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Fig. 1.1 Range of particle/molecule size for coating material?.

Table 1.1 (28 A FiEDOERIES AT 2 9. WA FIEITBAARO RSO, FERERE
DERDPLIRIRT DZENZ . LinL, ITFEOBRAM B (BATIR) O ZHL-CMREME O fF 5121
ST, WA FRVBLE N DEA R OBRIB ML FE L 725> TE WD, FRCEMIRITRNIG L
THIENEL T DI E=a— AR THHZEN L, @A LREEOFES (G AWk B o IR
BRE) BT DBIMIROL T = 7V, KPR, BRI e & 240 - BIiE L7252 T
BAGGAOWRTED, BATIEDOMEREC K I R EEEE RITT LB,

Table 1.1 Guideline for selection of coating method?® ).

B A R bEF gRzaiil BRI E A BRKI1> F AR S
2 H R i (pa.s)" FERA EoRGE RE 2 &)
t (pm) (%) U (m/min) -4 34
BFRMm
Oy KRB, 7414 Y—N\—8% 0.02~1 5~50 10 250 I x
))N—Z O—)L®H 0.1~50 12~1200 5 300 T /1>
7 47— ROD—) )L 0.02~1 10~200 8 150
I7FH1 78 0.005~0.5 2~40 5 500 K
FA4 74— N—0— )L B 0.1~50 25~750 10 150 X
T —R2R%H 0.5~40 1~30 1500 X
7S ETRH 0.001~5 1~50 2 700
A0y Mg 0.005~20 15~250 2 400 o
IVRARM— 3 R 50~5000 15~750 5 700
% [ [F] b5 2 A
A1 K@M 0.005~0.5 15~250 2 300 >
H—F R, BERM 0.005~0.5 2~500 2 300 P>
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Application by moving substrate

Fig.1.2 Pattern diagram of application process.
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Fig. 1.3 Knife coating: h — knife substrate distance; x’ — knife width;
knife: h =0, u = 0; substrate: y = h, and u = uo.% "
TRIAEZDOKERE dxdydz EL7235A, eq. (L)X eq.(1.2) TETIENTE, E5I2 eq.(L.3)ITEE
Iho.

4 O'xx 4 ny (4 O'zx

pdxdydz— = pgdxdydzcosf + ( oy

)dxdydz ........................ (1_2)

0 £ 00yx | 80,
pF = pgcosﬁ + ( S a;: + %) ........................................................ (13)

ZIT, p IZIRARDEERE, g IXE SINNEEE, pITIIAEREOBE L x o7 T A, o 1Tk
BRIVERTAIRNT Y NVDEBEZERL, ox, Oyx, Ozx ITENEI X H, y 11, z A< x Vil
DS THS.

Uy L JEFENT B LR RIC L > T T 2720, udX, Y, 2, ©) E720, duy / dt [ZPERE RIS Duy / Dt
IZEEL, eq.(1.3) DXL FOI T REND.

du, Du, aux 6ux aux ouy
—_ —_ —— —_ —_
dt P ( Ux 5% tu tuy 9z

HIZ eq.(L.3)DAL o %, T p LRAEISTIT YN 1 HHWTEBRTHZET(ox = 7 - ),
eq.(1.3)1% eq.(LA)D IO, BAT MR DOEAEFFIZH VW H415 Navier-Stokes 72 (x A%
53) HFHND 9.

(aux aux aux aTxx aTyx @) .............. (1 4)

+u +uz¥)—pgcosﬂ——+( oy T oz

ZT, KRR A BB LT =2 — b ORMEERILY eq.(1.4)13, BLFOIOICERSND 0.

ou, ou, ou, ou,
ot Ty TG, TG,

_10p  m 0%ux 6% 0 ux 0% Ouy | Qupy :
—gCOSﬁ pax+p(ax2 +—-= y2 azz) ( + dy + 62) (14)

BN BA S, X FENZOHRBENT5ZE2EL TODT29, eq.(L.4) 13LL FOINIZE S
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a2 — 7 Cox — P9

ouy 1.,0 1,0
=GP dy =GPy + G

1,0 1,0
L Gr = POy +C)dy = - (2= pg)y* + Gy + G,

ZIT, Cu Co U ERET 5. Fig. 1.3 £V, BERSMIZLL FIRT L0 THY,

uy = J(
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Iy x5 B: y=-h, ux=Uo (Uo 1TFARDFEENHE 72 LB A s A B IR T5)

ESE) AR
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e )Y,
1.9 o
G = g(ﬁ—pg)h—%

E7R0, B EBARED. SHIZ, HAMWBEEME x 235H h LOBIEFIZREN (X >> h) 72, p
XX FRDINALKAFT HEERD. LI2s> TR AN O x T OME ux Dy H 2115
AR ATIRES LS.

1 (d
ux=%y+ﬁ(£—pg)(y2—hy) .......................................................... (1.6)

WRICH AREDERSNIZBRDOREDIRSZE 25, £7, eq.(1.6)27 L — LMD 7
] (y: 0—=h)IZBW TR T 2L Tt Q 5 H 32 1.

h h d h
Q= [y updy =2, de+i(£—pg)fo (r* = hy) dy

2n
_Euoh—a(a_pg)h .................................................. (17)
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Fig. 1.4 Relationship between film thickness and flow rate.

ZIZT, ZU—FHRADA=AH B> HEH T 21D T2%E 258 eq. (LD EIITRY,
JEJ1AIEE dp | dx TR ORI RS 0o BRI h OBISTREIND.

d s
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uy 2 12nugy \2h?
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i) TVU—RT7Vr—2)EERDORH, h
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i) BATEIOREEE, »

iv) BAREIOBE, p

v)  BAREIORH R, ou
Dembicky I MMV 72 WHBA 2179 TREICH LT eq.(l.10)Z 2T V7L, BHlBLIO
eq.(1.10) 2 EF /LD il &4 T - 7.
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Fig.1.5 Birefringence behavior at 1 mm from applicator, entrance and exit of gap between applicator

and glass substrate®?).
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Figl.6 Image of coffee-ring effect®®
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the evaporation flux along the droplet surface
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Fig. 1.7 Evaporation flux along the droplet surface®).
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Fig.1.8 Distributions of (a) velocity vector and (b) streamline in the droplet during evaporation®®).
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Fig.1.9 Distributions of (a) velocity vector and (b) streamline of the Marangoni flow in the droplet

during evaporation®®).
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Fig. 1.10 Schematic image of cross-section of drying colloidal film around drying-front*?).
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Fig. 1.11 Four distinct fronts can be visible in directionally dried dispersions: an ordering front at x

= 0, an aggregation front at x = w, a fracture front at x = x., and a pore-emptying front at x = x4*%.
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Fig. 1.12 Molecular structures of dyes*6: 52,

