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APPENDICES

APPENDIX A
CALIBRATION OF THE VISCOMETER CONSTANT (K)

The calibration for the viscometer constant (K) is the measuring of flow
time (t) of the known viscosity standard solution at a particular temperature.
Because the range of viscosity for viscometer size 200 is 20-100 centistokes.
Dynamic viscosity and density of 80 wt% aqueous glycerol solution at 25°C
are 45.72 centipoise and 0.9608 g/cni3, respectively (Dean L A.. 1987). So the
kinematic viscometer number 46460 (C29) and (C'40) size 200 were calibrated
by 80 wt% aqueous glycerol solution at 25(C. The results are tabulated in
Table Al. Because the kinematic viscometer is the volume sensitive

viscometer so their viscometer constants (K) depend on volume of solution
used.

K(centistokes/sec) = Dynamic Viscosity (centipoise)/Density (g/cm ) (A. 1)
Flow time (sec)



%

Table A.l Calibration for the viscometer constant (k) of the kinematic
viscometer size 200 from 80 wt% aqueous glycerol solution at 25°¢

Viscometer ~ Volume of  Flow time aK Kag
standard (sec) (centiStokes (centiStokes
solution (ml) fsec) Isee)
C40 8.00 370.03 0.1278 0.1279
369.74 0.1279
369.73 0.1279
369.49 0.1280
10.00 379.47 0.1246 0.1245
379.03 0.1248
380.59 0.1243
380.36 0.1243
C29 10.00 425.10 0.1112 0.1 113
42541 0.1112
425.05 0.1113
424.66 0.1114

----- Y S —

uThe Viscometer constants (K) were calculated by equation A. 1
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APPENDIX B
WEIGHT AVERAGE MOLECULAR WEIGHT DETERMINATION

Weight average molecular weight (Mw) of PBA are estimated from the
intrinsic viscosity ([ 1) determinations in 96% [17S04at 25°c using the Mark-
Houwink relation (Zhou et l., 1997):

[] = (LIxI()-7dlig)Mwar (B. 1)

The intrinsic viscosity ([ ]) of a neutral polymer can be determined by

extrapolation of Huggins and the Kraemer equations to zero concentration
(Campbell €{al, 1989).

Huggins equation : plc= R=[]+kT JC (B.2)
Kraemer equation : (In Je=[]+k"[]Z (B.3)

where  Kis the reduced viscosity, ¢ is the polymer concentration, k' is
Huggin's coefficient, and k" is Kraemer s coefficient.

The kinemetic viscosity is obtained from the measured flow time
multiplied by the viscometer constant (|Q

v =Kl (B.4)

where s kinenetic viscosity (centiStoke (cSt) or mmasec). Kis viscometer
constant (centiStoke/sec) and tis flow time (sec).
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The dynamic viscosity is calculated from the kinemetic viscosity and
the density of the solvent:

=up (B.5)

where is dynamic viscosity (centiPoise (cP) or mPa-sec) and p is the density
of the solvent (g/cm?3).

The dynamic viscosity of the polymer solution and the solvent are .
and 0, respectively. The relative viscosity ( ,) is the ratio of the two and the
quantity is larger than unity.

hr = p/ (B.6)

The specific viscosity (psp) is the relative increment in viscosity of the
solution over that of the solvent:

p=(p ) 5= rl (B.7)



Table B.I The reduced viscosity, Sp/C, and inherent viscosity. (Il ), as a
function of polymer concentration of PBA-1 in 96% 1250, at 25°c (Figure
4.2)

c t s (In e ¢ t C  (In r)e
(gfd)  (c) (g (g (@A) ()l (g
0 99.23 - - 1.0805 12734 02613  0.2302
99.28 12726 0.2606  0.2296
99.29 12744 02623  0.2309
99.39 12742 0.2621 0.2308
99.31 12145 02624  0.2310
05072 11191 02504 02357 13893 13630 02682  0.2280
111.86  0.2494  (.2348 136.34 02685  0.2282
11195 02512  0.2364 136.21  0.2676  0.2275
11183 0.2488 0.2343 13645 02693  0.2288
11185 02492 0.2347 136.37  0.2687  0.2283

