Chapter I
Results
The Evaluations of Chitosan Solution
1. The determination of molecular weight of chitosan

_ The efflux time and d_ensitgl of deionized water and
chitosan solutions are presented in Table 24 in Appendix I.

‘The relative viscosity of chitosan solutions  are
presented in Table11,and the plots between In relconcentration
and concentration are shown in Figure 10. Intrinsic viscosities,
the intercepts of the plots, of the solution of chitosan L, M, and H
were 6.83, 7.16 and 9.70 respectively. The viscosity average
molecular weights (My) calculated from the Mark-Houwink
equation of chitosan L, M, and H was 994,453.12, 1,046,197.21
and 1,449,978.86 respectively. The method of calculation is
described in Appendix .

2. Viscosity

The a garent viscosities of chitosan solutions at
concentration of 0.25, 0.50, 0.75, 1.50, 2.00 and 3.00 % / are
presented in Table 12 and FI%UFG 11. The steeper curve of the
solution of H indicated that it had much higher viscosity than the
solution of M and L respectlvel¥. From the curve, the same
apparent viscosity of 125 mPa.s of the solutions of L, M, and H
was obtained at concentration of 2.025, 1.750, 0.825 % /

resEecnver. However, the apparent viscosities of the solutions
of L, M, and H at the aforementioned concentrations measured
with Hakke viscometer were 125.87C+3.67), 129.8_3(+4.30} and
123.17(+7.6)8_3 mPa.s respectlvelg, and that of combined solution
of L and (1:3) was 118.73(+7.05) mPa.s. The apparent
viscosities at concentration 1.00% / of the solutions of L, M,
and H were 27.2, 34.5 and 175.0 mPa.s respectively.
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Figure 10 The plots between In .@/cone and cone of chitosan
solutions.

Table 11 The relative viscosity of chitosan solutions.

CHITOSAN L IHITOSAN M CHITOSAN Il
CONC.  tirel  (In relfonc. urel (Inrjrel)iconc. 1~rel  (In rel)/conc.
(9/100ml) (100ml/g) (100ml/g) (100ml/g)

0050 143 7.15 148 1.84 1.59 9.21
0075 163 6.51 1.63 6.51 197 9.04
0100 173 548 1.85 6.15 2.56 9.40
0250 317 4.61 344 4.94 591 711
0500 720 3.9 12.40 5.04 20.63 6.05
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Table 12 The apparent viscosity of chitosan solutions.

VISCOSITY OF CHITOSAN SOLUTIONS

CHITOSAN L

CONC SAMPLE AVG(SD)

(100 A B c (mPa.s)
0.250 6.26 6.19 6.07 6.17(0.10)
0500 1362 1465 1223 13.50(1.21)
0.750 1674 1831 1952 18.19(1.39)
1500 5203 5604 6187 56.65(4.95)
2000 12420 11690 11710 119.40(4.16)
3000 35220 36890 369.50  363.53(9.82)

CHITOSANM
CONC SAMPLE AVG(SD)
(100 A B C (mPa.s)

0.250 4.55 4.62 4.29 4.49(0.
0500 1512 1591  16.04 15.69(0.5
0.750 2568 2534 2283 24.62(1.56

17)
)
)
1500 7558 7493 7487 75.13(0.39)
)
)

0.50

2000 21160 200.70 238.00  216.77(19.18
3000 78180 75290 72640  753.70(27.71

CHITOSANH
CONC SAMPLE AVG(SD)
(100 A B c (mPa.s)
0250 1890 1962 1975 19.42(0.46)
0500 4299  39.76  40.94 41.23(1.63)
0750  111.80 10540 10340  106.87(4.39)
1500 38950 39520 380.40  388.37(7.46)
2000 60570 597.60 593.80  599.03(6.08)
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Figure 11 The plot between the apparent viscosity and
concentration of chitosan solutions.
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3. pH

The pH values of chitosan solutions are shown in
Table 13 and are presented in Figrue 12. The pH values of
chitosan solutions at the same concentration were nearly equal.
The pH profile of the solution M was slightly lower than those of
the solutions of L and H, and the pH profile of the solution of L
was similar to that of the solution of H, although the pH profile of
the solution of L at concentration 0.25-0.5 g/100g was slightly
lower than that of the solution of H, and at the concentration
0.5-2.0 %/100% the pH i)ro_flle of the solution of L was slightly
higher than that of solution of H. The pH values of solutions of
these three chitosans were between 3.75-5.46, and the pH of the
solution of L at concentration 2.025 9/1009 was 5.04, the pH of
the solution of M at concentration 1.75 g/lOOg was 4.74 and the
pH of the solution of H at concentration 0.825 ¢/100g was 4.37.

_ The apparent viscosity and pH value of the solution of
chitosan H at concentration 3.00 ¢/100g could not be measured
since it could not be completely hydrated at this concentration
and it was too viscous to test.

Tablet Evaluations
1. Weight and thickness increase and tablet appearance

The data of weight and thickness increase and tablet
appearence are presented in Table 14,

1.1 Weight variation and weight increase

The mean and standard deviation of the weight of
core tablet and coated tablets are shown in Table 25 in Appendix
Il They were all within the limit of USP standard. After coating
weight of coated tablets was increased between 1.15-1.80 % /
The weight of core and coated tablet after kept at room
temperature for 1 week was slightly decreased, hut after
exposured to accelerated condition for 1 week their weights were
increased.

1.2 Thickness and thickness increase



Table 13 The pH values of chitosan solutions.

CONC

(9/200g)
0.250
0,500
0.750
1500
2000
205
3000

CONC

(¢/200g)
0.250
0,500
0.750
1500
1750
2000
3,000

CONC

(¢/200g)
0.250
0,500
0.750
0825
1500
2000

pH OF CHITOSAN L SOLUTION
SAMPLE AVG
A B (D)
373 37 372373000
408 408 408 408(000)
19 430 428 429001)
L0 470 471470000
192 4% 493492000
505 505 5.025.04002)
547 546 545546(001)
oH OF CHITOSAN M SOLUTION
SAMPLE AVG
A B (D)
373 37 373373000
38 400 399 399(001)
419 419 418 419000)
458 458 458 458(0.00)
478 472 4T3 47400)
180 471 475 475(005)
510 515 510512002)
pH OF CHITOSAN H SOLUTION
SAMPLE AVG
A B (D)
38 38 380 381(000)
L1 41 412411000
4125 429 427 421000
438 4% 436 437000)
469 465 470 468(0.09)
40 491 490 490000)

62
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Figure 12 The pH concentration profiles of chitosan solutions.
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. ~The thickness of tablets are presented in Table 26
in Appendix II. Their standard deviation never exceeded + 0.082
mm for all formulations.  The ra_n?(e of thickness after coatin

were hetween 30-77 pm. The thickness of CORE, L0 and M

after at room temperature for 1 week (CORE R, LOR and MO R)
was decreased, but those of HO R, LA 10 R and LHO R were
slightly increased, whereas the thickness increase of core and
coated tablets after exposure to accelerated condition for 1 week
was increased.

1.3 The color of tablet

. The color of core and coated tablets are presented
in Table 14. After preparation, or kept at room temperature for
1 week or exposure to accelerated condition the color of core was
white.  All formulation of coated tablets had a %Iossy surface,
but with a different shade of color. After coating the color of L0,
MO, HO, MAIO, MA20, MA30, MC10, MC20, MC30, was white
and that of LA, LB, LC, MB, HA, HB, HC tablets and LHO tablet
was yellowish, and that of LHA system was yellow. After kept at
room temperature for 1week the colorof LOR, MO R and LA10 R
was yellow and that of HO R and LHO R was yellowish, whereas
the color of coated tablets after exposure to accelerated condition
for 1 week of LO , MO , HO and LAI0 tablets was brown,
and that of LHO tablets was yellow.

2. Defect of coated tablet o

Some defects of coated tablets are exhibited in
Table 14. Variations of defects between formulations could be
obviously observed. When using a plasticizer in formulation of
chitosan M, H and LH as film former, the cracking and splitting
were less than formulations usmg plasticized chitosan L, except
formulations of MC10, MC20, HC10 and HC20. However the
picking of plasticized film coated tablet was greater than
unplasticized film coated tablets.

The accelerated condition apparently increased the
defects, except in LAL10  which the picking was less than in
LA10, and the coated tablets which were kept at room
temperature for 1 week had more defects than that after
preparation.
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Table 14 The data of weight and thickness increase, and tablet
appearence and defects.

