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Abstract

The rheological behavior and morphology of the mixture of a
polymer, poly (butyl acrylate) (PBA), and a cholesteric liquid crystal,
cholesteryl oleyl carbonate (ChOC) were investigated. The steady
rhological behavior was studied by rotational rheometer RDA . To
study the morphology, we used optical microscope direct to investigate
the droplet morphology in flow fields.

steady shear viscosity roughly shows three different types of
rheological behavior depending on concentration. The mixture of poly
(butyl acrylate) and polydimethylsiloxane was prepared as a reference,
to contrast the influence of composition and morphology on rheological
properties. Several theoretical model were adapted to predict the
rheological property. The predictions of the models were found proper
only when the fluids behaved as a Newtonian fluid and at low shear
retes and low concentration.

From optical investigation we knew that the role of droplet
morphology on the rheological behavior was important. In contrast to
solid particals, liquid droplets can adapt partially to the flow field by
the four following mechanisms: internal circulation, deformation,

break-up and coal escence.



2-1
2-2

2-3

2-4

2-5

_____________________________________________ 3
___________________________________________________ 3
___________________________________________ 4

2-2.1 e 4
2-2.2 4
e e 9
2-3.1 e — 9
2-3.2 e — 17
2-3.3 22
2-3.4 . 29
---------------------- 31

2-4.1 s 31
2-42 37
---------------------------- 40

2-5.1 40
2-5.2 43

III



3-1
3-2
3-3

4-1
4-2

4-3

4-4

—————————————————————————————————————————————————— 45
———————————————————————————————————————————— 46
-------------------------------------------- 51

3-3.1 e 51
3-3.2 PBA chOC e 52
3-3.3 e 55
3-3.4 e 56
3-3.5 s 58
————————————————————————————————————————— 59
---------------------- 59

PBA choCc e 69
4-2.1 [PBA]=0% 30%  ----- 69
4-2.2 [PBA]=40% 60% ----T71
4-2.3 [PBA]=70% 100% --72
pBA e 78
4-3.1 [PBA]=0% 30%  —------- 78
4-3.2 [PBA]=40% 60% ----80
4-3.3 [PBA]=70% 100% --82
4-3.4 PBA/ChOC  —eee- 84
PBA/ChOC e 86
4-4.1 Einstein = ---mmmmmmmmeee o 86
4-4.2 Taylor ==--mmmmmmm e 87
4-4.3 Oldroyd W  —---mmmmmmmmmm e 93

v



4-5

5-1
5-2

4-4.4 Choi Schowalter

PBA/ChOC
4-5.1 ChOC
4-5.2 PBA
4-5.3



[

4.1]

[PBA] = 20%

VI



2.1]
2.2]

2.3]

2.4]

2.5]

2.6]

2.7]

2.8]

2.9]

2.10]

2.11]

2.12]

2.13]
2-14]

pp/pc
PE/PA12
PIB/PDMS=10/90

Vinckier(e) Minale(o )

PIB/PDMS

PDMS/PIB 20%

Ca e

PP12/PS685
5% PDMS/PIB



2.15]
2.16]

3.1 (a)]
3.1(b)]
3.1(c)]

3.2] ]

3.3]
4.1(a)~(d)]

PBA ChOC

PBA=10% 1

4.2]

4.3(a)~(d)] PBA=80% 1

4.4]
) ______________________

4.5(a)] [PBA]=50% ChOC

4.5(b)] [PBA]=50% PBA

4.6] [PBA]=0%-30%

4.7] PBA

4.8] [PBA]=40%-60%

4.9(a)] [PBA]=70%-100%

4.9(b)] [PBA] = 100%

VI



.10]

1]

12]

13]

14]
15]

16]
17]

18]
19]

4.20]

4.21]

4.22]

B.

B.

1]

2]

PBA/PDMS

[PBA] = 0%—30% ---n-=nm=nmmmmmmmmmmmmmmomeee 79
PBA  PDMS

[PBA] = 40%—60% =--=-n=nmmmmmmmmmmmomoee 81
PBA  PDMS

[PBA] =70%—100% -----------mmmmmmmemmeo - 83
PBA/ChOC 50

[PBA]=0% 50% ---------mommemmmmmem 85
Einstein 89

PBA/ PDMS Einstein

——————————————————————————————————————————— 90
Taylor e 91
PBA/PDMS Taylor
———————————————————————————————————————————— 92
Ooldroyd e 94
Choi Schowalter
----------------------------------------------- 96
[PBA]=20% —eeee- 101
[PBA]=70% aeeee- 108
[PBA]=50% aeeee- 113
PBA=0%
—————————————————————————————————————————————————— 126
PBA=10%
-------------------------------------------------- 126



B.3] PBA=20%

-------------------------------------------------- 127
B.4] PBA=30%
-------------------------------------------------- 127
B.5] PBA=40%
-------------------------------------------------- 128
B. 6] PBA=50%
-------------------------------------------------- 128
B. 7] PBA=60%
-------------------------------------------------- 129
B.8] PBA=70%
-------------------------------------------------- 129
B.9] PBA=80%
-------------------------------------------------- 130
B.10] PBA=90%
-------------------------------------------------- 130
B.11] PBA=100%
-------------------------------------------------- 131



PDLC(Polymer

Display Liquid Crystal)

PDLC

PDLC
PDLC
PDLC
Poly Butyl Acrylate (PBA)
( Cholesteryl Oleyl Carbonate)

PDLC PDLC

PBA/ChOC



(0.001s*-100s™) (rotational

rheometer) (cone and plate)



2-1



2-2

2-2.1

(nematic)
(chiral
molecule)

2.1

(chiral nematic)

2-2.2

[1]

[2]



1. GRANDJEAN

2. FOCAL-CONIC

3. HOMOTROPIC

2.2

(Cholesteryl Oleyl Carbonate)

