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Development of a Quantitative Analysis Method
for Unreacted Boric Acid in Polarizing Plates

Sumitomo Chemical Co., Ltd.

IT-Related Chemicals Research Laboratory
Seiya Kunimasa
Makoto Tasak1
Hiromi YAMADA
Shinji MormMOTO

Basic Chemicals Research Laboratory
Manabu Togal

In June 2010, the European Chemicals Agency (ECHA) added boric acid to the candidate list of SVHCs (sub-
stances of very high concern) under the Registration, Evaluation, Authorization and Restriction of Chemicals
(REACH) Regulation. In polarizing plates, only unreacted (free) boric acid which is not bound to PVA is considered

to be an SVHC.

We developed a quantitative analytical method for unreacted (free) boric acid remaining in polarizing plates.

Unreacted boric acid can be extracted selectively from polarizing plates with 2-ethyl-1,3-hexanediol / chloroform,

and analyzed by ICP-AES.

L BHIC

1. EXREE
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Polarizing plates

BGEEEM  1L.CD panel and polarizing plates

FRAEFE 2012

Protective film
Polarizer \

Polyvinyl alcohol (PVA) o
+Polylodide Polarizing plate

BEE®A  Polarizer and polarizing plates

(Fig. 1) V. e OBRE I W2 > 7 1 L 4
WXT) ITk->THBEhs, WL TUL TV
FEBRELTHWAERY =L 7)La—)L (PVA)
T AN LBELHS6N TS (Fig. 2).

Rt &3, MRV TR A L 72 GRS — it
a7 4 L LAOHRTEIAT S Z &2k D, i
Jm7EGONAWINT 168 (Z6aM) 4H452L
T»% (Fig.3,4).
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Dyeing Extension
E>”1%§‘ E$ |‘M|”|
PVA film PVA film | | |
Polylodide | | | |

Polarizer

BN The production method of polarizer

‘
)
’H

§

il

Il
BEFT  Dichroism of polarizer

ZOT@GHEE O T 4L 2 BB A F O R %
WL AR DHLES Z LT, BRI ABLRESIC
&> TON,OFFC& %Y v v 4 —DEHERET I L
MHREL 7 5. Fig. 513, TN (Twisted Nematic) %10
W/ SAIL DI Th 5, Wi S D LT iiz2K
D AR % WAl A3 B3 F7 1A & 25 % Bl TG D &bt
22 &Sk, WEASEIEICERIZIEA ZREE (BX
f550N) DLEIZNEAEE S, Wah A = K
1290° AN TCIEAZIKEE (XS5 OFF) DHAITL
MWEMT S, k. FEMIIHIROWE S 71 % Xy I
ANLTIRD ., RO ST ORMOT AN §
5, kGO T —T 4 & —EOWSITEXS 5
OFFDIRIEIZH 1, Wik 73 T 7390° AU ThLi§ 5 2
& TR A BT A6 8900 |lEs () T 5720,
Wk S AL ENIER T D ENTEIMTE#HEKLT
W5,

Polarizer

I c) —
Fm Em =

p— @ Liquidcrystal
W= o
@
e Glass |

71711

Backlight unit

BEEE 10D panel (TN mode)

@ Polarizing
plate (CF-side)

@ Polarizing
plate (TFT-side)
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3-Bridge

2-Bridge

Unreacted
Boric Acid

2-Bridge

O =Polylodide

[EZEIEN The reaction of polarizer with boric acid

X T, ERLER TS T 5 ERPVARIEHR T,
2 FYE L 72PVAT 4 L A % ok v BRYA e O ITZEAGE
L L TG X B2 O T & LTHW SR T
BO., KEBEE LD WA EZR EXETW3
(Scheme 1), & 512, Wi T & 2 Wt T OFEMHRE
L5720, MEICIRET 4 LAY b hT
W3, OF0, kI v RERVEEEASHETSPVA
T AL LD DIRE T 4 L LADRNZAE D &b 5=
RGNS Z e TE S (Fig. 2).