07939 11930 02537  0.2311
11942 02552  0.2324
11941 02551  0.2323
11935 02543 0.2317
11945 02556  0.2327

The 8  of each concentration was measurec by the kinematic viscometer
number 46460 (I'C40) sizz 200 with viscometer constant of 0.1279
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25° as
shown in Appendix A)
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Table B.2 The reduced viscosity, Sp/C, and inherent viscosity, (In ,)/C, as a
function of polymer concentration of PBA-2 in 96% H2504 at 25°C (Figure

4.4)
c T
(g/dl)  (sec)
0 101.93
101.86
101.92
0.0874  115.39
11554
115.69
0.1707 12854
128.76
128.94

splc
(dlfg)

1.5266
1.5435
1.5603
1.5387
1.5514
1.5617

(In e

(dlig)

1.4330
14478
1.4627
1.3663
1.3763
1.3845

C

(g/dl)
0.2498

0.3330

t

(sec)

142,06
142,38
142.44
156.16
156.26
156.19

SC
(dlfg)
1.5831
15957
1.5981
1.6033
1.6062
1.6042

( ,)C
(dllg)
1.3340
1.3430
1.3446
1.2847
1.2866
1.2853

The 10 ml of each concentration was measured by the kinematic viscometer

number 46460

C40)

size 200 with viscometer constant of 0.1245

centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)
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Table B.3 The reduced viscosity, sp/c, and inherent viscosity, (In ,.)/c, as a
function of polymer concentration of PBA-3 in 96% 142504 at 25°c (Figure

B.I)

= C {
(o/dl)  (Sec)
0 112.56
112,63
11253
112.56
0.0600 121.00
121.25
121.31
0.1122  129.22
129.16
129.25

(dig)

1.2481
1.2881
1.2940
1.3183
1.3135
1.3206

(In )l

(dlig)

1.2036
1.2380
1.2462
1.2294
1.2253
1.2315

C

(o/dl)
0.1618

0.2114

{
(sec)
137.10
137.13
137.15

145.07
145.12
145.34

C
(dlfg)
1.3468
1.3484
1.3495

1.3657
1.3678
1.3770

The 10 ! of each concentration was measured by the kinematic viscometer

number 46460

£29)

shown in Appendix A)

_ _ size 200 with viscometer constant of
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at

113
C as



Table B.4 The reduced viscosity, TIQ/C, and inherent viscosity, (In - I)/c, as a
function of polymer concentration of PBA-4 in 96% H2S0a4 at 25°c (Figure

The 8 ml of each concentration was measured by the kinematic viscometer

B.2)
\ (& t Hss/C ‘ (InnyCc | C t Nsp/C [ (In n)/C |
‘ (g/dl) (sec) (dl/g) ‘l (dl/g) | (g/dl) | (sec) (dl/g) (dl/g) |
iT 0 100.00 : o u’,_i'f;s’!? 141.72 | 13307 | 1.1123 |
| 10012 | | 141.81 | 1.3336 | 1.1143

| 99.94 142.16 | 1.3448 | 1.1222
_ 1-142.06 | 1.3416  1.1199
| 0.1108 | 113.60 | 1.2254 ‘ F1490 | 0.3821 | 152.69 [ 1.3782 ~ 1.1071
| | 113.59 | 1.2245_{7" 11482 152.84 | 1.3821 | 1.1097

113.65 | 1.2299 1 11530 152.81 | 13813 | 1.1092

70.2522 | 132.87 | 1.3023 i'l.“l:'ol‘“i‘" '”T’ s

| 132.94 | 1.3051 |”112828) |

| 132.85 | 1.3015 | 1.1255

number 46460 ﬁ_C40) size. 200 with viscometer constant of 0.1279
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as

shown in Appendix A)



Table B.5 The reduced viscosity, ~p/C, and inherent viscosity, (
function of polymer concentration of PBA-5 in 96% 115504 at 25°c (Figure

B.3)

C t
(g/dl) — (sec)
0 112.69
112.68
112.66
112.56
01273 130.90
130.97
131.03
0.1909  140.57
140.66
140.88
140.90

nsp/c
(all/g)

1.2728
1.2777
1.2819
1.2985
1.3026
1.3129
1.3138

(

IC
(dlig)

