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Abstract—Films of methylcellulose and gelatinized maize starch were tested in tension, with and without
0-01-10% of additive in the film. The effects of these inclusions on the physical properties of the films have
been found to be statistically significant in almost every case. The films, with and without inclusions, have
also been conditioned at four different relative humidities and the behaviour of these films has also been
considered. In general films were weakened by the presence of additives particularly at higher
concentrations. The properties of methylcellulose films were changed most at specific concentrations of the
inclusions, this effect was not found with maize starch films. Plasticization of maize starch films was not

achieved.

In many cases the manufacture of tablets involves the process
of wet massing and screening and the inclusion of a film-
forming binder. The binder confers strength to the resulting
granules and often improves the quality of the final tablets.
The mechanical properties of films formed using tablet
binders have been studied using pure binders (Healey et al
1974; Reading & Spring 1984), and with inclusions (Reading
& Spring 1985). Polymeric films suitable for film coating
have also been studied with plasticizers (Aulton 1982; Rowe
1982). During the wet massing and screening operation some
of the components of the tablet formulation will dissolve in
the binder fluid and then be deposited in the film of binder
when the granules are dried. Wells et al (1982) have reported
an improvement in the mechanical properties of tablets due
to the inclusion of plasticizers in tablets. The effects on the
mechanical properties of secondary materials dissolved in
the binder film may well be significant for the tableting
process and so some potential plasticizers and the tablet
diluent, lactose, have been studied for their effects on binder
films.

A plasticizer has been defined by Bernardo & Burrell
(1972), as a low molecular weight compound of low volatility
which when added to another material changes the physical
and chemical properties in such a manner that the finished
product is in a more useful form. A plasticizer therefore,
serves to alter such physical properties as flexibility, hard-
ness, tensile strength, and elasticity. The way this function is
performed depends on the unique property of the plasticizer
to form a combination/interaction with the polymer which
normally occurs at the molecular level with some overlap at
the macromolecular level. Polymer-plasticizer systems differ
widely and compatibility is specific, that is to say, that if a
plasticizer is compatible with one type of polymer it does not
necessarily ensure compatibility with another polymer.
Generally, compatibility is thought of as an indication of
solubility in which the plasticizer behaves as a solvent for the
polymer. Compatibility is defined as the amount of the
plasticizer that can be added before phase separation occurs.
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Antiplasticizers are materials which exert an opposite
effect to plasticizers on the polymer and this is usually
indicated by an increase in tensile strength and Young’s
modulus, and a decrease in percentage elongation at frac-
ture.

The presence of solid inclusions tends to have the same
effect as antiplasticizers. Solid inclusions decrease the ulti-
mate tensile strength and percentage elongation at fracture
but increase the modulus if elasticity and with some
polymers, e.g., hydroxypropyl methylcellulose, actually
render them harder and more brittle.

Materials and Methods

Films were prepared using methylcellulose (Methocel A15,
Colorcon Ltd., Orpington, UK) and maize starch (BDH
Chemicals Ltd, Poole, UK). The inclusions were lactose,
polyethylene glycol 400 & 600 and propylene glycol (all from
BDH Chemicals Ltd).

Preparation of films

Methylcellulose. Films were prepared by castinga 7-5% w/w
aqueous solution of binder onto clean glass plates using a
chromotography spreader. Films were dried at 45+ 2°Cinan
oven for 1-13 h to a moisture level that permitted coherent
films to be cut and removed. The dried film was cut into strips
5% 0-5 cm along the plane of spreading.

Maize starch. A 7-5% w/w paste of maize starch gelatinized
and spread at 90°C was used to prepare films. The glass plates
used were pretreated with dichlorodimethyl silane, allowed
to air dry, rinsed thoroughly with distilled water and dried at
60°C. The spread films were dried and cut as for methylcellu-
lose.

The films thicknesses ranged from 40-55 um, films with
variations in thickness greater than 5 um along the length or
any visible defects were rejected. The strips were then
conditioned for 7 days in glass desiccators containing
saturated salt solutions to give the required humidity
(Winston & Bates 1960; Merck Index 1968), the desiccators
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were stored in a constant temperature cabinet at 25°C. This
length of time has been found adequate for equilibration of
films (Reading 1984). The films were tested as described by
Reading & Spring (1984). Ten strips were tested for each set
of parameters studied.

