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APPENDICES

APPENDIX A
CALIBRATION OF THE VISCOM ETER CONSTANT (K)

The calibration for the viscom eter constant (K) is the measuring o f  flow  
time (t) o f  the known viscosity standard solution at a particular temperature. 
Because the range o f  viscosity for viscom eter size 200 is 20-100 centistokes. 
Dynamic viscosity  and density o f  80 wt% aqueous glycerol solution at 25°C  
are 45.72 centipoise and 0.9608 g/cni3, respectively (Dean .1. A .. 1987). So the 
kinematic viscom eter number 46460 (C29) and (C'40) size 200 were calibrated 
by 80 wt% aqueous glycerol solution at 25ÜC. The results are tabulated in 
Table A l. Because the kinematic viscom eter is the volum e sensitive  
viscom eter so their viscom eter constants (K) depend on volum e o f  solution  
used.

K (centistokes/sec) = Dynamic V iscosity (centipoise)/D ensity (g/cm  ') (A. 1 )
Flow time (sec)
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T able A .l Calibration for the viscometer constant ( K )  o f  the kinematic
viscometer size 200 from 80 wt% aqueous glycerol solution at 25°c

Viscom eter Volum e o f  
standard 

solution (ml)

Flow time 
(sec)

a'K
(centiStokes

/sec)

K-avg.
(centiStokes

/see)

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
425.41 0.1112

425.05 0.1113

------•--------
424.66 0.1114

11 The viscom eter constants (K) were calculated by equation A. 1.
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APPENDIX B
W EIGHT AVERAGE M OLECULAR W EIGHT DETERM INATION

Weight average molecular weight (M w) o f  PBA are estimated from the 
intrinsic viscosity ([ๆ I) determinations in 96% II7SO4 at 2 5 °c  using the Mark- 
Houwink relation (Zhou et al., 1997):

[ๆ] =  (L 9 x l()-7 dl/g)M w17 (B . 1 )

T he intrinsic viscosity ([ๆ ]) o f  a neutral polymer can be determined by 
extrapolation o f  Huggins and the Kraemer equations to zero concentration  
(Campbell et ai, 1989).

Huggins equation : ๆรp/c = ๆ R = [ๆ] + k'[ๆ ]2C (B .2)

Kraemer equation : (In ๆ,.)/c  = [ๆ] + k” [ๆ ]2c  (B .3)

where ๆ |< is the reduced viscosity, c  is the polymer concentration, k' is 
Huggin's coefficient, and k" is Kraem er s coefficient.

The kinemetic viscosity is obtained from the measured flow  time 
multiplied by the viscom eter constant (K):

v = Kl (B .4)

where บ is kinenetic viscosity (centiStoke (cSt) or mm 2/sec). K is viscom eter  
constant (centiStoke/sec) and t is flow time (sec).
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The dynamic viscosity  is calculated from the kinemetic viscosity  and 
the density o f  the solvent:

where ๆ is dynamic viscosity  (centiPoise (cP) or m Pa-sec) and p is the density 
o f  the solvent (g /cm 3).

The dynamic viscosity o f  the polymer solution and the solvent are ๆ p  

and ๆ 0, respectively. The relative viscosity (ๆ ,) is the ratio o f  the two and the 
quantity is larger than unity.

The specific viscosity  (p sp) is the relative increment in viscosity  o f  the 
solution over that o f  the solvent:

ๆ = up (B .5)

h r  =  ๆ  p / ๆ (B.6)

รๆp = (ๆp-ๆร)/ๆ5 = ๆr-1 (B .7)



T able B.l The reduced viscosity, ๆsp/c, and inherent viscosity. (Ill ,ๆ.)/c, as a
function o f polymer concentration o f PBA-1 in 96% I I2SO.| at 25°c (Figure
4.2)

c t ๆ sp/c (In ๆ r)/c c t ๆ sp/C (In ๆ r)/c
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) . (dl/g) (dl/g)

0 99.23 - - 1.0805 127.34 0.2613 0.2302
99.28 127.26 0.2606 0.2296
99.29 127.44 0.2623 0.2309
99.39 127.42 0.2621 0.2308
99.31 127.45 0.2624 0.2310

0.5072 111.91 0.2504 0.2357 1.3893 136.30 0.2682 0.2280
1 11.86 0.2494 0.2348 136.34 0.2685 0.2282
1 1 1.95 0.2512 0.2364 136.21 0.2676 0.2275
1 1 1.83 0.2488 0.2343 136.45 0.2693 0.2288
1 1 1.85 0.2492 0.2347 136.37 0.2687 0.2283

0.7939 1 19.30 0.2537 0.2311 - - - -
1 19.42 0.2552 0.2324
119.41 0.2551 0.2323
119.35 0.2543 0.2317
119.45 0.2556 0.2327

The 8 ทา of each concentration was measurec 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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T able  B.2 The reduced viscosity, ๆsp/c, and inherent viscosity, (In ,ๆ.)/C, as a
function o f polym er concentration o f PBA-2 in 96% H2S 0 4 at 25°c (Figure
4.4)

c T ๆ sp/c (In ท1)/c c t .ๆsp/C (เท ๆ,)/C
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 101.93 - - 0.2498 142.06 1.5831 1.3340
101.86 142.38 1.5957 1.3430
101.92 142.44 1.5981 1.3446