2. RARICEAE T BFIEEM D & 2 HRRFIEE
7 ER)

201046 H IZECHA (European Chemicals Agency)
12k DA TEE (CAS No. 10043—35—3, 11113—50—1)
MNEUMDREACH (Registration, Evaluation, Authoriza-
tion and Restriction of Chemicals) A0 &% &'
(SVHC : Substances of Very High Concern) Dl
BiiEashl, ZOMHENCKD, RUGEFOR T
TRIE230.1% %8 4 256 1 ISR O B A5,
& HIZEMAEE B A 5 SVHCAE L # EUIC
Bt LT3R moRHELRET 5L, &
HEIZHDE 2RI REE & 5B NAHTE 2,

22T, BRONREEDDFRKIGDRTE, D
FOB(OH)s& LTHET 28D TH D, PVADK
BILEEE L AB AT BRIINENTH D (SR
f#) . ZD&D hkEED» S 20RO K T AEXHI L,
MEDAEIEMEICEET 2 FESRBEE > TE 2D
Thbd

XTC, KT8, Ty FHRPVAREHIE A 7
IZK BB i X TV B H, ZOEGETRICE
WTC, BB OPEFTIZ & A RIS & 7 BRI
FETETWDBEEZIOND, L2rLEBRLHKEBT S &
N, I E TN RARIED R T BE L &5
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&9 2 LIRREES AR 3 X Tk o a2 NI L 72
0 AT O MIFEARTLEE T ARG & 7 1 & PVAZ RS §
B, IEMEC S 2SS ThE Ticht
WP DORKISF Y BREEER TSI X TE AR -72,

(AR

ECHA : RRINMLZEST

REACH : BRI Hst) BILEME DS - 5
HIRR %17 5 HlE

%
=3
g‘\m
(=21
g

3. BB LUHRBE

Z D &S IZF Y BBIZREACHD RIS & 7 5 7278,
Tl AR O I 25 B & & ST T & 2 ER R ORI T
T, AEY) 2 o Ml ARl % 9206 L CHREO S
HEBEEZOMHERPOLE DL ETIRNDEDH 5 72,
FRENIH U TIEL LSBT 5720128 kb ok
RIS 7 B D IERE 2 G ik # R 5 2 & B8
Lot Sl A IZZOERIZISZ T, BIEMRE
DOFER, ZOHBNZAKL b o RIS+ 7 %
Dok T L 7=,

BARBIZIE, et & sk Uik k4% 2
e, KRIBHTBOAEFL — MET 2L EH
WeF L — MliEE T2 2 LT EERKEDR
HAR 2 & RIS T BOAEMMI L, RS &M
WEeE o7z, UN. WMRONEEFHICHRE T %,

H3BO3({powder)

Boric acid (powder)

PVAFilm
Polarizer (film)

40 30 20 10

AP ORISR IR ITEDREFE

DRSS

AU ROERZOFE L, @FEE. @UB-NMR
BELZLI PRGN TNBD, ZoN, L HMIZE
MU 72 HEEBERNL TS OISR HEELKRA v b &
%5 72Di%, PVALZHE L 724 w7 i34 < e 3,
KRIBHTBOAEERTHIENTELRTH S,

1. Ef{F"'B-NMRAITE

BRE AR R E RIS Y & BT TXAITE S
AIREVED & B [EIANMRA MG U7z, [ERD & 7 [ & ffi
YT BHEERYE) OUB-NMRZ~XZ ML%Fig. 61571
T, MHIZEEHEEOO, MUY 7 MiEIZTo—
Ry 7 FhbhoTnb20, KL TERTSZ
LI E VI L 72, E2, X TIVIRREIZL
= F OB & VN MRIERR L ZHE % F15TH 5 HR-MAS
BEMET L7722, 7u— Ry F L LrBohdim
O O E B IR HE & W L 722 (Fig. 7)o

— T, FERNMRIZ & 2 3 7 38R CHR ORE & A
FEBITOI TR, &7 ROGHREIRRERAT L PVAD
Bl 2 & PEERE I B EN D BRI S T
WY, [EIRNMROEREEL, S aeibid® L <t
ATNOBDT, Sk, BEIARNMRIENIZ X 3 [EAIRET
DARIBA 7 B L 72090,

Varian NMR System PS400WB
® 9.4T(400MHz)
* AmmgSolid State
¢ 11B(OBNUC)
e MAS (kHz) 0,5, 16*
e Single Pulse
® 2to 2048 SCANS
* Solution: 0OkHz, Gel: 5kHz,
Film or Solid: 16kHz

-10 ppm

-10 ppm

BEEME  Solid state 'B-NMR spectrum of boric acid and polarizer

Boric acid DMSO solution (4.8mg/mL)
Boric acid / DMSO (solution)

“ A

Varian NMR System PS400WB
® 9.4T (400MHz)
* 4mm¢Solid State
¢ 11B (OBNUC)
et e MAS (kHz) 0,5, 16*