Results and Discussion

Inclusions in methylcellulose films

The effects of inclusions on the mechanical properties of
methylcellulose films in tension at different relative humidi-
ties are given in Tables 1-4. The values in the Tables are the
mean of ten replicate measurements, these means had
coeflicients of variation of 9-16%. Despite this variability,
analyses of variance, Table 5, show that in almost every case
the inclusion, the relative humidity and their mutual interac-
tion have a significant effect on the mechanical properties of
the films.

Effects due to lactose (Table 1). The analyses of variance
indicate that lactose concentration had a significant effect on
all the measured properties. It can be seen from Table 1 that
for films stored at 12, 44 and 65% r.h. the values for all the
properties peak at 0-5% lactose, except for proportional limit
(the load at which the linear part of the load-extension curve
ends, expressed as a percentage of the load at failure) where
the highest values are at 5% inclusion. At 81% r.h. the
differences between the values for 0-2, 0-5 and 1% inclusion
were much less marked, but were still higher than the values
at lower and higher concentrations. It is clear also for
Young’s modulus, elastic resilience, and proportional limit,
that the relative humidity had a much greater effect than the
additive on film properties. The values obtained for these
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properties were significantly higher for films conditioned at
44% r.h. The presence of 0-5% lactose in the film had a
strengthening effect but at higher concentrations of lactose
the films were weakened. Visual inspection showed that
lactose crystallized from the film at the higher concentrations
especially at 81% r.h.

Effects due to PEG 400 (Table 2). PEG 400 concentration
had a significant effect on all the properties measured. Table
2 shows that those values tend to a minimum at 0-2% PEG
400, except for the proportional limit. Above 1%, additive
values for tensile strength, Young’s modulus, and elastic
resilience, fell, whereas those for elongation at fracture rose.
As with lactose, there is a concentration at which film
properties are altered to a greater extent than at higher and
lower concentrations and PEG 400 serves to weaken the film
and plasticize it at concentrations above 1%.

Effects due to PEG 600 ( Table 3). The effects due to PEG 600
were essentially the same as those for PEG 400 except for a
greater tendency for the values for Young’s modulus to peak
at 0-5% additive in the film. The results obtained did not
show significant differences due to relative humidity for
toughness and elongation at fracture.

The two polyethylene glycols tested showed classic plasti-
cization above 1% in the film. Below 1%, the minima at 0-:2%
for many of the films tested is less easy to explain. The films
were clearly weakened and also showed a reduction in
elongation at fracture; the latter would be expected with
antiplasticization, which has been reported for low plasti-
cizer concentrations (Jackson & Caldwell 1965), but anti-
plasticization should also give increased tensile strength and
Young’s modulus. That effect was not present.

Table I. Mechanical properties of methylcellulose films. Values represent the mean of 10

replicate measurements. Inclusion: lactose

Percentage inclusion

r.h. 0 0-01
Ultimate tensile 12% 536 487
strength Nm~2x 10¢  44% 555 475
65% 555 531
81% 414 509
Toughness Jm~3x 10° 12% 100 90-8
4% 929 736
65% 1057 1040
81% 883 987
Young’s modulus 12% 1246 1129
Nm-2x 107 44% 1430 1296
65% 111-5 103-1
81% 896 977
Elastic resilience 12% 34 29
Jm~3x 10° 44% 46 37
65% 34 27
8 l Y (] l 8 l 9
Elongation at 12% 465 470
fracture % 4% 460 369
6500 46‘7 50'0
81% 455 451
Proportional limit % 12% 528 493
44”0 643 644
65% 482 426
81% 378 363