0.0874 115.39 1.5266 1.4330 0.3330 156.16 1.6033 1.2847
115.54 1.5435 1.4478 156.26 1.6062 1.2866
115.69 1.5603 1.4627 156.19 1.6042 1.2853

0.1707 128.54 1.5387 1.3663 - - - -
128.76 1.5514 1.3763
128.94 1.5617 1.3845

The 10 ml o f  each concentration was measured by the kinematic viscom eter
num ber 46460 (C40) size 200 with viscometer constant o f 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 , ๆ sp/c, and inherent v iscosity , (In ๆ,.)/c ,  as a 
function o f  polymer concentration o f  PBA-3 in 96% 142S0.4 at 2 5 °c  (Figure 
B .l)

- c t  ๆsp/c (In ๆ,)/c c t  ๆsp/C (เท ๆ,)/C
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 1 12.56 - - 0.1618 137.10 1.3468 1.2184
1 12.63 137.13 1.3484 1.2197
1 12.53 137.15 1.3495 1.2206
1 12.56

0.0600 121.00 1.2481 1.2036 0.2114 145.07 1.3657 1.1998
121.25 1.2881 1.2380 145.12 1.3678 1.2014
121.31 1.2940 1.2462 145.34 1.3770 1.2086

0.1122 129.22 1.3183 1.2294 - - - -
129.16 1.3135 1.2253
129.25 1.3206 1.2315

The 10 ทา! 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)



T ab le  B.4 The reduced viscosity, T]Sp/C, and inherent viscosity, (In ฦ 1.)/c ,  as a
function o f polymer concentration o f PBA-4 in 96% H2SO4 at 25°c (Figure
B.2)

number 46460 (C40) size 200 with viscometer constant o f  0.1279
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c  as
shown in Appendix A)
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T able  B.5 The reduced viscosity, รๆp/c, and inherent viscosity, (เท าๅ1.)/c, as a
function o f polymer concentration o f PBA-5 in 96% 112SO4 at 25°c (Figure
B.3)

c t nsp/c (เท ๆ,.)/C C t ๆ sp/c (เท ๆ 1)/C
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 112.69 - - 0.2545 151.63 1.3598 1.1677
112.68 151.34 1.3496 1.1602
112.66 151.18 1.3441 1.1560
112.56

0.1273 130.90 1.2728 1.1797 0.3182 162.18 1.4098 1.1646
130.97 1.2777 1.1839 162.56 1.3925 1.1527
131.03 1.2819 1.1875 162.69 1.3961 1.1552

0.1909 140.57 1.2985 1.1600 - - - -
140.66 1.3026 1.1633
140.88 1.3129 1.1715
140.90 1.3138 1.1723

T h e  10 m l o f  ea ch  c o n c e n tr a tio n  w a s  m ea su red  b y  th e k in e m a tic  v is c o m e te r  
n u m b er  4 6 4 6 0  (C 2 9 )  s iz e  2 0 0  w ith  v is c o m e te r  c o n sta n t o f  0 .1 1 1 3  
c e n t iS to k e /s e c  (ca lib ra ted  by 80  w t%  a q u e o u s  g ly c e r o l so lu t io n  at 2 5 ° c  as 
sh o w n  in A p p e n d ix  A )
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T able  B.6 The reduced viscosity, ฤรp/c, and inherent viscosity, (In ,ๆ.)/c ,  as a
function o f polymer concentration o f PBA-6 in 96% H2SO4 at 25°c (Figure
B.4)

c t ๆ sp/c (In ๆ r)/c c t ๆ sp/C (เท ๆ r)/c
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 112.69 - - 0.2445 151.63 1.3598 1.1677
112.68 151.34 1.3496 1.1602
112.66 151.18 1.3441 1.1560
112.56

0.1273 130.90 1.2728 1.1797 0.3182 162.18 1.4098 1.1646
130.97 1.2777 1.1839 162.56 1.3925 1.1527
131.03 1.2819 1.1875 162.69 1.3961 1.1552

0.1909 140.57 1.2985 1.1600 - - - -

140.66 1.3026 1.1633
140.88 1.3129 1.1715
140.90 1.3138 1.1723

The 10 m l o f  e a c h  c o n c e n tr a tio n  w a s  m ea su red  by th e k in e m a tic  v is c o m e te r  
n u m b er  4 6 4 6 0  (C 4 0 )  s iz e  2 0 0  w ith  v is c o m e te r  c o n sta n t o f  0 .1 2 4 5  
c e n t iS to k e /s e c  (ca lib ra ted  b y  80  w t%  a q u e o u s  g ly c e r o l s o lu t io n  at 2 5 ° c  as  
s h o w n  in A p p e n d ix  A )
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T ab le  B.7 The reduced viscosity, ไๅรp/c, and inherent viscosity. (เท  ๆ1.)/c. as a
function o f polymer concentration o f PBA-7 in 96% แ 2SO4 at 25°c (Figure
B.5)

c t ๆ sp/c (In ๆ,.)/C c T ๆ  sp/c (In ๆ r)/c
(g /d l) (sec) (d l/g ) (d l/g) (g /d l) (sec) (d l/g ) (d l/g )