.
40 30 20 10

e

m—— e T
DMSO: Dimethylsulfoxide

PVA DMSO GEL
Broad peak
Polarizer / DMSO (gel) / g /‘\ road peal
T

e —

-10 ppm e Single Pulse
® 2~2048 (POINT)
* Solution: 0kHz, Gel: 5kHz,
Film or Solid: 16kHz

-10 ppm

HB-NMR spectrum of boric acid (solution) and polarizer (gel)

FRAEFE 2012
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2. B&""B-NMRAIE

T (PVA+R Y RAUHE) 726 KRGt & O A
it U, T % 720 OWEEMET & 1T > 72, PVAD
5B B R T X 5 K5 ICNMRIIEIZ X 5 i &
Meat %17 - 7=,

22 2 —EIZPVAIRYE T & 1emAFEEIZ81 0 53
F7280 (F10mg) #Ah. SFEOHEAEL0.7mLIZR
LT, 2HMHRHE L 22 %121 HER 7 ONMRJIE %47 -
7z (Table1), HEATIEEEICK S FHRYRERHT
B2 ENTE, —HHEMTHBPVAIZDNTIZSCT
B XN 572 DDOEBEETEIME LR S B
e s, K EOBLNE L PVADIERNE £ 6
NBZ Lo, REELAMELZEZ A, FiRTIE

Solvent and solubility

Polarizer (10mm x 10mm, 10mg)

————1 Solvent (0.7mL)

IH-NMR HB-NMR PVA in Solvent

Solvent  Temp- " pyn) (Boricacid)  (Polarizen)
D20 rt Detected Detected Swelling
Not No

D20 5°C Detected

detected change
CDCIs
DMSO-ds, ” Not Not No
Acetone-ds, detected detected change
Methanol-d4

Red: Dissolved (80°C, 1h)

Boric acid

|
Dissolved —_ w
ss&%
/\

,/’””//KKN“\\\
) //_A

BEEEEE 'B-NMR spectrum of boric acid (D20
solution)

30

Red: Dissolved (80°C, 1h)

. PVA

, 1

Dissolved ~f——— ‘— L AN
66h | LA

24h L
L

LA
L
atrt L
L
Lk
L
L
Lh
LA I
Oh LA l LA i ol

hhhthh}:rl
[

5.0 4.0 3.0 2.0 1.0 0.0

BEEEN 'H-NMR spectrum of polarizer (Dz0)

100

(d(CIﬂ ¢
) Dissolved (80°C, 1
~ 80+t ’
1 & Boric acid and PVA
§ 60 I 1B-NMR (rt) Boric acid
=] *
S 40t
¥ = ¢
D20 N 2l IH-NMR (1) PVA
4
/@ .’0’ e
Polarizer f A A A
0 10 20 30 40 50 60 70
NMR tube Time (hr)

IEEELN Correlation of an elution rate and time

AUBOEH AT (Fig. 8) DIZIH/RPVADVERAE
W (Fig. 9) Z &EAHML 7=,

DLEOKER 2 & . HiABIC K& #F$ 5 & PVA
DIFFIAE TII R VABEREL’RZ 0, W25
ATBNENT S Z &R TE 2 (Fig. 10), -
T, PVA— R 7 BEAHAAE U 2 WA 2 O RIS
AR X B 3B EA D B L H L 72,

3. XL — MhaEEO®KRE

R A R 2 & CRIEA ARG & <
sz L NI ERE, AT AT ILEE
VEL: ey AN R AR S WARY-7 2 =R Nl (= o (AR <o)
HEARCER R T B ANEE LTRLSAMON TN AED,
U2 L2 6 i AL S MIBRTALEE 417 5 D A A%
MTH . RS ROGE . NPT
Scheme 2D & S IZRIKIED 7k 7 i & O LG 5 A 5t
Dz eEnTHINS,

—Ji. DR @A E LTINS 2 2 & < E
WO R TF L — MMl 4 500 Bk S F 4 M
XN TWBH, AHOD G DFATO R O
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TH Y. ERPORKIE T 7 1% A A3 &

0
Q . %0 T RIS 5 72, DT, 2% L — LM
B-0O 3-Bridge / . B
d 0 O IEARZANDISH % ik 72
H HO
0 Heating 0 on )
5 eridee ) B (1) JEARAhLO R
d H . ; o f’ RO ELEIEKR LTy uahL ANTELT 2 2
B(OH): nreacte HO~ e s
(§H E Boric Acid p BHO MTEA2UMT7NLIT—=LD2-TFI)N-13-~NFH Ut —
0 0 NEFL— ML LTt G 217 5722 (Scheme 3.
O\Ié 2-Bridge 0\/é Table 2) .
Hﬁ{ 1O UB.NMROMEN S, k3 & 24l 7L 7 — L h3§iR