01 02 05 1 5 10
448 456 594 474 459 440
480 462 548 506 478 440
484 495 566 464 460 477
489 549 545 445 411 374
869 830 1148 932 809 777
856 642 1112 762 647 608
846 821 1037 832 621 754
962 1136 I11-7 752 906 632
1009 1156 1214 1118 1146 1030
1231 1408 1437 1302 1300 1218
1014 984 1083 936 967 887
92:5 102:5 1040 911 952 706
24 18 36 21 28 28
38 34 46 40 42 38
23 24 32 24 27 30
20 18 19 19 18 18
469 468 484 454 390 317
438 325 509 367 318 290
420 407 467 367 362 304
454 492 504 396 397 385
480 428 488 441 544 533
614 647 643 630 685 671
431 428 447 437 483 471
372 330 346 403 409 449
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Table 2. Mechanical properties of methylcellulose films. Values represent the mean of 10
replicate measurements. Inclusion: PEG 400

Percentage inclusion

r.h. 0 001 01 02 05 1 5 10

Ultimate tensile 12% 536 496 454 466 475 502 417 363
strength Nm~2x 10 44% 555 496 431 396 464 484 368 317
65% 555 501 426 382 468 507 480 390
81% 41-4 412 477 399 505 460 491 348

Toughness Jm > x 10° 12% 100 99-7 9133 670 893 891 889 827
4% 929 887 754 593 7717 828 660 583
65% 1057 991 755 596 805 926 949 8I-2
81% 883 872 868 608 973 898 1016 7I1

Young’s modulus 12% 1246 1117 958 1082 1082 113-3 943 780

Nm-2x 107 44% 1430 124-7 1147 1056 1289 137-5 1136 1055
65% 111-5 106-0 939 807 949 1044 1105 79-8

81% 897 1003 967 797 919 971 1017 738
Elastic resilience 12% 34 27 26 36 32 31 2:5 1-7
Jm—3x 10 4% 46 47 36 33 36 37 2:6 1-9
65% 34 2:5 31 24 27 27 2:1 22
81% 1-8 1-6 19 23 2:6 17 2:0 1-0
Elongation at 12% 465 469 456 320 430 419 501 587
fracture % 4% 460 390 386- 350 387 389 415 488
65% 467 458 400 357 400 419 440 506
81% 455 405 403 349 448 445 477 526
Proportional limit %  12% 52-8 49-0 493 589 539 521 508 420
44% 643 689 671 662 652 646 655 615
65% 482 462 562 505 468 456 436 454
81% 378 436 406 470 420 374 399 327

Table 3. Mechanical properties of methylcellulose films. Values represent the mean of 10
replicate measurements. Inclusion: PEG 600

Percentage inclusion

r.h. 0 0-01 0-1 02 0-5 | 5 10
Ultimate tensile 12% 536 41-8 487 396 477 480 413 372
strength Nm~2x10° 44% 555 430 444 382 471 471 373 338
65% 555 435 4711 368 459 463 4111 392
81% 414 443 454 401 465 499 435 1398
Toughness Jm~3x 10° 12% 100 789 857 415 768 867 758 809
44% 929 768 721 538 709 721 689 789
65% 1057 879 817 538 631 767 710 825
81% 883 746 784 522 790 880 827 891
Young's modulus 12% 124-6 893 108-8 106-3 113-3 1194 1047 835
Nm-2x 10’ 44% 1430 1268 1292 1087 130-8 1382 1184 1014
65% 111-5 91-6 1016 89-6 1055 1065 987 838
81% 897 997 887 858 941 1014 983 785
Elastic resilience 12% 34 2:0 2-8 2-8 30 2-6 2:6 19
Jm3x10° 4% 46 28 34 31 3-8 37 26 23
65% 34 25 30 23 27 2-6 19 19
81% 18 1-7 1-9 -7 24 20 1-8 1-6
Elongation at 12% 465 455 41-8 229 368 394 416 569
fracture % 44% 460 455 3944 327 346 339 454 546
65% 46:7 458 422 336 307 370 390 508
81% 455 388 410 289 375 415 425 585
Proportional limit % 12% 52-8 434 489 6111 53-8 501 549 466
44% 643 60-0 660 668 661 675 657 620
65% 482 480 516 534 504 497 461 425
81% 378 413 386 411 438 381 413 374