0 101.94 - - 0.2690 139.47 1.3685 1.1652
101.97 139.64 1.3747 1.1697
101.96 139.68 1.3761 1.1708
101.90

0.1621 123.91 1.3294 1.2039 0.3241 148.15 1.3986 1.1534
123.71 1.3173 1.1939 148.48 1.4085 1.1603
123.83 1.3245 1.1999 148.84 1.4194 1.1677

0.2139 131.17 1.3404 1.1785 - - -

131.35 1.3486 1.1849
131.43 1.3523 1.1878

T h e  10 m l o f  e a c h  co n cen tra tio n  w a s  m ea su red  by th e k in e m a tic  v is c o m e te r  
n u m b er  4 6 4 6 0  (C 4 0 )  s iz e  2 0 0  w ith  v is c o m e te r  c o n sta n t o f  0 .1 2 4 5  
c e n t iS to k e /s e c  (ca lib ra ted  by 80  w t%  a q u e o u s  g ly c e r o l s o lu t io n  at 2 5 ° c  as 
s h o w n  in A p p e n d ix  A )



T able B.8 The reduced viscosity, ฤรp/c, and inherent viscosity, (เท ๆ,)/c ,  as a
function o f polymer concentration o f PBA -8 in 96% H2SO .1 at 25()c  (Figure
B.6 )

c t ๆ sp/c (In ๆ r)/c c t ๆ sp/c (In ๆ r)/c
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 113.18 - - 0.2131 144.33 ' 1.2909 1.1404
113.18 144.22 1.2863 1.1368
113.22 144.12 1.2822 1.1335
113.19

.0.1033 127.28 1.2048 1.1355 0.2680 148.15 1.3211 1.1310
127.25 1.2022 1.1332 148.48 1.3241 1.1332
127.44 1.2185 1.1477 148.84 1.3284 1.1364

0.1582 135.40 1.2402 1.1324 - - -
135.53 1.2474 1.1385
135.57 1.2496 1.1403

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)



T able B.9 The reduced viscosity, าๅรp/c, and inherent viscosity, (In ,ๆ.)/c .  as a
function o f polym er concentration o f PBA-9 in 96% H2SO4 at 25°c (figu re
4.3)

c t ๆ sp/c (In ๆ 1)/c c t ๆ sp/c (เท ๆ 1)/C
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 101.99 - - 0.2391 127.03 1.0249 0.9167
102.02 127.17 1.0307 0.9213
102.07 126.83 1.0167 0.9101
102.03

0.1009 111.92 0.9609 0.9172 0.3064 134.90 1.0515 0.91 15
111.93 0.9619 0.9181 135.10 1.0579 0.9164
112.03 0.9716 0.9269 134.82 1.0490 0.9096

0.1681 118.91 0.9844 0.9109 - - - —
1 19.1 1 0.9960 0.9209
119.09 0.9949 0.9199

The 8 เท o f  each concentration was measured by the kinematic viscom eter
number 46460 (C40) size 200 with viscometer constant o f 0.1279
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c  as
shown in Appendix A)
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T able  B .10 The reduced viscosity, ๆsp/c, and inherent viscosity, (In ,ๆ-)/c ,  as a
function o f polymer concentration o f PBA-10 in 96% H2SO4 at 25°c (Figure
B.7)

. c 1  ๆsp/C (In ๆ r)/c c t  ๆsp/c (เท ๆr)/c
(g4.il ) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 101.94 - - 0.2369 125.24 1.0252 0.9176
101.97 125.33 1.0289 0.9208
101.96 125.35 1.0298 0.9215
101.90

0.1020 110.84 0.9800 0.9340 0.3025 132.63 1.0453 0.9083
110.83 0.9790 0.9332 132.91 1.0545 0.9152
110.80 0.9761 0.9305 132.85 1.0525 0.9137

133.03 1.0584 0.9182
0.1676 1 17.56 0.9949 0.9202 - - - -

1 17.76 1.0062 0.9298
1 17.74 1.0050 0.9288

The 8 m of each concentration was measured by the kinematic viscometer
number 46460 (C40) size 200 with viscometer constant o f  0.1279
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 25°c  as
shown in Appendix A)
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T able  B. 11 The reduced viscosity, รๆp/c, and inherent viscosity, (In ,ๆ.)/1c ,  as a
function o f polym er concentration o f PB A -11 in 96% IT2SO4 at 25()c  (Figure
B.8)

c t ๆ sp/c (In ๆ r)/c c t ๆ sp/C (In ท,)/c
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 113.19 - - 0.3320 154.47 1.0978 0.9360
113.19 154.60 1.1012 0.9385
113.25 154.75 1.1052 0.9415

