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Abstract: We have investigated the transmittance change of a poly(vinyl alcohol) (PVA)-iodine polarizer to observe the
stability change of PVA-iodine complexes due to moisture absorption. The polarizer dipped in the water showed trans-
mittance difference because of the stability difference between PVA - iodine complexes. The transmittance at 380, 480
and 620 nm bands increased only by 0.005, 0.017 and 0.023%, respectively but that of 410 and 525 nm bands increased
up to 0.27 and 0.05%, respectively. The transmittance of longer than 680 nm increased drastically from the beginning
of moisture absorption and the wavelength of the drastic transmittance rise shifted to shorter wavelength region with
moisture absorption time. To find a reason for the stability difference of the PVA-iodine complexes, the chemical change
of PVA film and the transmittance change of dried polarizer were observed after moisture absorption.
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Table 1. Basic Properties of the PVA Film Used in This Work

Contents Unit Avg. Std.
Transparency % 91.1 0.08
Avg. thickness pum 73.6 0.43
Tensile strength (MD) MPa 88.9 1.89
Tensile strength (TD) MPa 99.1 1.6
Softening temperature °C 67.2 0.14
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Figure 1. Chemical structures of TDI (toluene/tolylene diisocya-
nate), TMP (trimethylolpropane) and their adduct.

x25 ¢cm©] 3, normal type?] TACE X% HFOZ ARE3H H
A2k (non-adhesive)d T3 dEo|th. Hd 28] 99.99% ©]
dolm, AA FAIE 190 um=z, 222] 80 um F712] TAC
E(Kodak, Japan)} 152] 30 um 7|2 PVA Z&(Kuraray,
Japan) & PVA A o2 =0 AT} 7} F5 =
Aol AREE MS-5162 7] 4 cmx4 cm% e ARS8

PVAE Kuraray Co., LTD(Japan)oll Xl 73t ARE-3131T).
PVAS] 7}r8tes 99.9% oldelaL, 3+t BAFFS 2400,
Ao} BEE7] A FAE 73.6+0.43 pme]th. FE3 PVA
52 J7He] F7F B85 Fsh] 98l 5 51F 2ol
2ol ©@ F 2447 FF &2/3%57](SMK COSMO
model TRC 07-01, Korea)llX] 294.15+1 K, RH 55%2] 3l
2 Ax" 5 ARHAT gol257(deionized water) A
o] i TS 104%01 3L /3571004 71x2H PVAS
T ES 10.5%01tE. PVAS] 713 &/3< Table 13} 72t}

Tolylene diisocyanate(TDI)/trimethylolpropane(TMP) 2§
E-2 Soken Chemicals and Engineering Co., Ltd.(Japan)*i|A]
T Ete] ARSI o H, TDUTMPS] & H]&9] 3:12 og
oFAE| o] E(ethyl acetate)2] -8 AE]Z TDI/TMP:EA =
45:55 T vlgolt). ol F7F FA| glo] ARSE
T} TDI, TMP % TDI/TMP®] 77} A8 = 9] stettx=
Figure 10 WFERAITE.

Digital Photography and Optical Profiler. MS-516<
294.15+1 K9] ol 25| 3A7F &<t 4 &, 2¥d Bk
(cleaning towe)E =715 A7 staL, 342/3 %5 HH(SMK
COSMO model TRC 07-01, Korea)oll 4] &% 294.15+1 K,
F% RH 55%°lA1 3A17F &<t AZ238HATH3 h MS-516).
23 3h MS-516% HA oA W eto] E -3 (Epitlight 4.5
inch, Korea) 9o 22 ¥ tix€ 72} (Canon Ixus 700,
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UV-Vis Spectrometer. MS-5162 294.15+1 K¢ &-o] &
ol 0, 0.5, 1, 1.5, 2, 2.5, 327+ 5t 72 4 &, 294
B2 5718 AASI, &2/385 W (SMK COSMO
model TRC 07-01, Korea)o| 4] 2= 294.15+1 K, &= RH
55%14 3ARE 5<% xS 0h MS-516, 0.5h MS-
516, 1h MS-516, 1.5h MS-516, 2h MS-516, 2.5h MS-
516, 3h MS-516). Ztz+2] MS-5162] 7HA34 g o]
3} = (single transmittance, T)= w3 7 =Al(Jasco V550,
Japan)S AFE-3te] A3, HE T3 (parallel trans-
mittance, 7},), 22 S} (crossed transmittance, 7,) % A%
G &(polarization efficiency, PEy= -8 7J%=A|(Jasco V7100,
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3.39x10*mol ¥ 9.33x10*mol TDI/TMP &0l @23 A
20X 5 B Ao = F, F2/3%E M (SMK COSMO
model TRC 07-01, Korea)| A 2% 294.15¢1 K, &%
55%°114 24A17F 59t Ax3ITh o] %% 3.39x10%* mol
9 9.33x10*mol TDI/TMP & ol ¢-# & ¥ ¥ 7}7}9]
PVA ZEL 294151 Ko &-0] 25 5% 5 34 &,
224 B2 718 AAL, F2/35F WH(SMK
COSMO model TRC 07-01, Korea)oll ] &% 294.15+1 K,
FE RH 55%°14] 24717 &<t Ax3T) o] B552] 4
A FEEE Hod B5g sF=A(Jasco 450, Japan)E ARE-
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Foll 120% &< A 5, F949 B2 718 AAA,
AZ AZHS 124 10202 F71ePaA, Z9M F3es
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SEM. 7}7}e] A|H9] sheh &S AL AAFAR7E (SEM,
Hitachi 800SU, Japanys AR&-sted #zbsiict, sbehHS =
oz TPl AADE & F 50kve] 71 A T
ol oujA & =4agct.
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MS-5162 294.15+1 K&] Hol2rl 1202 &<t 34 £,
g B 2718 AAsaL, SA FAW)E SH5L, &
/&5 AHAA A AZES 1EelA 1082 F7hshd
A, FAW)E S8t FA Hsk= A (3) 2ol ALt
HAct?