1.1797
1.1839
1.1875
1.1600
1.1633
11715
11723

C

(g/dl)
0.2545

0.3182

t
(sec)
151,63
151.34
151.18

162.18
162.56
162.69

splc
(dlfg)
1.3598
1.3496
1.3441

1.4098
1.3925
1.3961

102

DIC, as a

(2

(dllg)
1.1677

1.1602
1.1560

1.1646
1.1527
1.1552

The 10 ml of each concentration was measured by the kinematic viscometer

number 46460

(C29)

size 200 with viscometer constant of 0.1113

centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)
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Table B.6 The reduced viscosity, pl/c, and inherent viscosity, (In ,)lc, as a
function of polymer concentration of PBA-s in 96% H2504 at 25°c (Figure
B.4)

c t spic (In r)lc c t oC  ( nlc

(ofdl)  (sec)  (dllg)  (dlg) (o) (sec)  (dlilg)  (dlig)

0 11260 - . 02445 15163 13598 11677
112.68 15134 13496  1.1602
112.66 15118 13441  1.1560
112.56

01273 13090 12728 11797 03182 16218 14098  1.1646
13097 12777 11839 16256 13925  1.1527
13103 12819  1.1875 16269 13961  1.1552

0.1909 14057 12985 ~ 1.1600
14066 13026 11633
14088 13129 11715
14090 13138 11723

The 10 ml of each concentration was measured by the kinematic viscometer
number 46460 (C40) size 200 with viscometer constant of 0.1245
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)



Tahle B.7 The reduced viscosity, p/C, and inherent viscosity. (
function of polymer concentration of PBA-7 in 96% 2504 at 25°C (Figure

B.5)

C t
(grdl)  (sec)
0 101.94
101.97
101.96
101.90
01621 12391
123.71
123.83
02139 13117
131.35
131.43

splc
(dlfg)

1.3294
13173
1.3245
1.3404
1.3486
1.3523

(In ,)IC

(alig)

1.2039
1.1939
1.1999
1.1785
1.1849
1.1878

C

(g/dl)
0.2690

0.3241

T
(sec)
139.47
139.64
139.68

148.15
148.48
148.84

sp/c
(dlfg)
1.3685
1.3747
1.3761

1.3986
1.4085
1.4194

104

DIC. as a

(Inr)c
(dlfg)
1.1652
1.1697
1.1708

1.1534
1.1603
1.1677

The 10 ml of each concentration was measured by the kinematic viscometer

number 46460

(C40)

size 200 with viscometer constant of 0.1245

centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)



Table B.8 The reduced viscosity,

p/c, and inherent viscosity, (

Jic, as a

function of polymer concentration of PBA-s in 96% H2S0a1at 25(c (Figure

B.s)

c t
(gdl) — (sec)
o 11318
113.18
113.22
113.19
01033 127.28
121.25
127.44
0.1582 13540
135.53
135.57

splc
(dlfg)

1.2048
1.2022
1.2185
1.2402
1.2474
1.24%6

(In 1)l

(dlig)

1,1355
11332
11477
1.1324
1.1365
1.1403

C

(g/dl)
0.2131

0.2680

{
(sec)
14433
144.22
144.12

148.15
148.48
148.84

splc
(dlfg)
1.2909
1.2863
1.2822

13211
1.3241
1.3284

(In 1)
(dlfg)
1.1404
1.1368
1.1335

1.1310
11332
1.1364

The 10 ml of each concentration was measured by the kinematic viscometer

number 46460

centiStoke/sec (calibra

shown in Appendix A)

C29% size 200 with viscometer constant of 0.1113
ed by 80 wt% aqueous glycerol solution at 25°c as



Table B.9 The reduced viscosity,

p/c, and inherent viscosity, (In ). as a

function of polymer concentration of PBA-9 in 96% H2504 at 25°c (figure

43)

C t
(g/dl)  (sec)
0 101.99
102.02
102.07
102.03
0.1009  111.92
111.93
112.03
0.1681 11891
11911
119.09

splc
(alfg)

0.9609
0.9619
0.9716
0.9844
0.9960
0.9949

(In /¢

(dlig)