0.1920 135.31 1.0167 0.9288 0.4000 164.78 1.1388 0.9384
135.88 1.0430 0.9507 164.32 1.1287 0.9314
136.31 1.0627 0.9671 164.78 1.1388 0.9384

0.2600 144.38 1.0590 0.9354 - - -
144.75 1.0715 0.9452
144.97 1.0790 0.9511

The 10 ml o f  each concentration was measured by the kinematic viscom eter  
number 46460 (C 29) size 200 with viscom eter constant o f  0 .1113  
centiStoke/sec (calibrated by 80 wt% aqueous glycerol solution at 2 5 ° c  as 
shown in Appendix A)
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T able B. 12 The reduced viscosity, ๆร!,/c ,  and inherent viscosity, (เท ,ๆ.)/1c .  as a
function o f polymer concentration o f PBA-12 in 96% แ 2ร0 4 at 25°c (Figure
B.9)

c t ๆ sp/c (111 ๆ r)/c c t .ๆsp/C (In ๆ r)/c
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 100.35 - - 0.2548 131.76 1.2284 1.0688
100.36 131.84 1.2316 1.071 1

100.34 131.42 1.2151 1.0586
0.1531 118.64 1.1905 1.0936 0.3062 138.59 1.2445 1.0544

118.95 1.2107 1.1106 138.82 1.2520 1.0598
118.32 1.1696 1.0760 139.02 1.2585 1.0645

0.2046 124.85 1.1933 1.0677 - - - -
125.05 1.2030 1.0755
125.15 1.2079 1.0794

__________The 8 m o f  each concentration was measured by the kinem atic viscom eter 
number 46460  (C 40) size 200 with viscom eter constant o f  0 .1279  
centiSloke/sec (calibrated by 80 wt% aqueous glycerol solution at 2 5 °c  as 
shown in Appendix A)



T able  B .13 The reduced viscosity, รๆp/c, and inherent viscosity, (in เๅ 1-)/c .  as a
function o f polym er concentration o f PBA-13 in 96% แ 2ร0 เ at 25°c (Figure

. B. 10)

c t hsp/F (เท ๆ 1)/C C t hsp/F (เท ๆ ,)/C
(g/dl) (sec) (dl/g) (dl/g) (g/dl) (sec) (dl/g) (dl/g)

0 113.38 - - 0.3019 157.27 1.2829 1.0844
113.38 157.27 1.2929 1.0844
113.37 157.58 1.2920 1.0909
113.32

0.1905 140.50 1.2566 1.1266 0.3594 167.21 1.3217 1.0814
139.89 1.2284 1.1038 166.44 1.3028 1.0686
140.04 1.2353 1.1094 166.62 1.3072 1.0716

0.2444 148.40 1.2646 1.1020 - - -
148.63 1.2729 1.1083
149.04 1.2877 1.1196

_________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 2 5 ()c  as 
shown in Appendix A)



Figlire B.l T|Sp/C and (In ฦ1.)/c  versus PBA concentration o f  PBA-3.

Concentration (g/dl)
Figure B.2 าๅsp/'C and (In  ๆ1-)/c  versus PBA concentration o f PBA-4.
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Concentration (g/dl)
Figure B.3 ๆ Sp/C and (In ๆ,-)/c  versus PBA concentration o f  PBA-5.

Concentration (g/dl)
Figure B.4 าๅรp /c  and (In ๆ 1-)/c  versus PBA concentration o f  PB A -6 .
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Figure B.10 ฤรp/c and (เท  ๆ1-)/c  versus PBA concentration o f PBA-13.



APPENDIX c
THE FORM ATION OF LIQUID CRYSTALLINE PHASE

Appendix C l ะ Density measurement o f  solvents

Solvents for this experiment were 4% LiCl/DM Ac and 4% LiCl/NM P. 
Their densities were measured by pycnometer at 2 5 °c . The results are tabulated 
in Table c .  1. When the volum e o f  the pycnometer is equal to 25.499 cm 3.

Table c . l  The density o f  4% LiCl/DM Ac and 4% LiCl/NM P solvents

Solvent W eight o f  solvent c Density Average density
(g) (g/cm 3) (g/cm 3 )

4% LiCI/DM Ac 24.7902 0.9722 0.9714
24.7487 0.9706

4% LiCl/NM P 26.8265 1.0521 1.0517
26.8066 1.0513

cl Density is equal to weight o f  solvent over the volum e o f  pycnometer.
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Appendix C2: The measurement o f  zero-shear rate viscosity o f  PBA solution by 
Viscom eter

1. PBA-2 in 4% LiCl/DM Ac system  

The results are tabulated in Table C.2.