FORMULA! WEIGHT THICKNESS ~ COLOR OF % DEFECT
INCREASED)  INCREASED) TABLET  CRACKING sPLinriNG PICKING

CORE 0.00 0 WHITE '

CORER 0.40 3 WHITE

CORE 0.18 13 WHITE

L0 132 55 WHITE 5 6 1
LOR 0.82 4 YELLOW 5 7 |
LOS 170 60 BROWN 11 9 6
MO 1.25 4 WHITE 7 20 0
MOR 0.73 4 YELLOW 10 23 0
MOS 174 56 BROWN 8 62 4
HO 121 62 WHITE 8 10 !
HOR 1.06 8 YELLOW ISH 8 13 !
HOS 137 03 BROWN 100 i 6
LALD 127 7 YELLOW ISH 3 1 11
LALOR 0.1 % YELLOW 4 1 1
LA10S 149 134 BROWN 7 15 8
LA20 180 54 YELLOW ISH 2 ) 7
LA30 147 57 YELLOW ISH 9 17 21
LB10 164 61 YELLOWISH 4 10 18
LB20 143 5 YELLOW ISH 7 9 3
LB30 169 54 YELLOW ISH 0 3 6
LC10 171 64 YELLOW ISH 9 1 30
LC20 115 7 YELLOWISH 9 10 1

LC30 1.31 59 YELLOWISH 2 4 2
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Table 14 The data of weight and thickness increase, and tablet
appearence and defectSj(cont-).

FORMULA. :  WEIGHT THICKNESS  COLOROF % DEFECT
INCREASE”) L INCHEASE(H) TABLET ~ CRACKING SPLUTHNG PICKING

MA10 1.35 60 WHITE 0 0 2
MA20 1.59 41 WHITE 1 1 7
MA30 1.66 53 WHITE 1 7 2
MB 10 1.40 44 YELLOW 0 6 72
MB20 1.38 72 YELLOW 6 4 21
MB30 1.30 55 YELLOW 0 9 31
MC10 1.52 61 WHITE 0 70 0
MC20 1.52 Y] WHITE 0 48 0
MC30 1.64 51 WHITE 2 6 9
HA10 150 51 YELLOW ISH 0 2 1
HA20 1.45 38 YELLOWISH 0 1 1
HA30 1.53 39 YELLOWISH 0 6 7
HB10 1.62 33 YELLOWISH 7 7 36
HB20 1.64 41 YELLOWISH 8 16 26
HB30 1.45 53 YELLOW ISH 0 2 47
HC10 1.37 38 YELLOWISH 100 35 7
HC20 1.76 30 YELLOW ISH 2 21 3
HC30 1.49 45 YELLOW ISH 4 16 5
LHO 1.52 56 YELLOW ISH 0 0 0
LHOR 1.44 60 YELLOW ISH 0 1 1
LHO 2.10 59 YELLOW 0 9 5
LHA10 1.60 47 YELLOW 2 0 3
LHA20 1.38 48 YELLOW 5 8 45

LHA30 1.39 64 YELLOW 2 5 96
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3. Friability

The percentage of friability of core tablet and coated
tablets (after preparetion, after kept at room temperature for 1
week and after exgosure to accelerated condition for 1 week) are
sh%wg) in Table 27 in Appendix Il and depicted in Figure 13(A
and B).

From Figure 13 (A), coated tablets were not friable
and showed that the weight was slightly more than before test.
The percentage of friability of core tablet was 0.25%.

~ From Figure 13(B), after exposure to the accelerated
condition for 1 week or kedpt at room temperature for 1 week the
coated tablets still showed the negative values of percentage of
friability, but that of a core tablet after kept at room
temperature for 1 week was less than that of core tablet which
exposed to the accelerated condition and much less than that of
core tablet after preparation.

4, Hardness

The average means of hardness of core and coated
tablets are shown in Table 28 in Appendix Il and depicted in
Figure 1d4 (A). After coating the hardness of coated tablets was
increased.

The average means of hardness of core and coated
tablets after kept at room temperature for 1 week and after
exposure to accelerated condition are tabulated in Table 28 in
Appendix 11 and portrayed in Figure 14 (B). The hardness of
coated tablets after kept at room temperature for 1 week was
slightly greater than that after coating. However, their hardness
werg_ increased nearly equal to core tablet after kept at the same
condition,

5. Disintegration time
The disintegration time of core and coated tablets are

presented in Table 29 in Appendix 1l and illustrated in Figure 15
A and B.
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. The disintegration time of core and coated tablets in
dilute HC1(1:100) solution and deionized water is shown in
Figure 15A. The disintegration test of LO and MO after coating
in dilute HC1(1:100) solution was not measured in this study.

. The disintegration time of core tablet in dilute HCI
solution was slightly higher than that of core tablet in deionized
water. The disintegration time of LO was less than those of MO
and HO, and higher than that of core tablet. In case of using
dilute HCL solution as immersion fluid, the disintegration time of
HO was slightly greater than that of core tablet and less than
that of HO in deionized water.

~ Theincreasing amount ofBroperne glycol decreased
the disintegration time of coated tablets both in dilute HCl
solution and deionized water , and the disintegration time in
dilute HCL solution was less than that in deionized water. For
LB tablets the mcre_asm_gi the amount of PEG400 increased the
disintegration time in dilute HC1 solution and the results were
reversed in deionized water. For LC tablets, the increasing the
amount of triacetin increased the disintegration time in dilute
{-ch} iolutlon which apparently higher than those of LA and LB
ablets.

In dilute HCL soltion the disintegration time of M
tablets was apparently h!([}her than that in deionized water,
except that of MC30. In dilute HCL solution, the disintegration
time of MA10 was slightly higher than that of MA30, followed b
that of MA20, and that of MB30 was greater than that of MB 10,
followed by that of MB20, and that of MC20 was m)arently
higher than that of MC10 and followed by that of MC30. In
delonized water, the disintegration time of MA30 was slightly
higher than that of MA20, followed b)(] that of MA10. "The
increase the amount of PEG400 reduced the disintegration time
and the result was reversed in MC tablets.

In deionized water, H tablets exhibited the
appa_rentIY higher disintegration time than in dilute HCl
solution. In both immersion fluids, the increase the amount of
proloylene glycol reduced the disintegration time.  For HB
tablets, the increasing the amount of PEG400 increased the
disintegration time in dilute HCI solution and in deionized water
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(key:A-After coating,B-After kept at different condition).
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the disintegration time was ranked by HB20>HB30>HB10
repectively. For HC tablets, the disintegration time in deionized
water  and diluteHC1 solution was ranked by
HC20>HC10>HC30. In the same immersion fluids, the
disintegration time of HC tablets was less than that of HB
tablets.The disintegration time of HA tablets in dilute HCL
solution was less than that of HB tablets and nearly equal to that
of HC tablets.

. In case of LH tablets, the disintegration time in
dilute HCL solution was ranked by LHO>LHA20>LHA10>LHA30
respectively, and the disintegration time in deionized water was
ranked by LHA20>LHO>LHA10>LHA30.

. ~In Dboth immersion fluids, CORE R exhibited
slightly hl]gher disintegration time than CORE, followed by
CORE . The disintegration time of LOR in deionized water was
dominantly greater than those of LOand LO , but in dilute HCL
solutionit was nearly  equal to LO and slightly higher than that
of LO. MO, MO R and MO showed the same result as
resented in LO tablets. For HO tablets, the disintegration time of
O was less than that of HO R and that of HO R in deionized
water was higher than that in dilute HCL solution. In both
immersion fluids, the d|3|nte%rat|0n time of LAL0 tablets was
ranked as LA10>LA10 R>LAL0 , and the disintegration time in
dilute HCL solution was less than that in deionized water. For
LHO tablets, the disintegration time of LHO in dilute HCl
solution was the slowest and nearly equal to that in deionized
water. The disintegration time of LHO R in deionized water was
higher than in dilute HCL solution and higher than LHO after
coating, but the disintegration time of LHO R in dilute HC1
soution was less than LHO after coating.

In the short, the disintegration time of coated
tablets was higher than that of core tablet. In dilute HCL
solution, L, H and LH tablets exhibited less disintegration time
than in deionized water, but the result of M tablets was reversed.
An increase in the amount of propylene glycol rather reduced the
disintegration time in both immersion fluids, while an increase in
the amount of PEG400 increased the disintegration time in dilute
HC1 solution and reduced in deionized water. In case of using
triacetin as plasticizer, it indicated that an increase in the
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amount of triacetin rater increased the disintegration time in
both immersion fluids.

6. Dissolution studies of propranolol HC1 core and coated
tablets.

~ Typical calibration curve for propranolol HCI data as
determined by using linear regression is shown in Appendix Il
(Table 22)and Figure 80.

The dissolution profiles of propranolol HCL from core
and coated tablets are presented in Figures 16-31 and
experimental data are tabulated in Table 30 in Appendix L.

. The dissolution data and profiles were demonstrated
in four categories : firstly, showing the effect of molecular weight
of chitosan é.F'gs-lG -19); secondly, showing the effect of type of
plasticizer (Figs.20-22); Third, showing the effect of concentration
of plasticizer (Figs. 23-26); Finally, showing the effect of
accelerated condition (FI%S. 27-31). The drug release of each
coated bflormulat|on was also compared with the drug release of
core tablet.

