

UV LR R 1X, A&, A AXR—R, \EEE
“EOREBIC XY, BB, RREEER, A V¥, Bk
PR R, EIEHAE R &, F o MRS 4 R
GABIZIRD o T E S, UVEILERIE & LTl
SYUANK, HFF B & k%<“ﬁfgi¢
(Table 1) HTH, MAHKBAMEE L TEETED
HFF N, BREEEZ ST RV OEETTO
KMAALEICEN S, BALIGE /N & Wiz F A~
DEEEON EXPECE LR L0 ME AL TH
D, UVELEE IR O &2 I KT 5 2 & 2] g
AR LTSN TwE T,

Table 1 UVER{LPEB AR O 458

ESED hFFE ST HIE
FtaEITE B ST HIL
EEME/ 7 IRFIHE TIUL—hk
ERRIEE lhgan F5
mE L AW &L
R LI HE P KEW

“UVEREHE T & RISHETT T 2 4514E

L LA, UVAF 4 AN, BEAMERTRF
ALEW, Fx vy AeEl, vz -7k s
W EICRE SN D720, EFTOHBEEI TV & n
)Y P, TET,

WX, UVH T Y EAOHME, B OERE
MTHAHKR) T LE », R & — VBT &
OB LIC LY, UVh T v EAEEIREOHKETOH
HEZ RENICEDL S LI LE L,

<FHARZDIFE>
@ H{Lk
HF A rEAE, —HRNICUVERE LT3 O
HEADNE 1T?‘Z> FUNINVELSERRY, B LN
R LET, S, ChSoEBMEIE~L, UV
FF EAMEIE Y17 4 — A ExpFP” V1 —X
ELT, BAANH~ORERNZ BRI, HLZEEO
BLub394708MEMmEHELE Lz, FEGF
DPEIR%Z Table 212, Wi{LZH 1 A — T % Fig. IR L
9,
(REALIERE ; B Al & L Com T TR Z2HE)
- SRR S AT
BAT>UVIRE— 06 ) &b 34— G
*UVIBET R DR & hEATRETH 5 728D, UV
2V D B FobF [ 1 D3 D3] Rk
R K | A
A5 ) A b > UVIBS > %75
*HEL A,
- UV BG4 7
AT —>UVIRE B ) &b —In#— 45
*HEL A,
##50C (BHIRIEEE) O TRILATH T g
MR TH 5728, MDD T X =T34 7w,

@ TE b

UV F4 Y EAEZ, BRHERAMR G & v ) R
rHELTWE T, BHEDHFEL T LcdEm ks 17
EUVT VAV E DS % Fig. 218 L £ 7,

Table 2 TYFORCE Exp.FP ¥ 1) — X DALF S OVEIK

LS 1528 25CH#iE (mPa-s) 25CHitkE (g/em?)
Exp.FP-1010 w217 RE BRI #97,500 1.1
Exp.FP-2010 EE b2 1T ®mEEIERIE #9450 1.1
Exp.FP-3010 UV+EgE b s 1 7 EEERRAE #9160 1.1
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Fig. 1 TYFORCE Exp.FP ) — XOHfLA * —

*

AT

i)

; #123C, 50%RH
BAE ;5 %950 £ m

UV S ; BRETT 4 L F — 600mJ, cm?(280-320nm)

Fig.2  TALIUHRTE
PRGN
HF S PET7 1 V4 (50 4m)
EAFIE 5 50 4 m
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@ FHLDEIEEIE
“¥ 4 7% —RAExpFP” ) —X %, fHHBE (&
JE, W E) IS X DB LI T 2 H S DY T,
23+2C, 50+ 10%RHDOGHTOMH 2L 3,
“% 47+ —RA ExpFP" ) =X, hF4 T
TOT, UVESHZ X DV EESSEL T, THEHOKE
Z0E, B, MO EEEHIC THER T SV,

<SEOEZE>

4%, UVEALYEREIE @ H#P I, S45555 T
TLIERTHRENTE T, BTH, hF4 VAL, T
AN A AT A, FEHEAEO TV DM
T3 BHhE, ARIAH LR YL g v, HEkRY)
F— N EUVAFF v EA L OESLHAN & Ik
THI LK, BEROUVE FF v EEVER R O
R EREAFINTEAUVE T4V EAN
BB L CwE ¥, SIS X W EERISEZT
T, B, A 2%, BOUHME % EOIRIL VT
- T, hi=—XI#E& L-UVA T4+ v EEME
BIR OFMEATTREE E X T T T,

BREIVWEDEE
RTG
1S58 — HR AT AN ER
FARIN=T g HEETIV-T
TEL: 072-268-3751
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Heat-sensitive Adhesive Tape for Mobile Phone “DAITAC® LT6003W”’
i S A B EnE TE A ##%E & — M DAITAC® LT6003W |