Effects due to propylene glycol (Table 4). Propylene glycol was to weaken the film and to reduce its elongation at
had a significant effect on all of the properties, the general fracture. The only exception to the general reduction in
trend was for the presence of 0-01% to cause a reduction in values was the proportional limit which showed only small
the values obtained, the values then increased at 0-1 and changes in value at different propylene glycol concentra-
0-2% additive and decreased with further increases in tions.

propylene glycol content. The overall effect of the additive
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Table 4. Mechanical properties of methylcellulose films. Values represent the mean of 10
replicate measurements. Inclusion: propylene glycol

Percentage inclusion

rh. 0 001 01 02 05 1 5 10
Ultimate tensile 12% 536 450 426 445 400 423 300 267
strength Nm~2x 10° 44% 555 356 399 448 389 395 322 303
65% 555 374 461 464 437 409 372 308
81% 4144 413 444 507 418 362 342 305
Toughness Jm 3 x 105 12% 100 694 690 783 679 756 469 408
44% 929 475 597 698 522 578 403 322
65% 1057 574 798 790 627 642 464 337
81% 883 692 762 923 704 574 480 360
Young's modulus 12% 1246 1122 1074 1056 995 980 737 712
Nm-2x 107 44% 1430 105-3 1165 1249 1098 109-8 1013 1020
65% 111-5 86:6 1052 101-5 925 863 833 749
81% 897 878 107-8 1070 951 828 790 824
Elastic resilience 2% 34 32 27 27 23 28 16 13
Jm~3x 10° 4% 46 33 34 38 32 31 22 21
65% 34 19 20 24 24 1-8 1-7 1-6
81% 1-8 14 15 21 19 15 14 12
Elongation at 12% 465 334 363 409 408 424 367 351
fracture % 4% 460 306 344 365 312 354 284 235
65% 467 349 396 391 335 363 280 246
81% 455 386 379 423 384 364 308 270
Proportional limit % 12% 528 575 552 522 5233 543 494 477
4% 643 733 697 681 677 658 637 666
65% 482 463 416 463 465 419 425 476
81% 378 360 383 397 439 420 413 433

Table 5. Results of analysis of variance to test the effects of the inclusions and the
relative humidity on the measured mechanical properties of methylcellulose films.

Mechanical Computed F for Computed F Computed F for

Additive property inclusions for r.h. interactions
Lactose T. strength 35-1 3.2%* 50
Young’s mod. 16-2 145-4 1-5*
Toughness 272 13:3 4-0
Elastic res. 18-4 272-8 46
Elong. at fract. 23-0 12:6 23
Prop. limit 24-1 669-5 34
PEG 400 T. strength 56-0 87 55
Young’s mod. 48-1 756 69
Toughness 21-5 10-0 2:1
Elastic res. 66-4 62-4 6-8
Elong. atfract. 375 49 1-4*
Prop. limit 452 4526 58
PEG 600 T. strength 345 45 1-3*
Young’s mod. 369 148-5 24-1
Toughness 17-6 2:2% [-2*
Elastic res. 312 107-6 40
Elong. at fract. 50-3 0-4* 2-4
Prop. limit 30-8 679-2 7-8
Propylene glycol T. strength 70-5 67 39
Young’s mod. 50-1 62-4 47
Toughness 64-4 18-2 2:2
Elastic res. 69-9 2288 9-8
Elong. at fract. 230 17-9 2:2
Prop. limit 7-5 1110-3 10-4

* Not significant at the P=0-05 level.
** Not significant at the P=0-01 level.



THE EFFECTS OF INCLUSIONS ON BINDER FILMS

Table 6. Mechanical properties of maize starch films. Values represent the mean of 10
replicate measurements. Inclusion: lactose

Percentage inclusion

r.h.

Ultimate tensile 12%
strength Nm ™ 2x 10°  44%
65%
81 9 (]

Toughness JIm~*x 10° 12%
440()
65%
81%

Young’s modulus 12%
Nm -~ <x 107 44%,
65%
8 l 0()

Elastic resilience 12%
Jm~3x10° 44%,
65%
81%

Elongation at 12%
fracture % 44%
650()
81%

Proportional limit % 12%
4%
65%
81%
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Table 7. Mechanical properties of maize starch films. Values represent the mean of 10
replicate measurements. Inclusion: PEG 400

r.h.