6.1 Molecular weight of chitosan

The variation in dissolution profiles of
propranolol HCL from LO, MO, HO, LHO and core tablets are
deﬁycted in Figure 16. These profile, showed that core tablet
exhibited the highest drug release at each time interval. For HO,
the percentage of drug dissolved was higher than LO, MO and
LHO during the first 12 minutes and then slightly less than that
of LHO.  For LO, MO and LHO, the similar pattern of
dessolution profile and the amount of drug released were
obtained except that after 12 minutes which the drug released of
LHO was higher than the others. For LO, the percentage of drug
dissolved was slightly greater than MO.

Figure 17(A) illustrated the dissolution ﬁrofiles
of dru% from coated tablets using different grades of chitosan
with 10% propylene ﬁlycol. The drug release from core tablet

was the fastest followed by LAL10, LHA10, MA1.0, HAL0
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respectivelx. For HA10, the drug dissolution was higlher than
that of MAL0 during the first 3 minutes and then less than
MA10 at each time interval. When using propylene %chol at
concentration 20 % / , as depicted in |?ure YSB), the drug
release of LA20 was higher than those of MA20, HA20 an
LHA20 respectively. MA20 showed the slowest d_rug released
during the first 3 minutes, but after that it exhibited the drug
released greater than HA20 and LHA20. LHA20 showed the
slowest drug release after the first 3 minutes.  While increasing
the concentration of propylene glycol to 30 % / , as shown in
Figure 17(C), the pattern of drug released was similar to when
using 20 » / except the first 3 minutes the drug released of
MA30 was greater than HA30 and LHA30, and the drug released
0f HA30 was very equal to LHA30 during the first 6 minutes.

. The drug released profiles of coated tablets
using three concentrations of PEG400 as plasticizer and using
different grades of chitosan as film former are graphically shown
in Figures 18 fA, B and C). HB tablets showed dominantly
slower drug release than the others. When using 20 and 30 «

| of PEG400 , the drug release of HB tablets exhibited much
slower than those of the others and LB tablets showed greater
the drug release than MB tablets. When using 10 % / of
PEG400, the drug released of MB system was slightly greater
than LB system.

. ‘The dissolution profiles of coated tablets using
tnaeetin as plasticizer and using different grades of chitosan as
film former are presented in Figure 19 (A, B and C). Figure19
(A), the drug released of LC 10 was less than the others during
the first 3.5 minutes and then gradually increased to ?reater
than that of HC10, but still less than that of MC10. After 9.5
minutes the druP released of LC10 showed slightly higher than
MC10. From figure 19(B). The amount of drug released of
LC20 was between MC20 and HC20 during the first 3 minutes
and then was greater than MC20 and HC20 except that after 19
minutes; HC20 produced slighly higher dissolution than the
others. ~ From figure 19 (Cg! LC30 showed the lag time and
slowest release durlnﬁ the first 3 minutes and then suddenly
increased the drug released to greater than HC30 at 4 minutes
and equal to MC30 at 6 minutes and then less than MC30 at each
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time interval. The drug released of HC30 was lower than the
others during after the first 4 minutes.

6.2 Type ofplasticizer

Figures 20 (A, B and C) are dissolution profiles
ofdr_ucr] from coated tablets using chitosan L as film former and
of different concentration of three plasticizers . LA coated
tablets exhibited markedly higher drug released than LB and LC
coated tablets, however they were still less than that of core
tablet. ~ The percentage of drug released of LC10 was greater
than LB 10, as same as the drug released of LC20 was more than
LB20 during the first 12 minutes and then nearly equal to the
others during after 12 minutes. For LC30, the dissolution profile
exhibited the slowest drug release which nearly equal to that of
LB30 durlng the first 3 minutes then gradual sllghtlgl greater
than LB30 during 3 to 6 minutes and then less than LB30 during
(H% 115 minutes, and nearly equal to the others during after

5 minutes.

_ The dissolution _Frofiles of drug from coated
tablets using chitosan M as film former and added three
El_astlmzers at 10, 20 and 30 % [/ of chitosan are displayed in
igure 21 EA, B and C). The drug released durln? the first 10
minutes MB 10 was greater than that ofMAZL0, but less than that
of MC10. At 20 % / of plasticizers, Figure 21 (B), The drug
release of MB20 was slightly greater than that of MA20 and that
of MA20 was greater than that of MC20 at the first 3 minutes.
During 3 to 125 minutes, the drug dissolved of MA20 was
apR/]arentIy higher than MB20 and MC20 and the drug dissolved
0f MB20 was nearly equal to MC20. Figure 21(C), revealed that
MB30 produced dominantly slower drug release than MA30 and
MC30 during the first 15 minutes and MA20 exhibited slightly
greater drug release than MC30 during the first 7.5 minutes.

In the case of using chitosan H as film former
and added plasticizers at concentration 10, 20 and 30 % / of
poIYmer, the dissolution profiles are portrayed in Figure 22. HB
tablets exhibited the drug gradually release and produced the
tremendously slower dissolution than HA and HC tablets.
Figure 22(A), the drug released of HC10 was apparently greater
than those of HAL0 and HB10 tablets. The drug dissolution
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Figure 20 The dissolution profiles of propranolol HCL from
tablets coated with plasticized chitosan L
(key:A-10%, B-20%, C-30%).
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Figure 21 The dissolution profiles of propranolol HCI from
tablets coated with plasticized chitosan M
(key:A-10%, B-20%, C-30%) .
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profile in Figrue 22(B) showed that HA20 could release the drug
reater than HC20 and HB20 as same as the drug released of
A30 was higher than HC30 and HB20 as shown in Figure
22(C), except that during the first 3 minutes the drug dissolved of
HA30 was nearly equal to that of HC30. The drug released of
HA30 was dominantly greater than that of HB30.

6.3 Concentration of plasticizer

The comparison of dissolution profiles of
propranolol HC1 from coated tablets using three concentrations
810, 20 and 30 % / of polymer) of three plasticizers was
emonstrated as following remarks.

. For chitosan L as film former, The plasticized
film coated tablet with three concentrations of propylene Flycol
(LA10, LA20 and LA30) exhibited the faster drug dissolution
than unplasticized coated tablet (LO), as illustrated in Figure
23(A).  These three formulars showed the same drug release
Battern which the fastest drug release was from LA30, followed
y LA20 and LAI0 respectively, however, drug released from
these three profiles was very nearly equal. The dissolution
profilles of plasticized film coafed tablet with PEG400, as shown
In Figure 23(B), displayed the slower drug dissolution than LO.
All these plasticized formulas exhibited the lag time during the
first 3 minutes and showed the same drug release pattern which
the drug dissolved was very nearly equal during the first 7.5
minutes.  The dissolution profiles of glastlmze coated tahlet
with triacetin, as depicted in Figure 23(C), showed that these
three formulas had the lag times during the first 3 minutes
which LC30 showed the lowest dru?_ released, followed by those
of LC20 and LCI10 respectively. LC30 produced slower drug
rlezlea_se than LO, and LC20 slightly higher than LC10 during 4 to
minutes.

. For chitosan M, the drug released of coated
tablets which used propylene gI?/coI_as plasticizer is illustrated in
Figure 24(A). The drug dissolutoin of MO was slightly greater
than MA20 durmg}.the Irst 9 minutes and .h|gher than that of
MA10 during the first 12 minutes, but exhibited lower than that
of that of MA30 at each time interval. The lag times were
apparently seen in dissolution profiles of MA10 and MA20 during



the first 3 minutes. When using PEG400 as plasticizer, as
illustrated in Figure 24(B), the drug released of MB30 were less
than that of MO during the first 13.5 minutes and less than those
of MB10 and MB20 at each time interval. The profiles also
exhibited the lag times of MB tablets which the slowest druﬁ
release durmg the first 3 minutes was from MB30, followed wit
those of MB20, MB10 and MO respectively. The dissolution
;%roflles of the system using triacetin are shown in Figure 24(C).

he drug released of MC20 was less than those of the others at
each time interval and clearly showed the lag time during the
first 3 minutes. The drug released of MC10 was greater than
that of MC30 during the first 8 minutes and greater than that of
MO during the first 12 minutes.