Onsager £7 /L7288 TRENDIREZACIC I > TE I HNO R~ TF v I FA~EE T ik an %Y
A hat’y ik ds (Lyotropic Liquid Crystal) &\ %9)) 7 = 7R b2 D —FE L TRb LS.
LML, REiEEACIEENSRDIERDOVA a7 & 130 F IR E BRI 8 ORI
R TS, /=y 72 R T AR ARITES 1 BERARILEWTHY, ZDORHK
7 E L L CERANRTER MBS TS %, Fig.l13 IR TINCE A RO EIITEICH &5
KL ) RBERO T NDD, 7=y 7ikia s BRITEIC H S MEELR T



BT

[ ][ ]

Slip angle Slip angle

Fig. 1.13 Illustrations of (a) H aggregation and (b) J aggregation®.
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Fig. 1.14 Phase diagram and molecular structure of Sunset Yellow FCF?% 23),



BT FE

Fig. 1.15 Proposed dimer structure for Sunset Yellow FCF, showing both plan (top) and perspective
(bottom) views. Highlighted are the high (45° hatched areas) and low (spotted) chemical shifts and

also the sulfonate groups®.
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Fig. 2.1 Velocity profile on meniscus region. Surface velocity u is accelerated from 0 to coating

speed U.
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Fig. 2.2 Photo showing the coating bead at the lip of coater. Coater gap is 200pum®”,
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Fig. 2.3 Schematic diagram of optical anisotropy measurement system.®?)
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Fig.2.4 Top view of coating device.
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Fig. 2.5 Schematic diagram of applicators.
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Fig. 2.6 Schematic diagram of observation apparatus on rear edge of applicator.
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Fig. 2.7 Measurement of dried up film thickness.
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Fig. 2.8 Schematic diagram of experimental apparatus to observe on region of generation free

surface.
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Fig. 2.9 Schematic diagram of experimental apparatus for measurement of optical anisotropy on

region of generation free surface.
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(a) Glass applicator (GA10) (b) Metal applicator (MA10)

Fig. 2.10 Microscopic images of wall claiming sample. Coating speed is 10 mm/s.
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Fig. 2.11 Height of wall climbing Hc in cases of GA10 and MA10. Coating speed is 10 mm/s.
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Fig. 2.12 Correlation between height of wall climbing H¢ and dry film thickness d.
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Fig. 2.13 Distribution of dry film thickness d.
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Fig. 2.14 Dependence of Hc on coating speed.
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Fig. 2.15 Free surface velocity is accelerated from edge of applicator (EA2).
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Fig. 2.16 Distribution of surface velocity and planar elongation rate. Applicator are EA2 and EA10.
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Fig. 2.17 Distribution of surface velocity and planar elongation rate. Applicator is GA10.
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Fig. 2.19 Relationship between extinction and surface velocity. Film is applied by EA10.
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Fig.2.20 Relationship between extinction and surface velocity. Film is applied by GA10. Extinction
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I Er n¢ cos 8;—n; cos B¢
R, = 2 — |2 = e (3.1-a)
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RS = —= = |— o || e (3]_b)
Iis Eig n;cosB;+n; cos O
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Fig. 3.1 Incidence angle #i-dependent with reflection Ry, Rs in case of light incident from air to glass.
Rp, Rs is calculated by Fresnel equation (3.1-a, b). Brewster’s angel #g is 56.669 deg. Index p and s

show polarization axis of incidence light, are P-polar and S-polar respectively.
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PSG : Polarization State Generator W

‘Application direction
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¢ Thin film sample

Fig. 3.2 Layout of reflection light measuring device which is consisted by a semiconductor laser (1
= 635 nm), polarization sate generator (PSG), color filter and photo detector. Azimuth angle ¢ is angle

between plane of incidence laser and application direction of thin film.
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Fig. 3.3 Example of reflection waveform on some conditions. (a) shows that incidence angle 6;-
dependence of reflection. (b) and (c) show that azimuth angle ¢-dependence of reflection for isotropic

film and anisotropic film, respectively, when 8; = 6s.
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Polarization state generator: PSG Detector

Semiconductor laser 10mm

Applicator: Gap=10um
(Fixed) - Color filter

f; Stepping motor

Sample --___

==3 > Moving direction

Coating device “Glass substrate(Moved by motor)

Fig. 3.4 Schematic diagram of experiment apparatus which is consisted by application device and
optical device. Applicator is fixed and glass substrate moves to horizontal direction. Sample liquid is
drawn at gap of applicator and applied on substrate. In measurement of transient reflection during
drying, measurement point is 10 mm from edge of applicator and incidence angle is nearly equal

Brewster’s angle.
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Fig. 3.5 Incidence angle 6i-dependent with reflection Ry, Rs in case of light incident from air to glass.
Theoretical Rp, Rs by Fresnel equation is shown line, and experimental data are shown by some plots.
Open and closed circles are shown reflection light intensity in case of incidence S-polar and P-polar,

respectively.
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Fig. 3.6 Incidence angle 0i-dependent with reflection Iy, Irs in case of light incident from air to dried
HPC film that is optical isotropic film. Open and closed plots are shown reflection light intensity in
case of incidence S-polar and P-polar, respectively. HPC film is made by applying HPC 50 wt%
aqueous solution on glass substrate. Film thickness is almost 5 um in liquid state and become to almost
2.5um in solid state by drying.
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Fig. 3.7 Incidence angle &i-dependent with reflection Iy, s in case of light incident from air to dried
BSS film that is optical anisotropic film. Open and closed plots is shown reflection light intensity in
case of incidence S-polar and P-polar, respectively. (b) is expanded range of horizontal and vertical
axis. BSS film is made by applying BSS 6 wt% aqueous solution on glass substrate. Film thickness is

almost Spm in liquid state and become to almost 0.3 um in solid state by drying.
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Fig. 3.8 Transient optical anisotropy on application film of HPC 50 wt% aqueous solution during
drying measured by polarimetry technique consisted by a semiconductor laser and polarization state
generator/analyzer and two photodetectors®® 1. (a) is shown absolute birefringence |An'| and
orientation angle «'. (b) is shown dichroism is An'’ and orientation angle «". Birefringence and
dichroism were measured simultaneously. Horizontal axis shows elapsed time t, and t = 0 s when
coating device is stopped.
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Fig. 3.9 Transient reflection of S-polar and P-polar on application film of HPC 50 wt% aqueous
solution during drying. Intensity of reflection light /s and /,,, were normalized by one at # = 600 s and
there are shown as " and I,,,". Is" and I,,,"of each azimuth angle ¢ are measured in different films and
not simultaneously. Incidence angle 6; is 55 deg. as nearly Brewster’s angle 8. Horizontal axis shows

elapsed time ¢, and ¢ = 0 s when coating device is stopped.