RUZZF L — MEAIZ, PVAL R OB AL oy
00 RIL ATERRIS A Y R LTI T & 53 Z &
R T& /2, —HF TCNMRTOKR Y EM TIHRE R E
ThO. FEEEERORIAR D2 53 & <

W92 HLEERETT 20D 5 Z &Nl Sz
Chloroform (Fig. 11),
B(OH)3+ \@/ +3H20
Room N
acid

EIEI  The reaction of PVA with boric acid

free boric OH Temperature (2) BHASPIFEL
boron complex — BRI O [ AGOR & VA R & IR D
FethybLFhexanedil HAI ) M 5 = & LIRIEC 5 B, 0K 12
ESEEE] The reaction of boric acid with L CEMAMEZ KELS UTH S 5 k08— kT
2-ethyl-1,3-hexanediol B 50, OB E . B X 259596 KB O 2%
W & ARG RIS 2 & B e ic X 230 0 E %
ERTLNERD B,

Z ZCEORE R L 720, HASHFC KDk

Solubility of boric acid
TALT B2 L& L7z MR A4 XI2OWTE, H5y

Sample Solvent Temp. 11({PI;I]11:/§R (};ﬁggﬁi) T OKEMER Sy 2 3l $ 5 ke LTRIG T\
Boric acid Not Not L EDOE ) T 71— 2% — ADHNELEE S E L L
(powder) Dl " detected  detected 720 BLFOTFMETHIARDOBEIA Z BT 5 Z £12 &
Boric acid CDCl3 + " Not Detected 0. RS ISEOE R TE DR TV A AH
(powder) 2-ethyl-1,3-hexanediol detected clecte Beohs#Ez (Flg. 12).

Boric Acid-CDCI3/CDCI3/RT/VbolDDOT

Boric acid/CDCl3 ‘//\‘ Not detected
PPM

30 100 120 140 160
Boric Aci c—CDCIE-*-a C[:IC|3 ‘RT/ \'DMDDUG

Boric acid/CDCl3
+ 2-ethyl-1,3-hexanediol / Detected
PPM

WWWWWTWWWTWWWWW
80 60 -100 -120 -140 -160
PVA—CDC | 3+a/CDC 1 3,/RT wmmoos

Polarizer/CDCI3 (rt,53h)
+ 2-ethy1.1,3-hexanedio1//\ Not detected

T T T T T T T T T T T T T T T T T T T T T T T T PPNII
80 60 40 20 0 250 40 60 80 100 120 140 160
PVA—CDC13,/CDCI3,/RT/Vbo10005

Polarizer/CDCl3 (n,SShL/\ Not detected
ot detecte
PPM

B Lea AL e R LA A el e LLE L L a T LRt AR L e LA LR LR DA AN LA LAy O e LR T e TR I IR R A G i)
80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160

IEFEEN  'B-NMR spectrum of extraction solution
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Polarizing plate Container

[Cut] Under dry nitrogen : 2—5mm?
[Freezing]  Under liquid nitrogen : 7min.

_'—> '

| Under dry N2 [~!

'
'

‘—P.

'

'

'

'

Room temp.

[Powdering] Vibration : 5—10min. => Particle size 1-100pm

IEEEEE  The preparation method of fine powder

Particle relative amount (%)
Z

Particle size (um)

IEFEEN  Particle size of fine powder derived from a
polarizer

TR T & BSRHE U 72 BE DR 7 4 5l % Fig.
1818 L7z, BT 70— A% —LDHRTH 560~
804 w2 (§9400~300pm) LI TR 1494 XDk}
R RN TED ., KRISHYBOF L — Mo
MEtE L TR WEE L 6N B,

[LFE T )

o W AR AR ST TG 2 2~5mmf
IZEWT L. BIEERRICANS

W ARER TR AL THS ¢S

By W BRERETE~ 100 R 2 TRt B

O MU NEEATZAFHROEEFRRETEE L
Rkt & BG4 %

1ELIERE Amount of unreacted boric acid in polarizer

L - 0
0.01 0.5 0.1 05 1 5 10 50 100 500 1000

(3) fWIHD 5 HE

2-TFI)-13-ANFH ¥ D — iz K BiHEE. T
HIDARIG & 7 e % IR 7 v a v L Rgi
TEBHZ NS, AUREEETIUIAYBIRTEIZ X
DARIBH O BEERTHIENTE S,

AR DORKIEF T BAUETH > 725ETEE
RERHTEDLZ N6, FTROEFRMMEE LT
ICP-HENMELZRBINT A2 L (BERH: Ao K
FEHEWE, i R 1pg/g (1ppm)) .