Table C.2 The zero-shear rate viscosity o f  PBA-2 in 4%LiCl/’D M A c from 
viscom eter (Figure 4.14)

c Time ๗Kinematic viscosity ciDynam ie viscosity
(พ t%) (ร) (cSt) (cP)
021.01 517.16 8.43 8.19

512.47 8.35 8.17
507.59 8.27 8.04
508.47 8.29 8.05

๙’2.02 223.00 24.82 24.1 1
222.61 24.78 24.07
222.63 24.78 24.07
222.46 24.76 24.05

c’3.03 502.17 55.89 54.29
507.75 56.51 54.90
512.24 57.01 55.38

_
517.13 57.56 55.91
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c2They were measured by the ubbeholde viscom eter size 100 with the 
viscom eter constant o f  0.0163 cSt/s (quoted by company). 
c’they were measured by the kinenatic viscom eter size 200 (C 29) with the 
viscom eter constant o f  0.1113 cSt/s (calibrated by 80wt% aqueous glycerol 
solution as shown in Appendix A).
๗calculated by equation B.4. 
c5calculated by equation B.5.

2. PBA-2 in 4% LiCl/NM P system

The results are tabulated in Table C.3.

Table C.3 The zero-shear rate viscosity o f  PBA-2 in 4% LiCl/NM P from 
viscom eter (Figure 4 .15)

c Time ๗!Cinematic viscosity ciDynamic viscosity
(wt%) (ร) (cSt) (cP)
๙ฯ .01 2 8 6 .1 0 3 1 .8 4 3 3 .4 9

2 8 7 .2 2 3 1 .9 7 3 3 .6 2
2 8 7 .4 7 3 2 .0 0 3 3 .6 5
2 8 7 .4 7 3 2 .0 0 3 3 .6 5

๙’2 .01 1 2 5 7 .5 9 1 5 6 .5 7 1 6 4 .6 6
1 2 4 8 .2 9 155.41 1 6 3 .4 4
1 2 4 3 .2 5 1 5 4 .7 8 1 6 2 .7 9
1 2 4 1 .6 9 1 5 4 .5 9 1 6 2 .5 8

_________________________
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๙’'ทาey were measured by the kinenatic viscom eter size 200 (C40) with the 
viscom eter constant o f  0.1245 cSt/s (calibrated by 80wt% aqueous glycerol 
solution as shown in Appendix A).

3. PBA-1 in 4% LiCl/DM Ac system

The results arc tabulated in Table C.4.

Table C.4 The zero-shear rate viscosity o f  PBA-1 in 4% LiCl/DM Ac from 
viscom eter (Figure 4 .16)

c Time "Kinem atic viscosity c‘Dynam ic v iscosity
(wt%) (ร) (cSt) (cP)
c24 .0  1 4 4 5 .4 8 7 .2 6 7 .6 4

4 3 5 .7 3 7 .1 0 7 .4 7
4 3 5 .2 0 7 .0 9 7 .4 6

c26 .0 4 7 7 9 .8 5 12.71 13.41
7 8 9 .9 6 12 .88 1 3 .54
7 8 2 .4 5 12 .75 13.41

๙’8 .0 5 1 7 3 .8 2 1 9 .35 2 0 .3 5
173.91 1 9 .3 6 2 0 .3 1
1 7 3 .1 8 19 .27 2 0 .2 7
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4. PBA-1 in 4%LiCl/NMP system

The results are tabulated in Table C.5.

Table C.5 The zero-shear rate viscosity of PBA-1 in 4%LiCl/NMP from 
viscometer (Figure 4.17)

c Time ๗Kinematic viscosity ๙’Dynamic viscosity
(wt%) (ร) (cSt) (eP)
c24.00 783.97 12.78 13.44

774.12 12.62 13.27
764.80 12.47 13.11

T!C6 4 )9 154.38 19.22 20.21
157.33 19.59 20.60
153.04 19.05 20.04

co8.08 304.48 37.91 39.87
305.34 38.01 39.98
306.21 38.12 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%LiCl/DMAc system (Figure 4.14)

o c=3.79wt%
อ c=4.00wt%
A c=4.26wt%
V c=4.30wt%
o c=4.45wt%
0 c=4.53wt%
๏ c=5.15wt%
ร c=5.55wt%
A c=6.1 Owt%
<$> c=7.09wt%
© c=8.1 Owt%

Figure c . l  All flow curves o f PBA-2 in 4%LiCl/DMAc.
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2. PBA-2 in 4%LiCl/NMP system (Figure 4.15)

Shear rate (ร’ )̂

๐ c=2.01 wt%
□ O3.08wt%
A c=4.02wt%
V c=4.25wt%
o c=4.44wt%
0 c=5.12wt%
๏ c=5.34wt%
0 c=5.61wt%
A c=6.05vvt%
พ c=7.01wt%
<♦> c= 8.06wt%

Figure C.2 Some flow curves o f PBA-2 in 4%IJC1/NMP.
KJro
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3. PBA-1 in 4%LiCl/DMAc system (Figure 4.16)

Shear rate (ร’ )̂

o c=9.99wt%
□ c=11.99wt%
A c=12.50wt%
V c=13.04wt%
o c=13.50wt%
0 c=14.16\vt%
๏ c=15.06wt%

Figure C.3 Some flow curves o f PBA-1 in 4%LiCl/DMAc.



4. PBA-1 in 4%LiCl/NMP system (Figure 4.17)

๐ O10.23wt%
□ c=] 2.02wt%
A c=l 2.52wt%
V C=12.89wt%
o c=13.20wt%
0 c=13.51wt%
๏ c=14.15wt%

Figure C.4 Some flow Clines o f PBA12 in 4%I.iCl/NMP.