DI PEE I M OFE S EE L CEAR HENDZ LD, BIE T 2R THLEN SR ITMEIIAF
TEL TS, L LIRS i OB AR B2 7~ 3 SO R O 28 (KI3K) 100 s T 27~ . fid
6] J5 [8) 73— T CHLIARRFF D A MK T 32818 CThH7eh ¢ = 45 deg.d 1 1L H IR A b L7au
EEZLNLN, RF—FTIXBAMERIC 40 s T T—E EFL TS, ZHUTERHEICBO T
M5 ANC B LB RO ST I TELUTZZ A R T EHEECED. 40s LIFRIZ =0, 45, 90 deg.
DWTIUTIBNTE " 2FE— DM LS TODIENS, WATHC 45 deg.\2dH-7-F DR
[ 5 H 23 0 deg.& 45 deg. O H [ TH D 22.5deg. [T ~EZELL T o7zdE 25, BATICE > TR
R T VIR MRIRATEDMER LT, WA T#, MIRICIDRBIS 3 ML T e T
FMAEEEOBLA DS 45 deg. 2> HEAT (HER) Al ~EZ8 b, EDMIET ¢ = 45 deg.lZH175 Ip”
IXEH TIH e —E ERBEMAERLIZEBE 2D, ZhbhkEldHE, HPC IXBAIZL > TRAT S
[F1235 45 deg. JFANCH AL 7 2 %b DR~ T v 7 HNFHR S, BB L0 SRR IS BV TR
IR DOEL AT 22.5 deg. ~E 28T 5. ZDDL, RiFELENDN VT RAL DAL ATV ZFH~
EBEL, LW ST T T EAETTL T SHESR S LS.

VLB, Bl A PSG 1 0 25 R A L i (e 32 YA F O C R b
FEZBETDHETE TREBOBAEO R IZHT DR TE COME(LOR T Bl T&
To. [ R PSG 13 RIS & 572 O Hiei i ThY, 7+t



§3E AR e 7SR O 70 TR A B 0 i@ IR HTE Tk

CRIE S VD B IR EE OB DIREN & fFMT 95720 TR R B G PEA R C& 7. BEHT —
HED R E N BRI IR Zeo 0 7 AL T o TR OB RETHY, i R E 5L H 7% T
RIS FTRES 72D . R Al CREHME R IR OO B AT B 2 35 1) 2 B [ IR B 0D 1 JE RO RF PR LR L T 4D
7P EFIETHLEMFT 2.

34. E3E #E

AR FE IR O O J7 2 R R - N LT IR B SO S 2 B A - Wi 528 T
WA=y FBL IR A TR 28I Z DN T, IR R N 30T D S 3R D B )7 D BIR OB
LR BE D REEI I UL T DRl A 3 ATz, /NIRRT, e PR DT T A A NI 77
T B AR NS B2 72 (B 30 R AR R 257 5 A RV CA SR O (R et 2 i i [ iR S
B HDIEBR LS 5 D AN EB O e K, T/ IMEDS S (RYE B LU P R0 D i 34 5K
DOHEEEAE L7, BEEEE T 1 BRICK 200 7 —Z DOREM 53 fiFRE TR MR REA R T
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41. #&S

AKREETI, IR R (3 1 D IR 0 2R (R FE) 00 22 [ 43 AT A& 8 20 | I PRI E 972
FIEIZONTIR RS,

1.3. 81 TR ARIZINT, KA 43F o BCRIRIEO L L Cl, Coffee-ring effect, Marangoni-
effect, Directional drying B15:72 & DRI CTO 3 BBEO B0 AU LEDRL T+ 53 1 D5 »
BEh7p L3 B 344 849 IR ARV T RRRIR OIS S B O 5 A 2R & T, H4IC
A IR IR R BEINMFAEL,, MM a THIENBEZLND. OV T kL T+ 43 1
DIKFEZ RO LT, FRREO R E B G52, REDIXLSERLrTy 7 (KR) DD
AR DO —2E L TEZLIVTIY, BRI T LM IE T I HERRER R T
0D, EEREL CORFE D RITHEARZBASE B bR E 2R U LAY 5 1 ZHIE - FHA
FTHIENTED. LoL, BRI DI DRy o4 — EIHE - 795 £725L, NMR4O
7R KRR Tl 7S B A LB L, — ISR CE D RIETIER .

FIT, AT TIRRLT - 53 150 BORIBRIE O Rz Bl FR 1T 36 (T DIRE - IR FE Sy B Do A%, T3
SV AT TR LT B KO 5 HNTE T 5 FIEOBR A RET 2. AFEITeo@EiE M
FEDD, RFES RARE T D720, BRKEOIIHERINL TLEILDIZH L TTHEND
LEHEC 2D, D128, auA R B OERIRLT- O/ B IR L CE T RGEE1T.
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42. AERBESFIUVEREE
421. AEREOAEIETH

s %2500 D N D FRE N D IREE oy B A Al 2 FIEA R 5. AR THEMR 500
DOIFEEPRIAIE 12 nm THY 4, AIEORE EL0H/hSL, HEIRITIEAET ChD. 207w,
REREOZ IR E DAL Th RS2, 22T, 8l OK) IZRL TR FEEZEML,
SOV (B3) A ERITAR T . Fig. 4.1 (\RFESRME FIEOT BT Meomd . ko
B RORDLT TV A L BT TERERTHEED IR REITOWVTRL TS, 3k
(CEFETMUTZES, ZOGFITNBEE ) ICORETIAT. T70bh, HHIRE d DR
BT D, KR R R D5 Tl AR DRI QO 0 Bl A mil 35K B i,
RFEY ROMEVREI DO TN EL 22D, LIS o T, Dk T2 EORENELNETDHE,
Lo TR (B) T2 0 BMER ) RITIRIF L T5.

-, . s
—— Light source —

O (Ig O OOC:);QOCD (O Dispersion nano-particle
d | Di . &
oo ® Oo%ho g e e e
SampleA Sample B
- Volume fraction ¢ : ¢4 < ¢p
- Ratio of containing dye region to light pass length %: %Ll > %L}

Fig. 4.1 Relationship between transmittance and volume fraction. Sample A and B are low and high
volume fraction respectively. The ratio of containing dye region to light pass length is A>B, so that
absorption of light on film of sample A is higher than sample B. Therefore, the intensity of transmitted

light decreases a lot in sample A than in sample B.

UL, R R IR N ICEL QKT EOREZBETLHLULERDD. £T, Ex
JEANZ S DERO GRS Lambert-Beer OER BT H 2 b, MEIRIL THEEE R R
T5. T = 4nn" JALELSERADIONTREND.

