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Viscoelasticity and thermograph in polymer cast film

during their drying process

Yoshimi Sempa'*, Takehiko GoTon?

Abstract

Dry process in polymer cast solution is one of the key processes that affect finish and
performance of obtained polymer films/membranes. In the present report, the dry pro-
cess of polymer cast solution was evaluated from the viewpoint of viscoelasticity and
drying & temperature distributions in the cast polymer solution/film using quartz crys-
tal microbalance (QCM) and thermography. The viscoelasticity during the dry process
was monitored in-situ using a large area 5 MHz QCM that was suitable for the mea-
surement of gels. Distributions of both surface temperature and film thickness were
monitored using thermo-camera. Usefulness of both techniques in the evaluation of the

dry process of polymer cast solution was evaluated.
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[ A 15 2 A E RN F R 2 M D S\, B TR OW BRI Ao E I
WZRE D RETEo RN, vk, BRI X B2 & OB S ik~ 7 a 2 —
VCBH SN LZHR EEOLER, R bR & RN R R 77—V TR 2 2R 05N
WA T3 A28 7O ATH Y, SHITHNE R LML DHENEH D ED IS O
AL DR E R AF IR & BT 5 (13 2008). 22T, ARG T, BOTHERD
¥ v A MO E GBI B 2 REZ LB KOV v X IR O /R A A
RIEE LCHIRO 5 A4 F 3 7 A% L T2 L2, BT OF v 2 MEROWEE
FCBU 2R LI ARRIEES T~ 4 2055 v 2 (QCM) ZHwCBlill+5 2L %
KA. QCMOBW EICEY ZAFL YO MV VAR ERL, %5EHEE2QCMD Sk
ISAZAL 2RI LCBI 21T o 72, X512, WO RmRE - EAGMZEIZOw
TH—FEHRXATEHCIZY—FET T 7412 E o TR T 52 & 2ikA7z. WHEOHEHZ D
BB DS A4 F I AEWAEL, BOFEROF ¥ A MEEICBT 5 & THEOAR)
% Bl L 7.

2. B¥t i 5 CICKER TG &

2.1 ¥t

Fy A MEREHT R —LLTRYZF LY, BEICE VY ZHWE W
NOHAEHMIE TEERORELZZOT ITHVA. BLOHIZ, PVIVIZAFL Y ERER
B (003g/3mL) M L72F ¥ XA MAOBERERE L. s (10~50ul) DOER
ML, QCMLIZERL T v A MNEQWE:SY £ F I 7 A0z 1T - 7-.

thermocamera

rtz electrode

p

Peltier device

Fig.l Schematic diagram of the experimental configuration
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2.2 QCMBIE R U

Fig W EBEEOMELZ/RT. HWV2QCMIZAKSOEEISmMm ¢, 4% %4 LB
A OEAED13mm ¢ D IEARIRENE 5 MHzOKEIRE) - (ZHEEE) THbH. HIERD
RYAF VL VEREZENR Yy ¥ THRILL, KRB~ A4 70237 Y2 (QCM) HHOE
i T LC, FR B R BB LICRTREE L7z, Zh & FEFICQCMIGA Dk
REEIb 2 MERB L. Ay NI =0T F A (T IV T AMEF VR=F Ay T —
77 F T4 Hr3755) & v, QCMOFIREIE B X O H3RE %A L HRIKIROE (7
K3 v & v AMNT) % U CizR R OB ESHli 21T - 72, 7 F 3 v ¥ v AT O
WFHEH (Muramatsu 1988, #H 2008) C&hs L L, T2 TIIMEZJHWT 5. Fig2
WCQCMOISEFHIOFEL (7 F X v & Y AfFHT) %/RT. Fig2(a)D L KIZQCMD S 1
EF)I, AEIERHEIIRE T ALCREBSXANKET VAR LTWAS. AMOI D25 72QCMD
RBLE, 74+ —7 PETNVICE o TENT L, BT ORGME2 3¢ 5. —7, LCRIM
B OMEHREI S I BINIC T + — 27 FEFN LS (B —oRX o) RS

Mechanical model of QCM Equivalent electric circuit model
r L mass
Cm viscosity .
elasticity Co— C) elasticity
R resistance
m
/\/ t mass (load)