APPENDIX D
SCHEM ATIC DIAGRAM OF MODIFIED CONE AND PLATE

GEOM ETRY
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PART A
“PLEXIGLASS for CONE”

T o p  V ie w

S id e  V ie w

PART B
“PLEXIGLASS for CONE”
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PART c

PART อ
“ COPPER CONE”

T o p  V ie w

V - 50 mm -V -
S id e  V ie w I mm Tt P  I mm
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APPENDIX E
ELECTRORHEOLOGICAL (ER) MEASUREMENT OF LYOTROPIC 

LIQUID CRYSTALLINE (LC) FLUIDS

B a s ic  E R  e f fe c t  o f  ly o tr o p ic  LC  flu id s  is  th e c h o ic e  o f  s o lv e n t ,  
p articu lar in re la tio n  to  its e le c tr ic a l r e s is ta n ce . T h e  h ig h e r  th e e le c tr ic a l  
r e s is ta n c e  o f  so lv e n t , th e h ig h er  th e E R  e f fe c t  is o b ta in e d  (In o u e  e t  a i ,  1 9 9 8 ) . 
A n d  th e d esired  c o n d u c t iv ity  ran ge for E R  m a ter ia ls  is rep o rted  as 10"8 to  10'5 
S /c m  (S a la m o n e . 1 9 9 6 ). T h e  so lv e n ts  that w e r e  u sed  in th is  e x p e r im e n t w a s  
4 % L iC l/D M A c  and 4 % L iC l/N M P . T h eir  e le c tr ic a la l r e s is ta n c e s  are ta b u la ted  
in T a b le  E. 1.

Table E.l T h e  e le c tr ic a l r e s is ta n c e  o f  4 % L iC l/D M A c  an d  4 % L iC l/N M P  
so lv e n ts

S o lv e n t 1 'E lec tr ica l  
re s is ta n c e  

( 0 / 0 . 0 6 3 m m )

A v e r a g e
e lec tr ica l
re s ista n ce

(Q /0 .0 6 3 m m )

A v e r a g e
e le c tr ic a l
r e s is ta n c e

(Q /c m )

A v e r a g e
c o n d u c t iv ity

(S /c m )

4 % L iC l/D M A e 1 .7 5 * 1 0 °
2 .2 2 *  106 1 .83*  106 2 .9 0 *  10 8 3 .4 5 * 1  O'9
1 .52*  106

4 % L iC l/N M P 1 .1 0 * 1 0 °
0 .8 8 *  106 0 .9 3 *  1()6 1 .48*  1 0 8 6 .7 6 * 1 0 '9
0 .8 2 *  106

'They were measured by modified cone and plate with the gap size o f 0.063
mm at 25°c.
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T h eir  e le c tr ic a l r e s is ta n c e s  are n ot lo w  w h e n  c o m p a r in g  w ith  s i l ic o n e  
o il (1 5 .8 7 *  1 0 8 Q /c m ) EI that is n o rm a lly  u sed  to  b e a m e d iu m  for E R  flu id s  o f  
p a r tic le  d isp e r s io n  sy s te m  (M a ta , 2 0 0 0 ) .  In a d d itio n , the c o n d u c t iv ity  o f  P B A -
1 and P B A -2  are arou n d  8 * 1 0 '(> and 2 6 * 1 0"6 s/cm (m e a su r e d  by four p o in t  
p ro b e  at 2 5 °C ), r e sp e c t iv e ly . S o  b oth  4 % L iC l/D M A c  and 4 % L iC l/N M P  are 
su ita b le  to  b e  u sed  as s o lv e n ts  o f  P B A  for fo rm u la tin g  ly o tr o p ic  LC  sta te  o f  
E R  flu id s.

T h e  first d y n a m ic  o sc il la to r y  e x p e r im e n t o f  th e  fu lly  L C  p h a se  o f  P B A -
2 in 4 % L iC l/D M A c  w a s  in v e s t ig a te d . T h e  d y n a m ic  strain  s w e e p  te st  o f  6 .1 0  
w t%  P B A -2  in 4 % L iC l/D M A c  w ith  and w ith o u t e le c tr ic a l f ie ld  at fr e q u e n c y  
o f  1 rad/s an d  2 5 ° c  are sh o w n  in F ig u res  E . l  and E .2 .
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A  A  A  A  A  A  A

I e+4

o o o o o o ๐ ๐ ๐
'๐๐ le+3 ๆ

๐ ๐ A

A

I  le+2

ร ั !e + l ;

๐ A
A

๐

le+o
o E=0V/mm 
A  E=21 v/mm

A
๐  A๐ ๐

10
%s train

100 I 000

Figure E.l S to ra g e  m o d u lu s  v er su s  % strain  o f  6 .1 0  w t%  P B A -2  in 
4 % L iC l/D M A c  w ith  and w ith o u t e le c tr ic a l fie ld  at fr e q u e n c y  o f  1 rad /s  and  
25°c.
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Figure E.2 L o ss  m o d u lu s  v er su s  % strain  o f  6 .1 0  w t%  P B A -2  in  
4 % L iC l/D M A c  w ith  and w ith o u t  e le c tr ic a l f ie ld  at fr e q u e n c y  o f  1 rad /s an d  
25°c.