g

. W—Wy
Weight change(%) = T 100 3)
d

PVAS| £2 &0f 2I8t PVA-lodine S&IE2| UV-Vis
PAOM FRE HEL i S0l e g 289
= HW3tE #Fs7] 98] 3h MS-5169] HAE o|nA &
Figure 2(a)°ll YeRH AT}

3h MS-516= 52 S35k, 7H113841
ddehs 80 EJAE & gt A E7t Wl PVA
o] 214 wlsF Wt WAl F2= 2}o](transmittance
difference)’} -2 FRIEIATE o] A 8 0= EFAE9]
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Figure 2. (a) An image of the MS-516 soaked in deionized water
for 3 h (3 h MS-516); (b) an optical profiler image of TACless MS-
516.
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Figure 3. Change of UV-Vis transmittance (7;) of the polarizer film
with increasing the water absorption time from 0 to 3 h.
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T2l o3 PVA-Ly Ao 7 MERE B ET QA
410 nm S M=s 20 = 88 T3 PVAS] ul&
(400%) Azl Bl g e} 85 et 525 nm S MEE
Lol 93t Ao E A= RUA,” 680 nm~720 nm HEE I
o} #AFFo] & Eglofo] Qtho| =(ly,., n=3, 4.)°] FF
T2 Ak ATES 380, 480, 620 nm W= F -
B E A7ke] oAkl 1547k g Frleke et A9
W37t Q13,8 &5 3417 ©1% 0.005, 0.017, 0.023%7}
A z¥z} F3per) A5sl9tt. 380 nm HIES] R obgAle
PVA7} B-&5 51, S790] deaitats, 78 Jei= -8
3 FA4 L9 FEE MS-516 WiellA A< #slr) fIith
Tk B W W37 2 480, 620 nm =S| T A
& FE B35 1587 o]F PVAS] wjdko® XY AH
Z90] A5T7F ARFA PVA-L; 534 PVA-Iy H&A 7 &
= 7] AEFIATE. 23y 410, 525 nm WMES] Fabee 7t
7} 0.27, 0.05%7FA] ¥4 =A Adsstal, S5 Albke] 5
7VE 680 nm ©)/de] At T3t F43] S8t
3, B3} 933o] 720 nmollA 680 nmlZE =K o2 o]FE)
ATk 525, 680 nm ©)’Fe] FuF M=o Fihw o]
S 27158 DA A2 vjFAe] g0 H HFA
L2= Ajto] BE iodideE2 PVAL] whole polarity level
o] F7FsA A o= by do] wrol]7] wiZolrt? gt
PVAS] 410 nm ¥H=9] F35=7} 480, 620 nm Ko} =& 7
< S et B84 wjgve g P44 PVA-iodine E-5F
AERET PVAS] Higko = PAE A 2 Yol a0
B3A|E0] 87 S5l F TS & 5 ATk Figure 39
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Figure 4. Change of parallel transmittance (7,), crossed transmit-
tance (7;) and PE (polarization efficiency) of the polarizer with
increasing the adsorption time from 0 to 3 h.
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0~1A17F 7k T, d52] F218 Zgoo] ol =(1,, .,
n=3, 4,.)2] Eafloll 2]3F 680 nm o) Follr Fupg gojo] F
e 502 18 Z191S Figure 304 &1 = 213, o]
TR T,0] 3ol mlal 18] ol 42 As S8l &
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AR A = ol A miEkEe] A edot Tell WA
= FFo] S & F U, FE FF ZHH FHETt
Z71eRe A& B3 PVAS THYH XS 52 & 9
o T FF 1~15A17F FRe] T FUt s dele
410 nm WMEQ] FiE A5 wizolH, 78 F5 1.5~341%F
Foke] 78] A 191 480, 620 nm HIES] T Az
S Figure 3014 215130t} 480, 620 nm WHE=9] F3be ¢
S HE T 5o E AAEo] PVA-Ly 534, PVA-Ly &
A= PVAS] wigFo = FAH A% 7= UFellA] PVASt
A wEE o] s RIStk Bgh anlg wjEgve g
HAE 410 nm WMMERTE PVAS] wigo g IAE A4 +
Z el PVA-I; 594, PVA-Iy 537 4 F<l ¢F
ALt o)& B, T S0l WE MS-5160] R Rt
T zlole 8.9 EHAE 8% 7 U= PVAS] ¥A +
Z9] zjolof ofaf WA RISt