For chitosan H, the dissolution profiles of
coated tablet prepared by using three plasticizers at different
concentrations are comparable. - When using propylene glycol as
plasticizer (Figure 25(A)), the slowest drug dissolution was
obtained from HAL0 and the drug released of HA20 was slightly
greater than HA30. All plasticized film coated formulas using
?.ropylene glycol had the drug release slower than HO during the
irst 12 minutes. For HB tablets, as depicted in F|Pure 25(B),
the slowest drug release was obtained from HB20, followed by
those of HB30, HB10 and HO. All these plasticized formulas
displayed the lag time in the early stage about the first 6
minutes. After the Ia? time, HB20 and HB30 dgradual_ly released
the drug which was slower than HB10. The dissolution profiles
of HC tablets (Fig. 25(C)) showed that all plasticized film coated
formulas produced the drug release slower than core tablet and
HO. HC10 produced faster drug release than HC20 and HC30.
During the first 5 minutes, the drug release of HC20 was the
slowest and that of HC10 was nearly equal to that of HC30. The
drug release of HC30 was slower than HC20 at each time
interval after 5 minutes.

For chitosan LH, the dissolution profiles of
formulas preEared by using propylene glycol as plasticizer are
depicted In Figure 26. The slowest dissolution profile was
obtained form LHAZ20, and during the first 3 minutes the profile
of LHO showed the slowest drug release which was nearly equal
to that of LHA20, followed by LHA30 and LHAL0 respectively.
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Figure 23 The dissolution profiles of propranolol HC1 from tablets
coated with unplasticized and plasticized chitosan L
(key:A-propylene glycol, B-PEG400, C-triacetin).
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Figure 25 The dissolution profiles of propranolol HC/1 from tablets
coated with unplasticized and plasticized chitosan H
(key:A-propylene glycol, B-PEG400, C-triacetin).
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Figure 26 The dissolution profiles of propranolol HC1 from tablets
coated with unplasticized and plasticized chitosan LH.
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The drug released at each time interval of LHA10 was greater
than LHA30 and followed by that of LHA20 respectively.

6.4 After exposure to accelerated condition.

_ The comparison of drug dissolution after
preparation, kept at room temperature for 1 week and after
contacted with accelerated condition for 1 week are graphically
illustrated in Figures 27-30.

~ The dissolution profile in Fig.27 of core tablet
after preparation was nearly equal to that after kept for 1 week
at room temperature ‘CORE ), but sllghtl slower than that
after exposure to accelerated condition (CORE ) and the drug

release of commercial tablet (Inderal®) was slightly slower than
the others during the first 9 minutes, and then all dissolution
profiles displayed nearly equal.

The drug dissolution profile of LO after
exposure to accelerated condition indicated that the drqu_ release
was dramatically slower than L0 and LO R, as shown in Figure 28
(A). The drug released of LO R was also markedly lower than L0,
and also showed the lag time during the first 6 minutes and then
the dissolution profile was to be a straight line during 6U¥-D+@
minutes and then reached to the plateau phase. The lag time of
LO R was longer than LO. The released profile of LO ~ showed
nearly to be astraight line.

The drug dissolution profiles of MO and HO
after exposure to accelerated condition in .F|?ure 28(B) and
Figure 28(C) respectively, showed the dramatically reducing the
drug dissolution and were also nearly to be a straight line. ~The
dissolution profiles of MO R and HO R were nearly to be a linear
during the first 21 minutes and then gradually to the plateau
phase, and could not ohserved the lag time of HO R, but could
see a small lag time from MO R during the first 3 minutes.

The drug release of LHO as shown in Figure
29(A) was also dominantly slower than that of LHO and slihgtly
slower than that of LHO R.  LHO R provided a maximum drug
released only 57.57 % at 30 minutes. The dissolution profiles of
LHO R and LHO  were nearly to be a linear during 9 to 30
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Figure 30 The dissolution profiles of propranolol HC1 from coated
tablet after kept at room temperature for 1 week.
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Figure 31 The dissolution profiles of propranolol HCL from coated
tablet after exposure to accelerated condition.
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minutes. The slopes of dissolution profiles of LHO R and LHO

during the first 9 minutes were slightly less than during 9 to 30

gnn_utes, but LHO apparently showed the lag time during the first
minutes.

. The drug release of LAL0 R as presented in
F|%ur_e 29(B) showed the lag time during the first 3 minutes and
exhibited the drug release which was slower than LA10, and the
dissolution profile of LA10 indicated that the drug release was
apparently slower than those of LA10 R and LA10.

. The dissolution profiles of film coated tablets
which were kept at room temperature for 1 week are depicted in
Figure 30. The amount of drug released of only LHO R could not
reach the Elateau stage in the first 30 minutes. The drug
released of LA10 R was greater than that of LOR, and MO R was
nearly equal to HOR.

The dissolution profiles of coated tablets after
exposure to accelerated condition are illustrated in F|?ure 3L
The profile of L0 exhibited the slowest drug released, followed
by that of MO during the first 20 minutes and then the drug
released of MO was hl%her_than LAL0 . The dru? released of
LHO  during the first & minutes was closely equal to those of
LA10 and HO , and then was greater than that of LAL0
but lower than that of HO .

1. The appearance of coated tahlets.

The picture of LHO as displayed in Figure 32 showed
that coated tablets were yellowish and glossy and after
submersion in deionized water for 5 minutes as depicted in
Figure 32((‘3 the coating layer swelled and a transparent gel
layer around the core tablet was obtained. After kept at room
temperature for 1 week the color of coated tablets was more
yellowish as depicted in Figure 33(1_)(A2_and after exposure to
accelerated condition as illustrated in Figure 33$1)(B) its color
was changed to brown, and after dissolution test of coated tablets
exposed to accelerated condition it still showed brown, gloss
undissolved film coated tablet as shown in Figure 33(gl)C.
Similar results were exhibited in tablets of L0, M0, HO and LA10
as shown in Figure 33(2)(A, B, C and D) except the tablet of MO



Figure 32 The appearance of coated tabIet(LHO)ékey:A-Iow

_ -in deionized
water for 5 minutes

magnification, B-high magnification,



Figure 33(1) The appearance of coated tablet(LHO)( key:A-after
kept at room temperature for 1week, B-after
exposure to accelerated condition, C-after exposure
to accelerated condition and dissolution test).

Figure 33(2) The appearance of coated tablets after exposure to
accelerated condition and dissolution test(key:A-LO,
B-MO, C-HO, D-LAIOQ).
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tgllfter dissolution test had the edge splitting showing the inside
fablet.

8. Surface topography

Scanning electron micrographs showing the surface
topogra hy of core and coated tablets are illustrated in Figures
34-56. The surfaces at crown area at magnification 75 and 2000,
and edge areas at magnification 75 of the tablets are depicted.

8.1 Core tablet

. ~The surface topography of the core tablet is
illustrated in Fig 34 (AB and C). The rough surface containing
the compressed structure of granules and other added additives
was clearly depicted.

8.2 Coated tablet

Areas of coated tablet were samEIed and
photographed.  Figures 35-39, 40-44, 45-49, and 50-51 are
Illustrations of coated tablets using chitosan L, M, H and LH as
film former respectively,and Figures 52-55 are illustrations of
coated tablets when exposed to accelerated condition with and
without subjected to dissolution test.

8.2.1 Chitosan L

The photomicrographs of L0 exhibited
rather smooth surface and a few of very small pores on surface.
For LA10, LA20 and LA30, their surfaces had degree of
smoothness less than that of LO. LAL0 had slightly more some
moderate and very small pores on surface than LA20 and LA30.

. The SEM photomicrographs of LB10 and
LB20 illustrated many white needle shaped crystal in the film
texture. The length of the Bartlcle was about 5-100 micron. By
means of comparison, LB20 composed of more particles than
LB 10. The photomicrographs of LB20 and LB30 showed that
there were white mold-like spots which occurred in LB30 more
than in LB20. In addition, no needle ShaJJEd crystal could be
observed in LB30. These tablets composed of medium to very
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Figure 34 The photomicrographs of core tablet(key:A-crown*75,
B-crown*2000, C-edge*75)).
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Figure 35 The photomicrographs of coated tablet(key:A-C(LO)
(A-crown*75, B-crown*2000, C-edge*75), D-F(LAIO)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 36 The photomicrographs of coated tablet(key:A-C(LA20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(LA30)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 37 The photomicrographs of coated tablet(key:A-C(LB10)
(A-crown*75, B-crown*2000, C-edge*75), D-F(LB20)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 38 The photomicrographs ofcoated tablet(key:A-C(LB30)
(A-crown*75, B-crown*2000, ¢ edge*75), D-F(LCIO)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 39 The photomicrographs of coated tablet(key:A-C(LC20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(LC30)
(D-crown*75, E-crown*2000, F-edge*75)).
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small pores on surface liked in tablet of LA20 and LA30, but the
degree of smoothness was rather less than LA tablets.

The surfaces of LC10, LC20 and LC30
tablets were rather smooth with some small pores at the crown
area.  The amount of pores could be ranked as
LC30>LC20>LC10.  Morever, there were irregular and rod
shaped particles of 0.5-3 micron on the film surface. The amount
of particles could be ranked as LC10>LC30>LC20.