I 4mn”

f = exp (—%d) = exp(—‘[d) .............................................................. (41)

I8 o o oo @.1y
Io

TITC, Mo lZASEIREE, 19 1 30F IR, n" TR, 2 1R, d 1TBEEEZERT. n" 30k
EDT=0, MRP AR IRMLIZb D THLGE, SR, BRORE ¢ OB E L
ThExbNn5.

W= F(P,€) = FP) wrrererrerrmmmmiiiiiiiiiii i (4.2)
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O clT—TELRETDE, n"IXPDRNELFTH. LTz >Tridgd A DL, o
W RN THEHROTIIpD D REEE 2R TREND.

7= f(¢,2), Tlp = fa@) oevverrrrrmr (4.3)
eq.(4.1)’ 1% eq.(4.3) &Y
ln@ = Tl = f(D)A e (4.4)

ZOFFETITRBEICL > CGHEMMEIE N L TLEIT0D, IRICIEE DR BA TR L9 5 51EIC
DNTIRAS.

FP, Fig. 4.2 1 TRT L7, BARDIE 1, O HEEOCR L BR T AB AR E LD, FD
RED B SETR LT eq.(4.4) L0 ENE IR T/REND.

Iala,

ln1:|l = —Tlp,d = fi (YA woeeeeee e (4.5-a)
Iala,

ln1:|l = =T, d = fi, (YA +overeeeee e (4.5-b)

eq.(4.5-a)% eq.(4.5-b) T ERFAD IO, d ITIKAFLIRNBIRAIRE DFRIREGHIEN TED.

imas d Tl fa @

Tolp, —Tla, Tl A1

B L L o o 4.

ln% —Tla,d  tla,  fa,(@) G($) (4.6)
Iolp,

ZOWE, BARDERONEFRRHIIAL, BAEOSHEL T, ZNENOMELZ L2
27267, WEEChD. T TARIFETIE, KIRICAGRFEAERL, 72 I AT TR L
E I EE{ESND RGB HAZIRT 5. ZHUCLY, Zo0H E O A RN E I [FREC RS L
ZNENDOFiE TR 2 E 35 ZEH I SN TREL 72D

Fig. 4.3 [Z4y B SR A ZTRIMNUTZFR D RGB EDOZALIZOWTORT . AFENFRAIZRZ

air
film
Red Green,Blue Red Green,Blue
doss | X ttt t £ 2
air | e —
< G
I
d|7\2 [°|M 1, - White light source z’
Intensity of transmitted light 7 Liquid film, added dye (thickness: d)
Fig. 4.2 Absorption of light in case through Fig. 4.3 Absorption of RGB value in case
difference wavelength lights. through white light.



4w an A FRTOBCREIED R IC 350 5 AR50 O IR HE FE

HDOITARELISDOE P E) DIEDORINER LD ThDH. ZD7-%, HifEd RGB [HTE %7~
PIZELTIEIE 100% THY, XfFatdl 0 Lo TLE,

&b, Red EOZEERITMAERE 7%
8 FAV D ARSI RAIE THD. LIedoC, Iyl % Blue fil, ZLC, Iyly,% Green fEIZ{E

Wz, RRDIINT eq.(4.6)2LHLT-.

7|Blue _ fBlue(®) — F(d))

IdlBlue
TlGreen fGreen(®)

IolBlue __

Ilereen
In
IolGreen

eq.(4.T)DBIELF () 35374, Green fE, Blue fEDBEIHFRD X, R d (ITHKAFET. S HRL

—7|Blued _

—TlGreend

F DT RGO HDEIEE L TR ATREL 725,

422 REBREEBEHIUHEH
Fig. 4.4 [ZEBISEOMIEZRT. AEGIFEAEED T 0L, EEICRELIZAIAT
AURHE

(EOS1000D, Canon 8, =il X:EF-S18-15mm F3.5-5.6) IZ LW R A L.
Rt 12nm DY Frki-f- (Ludox Silica HS-40, Sigma-Aldrich #1:8) 40% /KIZFT E DRFE 77 % T

DS HTELOEMH L. eq.(4.7)DEIEF (p) 2 kDDHT=20IZ, ¢ = 0, 1, 5, 10, 15, 20, 22, 25,
30, 32 vol% D/ Bk A ERL, &£ oIZxL T, B E, G EOZBFEAFHAT 5. UKD RifR
AL DIEDIBIE 40 43D 1 THHIH, HEELIZFHBELRNWSDEEZ XD, TNEND5y
BIRIZ 31T 250 BUEE () 126 LT 0.1 wt% DL THR 3% (Allura Red AC, Sigma-Aldrich ft:

) 2L,
%k % 433 HOEBRTIE, 7 AZ1E Sony-a9 ZHEHL, VL7~ /ul X (25mm F2.8 2.5-

Ay, \/
5 xXULTRAMACRO, LAOWA) #3525 LR COMRE LI T o TS, BTV TF R RRAT ¢
IVE (TS N~ VT /R R/RAT 404 3 R 464/542/639NM 50MM, Edmond Optics) 2 &5
EHIRORNCGRE THZET, DI ESE 464, 542, 639 nm ITHITK > TRIEETT>T5.

Camera: Canon EOS1000D

EF-S 18-55mm
F3.5-56 — —
g Sample: 20pL
3 Film thickness: 50um
4] -

———— Drying camber

Fig. 4.4 Schematic diagram of experiment apparatus. The sample volume is 20uL, so that average

of initial film thickness is 50pum. Drying chamber*¥ is printed by 3D printer.
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431. FERBLEDRIEIZE T 5IREEER D RGB {ED LLER

BARFE LY ROA R O Ei4 % Fig. 4.5 (7. SHIZ, EEAEIT/ 7 Imaged % VTl
% ? RGB iz & £1kL, Blue L Green fEDFHMED LA Fig. 4.6 (27, K DO7 oy h—i5
1%, I T D 101x101 pixel OO A UL, SHITFGA: T ORRDIESBAZ T2
il RO R TRY, =T —"—[TZDOREDR K, fk/MiEZ/RL TS, Fig. 45 OEET
1%, BRICEBT DR BOEWIITIEE S 203 57223, Fig. 4.6 TRTEIIZ, RGB fE T
7o, BHREICZEMAE LT, 51, Blue fiEd: Green fEDFE RO HITIEIFE IRFE S R P12 xL TH
FRENZ EFLTCODZENDND. B 7y M EIL, B (¢)RD TR RPN R THL.

In dlBlue

¢ = olpe _ 1.6021 /0.01847 ......................................................... (4.8)

In lereen
IolGreen

A& HWDHZ LT Blue fiid Green EDHEBZRD b AEFHTHIENTED.

] (] (] []

0 vol% 10 vol% 22 vol% 32 vol%

Fig. 4.5 Pictures of dispersion films each volume fraction, 0, 10, 22, 32 vol%.