Ultimate tensile 12%
strength Nm~2x 10°  44%
65%
8 l 9 (]

Toughness Jm 3 x 10° 12%
44%
65%
81%

Young’s modulus 12%
Nm-2x 107 44%
65%
81%

Elastic resilience 12%
IJm~3x10° 44%,
65%
81%

Elongation at 12%
fracture % 4%
65%
81%

Proportional limit %  12%
44‘%1
65%
81%
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Table 8. Mechanical properties of maize starch films. Values represent the mean of 10
replicate measurements. Inclusion: propylene glycol

Percentage inclusion

r.h. 0 0-01
Ultimate tensile 12% 468 431
strength Nm~2x 10°  44% 400 30-2
65% 397 396
81% 405 387
Toughness JIm~3x 10° 12% 367 473
4% 257 344
65% 281 397
81% 284 313
Young’s modulus 12% 1354 1151
Nm-2x 107 4% 1346 1189
65% 1177 1311
81% 1270 1118
Elastic resilience 12% 36 30
Jm~3x10° 4% 35 24
65% 24 30
81% 17 19
Elongation at 12% 156 219
fracture % 44% 12.8 214
65% 140 199
81% 140 161
Proportional limit % 12% 656 59-1
44% 764 778
65% 587 675
81% 493 509

o1 02 05 1 510
400 466 482 319 326 290
278 317 369 273 357 310
338 320 391 330 343 334
389 440 462 335 343 304
504 412 432 280 272 160
323 304 372 300 224 166
207 335 373 237 180 161
360 374 391 295 186 196
1175 1317 1265 100-1 1062 1072
1104 123-5 1298 1060 1509 1245
1075 1053 1376 1251 1356 1287
1123 1243 1226 1211 1192 1043
23 33 40 18 25 17
21 29 36 23 30 29
24 24 35 34 33 29
19 25 30 28 29 24
249 175 177 176 158 109
217 181 194 202 120 106
174 204 188 139 102 95
184 169 168 142 109 126
560 624 649 579 632 651
771 832 822 806 831 864
658 682 788 873 863 80
508 551 573 654 745 730

Table 9. Results of analysis of variance to test the effects of the inclusions and
the relative humidity on the measured mechanical properties of maize starch

films.
Mechanical Computed F for Computed F Computed F for
Additive property inclusions for r.h. interactions
Lactose  T. strength 23-8 65 3-8
Young’s mod. 31-8 10-5 10-2
Toughness 91-0 28-1 15-6
Elastic res. 273 31-5 86
Elong. at fract. 118-7 50-1 19-0
Prop. limit 148-6 290-2 384
PEG 400 T. strength 50-6 12-2 37
Young’s mod. 0-9* 40-8 29
Toughness 65-5 57 57
Elastic res. 36 73-5 63
Elong. at fract. S1-2 1-6* 47
Prop. limit 132:3 251-0 11-4
Propylene T. strength 50-7 529 11-7
glycol Young's mod. 15-2 13-2 10-5
Toughness 814 236 43
Elastic res. 36 73-5 63
Elong. at fract. 56-5 20-8 29
Prop. limit 739 448-5 16-9

* Not significant at the P=0-05 level.
** Not significant at the P=0-01 level.

Inclusions in maize starch films

The results are given in Tables 6-8 with the analysis of
variance summarized in Table 9. PEG 600 was not investi-
gated due to the close similarities between its effects and
those of PEG 400 in methylcellulose films. Inspection of
Table 9 shows that the concentration of additive, the relative
humidity of storage and their mutual interactions had
significant effects on the results except in two cases. The
coefficients of variation for replicate measurements on maize
starch films were similar to those for methylcellulose films.
With PEG 400 the concentrations of inclusion had no
significant effect on Young’s modulus and the relative

humidity of storage had no effect on the elongation at
fracture.