5y 7 HATAED
I #HR, Ik %

<HEAEOEE>

AR, ¥ EREICIE, Ako@EERRIImL, &
WHE, W AT, Tk, GPS, 7xV) hE Kk
LESREATIBIN S L, BB O R E AN ISAT R AT
TEehoTwET, 72, WEREI TS RS
TN EFH 2 BSMEMIHD 0, WHHEFHmEX — 7
—BHIFHEMCAY A v a2 RDOBHABIZLO
XxfloTwEd,

W BEHELBET AT - AL v FHD, LR
DEMPLENTWE T, HER, BHFEEG A HH
ENTWE LD, vy — MREH (BUFF
— Y= M) PHESNEHEICERLLTVET, 20
F—v— OB, EADE—T, £EEOFRIR
WINLTE 2B OMERAE 7 — 70— I H S
NTEFLA (Fig. )o L22L, F—3— MEBITHE
&b, BEWMEINES L, ERkoME T — 7 TIIE
BEUPART S THDL I LMz, FETHRIESNS 2
O, EMMEHTIREIBICLVHET — 7RI
F—DHINLEHREENLL TWE T,

BHE, TNOEHERmREA - - F— T —
MA—=h—D=—=XTH5H [HERL] a1
[fitoh (Rzfg) MEmE ] lc Wb Rn L7, Bugs
¥ — b “DAITACLT6003W” %#Bi%E EmiL % L7z,

< B DYEE>
“DAITAC LT6003W" 135851\ 5 R4
g % EERIWLER L 72PET 7 £ )V L & BERIQLER | 72K

Fig. 1 Application of adhesive tape for mobile phone.
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VIF L7 4 IVATEHMAAALZHERIZR > T FE
T e RIcEEDTET,

Ov — MEXFE N,

OB X ) B AN 25T 5,

QR IFE DT EN S,
OFTBIREMTHEICEN D,

O R TORED B

“DAITAC LT6003W” DHERL % Fig. 212, §¥#1% % Table
HIRLET,

Fig. 2 Construction DAITAC LT6003W.

Table 1 Properties of DAITAC LT6003W

Unit LT6003W
Thickness pum 30
Peel strength at 180° angle N/20mm 25
Holding power h o4 <
(100°C 0.5kg)(JIS Z0237)

@ EENPHEET—TD2ELUE

“DAITAC LT6003W” &, EHEHIK S O5TER
R & el Al L 72 BB s 0 R ) = A 7V s Bz
HHREHH L CwE . Fig. 312 “DAITAC LT6003W”
EWHET - TOWENOREERL T3, “DAITAC
LT6003W” (345 7 — 702 L E o # 3B L
TWE 7, Fig. 420 51%, HBWIKERD 7L A5&MHET
bEwESEIERBTE 2 E0br T3,

F AR OGS OREICL Y, ik
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Fig. 3 Peel strength of DAITAC LT6003W.

Fig. 4 The effect of heat-press temperature for peel strength.

TTORFENRBETHLET IR L, ENHEE
FEHLF L7,

@ RZASICEEL
WHBFOXF— T — M, IBTHEBERES NS 2
O, RIS 0 () 2%k nE 3,
Fig. SIC/R9@ Y, Kixg 7 — 71k b
BAENOKTIIRED ) T8 Ao Fig. 613K ER
BOT—TONBEETYT, BENPKEKTL
ZUUARE T — T, MEAESR I TWE T,
—7, “DAITAC LT6003W” (%, H&#IR 1255 &Z1L
L, BRI E A S 2 LR TS T,

Fig. 5 The influence of oil (squalene).
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Fig. 6 Photograph of tape after oil test.

@/MILPTL

“DAITAC LT6003W” 13, BERIALE L 727 1 )L 4
OFNEETI R F=M & Hd b T 52 & T, BNITHIRE
ML F L7z, Fig. 70 X H IS 7 —
TERA—DOTHRTEZICMLTEET,

Fig. 7 The die cutting process.

@ = ETHRETEE
“DAITAC LT6003W” 1%, ftROEEESH S — D
RIS IAE T, HWRTRETEE 9,

<BRKDEL>

Bi%E Y — b “DAITAC LT6003W” (&, [EHNDHE
WERMGOF — ¥ — MIUIRAWZE, BICEEN G T
S THBY T, HHiwEahOEALITHIG T 6E % HASE
DF —— MM, 4%, BT O RILRAIIRE
ENTHBY, “DAITAC LT6003W” 1L, F—— hiEb
Mo [ERAL] THEE MR L Tl L] (28 me
ELHGCHR D EMELTET,

LAtiE, MEECTRY L2 RET L] ofEEe
VaroT, KMET— T ROBREES Y- FOREEE
L, B% -t - WIRRBE O ae 2 5 I HH L
TEnh 9,

BREIWVWEDLEE

2y JERES
T¥5— TEERS
TEL: 03-5256-3221
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Degassing Module for Ink Jet Printer “SEPAREL® EF-MICRO” Series
A9 yR T 2—mAITEEREY 2— IV [ SEPAREL® EF-MICRO] ) —X