3
Maximum
: + Average
251 ¢
z| = 3 Minimum
E i X
Qﬂ—/ 5 P { r Average in this region N
o) = : I
| ? Calibration curve: eq.(4.8)
=L (o) Ce
E | —Molae! .
13 B In (’(llGreen) 16021 Film3,4.5
b= Iolgreen .
0.01847 Film 1 Film 2

0 10 20 30 40 50 60
Volume fraction ¢ vol%

Fig. 4.6 Ratio between two transmittances of Blue and Green value as shown eq.(4.7) at each volume
fraction. The eq.(4.8) was get by approximating these plots as calibration curve. Plot of one is average
measured on five different film at same condition, and Error bars are shown maximum and minimum

value.
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432 FLIEBRICETARBRAI RS M OBENEL

ATET T BI%RF ()% FAV T, Directional drying HIZB1FAIRRESY RO 2 E T 5.
Fig. 4.7 \ZHIHATE 77 5- 10 vol%D RO izt FE DG 2R 3. IR E BG4 T TR0
2R ET 2a— T R Ao TRT ZET, MPA R DRIENIETTT 5. RBHLADD 20 43k
WRFO MR LT, it RGB L eq.(4.8) KO IRFE 4y 2 43 Afi & S L 7ofE R4 Fig. 4.8 1”3,
Fig. 4.8(a) NI DOFREAD I A TR 7= flkIZ 3T, #2EFMICEAZ T2 101pixel O F
PIflEZ EORHEL T 5. Fig. 4.8(a)H OflHRIT Drying-front O EZ7RLCERY, ZIIZ->T

<« Airflow generated by tube pump

0 min. 20 min. 40 min. 60 min. 77 min.
-start drying -dried up
Fig. 4.7 Pictures in directional drying process of dispersion film. Directional drying process was
achieved with a laminar airflow which was generated by tube pump, flowrate is 46 mL/s. Initial
particle volume fraction is 10 vol%.

—Drying front
100 ! ——vol% 100 =
. S
— ; &
[ — ] | i Y
20 . Extend range of y L 20 =
2 3 = =
3 3 3 3
> 63.4%, random close packing . ﬁ*--
s < [0y
60 4 - 60 ,7 : v
g Liquid region . | Dried up region k=) '
g ‘ 5 [
& +: ] 7o .
& ! & foo
g 40 E 40 j !
E | =2 4
S !
> | " ety P“
20 ‘ i 20 oot st
N 10%, initial volume fraction
g ——
0 100 200 300 400 500 600 350 400
¥ pixel y pixel
(a) (b)

Fig. 4.8 Distribution of volume fraction during directional drying at 20 minutes after started drying
is shown in (a) and (b), (b) is expanded range of horizontal axis in near the drying front. Initial volume
fraction of dispersion is 10 vol%. Broken lines are shown drying front, so that right of this line is dried
up region that have some cracks. Therefore, data in this region is not correct and is scattered caused
by cracks.
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BFE RO EF L TWDBI NG, L, faffL7=58k (Drying-front 4 THHSD
PII/NELZ2DELINTND. ZHUE, 7T 7 DIAEITEST, JEREGELL 727280, ¢ DR B Y
IEATRUIZEHEZSTE S, Fig. 4.8(b) (2 Drying-front { T DI 7E & A4 K L TR, Drying-
front ONLE TIKIFIE 63.4 vol%E RL, BRIVKI 135S REMHE ™ 2o TODEE - RS
T2, 2T Routh HIZE S THIES I TERY ¥4, ZURFERTHS. L7eni- T, AEFiE
072 M a G5B 2 5. Fig. 4.9 ([ZHZEBLAT. 0, 10, 20, 30 43 #RiEREDIRFE 5y 55
Fizand . Fig. 4.9 AL, B S 2Z N ENOREEIZISITS Drying-front ONE IR EL
7ZHDTHD. TRTUTBW TR 2% Drying-front OALE T KMEZ > TS, F7-, il
O gk (Drying-front Z248) CIXRER 2RI T HIZ O, (KFE D EFL T TODEEFH i
RTE. ZOII, AFEITT VXV AATEN) — A 72558 % O Cfl 5 @ R 72 iR
FEO RO AR EE T HIENTELEBRTIETHD.

Drying front
P EETTR .
® Omin ! E
® 10min ;_-_ &
g0 L ® 20min 1 20 ki
® 30min . - E’
= s 5
] =] 63.4vol%, Random close packing* .
- oy
~ 6o} : 1 Zoo I
A=) z -# < k“"
.
£ i |:;>5 i
D 40 I S 40 How 4
é . .s"*‘: : § 30min f;; ﬂ.ﬂ
o $ - ‘ w I L@
g 1 +e g £ MY
E20} % /.H"'w 3 A% { 22 Bk ]
§ i o, : § 10min P
2y A o ‘ WY 1
y |§ W‘“ PR Sl - ! !
! s ¥ - n! Fﬂ ‘ 0 Omin L L L L J{.
0 100 200 300 400 500 600 200 -150 _ -100 _ -30 0

Distance y pixel Distance y’ pixel

Fig. 4.9 Distributions of volume fraction during directional drying at 0, 10, 20, 30 minutes after
started drying.

433. 7ILbZToOL XEAW-ERMABEIESMORIE
AFEORWEZAITEEROREICHEH CEL R ThD. 72147 (09, Sony 1Y),
\ZU VT~ 7ul A (25mm F2.8 2.5-5 xULTRAMACRO, LAOWA #:8) ZHW{+i}, Drying-
front fHEOIRFE > A2 RE L=, 4.3.1.8i& RO 712 T Blue fE& Green fE D751
ROLEEF ) RODBEEF (9)ZF L, IEOFEBEIRDOEGITG LT, oD —WoemfmzH
L7ofER% Fig. 4.10 (27”7, Fig. 4.10()iXHz8BR4672°5 0, 5, 10, 15 Stk OfiRsE B T,
(b)IXE 5D 3 x 3 pixel D) RGB % VN CHE H L7 AR 55 20 4i CT5. Drying-front [Z[A]
o THRFED M EA L COSBE T MBI C& T, SOITRIEFEIRICE W T, R SRICRE —
R MBAEC TODER B IER TETWD. 77y 7 DRRT-H RIFFICHERR TETWDHT2D, K5
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REVEZBLD TWD. ABFFETIIT U HN I AT E AT, BREEI L I TH BRI UG T
ED120, SHRDEGRTHRTHILT, HBIBRICK T DONERF OB BT L2/ ur)IC

IS FTREL 70D & 2 5.

. p
Calibration curve  In (_’“ﬂlue)
ln(—dm' il )

’oIGreen

0.011876

—1.3856
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(a) Pictures of film (b) Distribution of volume fraction ¢

Fig. 4.10 (a) Photographs and (b) 2D-distributions of volume fraction of colloidal silica dispersion
film during directional drying and at 0, 10, 20, 30 minutes after started drying.