8.2.2 Chitosan M

The surface of MO (Fig 40 A,B and C) was
rather smooth, but showed less degree of smoothness than that
of surface of LO at high magnification. In addition there were
many medium-sized pores presented on the crown and edge of
coated tablet,

By means of comparison, the degree of
smoothness of MA30 was higher than MA10 and MA20. These
three tablets composed of some pores which the amount could be
ranked as MA30<MA20<MA10.

The microscopic apperance of tablets coated
with M containing PEG400 as plasticizer showed that there
were a few7ﬁarticles and W'hite mold-like spots on the surface of
MB 10, but the surfaces of MB20 and MB30 mainly exhibited only
white mold-like spots as occurred in LB20 and LB30. The
amount of “hite mold-like spots could be ranked as followed
MB30>MB20>MB10. The surface of these three tablets were
rather smooth with some small creeks on the edge of the tablet.

The pictures showed that the surface was
rather rough in MC10.  There were manK pores on surface of
MC10 and MC30, especiallg at the edge of the latter tablet. The
degree of smoothness could be ranked as  MB20>MB10>MB30.
Some particles were deposited on the surface of the film ‘ich
the amount of particles could be ranked as :MB30>MB20>MB10.
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Figure 40 The photomicrographs ofcoated tablet(key:A-C(MO)
(A-crown*75, B-crown*2000, C-edge*75), D-F(MAIO)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 41 The photomicrographs ofcoated tablet(key:A-C(M A20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(MA30)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 42 The photomicrographs ofcoated tablet(key:A-C(MB10)
(A-crown*75, B-crown*2000, C-edge*75), D-F(M B20)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 43 The photomicrographs ofcoated tablet(key:A-C(M B30)
(A-crown*75, B-crown*2000, C-edge*75), D-F(MCI10)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 44 The photomicrographs ofcoated tablet(key:A-C(M C20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(M C30)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 45 The photomicrographs ofcoated tablet(key:A-C(HO)
(A-crown*75, B-crown*2000, ¢ edge*75), D-F(HAIO)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 46 The photomicrographs ofcoated tablet(key:A-C(HA20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(HA30)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 47 The photomicrographs ofcoated tablet(key:A-C(HB10)
(A-crown*75, B-crown*2000, C-edge*75), D-F(HB20)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 48 The photomicrographs of coated tablet(key:A-C(HB30)
(A-crown*75, B-crown*2000, C-edge*75), D-F(HCIO)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 49 The photomicrographs of coated tablet(key:A-C(HC20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(HC30)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 50 The photomicrographs of coated tablet(key:A-C(LHO)
(A-crown*75, B-crown*2000, C-edge*75), D-F(LHAIO)
(D-crown*75, E-crown*2000, F-edge*75)).
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Figure 51 The photomicrographs of coated tablet(key:A-C(LHA?20)
(A-crown*75, B-crown*2000, C-edge*75), D-F(LHA30)
(D-crown*75, E-crown*2000, F-edge*75)).



8.2.3 Chitosan H 116

The SEM photomicrographs of HO showed
that the surface was rather rough with some medium-sized pores
on the crown and very small pores at the edge of tablet.

The surface of all these tablets was
smoother than HO. The number of defect on the surface could he
ranked as : HA30>HA10>HA?20.

. Many needle shaped crystals of about 5-200
micron were occurred in the film texture. These particles were
longer than those found in LB and MB systems. The number of
particles could be ranker as : HB10>HB20>HB30 and the amount
of white mold-like spots found on film surfaces could be ranked
as HB20>HB30>HB10. All tablets composed of some medium
sized pore which the amount could be ranked
HB30>HB10>HB20 and degree of smoothness could be ranked as
:HBO>HB10>HB30.

o There were many small pores and some
medium sized Eores on surface of HC tablets. The amount of
particles could be ranked as  HC20>HC10>HC30. The surface
of HC system was rather rough. The lowest degree of
smoothness was found in HC20.

8.2.4 Combined chitosan L and H

_ ‘The rather smooth surface of LHO had
some particle deposited. These particles were irregular sphape
and narrow size range of 0.2-50 micron. The very small pores
were mainly observed in the surface.

. _ The surface of LHAL0 was rather rough
deposited with some irreqular shaped particles and some defects
were also clearly seen. The surface of LHA20 was rather smooth
composed of some pores . There were many defects in surface of
LHA30 and the surface was rather rough.

8.3 Coated tablet after exposure to accelerated
condition and coated tablet after exposure accelerated condition
after dissolution test,
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The SEM photomicrographs of LO after exposure
to accelerated condition (LO 2 showed a small crack on surface.
The degree of smoothness of LO and LO  was alike, but the
amount ofi)or_es of LO was fewer than LO. The surface of LO
after dissolution test at low magnification was smoother than
that of LO, but at high magnification there were many particles
which imbeded in the surface. These particles were irregular
and rod shapes which the length was about 2-100 micron. The
surface was also seen many pores occurred between particles.

The surface of LA10  was smoother than LAL0.
The amount of pores was fewer than that of LA10 and there was
a small crack at the edge of the tablet. The mwroscognc
apperance of LA10 after dissolution test showed the irregular
and rod shapes particles imbeded in the surface. The length of
the particles was about 0.5-250 micron. Most particles were
larger than found in LO after dissolution test. The amount and
size ofpores of LA10 and LAL0  after dissolution test were alike.

The surface of MO was smoother than MO. The
surface of MO  after dissolution test had the irregular and rod
shapes particles imbeded in the surface; the length of these
particles was about 0.5-80 micron. The amount of small pores
was fewer than found in MO and MO .

The surface of HO had many cracks occurrence
and could be observed some crystals deposited near the crack
which might be the crystal of some substance in core tablet
component. The degree of smoothness of HO after dissolution
test was more than that of HO . The irregular and rod particles
were found imbeded in surface. The length of these particles
was about 0.5-30 micron and long scratchs could be observed
near the defect of the film surface as shown in Figure 55 D. The
length of these scratchs was about 30-350 micron.

Large cracks on surface of LHO  were clearly
seen and some wrinkles were also observed at higher
magnification. The surface of LHO  after dissolution test
composed of many long scratchs and some irregular particles.
The Iem};th of the scratchs was about 75-350 micron and the
length of particle was about 0.3-75 micron. There was little Iong
cracks occurred inside some scratchs.  Some wrinkles also coul
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Figure 52 The photomicrographs of coated tablet(key:A-C(LO )
(A-crown*75, B-crown*2000, C-edge*75), D-F(L0
after dissolution test)(D-crown*75, E-crown*2000,
F-edge*75)).
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Figure 53 The photomicrographs of coated tabIetékey:A-C(LAlO )
(A-crown*75, B-crown*2000, C-edge*75), D-F(LA10
after dissolution)(D-crown*75, E-crown*2000,
F-edge*75)).
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Figure 54 The photomicrographs of coated tablet(key:A-C(MO )
(A-crown*75, B-crown*2000, C-edge*75), D-F(MO
afterdissolution)(D-crown*75, E-crown*2000,
F-edge*75)).
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Figure 55 The photomicrographs of coated tabletéke :A-C%HO )
(A-crown*75, B-crown*2000, C-edge*75), D-F(H
after dissolution)(D-crown* 75, E-crown*2000,
F-edge*75)).
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Figure 56 The photomicrographs of coated tablet(key:A-C(LHO )
(A-crown*75, B-crown*2000, C-edge*75), D-F(LHO
after dissolution)(D-crown*75, E-crown*2000,
F-edge*75)).
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be observed and some Bores and large cracks could be clearly
seen as found in LHO before dissolution test.

9. Assay of active ingredient.

The percentages of drug content are presented in
Table 15. The percentages of drug content of core tablet, CORE |
1O , MO , HO and LHO = were within the limit of BP.
standard(92.5-107.5%).



Table 15 The drug content of core and coated tablets
after exposure to accelerated condition.

FORMULA

CORE
CORES
LOS
MOS
HOS
LAL0S
LHO

1
06.84
U2
10033
%99
99.39
®1
9761

SAVPLE
2
o7
%.5
99.76
2931
10061
%.78
%1

%6.54
UM
o7
%899
98.38
921
%31

YDRUG CONTENT
AVGSD)%
0764115
5,01(1.09

124
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The Evaluations of Free Film

1. Physical apperance

The color, transparency, bleeding and detachability of
prepared free films are shown in Table 16. The picture of
prepared free films of LO, MO, and HO is illustrated in Figure 57,

The color of LO, LHO, LA and LHA free films was
yellow, the color of LB, LC, MA, HA and HB free films was
yellowish, the color of MC and HC free films was white and the
color of MB system, MO and HO was colorless.

The free films of LC, MC, HC ,MB20, and MB30 were
obviously translucent while the other free films were
transparent. The degree of translucency increased with an
increase in the concentration ofplasticizer.