O HASEIEO BB

HREEHIZ K O R 71b 4 2 RO RN A D 5,
Z T TR R MR AL h OWE DB % ffE R4 %
7eDIZ, RAFH K TOHFFAEHHECHM T DK AT
BEETO, AYBERMOEAT>72, 22T
et &k 0 & RAKOWEEZTIRTVWEELI LIS
e &2k LT, EBEIT- 7,

Table 317938 D . FIAARHIKR KR S Rl &
ANTEELTE ., ki 1k L 725l &2 KR T
B, WAL Ty, R RE R T O
3B BRI ED S 25 h 572, BRI L 72308
ORI & OBEZEIZ & B 7 BBOTA N & Ui hy
Mg 23 Z &idah o7z, HAEBEARO KR IC KL
ZEBESMERL 278, Bk 1% 2R E R
(BRR EHETE) $5BDD. ZOMH%IFRE LTI R
& I A MEANI R S h s b o 7z,

Freeze Po.vx.zdering Extract condition B content (ICP-AES) B content Measured [B(OH)3]
(Condition) (ng/g) (wt%) )
Freeze Powdering Under Air
1 . 8 0.04 0.2
(Under Air) 24 h, atrt
Freeze Powdering Under Dry N2
2 7 0.03 0.2
(Under Dry N2) 24 h, atrt
Freeze Powdering Under Air
3 8 0.04 0.2
(Under Dry N2) 24 h, atrt

ICP-AES: Inductively Coupled Plasma-Atomic Emission Spectrometry

Extract solution: 2-ethyl-1,3-hexanediol/chloroform (10/90 v/v)

32
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BUEORIRA 5. BHERFC & > CROBTL L 7=
FEAOIIE WL T LN & < Bkt
WA A 4 BT RIS S B L > B R
W EH A BN,

@ & EBRINIEE

R A G E HOTHIRPVAB AR IZ R o BB ERML 7=
BB A T, 2 o asku A —ICPRIE i D
WMV A RREE L 72, PVAICSK L T0.2% ~2% % & 0D
RYERARMNU TERSH L AER, RR0mE0 O
kB EODORIEBIENE SN (Tabled), —
EOEE TR E L & - 72 HIZPVAK A 2 2 1
TR ARG 5 Z & T O 7 a v kL L2030
B, AT ORYBIRENEL Koz EEZ 6
n5. k. e & ik UTIRPVAR R IZ 27 v
TR ADEINENZ < . P CRAEREE 25 2
ENER ENT NS,

1SS Amount of boric acid in PVA powder

AP ORISR IR ITEDREFE

® ISR D IR

FEEORNT. Iz DN TRKIG v BT &
&7 - 72 (Table 5) . HIEHI1DPolarizer 11,
E 20D Polarizer 212 Fo R THEGERFZ 55 TR 7 R 2UG
WIRH% D& L 22T Th D, KRBT 7
BHOBENDR G TE TS, X 5IZPolarizer 2T
U 7=fi et OBIE IS IR & OReE 7 1 L 2 DKL
PORR L TRYLEEIETH > 72,

PLEDORERN S, 22T F )13 FH O —L 2
T uRIL AR E T L — PFlE L THOWEARKEIZE S
T REARIZERATE L T B R IKIBD R 7 i % L8
BN TETWBLEELIONS,

@ FORAIALEE D Z 24V PR

Table 5 & [fi] U Polarizer 1% HI\V 2T, HAERM ORI I
ORI BIEORE QT F 13~ FH VA -/
sauRL LR ERE D) #1T->7: (Table 6),

Amount of Boric Weighing Value B Content (ICP-AES) B Content Boric Acid Addition Recovery Rate
acid addition (mg) (ng/g) (Wt%) (Wt%) %)

PVA: 514.0

1 0.2% L 54 0.052 0.29 140
Boric acid: 1.1
PVA: 515.3

2 1.0% L. 240 0.231 1.30 130
Boric acid: 5.0
PVA: 506.5

3 2.0% L. 500 0.489 2.75 140
Boric acid: 10.0

1SN Amount of unreacted boric acid in polarizer
Measurement 1 Measurement 2 Measurement 3
Sample* Polarizer 1 Polarizer 2 Polarizing plate
Pre-cut lcm square 2-5mm square

Freeze powdering Freeze powdered

Freeze powdered Freeze powdered

Extract solution

2-ethyl-1,3-hexanediol / chloroform (10/90 v/v)

Extract condition 24 h, atrt
Measured [B(OH)3] 0.2wt%

24 h, atrt
0.37wt%

24 h, atrt
0.054wt%

* Polarizer 1 was rinsed with water more strongly than Polarizer 2.