Forced oscillation /\/

Sofwmcos(wt)
(a) Model equivalency
I 3 Admittance: Y=1/Z=G+iB
gmox
& e - £l 1 f 1 Index of viscosity

Conventional
index of mass

L L)
f effect/elasticity
of load

i CW G Index of

f viscosity free
f 2 mass effect
——> scan

- Admittance plot
(b) Admittance analysis

Suseptance, B

Fig.2 (a) Model equivalency between the QCM oscillation and the LCR circuit
under forced oscillation and (b) principle of admittance analysis
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Lo Ttk 3 s, 2oz Lid, QCMOLRHRL % ZORIRICB I 2B E (B
MEEME) L > TEFMITTEETH 5 2 &L 2 HRT 5. EBE, QCMOIEFHIIBITLT7T FI v
5 v ZADBIN X > THEHICIZLCRIEI /ST A —F 2 PET 5 L ATHETH S5 (Mura-
matsu 1988). fliZMIZiE, QCMOBEF LR MEL (BHEDOT F I v & ¥ AYDFEEK
BTHHAVT I VAGTU T 7 ANDOY — 2 2B AR 12X 5> TQCM EO
MOFED LIXERENZAMOEI 2L, 222, 3575 Y AGOHERIZE - T
K E B HIRIEIREL/ G)DHIC & > TEMOKMEZ S MTHETH 5. Fig2(h)id Z o &
HERLTWAS., AifFETlE, Lo X 5 IC@BNIAB L OREZHE L CEHti+ 5 =
Ll L7 AEF v A MEOBMESLEEZ ML, —BICHEDE UMESEMd % &%
A EREBICY 7 M) §5. RIMMERETH Y, BkrmwIZERPWAREL 25, 3t
PRE WL £ & IBEPIROWPE 121 4 2 —EG&GHDQCMI22% Fiv /2.

239 —ET 7 7HA

P—F 757 4 IWRER O ARLE U THET S5 RO %2 B LR LS 22508
L IEM{EDZ & THs. FRLOE DY —EH 2 SFLRO ONE (8 ~14umE £k
AL, 80X 60FESIVO a A A — % (FRA), fRIFFEE1280¥ 7 & v, f#&IEE01IT) %
AWz, $—EFH x5 ZQCMEM D S10emOIEIZHKEL, R —EHEOF ¥ A Mk
POEBIC—EQKMMBETYH —E7 5 7205 Lz RIS X 2 IREFMOBAIC
2, BOREADHELZETLLEND L. F—Fh X ITPEIT 2 RIMEEIEAT 7 7
VRNV VOFEANIHES DS (TN T =T X%y, BOEROEER ZT L. W
DF ¥ A MRY 7= FHI BT, BEAHS LTI BE R A L, F72,
WSRO AR L TR i 2 2 U 5. BT 2 RV E IR OB A2 25 L& 2
S, FEBICENT AEOFMRESAIZINSOFEL L TWDE I L2 EET 50
BNDH LA, SHNGHAMICRIRICBIT S F v 2 MEOWEEBE O —E 75 7MEZ T
Twh. Fig3llh—E27 57 1 O ZRT.

(1) Detection of (2temperature
IR radiation calculation from
(LWIR sensor: amount of IR energy
8~14um) (3)Imaging

, Thermograph
\ m "-\\Evaporation

|\ \ cooling/

o

Fig.3 Thermography of the polymer cast solution on the QCM

Thermo-camera
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3. MREEBE

3.1 EZRBIEOQCMICE

FigdlZF v A2 MEBEBBRIC BT 2QCMIBE 27”77 (Seiea2015). F ¥ A MHEITA
RSB Y 7 P L, =5, RIEERTEIIC S 7 b3 5. 20k, RHETT 512065
THABEE BRI 7 ML, RIGEHENICY 7 M55, Tabb, MESHEML, b
T (BOFEE) ORVESFIRPAERT LI EE2 KL Tn5. S 5ICHIRESED &,
EEDE L WA b (RIEDEH R EFL), 7FVbz s % &% 2 51 % Hi
PERT. COZVT4ANVGA REEZRELODL, ABLUREIFTELEN LA, K
T LD, FVEOEBEOEITIE D HERD, MK T B S hTwb. ZoBRBET
&, BIHETH D PV Y ORRWPBRAICEETH2RATH ), FVBISEEOET L &
bITHitEZ RO OB L TW L 2 EWL RIEDOEFH P LRENTVES.
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Fighlc¥— €27 5 7 OREMZAL 2R T, KB ORVEEIRITIREYNE L, EARIK
EWHBTHL I EZRLTWAS. Figh@lloN s 912, A5 —ilTEKIZAm