[2]
ChocC

GRANDJEAN FOCAL-CONIC

GRANDJEAN

FOCAL -CONIC

ChoOC

HOMOTROPIC

FOCAL -CONIC



HOMOTROPIC



2.1

A =




&t / RPM

|
1
I
I
I
|
|

102 |
= ®o , o FOCAL- CONIC ———3
- :ﬂﬂﬂnﬂuonanauupﬂ
» | o
] HOMOEOTROPIC
10! =
S 1
oSl —L L oanww b opprvim 1
Ig=3 -2 0= 0o 10! '
RPM .
2.2
(

1)



2-3 -

2-3.1 -

Ca =127 (2.1)

(Ca.,)



Taylor
Car

-2/3
Cacr=0.054[’7_dJ
M

Na de Bruijn

log(Ca,, )y =—0.506—0.099410g(p)+ 0.124(1og(p))’ 0.115

~ log(p) - log(4.08)
(2.3)

log(Ca,, ) = log(Ca,, )NHVT +0.127log( (1.474+0.35510g(p))’ log(S,) )

(2.4)

SR:Nl,d/O- 12.,d Nl,d (0} 12.d

10

(2.2)



Favis Willis

/ (pp/pc)
p 1
p 4.5 17.3 3~4
- p 4
p~0.1
Taylor
R.
0.054p7%"3
R = r_2
77m721
Hinch Acrivos

Favis

11

(2.5)



2.3 pp/pc

2.4

/ (PE/PA12)

Jordham

(7, /1, X, /4,)=1 (2.6)

12



——— A —— R — =

4)

13



;
g

ity Pa.sd

-
&

Zaro sheor viscos

k. 2 i = 0 a a2 a 0 & = 2 1

0.0 2.0 40.0 60.0 B80.0 100.0
L2 voluse froction (D

2.4 PE/PA12
( S)

14



D

2.5

PIB/PDMS

15



100

| I =
only break-up 3
E 10
2 z break-up + =
E > coalescence
] 7%, O N e q
only cualescencle
1
0.1 1 10

shear rate (s™)
2.5 PIB/PDMS=10/90
( 6)

16



2-3.2 -

(over shoot)

Vinckier

2.6 Vinckier

3.0s7!

Minale

17

2.7

(2.7)

PIB/PDMS



aﬂ=:%ann¢ze) (2.8)

7
HZLHG%EJ (2.9)
2 4
F
_ ¢ [ul-as)x (EH 2 4 om?
F_4LB(L2—BZ){ e g [2 arcsin 3 +B(L +2B) (2.10)
L B

Minale

18



L L
Elﬁiﬂﬂﬁ
(b)

(a)

2.6 Vinckier (a) (b)

19



2.7

700

600
500
400 |-
300 |- ¢
200 |-

shear stress (Pa)

(a) 0

PIB/PDMS

3.0s7'(

strain

20

100

9)

150



o' (Pa)

2.8

UL L

Sy -
--' T Tr—,
-'-.',- i . ""'-"--l..

50 |

ok

30 ET:.

20 i_

10 z_

B
0 20

Vinckier(e)

(

40

Minale(o )

21

8)

100 ()



2-3.3 -

Einstein -

Einstein
- Batchelor
7 =11+ 256+ 6547 ) (2.11)

- Einstein

Taylor(1932) -

7 =11+ Ko+ 6.5¢%) (2.12)
K

K_§p+0.4

5 ot (2.13)

1 2.5 Taylor

22



Taylor Oldroyd’s(1953)

11k + kg (2.14)
5k + 2
=G )2(k+1) (2.15)
_(5k+2V
k2 = 10(k +2)* (2.16)
k
Oldroyd’s
2.9 J. Huitric
PE/PA12 Oldroyd’s
Oldroyd’s

Choi Schowalter (1975)

23



g, 40Pt 2)(1+¢5(5p+2)J

PR | G ¥ (217
N, 2Cagy((19p+16) ,56p+2)
nm‘51+zz(4(p+1) (1 4(p+1)D (2:18)

Choi Schowalter

24



3.0

-
(=]
T

Relative viscosity

1.0 -
0.0 0.0 200 3200 400 5.0

Volume fraction %
2.9 PE/PA12
Oldroyd’s (k=1)

( 5)

25



(19p+16)(2p+3 5(19p +16)
‘= 40(p+1) ¢ A p+1)2p+3) (2.19)
2.10
/ (PIB/PDMYS)
Choi Schowalte PIB
PDMS
C-S
C-S
Mooney
_ 25
n—nmexp(1_¢j (2.20)
- 2.5

Taylor K

26



27



I
—— model of Choi-Schowalter

0.9 -
08 | @ 10PIB1300
0.7 + B 90PIB1300
A 10PIB2400 |

06 ¥ 90PIB2400 L
0.5

0.1 1 10

shear rate (s"}

2.10 PIB/PDMS
C-S

28

1
Nl,wmssfnm (5 )



2.3-4 -

V= 7/05in(a)t)

7 =17,8N(wt + 5)

0° 90°

! 1

r=7"+7"=1, Sin(a)t)+ 7o COS(a)t)

29

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)



Palllieren(1991)

Taylor
Oldroyd C-S Pallieren
_g 13 oH (2.29)
"1-2> dH
4(“][2@;; +5G; |+ [6; - 6 Ji6G:, +19G; ]
He =R (2.30)
40(%‘)[@;; +G;|+[2G; +36; Ji6G;, + 19G;
o
|10+ k)+34(2+5k)
o _"mLo(u K)— 24(2+ 5K) (2.31)

Pallieren

Pallieren

30



2-4

2-4.1

Taylor
- L1 s
L B
Ca k
D 0.05

0.5

2.11

31

0.5

(2.32)