0.9172
0.9181
0.9269
0.9109
0.9209
0.9199

C

(g/dl)
0.2391

0.3064

t
(sec)
127,03
12717
126.83

134.90
135.10
134.82

splc
(dlfg)
1.0249
1.0307
1.0167

1.0515
1.0579
1.0490

(2C

(dlfg)
0.9167

0.9213
0.9101

0.91 15
0.9164
0.9096

The 8 of each concentration was measured by the kinematic viscometer

number 46460

C40)

size 200 with viscometer constant of 0.1279

centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)
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Table B.10 The reduced viscosity, sp/c, and inherent viscosity, (In -)fc, as a
function of polymer concentration of PBA-10 in 96% H2504 at 25°c (Figure

B.7)

. C 1
(g4il)  (sec)
0 101.94
101.97
101.96
101.90
0.1020  110.84
110.83
110.80

0.1676  117.56
117.76
117.74

C
(alfg)

0.9800
0.9790
0.9761

0.9949
1.0062
1.0050

(In rfe

(dlig)

0.9340
0.9332
0.9305

0.9202
0.9298
0.9288

C

(g/dl)
0.2369

0.3025

{
(sec)
125.24
125.33
125.35

132.63
132.91
132.85
133.03

splc
(dlfg)
1.0252
1.0289
1.0298

1.0453
1.0545
1.0525
1.0584

( nl
(dlfg)
0.9176
0.9208
0.9215

0.9083
0.9152
0.9137
0.9182

The 8 m of each concentration was measured by the kinematic viscometer

number 46460

C40)

size 200 with viscometer constant of 0.1279

centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)
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Table B.11 The reduced viscosity, plc, and inherent viscosity, (In )/, as a
function of polymer concentration of PBA-11in 96% [T2S04at 25(c (Figure
BS)

c t splc (In r)lc c t pC  (In )l
(gidl)  (sec)  (dlg)  (dlig)  (ofdl)  (sec)  (dilg)  (dlig)
o 11319 - 03320 15447 10978  0.9360
113.19 15460 11012 0.9385
113.25 15475 11052 0.9415
01920 13531 10167 09288 04000 16478 11388  0.9384
13588 10430  0.9507 16432 11287 0.9314
13631 10627 09671 16478 11388  0.9384

02600 14438 1.0590  0.9354
14475 10715  0.9452
14497 1.0790 10,9511

The 10 ml of each concentration was measured by the kinematic viscometer
number 46460 (C29) size 200 with viscometer constant of 0.1113
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)
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Table B.12 The reduced viscosity, !/c, and inherent viscosity, ( ,J2. as a
function of polymer concentration of PBA-12 in 96% 2 oaat 25°c (Figure
BY)

C t splc @ rfc ¢ t pC  (In e
(g/dl)  (sec)  (dlg)  (dlg)  (g/dl)  (sec)  (dlig)  (dlig)
0 100.35 - - 02548 13176 12284  1.0688
100.36 13184 12316 10711
100.34 13142 12151 1.0586
01531 11864 11905 10936 03062 13859 12445 10544
11895 12107  1.1106 13882 12520  1.0598
11832 11696  1.0760 139.02 12585  1.0645

02046 12485 11933  1.0677
12505 12030 ~ 1.0755
12515 12079 1.0794

The s m of each concentration was measured by the Kinematic visconreter
number 46460 (C40) size 200 with viscometer constant of 0.1279
centiSloke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c as
shown in Appendix A)



Table B.13 The reduced viscosity,
function of polymer concentration of PBA-13 in 96%

.B.10)
C t
(g/dl)  (Sec)
0 113.38
11338
11337
113.32
0.1905  140.50
139.89
140.04
0.2444 14840
148.63
149.04

hsp/F
(dlfg)

1.2566
1.2284
1.2353
1.2646
1.2729
1.2877

p/c, and inherent viscosity, (in 3)c. as a
2 o at 25° (Figure

(1 C
i) (o)
0.3019
1.1266  0.3594
1.1038
1.1094
1.1020
1.1083
1.1196

t
(sec)
157.27
157.27
157.58

167.21
166.44
166.62

hsp/F
(dllfg)
1.2829
1.2929
1.2920

1.3217
1.3028
1.3072

()C
(alfg)
1.0844
1.0844
1.0909

1.0814
1.0686
1.0716

The 10 ml of each concentration was measured by the kinematic wiscometer

number 46460

£29)

size 200 with viscometer constant of 0.1113

centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25(c as
shown in Appendix A)
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APPENDIX ¢
THE FORMATION OF LIQUID CRYSTALLINE PHASE