Initial : Dissipation of shear Tiicieass of load
Increase of load ‘ wave Decrease of and viscosity due
P of by of ial load 5 SRRt 5
shear wave of QCM  solven Y A . Tying
—— s EWENRC eemne
Initial Stage I Stage II Stage III
Dry polymer layer Absorption and swelling Solvent evaporation Dry polymer

by added solvent

In the case of load
within the linear
relationship range G
between m and Af

In the case of load
over the linear

relationship range
between m and Af

Fig.4 Phenomenological behavior of the polymer cast solution on the QCM and corresponding QCM
behavior (G profile) (Seida 2015)

A —ICHRL, W—IGREPMERNZ E 2R L TWw 5. HEOZFEFHIC X S EE T O
WHLEZZOND., ok, WHOMKBE L BIIF Y A MLy VHEDSFHFEIZELL,
WEIRIZ & o TIEADERA L, BB OIEE & [7] CIREEIZWE§ 2 2Rt ot —€ 7 7
T7EHITL DI LI Lo THERTE 5. B & & B ITT DR DFILAYA AT il 2 <
W2 H I TEEREZBEOR T ZRLTWA.
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3.3 ¥ v X MEZRETE OB R FRAVEIR

R OZ b E o &, WEREBIEIRE S RIS AZEMETH L. HHIK
BICHEIRET AW OBETIE, BEAREE L DITHSTRE (BE) P28ciny 57
O, F v X MU ORBEEIIHICIZHEMT 5. FUEEBbhs, Ihbb, S5 T0
PR DSBS 5 7 ) T 4 WV RIREN D > T, OB TITREIZSBITKRE
o Twh, FIVBIZE > TEASTOEBNIIE L 2 SR 2 1K L, Al
MR R R SHAEL T 5. COREBTIEIF ML L 72180 SFRA B | & ki & D= AR5
LT 5720, BEEORA L D ITHEBIRTL, —BoMEr 2 EEA ALl T
. WEMRsEEAT L, AT LSBT 258103 A2 T E AN ko720 L
CZEE (AOSRERT 7N 23280355, FEEHIE, MEPBIRICKELRDLERT
FZCDXIBBERI LI EE2HE LTS, (Seida 2017)

4. 55R

BATHEROF ¥ 2 MEBEIZOWT, KRBT~ 4 7 0T v A% v 7zin-situhlis
BRI =€ T 7 4 —I12X o Tl - WIEBROF A F 3 7 A2 M~7. 5aniE

PN
Before cast— | after cast

After dry
' )
-0-0-@-@-
(a) 30uL
. Beforecasty cast Aft. cast

@QQQ
@@—“’“"ﬁ“

Aft. dry
(b) 10uL
Fig.5 Thermograph of the polymer cast during its drying
(a) 30uL and (b) 10uL. the Temperature of the samples are indicated by color.
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DIBERTE, AR, Fbo 7o 2 2 K L 2QCMO RIS & 3 L Y —& 7
7/ HIENURTHY, Bodke=y) 7y -V LTHHEEZRWET L
ATE 7. BEHINIZEBEOREDARIET 5B\ TT ML K o TR % S b7,
TOALTR b R 2 0 T B TSI HE ) IRORBHIEZAL 2 QCMIZ X ) Bl § 5 2 & ¢
WHETH L. Gtk KMREOI 7 0 %ESTOMEIEEICIZTHEE X ) 3SR
LENH B =T T 7 ORI O, EEOHIEI X o THOERIZ T v VEG 0 bR %
WHERE L, BEHLOEA R R AR E T A B S s, WHZERZ S A BT,
B OVREORIRE & e 2 H MM E G5 2 ENMRREZ LA ONS.
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