4w an A FRTOBCREIED R IC 350 5 AR50 O IR HE FE

44 FEAE $5E

RETIE, anA R (BRIRS VIR A) 73 BOR IR IO B R 361 DR 73 2R D 22 [H i
I3 A% T AN AT LD IR IR L0 S S E T D FEERER L ORE L. /iidtic
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TEIEIC LD DR EDOENWEZREL THIE TEDILERE L. 2L T, HfD RGB iz ]
WHZLET, BADHEOBRCRELMH NI T 5% 2, EEICEREZITWVRGILE.
Z DGR, Directional drying BLGIZIWTHAET S Drying-front (Z[A12>> THERFE /7 DN e 7
HAL ERALTOOBF 2R TE. BHHED 2ERAITIEL S EDNSHERHED %24 THY,
ARMEFIET DY MEEA L CODIEDRIBRINT. £, KFEIHAZITEOAH T 5L
VAR HIETEMGERTEBINTHZLbARELRD. EERIZUNV I~ ruL o Xz T
Drying-front 3D RFE S RO ZE M) 3 AR 2 E LIRS R, R —7e0 ik AL TNHIEnb
olo. FEBELICE ML TWDIeD, 77y 7 EDORIOFAELBOLE D TE LN ATEE
72%. F-BAMEHCEERAIITEH 528 ATRE TH D720, KO E K FE i bR 235
T HWNERLF OB BN R R ORI S22 0 FikEL THIFFTES.

Z D XHIZ Drying-front 233845 3 AL BT, PNERRL OB BN RIEE /2 X D5
MHFEAE I X ZE MR AR DRl AL BE L2 5. 2T 5 2 ClX, Drying-front O EhE S5 1-EL 6 D
BEER M 2 AR IRE ] & — 0 53 41 D BAER A HRFA L ik~ 2.
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DHSE CTH D720, REERRE & LB NI JEB D HR A [ 7>> CHz M L7 [ 4 fEIk Y A<D,
RN &[5 2 SR D B2 L Cdo 2 KU [ = AR LAY 2 o CTHEAT 972, 1.3 B Cilk <7291,
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SR E T TWBEEZLND. IR E DO — R ITAI7RE8: X0 Drying-front OB E)
SRR TR TR B2 R F- £ 720 CD T2, BARETE R DE T 5 E CORERIT B A D
N DRAER L7220, PN L > TRADME D, RUFFETIX, R MEA TR OBAN RO M iR
(23175 Drying-front OB ENVZBIZEL, W E T A O IR ITR o mEon3 5. ZL
C, WSR3 AT LI R ST I D N G M3 AT D BARR AT L, St B MERTE R K
(E T R R O A ODNT T 5.

52. EBREESIUHEN
521. BEBHLLUVT IV r—4

AW TITE 2 mCTHWEBMEEE (Fig. 2.4) LFREROLOE WS, 727 7V r—42 13k
DRI Z—T L —RAID EA2, EAL0 (Fig. 2.5(b)) 2 4528 T, BV LA E oA
PRI B IAE T B AV 70 975, BATREIE 10 mmis T— e L, BATSIELT 7V r—42L
FMD Gap DA 2 pym & 10 pm IZE{LSH 5. Gap 228 2 CHHIRIMENR DRI E b bhlen2 b
2 3 FECTHLMNTIR>TNDTD, BETOBABI G L TR AL, TABIRENRIZI TS
B AWML OTHRBED R THS. E5IZ, Yoshitake HIZL > TEAIROELA)TH AW 2K
FFLRWERESNTNDEZEND 39, O T HEEERLIIMNE Gap #ZA% THREEERTOBA D
REBIIFEA L RIS THDLEN 2.

RAG A E S L OB A B 2 5 8 1 IR 7 — AR E L. R IR SR 22 5 2 i
Orion PAPO1B-KJ (A VA AR AU 1) IZ KV BRI S VDT E DR L R IR E LT 28 %
7 — AP B HAG T HIE TT —AND G a—E IR D, RER CILE A E 5T
ZEROREAE=F—L, IRE% 25°C LU, W% 30%°5 45%0D [ CTatE L. JIE R ik E
EURE OB EEIZZNZ11£0.1°C, £1.0% AN THS.

5.2.2. BIRBEDBEMNFZEAGHRIE

BA N D WL FR T 51T D5 B 7 ME D R 28 Bh 2 7E 5~ 2 i MRS & Fig. 5.1(a)l2oR
I TV —21% 05 10 mm OALEZ TS EL, G (Extinction) ORI 2L &I E - fidkd
. HIEIZOWTILE 2 BT eq.(2.6)CE > TRINDIEA/RLIZD, ZZTIIW B E DL &6
FERICIR AL, ERIESTE n=n' + in"( 1 TREHEND) 20T 20ENE 2 HEIRETHE
BRI (A o, 5 2, ARYEOBLEBOURE Eo) OWIREE | IXELORE E 1ZHpFIL,
LT THZBH115 %,
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(b)Setup for observation of drying-front

(¢)Origin of coordinate

E q i & Mesh size for scanning
; Digital camera i y
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__________________
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Digital camera

Polarization state
generator: PSG

Humidity and
temperature
control machine

Film during drying
Applicator

..... L) Stepping
motor

Control box Photo detector

(a)Setup for polarimetry
PC

Fig. 5.1 Experimental apparatus for (a) measurement setup of transiently optical anisotropy during
drying, (b) observation of moving drying-front. Origin of coordinate system and mesh size of scanning

measurement on dried up film are shown in (c).

[ < E = Egexp (—%ﬂn"z) exp {i (wt — Z%n’z)} ................................... (5.1)