A  A  A
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W h en  e le c tr ic a l f ie ld  stren gth  o f  21 v/mm w a s  a p p lie d  to  th is  s o lu t io n ,  
th e  sto r a g e  m o d u lu s  (G ')  w a s  rap id ly  in crea sed  (a ro u n d  o n e  ord er  o f  
m a g n itu d e )  (F ig u r e  E l ) .  W h erea s the lo ss  m o d u lu s  ( G ” ) w a s  s l ig h t ly  
in crea sed  (o n ly  3 t im e s )  (F ig u r e  E .2 ). T h is  m ea n s  that, th is  so lu t io n  b e h a v e s  
m o re  s o lid - l ik e  u n d er  an e le c tr ic a l f ie ld  d u e  to  th e o r ie n ta tio n  o f  th e ir  L C  
d o m a in s  in th e  d ir e c t io n  o f  an e le c tr ic a l fie ld  (In o u e  an d  M a n iw a , 1 9 9 6 )  as 
p o stu la te d  in F ig u re  E .3 . U n d er  an e le c tr ic a l f ie ld . G ’ is larger  than G ”  in th e  
lin ea r  v is c o e la s t ic  r e g im e  (F ig u r e  E . l  and E .2 ) . T h e  r e v e r se  tren d  is o b se r v e d  
o u ts id e  th e lin ear  r e g im e  d u e  to  th e d e fo rm a tio n  o f  th e ir  L C  d o m a in s .
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W ith o u t e le c tr ic a l f ie ld  W ith  e le c tr ic a l fie ld

Figure E.3 P o stu la te d  stru ctu re o f  P B A  LC d o m a in s  w ith  and w ith o u t  
e le c tr ic a l f ie ld .

U n fo r tu n a te ly , the m o d if ie d  c o n e  and p la te  a tta ch m en t w a s  d e s tr o y e d  
d u r in g  E R  s tu d ie s  in th e L C  sta te  d u e  to  e le c tr o ly t ic  rea c tio n , as p o stu la te d  in 
S c h e m e  5.

A n o d e  +

C a th o d e

Scheme 5.

T h e  p o s s ib le  o x id a t io n  r e a c tio n s  at a n o d e  are:
C u --------►  C u 2' + 2 e
2C1"--------►  C l2 + 2 e

, E ° =  0 .3 4  V  
. E° =  1 .36  V

T h e  p o s s ib le  red u c tio n  r e a c tio n s  at ca th o d e  are:
C u 2++ 2 e --------►  Cu
L i+ +  e  _____ ^  Li

, E ° =  0 .3 4  V  
, E° =  -3 .0 7  V
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T h e  lo w e r  th e  stan d ard  e le e tr o d e  p o ten tia l (E °), th e  e a s ie r  th e o x id a t io n  
ca n  o ccu r . T h e  h ig h er  th e standard  e le c tr o d e  p o ten tia l, th e  e a s ie r  th e red u ctio n  
o c c u r s  (J o n e s , 1 9 9 6 ). F rom  standard  e le c tr o d e  p o te n tia l, C u  is o x id iz e d  at 
a n o d e  and C u 2+ is red u ced  at ca th o d e . S o  th e m o d if ie d  c o n e  w a s  c o r r o s iv e .

T h e  first w a y  to  s o lv e  th is p ro b lem , n e w  s o lv e n ts  w e r e  u sed . C o m m o n  
s o lv e n ts  for fo r m u la tin g  E R  flu id s  in o th er  ly o tr o p ic  L C  p o ly m e r s  and p a rtic le  
d isp e r s io n  sy s te m  are tab u la ted  in T a b le  E .2 . T h e  d ie le c tr ic a l c o n sta n t o f  
s o lv e n ts  in o th er  ly o tr o p ic  LC  p o y m e r s  are c lo s e d  to  p a r tic le  d isp e r s io n  
s y s te m  so  x y le n e  and 1 .4 -d io x a n e  w e r e  u sed  for d is s o lv in g  P B A . B ut P B A  did  
n ot d is s o lv e  in th em  e v e n  in v ery  lo w  co n cen tra tio n  (0 .5  w t% ).

T h e  s e c o n d  w a y  is th e p rep arin g  o f  P B A  in p a r tic le  d isp e r s io n  s y s te m .  
B e c a u s e  th e c o n d u c t iv ity  o f  P B A  is c lo s e  to  p o ly a n il in e  ( 1 O'6 s/cm) that is 
n o rm a lly  u sed  in a n h y d ro u s  p a rtic le  d isp e r s io n  s y s te m  (M a ta . 2 0 0 0 ) .  เท 
a d d itio n , th e  P B A  p a rtic le  s iz e  o f  P B A  can  b e  e a s i ly  prep ared  to b a v e  
m o n o d isp e r se  d is tr ib u tio n  (F ig u r e s  E .4  and E .5 ) and is  c lo s e  to that o f  
p o lv a n ilin e  (M a ta . 2 0 0 0 ) .  T h e  p a rtic le  sh a p e  o f  P B A -1  is n ea r ly  sp h e r ic a l 
(F ig u r e  E .6  and E .7 )  e v e n  w ith o u t b a ll-m ill in g . S o  P B A  can  b e  a lso  
fo rm u la ted  to  b e p a rtic le  d isp e r s io n  ty p e  o f  E R  flu id s.