Appendix Cl Density measurement of solvents
Solvents for this experiment were 4%LiCI/DMAc and 4%LiCI/NMP.
Their densities were measured by pycnometer at 25°c. The results are tabulated

in Table ¢. 1 When the volume of the pycnometer is equal to 25.499 ¢cm3,

Table .| The density of 4%LiCI/DMAc and 4%LiCI/NMP solvents

Solvent Weight of solvent ¢ Density Average density
() (g/cm3) (g/cm3)
4%LiCI/DMAcC 24.7902 0.9722 0.9714
247487 0.9706
4%LICIINMP 26.8265 1.0521 1.0517
26.8066 1.0513

o Density is equal to weight of solvent over the volume of pycnometer.
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Appendix C2: The measurement of zero-shear rate viscosity of PBA solution by
Viscometer

1 PBA-2in4%LiCI/DMACc system
The results are tabulated in Table C.2.

Table C.2 The zero-shear rate viscosity of PBA-2 in 4%LiCI/DMAc from
viscometer (Figure 4.14)

C Time Kinematic viscosity  ciDynamie viscosity
( t%) () (cSt) (cP)
02001 517.16 6.43 8.19
01247 6.35 8.17
507.59 8.21 6.04
508.47 8.29 8.05
202 223.00 24.82 2411
222.61 24.18 24,07
222,63 24.18 24,07
222 46 24.76 24,05
¢'3.03 502.17 55.89 54.29
507.75 56.01 54.90
512.24 51,01 55.38

517.13 51.56 5591
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2They were measured by the ubbeholde viscometer size 100 with the
viscometer constant 0 0.0163 cSt/s (quoted by company).
c’they were measured by the kinenatic viscometer size 200 (C29) with the
viscometer constant of 0.1113 cSt/s (calibrated by 80wt% aqueous glycerol
solution as shown in Appendix A).

calculated by equation B.4.
chcalculated by equation B.5.

2. PBA-2 in 4%LiCI/NMP system
The results are tabulated in Table C.3.

Table C.3 The zero-shear rate viscosity of PBA-2 in 4%LiCI/NMP from
viscometer (Figure 4.15)

c Time ICinematic viscosity — ciDynamic viscosity
(Wt%) () (cSt) (cP)
01 286.10 31.84 33.49
287.22 31.97 33.62
287.47 32.00 33.65
287.47 32.00 33.65
2.01 1257.59 156.57 164.66
1248.29 155.41 163.44
1243.25 154.78 162.79

1241.69 154.59 162.58




" ey were measured by the kinenatic viscometer size 200 (C40) with the
viscometer constant of 0.1245 ¢St/s (calibrated by 80wt% aqueous glycerol
solution as shown in Appendix A).

3. PBA-1 in 4%LiCl/DMAC system
The results arc tabulated in Table C.4.

Table C.4 The zero-shear rate viscosity of PBA-1 in 4%LiCI/DMAc from

viscometer (Figure 4.16)

C Time
(wt%) ()
2401 445.48

435.73
435.20
c26.04 779.85
789.96
782.45
'8.05 173.82
173.91

173.18

"Kinematic viscosity

(cSt)
71.26

7.10

7.09

12.71
12.88
12.75
19.35
19.36
19.27

c‘Dynamic viscosity

(cP)
7.64
7.47
7.46
13.41
1354
1341
20,35
20.31
2027



4. PBA-1 in 4%LICI/NMP system
The results are tabulated in Table C.5.

Table C5 The zero-shear rate viscosity of PBA-1 in 4%LiCI/NMP from
viscometer (Figure 4.17)

C Time Kinematic viscosity ~ Dynamic viscosity
(Wt%) () (cSY) (€P)
.00 183.97 12.78 1344
174.12 12.62 13.27
764.80 1247 1311
TG4)9 154.38 19.22 20.21
157.33 19.59 20.60
153.04 19.05 20.04
08.08 304.48 3791 39.87
305.34 38.01 39.98

