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Abstract A film iodinated at solution state before casting (BIBC film) and a film
iodinated after casting (BIAC film) were prepared by casting an aqueous solution of
poly(vinyl alcohol) (PVA) including I,/KI and boric acid, and by successively
soaking the PVA film in aqueous solutions of boric acid and I,/KI, respectively. The
boric acid-induced and I,/KI-induced weight gains relative to the PVA were 3, 5, 7,
and 10%, and 3, 5, 10, and 20%, respectively. The effects of boric acid and iodine
on the crystallinity and drawability of the films were investigated. Although the
crystalline structure of the BIAC films was not affected by boric acid, the boric
acids in the PVA solution containing I,/KI may have formed intra-molecular cross-
links on the PVA chain to accelerate the formation of the PVA-iodine complex
evenly, and subsequently interrupt the PVA crystallization through the BIBC film
formation to render the resultant film slightly crystalline or practically amorphous.
This occurred even at a much lower I,/KI-induced weight gain (20%) than the
minimum weight gain (125%) at which the iodinated at solution state before casting
film without boric acid indicated a practically amorphous state. The maximum draw
ratio of the films generally decreased with increasing boric acid content, which was
mainly attributed to the increase of the extended segments of the PVA chains in the
amorphous region due to the cross-links formed with the boric acids. The maximum
draw ratios of the BIBC films tended to decrease more severely than those of the
BIAC films.
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Introduction

A large number of researches on the poly(vinyl alcohol) (PVA)-iodine complex
have been carried out. They can be divided roughly into three classes, as researches
on the formation mechanism and structure of the complex [1-26], the application of
the complex formation to the improvement of processability [27-38], the direct use
of the complex such as a hydrogel, sheet polarizer etc. [39-46].

It is supported by a large majority of the researchers that the polyiodide ions
(I, Is7) form complexes with —OH on PVA chains in not only amorphous region
but also crystalline region. When the iodine sorption was over 12 wt%, the
iodination in crystalline region was occurred [2, 32].

The models of the PVA-iodine complex in the amorphous and crystalline regions
were proposed, respectively. Two models in the amorphous region were proposed,
that is, the aggregate model by Miyasaka [44] and the helical model by Zwick [11].
Several PVA segments with extended conformation are surrounding a polyiodide
ion in the aggregate model which is for the complex forming in water-swollen film,
whereas one PVA chain forms a helical conformation surrounding a polyiodide ion
in the helical model which is for the complex forming in the solution.

Miyasaka et al. [32, 44] proposed two models in crystalline region, the
intercalation model and the substitution model. In the intercalation model, a
polyiodine intercalates between two PVA chains on the a-axis, which indicates the
X-ray diffractions peaks at 20 = 6.6, 13.5, and 19.4°. In the substitution model, one
of the two PVA chains in Bunn’s PVA crystal cell is substituted by a polyiodine,
and therefore the c-axis is about twice as long as that of Bunn’s cell, which indicates
the X-ray diffractions peaks at 20 = 8.5, 14.5, and 20.5°. They confirmed the
intercalation and substitution models with X-ray diffractions patterns of iodinated
PVA films whose iodinated sorption were relatively low (14 wt%) and high
(100 wt%), respectively.

The most part of those researches were carried out for the iodination of PVA in
solution state [11, 19-22, 30, 31] or in film state [29, 32, 33, 35-39, 41-44].
However, we prepared a new type of PVA—iodine complex film by casting a PVA
solution previously iodinated with I,/KI, and referred to it as IBC (iodinated at
solution state before casting) film. The outstanding physical characteristic of the
IBC film was that its crystallinity decreased with increasing the iodine sorption and
came to amorphous state when the iodine sorption was over 125 wt% [37, 38].

On the other hand, the boric acid has been occasionally used as cross-linking
agent in PVA or used to accelerate formation of the PVA—iodine complex and
enhance its stability. It has been known that the boric acid forms an intra-molecular
cross-linking with covalent bond type or an inter-molecular cross-linking with
hydrogen bond type in the PVA resin [13, 30, 44, 45]. The inter-molecular cross-
linking can contribute to the formation of PVA hydrogel. The intra-molecular cross-
linking can contribute to making extended segment of PVA chain which is helpful
to form the aggregate model type PVA—iodine complex. Furthermore, intra-chain
bridge forming on the helical PVA chain in the helical model type complex can
contribute to enhancement of its stability [11, 12].
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However, the effects of boric acid on the characteristics of the PVA—iodine
complex films have not been studied. In this research, therefore, we investigated the
effect of boric acid added in the PVA-iodine complex films on their crystallinity
and drawability. Furthermore, we paid special attention to the procedure for adding
the I,/KI and the boric acid. Therefore, two types of film were prepared for study: a
film boric acid treated and iodinated at solution state before casting (BIBC film) and
one boric acid treated and iodinated after casting (BIAC film). The BIBC film was
produced by casting an aqueous solution of PVA including boric acid and I,/KI, and
the BIAC film was prepared by successively soaking a PVA film in aqueous
solutions of boric acid and I,/KI. The concentrations of I,/KI and boric acid were
varied.