The bleeding, a separation of the plasticizer on a
surface of the free film, could be observed on the surface of LB
and MB systems, MC20, HB20, and HB30. The amount of
bleeding of LB system increased with an increase in the
concentration of PEG400. The bleeding of HB system at
concentration of plasticizer 20 % [ was equal to that of
concentration 30 % / , but the bleeding of HB10 could not be
observed, and the bleeding of MC20 was also observed.

All free films were rather easily detachable except
those of LA30, MC30, HB20 and HB30 which were sticky. All
these free films were rather tough and not brittle.

2. Infrared spectrometry

Infrared spectrometry was employed in this study to
aid the determination of the chain length and degree of
deacetylation of chitosan and to aid the determination of chitosan
characteristic in free film.

The IR of obtained chitosan L, M and H were
compared with that of imported chitosan powder as depicted in
Figure 58. IR spectra of chitosan L, M and H were quite similar
to that of chitosan L(J). AIl IR spectra could be divided into 3
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Table 16 The color, transparency, bleeding and detachability
of free films.

FORMULA COLOR ~ TRANSPARENCY BLEEDING DETACHABLE

|F YELLOW R 0 E
VD COLORLESS R () E
H COLORLESS R () E
LAL0 YELLOW R 0 E
LA YELLOW R : E
LA YELLOW R 8

LB10 YELLOMSH R ) E
| B2 YELLOMSH R CH) E
| B3 YELLOWSH R (++4) E
LC10 YELLOMSH L4 0 E
LCX) YELLOMSH L(++ () E
LC0 YELLOMSH ) b E
MAI0 YELLOMSH R 0 E
MA2) YELLOMSH R 0 E
MAS) YELLOMSH R () E
MB10 COLORLESS R ) E
MB2) COLORLESS L) (+4) E
VB COLORLESS L(+ (F+4) E
MCI0 WHITE Lé+ 0 E
MC20) WHITE L(++ *) E
MC0 WHITE L{++) b

HAI0 YELLOMSH R 0 E
HA2) YELLOMSH R () E
HA30 YELLOMSH R : E
HB10 YELLOMSH R 8 E
HBX) YELLOMSH R ft +4)

HB3) YELLOMSH R (++4)

HC10 WHITE Iﬂ 0 E
HC20 WHITE LS_’_R : E
HC) WHITE L(++) 8 E
LHO YELLOW R : E
LHAL0 YELLOW R 8 E
LHAX) YELLOW R ® E
LHAS) YELLOW R ¢ E

R=TRANSPARENT E=EASILY DETACHABLE - NONE 2+ -) MEDIUM
L=TRANSLUCENT s= STICKINESS SMALL +- 4 HICH



Figure 57 The prepared free films(key:A-LO, B-MO,
C-HOY):
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cm-1), VOH (bending, 3550-3200 cm-1), vNH2 (3500-3400 c¢m -1)
and VNH (3520-3400 ¢cm-1); between 1694-1515 ¢m-1 indicating V
c=0 (1694-1650 ¢cm- ) and NH (bending, 1650-1515 ¢m-1) and
between 1170-1114 cm-1 indicating C-0-C stretching. The
methyl group next to the ¢=0 absorbs strongly near 1380 cm-1
due to symmetric CH3 deformation. Since chitosan still had V
c=0 remaining in dthe molecule. It was suggested that lower
peak of vC=0 or symmetric CH3 deformation when compared to
other peak such as peak between 3200-3600 cm-1, indicated
higher degree of deacetylation.

In order to estimate the polymer chain length, the
peak heightratio, particularly peak between 1170-1114 ¢cm-1 to
3600-3200 cm-1 was conducted. Higher peak ratio indicated
longer polymer chain.

IR spectra of acetic acid and triacetin (Fig.59) , and
propylene glycol and PEG400 (Fig.60) were also used to
characterize the mixture in free film.

IR spectra of LO, LA20, LB20 and LC20 are
exihibited in Figure 61. IR spectra of LA20 and LB20 were
similarto LO which showed a shoulder peak at about 1645 cm -1,
and a main peak at about 1560 cm-1 and a peak at about 1412
cm-1. The peak at 1590 ¢m-1 was not found because of the
occurrence of the main peak at about 1560 cm-1. The peak at
1412 ¢cm-1 was shifted from 1423 cm-1 of L and its intensity was
higher than the peak at about 1645 cm-1. The peak intensity at
about 1380 cm-1 was also more than that of at about 1645 cm-1
and slightly less than that of the peak at 1412 cm-1.  The IR
spectrum of LC20 was similar to the other except that there were
new peaks which were the combination peak between LO and
triacetin at 1745 and 1225 ¢cm-1.

IR spectra M and H systems, Figure 62 and 63
respectively, were similar to L system except that no shoulder at
about 1645 c¢cm-1. The peak at about 1350 and 1412 cm-1 had
intensities nearly to thatatabout 1645 cm-1.

The differences of absorption bands observed in IR
spectra of chitosan acetic, plasticizer, and mixture in free films
are presented in Table 17 .
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Figure 58 IR spectra orchitosan powders(key:A-L(J), B-L, C-M,

D-H).
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Figure 59 IR spectra(key:A-acetic acid, B-triacetin),
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Figure 60 IR spectra(key:A-propylene glycol, B-PEG400).
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Figure 61 IR spectra of free fims(key:A-LO, B-LA20, C-LB20,
D-LC20).
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Figure 62 IR spectra of free films(key:A-MO, B-MA20, C-MB20,
D-MC20).
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Figure 63 IR spectra of free films(key:A-HO0, B-HA20, C-HB20,

D-HC20).
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FORMULA
L()

L
M
H

10
LA
LB
LCN

MA2)
MB20
MC20

HAU
HB2)
HC)

136

Table 18 Peak heightratios from the IR spectra.

0.26
0.29
031
041

ABSORBANCE RATIOS OF BAND PAIR
1155/3422 TO 3469  1655/3422 TO 3459 1423 OR 1412/3422 TO 3459

0.44
047
0.50
051

0.21
0.21
021
0.25

0.3
031
0.36
0.26

0.33
031
0.32
0.32

0.33
031
0.34
0.30

1380/3422 TO 3459
0.2
0.23
0.26
031

0.32
031
0.32
0.37

0.36
0.30
0.38
0.30

0.32
031
0.3
0.28
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Peak height ratios used to determine the chain length
and degree of deacetylation are summarized in Table 18,

A peak height ratio of the peak at about 1150 to 3422-
3459 cm-1 was used to determine the chain length, as the result
that a peak ratio of H was apjaarently higher than that of M,
followed by that of L and L(J) resEectlvely, however a peak
height ratio of M was slightly higher than L.
~ The degree of deacetylation of chitosan used in this
experiment could be compared by using the peak height ratio at
about 1655 to between 3422-3459 cm-1. According to their peak
height ratios the degree of deacetylation could be ordered as
L(J()J>L>I\/I>H, however that of H was slightly less than that of M.

3. The X-ray diffractograms

The powder X-ray diffraction patterns of chitosan
powders, non-plasticized and plasticized free films are illustrated
In Figures 64-71. It revealed that they were mostly in
amorphous form, but with a few diffraction peaks.

3.1 Chitosan powders

_ ~_The X-ray patterns of chitosan powders are
displayed in Figure 64. The same major X-ray diffraction peak of
chitosan L, M and H was particularly observed at 19° and the
other smaller peak of chitosan powders could be clearly observed
at 10.0°, 9.0° and 9.5° respectively. The peak height ratio of the
smaller to the major peak of chitosan powders was 0.38, 0.54 and
0.31 respectively.

3.2 Unplasticized free films

~ The X-rayrpatterns of unplasticized free films are
shown in_Figure 65. The diffractogram of LO displayed four
peaks at 757 10.5°, 17° and 23°. The diffraction peaks of MO
occurred near the same position at that of its powder, except that
the peak of MO at 19° was triplet.  In the case of HO, it
displayed the diffractogram similar to that of LO, except that the
peak at about 19° did not clearly separate to be douplet. LHO
showed different pattern, it could not clearly obserbed the sharp
peak and the peak at 19° did not separate, and the peak occurred
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Figure 64 X-ray diffractrograms of chitosan powders(key:A-L,
g A eeres powders(key
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Figure 65 X-ray diffractrograms of unplasticized free films
(key:A-LO0, B-MO, C-HO, D-LHO).
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Figure 66 X-ray diffractrograms of chitosan L powder and
unplasticized and plasticized free films with propylene
glycol(key:A-L, B-L0,C- LA10, D-LA20, E-LA30).
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Figure 67 X-ray diffractrograms of chitosan L powder and
unplasticized and plasticized free films with PEG400
(keyiA-L, B-L0,C- LB 10, D-LB20, E-LB30).
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Figure 68 X-ray diffractrograms of chitosan L powder and
unplasticized and plasticized free films with triacetin
(key:A-L, B-L0.C- LC10, D-LC20, E-LC30).
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Figure 69 X-ray diffractrograms of chitosan M powder and

unplasticized and plasticized free films (key:A-M
B-M0,C- MA20, D-MB20, E-MC20).