PVAS| E&0 2 PVA-iodine S&tH|2] QHMA 35},
PVAS] AAstw ol A Fxo” 1E o= E3hA 9]
oPgA Alo|7t R a 9, A2l gl PVAL] Hijgko.
2 AP JA 7z sl 88 Ak PVAS] Stol

(a) (b) (c)

Figure 5. SEM images of (a) the dried PVA film coated with
3.39x10* mol TDI/TMP adduct solution; (b) the urethane coated
PVA film 5 min-dipping in the water after coated with 3.39x10™
mol TDI/TMP adduct solution; (c) the urethane coated PVA film 5
min-dipping in the water after coated with 9.33x10* mol TDI/TMP
adduct solution.
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Figure 6. FTIR spectra of neat and TDI/TMP adduct-coated PVA
films.
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< PVA & @ollA] &R1E 4 9137, Figure 5(b)e} Figure
5(c)PllFE PVAZE 78 F4E 287¢ THFo] Zrkshd,
PVA W A et Y Joo] dFI ARRE &
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Figure 7. (a) Crystallinity change and weight change of water swol-
len TACless MS-516 with dry time; (b) crystallinity change of dried
TACless MS-516 at two distinct regions.
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Table 2. Statistical Values of Bright Zone and Dark Zone

Sample
No. Avg. Std. SE Avg.
Bright 12 0.00555 0.00267 0.00077
Dark 12 0.01087 0.00090 0.00026

o|& B3, FE FF= U PVAS) 35 AFE &
gek Fo] F1 ulg2 PVA o] =E2HS ¢ 5 Utk

&% TACless MS-5162] A oA ~HEHS T3 ALt
H AASI(A 1144/A 10947} A3 A7) OitollA] 1052
2 ZUlsle o Mg o2 =7)8lal, TACless MS-5169]
A AP oz 743HS Figure 7(a)ellA ER18H3

o] 71z A7te] F7Iste Wl PVAS] C-0 AlE31s
o] AFHO T e, sto|EEA7|9 sk I A
S Bo] Foh W E, PVAY} 8 §5E B9,
TACless MS-5169] A7 F7Fe} $7 PVAQ] sto]=5A]7]
o] ME% A SVl AS BT Figure 7(b)ollA 74z
%l TACless MS-5162] bright zone®] ZAASI=(A 1144/A
1094)7} dark zone®] A3 =(A 1144/A 1094)ET} o Wk
t}. o]ZA& dark zone2| C-O A&FRFo| FAb 23 71w
Aoy 4 Ajte=E xFo] HAagd] wiZoeltt. ek, 2
sl zfo] ZhEo] wig- 2o}, Ao etz Qlal wEE
7Fs7del Wik H35o] F 23133, dark zoned} bright zone
o] ARSI (A 1144/A 1094) =}olol] et BATHS] 7=
2 Table 29} 79T}, Bright zone2] FEE3} dark zone®] %t
B AL 7o, 2% E TAS A3 AE FPxe
-0.005322 2R+2] 99.9% AlE]F7ko] (-0.008411, -0.002232)
O TFE =-6.53, PZL =0.000, DF = 222 F A52] Hd
2 zle|7}t e B RIS Ao QA= QIg 2ol
7Fs/S v ATt

°|& T3 99 B3} PVAS] gz FAHH 4
T2 YiellA PVASL ) wijakE]o] 9low™, PVAS] =24
HjRke 2 A QA FREC FE HF] st

< & & Utk mEx] R S5l wE MS-5169] i
H FHE ol 20T HIAE 78T F U= PVAY

L 0_>tl,

[e3

= g
YA 2] Zole] ofs) BT A
2 E
S Fl olal B BEO) TR 49 F5E ©
Fohe 80= BIAE T Ao FIms} wste] PVAS
=224 wj g st 9l Fahe 2oz} Lielgth. PVA
o] =214l Aol 3 SRIHo], Fahert 22 FHE(bright

zone)S I =7F e BH(dark zone)ol| BI] PVAL] =9]
7 Stk 7R 99e] T ¥skE FEl PVA-iodine
BSR4 PVA-L H3HA > PVA-L; 59H
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2HE ¢Hg3 PVAY HjZo R AW AA 7x U] &
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