306.21 368.12 40.09



Appendix C3: The measurement of zero-shear rate viscosity of PBA solution by Cone and plate of Fluid Rheometer

1 PBA-2 in 4%LiCI/DMAC system (Figure 4.14)

Dynamic viscosity (Poise)
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2. PBA-2 in 4%LiCI/NMP system (Figure 4.15)
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3. PBA-1 in4%LiCI/DMAc system (Figure 4.16)
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4. PBA-1 in 4%LICI/NMP system (Figure 4.17)
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APPENDIX D
SCHEMATIC DIAGRAM OF MODIFIED CONE AND PLATE
GEOMETRY
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PART A
“PLEXIGLASS for CONE”

Top View
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PART ¢

“PLEXIGLASS for PLATE”

Top View
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PART E
“COPPER PLATE”

Top View
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APPENDIX E

ELECTRORHEOLOGICAL (ER) MEASUREMENT OF LYOTROPIC

Basic ER effect of lIyotropic LC fluids is

LIQUID CRYSTALLINE (LC) FLUIDS

the choice of solvent,

particular in relation to its electrical resistance. The higher the electrical
resistance of solvent, the higher the ER effect is obtained (Inoue et ai, 1998).
And the desired conductivity range for ER materials is reported as 10"8 to 10'5
Slem (Salamone. 1996). The solvents that were used in this experiment was
4% LiCI/DMAc and 4% LiCI/NMP. Their electricalal resistances are tabulated

in Table E. 1.

Table E.I The electrical resistance of 4% LiCI/DMAc and 4% LiCI/NMP

solvents

Solvent

4%LiCIIDMAe

4% LiCIINMP

1'Electrical Average Average Average
resistance electrical electrical  conductivity
(0/0.063mm) resistance resistance (Slcm)
(Q/0.063mm)  (Q/cm)
1.75%10°
2.22* 106 1.83* 106 2.90* 108 3.45%1 0%
1.52* 106
1.10*10°
0.88* 106 0.93* 1()6 1.48* 108 6.76*10'9
0.82* 106

‘They were measured by modified cone and plate with the gap size of 0.063

mm at 25°c.
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Their electrical resistances are not low when comparing with silicone
oil (15.87* 108 Q/cm)El that is normally used to be a medium for ER fluids of
particle dispersion system (Mata, 2000). In addition, the conductivity of PBA-
1 and PBA-2 are around 8*10'¢Gand 26*10"6 Cm(measured by four point
probe at 25°C), respectively. So both 4% LiCI/DMAc and 4% LiCI/NMP are
suitable to be used as solvents of PBA for formulating Iyotropic LC state of
ER fluids.

The first dynamic oscillatory experiment of the fully LC phase of PBA-
2. in 4% LiCI/DMAc was investigated. The dynamic strain sweep test of 6.10
wt% PBA-2 in 4% LiCI/DMAc with and without electrical field at frequency
of Lrad/sand 25°c are shown in Figures E.| and E.2.

|e+6
¢! le+5
A A A A A A A
le+4
000000
! le+3 f
A
A
| le+? A
A
ert o EOVinm A
a E=20v/mm
le+0
10 100 1000

OStrain

Figure E.I Storage modulus versus %strain of 6.10 wt% PBA-2 in
4% LiCI/DMAc with and without electrical field at frequency of 1 rad/s and
25°C.
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Figure E2 Loss modulus versus %strain of 610 wt% PBA-2 in

4% LiCI/DMAc with and without electrical field at frequency of 1 rad/s and
25°C.

When electrical field strength of 21 V/MM was applied to this solution,
the storage modulus (G') was rapidly increased (around one order of
magnitude) (Figure EI). Whereas the loss modulus (G”) was slightly
increased (only 3 times) (Figure E.2). This means that, this solution behaves
more solid-like under an electrical field due to the orientation of their LC
domains in the direction of an electrical field (Inoue and Maniwa, 1996) as
postulated in Figure E.3. Under an electrical field. G’ is larger than G” in the
linear viscoelastic regime (Figure E.I and E.2). The reverse trend is observed
outside the linear regime due to the deformation of their LC domains.
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Figure E3 Postulated structure of PBA LC domains with and without
electrical field.