143



1

Figure 70  X-ray diffractrograms of chitosan H powder and
unplasticized and plasticized free films (key:A-H,
B-H0,C- HA20 D-HB20, E-HC20).
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Figure 71 X-ray diffractrograms of chitosan LH free films
(key:A-LH, B-LHA20).
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at 8°, 11° and 19°. Notification was detected the diffractogram
of LO and HO showed hlgher ﬁ)eak intensity at about 10° than
that of MO and LHO, and could not observed the new peak at
about 7.5° in the diffractogram of MO.

3.3 The plasticized free films
3.3.1 Chitosan L

, ~ The X-ray diffraction spectra of chitosan L
free film glastluzed with propylene glycol at concentration of 10,
20 and 30 % / (LAIL0, LA20 and LA30) are demonstrated in
Figure 66.  The diffractogram of LA free films was similar to
that of chitosan L powder, but showed lesser intensity. The new
peaks occurred in LO at 7.5°, 17.0° and 23.0° could not observed
in LA system.  The diffractogram of LA20 showed [esser
m%%sny of both peaks than that of LAL0 and followed by that of

_ ~ The X-ray diffractograms of free films of
chitosan L plasticized with PEG400 at concentration of 10, 20
and 30 % / (LB10, LB20 and LBBOE) are illustrated in Figure
67, The more amount of PEG400 was increased, the
diffractograms of LB free films were more similar to that of L0,
however, the dlffracto%rams of LB free films were not be clearly
observed a douplet at 19°.

_  The X-ray diffractions spectra of free films of
chitosan L plasticized with friacetin at concentration of 10, 20
and 30 % / (LC10, LC20 and LC30) are presented in Fl%ure
68. The diffractograms of LC free films were very similar to that
of L0, but the intensities of the peak at 10° were higher than that
of L0, which the peak height ratios of the peaks at 10° to 23°
could be ranked as: LC20>LC30>LC10>LO Pl.lO, 0.85, 0.81 and
0.69) respectively.

3.3.2 Chitosan M

_ The X-ra% diffraction spectra of free films of
chitosan M plasticized wit propylene %I col, PEG400 and
triacetin at concentration 0f20 % [ (MAZ20, MB20 and MC20)
are illustrated in Figure 69.
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~ The diffracto?rams of MA20, MB20 and
MC20 were similar to MO, except that the peak at 9° of MO had
lesser mtens%than that of MA20, but higher than that of MB20
and slightly higher than that of MC20. Notification was
detected, the peak height ratios of the peaks at 9.0° to 19° of MO,
MA20 MB20 and MC20 were 0.53, 061, 021 and 0.49
respectively. The diffractograms of unplasticized and plasticized
free films of chitosan M could not be observed the new peak
near the peak at 9°.

3.3.3 Chitosan H

 The dlffractp?ram of HA20, HB20 and HC20
are shown in Figure 70, The diffractograms of HA20 and HC20
were different from that of HO, since the intensities of the peak at
9.5° were apparenth{_ lesser than that of HO; this peak intensity
of HA20 was also slightly lesser than HC20. = Moreover, the
could not be clearly observed the new peak at 7.5° like that of HO.
In the case of HB20, the diffractogram was similar to that of HO,
but with lesser peak intensity.  The peak height ratios of the
Beaks at 9.5° t0 19.0° of HO, HA20, HB20 and HC20 were 0.75,
26, 0.30, 0.29 respectively.

3.3.4 Combined chitosan L and H

The diffraction ~spectrum of LHAZ20
compared to that of LHO is shown in Figure 71. The peak
intensity at 11° of LHA20 diffractogram was lesser than that of
LHO, bt the main peak at 19° was higher than that of LHO.

_ ~In conclusion, The peak at about 10° of
difractograms of chitosan M system shifted to the right side more
than those of chitosan H system, followed by that of chitosan L,
and combined chitosan L and H systems respectively. The
diffraction spectra of unplasticized frée films of L0, HO and LHO
showed some new peaks occurrence and peak intensities at
about 10° of L0 ana HO were higher than those of M0 and LHO.
For plasticized free films, the free films of L, H and LH
plasticized with E)rop lene gllxcol showed the lower intensities of

eak at about 10° than ‘those of free films plasticized with

EG400, triacetin or unplasticized free film. For LB free films,
the _more amount of PEG400 added, the diffractograms. were
similar to L0. For LC free films, the diffractogram was similar to



146

that of LO, but the peak height ratio of the Reaks at 10° to 23°
was higher than that of LO. But for HC20, the peak intensity at
9.5° and the peak height ratio of the ?eaks at 9.5° to 19° was
,\asger than HO and that of MC20 was slightly lesser than that of

4. DTA thermograms

~The thermograms of chitosan powders, non-
lasticized free films and plasticized free films are displayed in
igures 72-74, and melting points and weight loss of" these
materials are summarized in Table 19.

Chitosan _owderd(L) showed the meItin([; endothermic
peak at 165°c. LO displayed endothermic peak at 168°c and a
small exothermic peak af 271°c. While LA20 also showed a
melting endotherm at 168°c, but a small exothermic peak at
235°c. - LB20 showed the endothermic peak at 174°c and a small
indothermic peak at 97°c, and LC20 showed the endothermic
peak at 169°c.

Chitosan powder &M) showed the melting endotherm
at 171°c and a small endotherm at 98°c. MO showed the
endothermic peak at 170°c and two small endothermic peaks at
98°c and 253°c. -MA20 exhibited the endothermic peak at 178°c:
MB20 exhibited the endothermic peak at 171°c and small
endothermic peaks at 90°c and 253°c; and MC20 exhibited the
endothermic peak at 175°c and a small endothermic peak at
90°c. The welght loss of this system could be ordered as followed
M0O>MC20>MA20<MB20>M.

Chitosan powder (H), and free films of HO and HA20
showed the endothermic peak at 181°c, 167°c and 175°
respectively. HB20 exhibited the endothermic peak at 170° and
small endothermic peaks at 98°c and 145°c, while HC20
displayed the endothermic peak at 164°c and a small
endothermic peak at 94°c. The weight loss of this system could
be ranked as followed HC20>HO>HA20>HB20>H.

In summary, the endothermic peak of chitosan L
occurred at lower temPerature than chitosan M and chitosan H
exhibited the thhes endothermic temperature.  The non-
plasticized free films of three chitosan grades showed a similar
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Figure 72 DTA thermograms ofchitosan L powder and free films
(key:A-L, B-LO, C-LA20, D-LB20, E-LC20)
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Figure 73 DTA thermograms ofchitosan M powder and free films
(key:A-M, B-MO, C-MA20, D-MB20, E-M C20).
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Figure 74 DTA thermograms ofchitosan H powder and free films
(key:A-H, B-HO, C-HA20, D-HB20, E-HC20)
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Table 19 The summary of melting point peaks and weight loss of
chitosan powders and free films.

OTHER PEAK (CELCIUS DEGREE)
WEIGHT OF SAMPLE(mg)BEFORE TEST
WEIGHT OF SAMPLE(mQ)AFTER TEST

M ‘;’

o

2 -

il e

| =
L 165 75 () *
L0 168 NLEX 108 () *
LA20 168 235 EX 9.2 () "
LB20 174 97 EN 9.9 () -
Lc20 169 10,1 () *
M 171 98 EN 8.6 75 1
MO 170 98 EN, 236EN 10 6.6 3.4
MA20 178 10.1 7 3.1
MB2U 171 90 EN, 263 EN 9.8 7.3 25
MC20 175 90 EN 10.2 7 3.2
H 181 75 6.6 0.9
HO 167 10.1 6.6 35
HA20 175 10 6.8 3.2
11820 170 98 EN, 148 EN 10 75 25
HC20 164 94 EN 10.1 6.4 3.7

EN =Endothermic peak
EX =Exothennic peak
=n0 measurement
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melting endothermic temperature. The plasticized free films
showed different endothermic peaks which were not much more
different. The resultant of a weight loss displayed that chitosan
powder showed the lowest, followed by the free films which was
plasticized with PEG400 and propylene glycol respectively. The
highest weight loss could be observed from MO in the chitosan M
free films and HC20 in chitosan H free films.

5. The moisture sorption.

Alteration of the film weight represented the moisture
sorption ability are presented in Table 20.