Rallison

C

9:1_3c:aFXy+Ca2{_%FX§_gNZZ+%95Mm} (2.33)
r

Fxy=f/2 Ng=-a /6 My,,=3u4 /35

19p+16
. 2.34
24(p+1) 230
3 2
a=11419p +26583p° +19152p + 4096 (2.35)

3360(1+ p)°

28538p* +120305p° +186883p? +126496 p + 31488
U= - (2.36)
544320(3+ 2p)1+ p)
Rallison
2.12 Rallison PDMS/PIB

32



PPz

ROzt %

d@ﬁ C.,-_z —

O e

2.11
(a)p=2*10"* (b)p=1.0
(c)p=0.7 (d)p=6.0
( 12)

33



c/r

1.00

s Hais?n Thigary

0,85 & Experimenal Data
0,90 1

1 [
0.85 -_ | )

3 _:_-_-_-_-_-_-_'_"-—-_____
0.80 - 1

[ L
0.75 4 1
0.70 , : : .

0.18 0.20 022 024 0.26 028
Ca
2.12 PDMS/PIB 20%
C Ca Rallison
( 13)



Elemans

Elemans

2.12

Leon

2.13

35

Leon

(2.37)

(2.38)

(2.39)

1996

(2.40)



Width/D

1.5

1.4

1.5

1.2

1.1

0.9

0.8

36

- L i T e
1 :
- ' ]
i [ .
- ¥ ]
5 . :
. g ]
: . 5
S X
- :
o ]

i ] i " 1 1 il 1

] S 10 IS 20 25
siraln
2.13 PP12/PS685
( 14)



2

1.

4.2

(a)
4.25s1

2.14 PDMS/PIB
8.5s!

Jai A.Pathak

wall migration

M ason

wall migration

37

(b)
Jai A.Pathak



wall migration

L oewenberg

(Dself)

38

(Ca)



182 pum

2-14 5% PDMS/PIB

(a) 8.5s (b) 4.25st
( 13)

39



2-5

2-5.1
10
(surface anchoring energy)
WR? W R
(Frank elastic energy) KR
K
WR/K>>1
2.15(a) (singular point)
2.15(b) WR/K 1

2.15(c)

40



41



2.15

42



2-5.2

2.16

43



( 18)



AREHRALEF T AR-R/ERD AR G ER
WA OTEESEETET R SRE R HDIMPEF O
g% F ik & 4" 7 B fn Cholesteryl Oleyl Carbonate
(ChOC) - p *tAcros #p#E #H E & 5 Ts.cn=20TC > Tep
=35C » - ¥ BT 'Jpﬁr‘]ﬁ§/li’aaﬁll?it°—§ﬁz,‘)§

% 0.987g/cm® o A 3 X e T

Me H
| S |
0
(CH2)7 z (CH2)8 )k
Me/ N— o

¥ - B X LR T AP % K @ PBA(Poly Butyl
Acrylate ) »

g

AR AR R B o BmR
1.0424g/cm®> 2 GPC ] 17 & + £ Mn=76200~ Mw=208000 -
Mz=392700 - &~ + ;%\ 40T

[ - CHCH —)
c: —OCH,CH,CH,CH.,
0

45



3-2 RHEKHA

- ~REF BEA
&% F g : 1000ml £
B R 4 % 3 ¢ Fargo Instrument CO. CA-400
# ¥ ®  Shin Kwang DC-2S
Bz kA% BESGV
# h %45 ¢ Risen NO.0261

+ GPC
# P ® ! Viscotek T50A Differential Viscometer
RI Detector light scattering system
F i : Hitachi Pump L-7100
¥ 18 # #4 : Hitachi 655A-52 Column Oven
# 4 : Jori Gel DVB Mixed Bed (250mmx10mm |.D.)x2

C i kR B R R
i pc 4 ¢ Nikon OPTIPHOT

i

CCD : TOPICA TP9001D

£ % @ Nikon MBNI 1920

$ 4 . Nikon Serial 10X~40X
B2 e 478 - Optimas 6.51

46



T~ RFELKA
CCD : Polaroid DMC #kc = % fic 4p 1%
& #f : OPTEM MACRO VIDEO ZOOM LENS
P~ 2 A 47 50 48 ¢ Optimas 6.51

R BRK A
o % % ¢ Rheometrics Dynamic Analyzer RDAII

14
4
[

% £ ¢ 50 mm cone and plate (cone angle = 0.0201)

2o H oo B R R R R
CCD : Finescope FS-1000 250X ~1000X
%k %4 k& Cold light L-150

i & SIS A & FLY R

47



B 3.1(a) ¥ EE &

48



SLIS0STY | B D) B H ) WEDER

& 1| 5 EDEE

1EES

il B
[
KR i
[ ]

LOEE0 -0 |3 ..

TOEERPOd-ME A W

FH MBS TN

76 HE-NIOLE

R A U b © R
DL ) W T M TR
Gl (PR T O i BT 2

U S u Ldr AR g
w8 e T oo 6 i

i |

i3
Ci

w1 L T wumpo e

M|

b Ry

nga FE

— HL-¥ULEE

.En__.n_l\\_

i

bz

49



L-EOOESYRd-M0

—

EMEN0d- M543

5 SR TOHE

Lvs 100

T 3 M o W © | Eie ca
FS 0 Tl e Y © 0 MRS | &
(i) (S 2 RS B BHE S8 © 545 g TIME-
M T G | By A L 2 B | g i

ure | B G b T w0y e i DH |

€ R L i B TR W

e I

&I

= e e e
e
i
:

T e i LTI

MR-

3

I & B S )

® 3.1(c)

50



3-3 R &> &

3-3.1 PBA @ #

m:hooml—\

8.
9.