FebBNOME TR R 2 B XU RIEIT RO Hn" (CBEU CHEERIBMICRE T 5. &
M A D SR FE ORI B TR YL I KR R B2 535G, Tebbn " MRt HE O M
\ZEV B2 D855, SO T 2RI HENET TRY, ZOMWEE B _attin) 2. Zok
EN"IAN T —'ETIIRLT UV NV EEL TR T HENRDY, B At ZRIT=RT VO
IZRBIT DR AEOZEAN" TERIND. BEHE AN EHTHBE d OMEEZZRLIZERE L
DD TN LD EEDZES"T A L d #EEL T eq.(2.6)DIHTFIND 9,
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8" FIHE (Extinction) LEFRSILD %8 62, An"IZWROWIEETHDA, HIEIT d & A TUKRAFTD
B THY I FEE 2T LRI 21T ZE TEN TEHMETHS. eq.(2.6)I7R T8
(SOOI LI TRELSAD. RBEDT S, ASICEZT2HENICEIT L5+ 0
B 1A B I Lo CEMR OPED REINEL, ZOMM By FHEL A FEN A HER 35, LosL iz
WFRD XH72 L AR T DR RITR L C, B Atz EEE T 228X N EEcH
DT, HAIHRROZELL THIE TN TEOMIEETHRIC AW, o FEARIEZ & &
LT 7D TR O B Z PR L CEMR ML CGEmT RETHINI 7 I/ar IO
WD IR TR TR IR S5 AT AW G I E LRI I RRAT 9~ 2 Z &1 A 5 Tz, ARWFZE Tl
DWW ENZIER L, HoMU 7ol oD BRE 2 1 6 I E & [RIRp L2 18 5 BRIl 2 7 A A 1R R L,
ZOFERED LICHEM MO S Hi % RD L. WHOREIZIEE 2 HEFRIZEREFEICLD
AR SCHEAT 208 I L7z 58 8D, S a3k L — 3, e R R EUR A i & (PSG:
Polarization State Generator), &k}, S HARDNAL /2> TS, PSG I IE MR YD 1 23
TEERTDIEATER T HIENTE D120, FrfRIEFED 57208 PR 85 M6 JOWL AR
BT 2B L THRIED ATREE 2> TS,

5" = AL (2.6)

52.3. FLIRBBLIEREBICETAAEEA S AT

B O RLIEIEFEIZ 35\ T Directional drying BLSR S, BED JEfxEH0 H Z @ hy- T
Drying-front 23819 %. 2072, oI DRI DO B(LE T IV TERD, Hrfmak
D, T, RFTHYRHLERIZ B S DRF S B B 7R R D 6 B Y AR & D X725 8 % Mo
(EF OG5,

HZEEFRIZ 3517 Drying-front OB OB 222418 OIS Fig. 5.1(b)IZ~7. HELH TH
HTANRY I A ARAT ANV DD Teb Dz EREL THEL, BATIEED TEICERETS.
TRt afE 52 & CIRIRE R DR R T2 Drying-front 23 L0 BIREIC AT LS4V D. A s

H_EFEDT DX I AT T S, Drying-front O R ICHO7NLE D B\ & LTRSS
%. Fig. 5.L(CNTR T JEEERICIW T, BATBAIZHRE) S5 m (x SR Ik LT 1 mm [#R&E, B85
A (y 7)) 2k C 0.5 mm fRE TR IRICELE L7 BlZ2 2k & L, &81225% Drying-front
AR i AL ST e VAN ST TSy U =k =3 N heb SRR ¥ (K YARUY A E R Qe S AL BT Kl M
L7z, 22T, AFZETHOW DRI OWTERT 2. Fig. 5.2 IZIROEED K P (2RI DI
EERF O 7 1E% 73, Fig. 5.2 OFGEIERH] t ORFEI LA RICEB A DHRE T ETOR
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| For a local point “P(x, y)”

I | For overall view |
T— |

T—

t = 0s z—— Start of application
Y. (L- x)/uc I
P
; Wuid applied at [ Glass substrate |
-l local point “P"y _| | _ismoving _|

Y P * Coating speed is “u.”
> N x/u, * Coating distance is “L”

= e

t =255
y .
P: (x, ) “P” achieved

. | < at position (6. )’y | | phgof application

* [Cocal drying time: tc ena = L/uc

eq.(5.2)
t=3s
y tdry (x' Y)
P L—x
i % =tpr(x,y) —
: j_ -
- B— “Drying-front”
y =l achieves at “(x, y)”v :
t=tpr(x,y) -
s K / t=349s
— 4 Dried up in whole area

25 (tdry_whole)
| Elapsed time t‘

Fig. 5.2 Definition of local drying time tqry. t Shows elapsed time from start of application, and time
of end of application is t = t¢_end = L/Uc, when L and uc show coating distance and speed, respectively.
Drying-front is moved from edge to center of film with t, as shown in snapshot. Time when is achieved
drying-front is function of position(x, y) of film and it is defined as t = tpe(X, y). Local drying time
tary(X, y) is defined by time from application of thin film till time when drying-front passes at each

local measurement point, as shown eq.(5.2).

RO FIZ OV TR, ZRNCEOER ORISR DRI L R O BAFRIEZ 7R LT
W5 ETRABIAAREE 0 s LUTCRGRIFRH] t ZHAREL, AN T LI Et, o295, B
MR E AU, BAFREOIROBENEREZ L SL725A, te enalEL/ue 725, AT, TR
DRI F1T 2 R FTHI 7R L R g, V3, £ D RANERAT 2573 H U HI L7 K405 Drying-front 731
W DETORMELCEFZTS. Drying-front 238135 F TORFFEIINALE (X, y) DRI EL T
t = tpp(x,y) TSI, ZTOALED MABAR S DL H LI REZNTBAT 1A OALE x OREEEL
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TUREND. LIeh>C, FIRRE g, \IALE (X, y)DBIELZ2D, IRAE TR TE2.

tar (X, V) = bpp (X, ¥) — (L — X) Uy -+ oeevrrmmmereeeesmn i (5.2)

E7o, W T LEESNZ ISR LT, BFER GO SAEZNE L. SEER L%
AR LEENTHT T AT AT DT DI\ B AT FH B E ST 57213 TR, ZOEARZFMICHE—
RO EISBE# T&ED. T AENE Rt ER T 2I0ICBEISE, FRICEER
8 L7205 B 07 P 7 2 18 C B RE [ O T8 S &b s - 2L (Fig. 5.1(c)) (81T HIE e L
B 2 E LTz, YRR IR EREE X Fig. 5.1@) TRLIZLDERICE DA L.

5.2.4. F#

AWFFE T, i3S LT, Sunset yellow FCF (Sigma Aldrich #E8L) 0> 36 wt. % /K&
(LL'F, SY36) & Biebrich scarlet sodium salt (Sigma Aldrich #:8) @ 6 wt.%/K¥E#E (LA T, BSS6)
D 2 FFDOREE AV, WG ETE DR ELIREICRET T 228 TR~ F v 7k %=L,
BATS DL THF R AT 2R A KT 5. Fig, 5.3 (2 BSS DL iEa "4 2. 2o
2 FHHOREHIAR YT v 7R T DIRE DR KRE R, FUY 7 VR THKGENR 5T
<B. LIehio T, R T DR 3 7V TR EGED.

HO
NaO3S@—N=NQN=N \_/
SO4Na \

Fig. 5.3 Chemical structure of Biebrich Scarlet Sodium Salt?).