The crystallinity of the films was examined with X-ray diffraction (XRD) and
differential scanning calorimetry (DSC), and the drawability of the films was
investigated by measuring the maximum draw ratio.

Experimental
Material

The PVA powder from Sigma-Aldrich Company in Japan was used to prepare films.
The reported degrees of saponification and M,, were 99.9% and 89000-98000,
respectively.

Film preparation
BIBC film

The films were prepared by casting aqueous solutions of 10 wt% PVA containing
boric acid and I,/KI on a glass plate at 60 °C to form the film shape, and then drying
them at room temperature for 48 h. The weight ratios of boric acid to PVA (boric
acid-induced weight gain) were 3, 5, 7, and 10%, and those of I,/KI (I,/KI-induced
weight gain) were 3, 5, 10, and 20%.

BIAC film

A PVA film was prepared by casting an aqueous solution of 10 wt% PVA. The film
was soaked in aqueous solutions of 0.05, 0.1, and 0.3 M boric acid for 1, 30, 60,
360, and 1440 min, washed with water, and dried at room temperature. The films
treated with boric acid were soaked in aqueous solutions of 0.01, 0.05, and 0.1 M
I,/KI (1:2) for the same times as those used in the boric acid treatment, rinsed with
water, and air-dried at room temperature for over 1 week, as this was the necessary
duration for complete water evaporation and excess iodine sublimation. The boric
acid- and I,/KI-induced weight gains were determined from the weight difference
between the dried film before and after soaking. The samples which had same boric
acid- and I,/KI-induced weight gains with the BIBC films were selected for the
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subsequent experimental procedures. The sample whose I,/KI-induced weight gain
was 3% without boric acid could not be obtained, and was therefore excluded from
the following procedures.

Drawing

The maximum draw ratio was determined through the following drawing examina-
tion. The films of 5 mm width and 10 mm length were drawn by a hand-operated
drawer at 90 °C in a silicon oil bath up to the film fracture. The extension speed was
fixed to with 10 mm/min.

Measurements

XRD was performed by Rigaku D/max-III-A with Cu K, radiation. DSC was
performed by a TA DSC 2910 at a heating rate of 20 °C/min in an N, atmosphere.

Results and discussion
Crystallinity of the films

It was reported that the influence of the iodine on the crystal structure of PVA is
varied with the quantity of iodine sorption with three types: (1) no influence with
iodine sorption ~ 12 wt%, (2) altering to the intercalation type with relatively low
iodine sorption, and (3) altering to the substitution type with relatively high iodine
sorption [32, 44]. Our samples have 3—20 wt% of iodine sorption, and are applicable
to the type of (1) or (2).

It has been known that the XRD peaks for pure PVA crystal appear at
20 = 11.3, 19.0, and 28.0° and those for the iodinated PVA crystal with the
intercalation type structure applicable to this experimental, appear at 20 = 6.5,
13.5, and 19.4° [32].

Figure la—d shows the XRD scans for the BIAC films according to the I,/KI-
induced weight gain. There were two peaks at 26 = 11 and 19°, which revealed a
PVA crystal structure in the case of the very low I,/Kl-induced weight gain
(Fig. 1a). This indicated that no iodine was penetrated into the crystalline region of
the PVA. With increasing I,/KI-induced weight gain, however, the peaks were
gradually shifted toward 2@ = 13, and 20°, indicating a PVA—-iodine complex
crystal. There were no remarkable differences in the position and intensity of the
peaks according to the boric acid-induced weight gain in each figure. This indicated
that boric acid did not affect the crystalline structure of the BIAC films because the
boric acid could not permeate into the crystal region constituted in the PVA film
prior to the boric acid treatment.