PBA 4 % 3z pd AREF KA+ 0 F BHFHT

LR R A i Butyl Acrylate(BA) o
.27 % 80g°BPO0.12g /& & # BPO % f2 > 5 » » B -
P~ BA99g 4 » F B¢ oo

EREENE K R

. P~ 7 ¥ 80g> BA 207g> BPO 0.49g ;& £ # i 155 # BPO

EAE N EN T

CEF B B F BTG EF v R %P (9 & 110

1

CY F»HFHENTREE HEH 3 AR i 265hr pJF =

N
. bg ? ¥ % 2 BP0O0.12g: & *59?6-3é“‘#\f$4f)‘ﬁf.@’f§°

THFEERIFFFE R 2hr
‘e~ 7 F BOg AR AL MBI ERNE S
T AT A

10—1? A A

51



3-3.2 PBA 2 ChOC /i & % 4 chip| £

g R F R GF h 2 kRl E PBA & ChOC 0 /i & 5k
Ao REFRFE DT L BACR 3.2~ 28 73 B X E PBA
AN o Fr»- F ChOC o &t 7 B E 5 kT o
BIEY o R TIEE 28C 0 # % 3hr FRF TGS B 4B
3 o #T B~ [B] 4c B 3.3 ¥ 7 Optimas # B 3.3 # 4% 5 & & o
TH AR - - MBS R B o R Ry
Bashforth-Adams equation 5= 2 & 47 {3 ¥ § ¢ =57736mN/m

AAE RS OR RS e LY

52



Liguosd phassl

Bl 3.2 BiFRF iz DT i F

53



B 3.3 PBA & ChOC &g 5 % if B



3-3.3 FHLEALAH

Y -
=3 1

\\f;r
g

d R R-ZRFR IRARF L)AL ER :

FHEFHPFTER HRGFE - TN P ERF AF LR SR

1. # ChOC=109% ~ 20% ~ 309% ~ 70% ~ 80% ~ 90% % % #
A A ER R T Y o

2. ¥R EN R ERKETRZ X T CCD#EP P -
B opE B & w 5 1hr~ 2hr~ 3hr ~ 4hr ~ 5hr ~ 24hr ~ 48hr ~
72hr ~ 96hr - & =X B~ B 35 o B4 ¥ % 5 1 25°C -k %
(Lo

3. ##7 P~ B i1 optimas6.51 &~ 47 0 7 % BFR 2 R
X e

A. ¥k B L T ER R T R EEELY o

S ke AIR2E Tl FEHGHRSE T PEEF 2
N R

SRR R R B R IR & R b R

55



3 3 4 ﬁ /3—/7§ m% 1’« /n‘- /?J é‘

AR MEHATT & RDATLm 8 R ¥ ha 7 i 2
BHRB I o PIFEAL P HER Y 50mm e Fl4L 0 R4 A
B % 0.0201(rad) » T 4= i€ * S50mm T koo Ty FEE
28C T2 f7 0 R AFEZ £+0.25Cp o

R A T AN LIV & S - S 2 Al DA R
BET ODRAFR - R RGFEEFHR S FA0T o
1. 4420 ¢ apl 3 2 Vi # Transient state -

2.0 *F PIREPER REAYL A0 40 A4 LR KRB

5 400 2 -
3.4 ¥ F 0.01s ~0.1st ~1st ~ 108t A B R
4.5 xRl E AT L RS

v
EFRLE TR OFTHRPF > AP FT T
hTHERE- LT RS S FENA R OERSEEG -
AT hdP R A5Bd WEIRTENREER

o MBEETAL DY R md ERE

AR R SR TR A PSS RS- b
HF R F R EEXT o ERE RS NPT R D
TRt &4 m oot - ko Jgd TR SR TT @I
RO T o FHER DY R EEE TR D % R

#
e
=~
"

-
o

WAl AN ¢ gpl R 2 N B steady state rate sweep -
EHRETREIRORERREE S EXARBER

g r SR E

56



R
& % )
F- &

it 4 0.01s'~100s*

PR FRE 10 B P i@ B 10 B By

3 Sl ol 1B £l A N A R W - B S
X HIER D S o

P E A ER RN RS FARERRF R

57



3-35 RERF LnFT OEMRS

P RBBEANET ARFHE S APRFT - UK

S EFH DT 2 EE o P EE I NI EHR D RANYH

& Ty T UELFRFEL T TH o FHD N0

(ELCE Sl o - A Ll ol N S B

2. 8T o RFH THEARLEREIAINE REIP
TR R E ey

BMB MBI L S A Ty N E R e
Bl Rl kSR L N HERETERTY FEK
GRFEE 2 F S

A¥FEE rd FPREISEIRER SR T EA

BRI s BRI B R R e I
FEEe T Fml Gt W R TS EH

6. TBFT X REFHIE > §FrEILHAIERAESHE D
BEIRLSAPEEKBEIPBEFDGBERT > 5 T2

58



4-1

1. [PBA]=10%
2. [PBA]=40%
3. [PBA]=90%
4.1(a)~(d)

PBA

15% 20% 30%

50% 60%

85% 80% 70%

[PBA]=10% 15%

4.2)

59

PBA

20%

30%

PBA



4.1(b) PBA=10%

60



PBA=10%

4.1(c)

=10%

PBA

4.1(d)

61



R (mm)

004

003 -

0.02 -

a0 4

000 -

4.2

20 40 &0

Time{hr)

62

—— Time vs PEA=10%
& Time vs PRA=15%
—y— Time vs PEA=Z0%
Tima vs PFEA=30%:

a0 10D

120



24 96

24

24

24 72

PBA

PBA

[19]

[PBA]=70% 80% 85% 90%

4.3(a~d)
4.4

ChOC

PBA

63

24

PBA

ChOC



4.3(a) PBA=80%

4.3(b) PBA=80%



4.3(d) PBA=80%

65



0.026

0.024 -

0.022 4

Q020 4

R (mm )

0018

0.016 -

0014

—a— lime vs PBA=30%
® - time vs PBA=ES%
v fime vs PEBA=ED%

fime vs PBA=TO%

4.4

20 40 &0
Time (hr)