Unfortunately, the modified cone and plate attachment was destroyed
during ER studies in the LC state due to electrolytic reaction, as postulated in

Scheme 5.

Anode  +

Cathode
Scheme 5.

The possible oxidation reactions at anode are:
Cu = b Cu2'+ 2e yE°= 034V
2C1"m)  CI2 +2¢ JE°=136V

The possible reduction reactions at cathode are:
Cu2+t 2.8 - » Cu ,E°=034V
Lit+e N Li JE°=-3.07V
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The lower the standard eleetrode potential (E°), the easier the oxidation
can occur. The higher the standard electrode potential, the easier the reduction
occurs (Jones, 1996). From standard electrode potential, Cu is oxidized at
anode and Cu2+is reduced at cathode. So the modified cone was corrosive,

The first way to solve this problem, new solvents were used. Common
solvents for formulating ER fluids in other Iyotropic LC polymers and particle
dispersion system are tabulated in Table E.2. The dielectrical constant of
solvents in other lyotropic LC poymers are closed to particle dispersion
system so xylene and 1.4-dioxane were used for dissolving PBA. But PBA did
not dissolve in them even in very low concentration (0.5 wt%).

The second way is the preparing of PBA in particle dispersion system.
Because the conductivity of PBA 'is close to polyaniline (10 that is
normally used in anhydrous particle dispersion system (Mata. 2000).
addition, the PBA particle size of PBA can be easily prepared to bave
monodisperse distribution (Figures E.4 and E.5) and is close to that of
polvaniline (Mata. 2000). The particle shape of PBA-1 is nearly spherical
(Figure E.6 and E.7) even without ball-milling. So PBA can be also
formulated to be particle dispersion type of ER fluids.

Table E.2 Dielectrical constant at 25°C of some solvents (Dean, 1987 and
Choietai, 1997)

Solvent in other Dielectrical Solvent in Dielectrical
lyotropic LC constant particle constant
polymers (Dean, 1987) dispersion system (Choi el al.,
1997)
p-xylene 2.27 Silicone oil 2.71
0-xylene 2.57 Mineral oil 2-2.5
[«-xylene 2.37 Kerozene 2.03

1,4-dioxane 2.209
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Figure E.4 The particles size distribution of PBA-1 (without ball-milling).
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Figure E.5 The particle size distribution of PBA-2 (with ball-milling, speed
250 rpm, 2.5 h).
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Figure E.7 SEM micrograph of PBA-2 with 15,000X (with ball-milling,
speed 250 rpm. 2.5 h).
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APPENDIX F
ELECTRORHEOLOGICAL (ER) FLUID MEASUREMENT OF PBA-1
SUSPENSION

Table F.1|G'Jo of 10wt% PBA-1 suspension at various electric field strengths
in the linear viscoelastic regime (Figure 4.49)

[G"lo (dyn/cm2)"
E (kVimm)

0 0.02 0.25 0.4 0.5 1 2

0.003212. 0.02912 0.09722 210 3515 9915 42015
M: G" at frequency of 0.001 rad/s when all graphs in Figure 4.41 were
extrapolated to frequency of 0.001 rad/s
F2: 10 %strain
F3: 2 %strain

F4:0.5 %strain
F5: 0.1 %strain

Table F2 [G'o of 10wt% PBA-1 suspension at various electric field
strengths in the linear viscoelastic regime (Figure 4.49)

[G”]o (dyn/cnT)10
E (kVimm)

0 0.02 0.25 0.4 0.5 1 2

0.02512 0.08212 0.1813 1614 2515 6015 15015

16: G” at frequency of 0.001 rad/s when all graphs in Figure 4.42 were
extrapolated to frequency of 0.001 rad/s
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Table F3 [G”]o of 10wt% PBA-1 suspension at various electric field
strengths in the nonlinear viscoelastic regime (600% strain) (Figure 4.5 1)

[G'™ 0 (dyn/cm2)16

Eflm)

0 0.02 0.25 0.5 1 2

0.04 0.04 0.04 0.04 0.065 0.27

16: G” at frequency of 0.001 rad/s when all graphs in Figure 4.48 were
extrapolated to frequency of 0.001 rad/s
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