Figure 2a—d shows the XRD scans for the BIBC films according to the I,/KI-
induced weight gain. The BIBC films with no boric acid presented two obvious
peaks in all the figures. Merely, they gradually shifted toward a higher Bragg angle
and their intensity decreased a little with increasing I,/KI-induced weight gain, as in
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Fig. 1 X-ray diffraction scans of the BIAC films with I,/KI-induced weight gain (I,/KI-induced weight
gain (%) a: 3, b: 5, ¢: 10, d: 20%)

the case of the BIAC films. However, the films containing boric acid presented a
very weak peak at 20 = 20° or no peak, which suggested that the films were
slightly crystalline or practically amorphous. This may have resulted from the
unusual process of the BIBC film preparation. That is, the boric acids and iodine
ions react with the PVA molecules in a solution state to form intra-molecular cross-
linking and to form complexes evenly within the PVA chain, which would interrupt
the crystallization in the solidifying procedure of the film.

This result of achieving a practically amorphous film state with only low I,/KI-
induced weight gain (below 20%) was very significant, because the IBC film
without boric acid indicated a practically amorphous state in the film with much
higher I,/KI-induced weight gain (more than 125%) [37]. To investigate whether
this significant result was caused by the effect of the boric acid alone or the
combined effect of the boric acid and iodine, extra films were prepared from
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Fig. 2 X-ray diffraction scans of the BIBC films with I,/KI-induced weight gain (I,/KI-induced weight
gain (%) a: 3, b: 5, ¢: 10, d: 20%)

aqueous solutions of PVA containing boric acid alone, and were examined with
XRD and DSC. Figure 3 shows the XRD scans for the PVA films containing boric
acid alone. In general, there were no remarkable differences in the XRD scans
between the pure PVA film and the boric acid-induced films. But the diffraction
peak appreciably became broader toward the wide angle side with increasing boric
acid content. Ohishi et al. [47] studied the role of boric acid in PVA film. They
concluded that the boric acid suppressed the recrystallization of the PVA chains in
drying process and reduced the molecular mobility, probably due to cross-linking
among PVA chains which were produced by the partial dissolution of smaller
crystallites and the surficial parts of larger crystallites when the films were pre-
swollen with water. In addition, Okada et al. [48] deduced the XRD peak at
20 = 22.1°, which was about 2° wider than the main peak, was attributed to the
extended PVA chains cross-linked with boric acid. These previous studies regarded
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Fig. 3 X-ray diffraction scans
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boric acid
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a quasi-crystalline phase composed of boric acid cross-linked chains which made
the XRD main peak broader or indicated and additional peak at 2° wider Bragg
angle than that of the main peak. In our experimental, the broadening of the main
peak (20 = 19°) toward the wider angle side could be distributed to the growth of
the additional peak reported by Okada et al. [48]. This result suggested that there
may be not only pure PVA crystalline phase but also the quasi-crystalline phase in
the boric acid-induced films. We deduced that the tiny quasi-crystalline phases
corresponding to the chain segments combining the cross-linking may be dispersed
within the PVA crystalline phase matrixes in the films. That is, the PVA chain
segments combining the boric acid cross-linking must be embraced in the crystalline
phase of the films because the boric acids had been uniformly distributed in the PVA
solutions for preparing the films.

This eduction can be supported by the DSC curves shown in Fig. 4. The pure
PVA film indicated a strong and sharp crystal melting peak at about 220 °C.
However, the boric acid-induced films indicated a new broad peak at the lower
temperature zone (80 ~ 180 °C), which was probably assigned to melting of the
quasi-crystalline phase. This peak inevitably intensified, in contrasts the existing
peak assigned to the pure PVA crystalline phase was weakened and its temperature
was decreased, with increasing the boric acid content. The quasi-crystalline phase
can be regarded as defects in the pure PVA crystalline phase: the increase of the
boric acid content multiplied such defects in the PVA crystalline phase and brought
about the decrease of melting temperature and weakening of the pure PVA crystal
melting peak on the DSC curves. On the other hand, the new broad peak could also
be interpreted to have resulted from the melting of another quasi-crystals composed
of pure PVA chains. If so, those peaks will disappear after adequate drawing. To
confirm this possibility, the DSC for drawn films by four times was performed and
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the results were shown in Fig. 5. There were no remarkable changes in the
appearances of the peaks other than the increase in their intensity by drawing. This
result paradoxically supports our interpretation that the new broad peak in Fig. 4
may have resulted from the melting of the defect portions in crystalline region due
to boric acid. To conclude, although the boric acids alone within the PVA resin
cannot influence the PVA crystallization, they form intra-molecular cross-links on
the PVA chain to accelerate the formation of the PVA-iodine complex in the
presence of iodine ions, which interrupt the PVA crystallization.
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Maximum draw ratio

Figures 6 and 7 show the variation of the maximum draw ratios of the BIAC and
BIBC films, respectively, with increasing boric acid-induced weight gain. The
increase of the maximum draw ratios with increasing I,/KI-induced weight gain was
reasonable result due to the destruction of the intermolecular hydrogen bonds by
I/KT [36].