(PBA

66

a0



4.3
Malta cross

PBA

[PBA]=40%~60%
[PBA]=50%
4-5(a)  4-5(b)

67



4.5(a) [PBA]=50% ChOC

4.5(b) [PBA]=50% PBA

68



4-2 PBA ChOC

[PBA] = 0% 30% [PBA] = 40% 60% [PBA] = 70%

100%
PBA
choc
4-2.1 [PBA] =0% 30%
4.6
PBA 5% PBA

PBA (0.01s'—10s")
PBA
PBA
ChoC
PBA
ChoC

6s! ChOC

69



Grandjean

[1]

PBA
PBA

ChOC

PBA

Utracki

70

ChOC

4.7

[32]



4-2.2 [PBA] = 40% 60%

40% 60%

[PBA] = 50%

1s'—6st

[29]

50%

[30]

1s'—6st

71

2 Pa

4.8

[PBA] =



[33]

50%

4-2.3 [PBA] = 70% 100%

72

[PBA] = 10%—40%
30s1—100s

PBA

[25]
[25]

(4.1)



25 st

10s!t 25¢t

[PBA] = 90%

PBA
95% PBA

[PBA] = 80%

PBA

PBA

10 st
PBA 10st
4.9(b)
PBA
25 st
4.9(a)
PBA
PBA
PBA
70%
ChOC

[28]

73



viscosity(pa-s)

1000

3

=
=

—8— PHA=30% T=28°C
—i— PRA=ZOYW, T=20"C
—y— PRA=10% T=28"C
— — PEA=O% T=28°C

0.001

4.6

0.1 01 1
rate(1/s)

[PBA] = 0%-30%

74

10 100

1000



Viscosity(pa-s)

10000

1000 ¥— Shear Rata=1 5"
Shear Rate=5 s
—8&— Shear Rate=105"

100

—4&8— Shear Rate=0.1 5
®  Shear Rate=05g"

1

10 ¢ -
1 v 1 ! T
0.0 0.2 0.4 0.8 0.8
PBA concentration
4 . 7 PBA

75

1.0



viscosity(pa-s)

1000

100

10

—8— PEA=40% T=28°C
—8— PEA=50% T=26°C
—r— PBA=G0% T=28'C

0.001

4.8

0.01 0.1 1
rate(1/s)

[PBA] = 40%-60%

76

10 100



10060

Viscosity(pa-s)

Viscosity[pa-sVMormalForcelg)

1000 - 'TT"I"I‘"I'T'-"‘.
w
L
"l"
L
L
150 - —8— PEAS100% T=28°C
—— PBA=BO%W T=28"C .
¥v— PBA=B0% T=28"C b
PRA=TOMW T=28"C
1{:' 1 1 1
0,001 f.01 (R | i 10 160
Rata(1/s)
4.9(a) [PBA] = 70%-100%
10000
1000 -
100 - *
10 -
—8— PRA=100%(Viscosiy] T=28°C
—8— PRA=100%(MNormalforee) T=287C
1 P
0.1 T T T
0.001 0.0 0.1 1 10 100 1000

Fate] 1/5)

4.9(b) [PBA] = 100%

77



4-3 PBA (PDM S)

(PDMS)
PBA PDMS
PBA/ChOC

1. [PBA]=10% 20% 30%
2. [PBA]=40% 50% 60%
3. [PBA]=90% 80% 70% PBA

4-3.1 [PBA] =0% 30%

4.10
11.6 Pa s PBA
PBA PDMS
PBA/ChOC PBA 10%

PDMS PBA PDMS

ChOC
PBA

78



Viscosity(pa-s)

100

10 S

1 —8— PBA=0% T=28C
—a— PBA=10% T=28"C
—8— PBA=20% T=28°C
= = PBA=30% T=28"C

.00 0.01 [ 1 10 100
rate{1/s)

4.10 PBA/PDMS
[PBA] = 0%— 30%

79

1000



4-3.2 [PBA] = 40% 60%

[PBA] = 50% 60%

PBA/ChOC
PBA/ChOC
4.11
PBA=50% 60%
PBA=40%
PBA/ChOC PBA/PDMS

80



Viscosity(pa-s)

1000

—8— PBA=40% T=28°C
—a— PBA=50% T=28°C
'y —a— PBA=B(% T=28°C

100 A

10

Q.01 0.01 0.1 1 10 100
ratel1/s)

4.11 PBA PDMS
[PBA] = 40%— 60%

81

1000



4-3.3

4.12

[PBA] = 70% 100%

PBA/ChOC

PBA/

4.12

PBA
10%
10%
20%
PDMS ChOC
PBA

PBA=70%—90% PBA/ChOC

82



viscosity{pa-s)

10000

1000 -
10
10 -
—8— PBA=TOW T=28°C
—8— PBA=BO% T=28"C
1 v PBA=B0% T=28°C
PEA=100% T=28"C
n.1 L] T 1 T T
0001 LRk | 0.1 1 10 100

Rate(1/s)

4.12 PBA  PDMS
[PBA] = 70%— 100%

83

1000



4-3.4 PBA/ChOC

PBA PDMS

PBA PBA/ChOC
PDMS
PBA/ChOC 50 CcChocC
4.13
50 [PBA] = 0% 50%
PBA
4.13 PBA
PBA/PDMS
[PBA] = 40%
50% 1s* 10s™
3
PBA
PBA
PBA/ChOC 10%
CchocC
PBA
PBA
PBA



viscosity(pa-s)

pba=0-50 T=50

100
—8— PBA=50% T=50°C
—8— PBA=40% T=50°C
—8— PBA=30% T=50°C
—v— PBA=20% T=50°C
. — — PBA=10%T=50"C
10 - 1 b —8— PBA=0%T=50°C
-1 u
‘D. 1 ] ] ]
0.001 0.01 01 1 10 100
rate({1/s)
4.13 PBA/ChOC 50