Effects due to lactose ( Table 6). The inclusion of lactose at
low concentrations 0-01-0-2% produced a fall in tensile
strength and elastic resilience. Above 0-5% of lactose in the
film, toughness and elongation at fracture fell whereas
Young’s modulus rose. Above 5% lactose the elastic resi-
lience and proportional limit both increased. The effect of
lactose above 0-5% is therefore to produce a more brittle and
weaker film. This may be due to the phenomenon of
antiplasticization.
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Effects due to PEG 400 ( Table 7). PEG 400 had little effect on
maize starch films at 1% inclusion and less; at 5%, tensile
strength and toughness were reduced and the proportional
limit was increased. Films containing 10% PEG 400 were too
weak to handle and so could not be tested, they were more
opaque than films containing lesser concentrations of inclu-
sion and this suggests that PEG 400 is incompatible with
maize starch films.

Effects due to propylene glycol ( Table 8). As with PEG 400,
low concentrations of propylene glycol had little effect on
film properties, but above 0-5% tensile strength and tough-
ness fell. Films were obtained with 10% propylene glycol but
otherwise the behaviour of films with propylene glycol and
with PEG 400 were similar.

There is a problem in finding a mutually soluble material
to act as plasticizer for starch films because of its crystalli-
nity. In the case of PEG 400 there was phase separation at
10% inclusion. Although lactose and propylene glycol
appeared to be retained within the polymer film it is unlikely
that the latter bonded with the polymer matrix. The presence
of lactose at higher concentrations caused an increase in
Young’s modulus and to a lesser extent an increase in tensile
strength coupled with a fall in elongation at fracture. These
changes are characteristic of antiplasticization and it is
conceivable that the polyhydroxylactose could interact with
the polyhydroxycellulose of starch to produce this effect.

Although the relative humidity of storage significantly
affected the mechanical properties (Table 9) there was no
plasticization by the water. This can be related to the non-
solubility of starch films in water. The inclusions tested thus
showed only a tendency to weaken maize starch films. How
this weakening affects the properties of granules and tablets
is the subject of further study.

Conclusions
The presence of the inclusions tested in the methylcellulose

and maize starch films had the general effect of weakening
the films. However, with methylcellulose films there were
concentrations of inclusion, in the range 0-2-0-5%, at which
film properties were altered to a greater extent than at higher
and lower concentrations.

Polyethylene glycol 400 and 600 acted as plasticizers for
methylcellulose films but plasticization of maize starch films
was not seen with any of the inclusions.

References

Aulton, M. E. (1982) Assessment of the mechanical properties of
film coating materials. Int. J. Pharm. Prod. Mfr., 3: 9-16

Bernardo, J. J., Burrell, H. (1972) Plasticization in: Polymer Science
Vol I, Jenkins, A. D. (ed.), North Holland Pub. Co. Ltd., London,
pp 538-578

Healey, J. N. C., Rubinstein, M. H., Walters, V. (1974) The
mechanical properties of some binders used in tabletting. J.
Pharm. Pharmacol. 26 Suppl.: 41P-46P

Jackson, W. J., Caldwell, J. R. (1965) Anti-plasticizers for bis-
phenol polycarbonates. In: Plasticization and Plasticizer Pro-
cesser. Gould, R.F. (ed), American Chemical Society Advances in
Chemistry Series No. 48, Washington DC. pp 185-195

Merck Index (1968) 8th edition, Merck and Co., Rahway, USA
p- 310. Salt solutions for relative humidities.

Reading, S. J. (1984). Ph.D.Thesis, University of Manchester, UK.
Some physico-mechanical properties of pharmaceutical binding
agents

Reading, S. J., Spring, M. S. (1984) The effects of binder film
characteristics on granule and tablet properties. J. Pharm.
Pharmacol. 36: 421-426

Reading, S. J., Spring, M. S. (1985) The effects of inclusions on the
properties of polymer films, granules and compacts. Drug Devel.
Ind. Pharm. 11: 591-606

Rowe, R. C. (1982) The effect of pigment type and concentration on
the incidence of edge splitting on film-coated tablets. Pharm. Acta
Helv. 57: 221-225

Wells, J. F.,, Bhatt, D. A, Khan, K. A. (1982) Improved wet massed
tabletting using plasticized binder. J. Pharm. Pharmacol. 34: 46P

Winston, P. W., Bates, D. H. (1960) Saturated solutions for the
control of humidity in biological research. Ecology 41: 232-237