In the figures, the maximum draw ratio of the films generally decreased with
increasing boric acid-induced weight gain. The influence of the boric acid within the
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PVA resin on the drawability of the films may be generally attributed to three
factors. (1) The intra-molecular cross-linking type on the PVA chain segment
extends the segment, thereby decreasing the drawability. (2) The inter-molecular
cross-linking type is also a decreasing factor of drawability. (3) The intra-molecular
cross-linking type, on the other hand, decreases the number of hydroxyl groups on
the PVA molecule, subsequently decreasing the intermolecular hydrogen bonds,
which increases the drawability. The decreasing tendencies of the maximum draw
ratio in this experimental may have resulted mainly from the first and second factors
above. Nevertheless, the slight lack of consistency in the decreasing tendency of the
maximum draw ratio for the BIAC films may have been caused by the influence of
the third factor.

Although the difference between the BIAC and BIBC films was not significant,
the decreasing tendencies for the BIBC films were appreciably greater than those for
the BIAC films. Here, we cautiously brought up the structure of the PVA—iodine
complex in the amorphous region of PVA as another factor associated with the
influence of the boric acid on the drawability of the iodinated PVA films. As stated
above, two types of complex structure in amorphous region have been proposed: the
aggregate model [26, 44, 46] and the helical model [4, 11, 12]. In the BIAC film, the
tie chains, whose mobility is highly restricted by the crystal interfaces, can hardly
form a helical conformation to create the helical model but can form the aggregate
model with polyiodine. In the case of the BIBC film, however, the PVA chains with
high mobility in the solution state before the film formation can easily form a helical
conformation to create the helical model [11]. Therefore, the BIBC films may have
both the aggregate and helical model type complexes, while the BIAC films may
have only the former. These helical model type complexes in the BIBC films
probably reduce the straight length of the tie chain and hence probably decrease the
drawability even more. This role of the helical type complex in the drawability of
the iodinated film is just an assumption and necessary to be investigated
experimentally in future.

Conclusions

Two types of PVA—iodine complex films—BIBC and BIAC—were prepared by
casting an aqueous solution of PVA including I,/KI and boric acid, and by
successively soaking the PVA film in aqueous solutions of boric acid and I,/KI,
respectively. The boric acid-induced weight gains relative to the PVA were 3, 5, 7,
and 10%, and the I,/KI-induced weight gain were 3, 5, 10, and 20%. The effects of
boric acid and iodine on the crystallinity and drawability of the films were
investigated.

The crystalline structure of the BIAC films was not affected by boric acid
treatment because the boric acid could not permeate into the crystal region in the
PVA film prior to the boric acid treatment. However, in the BIBC films, the boric
acids may have formed intra-molecular cross-links on the PVA chain to accelerate
the formation of the PVA-iodine complex evenly in the solution state, and then
interrupted the PVA crystallization through film formation. Consequently, the films
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presented a slightly crystalline or practically amorphous state, even though their
I,/KI-induced weight gains (below 20%) were much lower than the minimum
weight gain (125%) at which the IBC film without boric acid indicated a practically
amorphous state.

The maximum draw ratio of the films generally decreased with increasing boric
acid-induced weight gain, which was attributed mainly to the increase of the
extended segments of the PVA chains in the amorphous region due to the cross-
links formed with the boric acids. The maximum draw ratios of the BIBC films
tended to decrease more severely than those of the BIAC films, which was attributed
to the additional effects of the reduction of the straight length of the tie chain owing
to the formation of the helical model type PVA—iodine complexes in the amorphous
region and very low crystallinity of the BIBC films.

Acknowledgment This paper was supported by Dong-A University Research Fund in 2007 (2007-001-
02-045).