[PBA] = 0% 50%

85

1000



4-4 PBA/ChOC

4-4.1 Einstein-Batchelor

Einstein-Batchelor —

2.11
PBA/ChOC
PBA/PDMS PDMS
0.01s* [PBA] =90% [PBA] =
10%
) -5
PBA Ca:nmRy=1446.1><0.96><10 3XO'01=0.02
a 5.7736x10"
' -5
ChOC Caz TRy _ 4168x1.23x10°x0.01_y 414

a 5.7736x10°°

Ca |

86



Rallison PBA

Ca 0.001 [13] ChOC
0.008
4.14 Einstein-Batchelor
Einstein
PBA/ChOC
PBA/PDMS PDMS
Einstein

Einstein-Batchelor

4.15

4-4.2 Taylor

Taylor —
2.12 K

4.16 Taylor

Einstein Taylor

PBA/ChOC

87



PBA/PDMS
4.17
Einstein

Taylor PBA

Taylor
20% 30

PBA

Einstein Taylor

PBA/ChOC

88



10000

. 1opa
in
a2
=
g
= —— PEA=1D0% " "
100 4 ® - PEA=D i, b |
-— PBA=SD% p e
— - PBA=TOW
—m— PRA=00% by Ensl=in
—= - PRA=BOW by Enslain
—#- - PEASTOY, by Einstein
19 : : :
LERTER ] .01 21 1 10 100
Rata{1/s)
(a)
16000
—a—  PHA=O%
&  PBaA=10%
. - PEA=2D%
T : FEA=I0YW
s —m—  PEA=10% by Einsbain
b PBA=20% by Einabain
2 PEA=30% by Einstain
- L
ﬁ. 100 -
2
10
1 : : 1
0001 0. 0. 1 10 100 1000

Rate{1/s)
(b)

4.14 Einstein-Batchelor

(a) PBA = 90%—70% (b) PBA = 30%—10%

89



100

Yoy Ty Fﬂ‘m
m
aa” BOSSESL0EITIELILLSI NI SRIRe

Viscosity(pa-s)
=

L] L]
s —a— PEA=0%
& PEA=10%
w— PBRA=20%
FEA=30%
@ PHA=10% Dy Einzlen
—= - PBA=20% by Einsizin
FBA=30%: by Einslein
1 T T 1 T T
Q.06 0.0 Q.1 1 10 100

Rate(1/s)

4.15 PBA/PDMS Einstein-Batchelor

90

1000



Viscosty|a-s)

Viscosity (pa-s)

10000 -
ESSESEESERS NN
-ll-ll-lll—ll—.....-.=l-.

.-,.:-.
1000
1040 4 =
FEA=DO%: by Tayier Y -
= PEA=G0%, by Talor Ty
m  PEASTO% by Teyksr b
10 T ; T
0,001 0,04 @i 1 10 A0
Rate(1/%)
(a)
18000
—i— PBA=30%:
& PEA=20%
v PBRA=10%
e EEA=30% by Tawor
—m— PRA=IO%, by Taor
= - PEA=10%: by Taylor
100
10 A
1 T T T
0,00 3.0 0.1 1 0 100 1000
Rate(1/5)
4.16 Taylor

(a) PBA = 90%—70% (b) PBA = 30%—10%

91



108

10

Viscosity{pa-s)
[ ]
,

llll—l-ll__-.-
m

—a— FBA=O%
& PBA=S1D%
»— FEA=20%
PEA=IOW
—m— FBA=10% by Tavior
—m - PEA=20% by Tayar
FEA=30% by Taylor

0,001 0,01

4.17 PBA/PDMS

0.1 1 10 100
Rata(1/s)

Taylor

92

1000



4-4.3 Oldroyd

Oldroyd
2.14 2.15 2.16

Oldroyd
4.18
PBA/ChOC
Oldroyd
PBA/ChOC

4-4.4 Choi Schowalter

C-S
2.17
Einstein

4.19

93

C-S



10000

EEE
B e I
— 1000 -
ﬁ?
2
F 3
E —a— PEA=100H
£ & PEA=DOY
100 - e PEA=SHY
PG = R ol
—— PRA=30% by Qkdrayd
= PEA=B0Y by Cldrowd
& PBA=TI by Qidrovd
10
@00 0L 0.1 10 1oo
Rate{1/s)
(a)
1 Qeep
:F 105 -
&
=
g
- 10
1 T T 7 ! 4
0.001 0.01 0.1 1 b Ly
Rate(1/%)
4.18 Oldroyd

(a)

PBA = 90%—70%

94

(b)

PBA = 30%—10%

1000



95



10300
_ 1000 -
i
&2
=
-
a —8— PRA=OO% - -
& ®  PBA=S0% . S L
100 v— PRA=TOW T e
PBA=90% by G-5 b N
= PEA=80% by C-5 T
=  PBA=TO% by C-8 N
1 T T
[a Xy 0,01 a1 1 10 104
Rata{1/s)
(a)
10000
—a— PBA=3]"%
& PBA=Z0%
¥ PBA=10%
FHA=ZIS by C-5
1000 —m— PBA=30% by C-8
—m - PEA=10% by C-§
o “ug
E 100 -
:
=
10 -
1 T T T
X Te] .01 [/ R i il 1040

Fate(1/8)