The moisture sorption of LO was nearly equal to that
of HO and was greater than that of MO, however those of L0, MO
and HO were less than that of LHO. The moisture sorption of
chitosan free films plasticized with propylene glycol was rather
greater than those plasticized with triacetin, but rather less than
those plasticized with PEG400, however the relationship between
the amount of plasticizer and degree of moisture sorption could
not be clearly observed. Almost moisture sorptions of free films
slightly gradually reduced upon longer storage time.

6. Swelling of free films
6.1 Weight swelling index ( )

The data of film swelling which was determined
by the weight difference in deionized water and in dilute
HC1(1:100) solution are shown in Table 31 and 32 respectively in
Appendix II.

The swelling index of free films which was
determined by measurement the weight difference between
before and after submersion in deionized water and dilute HCI (1

100) solution are illustrated in Figure 75 A and B respectively.

After submersion in deionized water, unplasticized
free films exhibited rather higher swelling index(w) than
plasticized free films except MC10 , LHA10 and LHA30 which
showed reversed results.  For unplasticized free films, MO
exhibited higher swelling index(w) than HO, followed by LO and
LHO respectively. Similar results appeared in the plasticized



Table 20 The moisture sorption of free films.

FORMULA INCREASED WEIGHT
AVG(SD)%)

TDAYS  10DAYS  15DAYS
0 180%) 1720000 16220 10)
MO 0903 1902070 16(14)
HO 707014 1680082)  1526(1 0)
LALO 1889061 1954(035) 175505
LA BI0H) 764060 160802%)
LAY 1955(241)  17270265) 16490280
LB10 0505 162060 166308
LB20 M08 28200%) 2438(1 %)
LB 2007 47000 24107
LC10 745(169)  1689(L41) 1689(130)
LC2 166409 1491(089) 1366(1 11)
LC30 0631 20)  BEULL) TR

MALD 1673064 1402(124) 1280(1 17
MAZD 172064 917060 843091

.

MAZ) 1996(132)  1728(130)  1536(151)
VB10 2T(107) 21.26(078) 20390 66)
B2 N11013)  05T(L6) 2366469
B30 18100 4R 1842%)
Mel0 116173 1045(L27)  967(15)
NC20 1668(064) 19660077 152800%4)
MC30 BB 108708) 694114
HAL0 1486(060)  1378087) 136809%9)
HA2) 1220006) 1061103 12780236)
HA0 13600066)  1143069) 1175(108)
HB10 05018 1805068 191301
HB20 2608 1951109 D 7508)
HB3) J006(1%9) 1712124 1613169
HCi0 1060%) 9819 826(230)
HC20 1486085 1463(100) 143409%)
HC3) 138016) 1301048 138508)
LHO 201100 1966(110)  1980(1 31
LHALD 1466(082)  1324(034) 14100 46
LHA2 18109 1683065) 1292(069)
LHAY) 0630%) 1796129 1432 40
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films that M free films showed rather higher swelling index(w)
than H free films, followed by L and LH free films.

For LA, MA, MB and MC free films, as the
percentage of plasticizer increased, the swelling index ( ) had a
tendency to decrease. For LB and LC free films, the highest
weight swelling index ( ) could be observed in the free films of
20% plasticizer, followed by those of LB 10 and LB30 and those of
LC30 and LC10 respectively.

HA free films exhibited the highest swelling index
in HA30, followed by that of HA10 and HA20 respectively. For
HB free films, the highest swelling index could be obsered in
HB20, followed by that of HB10 andHB30 respectively. HC free
films exhibited the highest swelling index in  HC20, followed by
HC30 and HC10 respectively.

For LHA system, the highest weight swelling
index () could be observed in the free film of LHAL0, followed by
LHA30, LHO and LHAZ20.

LB free films exhibited rather higher swelling
index than LC and LA systems respectively. For M free films,
MB showed rather higher swelling index ( ) than MA free
films, but less than MC10 and MC20. The swelling of the film
of MC10 was apparently higher than that of MO, and that of
MC20 was slightly less than that of MO.

After submersion in dilute HC1 (1:100) solution,
unplasticized free films showed rather higher swelling index than
plasticized free films except that the weight swelling index ( ) of
the free films of LB20,LB30,LC20 and LC30 was higher than that
of L0, and that of MC10 was higher than that of MO. In the case
of the free film of HO, the weight swelling index ( ) was
apparently higher than that of MO, followed by that of LHO and
LO respectively.

For LA and LHA free films, as the percentage of
plasticizer increased, weight swelling index ( ) had a tendency to
decrease. For LB,MB, MC and HB free films, as the percentage
of plasticizer increased, weight swelling index ( ) had a tendency
to increase. For LC, HA and HC free films, the highest weight
swelling index ( ) could be observed in the free film containing
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Figure 75 The weight swelling index(w) of free films determined
by measurement the weight difference(key:A-
indeionized water, B-in dilute HC1(1:100) solution).
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the plasticizer at 20 % / , followed by that containing the
plasticizer at 30 % / and 10 % /[ respectively.

For MA system, MA10 showed the highest weight
swelling index(w), followed by MA30 which slightly higher than
MA20.

LA free films exhibited rather less swelling index
than that of LB and LC systems. For M free films, the swelling
index of free films submerged in dilute HCI (1 : 100) solution was
similar to that of the free films which was submerged in
deionized water. HB tablets showed rather greater weight
swelling index ( ) than HA free films, but apparently less than
HC20.

The weight swelling index ( ) of free films
submerged in dilute HC1 (1:100) solution was rather greater than
that of the free films submerged in deionized water.

6.2 Volume swelling index (v)

The swelling index of free films determined by the
volume difference is illustrated in Figure 76 A and B respectively
and the data are presented in Table 33 and 34.

After submersion in deionized water, the volume
swelling index(v) of free films had a similar pattern to that
determining using weight difference, except that the volume
swelling index (v) was higher than weight swelling index ( ).
For HB free films, as the percentage of plasticizer
increased,volume swelling index (v) had a tendency to decrease
and for LB free films, LB30 exhibited the highest volume
swelling index(v), followed by LB 10 which was nearly to LB20.

After submersion in diluted HCI (1 100) solution,
the swelling index of free films had a similar pattern to that
determining using weight difference, except that M0, HO and
MC10 showed very high swelling and could not be measured,
and the swelling index of the free film of MB20 was higher than
that of MB10 and MB30 respectively.
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Figure 76  The volume swelling index(v) of free films determined

by measurement the volume différénce(key:A-in
deionized water, B-in dilute HC1(1:100) solution).
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7. Tensile properties

The ultimate tensile strength and percentage of
elongation of prepared free film are presented in table 35 in
Appendix Il and graphically shown in Figure 77 A and B and
Figure78 A and B.

For unplasticized free films, LO showed the lowest
ultimate tensile strength, followed by MO and HO respectively,
and LHO showed slightly higher than HO. LO exhibited the
highest percentage of elongation, followed by MO, LHO, and HO
respectively, however LHO exhibited slightly higher percentage of
elongation than that of HO, and LO showed slightly higher
percentage of elongation than MO, but apparently higher than
HO and LHO.

The relationship between the ultimate tensile
strength and percentage of elongation, and the type and amount
of plasticizers could not be clearly observed, but might be
mentioned that L free films exhibited rather less ultimate tensile
strength than M free films, followed by H free films. MC free
films showed apparently higher ultimate tensile strength than
MB, MA and L free films, and HC free films showed higher
ultimate tensile strength than HA, HB and LH system. As the
percentage of propylene glycol increased, LH free films had
tendency to decrease the ultimate tensile strength and increase
the percentage of elongation.

The stress strain curves of free films of LO, MO and
HO are portrayed in Figures 79 A, B and ¢ respectively The
ultimate tentile strenght of the free films of LO, MO and HO was
5.186, 7.522, 8.805 kg/mmz2 and the percentage of elongation
was 11.28, 20.24 and 25.18 respectively. From the stress strain
curves, the tensile property of these free films was similar to the
pAas%ic like material which could be more stretched whenapplying
the force .
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Figure 77  The ultimate tensile strength of free films(key:A -
LALB,LC, MA, MB, MC free films, B-HA, HB HC,
LHA free films).
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Figure 78  The percentage of elongation of free filmséke A-LA,
}-B’Lfcl’ M)A, MB, MC free films, B-HA, HB,HC,LHA
ree films).



Figure 79  The stress-strain curves of free films(key:A-LO, B-MO,

C-HO).
B
FORMULAI?
LO .11 wmo HD
THICKNESS(mcm) 69 66 50
73 68 45
72 65 46
68 64 47
71 64 48
AVG(SD) 70.60(2.07) 65.40(1.67) 47.20(1.92)
BREAKING FORCE(Kg)  2.087 2.804 2.369
ULTIMATE TEN.(Kg/mm*mm)  5.186 7522 8.805
%ELONGATION 11.28 20.24 25.18

Table 21 The ultimate tensile strength and percentage of
elongation of free film.
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