References

1. Haisa M, Itami H (1957) X-ray diffraction study of the polyvinyl alcohol iodine system. J Phys Chem
61:817-818
2. Imai K, Matsumoto M (1961) The effect of stereoregularity on the poly(vinyl alcohol)—iodine
reaction. J Polym Sci 55:335-342
3. Heyde ME, Rimai L, Killponen RG, Gill D (1972) Resonance-enhanced Raman spectra of iodine
complexes with amylose and polyvinyl alcohol, and of some iodine-containing trihalides. J Am
Chem Soc 94:5222-5227
4. Inagaki F, Garada I, Shimanouchi T, Tasumi M (1972) The resonance raman spectrum of the
poly(vinyl alcohol)-iodine complex. Bull Chem Soc Jpn 45:3384-3388
5. Hayashi S, Kobayashi M, Shirai H, Hojo N (1979) Temperature effect of color complex of poly(vinyl
alcohol) with iodine-iodine. J Polym Sci Polym Lett Ed 17:91-93
6. Teitelbaum RC, Ruby SL, Marks TJ (1980) A resonance raman/iodine mossbauer investigation of the
starch—iodine structure. Aqueous solution and iodine vapor preparations. J Am Chem Soc 102:3322-3328
7. Hayashi S, Hirai Y, Hojo N (1982) Blue complex formation of poly(vinyl acetate) with iodine—
iodide. J Polym Sci Polym Lett Ed 20:69-73
8. Choi YS, Oishi Y, Miyasaka K (1991) X-ray study on the structure of the poly(vinyl alcohol)-iodine
complex. Polym J 23:977-981
9. Pricard JG, Akntolar DA (1972) Complexation of polyvinyl alcohol with iodine: analytical precision
and mechanism. Talanta 19:877-888
10. Hass HC (1973) In: Finch CA (ed) Polyvinyl alcohol, chap 19. Willey, New York
11. Zwick MM (1965) Poly(vinyl alcohol)-iodine complexes. J Appl Polym Sci 9:2393-2424
12. Zwick MM (1966) The blue complexes of iodine with poly(vinyl alcohol) and amylase. J Polym Sci
A 4:1642-1644
13. Shibayama M, Sato M, Kimura Y, Fujiwara H, Nomura S (1988) B h.mur. study on the reaction of
poly(vinyl alcohol) with boric acid. Polymer 29:336-340
14. Nielson LE (1962) Mechanical properties of polymers. Reinhold, New York, p 168
15. Sakurada I (1985) Polyvinyl alcohol fibers. Marcel Dekker, New York and Basel, p 85
16. Finch CA (1973) Polyvinyl alcohol—properties and applications. John Wiley & Sons, London, p 217
17. Toyoshima K (1968) Properties and applications of polyvinyl alcohol. (C. A. Finch Ed.) Monograph
No. 30. Society of Chemical Industry, London, p 154
18. Yin Y, Li J, Liu Y, Li Z (2005) Starch crosslinked with poly(vinyl alcohol) by boric acid. J Appl
Polym Sci 96:394-1397
19. Yokota T, Kimura Y (1984) A peculiar temperature-dependent behavior of iodine species at the
formation of chromophore between iodine and aqueous poly(vinyl alcohol). Markromol Chem
185:749-755

@ Springer



180

Polym. Bull. (2010) 65:169-180

20.

21.

22.

23.

24.

25.
26.

217.
28.
29.

30.

32.

33.

34.
3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Yokota T, Kimura Y (1985) Todine—poly(vinyl alcohol) interactions 2, anomalous slow quenching of
the chromophore after extraction of tree iodine with carbon tetrachloride. Markromol Chem 186:549—
557

Yokota T, Kimura Y (1986) Iodine—poly(vinyl alcohol) interactions 3, treatment of the blue-colored
solution with anion exchange resin to separate the cage species of iodine. Markromol Chem Rapid
Commun 7:249-253

Yokota T, Kimura Y (1989) Iodine—poly(vinyl alcohol) interactions 4, stoichiometry of iodine/iodide
in the polyiodide ion bound in the cage of poly(vinyl alcohol). Markromol Chem Rapid Commun
190:939-950

Kojima Y, Furuhata K, Miyasaka K (1985) Sorption and permeation of iodine in water-swollen
poly(vinyl alcohol) membranes and iodine complex formation. J Appl Polym Sci 30:1617-1628
Hirai T, Okazaki A, Hayashi S (1986) Effect of sequence distribution of poly(vinyl alcohol-vinyl
acetate) on the coloring reaction with iodine. J Appl Polym Sci 32:3919-3928

Bunn CW (1948) Crystal structure of polyvinyl alcohol. Nature 161:929-930

Rundle RE, Foster JF, Baldwin RR (1944) On the nature of the starch—iodine complex. J Am Chem
Soc 66:2116-2120