53. EBRERBIUEER

5.3.1. FLIE@FEICHITHEF DEFRIZE B Drying—front DFEEN

SY36 FL U BSS6 DA LD FE MR AL I Z 1T D1 YO RE A B ORI E RS K% Fig. 5.4 (TR
I BB T BATBA LA R 0 L7 RRmRER t Z2oRL, Mt ZTHEA R L TV . SY36, BSS6 LUH
BOMEEL I H M 2 BRI AT O KEEN EFL, ZO®BBECH R E R UL NS E F
IZEET 5. BSS6 DIRIEHZROY G, BATE &N DN EF T DRTE COMERIZHEWT, k&
TR RME o T BRI 72 A B 2 7R LTz, SY36 CIEZORIKIZIS VT, BSS6 D LH7a 8 HIfk /a2
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Fig. 5.4 Transient behavior of extinction on application films of (a) BSS6 and (b) SY36 during
drying. Applicator gap is 2um.

BIREN IO, BATEZITIE S — L, Z0®%BADEmERLIZ0b, Bt
HEEOHW A CTXHENS, HITE EFHEZRT. ZOXEBORIEIL BSS6 D& LIZIERZETH
ofz. 2 SY36 DA, HOR EASEEIC I TRR - i/ N R 327y YR B8 s 56 A48
L, OIS A — /=2 a— U THBIRAD L TEFEIZET D, ZhHDBREL0GE
HNZIRFT 5729, Fig. 5.4 (TRUIEFRE L FRRHIR T NDT DXV I AT Tl 21T > 78
7S SEORE s (L —H — i@ ) % Drying-front 2580 8T DR H 23K D, B IO
B CIRE | ORFRIR L iS5, £ D5 % Fig. 5.5 (27”7, Fig. 5.5 DK G DRFHEFEIC
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FRL TS, E72 SY36 ICBW THHIED IEZ A B 2R L TOZRWEHEL T, BB SR E Th
BHZ LG FE AL, Drying-front Oi@iE2s BSS6 L0 W CTAELU QWD ENEZS
5. Fig. 5.5@)IZRTEIZ BSS6 DA EE D HRAMERTE CICBLNDIE O IEZ 22 B g
WETREDOETB L FHIL TNDIER DD, TR IR E DI LA ER| %b\'(bi(i)ﬂ%@@’%f
b, &AW BELDOFAE, IZEITEEIND. RSz BSS6 TEOAL 1 HEELIREIZ 22
w52 DX T VAT X BB VO EAITB RSN 207278, WIRIES N EBL TS
FIREMED DD . IIRIES N LT2EE 20U, ECHIE L — YOO GRS | LEBITZEbL,
THEOFRIMEDS | LRSI CRBINCEB T HZ LT EMEN DS, R IRV TR RS
(BB ELDHBREL T T =53RS LD ST O 21T b 2. Zoixhiio
FAEFMIIREENOBLEMMEN DL THDL T A=HU I TEDLI, HDEER T2
=HERBR TG AICHAT D, AT G L O LR E O IETXA A B 288 A3
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72121, AHFS2ClE Drying-front OFENZEH L, ZHHDEIRICIIT AR~ T 2 =D 24
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Fig. 5.5 Relationship between drying-front and extinction/transmitted light intensity behavior on
application film in drying process. Time when drying-front passes on measurement point is shown as

gray color region.
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T, Drying-front %t MEHIIREIZ X B TES. Fig. 5.6(b)IZ7~d SY36 DOHEREFE TIX, #]
AL L7= Drying-front 78 BSS6 (ZLE~REEAChHho7=. Ziud Fig. 5.5(b)i2/R L7z iE iR E |
73 Drying-front i#IEKRFIZWN ST AREUR T 52 LB 5. ZOLE, {HIEBFIRFIW>Tc A
R/ M2 R U OB N A E HIZEET 5. Zbid SY36 @ Drying-front 3055 O fE AN B —
IRAT Y T HPRAETIE72L, HOBEDIREZFF OB THY, HROBEEHIREEE A TNDD
LEIRY. anA NIRIEOBIEIC BV TH Drying-front O FFTEIEEIRIC I T, Koy B0kl
FEHED FEA VLT Drying-front &3 B2 588 RNRIFHC I A5 Z L3RS LTl Y 394D,
ZDEEFE Drying-front O RIFEAEEEOMRR, B R EITKAFL, @R IR D LRREAN A
IRBZENHAESIL TS 9, SY36 O Drying-front 28 R EERAIZ 725 JR A L LT, iR L7 Drying-
front 13 72 555 5 & Drying-front O R AR -T2ZENB 2 HD. £z, SY36IZBWTIE
Drying-front ¢ i@t 2 ELfliZe k3 BOZALITINZ TR A RO BLELRREIC BT DAL E AL
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Fig. 5.6 Snapshots during drying of application thin film of (a) BSS6 and (b) SY36. It shows from
stopped application process (tc end) to finished drying in film. These films were made by using

applicator that applicator gap is 2 um.
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Fig. 5.7 { SY36 DR ML DI 1T DI AR, BRI IRICH7- - T Fig. 5.1(c)
TARTHEFIROBIERIZB W TRIESNIW N E, M OHT7 =27 — L EHNTEL TN,
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Fig. 5.7 Two-dimensional distribution of extinction on dry films of SY36. These films were made

by using applicators that applicator gap are (a) 2 um and (b) 10 um, respectively.
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T P (T ) e 4.1y

ZIT, NFEE iR, o lZ AR EIRE, n I RMEEZ R T o IZBAATO N T AHMRD I

BT DT ICIRIE Ngiass |ZHEEZHLZ, AN W RARBODN A5 26 L C—E (" = const.) T

HOHERELTHGA, eq.(4.1) LVBIEIT eq.(5.3) TESN, BARMBOELR @M RPN O LK

£ (EE z 1) & hi->T—E Un" = const. # f(2)) EMELT-HE, €q.(2.6), (4.1)° LD, EARE
e eq.(5.4) TR SBICE T ZENTES.

L A e T (53)
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Mo o
An x z B _ln(l/lglass) (54)
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LD, T2 6-In(/lgess) ZMHEEIZ LG 2B &, BEEAREL (film thickness factor) EEFEL
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FHL, ZhbD5fizaRkedi=. Dk 5% Fig. 5.8 (27797, Fig. 5.8(b)&V Gap 238 KEWEIRE )
JEL A2 D NI T Y Aok ANV B LT-. £7-, Fig. 5.8(a) Gap = 10 pum (28155 (M E4REL /e &

/e o An" -In(l/ ) =d
T s

¥ mm
]

]

'

y mm
[

Gap =2 um Gap=2 pm

_ L _ ! 1

50 10 20 50 10 20

5 L I
L . f
- | | | Gap|= 10 pm - | | Gaplz 10 pm

g 10 20 > 10 20

X mm X mm
(a) dichroism factor 1/c (b) film thickness factor —In( I/ I,

Fig. 5.8 Two-dimensional distribution of (a) dichroism factor and (b) film thickness factor on dry

films of SY36. Film sample is same as film of figure 5.7.
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