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Abstract: In the mixed system of supercritical carbon dioxide/organic solvents, poly (vinyl alcohol) (PVA)
film of high degree of hydrolysis could be dyed with a dichroic dye of C. L. direct black 22(DB22) and as
a result, high durability was obtained. Especially, as a dye dispersant in a supercritical fluid phase, a
mixed solvent system of ethylene glycol: dimethyl sulfoxide=4 : 6 weight ratio was investigated. Then
the optimum pressure for dyeing could be reduced down to 200 bar. Using this supercritical fluid system,
the maximum dyeing appeared as the transmittance of less than 1% and the waste amount was reduced
to the level of 1/10. After 500% drawing of this PVA film, both the polarizing efficiency of 94% and the
single piece transmittance of 30% were obtained. The limitation of DB22 and further improvements were
also discussed.
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Figure 1. Chain size distribution of poly (vinyl alcohol) film sample,
which was measured in aqueous solutios by means of dynamic
light scattering.

Polymer (Korea), Vol. 35, No. 5, 2011



460 W71 - FHol&
Na
- Na
QP f
s=0 0.0
N\ /7
,N—@NH s=o
s
OH
N, N=N_  OH
HN N _ o
ALE e
HoN

HoN

Figure 2. Chemical structure of C. L. Direct Black 22 used as a
dichroic dye.

1: Pressurize pump, 2: Valve, 3: Reaction cell, 4: Heater,
5A: Analogue pressure gauge, 5D: Digital pressure gauge,
6: Liquid CO, cylinder, 7: Water reservoir, 8: Camera, 9: monitor

Figure 3. Experimental set—up for dyeing of PVA film in super—
critical fluid phase.
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1. Sapphire window, 2. Scattering ports at various angles,
3. Magnetic stirring bar, 4. Piston

Figure 4. Schematic diagram of a high pressure view cell.
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1. Laser(r=514 or 633 nm), 2. Polarizer(vertical),
3: Film rotational stage, 4: Photocell, 5: Digital gauge

Figure 5. Mimetic diagram of the home—made optical instrument
set—up for measuring the transmittance of PVA film.
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Figure 6. A typical example of time schedule for dyeing experi—
ment at temperature=100 C, pressure=200 bar.
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Figure 7. Phase diagram of poly (vinyl acetate) in supercritical
COs. Below this cloud point, liquid—liquid phase separation occurred.

3000 | | T T T T T
& C=1.72%
|| © c=2.03% _
2007 g c266% °
A C=2.77% o
- 2000} -
g ° P
9] L 4
5 1500} -
@
g @
T q000- % 4
500 % -
e
L 2 2 & J
0 1 1 1 1 1 1 1
30 40 50 60 70 80 90 100 110
Temperature(°C)

Figure 8. Phase diagram of supercritical COz/ethylene glycol
(EG) system at various EG concentrations.
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Figure 9. Transmittance before stretching vs dyeing times at two
different DB22 concentrations. Experiment conditions: tem—
perature=90 T, pressure=1000 bar, Cic/co.~10 wt%.
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Figure 10. Transmittance before stretching of PVA films dyed with
DBZ22 at various temperatures. Experiment conditions : dyeing
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Figure 11. Transmittance before stretching of PVA films dyed with
DB22 at various pressures. Experiment conditions: dyeing tem—
perature=90 C, Gror=0.65 Wt%, Gigioo.~10 wt%, dyeing time=
120 min.
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Figure 12. Single piece transmittance after stretching, 7sp, and
polarizing efficiency, PE, vs the transmittance before stretching the
PVA polarizing film dyed with DB22. Exeriment conditions :

stretching ratio=500%, Coyerc=0.65 wWt%, Gic/co.~10 wt%, dyeing
time=120 min.
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Figure 13. Dependence of transmittance before stretching on the
weight fraction of ethylene glycol(EG) in the mixture of EG and
dimethyl sulfoxide OMSO). The dyeing experiment was done at
the conditions: temperature of 90 C, pressure of 1000 bar and the
mixed solvent of 12 wt % with respect to COs.
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Figure 14. Transmittance before stretching a polarizing film as a
function of pressure at various dyeing temperatures. Here DB22
dye was dissolved in the mixed solvent with the composition of
EG:DMSO=4:6.
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Figure 15. Single piece transmittance, 7sp, and polarizing efficiency,
PE, vs transmittance before stretching the polarizing film dyed
with DB22. Experiment conditions : stretching ratio=500%,
weight fraction of EG=0.4, Goyerp=0.9 wt%, Gipco.~12 wt%,
dyeing time=120 min.

PE (%) =100—2.267" +0.0454 7 (®)

Ty 28.20+1.307°+17.9(1—exp(—1.357)) )

AX S0
A=

A
2

1] A= FAlel EGREE Hﬂi ARgBto] P
6)3} 2] (7)5% Figure 159 A o= 3k TAJ5}0]
B Ay}, A 0] wAske Q?J_@.i A9 A=
th o)e} 2 AHY ANE EfE v 22 425 " 5 8t
A A TS} HEFEAE Alole] IARE: FE 959 IR
ofut o)&Esh= E4JolH), oﬂavq AN FH ZACEHA, ), &= Y
A B olli= AL JEks W] Y=t Aoty

Ef H=42| Hlw 5] o]l Chang 5©| haEgH o aA5el] #3h
o] w 150) A7 FAst o] dles 7kt 349l Dye
1@ F=iEelk 2] ) & EAAlx] e HgdEe] 385

T9p=42.6%, PE=99.1%% RHII3|t) ol59] Fsher] ke
A7) DB22¢] FEE/3Hrt mih - 9<rshAl vebskar, 1 xjole] |
1 #4& 8] # 23 AAZ Chang s©] ARS3H PVA 11 k=
KurarayAFe] DP=2400, #H3%=99.9%% ¥ A 2] PVA (DP=
1850, A3F==98%) E\?‘r 71 AR AR st ot e A
A(600% B5) 2] BE AxT} 7Fssirhs Zlolek far= 2 A3
ARSE PVA Z39oll= 600% 14l ALl E7bssIsict dRba o=
100% S} Aol et 59 T5p7} 3% A%, 95% the] PEE 2~
3% 8% IR 712 ofn] glelx T;LE} vl Stk EAE Chang

o] g3t o)X A7 Dye 19| #53) Wo] H] 311 aspect ratio
(== 27731 B A ter] Akgst DB224 aspect ratio (chek
Ao 2 A% o h) Bt 3lo] =2 FREAS vERd Zlow
AZ¥Eloizint. o)2d g el A BHQX" - aspect ratio”} =
W AR gt o ® Ak PR EE TR sl =Y
T Sk 20 ARt Aspect ratio®] ¥Hel M 134 0% AR,
AR AEM] 2 AT ZH direct black 4, direct black 19 ¥+
direct black 38 5°] DB22 Hr} $<75k o2l A5 7107 ot

i,

sl
A vl
Ao Vet

[IASS
151

i
H o
T
o]

F E01d 2ne) APV Ax 2L AYSY 465
100 T T T T T T
——q
AN
9
AN
ol h\\\ @ DB22/CO,/EG
S~ O lodine/water
X RSN
w851 M0 v Weight \
o 1.05 |- AN
80 1.004-A AAAAA \\
0.95 |- \\
B Time (d
751 0.90 ., Time (day) Y
0 2 4 6 8 10
70 1 1 1 1 1 1
0 1 2 3 4 5 6 7
Time(day)

Figure 16. Durability comparison of polarizing PVA films of two
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