Finch CA (1973) Polyvinyl alcohol—properties and applications. John Wiley & Sons, London, p 41
Sakurada I (1985) Polyvinyl alcohol fibers. Marcel Dekker, New York and Basel, p 146

Choi YS, Miyasaka K (1993) Structure of poly(vinyl alcohol)-iodine complex formed in the
amorphous phase of poly(vinyl alcohol) films. J Appl Polym Sci 48:313-317

Shibayamaa M, Hiroyukia Y, Hidenobua K, Hiroshia F, Shunjia N (1988) Sol-gel transition of
poly(vinyl alcohol)-borate complex. Polymer 29:2066-2071

. Noguchi H, Jodai H, Yamaura K, Matsuzawa S (1998) Formation of poly(vinyl alcohol)-iodine

complex in aqueous solution: a SEM study of the freeze-dried substances. Polym Int 47:428-432
Choi YS, Oishi Y, Miyasaka K (1990) Change of poly(vinyl alcohol) crystal lattice by iodine
sorption. Polym J 22:601-608

Oishi Y, Yamamoto H, Miyasaka K (1987) Structure of poly(vinyl alcohol)—iodine complex in water
swollen film. Polym J 19:1261-1268

Billmeyer FW Jr (1964) Textbook of polymer science. Interscience, New York, p 225

Shin EJ, Lee YH, Choi SC (2004) Study on the structure and processibility of the iodinated poly(vinyl
alcohol). I. Thermal analyses of iodinated poly(vinyl alcohol) films. J Appl Polym Sci 91:2407-2415
Shin EJ, Lee YH, Choi SC (2005) Structure and processability of iodinated poly(vinyl alcohol).
II. Drawability of iodinated films. J Appl Polym Sci 95:1209-1214

Shin EJ, Lee YH, Choi SC (2006) Structure and processability of iodinated poly(vinyl alcohol)
(II)-structure of films iodinated in solution before casting. J Appl Polym Sci 101:3497-3502

Shin EJ, Lee YH, Choi SC (2008) Structure and processability of iodinated poly(vinyl alcohol).
IV. Drawability of the films iodinated at solution before casting. J Appl Polym Sci 108:34-38
Kim WS, Lee KB, Matsumoto K (1989) A study on the drawing and rupture of uniaxial stretched
polyvinyl alcohol film in water. J Korean Soc Cloth Text 13:427—436

Lyoo WS, Kim SS, Ghim HD, Kim JP, Kwon IC, Lee CJ (2002) Preparation and characterization of
iodinated poly(vinyl alcohol). Micrifibril Macromol Symp 180:125-131

Kim SS, Woo HL, Lyoo WS (2004) A study on the preparation of poly(vinyl alcohol) polarizing film.
J Korean Soc Dye Finish 16:19-25

Song DH, Yoo HY, Lee JJ, Kim JP (2006) Polarizing films based on oriented poly(vinyl alcohol)—
dichroic dyes. Mol Cryst Liq Cryst 445:65-70

Yoo HY (2004) Study on manufacture and characteristics of highly durable PVA polarizing film with
dichroic azo dyes. Master thesis, Seoul University

Miyazaka K (1993) PVA-iodine complexes—formation, structure, and properties. Adv Polym Sci
108:91-129

Wang HH, Shyr TW, Hu MS (1999) The elastic property of polyvinyl alcohol gel with boric acid as a
crosslinking agent. J Appl Polym Sci 74:3046-3052

Takamiya H, Tanahashi Y, Matsuyama T, Tanigami T, Yamaura K, Matsuzawa S (1993) On the
poly(vinyl alcohol)-iodine complexes. J Appl Polym Sci 50:1807-1813

Ohishi K, Itadani T, Hayashi T, Nakai T, Horii F (2010) Role of boric acid in the formation of
poly(vinyl alcohol)-iodine complexes in undrawn films. Polymer 51:687-693

Okada N, Sakurada I (1958) X-ray studies on the reaction between polyvinyl alcohol and boric acid.
Kobushi Kagaku 15:491-496

@ Springer



	Effect of boric acid treatment on the crystallinity  and drawability of poly(vinyl alcohol)--iodine complex films
	Abstract
	Introduction
	Experimental
	Material
	Film preparation
	BIBC film
	BIAC film
	Drawing

	Measurements

	Results and discussion
	Crystallinity of the films
	Maximum draw ratio

	Conclusions
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