Polarizing plate consists of the three layer of Protective film A / Polarizer 2 / Protective film B.

1LY Amount of unreacted boric acid in polarizer

Measurement 4 Measurement 5 Measurement 6
Sample Polarizer 1 Polarizer 1 Polarizer 1
Pre-cut 2mm square

Non Freeze powdered
2-ethyl-1, 3-hexanediol/chloroform (10/90 v/v)
168 h, at rt
<0.01wt%

Freeze powdering
Extract solution
Extract condition
Measured [B(OH)3]

Non Freeze powdered Non Freeze powdered

D20

168 h, at rt
8.7wt%

1h, at 80°C
22wt

FRAEFE 2012
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RARP DORRIE K IR EDRFE

BRI K DR T1b Lo nikRHZ AR A
BB EE T TERIIL R U EE 7 v a kL AfE
IHi %5 Z 3ok 52, E2AKTHIM L2
B BIRTEIRA ICHZRME U ORISR o BaEH L
TL B Z LRSI N7z,

P EORER & b O KE & o ik & i %
12, HAEE P K AR T b & 2- T F L1, 3 A F Y v
VA= s aa kv AR & B IEACR RO
AEDHENMETH S Z EHHHL 7=,

TED

FIRER & HFAFE U 22 ek th O A S & 7 RSk
DOBEHERELITIZE &7, AoHikiE, KRRz
D& Z TR T WA 5 i H 2 DM & FF T
KRB A 7 1R 2 BRI HIE T E 2 0ETH D |
REACHMHI ORI 2 FWr 4~ 2 OISR D EIE T H
%o Fzo APk mEAICIR S § T ea s
WEIA < TWEIET & 2701k TH 29,

O Xt (I XORHT) IARERISL T, FHEL
TWARYELWHITAH L TLE S =20, JEKR
DIMTERBETH - 7=,

@ MWk TAL L 22 f@RiE L e, D s aa kL A1
ANETH > 72,

® P ORKIE R Y RKIZ2-TFIL-13ANFH D
d—)L /S rauarib s (10/90) VAR CREIRMIZY
O oL ARG ISR X, ICP-RE N Tl
EAEETH > 72,

@ KRIBFTHBOFL — MIHIZERTHRILK
JGAHETT L 720

BHUIC

WS OBHTERORBIZAR L. XD ERETH
IRRE S REE AR 2 LT - BRI N T, Hillk
RTRUERG A O Pk a E oL 3 <. k0 &l
SRR E ST L 720 . RIBFRHK T [Z208]
BIRPUBETH 5720, B D WIXIEREE TR %
58 E. INETREETD - 720 b 3 il g &
Ko TETCNS, INHmBiiz i, HEARET
3283, oL LTy TR TR L, B
BRFER b T TIRPANDERRIZ & ZIRA K Z 0,

34

— T, B OISR XN T X 2R by
iR duE Rk, R AR e BBl & Ny i
R & 25 o 720kl & —8— 4 T3 o hik g dT
B0, WIS DY TRl xRt 4 5 2
& TR IS B W CEHEBE AR E 2 R 723 Z &k
LEZIOLND,

LR ORI ORIIE F 7 Bk Tk, Ao
R AR Y B FETH 5 F L — Mk 72 ohiitdh
b b &5 720 OIS L & Lo b
AWAL TS, HUZERE 5 HrsaE 72 0 Tl 4
BT ENHELOEMETH D ARE KR TR g
2B B RICH L Tid, ek A et
X AEILBERY Y ) VI NEETH B LU 7,

St% S N OFAE - MAL L LISV Y
Y OB OERE OO 720,

REziN

. AWFEOBFIZ2011F-12 H 124 )2 TR &
N7z [E BE5 2 OIDW "11 (The 18th International Dis-
play Workshops 2011) T¥% & 41, IDW Outstanding
Poster Paper Award %52 H L 7=,
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