AT L AR
'R O, B B

<AROE=E>

REY 2= i, PEREZAL T, I
HFHET 2 HEAGME, [ESEO5KcRET L7200
BT, AL LTI, K45 —K»5 0
FEs, BAKEE TR CORBEE - Bk - ek
HhEDOBR, Vv MMy I2h—=1r1) v I~NDA
YO FREROA 27 ORS - Biak EBH ) £,
ZFNHOHT, EEFEPIERAL TV HENY
v MY I PLOHATY,
A7y Sy =T34 > 7 FOBIEA
ANy PO RS OB IC&@b L, Fo%iah
JER TH U 2 EIFkT 72 E OEIRIA B34 2 [
BN T, TOMPHELLT, 17 2
FTHZENHERT, H— by IO vy TR
WA EAT O HEF BRIV TWEF,
L2, fEROHRIEPS AL 7 Pz v M
~NEHIR AT O st &b, EERTA 7+ —<
vy M)y =TI L) EEE - mabako s,
BiaA > 72 FW LA — ) v VEMEHLEEY
TEREBREI o TIE R, I DOMEERIC
LZHIENTERL N E L, 22T, #EiH
B - Bms A v 7 2 TE 2V AT 4%
TNy —BERICERT A LR ) F L,
Ty =R L2 Y 2 — VIR E RS MK
S D/NHITH D 2 EHFLEGETH Y, HERHD
FEITRMHTELRVZ RS, T V& —HHH
INEURIEHE Y 2 — VOB EIT VW L7,

DRI, 70 v —#HIcE L7z, N REHE
¥ A4 TOBEEY 2 — )V “SEPAREL EF-MICRO” ¥
)= X%z LET (Fig. Do

Fig. 1 JiREY 2 —)VEH
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<BEEDEHE>

REGE, A7V b7 vy =
12, MERE, RE SR mE b L2 EfEoR% 5
3HHOH “EF-MICRO”, “EF-G2”, “EF-G3” 2%
HDFET, LFICERFHERLE T,

@ /AL

Table LZABG EEREY 2 — VDK EZ/RL £
T o BERML & L T “EF-MICRO” 11/10, “EF-G2”
131/5, “EF-G3” X120k & & (RFELE) 12/ L &
NTVwEF, TNICLY, BN E R A=A
WCHHT ALV ==X e TEE T,

Table | £ 2 — L~):

REE | EVa-VEE | EREREE
[m?] [mL] [mL/min]
EF-MICRO 0.018 35 0.5~10
EF-G2 0.06 70 1.0~60
EF-G3 0.2 200 5~300
fiEk & (PF-001D) 0.4 410 5~1000

@ =i 4 i SUMERE

Fig. 2ICARB B EERE T 2=V DOUVA ¥ 76D
B EREZ R L 3, ZBHAMRIE TR TET S
ENTE, PBRENEHVIEZEWREIRVW EX2RL
9,

AR =(1- (JLE/KDOAE/E KDOME) )X 100

% DO = #HArEEHR

A vy OME KRA V2, UVA > 27, EHEIRA
Y7) BT v —OMICEY, KOS
SAMERBEEREZLZD F7, BAFREM=E L HEEIZLD
ZAEL £ 30T, BEEREERGEOMAEDE
T, WAWEREFETOBBAMEICLTYET,

@ KEHEK

Fig. 312K EERTEY 2 — VOFEEEEZRL
F9, MERMEET S L “EE-MICRO” Tl31/312,
“EF-G2”, “EF-G3” 2BV TIZ1/10LLFOENIEEIC
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Fig.2 WA MERE S 7 7

Fig.3 JERE 77 7

Lo TWAbI DG ET,

CHUTE Y 2 — )Vl & R DR LR RE T
FHRCERL, BFIZEDBRPFEC DN E & 245
KEZHRT A LICEIDEB LT L,

@ 5D

BV 2= VI LT A2 rid L E o h
2R THY, Fig. 4R THEZ LTWES, KMEIZ
AXUBEELTBY, 1 v 7 EORAENOK
WO B D BRI Z 5,

F7o, AMRER AN ERHLZZEICKY, HE
WD RIS AEFTIBUIC R ) T, FRAPEERE
TOA 7 DT VLEBi &, Bkl zr ZeE S5
LEZONET, UVA Y7 TE6»H, KiEA 2
TiE122 H £ TEffHTRE TS, Bl & L TFig. 512
UV A > 7 AR O A E 0 b2 R L 9,
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Fig. 4 2ttrpzek O

Fig. 5 Bl ERE DAERFAAL

MHOMREETIZR ST $27, 1200 UREIEL
ELHAEREYRLTVWET, 7, REBKOE
Va— VICHEL SRS NFRATL,

<FIRKDEZLE>

A mlfAS L 7o B/ANVERIERR S 4 7ORAE Y 2 —
WL, THRFETICR WL — 7 BN % E o 785
TV BEMA Y7V 2y V7)) v 7 —OEMKE
DHEL NI ONMHET A T LI ) 20H Y, FHEL
KW ENT T, UHid, 4HOFEEIIHIG L
7RI ORE. 2 O TITE E 9,
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