Table E.2 D ie le c tr ic a l co n sta n t at 25°c o f  s o m e  s o lv e n t s  (D e a n , 1 987  and  
C h o i e t  a i ,  1 9 9 7 )

S o lv e n t  in o th er  
ly o tr o p ic  LC  

p o ly m e r s

D ie le c tr ic a l  
co n sta n t  

(D e a n , 1 9 8 7 )

S o lv e n t  in 
p a rtic le

d isp e r s io n  s y s te m

D ie le c tr ic a l  
c o n sta n t  

(C h o i e l a /.. 
1 9 9 7 )

p -x y le n e 2 .2 7 S il ic o n e  o il 2 .71
o -x y le n e 2 .5 7 M in era l o il 2 -2 .5
/« -x y le n e 2 .3 7 K ero zen e 2 .0 3

1 ,4 -d io x a n e 2 .2 0 9 - -
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Particle diam eter (m icron)Figure E.4 T h e  p a r tic le s  s iz e  d is tr ib u tio n  o f  P B A -1  (w ith o u t  b a ll-m il l in g ) .

1 1 10 100 1000
Particle diam eter (m icron)

Figure E.5 T h e  p a rtic le  s iz e  d istr ib u tio n  o f  P B A -2  (w ith  b a ll-m il l in g , sp e e d  
2 5 0  rpm , 2 .5  h ).
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Figure E.6 S E M  m icro g ra p h  o f  P B A -1  w ith  1 5 .0 0 0 X  (w ith o u t  b a ll-m il l in g ) .

Figure E.7 S E M  m icro g ra p h  o f  P B A -2  w ith  1 5 ,0 0 0 X  (w ith  b a ll-m il l in g ,  
sp e e d  2 5 0  rpm . 2 .5  h).
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APPENDIX F
ELECTRORHEOLOGICAL (ER) FLUID MEASUREMENT OF PBA-1

SUSPENSION

Table F. 1 |G ']o  o f  10w t%  P B A -1  su sp e n s io n  at v a r io u s  e le c tr ic  fie ld  stren g th s  
in  th e  lin ear  v is c o e la s t ic  r e g im e  (F ig u re  4 .4 9 )

[G ' lo (d y n /c m 2)"

E (k V /m m )

0 0 .0 2 0 .2 5 0 .4 0 .5 1 2

0 .0 0 3 2 12 . 0 .0 2 9 12 0 .0 9  7 12 2 1 12 3 5 15 9 9 15 4 2 0 15

M: G" at freq u en cy  o f  0 .0 0 1  rad/s w h en  all grap h s in F ig u re  4 .4 1  w e r e
ex tra p o la ted  to  fr e q u e n c y  o f  0 .0 0 1  rad/s
F2: 10 % strain
F3: 2 % strain
F4: 0 .5  % strain
F5: 0 .1 % strain

Table F .2  [ G ’ ']o o f  10w t%  P B A -1  su sp e n s io n  at v a r io u s  e le c tr ic  f ie ld  
s tren g th s in th e lin ea r  v is c o e la s t ic  r e g im e  (F ig u re  4 .4 9 )

[ G ” ]0 (d y n /c n T )10

E (k V /m m )

0 0 .0 2 0 .2 5 0 .4 0 .5 1 2

0 .0 2 5 12 0 .0 8 2 12 0 .1 8 13 1 6 14 2 5 15 6 0 15 1 5 0 15

16: G ”  at fr e q u e n c y  o f  0 .0 0 1  rad /s w h e n  all grap h s in F ig u re  4 .4 2  w ere  
ex tra p o la ted  to  fr e q u e n c y  o f  0 .0 0 1  rad/s
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Table F.3 [G ” ]o o f  10w t%  P B A -1  su sp e n s io n  at v a r io u s  e le c tr ic  fie ld  
s tren g th s  in  th e  n o n lin e a r  v is c o e la s t ic  r e g im e  (6 0 0 % stra in ) (F ig u r e  4 .5  1 )

| G ' "  ]() ( d y n / c m 2 ) 1' 6

E (kv/mm)
0 0 .0 2 0 .2 5 0 .5 1 2

0 .0 4 0 .0 4 0 .0 4 0 .0 4 0 .0 6 5 0 .2 7

16: G ”  at fr e q u e n c y  o f  0 .0 0 1  rad /s w h e n  all grap h s in F ig u re  4 .4 8  w e r e  
e x tra p o la ted  to  fr e q u e n c y  o f  0 .0 0 1  rad/s
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