(b)
4.19 Choi Schowalter
(a) PBA =90%—70% (b) PBA =30%—10%

96



4-5 PBA/ChOC s %o & ¥ % chin & 2 & ¥7

BN OR HRAPEHT Y O SR Rk
gz x4

Bl R F TR T A i A
c BB FHF AL EARRE L PT IR RATHE
*

e K OBE AT
SRR R RN H AL R e B e
ARRL ERAPREEF ST - B

oA T S : N e ok Kk o 5
Hpow * 7 IR dw =~ l)’\mzﬁ_/ﬁ’%/ﬁ’—/fii m/"“f’ﬁ‘ﬁn;ﬂ&% #

AP HE Y AT oG TEE o

4-5.1 ChOC % s i 4p & f A 47
B ChOC Z s fpehea? » 49 & *ﬁ H4F B e
s g AP [PBA] = 20% 5 1 & & 47 ¥ % o R

%@Eéﬁﬁwzm&%ﬁﬂ’ﬂﬁﬁﬁﬁngMﬂW
B o AP P A PREFEREY mE e kR A
2P oo

W 4208 AP et B2 FT>FT 8% [PBA] = 20%
IR B AP P BT EPE G
d RS P %k AP g PBA iR F 3 ChOC 3+ % -
%rz&yzChOC§a@3§wéﬁ%i$ﬁv"PBArn”,§g~z%
¥, s B o 2% A[PBA] =20% & % A kT T g

’ ?"'“?‘*{57’%13’%@ L IR ERR T *‘*»ﬂ;gﬁ;{;;fg o

Ak

~E

AU SR O e L SR O SV ] 4.1 % B

v;:\u-

FREf R R R E R R - RS e 5 T2 F 2 05
stP 1stz B [PBA] =20% e H &AL R B F R

97



98



(k) SR=95s" () SR=10s™

99



(q) SR=35s" (s) SR=40s"

100



(t) SR=50s" (U) SR = 60 s
B 4.20 [PBA] =20% # % F 3 * X T g %

SREZ T > % caMztigsds=p o

101



4 4.1 [PBA] =20% T3k LB T > F

T L

rate(s™h) @ m

0.5 35.50729

0.75 52.09518

1 57.5961
2 62.5922
3 61.4216
4 65.8486
5 67.5344
6 67.7911
7 67.7236
8 67.9218
9 70.0526
10 75.2199

15 72.64715

20 77.63427

25 77.66975

30 81.2435

35 77.6835

40 79.56809

50 17.54757

60 75.03516

102



P E R e kAT T ks

& @ ¥

3575 pmed pER B

W

G FRE L

AL
NV

o

R R A LTS S

g d kil
Ly ﬁrr’ﬁ?\! F #)5 R ‘/‘]‘%' JFT}'\E‘ I

R REE LY R

35.5 um 3 4

£

T/ RN s PRSI B

vl

o

angfvl_%]p\ PBA 1%k & & + > ChOC: #r 2 PBA ;
5 A5
2RE 2
# -

L i:im

) ) v Lo ’ 2
= = e 3

E T

N

s 2 5= <
Ay b i T

~=b

KA A A A2 R R

O R A H 4 1R

5

ROFORLAE A R DR R N

3SR ST T

2 1sty 30steE oo

R o ¥R IR L e F

1st5 10t

A

2

£ F oA

BEA LB TR G R A PREE

e F % (dead zone) o R jF A T 7

2 5t

[NY :\‘t} B

30st3s 60steE BE o

IR MDA RE <K
A BB

bt T A s

2

PAEGSGRF 2 Eairre SR RFETY
Ao AR ERDEHY P g 4G - R
Fd gk d e W spsk g 4 o g & gt
14 B3 RIR T G NR A NE 4 i o d A A
P AR ES T RF R AR R F KT PH



e AP rHITHMERF  RFREEERFLELY 2 X

FORE L e T 2 o w330 st sy GOSlm/xi F o N
EuAPERRFRES 8124 m ) Bl 75.0u B R £

Ik

i j\!gét”, 1.27 & o & 5 a3+ fjﬁ;g*pﬁiiﬁ?ﬁﬁﬁjﬁ
g vt - Kind s P AL R EFL A o8 )R
ChOC H g Fipen & & o
4-5.2 PBA 2@ ¥ Ap e s

& PBA

ETINS

Mg A TP o A P B o g ok
%% o @m ¥ ChOCALAR 7 4 PBA » i if @l & B &7) &
R F § R PBA R RIFWMFSDRFLF S TG R R
AN A

'F_*
B
2
)
o)
o
>
1
~
<
>
5!
fa
4
[
4
3

RS B
P % 4 0.5 st

104



IR ke R R B o A e

Flo1st AR EFREEAPRRIREI R

N
NN
Bt
/_‘S-\\-
R
e
¥

* ChOC

Y
i
“1.‘:!‘3;-

s g2 P faiin . Ly

g
P
c

B APl bRy A aT o FERY G

FEZ2 SHRBRFRLESE S TR L o

A\
s

=4

E]

o FEbTH (s o REARY ME R I RY

%g-{‘ﬁ;\ﬁﬁ f%ﬁ’? j\if@]‘hmmﬂi‘ & PBA 3

e e o ﬁ;#ﬁrwjﬁv#{ﬁ RS nER T A o

L)
NV

¥
\B;

o _k)vjﬁ)';-o & ChOC é«j"ﬁ;}p e G- e A FB]?IFLETJT /EKHQ IH‘”
ﬁ%%*gﬁﬁﬁﬁﬁﬁéhﬁﬁ%iowia%A
LIRS

S ARSI L Y

APERERFRIBASES R0 L L e Eas

SESEE TS ENRE YRS LSS
4

R ERRARY R P g AT T

®RERE A 2 e s A

)
")
ﬂ}
3
;?F"

o

105



H
A gem

(a) SR=0.5s" (b SR=1s"

(d) SR = 3 s

(f) SR=5¢s"

106



(g SR=6¢s" (hySR=7s"

(i) SR=8s" (j)SR=9s"

(k) SR=10s? () SR=12.5¢s"

107



(m) SR = 15 s* (n) SR=20s"

(0) SR=25s" (p) SR=30s"
B 4.21 [PBA] = 70%

I S B = -

X

<k
(7

t
SREZT > & - Bahgsid>=oh o

108



4-53 B FAHB LGS

- RiFRamy Y o B A - E AL A R0

e A E-@fppaed s AFFFApoEL 7
FAHAORBHELEIHREF P PP s LN
Tk B R T o HOT B AR R s AT A P E
[PBA] = 50% % N &2 470 % o o o 3 IR a4 7

(—%»

AP RT e R e ] B 4220
Aoz T PPBA] = 50% i BB Y 0 RF AW

93 odet PR FAE RPN FIRARTE S DG R E
Foom B AR RFNG L RF DT R DR
e p AP od § ¥ 5 4 058 TR B R AR R

—1s
AR TSRS e b

frE R P FERP o RFSALE LG RG S

o
=
|5
yam
[
N
1
=
]
-
¥
IR
s
&
i
NN
o
¥
=
F_&
o
=
fiﬂ
N
=
\4
X

B8 A5 % g o b e chin B o

e
PRIty
A
)
v
e

~
-k
=
=
Al

A
\\-
B

kAP R F e F LT R 3T 2 chn iy

bR RE Y AP R kR RGP MR
A A £%$ﬁ¢ﬂﬁﬁﬁ°§4iiﬁ{@?

=
-kg‘l
K

ot LT F 2 38T 2

RO S EAEI L GARK o m L F RS DR
N R A o A A R ERF A S AP

b

B AR RS E S KRy T R F A D

109

Br g e 7R3 A X DRI e



F_&

Ebul

&

—\

—\

o

=

Pl

-\

AC)

v S

mEAaT o HPEFLI G 7N
T AR eSS A R oo
FrmRiFRY €F 2 i i
LA R PEARPEEER S o -
FhOHEFF DA bR
LB R e Aot - kg R iR A Ap

oo GHRODERAFT T BN FE

110



(f) SR=5s"

111



(k) SR=10s" () SR=12.5s"

112



=17.5s?

(n) SR

(m) SR =15s™

(s) 40 s

=30st?

(a) SR
B 4.22

[PBA] = 50% & % k

B

3t

oy

113



5-1

(ChOC)

ChOC

PBA

PBA/ChOC PBA/

PBA

114

PBA/

(PBA)
PBA/

ChOC

ChOC



PBA

115



5-2

PBA/ChOC

light

scattering

116



1. J. M. Pochan, P. F. Erhardt, Physical Review Letters,
27.12(1971)
2. J. M. Pochan, P. F. Erhardt, The Journal of Chenical

Physics, 57. 9(1972)

4. , , , , 13. 2 (1999)

5. J. Huitric, P. Mederic, Polymer , 39. 20 (1998)

6. |.Vinckier, M. Minae, J. Mewis, Colloids and Surfaces,
150. (1999)

7. Peter Van Puyvelde, Sachin Velankar, Paula Moldenaers,
Colloid and Interface Science, 6. (2001)

8. Wei Yu, Mosto Bousmina, Journal of Rheology, 7. (2002)

9. Lazkano JM, Pena JJ, Munoz ME, Journal of Rheology,
46. 4 (2002)

10. I.Vinckier, P. Moldenaers, J. Mewis, Journal of
Rheology, 41. 3 (1997)

11. M. Minale, P. Moldenaers, J. Mewis, Journal of Rheology,

117



43. 3 (1999)
12. , , 1999
13. Jai A. Pathak, Melissa C. Davis, et al., Journal of
Colloid and Interface Science, 255. (2002)

14. Leon Levitt, Christopher W. Macosko, Polymer
Engineering and Science, 36. 12 (1996)

15. Y.Z.Meng, S. C. Tjong, Polymer, 39. 1 (1998)

16. LeeHS, Denn MM, Journal of Rheology, 43. 6 (1999)

17. V. J Anderson, E. M. Terentjev, The European Physical
Journal E, 4. (2001)

18. V. J Anderson, E. M. Terentjev, S. P. Meeker, J. Crain
The European Physical Journal E, 4. (2001)

19. Peter G Petrov, Eugene M. Terentjev, Formation of
Cellular Solid in Liquid Crystal Colloids, 17. 10 (2001)
20. S.P.Meeker, W. C. K. Poon, J. Crain E. M. Terentjev,

Physical Review E, 61. 6 (2000)

21. Daniel A. Higgins, Advanced Materials, 12. 4 (2000)

22. Pierluigi Magagnini, et al., Polymer Engineering and

118



Science, 39. 10 (1999)
23. |-KuanYang, Wei Yuan Lai, Joural of Applied Polymer
Science, 92. (2004)
24. - " , 1999
25. K. Wadlters, “Rheometry”, Chapman and Hall Ltd, 1975
26.  Christopher W.Macosko, “Rheology Principles
Measurements and Applications’, Wiely-Vch, 1994
27. H.A.Barnes, J. F. Hutton, K. Walters,
“An Introduction to Rheology” ,Elsevier, 1989
28. Rajindere Pal, Chemical Engineering Journal, 67. 37
(1997)
29. H.A. Barnes, Journal of Rheology, 33. 2 (1989)
30. R.L.Hoffman, Journal of Rheology, 42. 1 (1998)
31. S. B.Bashforthand J. C. Adams, “An Attempt to
Test the Theory of Capillary Action”, Cambridge
University, 1892

32. L.A. Utracki, Journal of Rheology, 35. 8(1996)

119



33. Y. Otsubo, R. K. Prud’homme, Rheologica Acta,

33, (1994)

120



121



31. X

Determination of the interfacial tension is possible from the
dimensions of the pendent interface of an axisymmetric liguid
drop resting on a liguid substrate.

The principal radii of curvature are

dly . x

] B —

R=—
' dg ' sing

Derivation of Bashforth-Adams equation :

P.;—P.,=a%"""--""f1“} e : interfacial tension
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